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Abstract

This study examincs an aspect of thc market town devclopment stratcgy proposed
by E. A. J. Johnson in The Organization of Space in Developing Countries. (1970) A
model of central place hierarchics is proposed based on a theory of the economy as a
living system. The central place hicrarchy emerges [rom information-conserving
strategics of individuals [accd with the complexity of anticipating bchavior in a population
of unique individuals. An Input-Output model is specificd as a model of industrial
structure within a central place area. Evidcence is presented that in Grenada and St.
Vincent, some but not all rural areas peripheral to the capital towns havc access to small
market towns. Estimates of the immediatc benclit {rom establishing the small market
town industrial structure in all peripheral areas arc of low magnitude. On this evidence,
substantial expenditures in cstablishing ncw market towns are not warrantcd, and the
policy recommendation is to focus on integrating Johnson’s devclopment strategy in

location decisions of ongoing development projects.
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Chapter 1: Introduction

"What is your problematic?" I was confronted with this question by a friend, early
in the process of crcating this work. Responses were attcmpted, bascd on the then current
dcfinitions of research topic, method, and sites. However, cach response was pronounce‘d
unsatisfactory. It eventually became clear that what my friend wished me to identify was
the important social problem that this work might assist in resolving or ameliorating. But
what social problem was this work addressing? At the time, no satisfactory response was
made. However, I considered the qucstion as work progressed, and finally formulated a
response.

The most general statement of the social problem which this work addresses is the
question of what a small placc is to do to better its condition. This statement is
deceptively simple. Some of the complexities hidden in this statement involve mattcrs
of dcfinition. What is a place? What is betterment? Later in this work a formalization
of the concept of placc will be presented, as well as some consideration of the difficulties
in formally pinning down the concept of betterment, but for the moment both concepts
will be left informal.

Does it matter if the concepts of place, smallness, or betterment are stated
formally? Of course, this depends upon the kind of response that is being oflfcred to the
question. In the formal analysis beginning in Chapter 2, a formalization of placc is
required. In later chapters, thc concepts of small place and bctterment are claborated
upon. At this point, it suffices to establish that thc concepts for which these words stand

do not differ dramatically from an everyday understanding of thcse words.



In this dissertation, the term place is used in the sense that a neighborhood, a
small town, a city, a small island, arc commonly recognized as places, while a
metropolitan area, a state, and a region arc commonly recognized as containing places
rather than being places themsclves. A small place ccrtainly refers to a village of thirty
families and a small town, probably not to a small city, and certainly not to a big city.
The term betterment as uscd in this dissertation refers to the idea that if people in a place
think of themselves as better off, and living in a better place, the place is a better place.
Thus when reference is made to a place bettering itsell, this a shorthand expression for
the people of a place taking action to better the place.

The problem of what a small place is to do to better its condition can be an
especially difficult one for a trained economist to think about. This is because the
problem is difficult to place within one of the spccialized problem domains in the
discipline of economics. For example, although a large number of an individual’s
interactions may occur in a small place, the study of microeconomic phenomena is
organized by the type of good or service in a market transaction, that is, by the type of
interaction, and not in terms of the individuals who are interacting. However, while a
small place may be the location of a substantial share of some individual’s transactions,
it is unlikely to be the location of a substantial share of the market [or any particular
good. When individual purchases a bottle ol soft drink in a neighborhood convenience
store, this is far more likely to alfect the actions ol the individual, for example leading
to an unplanned visit to the spccialty market next door, than it is to affect the actions of

the soft drink manufacturer. The eflect of this [ocus on transactions by type also holds



for those other fields concerned with individual behavior which arc specialized by the
type of goods or service in a transaction.

These are not the only field perspectives from which it is dillicult to focus upon
this problem. Thc study of macroeconomics is concerned with interactions occurring
within a given area; however this is at the scale of the nation state, far removed from the
scale of the small place. In the study of industrial organization, thc problem exciting the
most current interest is game theorctic modclling of oligopolistic markets; the large
organizations which arc the {ocus of such modelling arc typically dispersed across space,
so that a particular small place is probably not crucial to the plans of such an
organization. Furthcr examples could be elaborated.

There are specialized problem domains in the discipline of economics which are
better suited to consideration of this problem. One perspective [rom which this problem
may be usefully considered is that of development economics. A central concern of
development economics is the betterment of economic conditions. Although this concern
is often applied at the scale of the nation-state, some attention has been paid to a
particular type of small place, the peasant village, which might be generalized to other
types of small places. In order for this problem to be of interest in national economic
development, it must be restricted to consideration of ways that a small place can better
itself which are not substantially offset by negative impacts elsewhcre. It is only such
policies which may be widcly adopted by the small places within a nation to the nation’s

benelit.



A second perspective from which this problem may be uselully considered is
regional economics. The concern of regional economics is with the clfect ol space and
location on economic behavior, and explicitly includes consideration of small places such
as rural villages and small towns in the network of settlements within a region. The [ocus
of regional economics is bettering the economic condition of rcgions, rather than the small
places which they contain, such as rural villages and market towns.! However, one way
to improve the condition of the region may be [or the small places to better themselves.
Of course, this prospect must be qualified in the same way as with national economic
development: the betterment of each small place must not be oflset by negative impacts
elsewhere in the region.

A third perspective from which this problem may be usefully studied is urban
economics. Urban economics is specifically concerned with thc betterment of the
economic condition of places. Although this concern is by definition focused upon large
places, these contain small places such as neighborhoods, quarters and districts. Just as
with national and regional economic dcvelopment, if these small places may better
themselves, but not to the detriment of other placcs in the city, then the city as a whole
is better off.

An advance on all {ronts under the banner of this problem would be overambitious
as a research program, and cven more so as a plan for a single work. Thus, this

dissertation is limited to a foray along one potential line of advance. The direction is

1. For those researchers who couch their concern with the betterment of the region in microeconomic
utility theory, it is more accurate to phrase it as a concern with the betterment of the individuals in the
region. In either case, the focus is on the region, and not the small places contained within it.
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dictated by the specific question from which I dcveloped the general question. While
thesc questions have not becn a dominant one, neither have it becn entirely ignored, and
this work attempts to build upon previous work on this question. The specific question
that concerned me, and the work of thosc that have considered these questions before, arc

the precursors to my consideration of this general question.

Precursors to This Problem

The general interest in small places was preceded by intcrest in a particular small
place, a small town on onc of the Windward Islands in the Caribbean, and what it could
do to better itself. Thesc concrete concerns predated and in part motivated my advanced
training in cconomics. It was therefore natural to consider thc Windward Islands as a
possible research site when this dissertation was under devclopment. In the cvent, they
turned out to be serendipitous choices. Although officially sovercign nation-states, the
Windward Islands are an appropriate size for a U.S. county. Duc in part to their rough
terrain, and despite their small size, a hicrarchy of population centers can be observed on
each Windward Island, so that the question ol what a small place is to do can be posed
at the level of the island towns as well as at the level of the island-state. Being officially
sovercign and (more to the point) tarifl-collecting nations, local import and export
information is available which would be dillicult or impossible to obtain [or a U.S.
county. As thesc island statcs were originally British colonies, they have participated in
common population censuses decennially since 1960. Finally, as will be claborated

below, the two southern Windward Islands, Grenada and St. Vincent, prescnt a strong



contrast in the patterns of their hierarchics ol population centers that coincides with an
important theoretical distinction between central place systems. In many respects, the
islands of St. Vincent and Grenada provide an ideal rescarch setting for examining the
role of small places in economic development.

The works of several authors were crucial in the process of generalizing a concern
for concrete small places to the broader concern expressed in the problem. The most
important of thesc were works of Jane Jacobs, August Losch, and E. A. J. Johnson. The
work of Jane Jacobs (1961) in describing the importance of neighborhoods in the
economies of large cities complemented my focus on rural development. Her work was
the source of the extension of the problem from rural small places to small places in
general. The careful analytical model building of August Losch (1944)? was the catalyst
for the general model, presented in a later chapter, of the emergence of a coherent central
place system. His work inspired the view of small places as solutions to general
cconomic needs, as a complement to individual explanations ol the cstablishment and
maintenance of a particular small place. And, the foremost inspiration and source in the
development of this dissertation is The Organization of Space in Developing Countries,
by E. A. J. Johnson. (1971) The present work may be scen as a elaboration and extension
of aspects of Johnson’s work. Thus, in presenting the particular focus of this dissertation,

a consideration of Johnson’s work is a natural point of departure.

2. which introduced the author to Central Place Theory
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E. A. J. Johnson on Rural Market Towns and Development

Johnson launches his work with the assertion that "Dilfcrences between
"developed’ and ’less-dcveloped’ countrics ... can to a uscful degree be assessed in terms
of the ways whereby terrestrial space is organized." (p. 1) Johnson’s asscrtion is based
upon the argument that the principles of organization of a society will necessarily be
reflccted in the landscape which the society inhabits. Johnson scts forward five such
organizing principles: military, sacerdotal (that is, priestly), juridical, administrative, and

market-hierarchic.® It is the last of these which is singled out as crucial for economic

development:

...the most important ... means [or organizing a landscapc is a hierarchy of
markets that interlinks the economic activities of the people of an arca into
somc meaningf{ul arrangement. By making exchange of goods and services
possible this scheme of things not only permits specialization of tasks and
division of labor, but creates beneficial intcrconnections betwecn regions
and persons that hold socicty together ... by choice. It will be noted ... that
a military organization of the landscape will require some of this cconomic
mechanism for its opcration. So will a sacerdotal, a judicial, or an
administrative system. What really determincs the naturc of a landscape,
therefore, is the extent to which military, saccrdotal, juridical, or economic
influcnces predominatc. It will be the argument of this essay that in less-
developed countries ... landscapes have been inadequately influenced by
market forces and considerably more affected by [the other forces]. (p. 3)

Johnson supports and devclops his argument regarding the importance of a market-
hicrarchic organization of the landscape with a historical examination of the landscapes
of nations which arc now considered to be devcloped. His examples arc sixtcenth century

England and Belgium, seventeenth century Japan, and the nineteenth century American

3. Johnson refers to this organizing principle as economic, but in the elaboration of his argument it
is a hierarchy of market areas which is singled out as this economic organizing principle. To avoid
controversy as to whether this is the sole principle of organizing the landscape which is truly economic, I
refer to this organizing principle as market-hierarchic.
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Midwest. A common thread which unites thcse four examples is that in each case an
extensive network of market towns had come into existence prior to their economic take-
off. It is Johnson’s argument that the inllucnce of these market towns was crucial in
promoting rural economic development, both agrarian and industrial, which was in turn
crucial in the emergence of self-sustained urbanized economic devclopment.

For an example of the historical basis of this argument, considcr the casc of Japan.
In the sixteenth century, there were only four substantial cities in Japan, which could all
four together be contained in a radius of 25 miles. Outside this central district, the
landscape was dominated by rural villages practicing subsistencc farming. However, by
the late sixteenth century, the daimyo, or Japanese [eudal lords, bcgan the building of
castle towns in their regions to consolidate their authority. When in 1600 Tokugawa
Ieyasu won undisputed leadership of Japan by force of arms and became shogun, the two
to three hundred daimyo became vassals of Tokugawa. Their domains the provinces of
Tokugawa Japan, and their castle towns Japan’s provincial administrative centers.
(Johnson, 1970, p. 49)

Two policies by which the shogun maintaincd control over the daimyo were
important in the emergcnce of these castlc towns as economic centcrs. First, all samurai,
members of the warrior class, were required to live within a castle town. While the intent
of this policy may have been to control the predations of armcd outlaw bands of samurai
in the countryside, the policy removed the samurai (rom their [cudal holdings, and led
to an increased rcliance by the samurai upon commercial transactions to translate their

rice stipends into a cash income. Second, under the hostage system, all daimyo were



required to live in the shogun’s capital at Edo in alternate years. While intent of this
policy seems to have been to prevent a rising of the daimyo against the shogun, the policy
led to efforts by daimyo to export commodities to other provinces which could be sold
for cash to maintain the daimyo and his court in Edo. Thus these policies designed to
maintain the authority of the shogun werc important contributors to the cmergence of
local and interprovincial commercial transactions, centercd upon the castle towns. (Kunio,

1986, pp. 96-7)

Although merchants were accorded a lower status in Tokugawa ideology than
pcasants, the increased reliance of the samurai on commercial transaction contributed to
increased mercantile wealth and influence. Merchants were able to take advantage of this
situation, in which the shogun and daimyo were rivals, to gain and maintain wealth and
influence. As an example of this, Osaka was located on shogunate, rather than in the
domain of a daimyo. The merchants of Osaka were therefore under the protection of the
shogun, so that daimyo who owed money to Osaka mcrchants were [orced to honor their
debts. This protection was not due to the scruples of the daimyo nor of the shogun, but
on the interest of the shogun that no daimyo gained sufficicnt resources to contend for the
shogunate. (Kunio, 1986, p. 106)

In mid-eightecnth century Japan, a coherent markct-hierarchic organization had
come into existence. Roughly a fifth of Japan’s population resided in cities of 10,000 or
more, fed, clothed and sheltcred with the produce of farming and [ishing villages. The
flow of goods from village to city was mediated by the merchants of market towns, with

few villages more than 20 miles from a markct town. With the increasc in urban



demands and the rise in interregional trade came agricultural specialization, particularly
in the production of industrial crops such as mulberry leaves, sugar cane, indigo, and
cotton. The increase in cash crop production permitted peasants o participate as
consumers in markets, which permitted the rise of village markets in addition to the
market towns. (Johnson, 1971, pp. 50-2)

Accompanying the expansion of commercial agriculturc was expansion of rural
industry, again mediated by the merchants of the market towns. In the market towns
specializing in coton production, after cotton was ginned it was distributed to peasants in
surrounding villages for spinning and weaving. In the hemp cloth industry, small
companies of peasant weavers in villages produced hemp cloth for sale in ncarby market
towns, from whence it would be shipped to Edo.* (Johnson, 1970, pp. 51-2) Johnson
notes that by the carly ninctcenth century, "most villages and all market towns werc
manufacturing something for [merchants] to distribute and sell." (1970, p. 53)

The commercialization of rural Japan also led to an increase in the mobility of the
Japanese labor force. The poor, with the opportunity of gaining wages {rom their
children’s labor, were no longer forced to permit their children to be bound into
hereditary servitude. Have grown up as child laborers rather than adopted servants, their
children gained the [reedom to migrate between villages and provinces.

This market-hierarchic landscape was inherited by the successor to the Tokugawa

shogun, the government which followed the Meiji Restoration. Under the Meiji

4. The difference between the cotton and hemp cloth industries would seem to be due to the
intermediation of market town merchants in the ginning of cotton before it could be spun and woven into
cloth: the cotton gins were located in market towns. IHemp could be produced into cloth in a rural village
without intermediation by market town merchants.
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government, feudal restrictions and privilcges were abolished, a unitary political system
put into place, and substantial investments in transportation and communication
infrastructure were undertaken. The Meiji government also pursued an active policy of
promoting industry based upon Western technologies. By the onset of the Twentieth
Century these policies had proved their effectiveness: Japan made important progress,
both in heavy industry such as stcel-making and shipbuilding, and in light industry such
as silk and cotton textiles. Abolition ol the feudal order also spurred agricultural
production: following limited growth in the latc Tokugawa period, agricultural production
registered growth rates of 2% per year in thc Meiji period. (Kunio, 1986, pp. 1-9)

It is Johnson’s argument that the success{ul industrialization of the Meiji period
could not have occurred without the market-hierarchic system which had developed in the
Tokugawa period. Thus, while centralization may have bcen required in the Meiji period
to integrate the country, without the market towns arising {rom the decentralization of the
Tokugawa period, there would have becn far less to integrate. While rural Japan
responded vigorously to the commercial opportunities offered in a growing economy freed
of feudal constraints, it owed its commecrcialization in large part to the original feudal
constraints on samurai and daimyo. While Japan’s economic development became
increasingly focused in its urban areas, many of thcse urban areas werc founded at the
beginning of the Tokugawa period as castle towns.

Of course, a single example docs not suffice to establish Johnson’s argument.
Johnson provides historical evidence of the importance of markct towns in the rural

devclopment of sixteenth century England and in Belgium from the cleventh century.
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(1970, pp. 30-47) In these cases, the location and development of market towns was not
driven by policies imposed from above, as in Tokugawa Japan; gencrally, in these cases
the markets came first and the towns grew around them. (Johnson, 1970, pp. 30, 34, 40-
42) Johnson points out the ways in which market towns played a crucial role in these
countries in both the commercialization and productivity growth of agriculture. (1970, pp.
38-40, 44-5)

Johnson stresses that it is not simply the existence of markct towns that generates
rural development, but the way in that they interact with their rural hinterlands. This
point is emphasized by the contrast he draws between the market-hierarchic landscapes
that have been described and a marketing system that he refers to as dendritic. As
Johnson describes the dendritic system, it is one in that export-import rclations dominate,
and dominate in a way that inhibits rural development. He contrasts this to the balance
between the market town’s local market relations and its export-import relations in the
market-hicrarchic landscape. (1970, pp. 85-7)

An example that Johnson presents of a dendritic marketing system is mid-twentieth
century Haiti. Hailti is a relatively small country, 10,700 square miles, with about 200
market places and 100 urban markets. A crude estimate of average market arcas yields
a value of about 35 square miles. Haiti is, therefore, not particularly deprived of market
centers. Goods destined for export and for urban consumption are purchased in the rural
areas, transported to wholesale centers, where the goods are bulked and shipped to a port
city, either for export or consumption by the inhabitants of the port city. Consumcr goods

that the rural inhabitants do not produce arc imported at the port city, distributed to

12



wholesalers in the wholesale center, where they arc broken down for retail sale in the
rural marketing centers. The imported goods are distributed under license, so that the
importer is in a monopolistic position. Wholesalers receive import goods as agents or
under license to the importer, and wholesalers in dillerent wholesale centers respect each
other’s territories: the wholesalers possess local monopolies. At the end of the dendritic
distribution chain, retailers in local markets depcnd upon the credit [acilities and
transportation of the wholesalers, so they are in no position to engage in arbitrage
between wholesalers to counter their local monopolics. Wholesale purchasers of goods
for urban markets or export hold a monopsonistic position. Thus, rural producers
purchase imported goods in a monopolistic market with incomc derived from goods sold
in a monopsonistic market. (Johnson, 1970, pp. 86-8)

Lacking the protection of competition among their transaction counterparts, rural
producers also lack the protection of being able to abstain from market transactions: rural
producers are not self-sufficient, but must gencrate cash income in order to purchase
household necessities such as cooking {uel, cooking oil and spices, cloth, and agricultural
implements. They may raisc this cash income by selling to either local or non-local
traders. Local traders are rural producers like themsclves, so that thcsc sales simply
redistribute the cash of the produce of the village; sales to non-local traders are required
to generate the cash income to provide for the purchase by villagers of goods produced
outside the village. Non-local traders have access to credit and the capability to maintain
inventories, so that they are under no compulsion to buy or to sell. This position of the

local producer in the rural markets of the dendritic market landscapc is characterized by



a low level of income as well as limitcd opportunities to increasc income levels. (Johnson,
1970, pp. 87)

Rural producers may avail themselves of the alternative of producing for the local
market. The income gencrating potential of sclling in thcse markets is limited by the fact
that the consumers are, like themselves, rural produccrs with limitcd incomes. However,
given such limited incomes, individuals are willing to participatc in a large number of
such local market opportunitics, that in combination with purchase of local produce for
sale to non-local traders generate a large number ol low volume market transactions.
Becausc of their limited access to credit and transportation, but ready supply of labor,
local networks of traders do not complete with the dendritic import-export network.
Instead, these local nctworks complement the import-export network, with thc merchants
in the import-export relying on the local traders to sort and gradc the product of the
countryside and bring to a convenient point ol contact. Johnson thcrefore refers to the
dendritic market system as a two-part system, with the dendritic import-export network
complemented by local networks of local traders. (Johnson, 1970, pp. 88-9)

Johnson argues that the dcndritic organization of space is a consequence of
colonization undcr an enterprisc system. Its prcvalence among less developed countries
is thus due to a heritage of Westcrn colonialism, (1970, pp. 89-91) while from the
example of Haiti, which gaincd independence in the carly Ninctcenth century, it would
appear to be persistent as well. The colonial origin of the system accounts for the
emphasis on extemal economic relations: for a Westem colonial effort to provide

economic compensation to thc colonist or colonialist, it must provide a good or goods
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exportable to Western cconomies. Trade betwceen local urban inhabitants and inhabitants
of their rural hinterland is of no direct relevance in determining thc cconomic success of
the colony, as measured in tcrms of export volumes. By this mecasure, transportation
routes linking rural areas to the point of export may be sound investments, but investing
in linking two places simply to providc each access to the other cannot possibly be a
sound investment, as there is no mcasurable benclit. There is no immediatc economic
disadvantage to a system that limits local incomes, provided that it results in exportable
goods being brought to markel, that is accomplished in a dendritic system such as Haiti.
The reason that external rclations can be expected to dominate an cconomic landscape
organized under such a colonial regimc is that external interactions dominate the
considerations of those making the decisions that result in the dendritic system.
Increasing incomes of local producers by increasing the volume ol imports they receive
for their exportable produce reduces the net exports of the colony, interfering with the
economic effectiveness of the colony by the colonial economic standard. Increasing
incomes of local producers by increasing local consumption of local produce also
interferes with the economic effcctiveness of the colony by this standard. It might be true
that these two avenues of increasing local incomes may Icad to economic development
that eventually would permit the colony to produce even more valuable exports, but the
intervening period is uncertain both in terms of outcome and duration, so that this
prospect, even if perceived, carries little weight against the pervasive mcasure ol colonial

€conomic success.
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If the emergence of a dendritic organization of the landscape is rooted in Western
colonialism, this accounts for its global prevalence. This docs not account for the its
persistence, not only in the Haitian case, alludcd to above, (Johnson, 1970, p. 85) but in
much of Latin America, Africa, and Asia. After all, most Western colonies in Latin
American gained their independence in the ninctcenth century, and most Western colonics
in Africa and Asia gained their independence in the post-Word War II period. Johnson
accounts for this persistence with the argument that:

Although thcre are exceptions, the small rural traders cannot expand the

scale of their operations. They have ncither thc capital nor the

cntrepreneurial daring needed to restructure to restructure an incfficient

market system. Yct, becausc the swarm of small traders perform certain
marketing functions ... at a very low price, there is no incentive for the

export merchants to replace the small-scale traders. The city-based

merchants arc quite content to obtain intermediary scrvices at the lowest

possible price. (1970, pp. 88-9)

The fact that the city-based merchants have incentive to defend their monopoly and
monopsony positions against rival organizations set up by rural traders may be added to
the limitations of rural traders noted by Johnson. Johnson’s summary of the basis for the
persistence of the dendritic system is that "thc small traders have no capacity to change
it; the city-based merchants have no incentive to do so." (1970, p. 89)

Although the dendritic market system is persistent, it is not impervious to reform.
An example of such a reform is the Indian regulated market system,’ consciously

designed to improve the market position of the rural producer. The rcgulated markct

system originated under British rule in 1897 with the Cotton and Grain Markets Act of

5. Not coincidentally, Johnson had studicd the Indian regulated market system in an earlier work,
Market Towns and Spatial Development in India, 1965, published by India’s National Council of Applied
Research, in New Delhi.
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Hyberadad District. The intent of the act was to induce small rural producers to shift
from subsistence production to cotton and grain production. This was to be accomplished
by providing daily, open auction markets, to assure small rural producers that they would
receive a fair markct price [or their produce. The original regulated markets instituted
regulation of weights and measures, regulation of payments and scttlements, and licensing
of traders. Following the initial success ol regulated markets in increasing cotton
production, Bombay in 1927 passed the Cotton Markets Act, that included the above
features and mandated that a majority of the committec governing the markets should be
producers. Later regulated market legislation permitted a much wider variety of
agricultural products to be sold in regulated markets. With additional states acting both
before and after independence, ten Indian states had enacted regulated market legislation
by the early 1960’s. (Johnson, 1970, pp. 101-5)

Johnson notes that it is not the existence of rcgulated market legislation that is
crucial, but the existence of legislated markets themselves. In the carly 1960’s, Johnson
found that about 80% of India’s regulated markets were located in five western statcs
with about 30% of India’s population. This is the area wherc the markets where
originally established to promote cotton cultivation: while in other areas, village traders
have becn successful in obstructing the spread of regulated markets, in this arca wherc
regulated markets bccame established, village traders have proved unable to prevent
expansion of the commoditics traded in regulated markets. (Johnson, 1970, p. 106)

Regulated markets have apparently been successlul in promoting the development

of market towns. About 89% of successful regulated markets are located in towns or
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cities with populations greater than 5,000 and less than 100,000, with a majority in the
range of 20,000 to 50,000 inhabitants. (Johnson, 1970, p. 110)  Howecver, even
Maharashtra, the state with the most extensive coverage of regulated markets, an average
of 58% of the area of the states’ districts arc unserved by regulated markets. A critical
obstacle to increased coverage of thc statc by regulated markets is the availability of
suitable towns in that to locate the markets. The facts that regulated markets must be
established, instead ol growing organically, and must bc established in substantial urban
areas, are identified by Johnson as significant shortcomings of regulated market systems
in reforming dendritic market systems. Given its focus upon locations for import-export
access, the dendritic organization of the landscape tends to result in an insufficient
number of towns in the rural areas in that to site regulated markets. Thus, Johnson argues
that a policy of siting and establishing rural market towns is likcly to bc an essential

complement to a regulated market system. (1970, pp. 114, 116)

The Roles of the Market Town in Rural Development

Johnson places an emphasis on the role that the rural town can play as a market
center for the surrounding countryside. However, this should not be taken to imply that
Johnson’s argument is based upon a single factor that, if directed properly, will result in
economic progress and devclopment of the countryside. Johnson docs not, in other
words, rely upon a uni-dimensional theory of rural development. His argument is multi-
dimensional: he points to a numbcer of progressive and developmental roles that a rural

market town can play [or the residents of the countryside. These progressive and
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developmental roles of small market towns interact in mutually supportive ways: it is this
complementarity that gives the process of rural dcvelopment described by Johnson its
self-sustaining character.

Johnson identifies five basic clements requircd in a program to promotc economic
progress and development in the agricultural sector. The first of thesc is a market center,
to provide a market for rural produce and a source f{or agricultural inputs. The second
is a road network that gives farmer access to this market center. The third is a program
of local verification trials, to sort out that new tcchniques rcpresent rcal progress over
existing techniques. The fourth is an extension scrvice that can provide farmers with the
services of agricultural experts. The fifth is some form of agricultural production credit,
to facilitate the investment that new production techniqucs will require. Johnson, 1970,
pp. 181-2)

The complementarities between these five program clements are marked. It is
obvious that a rural market center does not qualily as such unlcss rural inhabitants have
access to it; it is also true that the success of as rural markct center depends on the
growing growing agricultural productivity. Increased agricultural productivity requires
improved techniques. Without local verification, the potential of new techniques cannot
be evaluated. New tcchniques, by dcfinition, are not common knowlcdge among farmers,
so that agricultural extension services arc essential if the new techniques are to be
disseminated to farmers. Farmers must equip their farms with thc productive cquipment
and land improvements requircd to take full advantage of the new techniques; they must

do this prior to reaping thc f{inancial rewards of the new techniques, so that credit is
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required to [inance this investment. In order {or production credit to be maintained as a
self-funding program, local verification is required to cstablish prudent investment levels
for the new techniqucs, while markct centers and transportation access are required (0
ensure that produce can be marketed and the credits repaid. Farmers can more readily
solicit extension advise if extension workers are located where thc farmers’ produce is
marketed; market centers also provide a location [or interaction with other producers to
share experiences with new techniques. Extension workers sited at a market center for
their rural clients have better opportunity to discover problems or opportunities, both in
marketing and in production: indeed, without market centers, transportation access, local
verification, and production credit, the elfectiveness of extension service is reduced
substantially. Johnson argucs that the complementarities between thesc elements are so
strong that, without the prospect for the presence of each, there is little point in pursuing
any of the elements individually. (1970, pp. 181-3)

The processes of economic progress and development in the agricultural sector
involves three fundamental processes. First is the creation of new solutions to the
challenges facing rural producers. Second is the rural producers learning these solutions.
Third is retention of these solutions in the face ol conflicts with accepted ways of doing
things. As Johnson observcs, in the example ol a new design of irrigation pump:

Obviously, the machine cannot exert any ’demonstration ellect’ il it is only

to be found miles away {rom farms in a city display room ncver visited by

farmers. Like other new tools, implements, and machines, they should be

displayed and demonstrated at disperscd places within walking distancc of

potential buyers, at local market places or in other customary meeting
places in the countryside. (1970, pp. 189-90)

20



As it is the character of agricultural production that many of the problems are local in
character, at least somc of the crcation of solution must occur at a local Icvel. The
learning that must occur among farmers must occur, by the nature of their prolession, in
easy traveling distance of their homes. And as prevailing practices vary by locale, it is
necessary that some of thc work of resolving conflicts betwcen ncw and old practices
must occur at the local level.

In brief, thesc proccsscs of crcation, learning, and conflict resolution are by
nccessity "contact sports", and must be sited at locations where {farmers will actually come
into contact with them. Rcspecting this [acet of agricultural devclopment in a program
for overall rural development rcquires that the spatial design of thc program be taken into
account. On onc extreme, siting the point of access in the city removes it from contact
with its target audience. On the other extreme, siting the point of access in each village
requires either an infeasiblc investment in public rcsources, or a reduction in the scope
of the services offered. The local market town that, unlikc the urban siting, provides
immediate access to rural inhabitants, and, unlike the village siting, provides access to
enough rural inhabitants to support adcquate levels of all five eclements nccessary to

promote rural economic progress and development.

Dennis Rondinelli and the Urban Functions approach
Johnson dicd in the ycar following the publication of The Organization of Space
in Developing Countries, but his work proved to be influential in the {ollowing decade.

In 1970, Johnson had noted the lack of attcntion paid to thc spatial dimension of
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development policy. In 1976, the United States Agency for International Development
(U.S. AID) sponsored the Urban Functions in Rural Development Project, to introduce
practical techniques of spatial analysis for use by regional planners in developing
countries. The regional planner Dennis Rondinelli was tecam Icader ol this project. He
drew upon the work of E. A. J. Johnson in developing the "Urban Functions approach”,
which he has since championcd. (Karaska, p. xv, in Rondinelli, 1985) By 1990, Belsky
and Karaska were able to write
In less than twenty years, planners have gone [rom ignoring the
importance of relationships among urban centers and rural areas to viewing

these linkages as vital to rural development planning. There is almost

universal recognition of the importance of raising agricultural productivity

and incomcs, of access to agricultural inputs, produce markets, consumer

goods, and social services. Many govcrnments have becn persuaded to

pursue decentralized development strategies by concentrating investments

in several dispersed, strategically-positioned rural service centers and

market towns. (p. 231)

Writing as critics of Rondinelli (as shall be discussed below), they credit this to
Rondinelli and his Urban Functions approach.

The purpose of the Urban Functions approach is to assist planners in making
location decisions in ways that help create what Rondinelli relers to as an articulated and
an integrated settlement system - referred to above as a hicrarchic marketing system.
The rationale for pursuing this goal is that, although small towns and small cities in
developing countries have the potential to perform a wide varicty ol urban functions in
a way that promotes growth, most of them do not [ulfill this potential. Three reasons are

identified for this failurc: a lack ol services and facilitics among existing small towns and

cities; inadequate linkagcs betwecn cxisting settlements; and too few small towns and
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cities in existence that are adequate to serve as sites [or thcse growth promoting urban
functions. By addressing these three failings, the Urban Functions approach aims to
permit small towns and cities to [ulfill their development potential. (Rondinelli, 1985, pp.
16-21)

In the Urban Functions approach, the organization of the rural landscape is
considercd to be articulated il a hierarchy of central places exists. However, it is only
considered to be integrated if ncarly all of the population inhabitants have access to some
central place, and if those rcsiding in smaller central places have access to and choice
among larger central places. (Rondinelli, 1985, p. 35) Rondinelle argues that it is
integration that is crucial to rural devclopment:

... the rural poor generally lack access to town-based services and
facilities that would allow them to increase their productivity and to
market their goods. Their limited access to market towns and small cities,

... [where] the scrvices and facilitics they necd to promote rural

development are located, places rural people at a serious disadvantage.

(Rondinelli, 1985, p. 29)

The regional planner’s task is thus not only to determine the services and facilities that
rural inhabitants require, but also to help create an integrated organization of the
landscape in that thcy can gain access to these scrvices and [acilities.

The Urban Functions approach to this task is a planning process, including
gathering information on the region, diagnosing inadequacics in the articulation and
integration of the spatial system, dcveloping investment policies to address these
inadequacies, and instituting evaluation and planning procedures to permit this to be an

ongoing process. The information gathering phases include regional rcsource analysis and

descriptions and analyses of thc existing system of settlements and their areas of
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influence. Thc diagnostic phascs includc identification of inadequatc linkages betwcen
settlements and arcas inadcquately served by important urban [unctions. The investment
policy phases include the development of investment projects to address the problems as
diagnosed, and integration of these investmcent projects into integrated invcstment
packages for the target locations. Rondinelli emphasizes that this model planning process
should be adapted to fit the context, whether this involves claboration of the process,
modiflication or replacement of analytical techniques, or cutting out less cssential clemcnts
to fit within resource and information constraints. (Rondinelli, 1985, pp. 36-38)

The Urban Functions approach has not been without its dctractors. Eric Belsky
and Gerald Karaska (1990), proponents of the location-allocation techniques of rcgional
planning, characterize the Urban Functions approach® as combining the goal of efficiently
siting urban functions with the goal of gencrating a balanced central place hierarchy. To
Belsky and Karaska, its distinguishing tcchnical [cature is its rcliance on analysis of the
existing urban hierarchy to idcntify possible gaps that can be filled by public investment
strategics. The planning approach that Belsky and Karaska favor is based upon location-
allocation techniques, relying on an algorithmic allocation of services to maximize access,
based upon demand for and supply of service functions, as well as transportation and
other constraints. It should not be surprising that the flaws of thc Urban Function
approach as identified by Belsky and Kcraska are addresscd by the characteristics of

location-allocation techniqucs.

6. In their article, Belsky and Karaska refer to the Urban Functions approach as the [unctional
integration approach.
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Bcelsky and Karaska (1990) arguc that a descriptive and static thcory should not
be relied upon [or policy prescriptions: this is a criticism of the reliance by the Urban
Functions on central place theory. They contrast this with the reliance by the location-
allocation approach on algorithmic maximization of the spatial policy objectives, so that
with an adequate information base maximal access by rural inhabitants can be assured.
They criticize the Urban Functions approach as not targeting and not necessarily
guarantecing maximal access to services for the rural population; by contrast, acccss o
services is the objective that is maximized (or enhanced’) in the location-allocation
approach. They criticize the Urban Functions approach for focusing upon the rural
population’s physical access to urban services, rathcr than their eflective demand for these
services (that represents, in effect, their economic access to these services); location-
allocation techniques take eflective demand into account by modclling demand for
services.

Belsky and Karaska (1990) particularly criticize the reliance of the Urban
Functions approach upon a diagnosis of the imbalances or gaps in provision of functions
by urban areas of different levels in thc urban hierarchy. They criticize this analysis as
being excessively supply-oriented. They also criticize reliancc on thc existing urban
hierarchy as potentially reinflorcing systems favoring urban inhabitants, and it may be
noted that the existing urban hierarchy might represent the dendritic market system

discussed above. Location-allocation tcchniques are not limited to the selecting service

7. As the location-allocation approach is based upon algorythmic techniques, whether access to services
is maximized or simply enahnced depends upon the solution technique employed.
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locations within the prevailing urban hicrarchy, and as noted takcs demand and supply
into account simultaneously.

Work by James Storbeck (1990) indicates that location-allocation modclling may
not present as stark a contrast to Central Placc Theory as Belsky and Karaska suggest.
Storbeck develops a location allocation model in which sites arc located so that for each
center, there is a peripheral arca in which various centers competc [or customers and an
inner area in which each is the primary center visitcd. When the optimal location
allocation is attempted for the abstract featureless plain which provides the backdrop of
classical Central Place Thcory, central place hierarchies similar to those of classical
Central Place Theory may in fact cmerge as the optimal location allocation. The
advantage which Storbeck claims for his location allocation approach is that it is more
flexible, so that his approach may be applied to problems which arc beyond the scope of
classical Central Place Thcory. However, his work provides support to the argument that
the static hierarchy of Central Place theory arc, undcr particular conditions and allocation
goals, optimal allocations. Therefore, the critical questions are under what conditions are
the dilferent techniques applicable, and in pursuit of what goals?

While some of Belsky and Karaska’s criticisms of the Urban Functions approach
have merit, the applicability of their location-allocation approach to the problems of rural

development is itself limited.” Where the ultimatc policy goals includc expanded income

8. See also references therein.

9. Additional critique, both positive and negative, of the location-allocation approach may be made
in terms of its efficacy in allocating services in devcloping countries (see Rondinelli, 1990; Rietveld, 1990;
Pederson, 1992), but these controversies will be avoided here.
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opportunities, changes in the clfective decmand of thc rural population arc intended:
changes that are likely to be unpredictable, particularly where this expansion is to be self-
sustaining, and thus not entirely under planning control. As argued by Niles Hanscn
(1992), it appears to be inappropriate for policy decisions in pursuit of this goal to be
dictated by the existing clfective demand of the rural population. While Belsky and
Karaska criticize the Urban Functions approach for reliance on the prevailing urban
hierarchy, their approach may be criticized on similar grounds, as they must either rely
upon prevailing demand distributions, or determine the elfects on income and effective
demand of the policies being pursued in advance. Belsky and Karaska characterize the
Urban Functions approach as supply-oriented, and their own approach as simultaneously
accounting for demand and supply factors; howevecr, as Pederson (1992) points out, both
approaches involve the siting of supply points without consideration ol the ways supplies
are channeled to the designated points; thus, ncither approach addresses the concrete
problcm of supply.

At this point, it is appropriate to rcvicw the stance of Johnson on these issues.
Johnson presents historical evidence on a correspondence betwecn landscapes in which
market towns were accessible to most rural inhabitants and and their subsequent success
in agricultural and then industrial development. He presents current evidence on
landscapes in which there is a correspondence the relations governing channels of demand
and supply, the inhibition ol market towns, and the inhibition ol rural development. He
proposcs a specific complement of scrvices and facilities that he argues arc required

together to support agricultural development.
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Belsky and Karaska provide a clue to the fundamental dilfcrence between the
approach originally proposed by Johnson and the onc later developcd by Rondinelli. In
the former, the relationship between rural inhabitants and the market town is dynamic,
whilc in the latter, as Belsky and Karaska suggest, it is static. The proposals by Johnson
to site and establish market towns, and to promote higher level urban arcas to service
these market towns, are subsidiary to the intcractions of rural inhabitants with services
and in [acilities sited in thesc towns: for Johnson, it is the not thc structure of the urban
hierarchy, but the interactions involving the rural inhabitants that are crucial. For
Rondinelli, the crucial problem is access to facilities and services; {or Johnson, the crucial
question is what bencfits may the rural residents expect [rom this access.

Perhaps the problem of access addressed by Rondinelli may best be addressed by
policies in pursuit of an integrated urban hierarchy. However, to Johnson, lack of
integration of a central placc hierarchy is a symptom of the patterns ol rural-urban
interaction that inhibit rural development, rather than a primary factor inhibiting rural
devclopment. An integrated central place hicrarchy is symptomatic ol patterns of rural-
urban interaction that, by historical evidence, arc permissive ol rural development. From
this perspective, the crucial reform is a reform of the patterns ol interaction between rural
and urban inhabitant, and in particular reform of agricultural marketing systcms. Thus
Johnson’s approach can be termed the town and country approach in contrast to
Rondinelli’s Urban Functions approach. From the perspcctive of the town and country
approach, the Urban Functions approach focuses upon trcating a symptom rather than the

underlying disease.
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The role of the urban hierarchy in rural devclopment is a key consideration of both
the Urban Functions approach and Johnson’s town and country approach. However, the
focus of the Urban Functions approach is on access to functions available in the urban
hierarchy; from this perspective, the market towns arc the bottom of the urban hierarchy,
and due to their size only suited to the smallest complement of urban functions. The
focus of the town and country approach is on the interactions in urban centers involving
rural inhabitants; [rom this perspective, since thc market towns are the points of closest
contact with the rural populations, they arc the preferable locations for those urban
functions that are directly relied upon by rural inhabitants in the process of agricultural
development.

Thus, in the process of bringing spatial analysis into grcater prominence in
regional development planning, attention has been focused upon an subsidiary, though still
important, aspect of Johnson’s thesis. This helps to cxplain how Hardoy and
Satterthwaite (1986b) could write in 1986 that:

It is not clear how a government policy to create or strengthen the 'varied

hierarchy of ccntral places’ that Johnson regards as a crucial government

intervention would nccessarily stimulate social and cconomic development.

Empirical studies ... suggest that the lack of a varied hierarchy of central

places is usually due to such factors as the poverty ol most people in the

area surrounding potential ’central places’. Government provision of an

accessible market centre cannot address the needs of lower income groups

if they lack the land or capital or skills to increase production for sale at

the market. (p. 356)

Johnson’s thesis is not that promoting this urban hierarchy necessarily supports rural

development, as Hardoy and Suttcrthwaite scem to imply. Johnson argucs that the crucial

elements required to support rural development must be provided as a complement, and
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cach sulfers seriously from the lack of the others. Howecver, if thc hicrarchy balancing
policies of the Urban Functions approach are taken as representative of Johnson, Hardoy
and Satterthwaite’s interpretation [ollows naturally.

While the Urban Functions approach brings thc potential rolc of small towns and
citics to greater prominence, it leaves unexplored a realm of questions regarding the
interactions that involve the populations of markct towns and their rural hinterlands. As
Hardoy and Satterthwaite observe:

Despite the attention given by researchers to large cities and metropolitan

arcas, most of the Third World’s inhabitants live outside urban centres

with 100,000 or more inhabitants. ... [I]t is the small or intcrmediate urban

centres ... with that most rural pcople and urban centerprises interact. Yel

the role that such centres can play in supporting social and economic

development within rural areas ... is rarely given sufficient attention. (p. 6)

This is the level of the urban hierarchy where Johnson argued that the most crucial
services and facilitics in support of rural development should be sited. The concern of

my disscrtation is with exploring the role of the smallest ol these urban centers, and the

rural-urban interactions that takc place there.

Market Towns and Small Market Towns

For inquiries into spatial systems of a continental or regional scale, thc group
labelled as market towns might include all settlements below a certain threshold
population centers that are rural marketing centers posscssing certain urban characteristics.

A typical threshold dividing such towns or cities from secondary cities appcars (o bc a
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population of 100,000.° When attention is focused upon this group ol small urban
centers, it clearly makes a difference whether the population of a center is 60,000 or
6,000. Hardoy and Satterthwaite (1986a) introduce studies of such small urban centers
in four developing nations. A threshold population of 20,000 was found to be a useful
dividing line between small urban centers (with populations from 5,000 to 20,000) and
intermediatc urban centers (with populations {rom 20,000 to 100,000). The hinterlands
of small and intcrmediate urban centers tend to be of substantially dilfcrent size. The
intermediate centers tend to be at a higher administrative Icvel, have lower percentages
of their work-force engaged in agriculture, and possess better connections to transportation
networks. This threshold of 20,000 is the same as that which Johnson employs in
characterizing those Indian market towns where the majority of successf{ul regulated
markets were located. (1970, p. 110) Keeping in mind that a population threshold can
only be a rough measure ol the role of a center in its market area, or its place in an urban
hierarchy, these urban centers of less than roughly 20,000 will be referred to as small
market towns. Intermediatc urban centers, between roughly 20,000 and 100,000 will be
referred to as market towns or small cities, as seems appropriate.

Consider the market area of a rural market town, with a total population of
perhaps 100,000. From the perspective of a continental urban hierarchy, such a market

arca might be treated as a point, one of a large numbecr of such points that comprise the

10. This is Rondinelli’s lower limit for secondary cities (1984,p. 48) and Hardoy and Satterthwaite’s
upper limit for intermediate urban centers (1986a, p. 6)
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rural foundation of the urban hicrarchy. However, at thc scale of the market arca, a
variety of organizations of the landscape within this markct area arc possible.

The market town may or may not be thc base of the urban hierarchy; given a
market area population of 100,000, several small market towns could be located in the
area in addition to a market town. If thc market town is the base of the hierarchy, the
organization of the market area involves a single market town, and a rural population
settled in isolated farmsteads or rural villages. If the urban hicrarchy extends below the
market town, to small market towns with their own distinct market subareas, the market
area is a miniature urban hierarchy, in that intcractions between market town and small
market town, and small market towns with each other, may range {from market-dcndritic
to market-hierarchic in character. This miniature urban hierarchy may or may not mimic
the organization of the larger urban hicrarchy.

The theory of central place structures, presented in Chapter Four, below, predicts
that central places that serve as the location for a greater variety of intcractions will be
larger than those that serve as the location [or a smaller variety of intcractions, so that the
small market towns should be less complex entities than the markct town itself."’ This
prediction is based on the argument that a grcater diversity of interaction requires a larger
visiting population, and a larger hinterland is requircd to provide a larger visiting
population. However, a larger hinterland implies a greater average distance betwcen a

location and its hinterland population. The eflective cost of distance to a location

11. Of course, this predicion is strongest when comparing central place structures in thc same area;
comparisons of the size of central place structures in diffcrent areas will be affected by differences in a
variety of other factors such as terriain, transportation systems, and populalion densities.
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increases with the frequency of visits to that location. Therefore, lower diversity
locations, with smaller hinterlands, have an advantage as a location for high {requency
interactions. Thus, small markect towns should have a larger sharc of establishments
catering to daily and weckly visits than market towns.

It is the tension betwecen the factors supporting high diversity and high visitation
frequency that supports the emergence of a hierarchy of central structurcs. Given the
visiting population of a high-diversity central place structure, and the longer average
distance traveled in a visit to such a place, a high-diversity central place serves as a focal
point for emergence of a high-frequency central place structure. Similarly, where
emergence of a new high-diversity central place is [casible, grcater diversity is provided
by providing new interaction opportunities at an existing high-frequency central place, so
that high-frequency central places provide [ocal points for the emcrgencc of a high-
diversity central-place structure. Thus, nctworks of high-frequency and high-diversity
central places arc not superimposed at random; instead, cach high-diversity central place
is predicted to be a high-frequency central place, with a peripheral hinterland served by
distinct high-frequency central placcs, and a local hinterland for which it serves both
roles. Because the outlying high-{requency central places arc in the hintelrand of a high-

diversity central place', this organization forms a central placc hierarchy.

12. The hinterlands of high-frequency central places need not be contained within the hinterland of
a single high-diversity central place.

13. If there are high-frequency central place structures subordinate to multiple high-diversity central
places this is not a pure hierarchy. Based on Johnson’s critical portrayal of the perils of monopoly and
monopsony in the dendritic markeling, it would seem that in his town and country approach an impure
hierarchy is in fact preferable.

[98]
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This theory, thercfore, predicts that whcere distinguishable high-divcrsity and high-
frequency central place structures arc present, the high-diversity central place structure
shall include a number of high-frequency central places. It predicts that a high-diversity
central place is also a high-frcquency central place, whilc its hinterland contains the other
high frequency central places. Thus a relatively higher frequency central place is a lower
level central place in the central place hierarchy; a relatively higher diversity central place

(or places) is a higher level central place in this hierarchy.

The trade-off between neighboring levcls in the hierarchy is clear. The lower level
central place is in more frequent and regular contact with the individuals in its hinterland;
the higher level central place is the site for a wider variety of potential interactions. From
the perspective of this theory, the argument in favor of locating the scrvices and facilities
essential to rural development in markct towns rather than villages must be that the
minimal level of diversity rcquired for an effective location may be (ound in a market
town but not in a village. Similarly, the argument in favor of dispersing these services
and facilities to market town locations rather than concentrating them at a higher level in
the central place hicrarchy must be that {requency of interaction is the critical factor
determining the strength of their influence on rural development.

In combination, these two arguments imply that the maximal impact of these
scrvices and facilitics are obtaincd when they arc located at the lowest Ievel central place
possessing the requisitc diversity. 'When combincd with Johnson’s argument rcgarding
thc necesity of minimum package of complemcntary scrvices and [acilitics for agricultural

development, this seems to lead to a spatial development policy of locating this necessary



bundle of facilitics and services as low in thc central place hierarchy as is feasible.
However, there are three issues which must be addressed before making the transition
from theoretical argument to policy. These three issues will be rcferred to as the
potential, effectiveness, and costs ol spatial reforms (see Figure 1).

In addressing the first issue, the potential of the reform, thc question is what
difference the organization of the landscape of a small placc makes to the condition of
that place. If the quality of life for the inhabitants of thc small place is unaflccted by the
different organizations of a landscape, spatial reform is pointless. If thc quality of life
is unambiguously superior in onc organization compared to the othcrs, the spatial reforms
to consider are those that tend to create the superior organization. If the quality of lile
with one organization of a landscape is superior to another in some respects, and inferior
in others, then the choice to engage in spatial reform (or, indeed, not to engage in spatial
reform) requires prioritizing some aspects of the quality of life over others.”*  These
cases cannot be distinguishcd unless the consequences of the diflerence landscapes have
been established.

The second issue that must be addressed is the eflectivencss of specilic policies
in modifying the organization of a landscape. On one extrcme, thcre may be nothing can
be done to accomplish an objective: it may be that the population of a place and its
hinterland are powerless to modily the organization of its landscape. At the other

extrcme, a policy can be {ormulated and implemented that accomplishes the goal; in this

14.  Although included for the sake of compleleness, it would seem likcly that the appearence of
unambiguous superiority is instead a case of embedding a [avorable set of priorities in the framework for
describing the trade-offs which are involved.
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Potential:
What difference will the difference make? —

<<Goal<<

—>| Effectiveness:
To what extent can it be accomplished? —

<<Policy<<

—>| Cost:
What must be committed to the effort? —

<<Decision<<

——> Action

Figure 1 Three Stage Policy Evaluation Framework.

casc, a the relevant population modifies a particular organization to crcate another that
it prefers. Between these extremes, there may be policics that accomplish some, but not
all, of what is desired; in this case, policies to re-organizc a small place in a way that is
preferable to the former organization in many but not all ways, or to many but not all
inhabitants. In the first case, the desirability of reform is a moot point; in the sccond
case, reform is an event; and in the third case, reform is an ongoing process, in which
unsatisfactory consequences must be managed or themselves reformed.

The third issue that must be addressed is thc cost of policies that may prove
effective. At onc extreme, policics that might be elfective impose such onerous burdcens
that the reform cannot be contcmplated. At the other extrecme, the costs of policies that

might be effective are so much less than the anticipated benefits that thcy pose no
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obstacle. In intermediate cascs, the anticipated benelits of the policies must be weighed
against the anticipated costs, and compared to the benefits and costs of accomplishing
similar or comparable results.

As depicted in Figure 1, addressing the issucs in the sequencc of potential,
cffectiveness, and cost acts as a three-stage filter upon a policies of reform: in the first
stage, outcomes that may make a dif[erenéc arc retaincd as possiblc goals; in the second,
the ways in which thcy may be accomplished are retained as possible policies; and in the
third, the effort required to pursue the possible policies is evaluatcd in making the
decision of what action to take. While this is not the only order in that these issues may
be addressed, it appears to be a natural order.

This dissertation is almost entirely concerned with the first ol these issucs. In this
work, a dendritic market arca is compared (o a hicrarchic market area to glean evidence
on the differences that may bc attributed to the diffcrent organizations of the landscape.
The most notable difference between these two typcs of market area is the more
prominent role played by small market towns in the hicrarchic market area; an important
aspect is thus the effcct of the small market towns on their hinterlands within the market
area. The issue of the effectivencss of selected policics is raiscd in this work, but no
comprehensive treatment of policy effectiveness is attempted. Consideration of costs and
benefit comparisons of different spatial rcform policies, and of spatial reform policies
with other reform policies, are left for another time and place.

An important aspect of this dissertation is the sclcction ol the market areas to be

compared. The arcas sclected arc the island nations of St. Vincent and Grenada in the
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Eastern Caribbean. Although sovercign states, thesc two islands have populations of
between 100,000 and 200,000 inhabitants. Both islands arc volcanic in origin, with
similar topography and climatc. As former British colonies, and present members of the
Caribbean Community, they posses many historical, institutional, and cultural
commonalities. The two islands are not identical, as evidenced by the differences in the
organization of their landscape, but there is enough in common to permit meaningful

comparisons between the two.

The sclection of island nations of this sizc for this study brings with it a number
of advantages. Since these are islands, the problem ol boundary dcfinition is simplified
dramatically. Since they are countries, interactions taking placc across these boundaries
are subject to the information collection required for customs and other border control
processes. As countries, albeit very small ones, aggregate income accounts are
maintained that apply to the study arcas themselves, rather than to some larger cntity.
Finally, as island countrics, and bcfore that as island colonies, published historical
accounts arc available that refer to the study areas as individual cntitics. Such
information is often unavailable for a market arca that is part of a larger administrative
unit.

The theorctical approach adopted for this disscrtation is Gencral Systems theory.
A number of justifications may be sct forth for reliance on this thcoretical approach. It
is important that a theoretical approach can accommodate the issues at hand, and thc idea
of an organization of a landscape is readily accommodated in a systems theory

framework, in that complex units composed of interconncected parts play the central role.
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General Systems theory supports translation of concepts and models across disciplinary
lincs, which is useful for the multidimensional analysis required for the topic.” Most
important was probably my [amiliarity with thc approach. In any event, choice of
theoretical approach is always {raught with potential controversy: readers arc invited to
judge on the basis of the work itself whether this theorctical approach is warranted for

the questions at hand.

Chapters 2 through 4 are dcdicated to claborating the thcorctical and
methodological basis for this work. Chapter 2 presents the conceptual framework in a
number of stages, bcginning with the most gencral and proceeding to thc most specialized
and detailed. The strong implications of this conceptual framework for the methodology
of this work are elaborated in Chapter 3, and modelling techniques that are compatible
with this methodology arc presented in Chapter 4. A theory of the organization of the
rural landscape, based upon the General Systems {ramework, is presented in Chapter 5;
this is referred to as the theory of central place structures.

Chapter 5 concludes with the model cmployed to estimatc the economic impact
of the central place structure. This is specialized input-output model, in that
interrelationships between industries arc represcnted by the division of the receipts from
each industry’s output among thc industrics providing inputs. In input-output models, the
incomes received in an economy arc representcd by sectors also rcceiving as share of an

industry’s receipts, while final expenditures in an economy arc demand from these scctors

15. It is important to note that while a conceptual framework can simplify this task or make it more
complex, no conceptual framework can render incompatible theories compatible. The General Systems
theory approach is not a magic bullet which can unify all schools of thought into one coherent body of
knowledge. .
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for the output of industrics. In thc specialized model developed in chapter 4, the
industrics of of the market arca of thc major market town (thc market town and its
hinterland) are subdivided according to location in the vicinity of the major market town;
hinterland locations served as small market town market areas; and hinterland locations
not served as small market town market areas. This distinguishes clearly between
hierarchic and dendritic markct arcas, as a hicrarchic market arca is characterized by
greater interdependence between the activities of its population.

An important reason [or collecting the theoretical basis of this dissertation together
into these three chapters is to permit the reader with less tolerance for theoretical
discussions of this sort to proceed directly to the empirical portion; Chapter 6 is dcsigned
as a second point of entry into the body of this work, for this purposc. Chapter 6 surveys
the historical processes, [rom colonization to the present, by that thc landscapes of St.
Vincent and Grenada were organized. This is {ollowed in Chapter 7 by description of the
actual central place structures of these two islands, including the transportation networks
linking the small towns. Chapter 8 presents a more detailed examination of the small
towns themselves, of including statistical evidence that small towns play a morc
substantial rolc in the cconomy of the island, Grenada, that is a hicrarchic market area.
Chapter 9 presents the information base and results of the estimation of the specialized
input-output model that was introduced in Chapter 5, rclying on an estimation approach
presented in Chapter 4. Thesc cstimatcs are employed as evidence regarding dilference
in the characteristics of small market town arcas that may be attributed to the diffcrences

in organization of their landscape. The concluding Chapter 10 returns to the original
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question of what a small placc can do to better itsclf with discussion of the implications
of the estimated model [or economic development policy in Grenada and St. Vincent and
the Grenadines.

Those readers who prefer knowledge of the overall conclusions of this disscrtation
may turn now to Chapter 10, whcre these conclusions arc prescnted. As noted above,
those who prefer to omit a continuous foray into General Systems theory may wish to
turn to Chapter 6 at this point; intcrnal refcrences to thesc three theoretical chapters will

be found in the text of thc later chapters. Those who prefer to proceed through the

dissertation as constructcd nced only turn the page to Chapter 2.
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Chapter 2: Economics and General Living Systems

General Systcms Theory provides the perspective which I adopt for the analysis
in this work. The original research program of General Systems Thcory is the translation
of the solutions of a particular scientific discipline to addrcss problems raised by another
discipline. This is accomplished by translation of the problems from the distinct
disciplines into a common format. An important characteristic of the method is to state
problems in as general terms as possible, cspecially {or those problems which have been
resolved in the terms of a particular discipline. If an unresolved problem can then be
translated into the same terms, thc two problems are [ormally identical'®, or isomorphic,
and a valid solution for one is a valid solution [or the other.

It may turn out that the unresolved problem is similar, but not [ormally identical,
to the problem which has been resolved. It then may or may not be of assistence with
the unresolved problem to examined the resolved problem. In cither case, the translation
process has revealed differcnces between the two problems which prevent dircct
application of solutions {rom one problem domain to the other.

General Systems Theory is ccrtainly not the first effort to borrow solutions across
disciplinary boundaries. Mirowski has argued that the ncoclassical economists borrowed
from the work of ninctcenth century physics. (Mirowski, 1988) Social Darwinists

borrowed from the work of ninetcenth century cvolutionary biology. However, the results

16. Formally identical means identical in form, which does not imply that problems are identical in
substance. For example, two problems with formally identical assumptions may require cntirely different
types of argument and evidence to establish thosc assumptions.
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of such efforts to borrow solutions across disciplinary boundaries have often fallen under
sharp criticism. In the theory of Social Darwinism, for example, critics argue that an
effort to solve problems in thc social sciences on thc basis of the rcsults [rom
evolutionary biology are invalidated by the differences betwcen societics and organisms.
The conclusion of this critique is that employing a biological analogy in the social
sciences leads us astray, and should be avoided.

The General Systems approach may be scen as an clfort to avoid such difficulties
while retaining the potential to borrow solutions for problems that have been resolved in
other settings. A General Systems Theory description of Social Darwinism is researchers
borrowed conclusions {rom biology and applied them to socictics on the basis of an
analogy between the evolution of organisms and of societies. Under General Systems
Theory, the flaw in this approach is the failure to analyse the closeness of the analogy,
and in particular whether the conclusions to be borrowed depend upon {eatures unique to
one discipline or common to both.

Following from the origins of General Systems Theory in a program of theory
translation, if the conclusions of a systems analysis arc valid, then an analyst ought to be
able to reach the same conclusions without refcrence to systems theory. General Systems
Theory is therefore self-effacing, in the sensc that the General Systems Theory approach
is never put at stake as thc sole or primary means ol addressing a problem. The
qualilication is that the [eatures which defincd the type of system must be encompassed
in an analysis to reproduce the conclusions ol a systems analysis. Conclusions arrived

at by the application of systems theory, in this work and clsewherc, do not depend upon



systems theory for their validity.”” However, validity of tthc systems dcfinition in
question is required [or valid application ol thesc conclusions.

In other words, while a General Systems analysis does not put the primacy of the
system approach at stake, it always requircs putting thc applicability of the system
definitions at stake. It would be therefore be disingcnious at thius point to launch into
a progression of incrcasingly specific systcm definitions, without clarifying what is being
put at stake with these definitions. The aim of this chapter is to definc an economy and
an economic system™ in the terms of Gencral Systcms Theory. Each definition in the
progression is a more specific definition of an cconomy, and each must be an applicable

definitions in ordcr for the General Systems analysis of this work to be valid.

System is more than a Synonym for "Thing"

The concept ol the system is employed by General Systcms Thcory as the
foundation for the generalization of conclusions {from a variety ol disciplines. A system
may be defined as a collection of interacting componcnts. (A.G. Wilson, 1981, p. 21)
This is a very broad concept’® and gencrally it is nccessary (o limit discussion (o a more

restrictive type of system. However, it is possible to build directly upon this concept to

17. Where the systems analyst arrives at a different conclusion than another researcher (and
presuming both are equally competent), this may be due to the fact that some questions are more readily
addressed in the terms of system theory.

18. Although this point shall not be developed in this dissertation, there is for the pruposes of systems
analysis a real distinction betwecn what might be called an economic system and what may bc recognized
as an economy.

19. However, this is not as broad as the concept of the set. When stating that items are members
of a set, there is no implication that the items are necessarily interacting.
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provide a set of rclated concepts that permit analysis ol systcms in general. Consideration
of systems in general terms provides wider scope for comparison and hcnce
communication between disciplines. The approach of Gencral Systems Theory is,
therelore, to rely upon concepts applicable to as broad a range ol systcms as feasiblc.

Diffcrent aspects of a problem may permit generalizations of dilfercnt scope. For
example, when considering what a small place is to do (thc general social problem raised
in Chapter One) we might be concerned with small places in general, with small places
located in a less developed country, or with small rural places in a less developed
country. A problem which we are considering may be specific to small places, it may
be specific to places in general, or it may be a problem facing any social group, whether
or not defined in terms of spatial locations. The first example given involves
generalizations of progressively narrower scope, while the sccond involves gencralizations
of progressively broader scope.

For a definitive statemcnt ol the relationship between gencralizations of different
scope, the narrower generalization must be a special case of the broader gencralization,
in which case the generalizations may be referred to as nested. The broader the scope of
a generalization, the greater the variety of cases it applies to, so definitive conclusions
drawn have wider scope than those from a generalization nested within it. Howcver, the
broader the scope of the generalization, the fewer definitive {catures it has, so fewcr
definitive conclusions may bc drawn compared to gencralization ncsted within it.

So long as care is taken to ensure that the definitions remain nested, the question

of the applicability of a detailed definition may be approached in stages by dcfining the
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system in very broad tcrms, and then proceeding by stages to definitions of more detail
and Icss generality. This is the approach employed in this chapter. I present the concept
of system at a very high levcl of abstraction. I then progress toward a systems definition
of the economy in five stages, each stage [ocusing upon a system definition which
provides greater detail and applicable to a narrower range of systems. The fivc stages of
this discussion can thcrefore be identified by the five system dclinitions which are
presented:*® concrete systcm, gencral system, living system, social systcm, and economic
system. The systems defined in each stage in this progression are spccialized types of
the systems defined in the prcceding stages, so that the points discussed for each stage
applics to all the stages that {ollows. Even though the economic system in particular is
not defined until the final stage, all of the points raised in each stage of thc discussion
apply to the economic system.

The basic approach of General Systcms Theory is to examine a problem at the
most general level practical. It is consistent with this approach that the final, particular,
definition of the cconomic system does not receive thc most attention in the discussion
that follows. On the other hand, very few dcfinitive conclusions can be drawn bascd
upon the most gencral system definitions, simply because they cxclude so littlc.
Therefore, it is the middle level system dcfinitions, the definitions of the living system

and the social system, that reccive the greatest attention.

20. Since the primary purpose of this chapter is to deline these syslems and discuss some of their
more important characteristics, the reader should not be alarmed il at this point in the chapter these terms
are only significant as place markers.

46



As a capsule summary of the definition developed in this chapter, an economic
system is defined as the material processing subsystem ol society. A living system is a
general type of system with characlcristics applicable to both biological and social
systems. The living systems lcvel is crucial to this delinition of the economy, since the
economic system is a type of living system, socicty is a living system, and the concept
of material priocessing subsystem derives {from the definition ol the living system. In
addition, the living systcm definition provides thc basis for the methodology developed
in Chapter Three, and is therefore the foundation of the modclling and estimation
techniques employed in this work.

A social system is a specialization of the living system definition which applies
to socicties but not biological systems: in brief, a social system is a living system
composed of independent living systems. This level of definition is significant as well,
because it is this level which provides the basis for the theory of Central Place Structures

model presented below in Chapter Four.

System Generalities

As stated above, a system is a collection of interacting components. The
components of a system may be treated as indivisible, as primitive elements of thc
analysis. Howevcer, components may also qualify as systems, as collcctions of interacting
components themselves. In this case, thcy arc referred to as subsystems ol the original
system. Conversely, the original system might be a component of a larger system; in this

case, the system containing the original system is relerred to as supersystem. This
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relation of supersystem, sysicm, and subsystcm provides the {undamental system
hierarchy. If thc components of a subsystem may bc treated as systcms, the hicrarchy can
bc extended to a lower levcl, to the subsystems of the original subsystem. If the
supersystem can be considered to be a component of a collcction of interacting
components, the hierarchy can be extended to a higher level, to the supersystem of the
original supersystem. (A.G. Wilson, 1981, p. 26)

Therce is no definite closure rule for systems hierarchics at this Icvel of generality.
However, in practice it is necessary to delimit some lowest and highest Icvel of a systems
hierarchy for any particular line of analysis. Therefore, the primitive components of a
system will include those subsysicms which the analyst delimits as the base level of the
system hierarchy under consideration, in addition to whatever system components the
analyst cannot adequately represent as subsystems. [ shall refer to this set of primitive
components as the population of the systcm.

Similarly, the system delimited as the uppermost level of the systcm hierarchy may
be in interaction with other components in the hierarchy. These components, in addition
to those elements which the analyst cannot adequately represent as components in
interaction with the highest level system, is commonly referred to as the system
environment. While a systems analysis may shift focus to diflerent levcls of the system
hierarchy, this freedom to shift focus in a given analysis is bounded above by the
environment level and below by the population level.

The key concept employed in the definition of the system hierarchy is interaction.

Interaction is the critcria uscd in determining whether a collection of components qualily
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to be treated as a system. The specification of a system hierarchy is therefore in large
part a summary of interactions among components. The systems delinition of interaction
is based upon the definition of system state, which is in turn based upon the concept of
the characteristics of a system. It is presumed that systems have characteristics.! If
each characteristic of a system is labelled in some way, "[a] state of the system is then
a set of specific values for these labels." (A.G. Wilson, 1981, p. 23) [Interaction is the
relation among a collection of components where the state of each componcnt can aflect
the state of each other component.

One of the basic critcria for classifying systems is according to the type ol
components of which they are composed. A system with a population of matter-energy
components with location in space and time is referred (o as a concrete system. A system
with a population of logical or mathematical abstractions (which may or may not have
been assigned with reference 1o a concrete system) is referred to as an abstract system.
A system with a population of symbolic expressions, such as words, numbers, or
computer programs (which may or may not bc in reference o concrete or abstract

systems) is referred to as a conceptual system. (Miller, p. 16-20)

From Concrete Systems to General Systems
We may be more specific regarding the interactions in concrete systems (and the

abstract and conceptual systems referring to concrete systems). Wherc components are

21. The most immediate analytic justification of this is that if a syslem has no characteristics, there
would be nothing of interest (o say about it.
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concrete objects, we may model the process by which the state of onc componcnt alfects
the state of another as an output of the affecting system which is an input to the affected
system. An output is matter-encrgy cmitted from a componcnt, allecting the state of
other components; an input is matter-energy entering a component, resulting in a
modification of its state. Output and input are therelore expressions of the same process
from complementary perspectives.

If the state of one concrete component can affect the state of another only by
means of an input-output process, then observation of interaction between components is
sufficent for inferring that an input-output relation of some kind exists between the
components. There are two general ways in which such a mutual input-output
relationship may be organized. First, a componcnt may be capable of providing an output
that is an input to the othcr; this is a direct interaction. Second, a component may output
to a component, which is in interaction to a third componcnt; this is an indirect
interaction.

A system has been defined as a collection of interacting components. This
definition is so broad that it pcrmits a collection of components to be defincd as a system
when the interaction between components depends upon a component or components
excluded from the system. In other words, componcnts A and B might qualify as
members of the system cven though their only interaction is through component C, which
is excluded from the system. A more restrictive definition of system can bc applied in
cases, such as concrete systems, where all interactions arc treated as input-output

relationships, in which this possibility is eliminated. The additional restriction is that the
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intcractions betwcen componcnts which qualify a collcction of components as a system
must be limited to the collection of components themselves. If input-output relations
between components are described by a directed graph, this less general definition implies
that the graph of a system is a connected graph. As such a definition is applicable to
concrete systems, it is convenient to combine the concept of a concrete system with this
more restrictive definition of system. This combination shall be rcferred to as a general
system, a collection of concrete componcnts each of which has input-output interaction
with every other component, either directly or through the othcr components of the
system.

The necesity for interaction internal to the general system docs not imply the lack
of externally mediated interactions. Indecd, if subsystems are in interaction with each
other, externally mediated interactions between components of a given subsystem may be
commonplace. This definition merely provides the assurance that if anything qualifies
as a general system, some interaction is possible between componcnts even in the absence
of any particular external mediation.

Another important basis for the classification of systems is matter-energy exchange
between a system and its environment. In this classilication, a closed system exchanges
no matter nor energy; an isolated system exchanges energy but no matter; and an open

2

system exchanges both matter and encrgy.”? A concrelc system cannot be a closed

system, nor can it be truly isolated; however, the concept of an isolated system is useful

22. Matter cannot be exchanged without the exchange of energy, though the energy might not be
useful for performing work.
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to describe systems whose matter exchange with their environment may be negligible,
such as planetary systems.?

One crucial distinction in general systems is between material inputs and
information inputs. The distinction is not one of mutual exclusion: a material input may
be an information input, and all information inputs are also material inputs. Rather the
distinction is between polar opposites of a continuum. The consequence of a ’pure’
material input to a general system is due to the matter is provides to thc system and the
useful energy that the general system can obtain from the input. The consequence of a
‘pure’ information input to a general system is due to the organization of the input, which
implies that the material component is redundant to the system. In essence, the material
component of an information input is only required to carry the pattern into the system,
since any concrete input is a matter-energy input.  This distinction between the
information content and the material content of an information input is expressed by
referring to the material aspect of an information input as the marker. In these terms, a
pure information input can be carried on a variety of distinctive markers.

All general systems have system targets, which are the likely consequences to the
system or its environment of current system processes. Somcthing which modifies its
interaction which the system to increase the likelihood of some target is a system control,
with the target in question referred to as a system goal. A system control may be internal

or cxternal to the system.

23. Unless we consider the Universe to be a sysiem; in which case the question is open. However,
it is not useful to consider the Universe to be a system given our current state of knowledge, as this makes
specification of the system environment problematic, to say the least.
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Control is intimately tied to the concept of information. Recall that a system state
is a pattern among the labels which may be used to describe system characteristics. Thus,
increasing the likelihood of a system target is thereby increasing the likelihood that a
particular information pattern describes the system. In other words, a control affects the
information which is likely to be available to an observer.

A control applied as a consequence of a reduced similarity between the system
state and the system goal is referred to as a homeostatic control; il thc goal is attained
and maintained by the homeostatic control, the system is in homeostasis. A homeostatic
control that is internal to a system requircs information regarding the system state and
control information relevant to the goal. A persistent homeostatic control implies
persistence of the control information in the system. In general, retention of information
patterns within a system is referred to as system memory.

Even in cases where there is no direct observation of the operation of a memory
subsystem, memory is a system characteristic which may be inferrcd from observation of
a system in a variety of environmental states. When systems are responding to a variety
of matter-energy inputs, the correlation between successive system states will be greater
for systems with memory than for systems without memory. In Chapter 4, I will discuss
in some depth a particular mcasure of thc information content of a system known as
entropy, and its converse negentropy. (Tribus. 1987) Here, [ will simply note that since
entropy measures the degree of disorganization of a system, and negentropy its degree of
organization, it is of use in inferring the existence of memory of homeostatic control

information. When a system is under control which persistently increases the likelihood
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of some particular state, such as a persistent homeostatic control, it will necessarily have
more than the minimum level of organization, so that the negentropy measurc of the
system will be above its minimum possible value. In this case, cither the system has
memory, or some persistent external control is applied. If a persistant cxternal control
can be eliminated as a likely explanation of thc maintenance of a given level of
negentropy, some form of system memory may be inferred.”*

A system control applied in responsc to the environment is a behavior. A
collection of such behaviors which has the effect of increasing the likelihood of some
environmental state for a varicty of initial environmental states is a strategy. System
behavior which selects a behavior or bchaviors from a system strategy is strategic
behavior. As a system control, behavior requires information, which in this case is from
the environment of a system, rather than from the system itself. As in the case of
homeostaic control, strategic behavior internal to the system under control implies system
memory, for the retention of system stratcgics.

A general term for the succession of system states is process: "All change over
time of matter-energy or information in a system is a process..." (Miller, 1978, p. 23) In
the context of the distinction bctween material and information inputs, it is clear that
system control requires the support of both information and material processes. From the

second law of thermodynamics, the total entropy of system processes will tend to increase

24. It may be noted here that, just as system memory need not be directly observed to be inferred,
it need not be explicitly modelled to be present in a model. Econometric time series models, such as
autoregressive models, that contain prior values of dependent variables as explanatory variables exhibit
memory, without any explicit model of information storage and utilization.
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unless already at a maximum. The maintcnance of a positive level of ncgentropy within
a system implies that this incrcase of total entropy does not take placc within the system.
For a concrete system, this implies that the entropy of the material inputs of a
homeostatic general system must be lower than the entropy of its outputs. Therefore, the
system in effect exports thermodynamic cntropy to its environment. (Bailey, p. 81)

A gencral term for thc composition and organization of a system is system
structure, which Miller defincs as "...the arrangement of [a systcm’s] subsystems and
components in three dimensional space at a given moment in time." (Miller, 1978, p. 22)
The structure and processes of any particular general system arc closely related, since
concrete processes occur at specific locations,. and some or all of the structures of a
general system may be affected by system processes. An analyst might therefore rely on
an understanding of system structure to improve a model of systcm process, or rcly on
an understanding of system process to improve a model of system structure.

There is no simple, gencral relationship between structure and process, so that it
is not generally valid to infer process on the basis of observed structure alonc. Morc than
one component may be involved in a process, and a component may be involved in more
than one processes. In other words structural similarities do not imply similarities of
process; in general, establishing similarity between the processes of different system
requires process observations, which by their nature arc observations over time. In the
particular case that the structurcs involved are conscquences of thc proccsscs to be
compared, observations regarding thecir similarity is obviously evidence regarding thc

similarity of the generating processes. In this case, process observations are required to
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establish the role that a particular process played in the gencration of a particular
structure.

In order to maintain the distinction between process and structure in the following
discussion, the term system element is used to refcr (0 a sct of system components which
are involved in the same system process.”” The elements of a system are identified by
observations of system processes, while the structurcs of a system arc identified by
observation of the spatial configuration of the system population at a point in time.

How is the system itsclf to be identificd? To address this question, I introduce the
concept of system identity, defined as a persistent sct of structures and an ongoing sect of
processes within a system. Thus, systems arc identical if they have identical system
elements and identical system structures. Systems necd not be in the same state to be
identical systems: however, any dilference in state should bc entircly due to
environmental differcnces.

This concept of identity appears undramatic, but it plays an important part in both
the methodology and the theory developed in this work. The mcthodology, elaborated
in Chapter Three, is based upon the postulate that each member of a population is a
system with a unique identity. This postulate is in contrast to thc more common (though
often implicit) postulate that members of a population are identical unlcss evidence to the

contrary is available.

25. This is what Miller refers to as a subsystem, as opposed to a structure. However, Miller’s use
of the term subsystem does not necessarily permit the definition of a consistent system hierarchy. Rather
than abandon the General Systems Theory use of the term subsystem, I have elected to apply the term
’system element’ to what Miller refers to as a subsystem.
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The postulate of unique identity plays an important role in dctcrmining the type
of system model employed to address the issue raised in Chapter One. It guarantees that
organizing interactions betwecn individuals in time and space is a complex task. In the
theory ol central place hierarchies, elaborated in Chapter Five, ccntral places cmerge as
a consequence of one general solution to the difficulties resulting [rom the complexitics
of this task. More generally, whcther the postulate of unique identity is adopted,
ommitted, or rejccted, this definition of system identity implies that application of General
System Theory, or more specialized theories based upon it, is an empirical endeavor.
However abstract General System Theory, the analysis of general systems requires the
identification of general systems, which in turn requires the observation of concrete

structures and processes.

The Living System

My application of General Systems Theory is to the study of society, a type of
system with a human population. I therefore turn to a definition ol system which is more
detailed than the general system definition, but more general than the social éystem. This
is James Greir Miller’s concept of the living system. (1978, p. 1)

Given the importance of the Miller’s living system concept in the definition of an
economic system being developed in this chapter, and thc important role that it plays as
a basis for the methodology of this work, substantial attention is paid in this section to
the elaboration of the characteristics of the systems which qualify as living systems.

Miller generated the living system definition [rom consideration of the system
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charactcristics of cells, organs, organisms, groups of organisms, and societies of
organisms (the latter two with particular reference to human groups and societies). A
appealing aspect of a system definition with this particular scope is that it applies both
to the people who make up societies and to the societies that they make up. When the
focus is upon social phenomena, the living system model provides at the same time a
model of the system and a model of the members of the system population. When, as
in this work, the focus is on patterns of individual behavior, the living system model
provides at the same time a model of the individual and of thc environment in which
individual action takes place.

A living system is defined, in the terms introduced above, as an opcn general
system with memory, which maintains a steady state ol negentropy and exhibits strategic
behavior, with controls for both internal to the system itself. (see Miller, pp. 18) This
definition implics that a living system processes both material and information inputs.
I extend this definition following Elsasser (1978), who argued that a biological system
possesses a unique identity. Elsasscr’s arguments depend upon characteristics of
biological systems which are contained in Miller’s definition ol a living system, and
therefore should apply to all living systems. Thercfore, to Miller’s definition, I add that
a living system possesses a unique identity.

In the conclusion of the previous section, I relerred to this characteristic of living
systems as a postulate, and not as an implication of thc dcfinition. The fundamecntal
reason for this is that much of what distinguishes the living system methodology

elaborated in Chapter Three is a consequence of this particular characteristic of living
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systems. An analyst willing to postulate thc unique idcntity of members of a population
of general systcms may therefore be able to makc usc of much ol the methodlogy
developed in Chapter Three, without requiring a living systcms model. However, in this
dissertation, the unique identity ol the systems under considcration is adopted as a
definitive characteristic of living systems, and not as a postulate.

Miller describes a set of clements common o living systems from the cell to the
society. His primary methodology in arriving at this set of elements is inductive, and
much of the text of his work Living Systems is devoted to a presentation of specific
examples of these elements for living systems at the lcvel of the cell, organ, organism,
human group, and human society. As an alternative method for arriving at a set of
elements common to all living systems, I employ the modelling technique proposed by
Wilson. (1984, p. 31) This is to derive a conceptual model from a definition of a type
of system by determining the minimum necessary processes which must occur within any
system to which the definition will apply.

I begin with the conceptual modelling of matter-encrgy processes, primarily
because the Second Law of Thermodynamics provides added force to arguments regarding
the necessity of the processcs discussed. The definition of a living system as a system
which maintains negentropy, combined with the Second Law, implics that there is matter-
energy throughput in the system. It implies further that the thermodynamic entropy of
the inputs must on average bc lower than the thermodynamic entropy of the outputs.
(Bailey, 1990, pp. 79-81; sec also Georgescu-Rocgen, 1976) Without selection for low

entropy inputs, the matter-encrgy inputs entering the system can bc expected to have the
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same average entropy as the environment, while without selection for high-entropy
outputs, matter-energy outputs can be expccted to have the same avcrage entropy as the
system. In the absence of some selcction process for inputs and outputs the entropy of
the system will approach the entropy of the environment. Therefore, systcm maintcnance
of a steady state of negentropy implies a selcction processes for relatively low entropy
inputs and high entropy outputs. I term the element identified by the input selection
process the intake element, and the element identified by the output selection process the
outgo element. For input and output selection to be effective, what is not selccted for
input (or output) must be cither prevented or inhibited from entcring (or exiting) the
system. Irefer to the element identified by this process of preventing or inhibiting inputs
and outputs not selected as the boundary clement.?

The definition of unique identity in terms of a concrete system’s ongoing
processes implies the existence of persistent material structures. The Second Law of
Thermodynamics implies that thesc structures will tend to decay over time. Thc existence
of ongoing processes, thercfore, implies the existence of a production process which
generates material structures for their support. I term the clement identified by this
proccss the production element. As the living system is a concrete system which takes
up space, there is a requirement to distribute matter-energy between the elements of the
system, and in particular [rom the production element throughout the system. This

process identifies what I term the distribution elcment.

26. Note that, since an element in this model system represents the minimum necessary organization
of a living system, the boundary, for example, may be identified with multiple concrete structures and
processes and a concrete boundary with respect to outputs may is distinct from a concrete boundary with
respect to input.
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The boundary, intake, distribution, production, and outgo clements may bc
organized into a natural throughput scquence. Matter-energy passes through the boundary
due to the intake proccsses. From the intake clement, it passes via distribution processes
to production processes. The specialized forms produced by the production elcment pass
via distribution processes to all components of the system. Matter-encrgy selected for
outgo is distributed to outgo processes, where it passcs though the boundary into the

system environment.

Turning to the elements involved in information processing, the crucial point in
the definition is that the living system is under internal control. This implies a process
of system statc evaluation and system process control. Whatever elsc is involved in the
pursuit of behavioral strategies, some process of pattern matching is essential. I term the
clement identified by this pattern matching process the decision element. The homeostatic
control and strategic behavior of a living system implies a process which recalls goals,
which identifies an clement I tcrm the memory elemcnt. Bchavioral strategies require
processcs collecting information regarding the environmental state, identifying an clement
I term the receiver clement. Since thc living system is a concrcte system which takes up
space, processes that collect and redistribute information arc required, which identify an
element [ term the network element.

These elements can be arranged into an information throughput sequence.
Information is collected from outside the boundary by receiver processes clement. From
receivers, the information passes through a nctwork to either memory or decision

processes. Decision processes receive information over the network and control
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components by sending control information over the nctwork to all system components.
For strategic behavior, this information must includc environmental information [rom the
receiver’” and strategy information from mcmory, while for homcostatic control, this
information must include system information [rom all system componcnts and homeostatic
goals from memory.

Above, the necessity of the production element was established indirectly, on the
basis of the necessity of maintaining system structurc. These structural maintenance
processes themselves identily a structural maintenance clement. However, at this level
of generality, there is no clear distinction between maintcnance of a system and
reproduction of a system: the same process which is capable of maintaining structural
components with thc products of the system may be able to cmploy the products to
reproduce a structural componcnt in a new location. Therefore, I term the system element
identified by the maintcnance process the reproduction and maintenance elcment.

Although structural maintenance is introduced in conjunction with material
throughput, it can also be secn as the foundation for homeostatic control. Some degree
of structural continuity is required if particular homeostatic goals are to remain as possible
targets of a system. It is thus debatable whether maintenance and reproduction is
primarily an information element or a matter-energy element. The boundary element
presents a similar case. It is clear that boundary processes are also required for
information processes. For cxample, homeostatic control requires information intcrnal to

the system to be distinguished from inlormation extcrnal to thc systcm. It would be

27. Either directly or via memory
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pointless to engage in a qucstion whcther thesc processes arc primarily material or
informational, as there is no basis [or presuming that an clement must be primarily one
or the other. I simply specify them as joint matter-encrgy / information processes.

A comparison of material and informational throughput in this model reveals that
they are symmetric with two exceptions. The symmetrics arc between intakc and
receiver, distribution and network, and production and decision. There is no matter-energy
element corresponding to the memory clement and therc is no information element
corresponding to the outgo clemcnt. Memory is required in any living system for the
retention of goal information, and an individual goal might be employed multiple times
by the system control element without requiring an addition to system memory. This
aspect of the memory element can have no corresponding ongoing material clement, for
no material store can be indefinitely drawn on without be added to, by the law of the
conservation of matter-energy, the First Law of Thermodynamics.

However, a memory which acquires internal and environmental information may
be useful, in extending the range of behavioral stratecgics which may be employed, and
the variety of environments in which homeostasis may be maintaincd. Similarly, if
matter-energy storage is available, the matter-energy inputs requircd by the system need
only be intermittently available, so that a storage process cxtends the range of
environments within which a system may survive. Thus, information storage as well as
retrcival may be an aspect ol the memory clement, and there may be a corresponding
matter-energy element. I term an element identified by mattcr-energy storage and

retreival processes the storage clement.
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The necessity of matcrial outgo is derived {from the maintenance ol ncgentropy in
the face of the Second Law of Thermodynamics. Thcre is no such neccssity for
information outputs. However, as in the previous case, a process for outputting
information to the system environment may serve to extend the varicty of behavioral
strategies available to the living system and thereby increasc the likelihood of goal
attainment. For example, where there arc living systems in the environment, they will
respond to some information information received, so that the transmission ol appropriate
information may be an effective strategic behavior. I refler to the element identified by
such an information output process as thc transmitter elcment.

There is an additional general process for both information and material
throughput which is common to living systems, although it may not emerge as a
necessary element from the definition of a living system. This is the process of
converting the matter-energy forms of inputs into forms which are more useful for the
system processing elements. (Miller, 1978, pp. 57, 62, 64) As with storage, such a
process extends the environmental range within which a living system can maintain
viability. It permits the living system to accept a variety of inputs without requiring
separate throughput elements for each particular type of input. I relcr to the element
identified by such a conversion process for material inputs as the refiner element. I refer
to the element identified by such a conversion process for information inputs the
translator element.

I will close this conceptual model of the living system with these elements. The

symmetric clements involved in material and information throughput are: intake and
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receiver; distribution and network; storage and mcmory; refiner and translation;
production and decision; and outgo and transmitter. The two joint information/matter-
energy elements are reproduction and maintenance, and boundary. While this model
could be elaborated further (by observing further optional elements which might serve to
enhance the viability of some living systems in various environments) such an elaboration
of plausible clements has no definite stopping point. An elaboration of thc minimal
necessary set of system elements has a definitc stopping place, which has already been
reached.”®

The model which I have elaborated here has in fact transgressed against the rule
that the conceptual model should be restricted to the minimal necessary set of system
clements. One defense of the first transgression is that this model still remains in more
general terms than the nineteen living system elements which Miller arrived at
inductively. A second is that they extend the types of processes covered without
substantially reducing the concrete systems to which the model applies.

This model has also exceeded Wilson’s rule of thumb that the analyst should
specify {rom five to ten elements for any specilic level of the system hierarchy. In
Wilson’s methodology, where this problem is encountered it is resolved by collecting
associated elements together into element subsystems. The distribution, refiner, storage,
and production elements can be collected in an element subsystem which I refer to as the

material processing element. The network, translator, memory, and decision elements can

28. It is, of course, ultimately up to the reader to decide whether the elements presented as necessary
are in fact necesary elements and, if so, whether they exhaust the necessary elements of a system covered

by the definition.
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be collected in an element subsystcm which I refer to as the information processing
clement. Under these reductions, the living system is comprised of the intake, material
processing, outgo, receiver, information processing, transmitter, boundary, and
reproduction and maintenance elements. Thcse components and their relationships are
illustrated in Figure 1.

As the information processing elemcnt is a description of processcs in a concrete
system, the living system has finite information processing capacity. The demands placed
upon the information processing element may overload this capacity. This is especially
the case for control of the maintenance and reproduction processes of the components of
a system with a large population. Thc demands on the information processing elements
for maintenance and reproduction of the components of the living system arc reduced if
the components are themselves systems capable of internal homeostatic control. At least
two reasons may be advanced to anticipate this as a common feature of living systems.
First, providing reproduction and maintenance at a subsystem level will tend to reduce
information overload regardless of the circumstances giving rise to the overload, sincc
reproduction and maintenance requires relatively constant control. Second, wherc
reproduction and maintenance requires system-level information processing, temporary
information overload is a threat to system survival: by contrast, living subsystems can
maintain viability in the absence of constant system-lcvel control during tcmporary
information overload.

However, if components of a system arc living systcms themsclves, they may have

strategic goals. In this case, the potential exists for conflict between the homeostatic
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goals of the living system and the behavioral goals of its living subsystem. Thus, an
effective resolution of the problem of information overload may lead to goal conflicts
between the system and members of its population.

Resolution of the problem of information ovcrload is of course applicable at any
level of a system hierarchy within the living system itsclf. As will be elaborated below,
information receiving, processing, and transmission sub-elements may be associated with
the material processing element to reduce demands upon system-levl information. In such
cases, these element form a true systcm, and it in such cases that I shall speak of

economic systems.

Society as a Living System

A social system is, first, a living system with a population of living systems.
Thus, the above discussion of reduction of population overload applies to social systems.
However, this definition is too broad, as it applies to multi-cellular organisms or the
social insects as much as it does to human societies, and [ wish to distinguish among such
cases. One central reason for making such a distinction is that in the casc of an
organism, the goal conflict between living system homeostasis and living subsystem
behavioral strategies must be resolved in favor of the homcostatic goals in order for the
systcm and its population to retain viability. The obvious examplc the dangers of such
a goal conflict is a cancerous ccll.

In contrast, with human societies, members of the population may rctain viability

when migrating to anothcr society, or when making changes within their own. Thus there
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is no automatic presumption that the homeostatic goals of a society have priority over the
goals of the individual members of its population. I capture this distinction by defining
a social system as a living system with a population of living subsystems, where the
living subsystems do not require their original living system in order to survive. This
definition does not presume that the population of a social system is viable independent
of any social system, but only that their survival is not contingent on the survival of a
particular social system.

This chain of increasingly specialized system definitions is concluded by defining
a society as a social system with a human population. It is rcasonable to enquire at this
point if this is a suitablc definition for what we commonly know as a society. What we
commonly know as societies do have a human populations, so that if they arc what has
been defined as social systems, then this definition of society applies. Members of what
- we commonly know of as societies can migrate and survive, so that if they arc what has
been defined as living systems, then the definition of social systems applies. Thus, if the
definition of a living system applies, the more specialized delinitions also apply.

At the highest level of generality, if we arc to rcfer to any sct of humans as
somehow representing a coherent entity, it secms reasonable to impose the condition that
these individuals interact in some way. Thus, if society in the common expression refers
to more than an arbitrary set of people, it refers to a system of some kind. Further,
humans are concrete, so a system with a human population is concrete. From this, society
can be described as a general system. The central question is therefore whether the

central level of system definition applies. Does society qualify as a living system?
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I argue that matters of common knowledge provide sufficicnt grounds for
establishing that the definition of living system applies to what would be commonly
recognized as a society. The members of a society’s population possess unique identities,
so that a simple list of the current population membership of a society implies the unique
identity of the society. I have noted that a society is a gcneral system; it is clearly an
open general system, as the members ol a society requirc a steady supply of material
inputs for their continued survival. The cxistence of human language, with a vocabulary
and grammar that is passed to new members of socicly by previous members, establishes
some form of system memory. Although unique individuals, members of socicties are
graded and ranked into persistent, standardized categories such as ’child’, ’parent’,
’student’, ’graduate’, which informs the behavior of othcr members of society. Such
classification-driven behavior increases the degrec of organization of individual behavior,
and, therefore, can be said to maintain a lcvel of negentropy in the system. Members of
societies also follow socially defined rules of behavior in their interaction with thc
societal environment, including both the physical environs of the society and other
societies with which they make contact. Thus, societies may be said to engage in
strategic behavior, as defined above.

From our model of the living system, these observations lead to the prediction that
such a system will posscss the fundamental system clements derived above. There will
be intake, material processing, and outgo system elements, recciver, information
processing, and possibly transmitter clements, boundary clements, and reproduction and

maintenance elements.
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As the information processing element involves concrete processes, there is a
potential problem of information overload. When viewing thc problem of information
overload as a potential societal problem, the perspective implicit in thc previous
discussion of the problem is reversed. In the previous discussion, the problem of
information overload was trcated as a problem in the specilication of subsystems of a
system. However, for a society, the population is specified in advance as a human
population. In this context, society as a living system is [aced with a problem of
information overload if each element of society is provided by a seperate subsystem with
processes which must be coordinated each othcr component of the system. For example,
the demands of maintenance may overload finite information networks if social
maintenance and reproduction component is a seperatc subsystem which must provide
directly for the maintenance of each component. As argued above, if subsystems of a
living system are living subsystems, this reduces the load on the social network, and
under such an arrangement societies of greater complexity are feasible. In such an
organization of society, the problem of information overload is resolved by distributing

the components of the society among dilferent societal subsystems.

The Definition of an Economic System

Consider the casc in which, as an aspect of the distribution of the living system
components of society, somc part of the material processing elemcnt is organized as a
living system. Such a material processing subsysicm requires, in addition to the elements

already present, an information receiver component, an information processing element,
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a boundary element, and a maintenance and reproduction component. It may possibly
have an information transmitter element. With a living system organization of the
material processing clement, it is sensible to refer to it as a thing in and of itself, rather
than simply an aspcct of society. [ will rcfer to such a material processing living
subsystem as an economic system. In other words, the economic systcm (or systems) of
a society is that part (or parts) of the material processing element which is organized as
a living system.

This definition of economy brings with it the entirc conceptual system which it
has been the purpose of this chapter to present. An economic sysiem is a concrete
system, so that it is composed of observable physical compconents engaging in observable
interactions. It is a general system, so that interaction between thc components of an
economic system can be presumed independent of external mediation. It is a living
system, which implies the presence of the minimum complement of living system
components within the economic system. It is a social system, implying that that its
population is a population of living systems. In bricf, it inherits all the characteristics of
thesc more general types of systems, so that arguments and conclusions which apply to
these morc general systems apply to economic systems.

Every society has a material processing element, which may be referrcd to as the
economy of a society without requiring substantial revision of thc current use of the term
economy. However, it is not necessarily the case that every socicty has an economic
system. As onec example of this point, an economy must qualify as a general system in

order to qualify as an cconomic system. This means that there must be connections
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between all the components of the economy. In a modern, industrialized, monctary
economy the existnce of such interconnections is readily established. However, it is quite
possible in a subsistence economy for interactions between different elements of the
material processing component to be mediated cntirely through the political system (an
aspect of the information processing component), or through the kinship system (an aspect
of the maintenance and reproduction component), in which case the economy of this
society is not a general system, and therefore not an cconomic systcm as here defined.

This question of the applicablility of definitions in systems theory is an important
one, and merits emphasis. Definitive conclusions can be drawn in systems theory as
deductions from the defined characteristics of systems, and such a deflinitive conclusion
applies to all systems covered by a definition. However, one can not presume the
applicability of a system delinition to a specific problem; rather, the applicability of a
system definition must be established.

The following chapter of this dissertation, Chapter Three, focuses upon on drawing
together recent developments in General Systems theory to dcvelop an appropriate
methodology for the study of Living Systems. Chapter Four focuses on the elaboration
of this methodlogy, in particular on the question of what evidence is appropriate to rely
on in the development of models of living systems and what techniques are appropriate
for the construction of such models. By the argument of the present section, this
methological question is relevant to the study of society in gencral, as well as to the study
ol those economics that qualify as economic systems. The conclusions ol Chapter Four

are particularly significant in delimiting which aspects of the problem raised in the
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Chapter One may be feasibly addressed by this dissertation, and which aspects must be
deferred to later work.

Following the methodological discussion in Chapters Three and Four, the systems
analysis is brought to bear upon the specific problem which is the focus of this
dissertation. In Chapter Five, a systems thcory of Central Place structurcs and hierarchies
of central place structures is developed. It is Chapter Five that the applicability of the
system theory developed in this chapter is addressed, and by implication the relevance of
the systems modelling methodology developed in Chapter Three. In addition, and perhaps
most importantly, in Chapter Five a specific model is presented which is cmployed in

Chapter Nine to assist in the analysis of the economics ol St. Vincent and Grenada.
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Chapter 3: Elements of a Living Systems Methodology

In Chapter 2, a the living systems delinition of the economy is proposed. How
is this definition to be used in the pursuit of a better understanding o[ human economics?
The answer may vary depending upon the strategy chosen for this pursuit. In this
chapter, I rely upon the stratcgy, derived {rom General Systems Theory, of developing
models of concrete economic systems. As systems models are commonly relicd on in the
economics discipline (albeit abstract rather than concrete systems models), this strategy
simplifies the task of borrowing from and comparing rcsults with models common in the
economics discipline. Since General Systems modelling approaches arc not specialized
to the modelling of economic systems, this strategy also simplifies the task of borrowing
from and comparing results with modcls from disciplines other than economics.

As discussed in Chapter 2, the critical level of systems definition for this work is
the Living System levcel. This is the most specific level which applies to both the
economy and to the pcople whose actions make up the economy. The purpose ol this
chapter is to develop a modelling methodlogy for living systems. This is approached in
two stages. In the first stage, a General Systems model of modelling is developed. In
thc second stage, limitations on the modelling methodology are derived {rom the living

system definition, making the methodology specific to living systems.
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Modelling in General Systems Theory

An implicit assumption in many discussions of system mcthodology is that only
two fundamental categories are required: the conceptual level for the conceptual system,
and the concrete level for the concrete system. Bailey (1990, p.23-25) has pointed out
some of the difficulties that result from this when discussing the process of modcl
generation and verification. For example, under such a classification, the author’s
conception of a model and the author’s expression of a model will almost certainly be
placed together, in the conceptual system catcgory.”” However, pointing out unforseen
implications of an expresscd model may result in a reply that this expression was not
what the author had in mind, after all. Such a statemcnt implies distinct idcntities for
conception and expression.

To reduce such confusions in this discussion of modelling methodology, I follow
Bailey (1990, p. 25-7), and rely on the term indicator level for thc cxpression of the
model. As Bailey does, I use the term conceptual level to refer specifically to the model
as it is conceived by those who communicate it. The tcrm concrete level remains for the
concrete systems which are the topic of the communication. In terms of the living system
model of society, the indicator lcvel is external to population members and internal to the
living system. Under these dcfinitions, any conceptual systcm in the Gencral Systems
Theory research program involves requires interaction bctween the conceptual and

indicator levels: a conccptual system requires the conceptual level in order to be a system,

29. It is clearly inapropriate to place the expression of an author’s conceptual model and the concrete
system being studied together in the same conceptual catageory.
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since interactions do not take place in the indicator levcl, while it requires the indicator
level if it is to be communicated.

Where two categories suffice, there is a single type of isomorphism bctween the
categories. However, with three categories, therc is a distinct type of isomorphic
relationship for each of thc three possible pairs of categories. The task of establishing
an isomorphism between conccptual and indicator levels has been termed the validity
problem, so that I refer to the degree of isomorphism between conceptual and indicator
levels as indicator validity. For modelling, thc most critical relationship between concrete
and indicator levels is measurement, so I refer to the degree of isomorphism between
indicator and concrete levels as indicator accuracy. Finally, I refer to the degree of
isomorphism between conceptual and concrete levels as explanatory power. This refers
to the General Systems Theory program of employing a conceptual systcms as an

explanation of a concrcte system if it can be cstablished as isomorphic to that system.

A Model of General Systems Models

The interaction between conceptual and indicator levels referred to by the degree
of indicator validity is at the foundation of a general dcfinition of a model in the terms
of General Systems Theory. In this definition, a model is a partition of a state space into
feasible and infcasible subspaccs, referrcd to as the feasible space and infeasible space,
respectively. An infeasible state is a state which, according to the model, may not be
observed, whilc a feasible state is one which may be obscrved. Following Kramer (1977,

pp-68-71), I assume the use of a model is to serve as a surrogate [or systcm information
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which is unavailable. It thus replaces a singular statement of what was observed with a
possibly plural statement of the range of states which might be observed.

Recall that a system statc is a collection ol labels, so that a system state is at the
indicator level. Recognition of which statc labcl is to be applied to a characteristic, and
recognition of a system statc as [easible or inleasiblc according to a model, arc at the
conceptual level. A modecl, therefore, cxists in interaction between indicator and
conceptual level, as a conceptual system should. The characteristics of the system arc at
the concrete level, so that the occurance of a system state involves an interaction between
the concrete and indicator lcvels.”® Thus, while a model exists in interaction between
conceptual and indicator level, it is in reference to an interaction bctween concrete and
indicator levels.

Under this definition ol model, the concept of system state space is logically prior
to the concept of system model. For example, a partition rule may be scparable from the
state space which is partitioned. Under our definition of model, this is not a single modcl
applied to different state spaces, but different models, related by a common partition rule.
A partition rule by itself is not a model. It follows from this that the question ol model
identification and correspondence must be poscd in terms of state space identification and
correspondencc. States are defined as labels applied to system characteristics, so a
number of distinct state spaces might rcfer to the same system. Two statcs arc identical

states if there is a one-lo-onc mapping bctween the labels of the two states so that any

30. Of course, observation of system characteristics involves the conceptual level directly in the person
of the observer. It might bc argued that in the case of automated data logging, the conceptual level is not
directly involved. Here, I deliberately sidestep the issue.
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system characteristic receives corresponding labels. Identical state spaces contain all
identical states. By the definition of model, il two models which partition two identical
state spaces into identical feasible and infeasible subspaces, they arc different references
to the same model.

More generally, a correspondence between state spaces is a one-l0-one mapping
between exclusive subspaccs of the state spaces; that is, a onc-to-one mapping between
exclusive and exhaustive sets of states {rom state spaces. Subspaces rclated by such a
correspondence are corresponding subspaces, and states which are members of
corresponding subspaces are corresponding states. Corresponding models are those that
partition corresponding state spaces so that no subspaccs containing all infeasible states
correspond with subspaces containing feasible states.?

A model is correct if no infeasible states occur; otherwise it is incorrcct. Under
this definition, inconsistent partition rules -- rules which label the samc state as both
feasible and infeasible -- only remain correct so long as the inconsistent states do not
occur. Partition rules which label all states as infeasible are void, and do not generate a
useful model.

Under this definition of a correct model, feasibility a;ld infcasibility are
asymmetric. A model is incorrect because an infcasible state occurs. However, a modcl
is not correct because a feasible state occurs; indecd, an exhaustive history of system

states would be required to claim that a model is corrcct. Yet, if the use of a model is

31. The alternate definition that subspaces containing no infeasible states do not correspond to
subspaces containing infeasible states does not respect the asymmetry between {easibility and infeasibility:
observation of an infeasible occurrence implies that the model is incorrect; observation of a feasible state
does not imply that the model is correct.
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as surrogatc information conccerning a system statc, a modcl is only uscful when we arc
ignorant of one or more system states. Therefore, no useful model is known to be
correct.

For further discussion of the rclationship between observed states and model
correctness, it is uscful to introduce a concept of model precision. The size of the
infeasible subspace relative to the size of the entire state space is the precision of the
model.* T will refer to a model which specifics a single feasible statc as an exact
modcl. An obscrvation is a single system state, and an cxact modcl can serve as a
surrogate for an observation by direct replacement, cven in those cases where the multiple
states of an inexact model will not prove cffective as a surrogate [or an obscrvation. As
with model correctness, the precision of an exact model depends upon the state space over
which it is defined. For cxample, an cxact model defined over a state space containing
two statcs may be lcss precise than an inexact model defined over a state space of twenty
statcs.

As a thought experiment, compare two models as effective surrogate information.
Both models are defined over the same state space. Both are gencrated in satisfaction
with the same set of observations. Both specify that the same collection of test
observations are feasible. Neither model is known incorrect. On this information, there

is no grounds [or prelerring onc of these modcls to the other.

32. For state spaces composed of discrete stales, the size of the state space and its subspace is the
count of system states within it. For state spaces composed of state continua (with a rule for generating
a new label for a characteristic between two previously labelled characteristic, no matter how similar the
previously labelled states), the size of the state space and its subspaces is the volume of the space. As will
be discussed later, it is more appropriate for living system state spaccs to be composed of discrete states,
so that the complications introduced by continuous stalc spaces are not of present interest.
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One model, howevcr, is more precise than thc other. This implies (wo things:
first, that there is a wider range of system states which indicate that the model is
incorrect; and second, that fcwer states labelled feasible have gonc unobserved, so that
a larger fraction of the model’s feasiblc space is occupied by the model and test
observations. Thus, the more precise model is more parsimonious and has passed what
is a priori a more severe test. On these grounds, I argue that the more precise of these
model is more effective as surrogate information.

The persuasiveness of this a priori presumption depends upon the size of the
feasible space corresponding to test observations relative to the remainder of the feasible
space. On one extreme, for a model which is more precise but with no test observations
(that is, a model which is only known to fits a collection of model observations more
precisely), there is no evidence that it is capable of fitting test obscrvations at all. On the
other extreme is a correct model as precise as any alternative, with a number of test
observations corresponding to each feasible state. In this cases, the modcl has performed
well as surrogate information and any model generated by relabclling a feasible state as
infeasible inherits a large number of model observations which contradict the model.
Where attainable, such a model is clearly the best alternative model to serve as a
surrogate for information {rom the system itself.

An observation is a single system state, and it may be that this property is required
by its use. In this case, if a model is to serve as a surrogate for system state information,
an exact model is required. I[ the most precise model available is not exact, it is

necessary to select a single state from the [easible space, and trcat this state as the
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unobserved system state. This is a partitioning of thc state space, and thus a model in its
own right. Such a model will be rcferred to as an estimate.

Reliance on an estimate as surrogate information goes a step beyond reliance on
a model in general. Any usc of a model as surrogate information involves the risk that
the model may be incorrect. Usc of an estimate as surrogatc information must often be
despite a presumption that thc model is incorrect. Yet, if an exact model is a higher
priority than a correct model, an cstimate of somc kind is called for. There are a widc
variety of rules for dctermining an estimatc. The one which will be relicd on in this work
is the maximum entropy cstimation rule, and it is can be derived from the above definition
of an estimatc.

The maximum entropy estimation rule can be thought of as working by two stages.
In the first stage, a microstatc space is dcfined, where each stalc in our state space
corresponds to a subspace of the microstate. The microstate space is constructed so that
there is no information available on which a claim can be based that one feasible
microstate is more likely to be observed than another feasible microstate. The size of the
microstate subspace corresponding to a given state is the weight of that state; a measure
of the weight of a state relative to the total weight of the state spacc is referred to as the
entropy of the state. Under the maximum cntropy estimation rule, the feasible state with
the greatest entropy is sclected as the estimate. This is the estimatc which results in the
fewest microstatcs corresponding to feasible states being labelled as infeasiblc.

The case for a particular maximum entropy estimatc rests upon three points. The

first is the persuasiveness of the construction of the microstatec space: the closer the
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microstates are to being, in fact, equally likely, thc closer the maximum entropy estimate
is to being a maximum likelihood estimate. The second is the persuasiveness of the state
space model: the more confident the analyst is in the correctness of this model, the more
confidence that no unobserved system state was inadvertantly precluded. The third is the
precision of the state space model, since a more precisc state space model implies fewer

feasible states treated as inleasible by the maximum entropy estimate.

Anticipatory Modelling

One important use of models is by systems which employ an internal model to
anticipate some aspect of the state of their environment. Such systems are referred to as
anticipatory systems by Rosen (1984, p.XX), and I will refer to models which are to be
employed in this way as anticipatory models. In order to serve as an effective surrogate
for future observations, an anticipatory model must possess more than explanatory power.
The transition between model states must also be more rapid than the transition between
environmental states. (Rosen, 1977, pp.6-9) If a living system is to make effective use
of an aniticipatory model in its strategic behavior, the advantages (in terms of goal
attainment) provided by the (potentially false) anticipation of the environmental state must
be more important than or outweigh the disadvantages resulting [rom discrepancies
between the anticipated and actual environmental state.

Figure 1 illustrates Roscn’s standard for establishing the stability of the
anticipatory modelling relationship. It assumed that the model under consideration

possesses both explanatory power and anticipatory model states. Thc relation F is the
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Figure 3 The Anticipatory Modelling Relationship.
Source: adapted from Rosen, 1985, Anticipatory Systems, Pergamon Press, p.332

transition mapping the initial model state M into the final model state M’. The relation
G is the transition mapping the initial concrete statc C into the final concrete state C’.
The relation A maps initial model states into initial concrete states, and the relation B
maps final model statces into [inal concrete states. Roscn argues that the model relation
F relating initial to final model states may bc used as an anticipatory model if this
relational network is transitive. To establish transitivity, we examinc the two paths from
M to C’: using F to map M into M’, then B to map M’ into C’; and using A to map M
into C, then G to map Cinto C’. If we arrive at thec same concrete state C’ irrespective
of the path selccted, the network is transitive. In other words, this nctwork is transitive,
and meects Rosen’s criterion as a successful anticipatory model, il the concrcle state
anticipated by the model is the same as the concrete state which occurs.

There would appear to be common ground bciwccn this critcrion and the criterion
proposed for economic models by Friedman. (1953) Figure 2 illustrates this standard,

which essentially inverts the relationship between model and concrete statcs as proposed
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Figure 4 Friedman’s Predictive Modelling Network.

by Rosen. By Friedman’s standard, a model is a good model il it is predictive, that is,
if on the basis of information {rom the initial concrete state it provides predictions which
correspond to the observations of the final concrete state. In Fricdman’s standard, a good
model is one which is transitive for a given initial concrete state and final model state.
Thus, the difference between the two standards does not lie in the use of transitivity as
a criterion for judging models, but in the direction of the relation between the concrete
and conceptual levels.

Rosen‘s theory of anticipatory systems may be dircctly generalized to all modcls
presently under consideration, which assumes that the general usc ol a model is to serve
as a surrogate for information regarding a system state. In this usc, there will be known
concrete system states, corresponding to initial concrete and model states, and unknown
system states, corresponding to the final system states. In this general case, the standards
proposed by Rosen and Friedman are candidates [or gencral criteria of the usclulness of

a model.
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Under the three-level framework introduced at the beginning of this chapter, both
of these networks require elaboration. Figure 3 illustrates such an extension. It is clear
that the relation G between concrete system states takes place at the concrete level. In
the specilic case under consideration here, where the anticipatory model is the model of
the analyst, the relation F between model states is at the conccptual level*®  As
discussed above, since the models under discussion in this chapter are those which may
be communicated, the indicator level can be thought of as the level where the conceptual
system and the concrete system mcet. The indicator level is both the level of expressions
of the conceptual level and the level of measures of the concrete level. The thrce-level
transitivity network therefore involves relations originating in the conceptual and concrete
levels and terminating in the indicator level. Figure 3 depicts this with relations a and
b mapping [rom the conceptual level to the indicator level, and relations a’ and b’
mapping from the concrete level to the indicator level.

It may be observed that, while the role of the indicator level is essentially passive,
it marks the fundamental distinction between the transitivity requirements of Rosen and
Friedman. In thc anticipatory modelling network of Rosen, a relation between modcl
state and concrete state is composed of the expressive relation a and the inverse of the
measurement relation a’. In order to apply such a standard, onc must be able to invert
the measurement process to infer a concrete system state from thc measurcments which

provide our indication of this statc. In the predictive modelling network of Friedman, a

33. It should be noted that Rosen’s theory of anticipatory systems applics (o a variety of contexts
other than the present onc. It is also applicable to a physical aniticipatory model such as a side-effect in an
early stage of a catalytic process which provides a suitable environment for a later stage. Thus, in general,
an anticipatory model might be placed at the concrete, indicator, or conceptual level.

86



F
Conceptual M, > M,
Level
a ‘ { b
v v
Indicator I i/
Level A A
= | [ b
Concrete (& > Cy
Level G

Figure 5 Three-level Anticipatory Model.

relation between concrete state and model state is composed ol the measurement relation
and the inverse of the expressive relation. In order to apply such a standard, one must
be able to invert the relation of conceptual expression to ensure that the model employed
is consistent with the indicators generated by measurement.

One basis for choosing between these two standards is whether one is ultimately
interested in what happens in the conceptual level or with what happens in the concrete
level. For living systems employing such models for strategic behavior, the criterion
employed by Rosen is superior to that employed by Friedman. I[ the model is to serve
as a surrogate for information concerning the system, then transitivity is required when
the concrete relation G is replaced by the model relation F. Strategic behavior of living
systems is proactive, involving an imposition of system goals on the environment. The
anticipatory model is used to allect the concrete level, from an initial base of information

including behavioral goals, which fits Rosen’s anticipatory network rather than Friedman’s
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predictive network. In short, the network relevant to proactive behavior is the network
running from the conceptual to the concrete.

The predictive model standard proposed by Friedman is essentially a reactive
standard, (sce Rosen, 1977, pp.22-44) which might be effective in the task of selecting
a model which better emulatcs a concrete system for a given collection of measures.
However, management of the measurcment inversion problcm, which is required to
engage in strategic behavior, may require replaccment of measurement processes. This
poses difficulties for Friedman’s reactive nctwork. Therc can be no general assurance that
the conceptual system which success{ully provides surrogate information regarding the
system with one set of measures will continue in this success under a new set of
measures. In this context, application of the reactive criterion requires a presumption that
thee requirements of the proactive standard continue to be satisfied. The criterion
proposed by Rosen is thcrefore the morc general standard for living systems thcory, with

the criterion proposed by Friedman relcgated (o a subsidiary role.

Modelling and the Postulate of Unique Identity

The components of a models of a living system may be intcrrelated in complex
ways, so that replacement of a {flawed componcnt may require modification of a large
number of otherwise sound components. Onc mcans of reducing the cffort required to
correct {flawed models is by working under limitations that prevent or reduces the

introduction of common flaws. Thus, one usc of a systems methodology is to discipline
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the modelling process. It is to this end that discussion now turns to appropriate
limitations upon the modelling of living systcms.

In the living system definition, it is the postulate of unique identity which has the
most far reaching implications for the modelling process. These implications arise from
the fact that, even where members of a population of living system arc similar, they can
never be treated as identical to each other. Onc implication of this is that the state spaces
associated with living systems are often immense; further, common methods for reducing
the size of immense state spaccs contradict the postulate of uniquc identity. Another
implication is that there arc limitations on infcrencc regarding system processes and
structures beyond the time span and extent of the evidence upon which the inference is
based.

These limitations on the techniques that may be employed in modelling living
systems contrast with models of systems which arc members of homogenous classes,
where such techniques are appropriate. (Elsasser, 1975, pp.179-81) The concept of
homogenous class is defined relative to a state spacc definition. The first critcrion for
membership in a homogenous class is that the state definition associatcd with the class
encompasses all relevant distinctions betwcen members of the class. The second criterion
is that, except for occupation of the same location at the same time, any class member
may have the same state as any othcr. Thus, time-space path information is both
necessary and suflicient to distinguish between two members of a homogenous class.

One may attempt to form classes of similar living systems. Howcver, by the

postulate of unique identity, members of such classes retain thceir distinctive idcntities,
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whatever criteria of similarity is employed. Such classes may, thercfore, be referred to
as heterogenous classes. To provide a statc space over which such classes may be
defined, composite states may be defined by some joint or composite characteristics of
the individual members, which provides an aggregate state space derived from an
underlying individual state spacc. Alternatively, individual membcrs may be mcasured
by processcs which are sufliciently imprecise that the unique individuality of the members
of the population is concealed, resulting in a low resolution state space. The term coarse-
grained state space will be used to refer to cither method of state space definition, so that
more coarse-grained mcans cither more highly aggregated or Icss precise measurement
of individuals. By contrast, any state space definition which permits recognition of the

unique identity of individual members is a fine-grained state space.

Immense State Spaces and State Space Reduction

Consider the case mentioned above, in which each statec in a model’s feasible
space corresponded to a number of tcst observations. The test observations in this case
provide substantial evidence of the suitability of a modcl as surrogate system state
information. When dealing with members of a homogenous class, onc may attempt to
obtain such a collection of observations by collecting statc observations ol diffcrent
members of the class in a variety of cnvironmental scttings. With members of a
homogenous class, multiple observations on the same statc may be obtained by observing
different class members, which may provide progress toward a goal of multiple

observations corresponding to each feasible state.
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However, under the postulate of uniquc identity, only in coarse-graincd state
spaces will a single state be occupied by multiple individuals. Each such state
corresponds to a fine-graincd subspace in which a system statc is occupicd by at most one
individual. By implication, a fine-grained state space is immensc™ for any sufficiently
large heterogenous population (that is, population composed of members of heterogenous
classes), including living systems composed ol living systems. (Elsasser, 1975, pp.193-4)
In addition, an implication ol the postulate of uniquc identity is that the states of unique
systems are sparsely distributed in this immcnse state space. This follows from the
postulate of unique idcntity and the dclinition of the [ine-grained statc space as
sufficiently detailed to distinguish living system identity, which implies that there is an
unoccupied neighboring subspace composed of states indistinguishable from the occupied
state. A living system modcl defined over a [ine-grained state space must label a
neighborhood as feasible, even though only one of the statcs may be occupied under the
postulate of unique identity. Such modecls arc not incorrect (it is permitted to label non-
occuring states feasible), but such models can aspire to neither complete explanatory
power nor complete accuracy.

If the components of a system are members of homogenous classes, a reduction
in the size of a state space can be achieved by climinating some state characteristics as
irrelevant. For example, onc strategy in a mechanical model is to deline motion in terms

of acceleration and direction. As a result of this definition, the number of combinations

34. In this context, immense is a technical tcrms which means so many that an cxhaustive display of
the state space is infeasible. (Elsasser, 1975, p.81-87)
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of relevant system information is reduced by stating one system characteristic in terms
of another, and by removing site-specific location information from the model as
irrelevant information. Thus, [or example, for the purpose of modelling the rate of
acccleration of a falling body, it is not ussually takenb as relevant whether it was dropped
from the Empire State building or the Eifel tower.

If a partition rule is applied to the reduced state space to form a reduced model,

1.* The reduced model is formed

the reduced model is a subspace of the general mode
from the intersection of the general model and the reduced state space, which is itself a
partition rule on the general state space. A state space reduction is a model defined over
the general state space, and a reduced model appears to be a partition ol this general state
space under the rule that includes the states that are feasible under both a general model
and a reduction rule.

It might seem that if the general model and the state space reduction are both
correct models in the general state, a reduced model should automatically be correct.
State space reduction is not so simple, however, if the hypothesized joint application of
two models is not followed in practice. In fact, it is to be anticipatcd that a state space
reduction will be applied prior to the generation and testing of a reduced state space

model. The complexity of managing a large state space is the rationale for resorting to

state space reduction, and a statc space reduction may be employed specifically because

35. For the sake of brevity, what I refer to as the model is more precisely the feasible space of the
model. This only strictly justified if the definition of the feasible space is understood to definition of the
entire state space.
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reducing the number of alternative possibilities to account for simplifics the model
generation process.

A prior reduction might not result in the same reduced modecl as a joint reduction.
The prior reduction may eliminate information relevant {or the generation of the gcneral
model. For example, if a living system has both site-specific and path-specific memory,
a state space reduction based upon location relative to an arbitrary initial location
eliminates relevant information. A corrcct general model ol the spatial behavior of living
systems may require such statc information; a reduced model formed by joining such a
model with a correct mechanical reduction will be correct and may be more precise, but
the general model cannot be stated entirely in the terms of the reduced model.

Given an immense fine-grained state-space, resorting to a sufficiently coarse-
grained state space will serve to reduce the state space o a size which may be effectively
managed. However, by the definition some information is lost in this state space
reduction -- in particular, the information which permits the individuals to be identified.
It may be noted that a similar state space reduction in a homogencous state space need
not remove such information, as by delinition the state space of a homogeneous
classification captures all relevant information regarding a system. Therefore, while it is
possible that sequential state space reduction will be warranted for a homogenous state
space, only the joint state space rcduction appears to be warranted for model generation
in heterogenous state spaces.

The following specific examples ol state space sizes is presented to guard against

the impression that an immense state space size is a technical possibility which is not
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frequently encountered in practice, as well as the impression that this only arises with
fine-grained statc spaces. On the contrary, it is simple to formulatc coarse-grained system
state definitions which result in truly immense state spaces. Consider the following state
space for the population of the U.S. social system, divided into regions by the postal ZIP-
code zone of their residence. Measure income by ranking the mcdian incomes of the
postal zones. Measure the physical quality of life by ranking thc physical quality of life
index (PQLI), constructed from literacy rate, infant mortality, and life expectancy at age
one. Finally consider an even less coursc-grained statc description, sorting individuals
by ZIP-code. Assuming more than 90000 ZIP-code regions, no ties between ZIP-codes,
and imposing no limitations on the rclationship between income and PQLI measures, the
size of the statc space is twice the number of combinations of 90000 ranks, or 2(90000!).
Relying on Elsasser’s rule of thumb that an immense number is one with a large
logarithm,* and Stirling‘s approximation (Elsasser, 1975, p.79) that:

k! = (k/e)*
then the natural logarithm of 2(90000!) is approximately:

1log(2(90000!)) = log(2) + 90000[10g(90000)-1]
or approximately 72,946. There is no doubt that this is the logarithm of an immcnse
number.

A state space reduction may be accomplished by employing a lower resolution

definition of region. Consider the same characteristic labels, defined over the more than

36. Note that this rule of thumb is rather inexact. A precise definition is given in the refcrence cited,
but the rough rule given suffices for this example.
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100 Bureau of Economic Analysis (BEA) cconomic areas. Assuming 100 areas for
simplicity, the corresponding definition of system state employing ranks among BEA
areas rather than ZIP-code area leads to a state space of 2(100!) in size. Employing the
approximations above, the logarithm of this is approximately:

log(2(100!)) = log(2) + 100[log(100)-1]
or 361.21, and sincc this may or may not be considcred large, this state might be
considered less than immensec.

A further state space reduction which succecds in obtaining a state space which
can by no means be considcred immense employs the eight BEA regions in place of BEA
economic areas as residential zones. This gives a state space of 2(8!), or 80,640. With
a logarithm of 11.30, this statc space is certainly less than immense. Thus, by
aggregating from a definition based upon more than 90,000 zoncs to onc based upon
eight, the problems associated with an immcnse state space arc resolved -- bu at what cost
in terms of lost infomation?

Assume that in this casec ZIP-code zones arc homogenous regions, [rom eight
distinct homogenous classes. Each ZIP-code zone would tic in median income and PQLI
with each other member of its class. The size of the homogenous class state space is
2(8!), as with thc BEA regions. Sincc thesc ZIP-code zones arc homogenous, no
information is lost by first applying the reduction of assigning a ZIP-code zone to its
class, and then measuring the median incomc and PQLI of a member or members of the
class. Now consider the amount of information which is actually hidden in a statc space

reduction from ZIP-code zones to BEA regions. This typifies the distinction between
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reducing states spaccs by classification of homogencous systems and by relying on a

coarsc-grained state space for living systems.

Process and Structure in Model Generation

Process and structurc are two distinctive aspects of concrete system models, but,
in certain circumstances, when dealing with homogcneous systems this distinction may
be safely ignored. This distinction can not be ignored when working under the postulate
of unique identity. From Chapter 2, system processes are changes over time in the
information or material aspects ol the system; system structure is thc arrangement of the
material forms of thc system in space at a particular period in timc. The term diachronic
refers to the passage of historical time,*” and a diachronic model is requircd to model
a concrete system process. The term synchronic means without relerence to the passage
of historical time, so that a syncrhonic model is required to modcl system structure. (see
also Bailey, 1990, p.175)

The fundamcntal qucstion addressed in this section is whal information is
legitimate cvidence in developing modcls ol either system structurc or system proccss.
The information available limits the model which may be constructcd in any case, but the
specific limitations for heterogenous class models may dilfer {from those for homogeneous
class models. This section concludes that, for heterogenous class modcls, a diachronic

model requires diachronic evidence over an equivalent time-span, while a synchronic

37. This is in contrast with the term dynamic, which need not involve the passage of historical time,
and thus may be applied to abstract systems as well as concrete systems.
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model requires synchronic information over an equivalent population. As this dissertation
relies upon synchronic primary evidence, the conclusion of this section is that only
structural models can be legitimately constructed in this dissertation. However, one can
extend synchronic observations to form diachronic observations by repeating a synchronic
observation at a later date, so it is plausible to suggest that somc foundation has been laid
for later consideration of relevant process models.

It should also be noted that the conclusion drawn in this section does not
necessarily apply to homogeneous class models. For homogenous class modcls, it may
be possible to generate a diachronic model {from synchronic evidence and to generate a
synchronic model from diachronic evidence.. Standard statistical infcrence generally
presumes homogeneous classes among the objects of study, so that the conclusions of this
section in no way contradict standard statistical infercnce.

The discussion begins with a hypothetical benchmark of an analyst developing a
homogeneous class model. In the benchmark case, observations consist of dated
observations of each membcr made at periodic intervals. These observations have been
made of a number of members of homogenous classes over a limited period of time in
a limited extent. Multiple single-step process observations may be generated from this
information base by singling out each pair of succesive obervations on each class
member. If {ive periodic observations have been made each class member, this yields
four single-step diachronic observations per member observed.  Extending the
observations on the class members will provide additional single transition diachronic

observations. Sorting the single-state transitions by common intial statcs and common
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class membership provides evidence regarding the immecdiate succcssor state to be
expected from each initial statc. Sorting by common final states and common class
membership provides evidence regarding the immediate predecessor state to be expected
for each final state. I[ a statc occurs as both an initial and a final state, it provides the
connecting link to generate a two-step sequence. A crucial point here is that, under the
presumptions of homogencous classes, the two-step sequence gencrated may be f{easible
even if it was not in fact directly observed. If the final state of a two-step sequence
appears as the initial state of another sequence, a feasible threc-step (or longer) sequence
may be generated, which need not have been observed directly. If the analyst is fortunate
in having well-behaved sequences, the obecrvations may permit inference of feasible
sequences longer than those observed. Thus for homogenous systems, process obervations
covering a given time span may support generation of diachronic modcls covering a
longer time span. So long as the homogenous classes have been well defined, and the
member ol .a class in a given state is c{lcctively identical to another class member in the
same state, the cxtended process chains arc among the feasible processes for these
systems.

The existence of system memory does not posc a problem f{or the type of process
model construction described above: these conclusions would apply, for cxample, to
homogeneous systems that experience hysteresis. For homogencous systcms, memory at
most results in a state [or class members with a particular expericnce that is not observed
for those members without the cxpericnce. This simply results in another subcategory of

singlc-step process obscrvations in the pool ol process obscrvations. If therc is an
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insufficient number of the systems affected to support construction of a modecl, it may be
possible to extend the observations ol systems of these types by imposing the experience
upon these class members and observing the results. Although homogeneous systems
with and without memory differ in some respects, both may validly gcnerate extended
process models from a shorter period of observation.

Now, replace the postulate of homogenous classes with the postulate of unique
identity. In the case of homogenecous modcls, cxtended process sequenccs may be
generated from the set of single-step sequences observed over all of the members of a
particular class. Under the postulate of unique identity, in a finc-grained state space, each
state in each sequence will be uniquc in some respect. Decomposing thc observations
into single-step sequences and generating feasible sequences by extension will do nothing
but return the original sequences observed. For example, for both homogeneous and
heterogenous systems, if observations are dccomposcd into single-step sequences, the state
of population member R in pcriod 2 will be the final statc in a process between period
1 and 2, and the initial state in a proccss between period 2 and 3, and will permit the
regeneration of the sequcnce from the first to the second to the third state of R.
However, under the postulate of unique identity, state 2 of R exists for no other
individual. The limitation imposed here does not forbid the deccomposition of extended
process observations [or the purpose of gencrating an extended process model. Rather,
it notes that such a procedure applied with care to individuals in hcterogeneous classes

adds nothing to the original observations.
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Now consider a hypothetical benchmark of construction of a synchronic structural
model from observations on members of homogeneous classes. The structures observed
in each period of time may be decomposed to provide a range of cvidence regarding
feasible structural arrangemcnts of individual population mcmbers, referred to (for
convenience) as microstructures. Removing the dates from the successive collection of
microstructures increases the size of the available pool of observed microstructures.
Idcntifying the arrangments of class members in these microstructures permits the
construction of models ol the feasible microstructures of different collection of class
members.

The microstructural models may be cnlarged by identifying feasible combinations
of microstructurcs. This can be accomplishcd if there is an overlap in the arrangement
of microstructurcs on their bounderics. If therc is sufficient overlap between the distinct
microstructural models, thc microstructural models may be combined into a
macrostructural model that is greater in cxtent than the original structural observations.
Presuming that the microstructural models dcscribe feasible microstructures, this
macrostrutcure is fecasible. A simple example of this inlcrence of macrostructure from
microstructure is provided by the casc of a pure diamond, which has feasible facet angles
that may be inferred from the arrangements of a limitcd number of carbon atoms.

Now consider the consequence of replacing the postulate of homogencous classes
with the postulate of unique identity. Again, the technique of removing dates and
decomposing observed structures into microstructures may be cmploycd. Again, it is

possible to use these microstructures to rcconstruct a model of macrostructurc. However,
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assuming the uniquc identity of cach individual member of the population, the only
microstructures which may be combined by an identical overlap arc those which were
originally connected in thc observed structure. As in the case of process evidence,
nothing is gained by this process of decomposition and development ol micro-models in
support of the generation of macro-models.

To this point, the limitations imposed upon modcl extension ([or cither diachronic
or synchronic models) is that techniques which may be availablc for homogeneous
systems are not available for heterogeneous systems, given a specilic sct of observations
as the sole information base. Is it possible to extend the information base to permit a
form of model extension for hcterogeneous systems? In the casc of the diachronic model,
evidence is required that there is some similarity in the processes in different individuals
and at different dates. Based upon such cvidence, detailed observations of certain stages
of this process in different members of this class may bc a warranted technique of
improving a process model. Similarly, given evidence ol similarity in microstructural
features across the extent of a macrostructure, detailed obscrvations of the microstructures
associated with these types of individuals may be a warranted technique of improving a
structural model.

However, evidencc of the similarity of processes for dilferent individuals and
different dates must itself be provided by cxtended process observation. Similarly,
evidence of the similarity of microstructures across a macrostructurc rcquires obervation

of the macrostructure. Thc result of thesc arguments is relaxation of the limitation on

model generation for heterogeneous systems, but the limitation stands. A diachronic
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modecl requires process obervations of thc samc period, although observations that do not
cover the entire period may also be useful. A synchronic model requires structural

observations of the same extent, although observations over substructures may also be

useful.

Isomorphism and System Modelling

One implication of the immensity of state spaccs for large populations of living
systems is that the fcasible and infeasiblc state spaces cannot be listed exhaustively. An
analyst must choose between: listing infeasible states, with thec rest labelled feasible;
listing feasible states, with the rest labclled infeasible; and dcfining [easible spaces by a
partition rule. The first of these approaches is generally of little usc when dealing with
immensc state spaces: the result of listing known (and suspected) infeasible states, and
labelling the remaining subspace feasible, is a model with nearly complete imprecision.
Even if correct, so little restriction has becn placed upon the state space that the model
is unlikcly to be an effective surrogate [or an observation of a state. In practice, the
choice is between the latter two options above.

What is obtained with a list of feasible states, labelling all unlisted states
infcasible? The result is a model which is nearly pcrfectly precisc, and thus provides a
substantial improvement in information regarding thc state space il correct. However, in
an immense statc spacc, known feasible states which may be listed is sparsely distributed
in the state spacc, so that thcre will be an immense number of infeasible states very

similar to any listed state. The measurement process which translatcs system
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characteristics into obscrved system states is a concrete process, implying problems with
physical measurement errors and network capacity constraints on the precision of
information which can be recorded. In the process of measurement, it may be infeasible
to distinguish between the states labelled feasible in the model and the immense number
of neighboring states labelled infeasible. Although this model may be precise, it may
well be impossible to verify.

The third strategy is to apply a general partition rule to a system state which will
permit any given state to be labelled as feasible or inleasible. The [easible and inleasible
spaces resulting from an application of such a rule may both be immense, for it is never
necessary to exhaustively list the feasible and infeasible spaces. Such a rule may be
applicd to observed states, with evidence against the model being provided by observed
states which are labelled inleasible.

A specific version of this strategy is capable of recorvering a version of the
explicit exhaustive modelling strategies. This is to present the exhaustive list, with a
partition rule that all states sufficiently similar to listed feasible (or infeasible) state space
arc to be labelled feasible (or infeasible) as well. Thus, the model may be presented in
terms of representative characteristics of cither feasible or infeasible states. With this
strategy, there is some [lexibility in the gencration of correct models of roughly equivalent
precision. With reference to the task of establishing isomorphisms between conceptual
systems, this implies that the results ol the effort may be uscful even when a strict
isomorphism, or perlect [ormal identity, is not in [act established. It may be that an

isomorphism can be established between some aspects of two conceptual systems. If a
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previously unlabelled state in modcl A may be labelled infeasible by isomorphism with
an infeasible state in model B, the precision of modcl A has been improved. A measure
of the scope of an isomorphism, ranging from none to complete scope, may be called the
degree of isomorphism.

A definition of a system in General Systems Thcory is a particular type ol model
which provides information regarding the degree of isomorphism to be expected between
conceptual systems falling within the scope of thc definition. A more general definition
permits a wider range of conceptual systems to rely upon in the generation of a model,
and to contribute to if the model is successful. However, those partition rules which
require some aspect of a more specific dcfinition of the system are not within the scope
of the isomorphism, so that a more general definition limits the isomorphisms that may
be established between specific models.

Consider the case in which there is a general definition of system which is a
correct model for a concrete system, and there is a specialized version of this dcfinition
which is also a correct model for the concrete system. At the level of the general
definition, the two definitions arc strictly isomorphic: the inf[casiblc space of a model in
terms of the gcneral definition is strictly a subspace of the infeasiblc space under the
specialized definition. In othcr words, there will be no inleasible states under the general
definition which are not also infeasible states under the more specialized definition, and
thcre will be no state information of use to model generation under the general definition
which is eliminated when modelling under the reduced definition. Now, the crucial

difference between a joint statc spacc reduction and a prior state space reduction is the
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possibility under a prior statc space reduction that useful information may be lost. Where
the analysis begins with an applicablc general definition, and the statc space reduction is
an applicable specific definition strictly nested within the more general definition, such
a loss of information will not occur. Under these conditions, the spccilic definition may
serve as the basis for an valid sequential state space reduction.

Thus, the General Systems Theory approach of developing a sequence of system
definitions in which each succecding definition is strictly ncsted within its predecessors
provides support for a succession of steps ol state space reduction.’® This is, of course,
no silver bullet solution: the definitions must be valid for the conceptual systcm and
accurate for the concrete system, so that the validity and accuracy of the definitions are
always at stake when employing this approach. However, under this qualification, such
a sequence of nested definitions provides a {ramework for valid and accuratc state space

reductions for the study of large populations of hcterogenous individuals.

Conclusions

This chapter has set out a framcwork for a methodology of living systems theory.
A model has been defined as a specification of feasible states in a living system’s state
space. I follow Rosen’s conclusion that the purpose of developing a model is to serve
as a surrogate {or unavailablc system statc information. An estimatc has been defined as

a modcl that emulates a state observation as exactly as possible by labelling a single state

38. It would therefore appear that the potential [or problems with sequential state shace reductions
arises with a less than strict degree of isomorphism between the models in the sequence in which they are
applied.
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as [easible, although in a correct model a numbcr of statcs will gencrally be feasible. It
has been concluded that the Maximum Entropy estimate is the estimatc which imputes
the least information beyond the available information base. Rosen’s criterion [or judging
anticipatory models in particular that the concrete model should anticipate the concrete
state which actually occurs. With suitable amendment to fit Bailey’s three-level model,
it was concluded that Rosen’s criterion for model cvaluation is better suited for a system
methodlogy than the methodology proposed by Freidman for economic modelling.
Having developed, and t6 somc extcnt elaborated, a {ramework for a living
systems methodology, the discussion in thc chapter turns to limitations which this
methodology may offer in the service of development of living systems models. The
clement in the definition of living systems with the most far-reaching methodlogical
implications is the postulate of unique identity. One conclusion baslcd upon this postulate
is that a model of process requires process obcrvations covering the same period, and a
model of structure requires structural observations covering the same extent. This implies
that the current work, with structural obervations as primary evidence, will be limited in
its explicit modelling to structural models. Also due to the postulate of unique identity
is the observation that the state space of a population of living systems is normally
immense. State spacc reduction is, thereforc, often required to render the modelling
exercise tractable. However, for living systems (and unlike some systems) sulficient state
space reductions to render model tractable cannot be performed without risking the loss
of information that is required for developing a corrcct model. It is concludced that the

General System method ol working with strictly nested, increasingly spccific delinitions
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of the object of study safeguards against the risk of losing essential information when

performing the state space rcduction rcquired for modclling living systems.
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Chapter 4: Methods of Living Systems Modelling

In this chapter, the focus shifts from the methodology of modelling living systems
to modelling methods for living systems. After the effort in Chapter 3 to place limits on
living system modelling, here I focus on exploring a part of the territory within these
limits. Of course, [ explore only a small part of territory which Chapter 3 has marked
out.*® Perhaps there are criteria for selecting living system modelling methods that best
illustrate implications of the living system mcthodology. However, the acid test is the
actual modelling which can be performed when working under the methodology. The
methods explored here, therefore, are primarily those employed in later chapters of this
dissertation. The discussion of this chapter is, therefore, focussed on the implications of
this methodology in an actual modelling exercise.

The first section, below, develops the motivation for a general concern with
modelling structural maintenance and change, which in turn motivates structural modelling
as an important preliminary step toward a model of structural maintenance and change.
This is a particular concern here, since the culmination of this work, in Chapter 9, is a
structural model of the Grenadian and Vincentian economies. The second section, below,
raises the general question of what statistical techniques are appropriate for use under the
living system methodology. It provides a preliminary argument pointing to contingency

table analysis of ordinal measures in analyzing process observations, and entropy based

39. Indeed, if the territory encompassed by the proposed methodology could be explored in its entirety
in the confines of this chapter, the methodology itself would be suspect: such narrow limits would more
prevent model building than discipline it.
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measures of categorical distributions in analyzing structural obscrvations. The third
section, below, goes into greater depth in the analysis of process obscrvations, describing
the use of contingency table analysis of shifting median and interquartile deviations that
can be used for purposes such as detecting trends in price and price volatility.

The last two section before the conclusion develop thc use ol entropy based
measures in categorical distributions. The first of these describes an cntropy-based

dendogram analysis, applied in Chapter 8. This technique permits the analyst (o gcnerate

a dendogram of a collection of categorical distributions on the basis of an entropy
mecasure of the similarity of the distributions; the application in Chapter 8 is to assign the
towns of Grenada and St. Vincent to appropriate levels in the central place hierarchies of
the islands. The second of these describes the Maximum Entropy estimation of an input-
output distribution. This technique provides a dircct, non-parametric estimate of an input-
output distribution, applied in Chapters 9 and 10 to the estimation of an input-output
model including disaggregation by thc level of local central place structures in the central

place hierarchy.

Modelling Interactions Between Process and Structure

In Chapter 3 limitations on the appropriate cvidence for use in developing
structural models and proccss models were proposed. Here, it is presumed that
appropriate evidence is available, and the issue is how a model ol one typc may be
employed to improve the precision of a modcl of the other. Thus, the question is how

a model of structure may be employcd to enhance the precision of a model of process,
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and how a modcl of process may be employed to enhance the precision of a model of
structure.

Although the focus here is on the use of models of one typc to enhance models
of the other type, development of a process modcl can also be facilitated by borrowing
from the information base of a structural model. If a synchronic observation is repeated,
and succceding synchronic observations datcd, the result is a diachronic observation of
changes in system structure. Therefore, development of a process model is facilitated by
obtaining synchronic observations suitablc for extension into diachronic observations.
This relationship between synchronic and diachronic indicators is asymmetric: it is
impossible (barring timc travel) to rcturn to the dates of process observations to extend
them to synchronic obscrvations.

Beyond this relationship between synchronic and diachronic indicators, there is a
concrete relationship between living system process and structurc. A living system
maintains structures which arc required by system processes. Concrctc systcm processes
(material and informational changes in the living system) take place at specific locations
within a system. There arc limits on the changes which can occur in any given system
structure within a ccrtain period of time, so that structures limit the range of feasible
processes. Structures suitable for living system proccesscs at suitable locations are ensured
by maintenance processes, so that process generates structure. This interaction between
living system process and structure is illustrated in Figure 1.

If a structural model is to be uscd to enhance a process modcl, the structural

model must be able to exclude process states duc to thc characteristics of the system
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Figure 6 Interaction of Living System Process and Structure.

structure. Howecver, while an inconsistency betwcen a process outcome and a given
structure might render a process system infcasible, it might also rcsult in a change in
system structure to accommodate the process result. The structural model is only
effcctive in enhancing a process model in those cases where an accommodating change
in structure may be ruled out. A modcl of structural change is, therefore, required to
determine in what cases, and to what extcnt, a structural model may be used to enhance
a process model.

A process model may be used, in turn, o enhance a structural model if it specifies
structural states that system processes arc unable to generate. Of course, such structures
may occur, but no living system structures persist unlcss maintained by living system
processes. In order for process models to be used to enhance structural models, therclore,
a model of living system maintenancc processes is indispcnsable.

This is exhaustive, since model of interest rcgarding a living system will be a

model of process, structure or both. Improvements in modelling onc may be applicd to
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the other, if the analyst can bring to bear an appropriatc model of structural maintenance
and change. Additional leverage is provided by a model of structural maintenance and
change which permits improvements in each type of model to be applied to enhancing the
other. Such a model permits development of a cumulative and circular rclationship
between structural models and process models, so that an enhanced structural model might
be used to enhance a process modecl, which might be used to further enhance the
structural model, which turn might be used to further cnhance the process model, and so
on. Thus, models of structural maintenance and change might be used to facilitate the
modelling of any aspect of a living system. And, of course, nonc of this precludes
pursuing an understanding ol system maintenance and change as important to aspects of

systems in their own right.

Appropriate Statistics for Living Systems Modelling

Development of a model of structural maintenance and change is an important
modelling strategy, but a modclling strategy alone is not sufficicnt. It is also necessary
to interpret the available information basc in gencrating a model. The methods employed
should be consistent with the methodology in usc, and preferably will rely on cstablished
statistical practice, facilitating communication of the results of modelling excrcises, as

well permitting reliance on established results of mathematical statistics.®

40. It may be noted that this is entirely in keeping with the system theory rationale discussed in
Chapter 2.
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However, a statistical approach cannot be adopted simply because it is established:
the statistics adopted must summarize rclevant aspccts of the state of individuals in a
living system population. For example, an example of a widely used summary statistic
is the mean value (i.e., the arithmctic average) of the indicators. This statistic retains a
particular aspect of a set of indicators, and one can reconstruct {rom the mean value
statistic and the size of the set of indicators a hypothetical set of idcntical indicators with
the same sum total as the original set of indicators. The mcthodological question which
must be considered is whether this is the relevant information to retain from a set of
indicators of the states of a population of living systems.

A hypothetical set of indicators as referred to in the above example is a statistical
distribution. The most widely used statistical distributions can be described by a small
number of key values, referred to as the parameters of the distribution. Statistics which
can be used to specify parameters of a statistical distribution are parametric statistics.
Parametric statistics in common use as descriptive statistics includc variance, covariance
and, as mentioned above, the mean.

Are parametric statistical distributions adequate gencral representations of
indicators of the states of a population of living systems? The simple answer to this
question is they arc not nccessarily, nor generally, adcquate indicators. Populations
conforming to a parametric distribution arc populated by mcmbers of homogeneous
classcs, with the classes defined by the paramcters of the distribution. Even though such
a paramtric distribution may be established as relcvant in a particular case, it does not in

general describe a population of living systems.
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Under a living system methodology, therefore, it is preferable to avoid reliance on
parametric statistics. This leads to the considcration of non-parametric statistics: statistics
and statistical techniques delined by the fact that they do not involve require parametric
statistics. In particular, non-parametric techniques based upon a rank-ordering of
indicators would appear to be generally useful in modelling living systems. Under the
postulate of unique identity, it is reasonablc to suppose that a set of relevant and fine-
grained numeric indicators may be ranked, and this ranking summarizes a key feature of
the set of indicators itself.

The valuc most representative of the sorting ol the indicators is the median value.
This can be illustrated by considering the comparisons of any particular indicator with all
other indicators in the set. A value which is less than the majority of indicators in the
set will be also be less than the median value; similarly a value which is greater than a
majority of the members of the set will be also bc grcater than the median value.
Therefore, the median can replace the population for the purpose of determining position
relative to thc majority ol indicators observed.

The median gencralizes to collections ol demarcators which may substitute for the
population for more detailed comparisons. The first, second, and third quartilcs are the
three values that demarcate four segments ol the list, with the segment of an indicator
determined by whether it exceeds none, one, two or thrce of the quartiles. Ol course, the
second quartile, the value which provides the boundary between the second and third of
the segment, is the median. This excmplilies anothcr sense in which the median is most

representative of the population [or purposes of comparison: the median occurs half of
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all the possible sets of demarcators (those separatint the list of indicators into an even
number of groups). Since no other demarcator appears in as many sets of demarcators,
the median is the model demrcator.

With the list segmented into two halves by the median, one non-parametric method
of cvaluating the variability in the list is to consider all possiblc pairwise diflerences
between an indicator in the upper half of the list and an indicator in the lower hald of thc
list. The median of these dilfercnces is the difference between the first and third
quartiles. This representative of this set of differences provides a non-parametric measure
of dispersion, the semi-interquartile deviation, which for simplicity I will refer to as the
interquartile deviation.

A strength of statistics based upon ranking, such as the median, is that they take
into account all of the observations in a collection, since no set can be sorted without
reference to all members in the set, without requiring an assumption that the indicators
are suitable operands for arithmetic operations. These statistics can not be applied unless
there is an unambiguous sequcnce for the indicators. Where there is no such sequence,
then the analyst must deal with the observations as categorical data. It may be noted that
if the observations cannot be categorized, therc is little hope of providing an informative
summary of the collection, so that categorical statistics arc the most [undamental type of
statistics. Categorical statistics arc also the most general type of statistics: il a collection
of observations may be sorted, then the median and other demarcator statistics can be
used to categorize the collection; if a collection of observations may be sensible summed, -

then the mean and other product moments may also be uscd to categorize the collection.
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If a finite collection of observations is categorizced, it is possiblc to determinc the
number of obscrvations in each category. In the categorical distribution of the
observations, the numbcr of observations in each catcgory is presenicd as a [raction of the
total number of observations, so that wherc there arc N observations, and n; observations
in each of K categories, the categorical distribution P is simply:

P={p:p=n/N }x

One fcature of interest in a distribution is how informative it is, in the sense of how
certain one may be regarding thc category of any member of thc collection from
knowledge of the distribution alonc. A pcriectly informative categorization, in this
spccial sense, is onc with all observations in a single catcgory, while a perfcctly
uninformative categorization is one with all observations uniformly distributed through
thc categories. It should be noted that this is a very special sense of the term
information: even if a uniform distribution is no better than one might have guessed, a
uniform distribution that has been guesscd for lack of a better alternative is clearly less
informed than a uniform distribution that has been obscrved. I there is a uniform
distribution of observations of systematic structurc or proccss, it is the sct of categories
which are uninformative in the sensc of not displaying thc rcgularity.

We already have a mecasure which will detcrminc thc degree to which a
distribution is informative in this spccial sense of the word: it is the differcnce between

the cntropy of the distribution and thc maximum feasiblc cntropy.*’ Rccall that entropy

41. One benefit of this is that it is unnecessary to return to the distinction between this technical sense
of the term information and a more general understanding: the term in its technical sense may be recognized
by its direct connection to entropy.
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is the logarithm of the (approximate) number of dillcrent microstatcs which are consistent
with a given macrostate. Applied to a categorical distribution, this is thc log of the
number of unique distributions of individuals among the categorics which share a given
proportional distribution. Since it follows dircctly that the morc such distributions there
arc, the less informative the distribution is ol the category of any given observation, this
connection is not incidental, but definitive. There is a single distribution of individuals
which places all individuals in a particular category, the most informative case above, and
the entropy of this case is by dcfinition zero, the logarithm of one. In contrast, the largest
number of possible distributions of individuals corresponds to the unilorm distribution,

the least informative casc above.

Detecting Trends in Diachronic Observations

Changes in a living system structure will be reflected in the processes that rely
upon the structure, so that thc relevant indicators for a process will be diachronic
indicators. Such structural changes may be rellected in a change in the typical values of
the indicators of a process. They may also be reflected in a change in the dispersion of
these indicators. Due to thc recursive rclationship between process and structure,
structural changes will take time, so that wherc such changes are taking place, there
should be trends to the changes in typical indicator value and dispersion of indicator
values. It is for this rcason that a tcchnique to detect trends of change in values and

dispersions of diachronic indicators from a living system system is ol interest.
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The limits imposed by a living system methodlogy on the selection of statistical
trend detection are {ar reaching. Many trend detcction tcchniques rely on estimation of
a trend parameter from an appropriate distribution, but, as argued above, any parametric
distribution may be inappropriate as a model of a population of living systems. Indeed,
many non-parametric techniques rely upon an assumption that observations are {rom
independent and identical distributions, but where the obscrved processes are in a
recursive relationship with structures undergoing change, thcy are gencrated by
distributions which are historically dependent and not idcntical.*

This difficulty may be solved by avoiding the evaluation ol the possibility that a
structural change is occurring, and consider as a null hypothesis that no structural change
is occurring. Under the null hypothesis that diachronic indicators are generated under
identical constraints, it is appropriate to rely on an assumption o[ identical distributions,
which makes it possible to test the degree of consistency between the diachronic
indicators and thc null hypothesis. Inconsistency with the null hypothesis model is
evidence that structural change may be taking place.

An additional consideration to take into account is that it would be inappropriate
to presume that structural stability and change arc mutually exclusive characteristics. All
structures will exhibit some change, simply duc to the fact that thcy must be reproduced
by concrete processes, and all structurcs must exhibit some stability if they are to provide

eflective support to living system processes. Thc question is the relevance of change of

42. For an example of such non-parameltric met‘hods, refer to ITollander and Wolfe (1973), pp. 27, 67,
83f, among the ones relevant to trend detection.
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the structure, which is in part associated with amount of changc the structure experiences.
Therefore, if an extendcd scries of diachronic obscrvations arc available, it is
inappropriate to presumc that a trend in typical values or their dispersions must be
exhibited throughout the entire scrics. One mcthod of avoiding such a presumption is to
segment an extended series into overlapping sequences from the scrics. For example, an
series of quarterly price quotes might be divided into ten ycar sequences, with a five year
overlap between the sequences. Tests may then be performed [or each sequence to
determine whether the second half of each sequcnce fails to cxhibit the same
characteristics as the first, under the null hypothesis.

The specific technique used for this is contingency table analysis. The initial
classification, whether testing for trend in the typical value or trend in the dispersion
values, is the location of each indicator in the earlier or later half of the scquence being
testcd. In testing for a trend in typical valuc, the cross classilication is whether the
indicator is in the [irst two quartiles or the second two. In tcsting for a trend in
dispersion, thc cross classification is whether the indicator is in an extreme (first or
fourth) quartile or a central (second or third) quartile. If the null hypothesis is valid,
earlier and later inidcators should be uniformly distributed by either classification, so that
the expected value of each table entry is half of the members of its observations class.
The chi-square statistic (Everitt, 1977, p. 7-10) is a suitable standard for consistency of
the observations with an absence of trend. For N observations distributed in a two class
by two class (2x2) contingency lables, with earlier observations datcd P [or prior, the later

obscrvations dated F for following, thc observations above the mcdian marked U for
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upper, and those below marked L for lesscr, the statistic Q may be used as the test
statistic (see Gibbons, pp. 325-8), computcd {rom the tablc frequencies as:

Q = N(fpfpy - [PUfFL)z [ ([ofufple) -
The null hypothesis is rejected if there is a significant diffcrence from the expected chi-
square for a table with a uniform cross-distribution. The Q statistic might also be used
as a measure of association, but different numbecers of observations, such as will occur
when there are missing values, will lead to different maximum values of Q. This is taken
into account by Cramer’s statistic C, taking Q rclative to its maximum possible value
(which in this context is simply N):

C’=QN

It is appropriate to combine 2x2 contingency table analysis with a the tcchnique
of dividing an extended diachronic observation into overlapping sequences. Contingency
tables with small expected values for some cross-classifications suffer from a loss of
statistical power. (see Everitt, 1977, pp. 15-20), and subdividing an extcnded series into
shorter sequences reduces the sample size for each contingency table. However,
constructing tables with uniformly distributed expected frequencies provides the largest
feasible expected frequencies for a given sample size. A 2x2 contingency table analysis
can detect unambiguous upward or downward trend: however, with only one degree of
freedom, an upward trend followed by a downward trend might appcar as no trend at all.
Applying the analysis to overlapping scquences, the result is a series of tables that can

detect any combination of sufficiently persistent trends, while the preservation of the
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power of the test supports the sampling of smaller sequences for the analysis of shortcr

period trends.

Classification of Living System Structure

On one point in particular, therc is a strong contrast betwcen the grouping of
diachronic observations, discussed in the section above, and the grouping of synchronic
observations. The dating of diachronic observations provides an unambiguous order, so
that there are only limited grounds for controversy in the grouping of diachronic
observations, where the grouping involves a regular scquence of the observations. What
is put at stake in such a grouping is thc chosen length of the sequence. Where the
purpose of the grouping is analysis of trends, it is hoped that most objections to the
chosen length will be met by deliberately sclecting relatively short, overlapping
sequences, as proposed abovec.

When grouping synchronic observations, thcre is far morc grounds for dispute,
since there may be no unambiguous sequence of observations. The application discussed
in this section is grouping individual microstructures, where the synchronic indicator is
the categorical distribution of characteristics within each individual microstructurc. The
grouping technique employed is a form of dendogram analysis. Dendograms are
generated by an iterative process, where the basic step in the iteration groups together the
most similar pair of individuals among all the available pairings of individuals. The
group that is formed in an iteration takes the place of the original pair of individuals for

the next iteration. This process continues until all individuals have been collected into
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a single group. To use a dendogram to [orm groups, thc analyst simply removes one or
more of the dendogram conncctions, in reverse order.

Figure 2 illustrates the process of crcating a dendogram. Thc individuals to be
grouped arc A, B, C, D and E. A and B arc most similar, so that in the {irst stcp thcy
are combined into group (A,B). In the second itcration, C and E are thc most similar, so
they arc combined into group (C,E). In the third iteration, (A,B) and (C,E) arc the most
similar, so they arc combined into group (A,B,C.E). And in the {inal step, the only pair
is this group and D, forming the final group (A,B,C,D,E). For this dendogram, thc group
when the final connection is ((A,B,C,D,E),D), while the grouping {rom rcmoving thc {inal
two connections is ((A,B),(C,E),D).

Are the assumptions required for a dendogram grouping appropriate for the
analysis of living systems? A dendogram analysis requircs the assumption that
differences can be dctected between individuals, which is an implication of the postulate
of uniquc identity. It requires an assumption that differcnces in similarity are due (o
differences in the individuals, and not to observation error or environmental irregularitics,
which is a permissible assumplion‘i3 under the postulate of uniquc idcntity. It avoids the
assumption of a natural grouping of the observations based on an underlying homogeneity
-- an assumption requircd by some grouping analyses but not generally permissible under
the postulate of unique identity. Dendogram grouping is, thercfore, gencrally appropriate

for modelling living systems.

43. But not an implication, so this is an assumption that remains at stake in a dendogram grouping
analysis of living systems.
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Step 1 Step 2 Step 3 Step 4

A A A A

B | B__ | B | B__ |

C G C | C |
D E___ | E | E |

E D D D

Figure 7 An Illustration of thc Formation of a Dendogram.

Even wherc it is determined that dendogram analysis is an appropriate approach,
three choices remain at stake: the measure of similarity; the method of rcpresenting the
pairings as individuals; and the level of the dendogram above which all conncction will
be removed to for the f{inal grouping. Whilc an analyst might support the choice of level
for grouping by reference to a substantial decrease in similarity at that level, in the end
it remains as a substantive point to be made, over which thcre may be dispute. It is
therefore significant that the complcte dendogram (cf. step 4 in Figure 2) is a visual
representation of the order in which individuals were connccted, as well as the
conncctions formed. In this diagram all possible dendogram groupings are presented,
which permits the target audience to evaluate whether a more appropriate grouping level
might have been chosen. If the analyst relies on the similarity measure to support the
choice of level for grouping, it is also appropriate to report in the dendogram the measure

of similarity associated with cach pairing.
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The measure ol similarity that this work relics on is the Proportional Reduction
in Entropy (PRU)* when individual catcgorical distributions arc pooled to form a
common distribution. PRU is a type of Proportional Reduction in Error measure,
represented in general as:
PRU,, = [H(Y) - H(Y|X)] / H(Y)
= 1 - HOY[X)/H(Y)
wherc H(Y) is the unconditional entropy of Y and H(Y|X) is the conditional entropy of
Y given X. (scc Bailey, pp. 74-9, also p. 250) In this application, the reduction in
cntropy is from the perspective of disaggregating the candidatc group: the unconditional
entropy is the entropy of the aggregate distribution, with thc allocation into individual
distributions unknown, while the conditional entropy is the entropy ol the group with the
individual distributions known. The most similar group is the onc which gains the least
reduction in entropy when the individual distributions are known. As information is the
complement of entropy, this may also bc thought of as [orming the group which provides
the maximum maintained information, wherc the proportional maintained information
(PMI) is simply thc complement of the proportional reduction in crror:
PMI = 1 - PRU = P(Y|X)/P(Y).
In the case at hand, the unconditional entropy is the entropy ol joint categorical

distribution of the candidates for grouping, while the conditional entropy is the entropy

44. PRE is not appropriate as an acronym, as it commonly refers to Proportional Reduction in Error,
and Proportional Reduction in Entropy is only one type of PRE measure. While H is the typical symbol
for entropy in the information theory and thermodynamic literature, U is also commonly employed in the
sociological literature in reference to the use of entropy as a measure of uncertainty. (Bailey, 1990, pp. 72-4,
78)
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of the pooled distribution of thc candidates. Lct P; denote the jth distribution of M
individual distributions, with N; observations distributed into K catcgories so that there
is n obscrvations in the ith category. Then

P; = {py: py= ny/N; }x
and the entropy of the distribution is*

H(P) = -P;log(P) .
Since the maximum entropy occurs {or the uniform distribution,

H,..(P) = -K:(1/K)-log(1/K) = log(K) ,
the cntropy of distribution P; proportional to the maximum entropy for that formulation
is

H(P))/log(K) = -P;log(P,)/log(K) .

For the joint entropy of the group of M distributions, one can choose to treat the
individual observations as primary, so that with N¢ thc total number of observations in
the group, a new distribution is formed by concatenating thc M {requency distributions
taken in proportion to the total observations in the group:

PjG = {pijG: pijG =n;/ N° Y -

45. This notation employs Iverson’s APL convention that a scalar function applicd to a vector is
applied to each individual member of the vector.
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One can also choose to treat the individual distributions as primary, in which case each
distribution receives equal wcight and the joint distribution is formcd by concatcnating

the M proportional distributions in proportion to the distributions in the group:

R iG = {pijG: pijG = pij/ M v,

It is this latter approach that is relied on in this work, as thc observations in
question are distribution of wholesale, retail, and service facilities in the towns of Grenada
and St. Vincent, which arc predominantly located in thc capital towns. The latter
approach prevents a joint distribution f[rom bcing dominated by individual distributions
with dominant shares of the total observations characteristics ol a group containing the
capital towns of the islands. Whichever approach is used for forming the joint
distribution, the joint entropy is the entropy of the concatenated vector P, , and the
proportional entropy is simply

H(P; m)/log(K-M) .

The entropy of the pooled distribution represents the entropy of the categorical
distributions given the inlormation that the distributions are to be aggregated. Notice that
in the dendogram analysis, it is the candidate pairing undcr evaluation that is the given
of the general PRU formulation. The grouping strategy involved may, therefore, bc
thought of as trying out the various [casiblc givens, and retaining the one which is most

plausible. One aggregates by individual observation or by individual distribution,

46. The concatenation denoted by a comma is the ravel, formed by following the final element of each
subvector by the first element of the succeeding subvector.
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depending on whether one made individual observations or individual distributions
primary when measuring the joint distribution. Thus, the pooled distribution P_for the
case at hand is

P = {p. = (pu+put--+Pm)/M, i€[1K]},
and the pooled entropy [or group G is:

H(P|G) = -P-log(P)
which has a proportional entropy ol

H(P|G)/log(K) .

The remaining choice is between the absolute entropy and the proportional entropy
measure. The substantive difference between the two arises when there are different
numbers of distributions in different groups. With proportional entropy, there is no
difference between two groups identically distributed groups ol different sizes. With
absolute entropy, if an individual distribution is compared to two identically distributed
aggregates of diffcrent size, it will be more similar to the smaller group. If individual
distributions tend to be more similar to the mean distribution than to any other individual
group, reliance on proportional entropy tends to lead to the emcrgence of one or two
primary groups which add the remaining members one at a time as they become more and
more similar to the means distribution. This is appropriate if the observations are
different instances of a similar structure, for example structures at the same level in a
hierarchy, and the intention of the grouping is to determine which individuals are typical
and atypical of this type of structure. However, if the grouping is performed to

discriminate between dissimilar types of structure, such as structures at dillerent lcvels
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in a hierarchy, potential groups may be ovcrlooked, with their membcrs brought into a
primary group as outlicrs. The grouping performed in this work is to providc evidence
regarding the hierarchical position of towns in Grenada and St. Vinccent, so that the
absolute cntropy version is uscd in this work. With absolute entropy values, the specific
measure of similarity within a group is the proportional maintained information of the
aggregation:
PMI; = P(Y|G)/P(Y) = P:log(P) / P, yclog(P,m) ,

and the most similar candidate group is selccted in each iteration of the dendogram

analysis.

Estimation of a Structural Distribution

The final modelling method presented here is a technique of estimating thc fine-
grained distribution of a set of synchronic indicators from a living system given an
arbitrary set of constraints on the distribution derived from course-grained observations
of the system. The technique consists of selecting the maximum entropy distribution,
among all the fine-grained distributions that arc consistent with the constraints. The role
of the maximization performed is not to specify an optimal estimate by some criterion or
goal, where reliance on such criteria serves to apply additional information to determine
the estimate. Rather, the role of entropy maximization is to specify the estimate which
imputes the least additional information to thc information provided by the constraints.

Thus, it is the constraints which inform thc estimation proccss.
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Whilc the applications of the maximum cntropy estimatc in Chapter 9 is the
estimation of an input-output modcl, it is the input-output distribution which is estimated;
the model is then derived from the distribution in the normal way. The relcvant features
of the input-output distribution are the featurcs of any cross-classification distribution.
There is a rectangular array of values, along with a column of thc sums of each individual
row and a row of the sums of cach individual column. The sums of cach partial sum
vector are identical, which implics that both scts of categories must be complcte, so that
there are no entrics for under one set of classifications which are not containcd in the
other set of classifications. In an input-output distribution the classifications are
symmetric, so the input-output distribution is square. Finally, there must be some
information restricting the values of the partial sum vectors, or the cross classification
array cntries, or both; otherwise there is no information basis for the maximum entropy
estimate.

With no information rcgarding thc partial sum vectors, with the array total N
distributed as n;; in the K by K rectangular array X, the entropy of the distribution is H,
where:

H = ¥ij -(n,/N)log(n,/N)

Eij '(Pij)log("ij'(l/ N))

-Xij pylog(1/N) - Xij p;log(n;)

log(N) - Xij p;log(n;) .
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The maximum cntropy is log(K?) (since thc number of cross-classifications is K?),
occuring when N is uniformly distributed among the n;; that is, when cach niJ:-(N/KZ), or
P = (1/K2)3
log(N) - ¥; pjlog(n;)
= log(N) - X;; (1/K})log(N/K?)
= log(N) - log(N) + log(K?))
= log(K?) .
As Michacl Batty (1976) points out, this basic entropy formulation is in absolute
terms. When information becomes available regarding the partial vectors, however, a
more general formulation of entropy is required: unless the partial vectors are uniformly
distributed, a uniform distribution of the cross-classifications is no longer {casible. In this
casc, the lcast informative distribution of the cross classification is the onc in which therc
is no association between individual row and column classifications so tha, for example,
the Q statistic of the distribution is 0. This is the homcothetic distribution,
hex = {h; : h; = (n.j/N)'(ni./N) Yok -
There is a gencralized form of entropy which applies to this casc.” The homcothetic
distribution may be scen as the relative size of the cross classification to be [illed, with

thc maximum cntropy requiring that all catcgorics are filled in proportion to their relative

sizes. Thus, for a value p; of 0.1 is 40% of the relative size of a cell with a homeothetic

47. Two different approaches to this measure may be seen in Batty (1976) in deriving a spatial entropy
measure, and in Jaynes (1985) in deriving a maximum entropy approach to search theory.
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weight of 0.25, but twice the relative size of a cell with homcothetic weight of 0.05. This
leads to the generalized relative entropy:

H = X; -p;log(p;/hy)

+ Eij pijlog(hij/ pij)

= X, piog[(nn,/N?)/(n,/N)]

= X, pilog[(nn;/N)/n,]

= Eij pij[log(n.jni./N) = log(nij)] .
This final formulation is useful in algorithms rcquiring iterated evaluation of the relative
entropy, for the log(n;n;/N) may be calculated once and stored in a table for usc in the
iteration.

Where only ranges of the partial row and column sums arc available, this relative
entropy may still be applied by first detcrmining the maximum entropy estimate of the
row and column sums, and then relying on the estimatcs to form the homeothetic
distribution hg,,. Forming the maximum entropy estimate given range values is
straightforward. Denote the vector of lower bounds x;", and the vector of upper bounds
x;”, so that the vector x is know to the precision of

s Xk ex <5 ).
The total distributed to x is N, or

Lx =N,
so that [or consistency

& x" =NH)<N< (X x"=N").
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The range vector x* is the vector of diflcrences between the upper and lower bounds on
the vector:
x® = {xiR: xiR = xiU - xiL Yk
so that (NV-N")=NF. The unconstrained maximum entropy cstimatc of the value in the
rangc is simply the midpoint of the range:

MaxEnt(x) = {xM*: x"® = (x"+x,")/2 = x"+(x*/2)}x -
Y. xME will only coincidentally be N. Howevecr, this is just a simplcr case of the relative
entropy situation discussed above: the range vector x* measurcs the size of the cells to
be filled, N® the total size of these cells, and the amount to be distributed is (N-NL). The
constrained maximum entropy estimate of the vector will then distribute (N-N") to the x,
in proportion to x;*/N*:

MaxEnt(x|N) = {x,M&: x™ME = x" + (N-N")-x}/N*} .

It may be noted here that this indeed generalizes the casc where no partial row and
column sum information is available. Where no partial row and column sum inlormation
is available, the range of each partial sum entry is [0,N], so that x,*=N and N*=K-N. This
gives:

MaxEnt(x|N) = {xMF: xMF = x1 + (N-N")-x}/NF}¢
= {x;"ME: xME = 0 + (N'N)/K:N = N/K }«
or the uniform distribution. Substituting the uniform distribution into the relative cntropy
formulation, above, results in the original entropy formulation, scaled by the invariant

factor K, the number ol classi{ications chosen for the distribution.



I{ the only information availablc on individual ccll values in thc cross-
classification is the cell range, then this technique could be extended to thc maximum
entropy estimate of the cross-classification distribution itscl[. However, as remarked
above, the constraints are the information base of the estimatc, and if additional constraint
information may be incorporated, thc result will be a better informed cstimate. In the
estimation performed in Chaptcr 9, this additional information is organized into M linear
incquality constraints, with each constraint represented by a matrix C, and a bound I, so
that:

2y CyaPy < 1g -

The cstimation problem is now stated as a nonlincar maximization under linear
constraints. Since the maximum entropy may lic along any boundary of the constraint
spaces, and not just on a vertex, modified simplex algorithms may not be applied to this
problem. The algorithm applied in this work detcrmine this maximum relies on stecpest
ascent, which is applicablc since the entropy function is strictly convex, so that any
increment which increase entropy moves the distribution toward the constrained entropy
maximum.

The algorithm proceeds in two stages. In the {irst, the maximum entropy estimate

given the column and row sums is generated, and constraint satisfaction is imposed.*

48. This is perfectly general for any linear combination, since a lower bound inequality may be
translated into an upper bound inequality by taking the negative of the lower bound, and an equality
constraint by a pair of lower bounds, one on the posilive bound and constraint matrix, and one on the
negative bound and constraint matrix. IFor reasons of efficiency, however, the threc types of constraint are
(reated individually in the computer language program implementing this estimate.

49. 1f no constraints are violated by the homeothetic array, the constraints are redundant to the partial
row and column sum information, and the homeothelic array is the estimate.
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This is donc by iteratively evaluating incrcmental changes to the distribution with an
objcctive function that rewards approach to unsatisficd constraints and pcnalizes further
departures, and applying the best incremental approach to constraint satisfaction. This
iteration continues until all constraints arc satisfied. The second stagc iterates the
steps of evaluating the change in entropy due to incrcmental changes to the distribution,
and applying the incremental change resulting in the greatest entropy increase until either
a constraint, or a maximum cntropy for that incrcmental change is rcached. This iteration
terminates when no further incremental improvement in cntropy is available. As the
entropy function itself is strictly convex with uniquc maximum,* this is the maximum
entropy distribution, given known partial row and column sums (or a maximum entropy

estimate of same) and general linear constraints.

Conclusions

The chapter has provided a description of methods which are appropriate to the
study of living systems under the living systcms methodology {framework prcsented in
Chapter 3. In the first scction it was concluded that an important stratcgy for modelling

in this framework is generation of a modcl of structural maintenance and change. The

50. Of course, if the constraints are inconsistent, this iteration will be forced to terminate when
available approaches are exhausted. Infinite cycling is prevented by only selecting incremental changes
which retain all currently satisfied constraints.

51. One impediment to analytic solutions of the maximum entropy distribution by the I.agrange
multipliers method is that objective functions rclied on by common nonlinear optimization techniques are
not convex functions of the set of lagrange parameters. Relying on known properties of these parameters
for the constrained maximum entropy problem, one may solve for the lagrange multipliers algorithmically
by steepest descent. For more on this, see Agmon, Alhassid and I.evine, 1979.
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remaining sections discusscd modelling techniques which arc of special rclevance to
generation of such models. While paramectric statistical methods arc not of generally
validity in this framework (they may, of coursc, be justificd in individual cases on
substantive grounds), therc appears to bc an adequate sclection ol non-parametric
statistical techniques for this task. Rank statistics -- in particular thc median and
interquartile deviation -- in combination with contingency table analysis permit detection
of trends of change in both representative indicators and variability ol indicators. Non-
parametric dendogram analysis, based on cntropy measures of similaritly, supports
classification of microstructurcs based upon distributions of characteristics. This supports
the delineation of heterogeneous classes necessary in the detection of regularities among
unique individuals. Finally, maximum entropy cstimation permits the direct estimation
of cross-classification distributions, which permits an estimate of the structure without
requiring an a priori process model. This is important where the structural model is to
be used to inform the modelling of process, as it prevents the structural modcl from
reproducing the a priori process model. Based upon these modelling techniques, the

scope of this modelling methodology appears to be sufficient for the task at hand.
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Chapter 5: A Living Systems Model of Central Place Structures

E.AJ. Johnson argues that small market towns play crucial roles in the economic
development of rural areas. (1970, pp. 187-91) These roles depend upon the direct
contact with small market towns by inhabitants ol the surrounding countryside, so that a
more distant urban center is not an effective substitute for a small market town. An
example of this dependence on direct contact is small cultivators supplementing income
by commuting from rural residences to the small town. Income {rom town can permit
the cultivator to invest in more productive techniques, or in tcchniques with higher
average yield but greater risk. It also supports an increase in small town employment
without requiring additional investment in housing stock. Neither the investment in rural
production not the reliance on the existing rural housing stock in this scenario can occur
if the cultivator leaves for employment in a more distant urban center.

Among the roles discussed by Johnson, rcgional scicntists have {ocused upon the
marketing and distribution functions, in terms of the marketing and distribution of both
rural produce and goods purchased by rural consumers. These are within the scope of
Central Place theory, based upon pioneering work of August Losch and Walter Christaller
in the thirties and forties. (sec Losch, 1938; Berry and Pred, 1961) In Central Place
theory, such roles arc referred to as Central Place functions, and the places scrving these
roles are referred to as Central Places. Central Place theories in their original forms,
Loschian and Christallerian, arc abstract system theories, and therefore not entirely

consistent with a living systems model. However, it appears to be possible to develop
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a modcl of central places that is consistent with general living sysicms theory and retains
important features of traditional Central Place theory. Below, following a discussion of

the foundations of Central Place thcory, an effort is madc to present such a model.

Classical Central Place Theories
August Losch was concerned with dcveloping a theory of purely economic

regions. He argued that

Even if we already knew the characteristics of economic regions--

which we do not--their counterparts in the world of reality would be likcly

to differ more from cach other than from an ideal picture. Hence studying

the ideal region is both the only way to learn about the essential, and the

first step towards investigating the actual structure of any real economic

region. (1938, p. 71, emphases in the original)
In developing an ideal picturc of an economic region, Losch (1938) begins with a set of
assumptions designed to eliminate all differences betwceen distinct locations except those
that arise in the course of his theory. All border cffects and terrain elfects arc eliminated
by assuming that the setting of the economic region is a vast, {caturcless plain.  All
differential access to resources is climinated by assuming an unilorm distribution of raw
materials. Differences in population distribution and population characieristics are
climinated by assuming that thc population is dispcrsed in evenly distributed, self-
sufficient farmsteads. Losch queries, "How can any spatial differencc possibly result from
this initial situation?" (1938, p. 17)

Losch submits the answer that a recognizable spatial organization of this landscape

may emerge on the tcchnological basis of increasing returns to scale in the production of

commodities. He argues that increasing rcturns to scalc permits a self-sufficicnt farmer
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to produce a produci in exccss of the rcquircments of the farmstcad and to offer the
excess to neighbors on terms that make trade more attractive than producing the good for
themselves. The economizing organization ol space is [or onc farmer to serve as central
producer, with surrounding farmers providing a markct for his surplus product. The
spatial organization consisting of a central place and the ncighboring arca, or hinterland,
with which it interacts is dcrived [rom cconomic principles, so that Lisch refers to it as

an economic region.

Losch argucs that a characteristic of the ideal cconomizing organization is the
densest feasible packing of produccrs, implying a nct of hcxagonal market arcas for the
producers of any given product.? The denscst fcasible packing of individual producers
will vary by product -- some products associated with a greater number of producers and
smaller market areas, others associated with fewer produccrs serving larger market areas.
Losch argues that an additional characteristic of thc most economizing arrangement of
market nets is that the maximum number of market ccnters coincide.

The end result of Lisch’s analysis is a complex hierarchy ol market centers. In
this hierarchy, the regional center produces all goods, while lower level centers are
arrayed around the regional center in hexagonally symmectric sectors. As John Marshall
(1977) has pointed out, Losch’s layout ol market nets may not be a uniquc solution to the
explicit problem Losch set out; for example, Losch’s solution presumes rather than
derives the principle that the most economizing arrangement rcquires the rcgional center

as the nexus of all market arcas. Marshall points out two implicit rules: first, nets should

52. But see Boventer (1962) on qualifications to this argument.
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be oriented incrementally [rom smallest markct areas to largest; and second, that in this
incremental orientation, associations with centers covering larger markct arcas arc
preferable wherc there is a choice. Undcr thesc rules, Marshall shows that the
macrostructure of central placcs prescntcd by Ldsch is the correct solution to the problem
he set out.

The macrostructure derived by Ldasch exhibits a number of interesting
characteristics. For example, the six, hexagonally symmetric, sectors™ surrounding the
regional centers are each composed of a center-rich subsector and a center-poor subsector.
As indicated on Lisch’s diagrams ol the application ol his theory to actual locations, the
immediate vicinity of the regional center is also a center-poor area. Thus, even given the
homogeneity initially assumed, Losch derives a coherent and dilferentiatcd regional
structure.

The other early pioncer of Central Place theory is Walter Christaller. A key
distinction between the central place systems of Christaller and Losch is that in the
system of Christaller:

Central places ... of higher order dominate larger regions than those of

lesser order... Higher order goods are oflered at central places of higher

order, and lower order goods at places of both higher and lower order.

(Berry and Pred, 1961, p. 15, emphasis added)

In Christaller’s model, the minimum feasible size of a market area is a lower bound on

the size of the market area, referred to as the threshold of the good. In this model, a

center distributing a good of a ccrtain market area also distributcs all goods of smaller

53. By hexagonally symmeltric, I mean six GO degree sectors which are identical on rotation around
a common center, which is the primary regional center.
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market areas. Production of all goods with thresholds larger than the hintcrland of the
next smaller order center will be restricted to centers of this order and greater; and if the
goods have a threshold smaller than the hinterland of a center, producers will enjoy
excess profits. If centers arc placed into a hierarchy on the basis of these marketing
functions, a clearly defined stepped hierarchy emerges, as all centers of a given level
distribute the same range of goods and services, which also includes the goods and
services of lower level centers. This is a dircct contrast with the systcm of Losch, where
production and distribution of a particular good may bc associated with a dilferent goods
in different centers and goods of smaller market areas arc not produccd at all centers with
larger market areas.

The model developed by Christaller does not require the dcnscst feasible packing
of market arcas, and there are a variety of ways in that lower level market areas may nest
within higher level market areas. One mcasure of packing density is the ratio of
hinterland arcas at two succcssive levels in the hierarchy, often rclerred to as K. In the
simplest structure,* the hinterland of any level of ccntcr is completcly contained in the
hinterland of the next highest level. This is the K=7 system since, with hexagonal market
arcas, the ratio of the hinterland areas of two successive levels ol centers will be 7:1.
Chrtistaller referred to the K=7 system as the adminstrativc principle, as each lower level

center is dominated by a single center of the next highest levcl. (Berry and Pred, 1961)

54. The reference to structural simplicity here is in terms of the number of higher order centers which
individuals from a given lower level hinterland might be in contact with. All of Christaller’s systems are
simple structures in the sense that rclations between adjoining levels in the hierarchy are duplicated at a
smaller or larger scale as one descends or ascends the hierarchy.

140



There arc two other arrangements ol nesting market arcas that reccive Christaller’s
attention. Onc maximizes the number ol lower order centers lying along straight lines
between higher order centers; the K ratio for this system is K=4. Christaller relers to the
K=4 system as the transportation principle. The other involves minimization of the total
distance travclled by any individual; the K ration for this system is K=3. Christaller
relers to the K=3 system as the marketing principle.

In systems organized under the administrative principle, cach central place of a
given lcvel has a spatial monopoly over the hinterlands of lower level market arcas. In
systems organized under other two principles, a given lower level center is dominated by
two centers (K=4) or three centers (K=3) of the next higher level. In effect, under the
transportation and marketing principles, there is spatial competition for lower level
hinterlands along the periphery of ncighboring central places. The greatest such
competition cxists under the marketing principle, where a lower level hinterland may be

divided between three centers of a higher level

Central Place Systems and the Postulate of Unique Identity

The Central Place thcories of both Losch and Christaller establish that an
economic macrostructurc may be more than an accidental consequence ol political history,
cultural affinities, terrain, or the uneven distribution of resources and population, and the
assumptions that rule out these irrcgularites strengthen the logic ol this argument.

However, these assumptions weaken the theories as descriptive modcels of contexts in
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which political conflict, culturc, terrain, and recource distribution have becn important
factors in the development of the macrostructure.

This is particularly relevant for living systems theory. The economic regions
described by these theorics form homogeneous classes defined by parametric indicators
such as the range and thresholds of the marketed goods. A living systems model of the
structures of these systems requires assumptions consistent with the definition of living
systems, so that the the classical Central Place theories do not qualily. In addition, to
assumptions consistent with living systems theory, such a model must specify how a
given region of space is identilied as a placc and how a given place is identified as
central to other placcs. I shall address these two requirements in order.

A region of space can be considercd a place if it is generally recognized by the
members of the population as a place. Since space is continuous, a place must exist as
an aspect of the way that members of the population model space. In addition, if a place
is to be referred to as an entity, and not as an individual perception, it must represent an
aspect of individual models of space that is common to members of the population. So
we can distinguish two aspccts of the question: why individual members of society model
perceive space as a collection of places; and why a refercnce to a place may be made
without identifying the individual that posscsses the model. My responsc to the second
aspect of this question informs my response to the first aspact, so I first take up the

question of how a common place model may gain currcncy in a population.
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The Coherence of Individual Models of Place

The discussion of modelling in the preceding chapter provides a basis for
considering the degree to that different members of a population posscss the same place
model; if different members of a population have thc same modcl of place, this can be
taken as a population level model. One possibility is that thc spatial models of all
members of a population arc identical.”® A sccond possibility is that all members
possess corresponding models of place.™® A [inal possibility is that individual models
of place do not correspond, so that a given location is assigned to distinct places by the
models of different individuals.

If no exact correspondcnce exists, or where the correspondence is at a greater than
desired degree of aggregation, there may still exist partial correcspondence. Onc simple
index of the degree of correspondence is the area in correspondence as a farction of the
total area under consideration. The degree of model correspondence is the colierence of
a set of models; this index is one measurc of the coherence of a sct of models of place.”’
In this case, the reduction in information when non-identical models arc brought into

correspondence by aggregation of individual model states is represcnted by the ambiguous

55. This term is used as defined in Chapter 3. In this context, identical means that all locations
corresponding to a single place by one model of place will correspond to a single place in another model
of place. It doesn’t necessarily imply that the same label will be attached to this place.

56. Correspondence is used as defined in Chapter 3. In this context, correspondence refers to a
situation in which sets of places can be formed for all the models so that models based on the scts of places
are identical. This doesn’t necessarily imply that individuals in the population treat these sets of places as

recognizable entities.

57. Despite what may be a surface resemblance, this index of coherence is not closely related to the
concept of fractal dimension as proposed by Mandelbrot. It is more closely associated with the concept of
partial set membership in the theory of fuzzy sets.
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status of the space which is classified diffcrently by diflerent individuals. Thus, this
coherence index at a given level ol aggrcgation is a crude mcasure of the spatial
information rctained at that level of aggregation.™

Without somc coherence of models of place, a model is only informative in
refercnce to a specific individual. Only if there is coherence between individual models
of place is it informative to relcr to places in gencral, without refercnce to an individual’s
modcl of place, whether it involves an analyst developing a structural model, or
individuals in a society communicating rcgarding a mecting place. If, and only if, there
is a high degree of cohcrence ol models of placc can it be said that placcs exist for the
population as a whole. It is argued below that there arc substantial grounds to anticipate
coherence of individual models of place among members of a living system population.
On this basis, it will be concluded that placc can be considercd to be a general
characteristic of the population, and not simply a characteristic of the individual members
of the population.

In keeping with the methodological discussion of Chapter 3, this argument
proceeds from the general to the specific. However, a substantial caveat is in order. This
argument is substantial, and not definitive: the definition ol living systems is not violated
if a counter-example is observed. It is for the reader to judge the persuasiveness of the

argument in the context for which it is intended.

58. It is not the case that coherence is necessarily greater [or larger aggregations. More locations
may need to be omitted to attain correspondence at a more detailed level. However, the average area of
individual locations will be larger for the less detailed model. Intuitively, a large number of fine points of
disagreement may represent less disagreement between two models than a single major point of
disagreement.
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Interaction Systems and Information Overload

At the level of general systems, a population of living systcms is a collection of
concrete systems engaged in input-output interactions with other members of the
population and with the environment. A spatial model ol the behavior of an individual
can be generated by listing each interaction involving an individual by location and
interaction characteristics. If a member of thc population is at rest during an interaction,
the interaction will be mapped by a poing; if the individual is in motion, the interaction
will be mapped by some curve. Each individual is represented by a single interaction
map.

A collection of interaction maps permits generation of maps of mutual interaction
among different members of the population. Since interactions are input-output relations,
any interaction involving two systems will be mapped on both individual’s interaction
maps. A mutual interaction map may be defined by overlaying the individual interaction
maps of the two interacting systems and retaining the interactions on both maps.

It is for a population of living systems that spatial modelling is relevant to the
behavior of individuals in the population. Living systems engage in strategic behavior,
requiring information regarding the state of the environment. In intcractions with others
in the population, strategic behavior requires information regarding these other
individuals. As discussed in Chapter 3, where this information is required but
unavailable, a model is used as surrogate information. Where the information involved
is spatial information, such as where to make contact with the other system, it is a spatial

model which is required to provide surrogate information.
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Consider the casc of a population composed of N living systems, where cach
individual interacts with each other individual. In order to modcl spatial interactions with
others in the population, a given individual requires information [rom each of the other’s
N-1 mutual interaction maps. However, the person is a member of a population of unique
individuals, and each member is engaged in strategic behavior. To model all direct and
indirect spatial interactions with other members of the population, all mutual interactions
of thc population must be modelled, for a total of (N-1)! mutual intcraction maps.

For large groups, this is an immcnse number of mutual intcraction maps.” In
addition, the mutual interaction maps dcscribed are themselves complex modcls, and for
a sufficiently fine resolution of spatial resolution each map may involve an immense state
space. With finite information processing capacity, state space reductions are required
to arrive at spatial models that individuals may feasibly employ. Onc availablc reduction
is to model in terms of places rather than precise locations. A sccond available reduction
is to limit interactions of a ccrtain type (o a subgroup in the population. A third availablc
reduction is to reduce the resolution of behavioral models that support relatively low
frequency interactions. In combination and interaction, these strategics 0 manage
overload of information processing capacity may result in the emergence of central places
as places that individual systems will usc to organizc their behavior.

If interactions of a certain type with a number ol individuals all occur in the same

general area of space, a stale space reduction can be achieved by trcating that area of

59. Recall Stirling’s approximation that k! = (k/e)*, and that a number is considered immense if its
logarithm is large. Log((N-1)!) will be approximately (N-1)log(N-1) -(N-1)log e. For N large, log(N-1)
will be substantially greater than 1, so that the approximation will be large.
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space as a single entity, as a place, and grouping together the individuals involved. If this
is a general {eature of a numbecr of types of interactions under consideration, a substantial
state space reduction may be attained, as the mutual interaction maps with each other
individual may be replaced by a smaller number of mutual intcraction maps with groups.

If this strategy is widcly employed in a living system population, an individual
may pursue a [urther state space reduction. As the individual’s bechavior is modelled by
others as one member of a group, mutual intcraction maps betwcen the individual and
groups may be replaced by mutual interaction maps among groups. Where K groups are
involved, the worst case numbcr of mutual interaction maps required (alls from (N-1)! to
(K-1)!, in addition to the reduction in the statc space of the maps themselves as locations
are aggregated into places and individual behavior is aggregated into group behavior.
This strategy on its own will only resolve the information ovcrload associated with
immense state spaces if K is substantially less than N; for cxamplc, ten groups results in
a large, but not an immense, stalc spacec.

The disadvantage of reduction from a model of an individual to a model of a
group is a loss of precision. In a population of unique individuals, this reduction requircs
the loss of state space information that may uscd in the generation of a model. One
strategy for managing this loss of precision is the stereotyping strategy. This strategy
involves tailoring the precision of a behavioral model according to the {requency and
diversity of types of interaction with that individual. If interactions with individuals
involve a wide diversity of dillcrent types of interaction at high [requency, individual

behavioral models are generated and employed. If interactions with individuals involve
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restricted types ol intcractions and/or are of low frequency, the individuals arc placed into
groups and groups models are gencrated.

This strategy has its [oundation in the problem of generating and testing a model
of the behavior of another individual in a population. Behavioral models will be based
at least in part on observations of individuals during intcractions. High [requency, diverse
interactions provide a larger number of varied statc space observations for gencrating and
testing behavioral models. Low [requency intcractions or intcractions of restricted type
provide fewer or less varied state space obscrvations for generating models. The
stereotyping strategy, thercfore, concentrates thc loss of precision resulting from the
group-oriented state space rcduction on intcractions where an individual behavioral model
is less likely to be precise.

The difficulty in modeclling stratcgic bchavior is reduced where other individuals
in a population employ the stereotyping stratcgy. The information available in an
interaction depends, in part, on the precision of the behavioral model the other relies
upon. The more available information disregarded by the other, the more limited the
other’s potential variety of responses. In a population rclying on the sicrcotyping
strategy, there is more information to be obtaincd from interactions with individuals
employing an individual model, and less from intcractions with individuals employing a
group model. Thus, the stereotyping strategy is more cffective where reliance on the
stercotyping strategy is common in a population, since less is lost by reliancc on group-

oricnted models for interactions of low frequencics and/or restricted types.
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An additional state space reduction may be attained by selcctively limiting the
range of interactions that will be considered. Consider the sclection of another individual
for an interaction when there is a choice of individuals. I[ contact with an individual is
avoided entirely, there is no longer any need to model that individual’s behavior. If
interactions with an individual arc restricted to a certain type, a model ol that individual’s
strategic behavior need only involve the behavior pertaining to intcractions of that type.
In both cases, demands on information-proccssing capacity are rcduced.

The complement of sclectively avoiding individuals with which onc has a limited
history of interaction is selectively preferring individuals with which one has a more
extensive history of interaction. This is the familiarity preference strategy. Additional
interactions between individuals sharing a history of a high frequency and diversity of
interaction add observations which may be relied on in generating and testing behavioral
models. Therefore, the greater the frequency of mutual interaction, the more confidence
may be placed in the behavioral model as surrogatc information.

If the familiarity preference stratcgy is in common use, an intcraction bctween two
individuals increases the prefcrence for further interactions. This is a positive feedback
loop, increasing the frequency of high frequency interactions and reducing the frequency
of low frequency interactions. Therefore, reliance on a familiarity preference strategy by
members of a population polarizes frequency of interactions betwecn individuals in the
population.

Now considcr the effectiveness of the stereotyping strategy in a population where

a familiarity preference strategy is commonly cmployed. The disadvantages of a
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stereotyping strategy arise {rom the reduced precision the group-oricnted models of
bchavior. With incrcased polarization of frequencics of interaction, these disadvantages
apply to a smaller share of total interactions. A population of individuals relying on a
preference for a history of mutual interaction therefore provides an cnvironment in which
the stereotyping stregy is more effective.

Finally, consider the effectiveness ol the {amiliarity preference in a population
where the stereotyping strategy is in common use. The ability of an individual to affect
the environment is in part constrained by the other’s bchavioral models of that
individual’s behavior. It is more difficult for thc behavior of an individual to influence
stereotyped behavioral modcls than individualized bchavioral models. The type or
number of interactions governed by stereotyped models are limited, so that there arec fewer
observations on which to basc a modification of the modcl. In addition, when the
stereotyping strategy is employed, obscrvations of a particular individual are pooled with
obscrvations of othcrs of the same stereotype, so that only a portion of the observations
on which the model are under the individual’s direct control. By contrast, while
interactioning with individuals using an individualized behavioral modcl, there are more
opportunities to modi{y the information base of the behavioral model, and these represent
a more significant part of thc inlormation base ol the individualized behavioral models.
In a population using the stcreotyping strategy, intcractions with individuals relying on
an individualized modcl provides more opportuntics for strategic behavior, which is

reason to to prefer familiarity.
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In summary, gencral reliance among members ol a population on the information
conscrving strategies of stereotyping and [amiliarity prefcrence tends to be self-
perpetuating. The tendency should be stronger where the combination of thesc strategies
exists than accounted for by the sclf-perpctuating tendence of each strategy alone, because
rcliance by the members of a population on each of these strategies provides an
environment which supports the rcliance on both stratcgies by an individual in the
population. Both of these stratcgics providc this self-perpetuation and mutual perpetuation
through as tendency to polarize the models of space in the population, so [ shall refer to

these strategies in general as polarizing stratcgics.

The Emergence of Coherence in a Polarizing Population

It remains to be established that bchavioral modcls drawn from a polarizing
population arc more likely to be coherent. Consider an cxtremely polarized casc in which
each individual frequently intcracts with only two others. If the second high-interaction
relationship of these two is with each other, this cxtremely polarized case will tend (o be
very coherent. Supposc that the two other individuals never have high f{requency
intcraction s with each other: in this case, thcre may be no two individuals with the same
partition between high [requency and low {requency interactions, and polarized individual
models do not lead to the same coherence of individual models.

The structure of the living system is rclevant to the likclihood that the individual
modecls will be coherent. The processes ol this living system occur through intcractions

among members of this population and, as discussed in Chapter 2, the persistence of these
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processes require supporting structurcs. Thus, interactions among members of the living
system population must cxhibit some spatial organization. This spatial organization
increases the possibility of coherent groups within the population, as rccurrent visits to
the same location increases the possibility for more [requent interaction. Also, for the
familiarity preference strategy, rccurrent visits provide additional observations on which
to form an individualized modcl. However, this spatial organization of interactions might
not Icad to the emergence of ocoherent groups, so the conclusion here is contingent: in
cases where spatial organization leads to the cmergence of cohercnt groups, then somce
regions of space will exist as places for that population.

Movement from one location to another always requires time (and often requires
effort and money). Presuming suflicient possibiliy to interact, the closer the proximity
of successive interactions, the more interactions it is feasible to engage in. By conserving
travel time, restricting travel permits greater {requency of intcraction. On the other hand,
for a given time interval betwceen interactions, contact may be madc with a greater area
by travceling farther, permitting interactions with more members ol a population. Under
the postulate of unique identity, contact with more mcmbers of the population implics
greater diversity of interactions. Frequency and diversity of interaction arc the two
characteristics driving the polarization of the population in both the sterotyping strategy
and the familiarity preference strategy, and where travel time is a rclevant consideration
these are conflicting characteristics of interactions. Bclow, this conllict is offcrcd as a

basis for the emergencc of a hicrarchy of central places. However, the conditions for the
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emergence of central places themselves must be considcred before discussing cmergence
of a hierarchy of central places.

In the current framework, central places emcrge due (o a situation in which
frequency and diversity arc complementary characteristics, with visits to a location by
individuals from a variety of locations. To any given individual, the others who travel
to the location incrcasc the diversity of opportunities for interaction at that location. If
the original locations of the visitors surround the place (partially or complctely), their
simultaneous visits to the place permit interactions to take place at greater {requency than
if each individual was visited at their original location.

Where individuals all travel to a location for mutual interaction, they must possess
information that the location is an appropriate meeting place, or a model that is a
surrogate for this information. This is the basis for an operational living systems
definition of place: a place is a location at that individuals anticipate being able to engage
in ccrtain interactions. Undecr this definition, the detail with which places can be defined
will be limited by the detail of the information that can bc obtained rcgarding such
anticipations.

If all individuals travelling to a location do so because of an anticipation that
others shall also be traveling there, the model is more likely to be valid if it is commonly
held by members of the population. This is the basis for a positive feedback loop, as one
observes that a site is visited by visiting it, rcinforcing {or others that the sitc is visited,
and hcnce encouraging visits. Howevecr, this loop nced not be stable. If by some

accident, the number of individuals visiting a location disappoints anticipations, the



number of individuals anticipated to be at the location may be revised downward, reduce
visits to the location, which may [urther disappoint anticipations: the positive [eedback
loops serves to amplify the reaction of individuals to disappointcd anticipations as well.

Under the postulate of unique identity, each individual will presumably require a
diflerent frequency and variety ol interactions to reinforce an anticipation that location
is appropriate to visit. A self-sustaining lcvel ol visit requires that the individuals
requiring a particular visitation frequency and diversity of interactions, together with those
with less stringent requirements, provide a sullicicnt subpopulation to reliably provide this
frequency and diversity of interactions. There may be scveral levels of self-validating
anticipations regarding the number and variety of individuals that shall be at a location.
It can also be assumcd that on occasion any given anticipation may be disappointed, or
conversely that a level greater than the currently anticipated levcl may be attaincd.

In the extreme case wherc the only reason [or a visit is the anticipated visits of
others, there is no minimum level of site population: given suflicient disappointment, the
location will losc its status of a mceting place. However, if there are individuals at a
location for reasons other than anticipation of the visits of others, there is a stable floor
for anticipation ol {rcquency and variety ol individuals that will be prcsent at the location.
This population may satis[y the anticipation of somc visitors in its own right, and together
with an initial sustainable levcl of visitation, sustain a higher Icvel of visitation, and so
on. If disappointments initiatc a positive [eedback loop of decrcasing visits, thc

individuals that are prescnt [or other rcasons provide the basis for a regencration of
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anticipations. Behavior that is independent ol other’s anticipations rcgarding a place may,
therefore, provide a stable basis for anticipations that depend on other’s anticipations.
This leads to the general context in which we may expect a degree of coherence
in place models within a population. This is the context where coherence of place models
is required to provide sufficient population at a particular place to satisfy anticipations.
If lack of coherence leads to dissapointed anticipations, the positive fecdback loop
discussed above will serve to amplify cohcrence among models of placc. Population
density is a crucial factor (perhaps the crucial factor) in detcrmining whether this
organizing principle is in force. At and above some ceiling lcvel of population density,
the frequency and variety of interactions required to maintain anticipations may be
entirely independent of the anticipations ol visitors, or may be supported with random
visits. Below some floor level of population density, as discussed above, the status of a
location as a place may be a transient phenomenon. So long as the floor Icvel is below
the ceiling level, coherent and stablc population models of place are predicted to be

present for population densities betwcen these {loor and ceiling levels.

Emergence of a Hierarchy of Central Places

The central place hicrarchy of classical Central Place theory cmerges from the
increased variety of products that may be profitably produced and sold within a larger
market areca. Similarly, but morc generally, a hicrarchy of central place structures
emerges when increasing range pcrmits an increase in the diversity of interactions. If a

place attracts sulficiently more, and more diverse, visitors, it may support interactions
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unavailable at places in its vicinity, which may attract visits [rom individuals associated
with these neighboring places. Such a placc is considered a central place for the
neighboring places from which it draws visitors, and the ccntral place together with its
surrounding places may be rcferred to as a central place structure.

In this definition, centrality is a matter of degree. If A serves as a central place
to place B in its vicinity, A is more central than placc B. If B scrves as a central place
for place C in its vicinity, B is less central than place A and morc central than place C.
Since more central place structures (partially or completcly) contain less central central
place structures, central place structurcs can be arranged into a hicrarchy on the basis of
degree of centrality.

In a population employing the statc space rcduction strategies of stereotyping and
preference for history of mutual interactions, a central place structurc appears to be likely
to emerge in those situations where cohcrent places themseclves may be expected to
emerge. Given diverse types of interactions, frequency will be morc rclevant for some,
and diversity more relevant for others. Where [requency is morc rclevant, reduced travel
time of grcater importance. Where diversity more relevant, access to a larger population
is of greater importance. Therefore, it is cxpected that where places are delined with an
emphasis on frequency, therc should be more places, each covering a smallcr region, than
when places are defined with an emphasis on diversity.

This argument itself is insufficicnt to serve as a basis for a central place structure.
For example, at population densitics where random visits permit rcinforcement of the

anticipations of visitors, the logic of positive [eedback might lcad to a dillercnt form of
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place structure, or to no place structure at all. For this argument to serve as a basis {or
central place structure, the population density must be sufficiently low that individuals
visiting onc placc with sufficient rcgularity to scrve as the basis [or some interaction
nccessarily deprive neighboring arcas of the support required [or the same interactions.
Given these conditions, a ccntral place maintains its status at thc expense ol the
surrounding arca that provides it with its visitors. These locations providing individuals
for interactions, and themsclves cxcluded [rom hosting these interactions, arc the
hinterland of the central place.

If there is an interaction requiring a larger basc and visiting population than is
found in a single hinterland, it might be supported by a visiting population [rom a group
of neighboring hinterlands. Now, if the same visitation frequency is rcquired by such an
interaction (requiring a larger population) as the visiting populations of cach of the central
places in the group, support of the interaction requircs an cxtension of the range of one
of the central place, supplanting the role of its ncighbors as central places. However, if
this an interaction requires a lower frequency of visitation but a higher diversity,” it
may be supported by visits of individuals that continue their higher [requency visits to the
individual central places. Thus, a single central place providing a location for an
interactions requiring higher diversity but lower frcquency of visiting population can
coexist with a collection of central places providing locations for intcractions requiring

greater frequency but lower diversity of visiting population. Frequency applics to

60. And if an interaction requires lower frequency and lower diversity, it may be supposed that it does
not require the support of a larger visiting and base population.
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visitation, and diversity to thc base and visiting population, and thcsc tcrms arc relative
and not absolute, but for convenience I shall be refcrring to central places supporting
interactions requiring morc frcquent visitation as high frequency central places, and those
supporting interactions requiring morc diversc populations as higher diversity central
places.

In this area, the central places of the hinterlands each providc a base and visiting
population to support intcractions requiring a greater diversity of intcraction than can be
provided in hinterland locations. The base and visiting population at each of the higher
frequency central places, therefore, provides a potential base population (or the interaction
requiring greater diversity but lcss frcquency of visitation. DBecause thc visiting
population is drawn [rom the hinterlands, no location in the hinterland provides a similar
base. Therefore, any stablc location for this interaction requiring greatcr diversity is one
of the group of central places supporting the higher frequency intcraction. Thus, high
frequency central places provide the potential locations [or emergence of a high diversity
central placc.

Emecrgence as a high diversity central place for a particular interaction reinforces
the potential to become the central place for other high diversity central places, since
visits to high diversity central places reduce the potential diversity of intcractions in the
high frequency central place, interfering with thc emergence of thesc places as high
diversity central places. At the same time, the population visitin a high diversity central
place helps maintain its standing as a high frcquency ccntral placc; since the high

frequency visiting population augments the high diversity base, this reduces thc potential
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for undermining the high diversity base population. The relationship between the visiting
populations of high frequency and high diversity central places therelorc provides the
foundation for a relatively stablc central place hierarchy.

This hierarchy may be elaboratcd by, first, recognizing that this rclationship
betwcen high diversity and high frequency central placcs is bascd on relative comparisons,
and second, recognizing an inverse relation existing between diversity of visiting
population and frequency of visits. Rccognizing that the hierarchical relationship is based
on relative comparisons, implics that [or a given hierarchical rclationship, the high
frequency central places may also be high diversity rclative intcractions requiring even
higher {requency visits from an even less diverse population. In turn, the high diversity
central place may also be high {requency relative to intcractions requiring an even higher
diversity population but lower frequency of population.

It is the general inverse relationship between diversity of population and frequency
of visits which gives grounds to anticipatc that the hicrarchy may cxtend in this way.
Note that if this relationship were only a characteristic of particular circumstances, then
the existence of a connccted hierarchy bascd on a scrics of such rclationships would be
an evcen more particular circumstance. However, the inverse rclationship is general. To
gain a morce diverse population than any ol a set of central places scrving an arca, a high
diversity central place must draw from a larger area than any ccntral place in this set of
central places. However, drawing the visiting population from a larger arca implies more
travel on averagc per visit, with a total cost that increascs directly with increased

[requency of visits. Therefore, whilc the high diversity central placc may also attract low
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diversity, low frequency intcractions form the set of central places in the area, thesc other
central places retain an advantage for low diversity, high [rcquency interactions. Thus,
there is a general inverse relationship between frequency and diversity that may support
the emergence of an extended hierarchy of ccntral placcs.

Certainly, there are extcrnal factors that may influence the cmergence of a lower
level central place as a higher level central place, such as a relatively larger population
of residents or visitors independent of the rolc as a central place, or greater easc of access
from other places. Howecver, there is also a factor internal to the cmergence ol behavioral
models of place. Eflective behavior under the behavioral modclling strategies ol
stereotyping and a preference for a history of mutual intcraction involves a polarization
of interactions between high and low [requency and diversity of intcractions. Given
heterogenous types ol interactions requiring the support of a high diversity central place,
visiting a single high diversity ccntral placc achieves the greatest polarization of high

! This leads to a is dircct positive feedback

frequency and low [requency intcractions.®
loop amplifying diversity: the diversity of thc visiting population incrcascs if it attracts
visits for a greater variety of intcractions.

This discussion bears dircctly upon the argument of E.A.J. Johnson regarding the
potential role for markct towns in the devclopment of the countryside. Johnson argucs

that in many LDCs, the cxisting network of small markct towns is inadequatc to scrve the

requirements of progressive agriculture in the villages ol the countryside. Hcre villages

61. Recalling that polarization is bascd upon managing information overload, a restatement of the
argument is that there is the least information aquisition and processing capacities are required if there is
the most common information, which can only occur if all the interactions are located at a common high
diversity central place.
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correspond to the lowest level, high {requency, central places, while market towns provide
thc ncxt several levels in the central place structure. Thus his argument, in thesc terms,
is that the number of central places at intermediate Icvels, between village and urban
center, may be insufficient to support a numbcr of interactions that requirc too high a
diversity of population to be supported by villages and too high a {requency of visit by
rural villagers to be supported by urban centers. If his argumcent is accepted, then one
step in promoting a technologically progressive agricultural cconomy is promotion of the
emergence of market towns from lower level villages or scttlcments.

The model of the emergence of higher level central place structurcs, developed
above, reveals onc possible stumbling block to successlul pursuit of Johnson’s policy ol
promoting the emergence of new market towns. Not only will such new market towns
provide an environment for interactions that previously did not occur, they may also
provide an attractive environment for interactions that previously occurred within the
village. Thercfore, to the extent that the diversity amplifying positive fecdback loop is
important to the emergence of higher diversity central places, it may also reduce the
diversity of hinterland villages. If the villages arc themselvcs living systems, maintenance
and boundary processes will cxist that support the identity and negentropy of the village.
If effective, the consecquence of these processes will be prevention or delay of the
relocation of specific interactions to the towns. Thus, identity maintcnance and boundary
protection by villages may limit or prevent thc emergence of higher order central placces.
On the other hand, if the identity maintcnance and boundary protection of some villages

arc much more effective than that of others, resistence may be reduced by promoting
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these villages as candidates for higher Icvel central place status. Thus strong identity
maintenance and boundary protection may provide an advantage for cmerging as a higher

level central place, even where there arc no base population or access advantages.

Comparing Central Place Structures and Central Place Theory

To this point, the hierarchy of central placcs has becn discussed in terms of
gencral interactions between individuals in the population. In order for this hierarchy to
be more directly comparablc to the systems ol Christaller and Lésch, this gencral model
must apply to economic interactions in particular. Under the definition of the economy
developed in Chapter 2, this is no stumbling block. Economic interactions arc not a
different type of interactions, but only a particular case of the intcractions that have been
discussed. An economy, by the definition in Chapter 2, is a coherent subsystem among
matter-energy processing componcnts of society. If a socicty has an cconomy, individuals
will engage in specifically economic intcractions carrying out the processes of this
subsystem. I[ a hierarchy of central placc structurcs cxists, it will organizc specifically
economic interactions in thc same way in that it organizcs other interactions, so that
aspects of the economic structure will bc cmbedded in this hicrarchy. If there is a model
of a hierarchy ol central place structures, an economic version may be generatcd by
retaining thosc defining interactions that arc spccilically economic in character, and
omitting the others.

Of the two classical Central Placc thcories, the hierarchies in Christaller’s theory

most closely resemblca the hicrarchy of central place structurcs that has been developed
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here. In Christaller’s hicrarchy, all lower level {unctions are represented at cach higher
level Central Place. In contrast, in the hierarchy emerging in the Central Place theory of
Losch, this is only necessarily truc at the top level Central Place in the system.

Recognizing that the crucial characteristic for ensuring this systcm coherence is
population density below some ceiling level, leads me to suppose that a thecory such as
Losch’s may be morc appropriate to arcas ol greater population density, while a theory
recsembling that developed by Christaller may be morc appropriate to arcas of lower
population density. The discussion by Boventer (1962) of the differcnces between the
theories of Christaller and Losch lends support to this supposition:

In economic-historical terms, Christaller’s method of deriving his systcm

may be thought of as describing the population growth in an area which

at thc beginning is very thinly populated. Ldsch’s system would appear

to be a more adequate description of a landscapc in which a certain dense

ground structure exists, with, in thc beginning, entirely scll-sulficient small

spatial units (if new commoditics with cver-increasing internal cconomics

of production are introduced). It is solcly this difference in the derivation

of the systems which has the effcct that Lidsch’s system is more

complicated than Christaller’s. (p. 171, emphasis in the original)

There is also empirical evidencc available to suggest that this is the casc. Because
urban centers in an arca have higher average population density than the arca within that
they arc located, an intra-urban system resembling that ol Losch would seem to be more
likely, while for the same area, an interurban system rcsembling that ol Christaller would
be more likely. Berry and Barnum (1962) find that where "a small relatively homogenous
subregion is studied, the existence of a hicrarchy is most apparcnt,”" (p. 35), cven though

there is variability from place to place, as would be predicted under the postulate of

unique identity. On the other hand, Beavon (1972, 1974), examining shopping centers



in Capc Town, South Africa, provides evidence that the structure does not conform to a
coherent hicrarchy.

Under a living systems theory of ccntral place structures, detecting thc presence
or absence of a coherent hierarchies may be a difficult onc to establish empirically. An
search for a characteristic that all central placcs at the samc level have in common
presumes that membership in a hicrarchy level defines a homogeneous class on some
indicator. Under the postulate of unique idcntity, ccntral places at a given level in a
coherent system might have no particular characteristic in common. In the model of
central place structures, above, the defining characteristic for membcrship at a Icvel in the
hierarchy is the role ol the ccntral place as a mecting place for individuals from its
hinterland. Detecting the presence or absence ol a coherent hierarchy under this theory
thereforce requires evidence regarding the behavior of individuals from diflcrent locations

in the hinterlands of various central place structures.

Economic Modelling of Central Place Structures

Where the model ol central place structurcs is applicable, cconomic interactions
take place in thc context of central placc structures. In order to consider the influence
of this structurc on economic processes, it is neccssary to dcvelop a model ol the
cconomy in that the role of central place structure is explicit. The input-output model
provides a suitablc basis for a general living systems model ol economic interactions.
Richardson describes the input-output model in this way:

The model is starkly simple. Its key variables arc the outputs of scclors
into which the economy is divided. Each sector’s output consists of
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summing its salcs to all other scctors and (o (inal demand (consumption,
investment, exports, and non-local government). The amount of cach
product which cach sector consumces depends only on the level of output
in the consuming scctor. Equilibrium in the cconomy is attained when the
output of each sector equals total purchases [rom that sector, these
purchases being determincd by the outputs of all other scctors. Nonc of
the usual economic assumptions (profit maximization, optimal resource
allocation, consumcr utility maximization, ctc.) crop up in this model.
(1972, p. 8, emphasis in the original)

In the input-output modecl, intcractions are considcred to be cconomic interactions
when they involve monctary exchanges. The level ol any individual type ol interaction
is governed by the system ol monetary intcractions; intcractions in the cconomic system
arc thus governed in part within the cconomic system, as required [or the cconomy to be
a living system in its own right. Howecver, as appropriate [or the mattcr-cnergy
processing subsystem, the interactions within the cconomic system are also governed by
the interactions involving transfer of its products to the control of various aspects of the
living system. Consistency between the two types ol regulation of the input-output modcl
is ensurcd, as the purchasing power of the consuming scctors is derived [rom their roles
as claimants of income from the productive sectors.

An input-output model is bascd upon a set of input-output accounts, that
Richardson compares with incomc accounts in this way:

The major diflcrence between input-output and income accounts is

that input-output accounts brcak down the busincss scctor into a large

number of individual industrics or sectors and record the transactions that

flow between cach scctor; these inter-scctoral [lows are shown as an inter-

industry transactions matrix in the account ... Sincc most of the

information found in basic incomc accounts is also required in input-output
accounts, the latter provides a much more comprehensive accounting
framework. Incomec accounts, on thc other hand, arc unable to show all

the changes observable in an input-output tablc. For instance, shilts in
demand from onc commodity to another would go unnoticed in an income
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accounting scheme if total consumption remained constant, but such shifts

would be revealed in an appropriately disaggregated input-output account.

(1972, pp. 14-5)
Thus, an input-output model is bascd upon synchronic, structural information, organized
in such a way that comparison of succcssive sets ol accounts can provide important
process information.

I[ the input-output model is to be cmployed as a model of economic interactions,
the question at hand is how the gencral model of ccntral place structurc may bc

1. This in turn involves two seperale issues. The first issue

incorporated into this mode
is dclimitation of the arca which will be considered to be organized as ccntral place
structures. The sccond issuc is how to model the clfect of central place structures for
those interactions that they are considered to influence. The two issucs will be considered
in turn.

The specific situation which is considered here is one in which there is a two-level
central place hierarchy. In this case, the upper levcl central placc structure organizes
space into the uppcer level central place with its immediatc vicinity and the hinterland of
the upper level central place. In turn, this hinterland may include the ccntral place
structurcs of the lower levcl central places. However, there is nothing in the development
of the gencral model of central place structures to suggest that all of thc higher level

hinterland is contained in lower level central place structures. As discussed in Chapter

1, thc key contcntion of E.A.J. Johnson is that in most Icss developed economies, the

62. Discussion of technical issues regarding the use of input-output models is deferred until
presentation of the empirical estimate of input-output models for St. Vincent and Grenada.
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nctwork of small towns is inadequatc to provide the central place scrvices required by a
progressive agricultural sector. The structural distinction that is relcvant to this issue is
the division of the hinterland population in thc Central Place structure according to the
lcvel of central place that serves them. Therclore, it is appropriatc to dividc the central
place structurc to be modelled into at least three types of areas: [irst, the primary central
placc and its immediate vicinity; second, the portion of the primary hinterland that is
served by central places of the rclevant lower level; and third, the portion of the primary
hinterland that is not served by these lower Ievel central placcs.

In order to model such a spatial subdivision, scparate input-output accounts are
required for cach economic sector in each arca to be modclled, so that transactions arc
recorded in a separate input-output account [or each cconomic scctor in cach spatial
subdivision. Such an input-output modcl is generally rclcrred to as an intcrregional input-
output model, and is an established variant ol thc original input-output model.
(Richardson, 1972, p. 57-60) The fundamental distinction in production for final demand
is between purchases by residents of the central place structurc and sales to individuals
outside the structurc. Similarly, the [undamental distinction in nct expcnditures by
industry is between payments to individuals within the central place structurc and
payments to individuals outside the structure. If thc model is to be used to model income
multiplier cffects, it is nccessary to divide local carned incomc and consumption
expenditures in the samc way as industrial scctors arc divided. However, il use ol thc
model is restrictcd to intcr-industry interactions, this division of local incomc and

expenditures may be omitted.
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The model that shall be employed in Chapter 9 is, therefore, a basic input-output
model with two modifications. Each industrial scctor of the central place structure being
modelled shall be divided into thrce sub-scctors by area: the primary central place, with
its immecdiate vicinity; primary hintcrland within a next lower level central place structure,
and primary hinterland not within a next lower Icvel central place structure. And the final
demand and value added sectors of the model will be simplified into two scctors: one for
local expenditures and income, and another for imports and exports ol the central place
structurc. As the availablc information base docs not include complete input-output
accounts, the maximum ecntropy estimatc of these accounts is rclied upon, as described
in Chapter 4. In Chapter 8, dendogram grouping analysis is uscd to detcrmine the
specific three-fold division of the industries [or both Grenada and St. Vincent, and the

results of the maximum cntropy cstimatc arc discussed in Chapter 9.
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Chapter 6: St. Vincent and Grenada, West Indies:

Historical Processes, Structural History

Under the methodological framework presented in Chapter Threc and explored in
Chapter Four, it is necessary to consider the historical context of the modelling exercise.
Of course, a discussion of the historical context of such a modclling excrcisc is not an
innovation, and the present discussion breaks no new ground in historical approach or
sources. Indecd, it is better that it does not. While there is a wide range ol available
material for considcration of the histoory of the larger islands of thc English spcaking
Caribbean islands, including Jamaica, Trinidad, and cven Barbados, the material that
applies dircctly to the smaller islands is far more limited. It is fortunate that the
methodology is compatible with conventional historical narrative, since there is no
assurancc that the availablc information [or Grenada and St. Vincent would satis(y the
rcquirements for innovative historical approaches or cvidence.

Due in part to rcliance on terms and a conceptual system drawn from systems
theory, the living system methodology may appcar furlhc_r removed (rom common
historical approaches than it actually is. The systems theory concepts rcferred to as
process and structure are gencral, but thcy are not vague generalitics. In fact, they are
precisc gencralities: defined precisely, but sufliciently general to be used in a widc variety
of contexts. Process and structurc are thc concepts that provide the points of contact

between Living Systems theory and conventional approaches to history.
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In the theory of living systems, process and structurc are dynamically related.
Specialized system structurcs arc required for the functioning ol all ongoing system
processes. In turn, maintenance by systcm processes is required by system structures, or,
undcr the Second Law of Thermodynamics, they will tend toward disorganization. In
other words, processes generate structures, whilc structures constrain processes. This
circular relationship applies to thc maintenance of a given system identity, where
processes generate the structures which help to ensure a repetition of thesc processes; it
applies as well to irrcversible changes in the system, wherc processes give rise to
structural modifications, modifying process functioning, leading to furthcr structural
modification.

Application of this framework to the history of a system leads to questions
commonly encourntered in historical analysis: how docs a system maintain itself, and how
does it modify itself. In other words, how did things work, back then, and what happened
to change the way things worked? As discusscd above, under living systems theory these
questions both involvc the recursive relationship between structure and process, so that
under living systems theory these two questions are brought into a common framework.

As examples, consider two types of inquiry, one with a descriptive oricntation, and
the other with a prescriptive orientation. In a descriptive inquiry, we consider the system
structure that is typical in a particular period, and cnquire how this structure came about.
This question calls for an understanding ol change in processcs that produced and
reproduced the structure of this period. In a prescriptive inquiry, we may inquirc how to

modify a system’s structure. This question calls for undcrstanding what changes in
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system processes will producc the desired structurc, and the prospect that the modified
structure will be reproduced. Thus, this [ramework is sulficiently gcneral for both
descriptive and prescriptivc inquiry.

While descriptive and prescriptive inquiries may call for similar understandings
of the relationship between structure and process, there remains a crucial distinction
between the two. For descriptive inquiry, direct system information may bc available
regarding the system structure that results from changes in system processcs. For the
prescriptive inquiry, similar direct system information processes will bc unavailable: the
new structures are hypothetical consequences of hypothctical modifications of system
processes. The prescriptive inquiry thereforc requires an anticipatory model of the
system, so that information from the model may serve as surrogate for the unavailable
system information.

This model must to some extent anticipate thc system at hand. The available
information from the system which may be used in model construction is, nccessarily,
historical information. Thus, a descriptive inquiry is one source of the information
required to pursue a prescriptive inquiry. In other words, one should study history of a
situation before one proposes to reform it. Part of the significance of this conclusion is
that it is not innovative: while the living system methodology requires a consideration of
system history, it does not require a reconstruction or revision ol history in support of thc
modelling effort.

The concrete discussion of the histories of St. Vincent and Grenada focuscs upon

the spatial structure, political systems, and pattern of external intcractions ol these (two
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island nations. These emphascs arc dictated by thc modelling excrcisc at hand: a model
of spatial structurc requires information on spatial structure; any considcration of spatial
policy requires information on the political system in which the policy must be adopted;
and any policy proposal for economics as open as these must consider the impact of the

policy on the external interactions that these island nations depend upon.

Spatial Structure in St. Vincent and Grenada

From one perspectivc, historical analysis has a {oregone conclusion, as it must lead
to the present. On the other hand, the present Icads into the unknown future, so historical
analysis can also be scen as entirely open-ended. The latter perspective appcars more
appropriate for considering the prospects of spatial reform policies. In this perspective,
when historical analysis reaches the present, it arrives at a stage which is set for the next
act, yet to be written. And the spatial structures of these islands are an important aspect
of this current sctting.

There are many similarities in the spatial structure of the island of St. Vincent (see
Figure 1) and Grenada (sce Figure 2). In large part, this is due to thc similaritics in their
topography. Both islands volcanic in origin, with a roughly clliptical shape, and a longer
north-south than cast-west axis. A central spinc of volcanic peaks divides cach island
between an castern, or Leeward, side and a western, or Windward, side. Each Windward
side has the majority of its island’s arablc land, whilc cach Lecward sidc has its island’s
best coastal fisheries. Both islands have peaks of sullicient height to cnsurc adequate

rainfall in interaction with moisture ladcn scasonal tradc winds.
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Figure 8. The Island of St. Vincent. Census districts, the road network in relation to
topography, and the location of principle towns and selected villages.
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Figure 9. The Island of Grenada. Parish divisions, road network in relation to topography,
and the location of principle towns and selected villages.
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Therc arc significant diflercnces between these two islands as well.  St. Vincent
is the larger of the (wo; it also possesscs an active volcano in the north of the island.
Grenada possesses an excellent protccted harbor on its southern Leeward side, formed by
thc half-submerged conc of an extinct volcano.  Grenville’s harbor on Grenada’s
Windward side is a bay that is partially shcltcred by a recl. The best sheltered anchorage
on St. Vincent is at Chatcubclair on the Leeward sidce, relatively inaccessible to most of
St. Vincent.

A significant diffcrence in the organization of spacc of the two islands is the
greater concentration of population in the capital town in St. Vincent than in the capital
town of Grenada. This can be accounted [or by [our factors, in part bascd upon the
topographic diffcrences mentioned above. First, the active volcano tends to discourage
settlement in the north of St. Vincent, which tends to incrcasc thc population
concentration in the dircction of Kingstown, St. Vincent’s capital town located on its
southern coast. Sccond, Grenada’s capital town of St. George’s is located at the protected
harbor on the southern Leeward sidc, and the central spine of volcanic pcaks lics between
St. George’s and a substantial portion ol cultivated land, including the arca in which
nutmeg production is concentrated. By comparison, Kingstown, locatcd to the south of
St. Vincent’s central spinc of peaks, enjoys access to both the east and west sides of the

islands.”* Finally, the sccond and third towns ol Grenada are morc populous and offer

63. With unskilled agricultural workers earning in the range of EC$12 to C$18 per day, mini-van
fare from the Mesopotamia valley in St. Vincent to town is less than $4 round-trip, while fare from
Grenville, Grenada to town is $9 round-trip.
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a wider variety ol private goods and scrvices outside of the St. George’s area than is
available on the island St. Vincent outside of the Kingstown arca.

Rural transportation on the islands ol St. Vincent and Grenada depends upon
networks of main roads and sccondary roads. In rural St. Vincent, roads arc organized
into two distinct networks serving the Windward and Leeward sides of the island, which
only communicate through Kingstown. This is in part duc to the factors mentioned
above: the northern volcano discourages as northern coastal road; while the accessibility
of Kingstown and lack of substantial second and third towns encourages provision of
direct access to Kingstown. The transportation systcm in rural Grenada forms an
integrated road network, which communicates through the north and center ol the island
as well as through St. George’s. This is also in part due to the [actors mentioned above:
the relative inaccessibility of St. George’s to important agricultural arcas and the presence
of substantial sccond and third towns encourages the provision ol rural transportation
links not required for direct access to St. George’s. The different road networks are a
reflection of the spatial distribution of the populations ol the islands, and of different
transportation nceds of these populations.

Thesc transportation structures also support thc maintenance of the conditions
which gave rise to them. The fact that the Vincentian road network is only connected
through Kingstown provides Kingstown with an additional attraction over other locations
which St. George’s does not cnjoy. With a lack ol central and northern connections
between the two sides of St. Vincent, smaller arcas arc accessible to Vincentian small

towns than to Grenadian small towns, supported by the more complex connections of the
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integrated Grenadian road nctwork. The road nctworks ol thesc islands arc a concrete
example of what is meant by system structures, and thcy provide concrelc cxamples of
system structures constraining systcm processes. For cxamplc, if it is decided in each
island to provide a particular scrvice from a single location accessible to the three most
populous small towns, in St. Vincent, the service would have to be provided (rom the
capital, while in Grenada, the service could be provided {rom onc of thc small towns

themselves.

Fundamentals of Commonwealth Caribbean Historiography

The voyages of Columbus provide a convenicnt timc to begin the histories ol the
modern nations of the Caribbean®® The population of the present day Caribbean is
almost entirely descended [rom those who came to the Caribbcan as a result of the
European discovery and occupation of the Caribbean from thc cnd of the fifteenth
century. (Ward, 1985, p. 13) Therefore, the relcvant time intcrval lies sometime
following the transatlantic crossing by Columbus in 1492. The catastrophic process of
depopulation of the original inhabitants of the Caribbcan began with the voyages of
Columbus, beginning on the island of Hispaniola with the cstablishment of the [irst
European colony by Columbus. (Keen and Wasscrman, 1988, p. 78-9)

Following Gordon Lewis, I divide post-Columbian Caribbcan history into three

periods. The [irst is the post-discovery period, spanning thc interval [rom [irst European-

64. This is not 1o claim that this is the unique start of Caribbean history. Such a claim implies taking
a side in a controversy in Caribbean historiography that I refrain {from taking.
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Caribbcan contact to the cmancipation ol slaves, which [or the British Caribbean is thc
1830’s. The second is the post-emancipation period, spanning thc interval [rom
emancipation to national indcpendencc. The third is the post-indcpendcence period,
spanning the interval from independence to the present. (1985, pp. 4-5) Of coursc,
modelling history as a succession of periods docs not imply a lack ol social change
during the periods. Indeed, changes of thc magnitude ol emancipation or political
independcnce must have been preceded by other signilicant social changes. These periods
arc not sepcrated by precisc boundaries, but by transition periods in which characteristics
of the previous period losc prominence, and characteristics of the [ollowing period
emerge.

As Lewis notes, the majority of the nations in the Caribbean arc "still engaged in
the difficult art ol nation building," (1985, p. 3) and this certainly applies to all of the
small English spcaking nations of the Lesser Antillcs. In light of this, the period of
indcpendcence is taken to span the intcrval of nation building in thesc small island statcs

from thc independence ol Jamaica up to, and through, the prescnt.

St Vincent and Grenada in the Post-Discovery Period

The Lesser Antilles is a chain of islands: it runs roughly north [rom Tobago
through Antigua, including thc contincntal South Amcrican island of Trinidad to the south
and the Atlantic outrider of Barbados (o the cast; the chain arcs west [rom Antigua toward
the Virgin Islands and the [our, much larger, main islands ol the Greater Antilles. (see

map 1). The colonization ol the English in the Lesser Antilles initially concentratecd on
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Barbados, Antigua, St. Kitts, Nevis, and Montscrrat. Thc latter three islands arc all to the
west of Antigua: in thc age of sail they were Iceward of the key harbor at Nelson’s
Dockyard in Antigua; the islands in the chain south of Antigua were Lo thc windward ol
this harbor. Thus, the islands [rom Antigua to thc north and west arc called the the
Lecward Islands, and those south of Antigua arc called thc Windward Islands.®*

Despite some sightings and landings by Columbus, thc Lcesscr Antilles received
little attention from Spanish colonists, whosc attention was drawn to sources of gold and
silver in the Greater Antillcs, and then later, and on a much grander scale, on the
mainland. The first serious efforts to colonize thc Lesser Antilles were made by the
Dutch, French, and British. All three were seen by the Spanish as interlopers on Spanish
domains, but the American claims of the Spanish Empire werc too cxtensive to permits
the Spanish to either prevent or dislodge colonization on its pcriphery.

The initial efforts of colonization in thc Lcsser Antilles by the French were
focused on Windward islands. The French controlled the seven main Windward islands

% Dominica, Martinique, St.

for different lenghts of time: the twin island of Guadaloupc
Lucia, St. Vincent, and Grenada; and the [irst European colonics cstablished in St.

Vincent and Grenada were French colonics. (O’Loughlin, 1968, pp. 189,191) Howcver,

65. For the Caribbean island colonics of the Netherlands, the islands in the Iesser Antilles werc
upwind (to windward) of the main harbor, while Aruba, Bonaire, and Curacao off the coast of Venczuela
were downwind (1o leeward); therefore, the Windwards of the Netherlands Antilles are to the north, and the
I.cewards of the Netherland Antilles arc 0 the south, just the opposite of the case [or the Anglophone island
slates.

66. The Lesser Antilles is more precisely two island chains, a northern chain of low coral islands,
and a southern chain of higher islands of volcanic origin. The two chains meet in Guadaloupe, with its
volcanic western half and it coral castern half, separated by a narrow, shallow channel.

179



the English contested this control. The English vlaued the Leeward Islands and Barbados
as economic assets, but the Windwards wcre prized for their strategic value, especially
in dctermining control of important sca lanes. Islands changed hands many timcs in the
struggle in thc Windwards betwceen the French and the British: Dominica changed hands
four times; St. Lucia nine timcs; St. Vincent four times; and Grenada (ive times.
(O’Loughlin, 1968, pp. 36-8)

The largest Windward Islands, Martinique and Guadaloupe, were rctained by
France and are overscas departments of France to this day. Control of thc other {our
Windward Islands werc {inally ceded to the British by the French in the Treaty of Paris
in 1814. (Payne, 1980, p. 3) An indication of thc importance of thc Lesser Antilles at the
timc is the fact that in thc Treaty of Paris, France choose to rcgain Guadaloupe and
Martinique over rcgaining the mainland North American colony of Quebec.

As a result ol the protracted struggles for control of thesc islands through the post-
discovery period, subsiding only twenty years belore emancipation, the political concern
of maintaining effective sovcreignty supcrseded political concerns regarding eflcctive
administration. It was in the midst of these strugglcs for sovcreignty that the British first
expcrimented with administrative intcgration of the islands as a mcans to cnhancc the
cifectiveness of colonial administration. In 1764, at the cnd of the Seven Ycars War,
islands of Dominica, St. Vincent, Grenada, and Tobago werc ceded to the British by the
French; these islands were placed under a single governor and executive council, with
plans to initiatc a fcdcral legislature. However, both Dominica and St. Vincent withdrew

within twelve years, and in the Trcaty ol Versailles (1783), Tobago returncd to French
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control. As Europcan colonists in individual islands perceived other islands receiving
some advantage [rom regional administrations, they agititated for adminstration of their
island as a sepcrate colony; and sincc the colonists support was csscntial to rctaining
sovercignty in the islands, administrative intcgration in the post-discovery period proved
to be a [ailure. (Payne, 1980, p. 3)

Europeans translated political power into cconomic activity in the Lesser Antilles
by bringing Africans to work as slaves. Thc major cconomic activities ol Europeans in
these colonial societics involved production of agricultural export commodities [Or
Europc. Thce characteristic organization ol these activitics was the plantation systcm. The
plantation system is bascd upon large cstates, with cstates usually specializing in the
production of a single export item. The cxports werc often in partially finished [orm,
with the partial [inishing taking placc on the cstate itscll. (Mintz, 1984, p. 3)

In the case of both St. Vincent and Grenada, raw sugar was the primary export
crop. (O’Loughlin, 1968, pp. 190, 192) However, cach island also exported collce,
indigo, and cotton. As indicated in the description ol the plantation system, somc initial
processing was performed on cach of these crops prior to export. The production ol raw
sugar for export required sugar mills, powercd by strcam, wind, or animal powcr. The
production of raw cocoa {or cxport required a [crmentation process. The production of
collec for export rcquired drying. However, under the mcrcantile laws ol the 17th
century, the estates of Grenada and St. Vincent were only permitted to process export
crops il the processing was neccssary (o preparc the crop [or transport. (Brizan, 1984, p.

41)
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During the post-discovery period, Grenada was a more significant produccr of
plantation crops than St. Vincent. Its export cconomy was also relatively more diversificd
than that of St. Vincent. For cxamplc, in 1772, sugar cstates occupicd 32,011 acres in
Grenada, followed by coffee plantations occupying 12,796 acres, indigo plantations
occupying 742 acrces, and cocoa plantations occupying 712 acres. (Brizan, 1984, p. 38)
According to information on imports into the port of London [rom 25 March 1799 to 25
March 1800, 31 ships arrived [rom Grenada with 11,946 casks ol sugar, 858 puncheons
of rum®, 168 casks and 24 bags of coflcc, and 1,379 bags of cotton. In the same
period, 21 ships arrived from St. Vincent with 9,829 casks of sugar, 266 punchcons of
rum, 43 casks and 102 bags ol coffcc, and 281 bags of cotton. (Ragatz, 1928, p. 24)

During the post-discovery period, Grenada’s exports can be said to have dominated
St. Vincent in cvery crop except sugar. This can be scen from Tablc 1, which compares
the exports to Great Britain from cach island ol thec major plantation crops for each
island’s ycar of peak cxport volumec. In the sccondary cexport crops of indigo, copra,
coflce, and cocoa nuts, Grenada exported more than St. Vincent, even in peak years for
St. Vincent’s exports ol thesc commoditics. The only export crop which St. Vincent
succeeded in outproducing Grenada was muscovado sugar, the primary British Caribbecan

export.”® In the period 1809 to 1815, St. Vincent had greater cxports in 1809, and 1811;

67. A punchoen was similar to a cask, but was smaller and morc watertight.

68. Muscovado sugar, the product of the small sugar mills of the British Caribbean, was considered
to be raw sugar, requiring further processing in Great Britain.
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Table 1 Comparison of Commodity Export Volumecs, St. Vincent and Grenada: Ycar
of Peak Export Volume [or Each Island
Island
Commodity Ycar St. Vincent Grenada
St. Vincent
indigo cxports (lbs.) 1778 5,000 55.683
copra (Ibs.) 1778 580,011 1,343,123
coffec (Ibs.) 1772 1,050,300 2,475,000
cocoa nut (Ibs.) 1769 220,100 234,300
Grenada
indigo exports (Ibs.) 1775 462 142,471
copra (Ibs.) 1778 580,011 1,343,123
coffce (Ibs.) 1772 1,050,300 2,475,000
cocoa nut (Ibs.) 1769 93,500 504,806
Source: Ragatz, 1929, p. 14

Grenada had substantially greater exports in 1810, 1812, and 1815;* whilc in 1814
export volume were nearly equal, with 175,421 pounds cxported by Grenada and 175,261
pounds by St. Vincent. St. Vincent’s exports ol muscovado sugar cxceeded those of
Grenada from 1815 to 1831, very ncar to the end of the post-discovery period in the
British Caribbean. (Ragatz, 1928, pp. 18-20) This docs not imply that St. Vincent’s sugar
plantations werc more lucrative, as Grenada dominated the export of rum, the second
export commodity produced on sugar plantations. It docs imply that St. Vincent’s export

cconomy was morc specialized than that of Grenada

69. These are based on customs house records. There arc no records available for 1813, the year of
a serious customs house fire.
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Operation of a colonial plantation, whatcver the cxport crop, required food supplies
for the slave laborers. A mcans ol satis{fying this rcquircment was (o purchasc imported
food with a portion of the proceeds from the export crop: an example of this was the
import of salted fish from colonial North Amcrica. However, reliance on this approach
was not ideal from the planter’s perspective, as it reduced thc income to purchase the
imports that they desired. A second approach to satislying this rcquircment was to
oversce the cultivation of food crops as an auxiliary plantation activity, in addition to
producing and processing the crops grown for export. This approach f[recd cxport
carnings for the import consumption of the planters, but incrcased the oversight problem
on plantations, where slaves resisted slavcowners by means ranging in severity from
working to rule (i.e., engaging in no more work effort than is explicitly demanded)
through slave rebellions.

A third way to satisfy this requircment was to providc the slaves with a plot of
land and time away from labor on the export crop in order to grow their own food; thus
dccntralizing somce of the control over food production to the slaves. This third method
reduced the difficulty of managing the cstatcs and gavc the slaves a limitcd arena in
which they could formulate and pursuc strategic goals. The increasing rcliance by the
plantations on this method over the post-discovery period is cvidence of its appeal. Onc
illustration of this success is thc case of Jamaica, where the markcted producc of slaves
working on their own time provided the largest part ol the provisions of the British
garrison. Many ol the skills which would latcr bc cmployed by Caribbcan pcasants were

acquircd by slaves working on their own timc in this supplemcntary, {ood provisioning
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system. The actions of the planters to rclieve themselves of some of the burden of food
provisioning can thus be secn as unintentionally creating a proto-peasantry among thc
slaves. (Mintz, 1984, pp. 6-9)

Another common element of the Caribbcan plantation societics was the emergence
of a class of those who were commonly referred to as {rec persons of color. (Knight,
1990, p. 124) Since:

By custom, and often by law, any person ol Europcan birth or anccstry,

regardless of economic circumstance, intellectual ability, or educational

achicvement, enjoyed a social status superior to that of cvery nonwhitc

person... (Knight, 1990, p. 125)
the free people of color had a status intermediatc between the European colonialists and
the slaves. The free people of color were effectively a proto-middle class, and as with
the proto-peasantry discussed above, this proto-middlc class came into existence as the
unintentional consequence of the actions of the planters and other European colonialists.

Discussing the social structures ol Jamaica and St. Vincent in the 1820’s, M. G.
Smith rcports that most of thc male European colonialists with wives and children
residing with them in the Caribbcan also maintained informal unions with black or
colored concubines. According to this account, it was considercd the duty of the
European father to {rce any children born into slavery when it was within his mcans (o
do so. In addition, the wealthicr colonists [rcquently recognized an obligation to educate
such children by scnding sons to school in England, and providing support [or the local
cducation of their daughters. (1965, pp. 94-5)

The class ol {ree persons of color also included [ormer slaves who had purchascd

or otherwise obtained their freedom. Although unlimited access to this option would have
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undermined the basis ol the slave plantation system, the prospect ol obtaining {recdom
was a powerful incentive. For examplc, it was occasionally granted in rccognition of
couragcous military service. (Knight, 1990, p. 142) Perhaps morc importantly, skilled
slave artisans were sometimes permitted to rctain a share of prolits on their production:
such an arrangemcnt reduced the dillicultics inhcrent in supcrvising skilled slave
workmen. If most ol the slave’s sharc was saved for sell-purchasc -- at a premium price
-- thc owner eventually rcceived most of the slave’s sharc of the prolits as well. (Knight,
1990, p. 141)

Most of the free people of color, whatcver their ancestry, lived in the urban areas.
One reason for this was constant demands by Europcans in rural arcas for proof of status
as a frcc man or woman. This pressure was especially strong f[or the free blacks, but felt
by all non-European inhabitants. A sccond rcason was cconomic nccessity. Frce persons
of color sceking employment on cstates were considered unreliable as manual workers or
overseers.  Those with the resources to obtain cstates often faced lcgal and other
impediments to doing so. For cxample, in 1762, thc Jamaica asscmbly acted to restrict
the value inhcritance of a frec person of color, which had the cffect of limiting the
number of free persons of color who could obtain an cstatc, whilc such an estatc could
only be retained for a singlc generation. Most [rce pcople of color thus found their living
in trades and scrvices, which were morc rcadily pursucd in the urban areas than in the
country. As a [inal motive, the social mores of plantation socicty denigrated those who
performed manual and menial labor; movement to urban arcas permitted the [ree people

of color to increase the social distance between service and trade activitics which they
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cngaged in, and thc manual and menial labor of thc Afro-Caribbcan slaves. (Knight, 1990,
141)

Dominica and St. Lucia in the northern Windward islands had a larger proportion
of free people of color than St. Vincent and Grenada in the south. For cxample, in 1811,
in Dominica, free pcople of color comprised 11.4% ol the population; in St Lucia 10.7%,
in St. Vincent, 5.7%, and in Grenada 3.9%. Howecver, this was primarily due to the
smaller population share of all free people in the sourthern Windwards. In 1811, free
peoplc of color comprised between 60% and 70% ol the frce population on all four
Windward Islands: 69.3% in Dominica, 60.8% in St. Lucia, 62.9% in St. Vincent, and
61.0% in Grenada. Given their tendency to reside in towns, the typical town inhabitant
in the period before emancipation was a free person of color, whilc the typical rural
inhabitant was an African or Afro-Caribbean slave. (Knight, 1990, p. 366)

Many aspects of the spatial structurcs of St. Vincent and Grenada can be traced
to this post-discovery period. It was in this period that the capital towns and a majority
of the small towns of thc islands wcre established, and the cxport oricntation of the
plantation economy accounts for the coastal locations of thcse towns. It was in this
period that St. George’s was cstablished as the capital of Grenada, since a protected
harbor was an important stratcgic asset in the struggle betwecn the British and the French
for control of the Lesser Antilles. The original capital ol St. Vincent was Georgetown,
on the north-central Windward side, due to its accessibility by sca to Barbados, the origin
of many of St. Vincent’s carly colonists. It was in thc post-discovery period that the

capital was moved to Kingstown, a location which provided better access for small
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vessels from the Leeward side as well as from the Grenadines, the chain of small islands
between St. Vincent and Grenada. Thus, in the post-discovery period, much of the pattern

of scttlements on the two islands had alrecady becn establishcd.

St Vincent and Grenada in the Post-Emancipation Period

The British Caribbcan was the arca in the British empire whosc economy was
most dependcnt upon the products of slave plantations, and thc political influcnce ol
Caribbean plantation owners was focused upon maintaining the institution of slavery.
Emancipation of the slaves in the British Caribbean, therefore, had [ar rcaching clfects.
This is marked by Impcrial Emancipation, thc. [inal cmancipation ol all slaves in thc
British Empire on August 1, 1838. In addition to the far-reaching economic and social
effects within colonial sociclties, this also serves to mark the declining political inlluence
and economic importance of thc British Caribbean in the British Imperial systcm.

As indicated above, it is expected that a social change ol thc magnitudc of
emancipation is precedcd by a transition period. In the early 1800’s, West Indian planters
suffered increasing political defecats, including outlawing the slave trade and reducing the
tarif[ advantage cnjoyed by West Indian sugar, and culminating in the passage of
emancipation. One consequence, as well as a causc, ol these defcats was the decline in
the price obtaincd for unprocessed sugar in the British market. Another consequence, as
well as cventual causc, was passage ol the Great Reform Act of 1832, which redistricted

the constituencies of members of British Parliamcnt and eliminated those constitucncies
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with a handlul of electors whosc votcs the West Indian planter litcrally purchased to gain
seats in Parliamcent.

An important detcrminant of the fortuncs of sugar plantcrs in the British Caribbcan
was the price of sugar in Britain. The sugar prices faccd by colonial British sugar
exporters became Icss favorable in the early 1800’s, with thc cmergence ol lower cost
producers in the Greater Antilles (Cuba, Hispaniola, and Pucrto Rico). Most West Indian
planters could not directly imitatc the methods ol these lower cost produccrs, duc to
factors such as unsuitable terrain, and did not succecd in reducing costs in other ways,
so that priccs providing lucrative returns to sugar planting in the larger islands provided
dissapointing profits among West Indian plantcrs. (Ward, 1985, pp. 17-18, 25-26)

Whether or not passage ol the Great Reform Act of 1832 was due in part to the
reduced capabilities of West Indian planters to buy influence in London, the act increased
the political weight of the new industrial urban areas in England, wherc cmancipation
scntiment was strongest, and full emancipation of all slaves within thc British Empire
followed in less than a decade. This sct the stage [or a fundamental pattern of post-
emancipation economic change in the British Caribbean: the decline of the sugar export
economy, and the dcvelopment of other bases [or the colonial cxport economy. The
impact of this pattern was fclt by all aspects of thc island cconomies, including their
spatial structures.

This pattern is clear in the historics of both St. Vincent and Grenada. Turning
first to the Vincentian casc, the sugar estates of St. Vincent suffcred a scrious declinc in

fortunes in the 1830’s. In addition to declining prices, planters were [aced with
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difficultics ol attracting the labor of the cmancipatcd slaves. A substitutc commodity was
arrowroot, a tuber native to the Lesser Antilles. Arrowroot is uscd to produce arrowroot
starch, valued for used in baking and baby f[oods. Arrowroot was grown by small
cultivators, for sale to processing factories which produced arrowroot starch [Or export.
Later in the post-emancipation pcriod, Sca Island cotton and then bananas gained {avor
as cash crops. (Mintz, 1984, p. 17)

These small cultivators operated as peasants, growing [ood crops [or subsistence
and marketing in addition to their cash-crop production. Much ol the worklorce on the
estates were landless laborers. However, to attract workers, plantations continued to
permit laborers the use of estate lands to producc on their own timc. At the same time,
small-scalc cultivators with limited holdings supplemcnted earnings by working on the
estates. There was not, thercfore, a sharp divide betwcen the Vincentian peasantry and
the landless laborers on the plantations. (Mintz, 1984, pp. 17-8)

The pattern in Grenada was similar. Immediatcly following cmancipation, the
majority of the newly emancipated estate workcrs rcmained on their cstates. However,
somc chose to ccase working within the colonial economy, living of[ of the land, while
some were able to cstablish themselves as independent pcasant cultivators. By 1844,
according to the Census of that year, the numbcr of frcedmen living on the cstates had
fallen to roughly a third of the number in 1838 immediatcly before [inal emancipation.
Throughout the post-cmancipation era, thc numbcr of independcent peasants increased [rom
one decade to the next. Associated with the incrcasing number of independent pcasants

was an increasing number of peasant villages: by 1852, morc than a [ilth of the Grenadian
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population was living in indcpendent peasant villages.  As plantation owncrs werc
rcluctant to part with the land in the center of their cstates, and thc lands previously
cultivated by slavcs as provision grounds wcerce on the [ringes of the cstates, much of the
land purchased by peasants was at the {ringcs ol cstates, so that this is wherc many of the
carly peasant villages emerged. (Brizan, 1984, p. 126-33)

Also associated with the incrcasc number of peasants was the decline of sugar as
Grenada’s primary crop. Grenadians continucd to rely on agricultural export commoditics
as cash crops; however cocoa finally overtook sugar as the primary export commodity in
the 1880’s. From thc perspcctive of the pcasant, cocoa offercd scvceral advantages. First,
the cultivation of sugar required rclatively little labor for an extendcd period, and then an
annual period of intensive harvest activily. Sincc cocoa is harvested more than once a
year, the work required to produce cocoa is sprcad morc evenly throughout the year.
Secondly, since sugar is harvestcd on an annual basis, thc carnings from the crops are
received annually, while multiplc harvests [or cocoa imply crops earnings are received
with grcater [(requency. Third, the cultivation of sugar rcquircd access to sugar mills,
which represents substantiall more investment in processing equipment than is required
for cocoa fermentation. Finally, while sugar canc was grown on a monocrop basis, cocoa
and food crops may be intercropped, with the food crops plantcd between the rows of
cocoa seedling as they maturc.

Just as arrowroot cmerged {ollowing emancipation as an important crop for the
small cultivators of St. Vincent, nutmeg and macc beccame an important crops for Grenada

in the post-cmancipation period. Whilc arrowroot was a root crop, originating in the
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Lesser Antilles, nutmeg was trec crop, originating in Dutch East Indies (present day
Indonesia). The nutmeg tree was introduced around 1843, but cultivation on a serious
basis was not contemplated until 1860. As a trcc crop taking more than a decade to reach
full production, nutmcg took longer to become an important export crop for Grenada than
arrowroot did for St. Vincent. However, in the hall century [rom 1860 to 1910,
Grenadian cxports of nutmcg rcached 14% of total world exports. (Brizan, 1984, p. 298)

The origin of important aspccts of the spatial structurcs ol St. Vincent and
Grenada can be traced to the post-emancipation period. Perhaps most important was the
emergence of the rural villages in an unplanncd process, without ollicial intervention or
sanction, driven by the individual property acquisitions of a large number of ex-slaves and
their descendants. The peasant villages were not incorporated into the colonial polity as
administrative units, nor recognized as legal cntities. The absence of formal instutions
for village government are, therefore, not surprising, as under the colonial regime the
village could make no legitimate claim either upon the resources ol the residents or upon
the resourccs of the colonial government. In the spatial structure which has emerged from
these origins, rural villages are rccognized by their inhabitants as distinct placcs, but arc

not the primary [ocus of local political, cconomic, or rcligious activity.

Political Integration and the Movement to Independence
Efforts to integrate the administration of thc Windward Islands continued in the
post-emancipation period. In 1833, a ycar beforc the abolition of slavery, the Windward

[slands of St. Vincent, Grenada, and Tobago were grouped under a common governor
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with the island of Barbados, to be joined in 1836 by St. Lucia and Trinidad. Howcver,
as with the first such effort to impose administrative integration upon the colonies, the
common administrative structurc was not developed in the succeeding period, and after
attrition ol its membership it was cventually abandoned. Trinidad was the [irst to depart,
in 1842, as it was given its own governor and separate colonial administration. In 1869,
Tobago was detached from the group and attached to colonial administration ol Trinidad,
an association which persisted through the post-emancipation period. (Payne, 1980, p. 3)
Thesc two islands gained indcpendcnce as the unitary state of Trinidad and Tobago, so
that this association pcrsists (0 this day. (Paync, 1980, p. 29)

The Colonial Office in London in 1869 instructed the governor of the Windward
Islands to work toward a federal union of the Windward Islands, including Barbados, but
following adamant opposition by the planters of the islands, and in particular the planters
of Barbados (who feared that Barbados would bear the majority of thc cxpense of
adminstering thc union) the idea of cstablishing a federation was dropped in 1876.
Barbados was separated {from the group and given its own governor shortly therealter.
Following the scparation of Barbados from the Windward Islands, colonial cfforts to
pursuc administrative integration languished. (Paync, 1980, p. 3)

This pattern of colonial opposition to the imposition of colonial administrations
intcgrating the island socicties was in large part a pattern ol opposition by plantation
owncrs. The colonial political system was an authoritarian system which concentrated
powecr in the hands of the governor, the local represcntative of the British Empire. Yect

the Crown colony form ol government prevailing in the British Caribbecan was not



prccisely government by cxecutive edict. The [orm of Crown Colony government was
an imitation of thc form of the British government, with thc Governor, as represcntative
of the Crown, an cxecutive council, an analogue of the House of Lords, and an asscmbly
or (in the smaller islands) legislative council, analogues of thc House of Commons.
Throughout the British Caribbcan, executive councils werc appointed by the governor,
normally from among the cstablished planters. The Leeward and Windward islands had
the Icast formal influence, with the governor appointing the members of the Icgislative
council. Colonial Barbadians had the most formal influence, with clected officials serving
in thc Barbadian assembly. However, cven in Barbados, [ranchisc was sevcrely limited
by a property rcquirement, and the appointcd members of the cxecutive council
outnumbered thc clected members of the assembly. Thus, particularly in thc smaller
islands, rule by executive edict was entircly unnccessary: thc governor would proposc
legislation, the excecutive and legislative councils which hc had appointed would approve
his Icgislation, and then as thc chief cxccutive under the rulc of law, hc would be
obligated to abide by his legislation. (Pcters, 1992, pp. 58-9)

The descendants of the [ree people of color comprised most of the middle class
of the post-emancipation period. In the early 1900s, they gained a dominant position in
retail trades, some had been ablc to purchase plantations, and some had begun to replace
Englishmen in the colonial civil service when the Englishmen returned home. Howecever,
they had no political power. (Petcrs, 1992, p. 58) As Donald Peters notcs, "They did not
scem 10 have a problem with thc authoritarian structurc of government. What they

wantcd was representation.”" (1992, p. 59) In general, the wealthicr West Indian colonials
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who monopolized Caribbean inllucnce on the Colonial Officc (as scant as this was)
opposed reform of the system to permit others (o scrve in government. Howcver, under
the Crown Colony system, it was the Colonial Officc that had thce [inal say, so that it was
to the Colonial Office which the non-cnfranchiscd membcrs ol thc West Indian middle
class sent their petitions. (Peters, 1992, p. 59)

The efforts of thc non-cnfranchiscd middle class werc pursucd with new
aggressivencss when those who had voluntcered to scrve in the First World War rcturned
to their islands as veterans. In thc 1920s, clections [or somc members of the legislative
councils were permittcd in the four Windward Islands, with the [ranchise restrictcd on the
basis of property rather than on the basis of race. Howcver, thc members nominated by
the governor remained a majority, so that the clected members gained no real power.
(Peters, 1992, pp. 59-60)

It was in this contcxt that the idca ol a Fedcration [irst became ticd with the
movement toward greater local autonomy. The report which preceded these reforms
concluded that, although independcnce was infeasible at that time, a West Indian
federation would required if an independent West Indies was to be viable. This led
members of the Caribbean middle class to conclude that, while individual autonomy was
unthinkable to the Colonial Office, autonomy in the context of a [edcration might be
feasible. Economic dilficultics posed by dcclining sugar prices through the 1920s, as well
as middlc class frustration with their limited influence, lcd to incrcascd Caribbcan middle
class demands for political reform. The Colonial Ollicc met these decmands with a limited

Royal Commission, chargecd with exploring thc possibilitics of a fedcration including
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Trinidad, thc Windward Islands, and thc Lceward Islands. Although, somc ol the
cmerging middle class and labor Icaders of the islands mct in Rouseau, Dominica, to
coordinate proposals for political integration, thc opposition of mcrchants and plantcrs
carricd thc day. (Paync, 1980, pp. 5-7)

By this time, labor movement organizations had the best organization and broadest
basc in the Wcst Indian population, and the rcgional umbrclla organization for the labor
movement, the Caribbcan Labour Congress, took a strong position in favor ol political
federation. Regional associations also emcrged as umbrclla organizations representing the
emerging West Indian professional middle classes, primafily the West Indian Bar
Association, the Caribbean Union of Teachers, and the Federation ol Civil Servants of the
Woest Indics. Unlike the earlicr colonial efforts to pursue political integration, in the later
post-emancipation period, the cfforts in support of fcderation were West Indian, and werc
largely opposcd by the Colonial Office. (Payne, 1980, pp. 10-11)

Unlike the ncwly enfranchiscd middlc class West Indians, working class Wcst
Indians did not neccssarily accept the overall Icgitimacy of Crown Colony government.
Working class West Indians included the descendants of the emancipated slaves and
others, such as Indians who had been brought into the West Indies as indenturcd servants
in response (0 post-emancipation labor shortages. Between 1934 and 1938 violent riots
and strikes broke out among the workers of Jamaica, Trinidad, Barbados, St. Kitts,
Antigua, and all four Windward Islands. During thesc disturbances, trade unions emerged

as a major organizational force, and the trade union leadcrship upstaged the West Indian
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middle class as the political Icadership of the pcople ol the small islands. (Peters, 1992,
pp. 62-65)

From the [act that the distrubances sprcad to all but the very smallest of the West
Indian islands, it appeared that the Icgitimacy of thc Crown Colony system in the minds
ol the working class majority of West Indians was not sulficient to maintain order. A
major problem faced by thc govcrnors of the small islands in dealing with these
disturbances was [inding black and colorcd members of government to talk with the strike
leaders. Another royal commission was thercfore appointed, which concluded that living
conditions were the mains causc of thc disturbances, but that without increased local
involvement in thc management of their own affairs, no scheme of social reform could
be successful. However, the commission stopped short of rccommending universal
franchise or local autonomy, arguing that working class West Indians were not prepared
for such relorms. Apparcntly, over a hundred years cxpericnce with the authoritarian
version of the British system was insuflicient cducation in democracy, and morc such
cxperience was required. (Peters, 1992, pp. 63-64)

During the 1940s, membecrs of the middle class began to take positions within, and
join political alliances with, thc West Indian tradc union organizations. The members of
the middle class in these alliances expanded their demands to include universal franchise.
The trade union leadership in these alliances choose not to attempt a violent overthrow
of thc government, and presscd for universal [ranchise by morc accepted means, such as
demonstrations, wildcat strikcs, and petitioning the Colonial Office. (Petcrs, 1992, pp. 65-

66)
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Support for West Indian Federation was onc clement in the clforts to obtain
constitutional reform, but thesc cfforts were based upon fedceration as a means (o an end,
the cnd being independence. Therelore, these cfforts arc not necessarily cvidence that a
West Indian socicty as such cxists; thcy are consistent with individual island socictics,
pursuing a common goal for independence in their common conllict with British
authoritics. (for contemporary support, scc Domingo, 1973 [1956], pp. 167-9, 173-5)

This latter interprctation is born out by the risc and fall of thc West Indian
Federation at the conclusion of thce post-cmancipation pcriod. Following the Sccond
World War, Great Britain’s Sccrctary ol Statc, Oliver Stanley, invited representatives of
the West Indian islands to discuss the prospects [or a West Indian Federation. In Jamaica
in 1947, the Montcgo Bay Conlcrence was convened, and the decision was madc to begin
thc dctailed preparation required to launch a West Indian Federation. At the time, the
view of the Colonial Officc was that thc scparatc islands were too small to be viable
nation statces; thus Fedceration was, by implication, a nccessary prerequisite to power.

In retrospect, the Montego Bay Confercnce marked the high point of West Indian
efforts toward fedcration. The planning process took eleven ycars, as island lcaders
ncgotiated spccific dctails with each other. In the same period, the Colonial Office
permitted constitutional advances toward scl{-government to procced in the individual
islands. The [irst clection with universal franchisc was held in Jamaica in 1944; Trinidad
and Tobago followed in 1946, Barbados in 1949, and thc Leeward and Windward Islands
in 1951. Ministcrial government, implying incrcascd influcnce of the locally elected

politicians, was introduced to Jamaica in 1952, again to be [ollowed by Trinidad and
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Barbados, and [inally extcnded to the small islands in 1956. This had thc cflect of
dccoupling the formation ol thc West Indian Fedcration [rom the drive to independence.
(Payne, 19080, pp. 14-15)

The eflect of thesc separatc, staggered, individual constitutional developments was
intensified by the examples provided by decolonization clscwhere in the world. With the
combination of expericnce with greater local autonomy and thc cxample of other
rclatively small colonies advancing toward indcpendence, it seemcd morc reasonable that
the larger islands of Jamaica and Trinidad might hopc for indepcndence on their own.
(sce, for example, Domingo, 1973 [1956], pp. 181-4)

The idca that Jamaica and Trinidad could be viablc as scparatc independent states
was buttrecssed by their cconomic prosperity in the 1950s. This prosperity was based
upon a combination of three separate developments. First, [ollowing the industrialization
strategies proposed by the St. Lucian-born cconomist W.A. Lewis, both Trinidad and
Jamaica encouraged investment in local industry by multinational corporations, which
resulted in a substantial growth in each island’s manufacturing scctor. Second,
agricultural commoditics such as sugar, citrus and bananas wcrc granted prcferential
access (o the British markelt, sheltering the two islands [orm somc ol the risks ol selling
in the world commodity markets. Third, each island expcrienced an boom in non-
agricultural primary sector production: bauxitc [or Jamaica, and petrolcum for Trinidad.
By the time preparations for thc West Indics Federation were complcte in 1958, it aroused

little support in Jamaica or in Trinidad.
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In 1960, Norman Manlcy, thc Chicl Minister ol Jamaica, Icarncd that thc British
government was willing to contemplate granting Jamaica indcpendence on its own. In
Scptember of 1961, the Jamaican clcctorate rcjected the Federation in a referendum, and
shortly thereafter Jamaica was granted indepcndence. Alter a period of mancuvcring, Eric
Williams, the Chief Minister ol Trinidad and Tobago, proclaimed that, in the political
arithmectic of the ten-statc Federation, "Onc [rom 10 Icaves 0," and Trinidad and Tobago
also pursued and obtaincd its own indcpendence. Eight ol the smallcr island statcs were
involved in efforts to continuc with a fcdcration for the smallcr islands, as chronicled in
The Agony of the Eight, by the Wcst Indian cconomist W. Arthur Lewis. (1973 [1965])
However, the withdrawal ol thc two states of Jamaica and Trinidad and Tobago
effectively finished the idca of thc West Indian Federation as the vehicle to independence.

Thc smaller islands did not immcdiately gain indecpendence, [ollowing the collapse
of thc Federation. Guyana, on thc South Amcrican mainland, gaincd independcnce in
1966, as did Barbados later thc samc ycar, it was not until 1974 that Grenada was the
next West Indian colony to gain its independence. Between 1974 and 1981, all of the
Windward Islands gained thcir indcpendence, and all but thc two smallest Leeward
Islands did likewise.

The cxample of the four larger, indcpecndent West Indian stalcs -- Jamaica,
Trinidad and Tobago, Guyana, and Barbados -- was an important support [or the decisions
in thc smaller islands to press ahcad with independence. The cxistence of the regional
West Indian institutions which the indcpendent states had in large part developed was also

instrumental in reassuring thc smallcr islands that independence would not imply isolation.
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The current period of indcpendence may thercforc be taken to begin in the
Commonwcalth Caribbean with the independence of Jamaica and Trinidad and Tobago.

As shall be discussed below, the present sysiem ol rclations between the
indcpendcnt island statcs of the Commonwcalth Caribbcan dcveloped in part on the basis
of the regional institutions crcated in the post-emancipation period. In addition, it was
during the post-emancipation period that Great Britain extcnded the [ranchisc and
instituted parliamentary government in the West Indian colonies, both in response to West
Indian demands; as shall be discusscd below, this laid the [oundation for the prescnt
system of democratic authoritarian government among the island statcs ol the Lesscr
Antilles. The post-emancipation period was thus crucial in thc development of the
pattcrns of political relations within and betwcen thesc island societics which currently

prevail.

St Vincent and Grenada in the Period of Independence

In at least onc respect, as the colonial British Caribbcan of the post-emancipation
period became the Commonwealth Caribbean of the independence period, it became less
cohcrent. Prior to independcnce, the British House of Commons, the Colonial Office, and
the colonial Governors rankcd among the most important political institutions of any West
Indian island, and much of the cohcrence of the West Indics was duc to actions of the
British governmcent through these common institutions.  With independence, the
governments gained [recdom of individual action, so that many ol the crucial decisions

wcre no longer made in London, but in ten scparate capitals. (Mandlc, 1982, pp. 4-5)
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Even had the islands ol the Commonwealth Caribbean gaincd indepcndence as a
unit, this Fcderation of thc West Indics would have qualificd as a small developing
country. The total land area of these islands is around 20,000 sq. km. (less than 8,000
square miles), which in 1961 supported a population of less than 3.2 million. (Demas,
1965, p. 97) At the time of the 1980 Census of thc Commonwecalth Caribbean, the
combincd population of the these islands was approximalcly 4 million. To this might be
added the Bahamas, and thc mainland Commonwcalth nations of Belizc and Guyana,
which would increase total land area morc than ten-fold, while incrcasing the population
in 1980 to slightly more than 5 million. (Worrcll, 1987, p. 5) Howecver, much of the
additional land area from including Guyana and Bclize is comprisc ol virtually
uninhabited forest; as DcLisle Worrell notes, the inhabited arcas of Guyana and Belize
arc less extensive than the 11,000 sq. km. area of Jamaica. (1987, p. 1)

While small in comparison to most nation-states, these island™ states are large
in comparison to the Commonwcalth Caribbean states of the Lesser Antilles. If Jamaica
and Trinidad and Tobago may bc refcrred to as small island statcs, the independent states
of the Lesser Antilles can only be described as microstatcs. The largest of the microstates
is Barbados, with a population, according to the 1980 Census, of 247,000 in an area of
431 sq. km. Barbados also boasts thc highest per-capita incomc of the microstates.
Barbados retained the most inllucnce by local colonists in the post-discovery and post-
emancipation periods of restricted {ranchise, rctained its {iscal independence throughout

this period, and as noted above, by the cnd of the 1960s was onc ol the four independent

70. or island-like, in the casc of Guyana
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Woest Indian states. It is my cxpericnce that Barbadians consider their island to be the
smallest of the larger West Indian states, rather than the largest ol the small ones, given
the diffcrences between Barbados and the other Lesser Antillcan microstates, this
distinction is accepted in this work. In regional [orums, the {irst {our indcpendent West
Indian statcs arc often relerred to as the more-developed countrics (MDCs). This is in
contrast to thc Windward Islands, thc Lecward Islands, and Bclizc, rclcrred to as the Icss-
developed countries (LDCs).”  As can be scen [rom Table 2, il the microstates of the
Lesser Antilles arc grouped as Barbados, the Windwards Islands, and thc Leeward Islands
(as thcy commonly arc), thc largest group in tcrms of population and land area is the
Windward Islands; the wealthiest and most densely populated is Barbados; and the least
populous are the Leeward Islands. The subjects of this study, Grenada and St. Vincent,
arc part of the Windward Islands.

In a number of respects the four Windward Islands [orm a relatively homogenous
group. Dominica, the lcast populous, has morc than half the population of St. Lucia, the
most populous; cach Windward Island is Icss populous than Barbados and morc populous
than any Leeward island. All [our islands arc of volcanic origin, with interior pcaks of
sufficicnt hecight that, in interaction with scasonal trade winds, adcquatc rainfall is
ensurcd. They each have cconomics dominated by cxport crops developed in the colonial
post-emancipation period: bananas, in the casc of Dominica, St. Lucia, and St. Vincent;

nutmeg, cocoa and bananas in the case of Grenada. (Worrell, 1987, pp. 163-79) Together

71. These terms remain in use, cven though the per-capita incomes of both Guyana and Jamaica in
1987 was lower than the per-capita income of any of the so-called LDC’s. (Ramsaran, 1992, p. 24)
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Table 2 Characteristic of the English-Spcaking Commonwecalth Caribbcan, By Group

-- 1974.

Island Group: Windwards” Lcewards® Barbados
Population (thousands) 382.8 128.2 241.0
Land Area (sq. km) 2132 896 510
Arable Land Arca (sq. km) 1099 510 300
GDP Pcr-capita (1974 USS$) 398 691 777

Notcs:
a. Dominica, St. T.ucia, St. Vincent
b. Anguilla, St. Kitts-Nevis, Montserrat, Antigua-Barbuda

Source: Chernick, Sidney E. 1978. The Commonwealth Caribbean: The Integration
Experience. Baltimorc: The Johns Hopkins University Press. 521pp.

wiih the Leeward Islands, thc Windward Islands arc all members ol the samc monctary
system, using thc Eastern Caribbean dollar which is pegged to the U.S. dollar.”? (Payne,
1980, p. 181)

The similaritics of thc Windward Islands in agriculturc cxtcnd beyond adcquate
rainfall and rclatively fertile soils of volcanic origin. In cach island, duc to the
institutions of joint inheritance ol land which thcy have in common, the holdings of small
farmers tend to consist of multiple, scattered plots. This makes it morc dillicult to
monitor pest and weed problems, as well as to bring the cquipment for controlling weeds

and pests to the individual plots. (Chernick, 1978, p. 123) All ol thc Windward Islands

72. The peg was set at EC$2.40 = US$1.00 at the time of on-sile research; in Grenada, large 13C to
U.S. dollar conversions were discouraged by a form of foreign exchange surcharge, but the depositor of
funds originating as U.S. dollars could establish a U.S. dollar account which was exempt [rom this
surcharge.
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facc mounting demands to use their foreign exchange [or the import of [ood, since
demand [or food is growing [astcr than local [ood production. Bctween 1965 and 1971,
food import expenditure in the small islands as a whole grew at an average rate of 11.9%.
Comparing the elfective ratc of growth of agricultural output and of personal
consumption, presented in Table 3, gives a rough indication of the causc: output has not
kept pace with consumption. Since imports incrcased as a sharc of GDP in this period
for all [or all four Windward Islands, thc balance of payments of cach would benefit [rom
expanded domestic agricultural production.

The Windward and Lecward Islands have similar political institutions. The
constitutions which they received upon independence include an clected lower house, an
appointed Senatc as upper housec, and an appointed Governor-General as represcntative
of the sovereign. In the Crown Colony system, it was thc Colonial Officc which
appointed the Governor, and the Governor that selected the appointed members of the
exccutive and legislative councils. In the current system, the Prime Minister is the leader
or most popular representative of the majority political party, and it is thc Prime Minister
who appoints the Governor-General as well as a majority of thc Senate. The Governor-
General” and Senate thus have primarily symbolic roles; it is in the lower house that
real authority lies. (Peters, 1992, pp. 90-92)

The crucial diffcrences between the political systems of thesc islands and the
British system upon which they were modelled lics in the practical operation of the lower

house. The British system concentrates a substantial degrec ol [ormal authority in the

73. or President in the case of Dominica, which considers itself a Republic. (Peters, 1992, p. 91)
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Table 3 Comparison of Annual Ratc of Growth of Domestic Agricultural Production |
(AG) and Pcrsonal Consumption Expenditures (PC), 1965-1971

Island AG PC
Dominica 3.3% 14.2%
St. Lucia 4.0% 12.3%
St. Vincent 3.4% 13.3%
Grenada 5.4% 10.6%

Sourcc: Chernick, Sidney E. 1978. The Commonwealth Caribbean: The Integration
Experience. Baltimore: The Johns Hopkins University Press. 521pp.

Prime Minister, but the British political system also contained a varicty ol informal
checks on the exercise of that authority. Howecver, in the Crown Colony system, it was
the Colonial Office which provided the checks on the authority of the Governors, not the
local political actors. A ministerial system of local sclf-government was put into place
in thc Associated State status which preceded independence, with the Colonial Office
continuing to provide checks on the authority ol local political leaders. Indcpendence in
large part consisted of the removal of these checks. The new Prime Ministers acted in
thc manner of the Governors whosc cxccutive authority they assumed with independence.
Thus, as did the colonial Governors, they govern in an authoritarian manncr, while largely
respecting the legalistic requircments of introducing legislation, having it passcd by a
legislature they control, and procecding under the rule of law to do as they wish. As

clected rather than appointed officials, much of their authority is cxcrciscd in the intcrest
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of rc-clection. This exercise of their authority rcsults in a pattern of long tcnure in power
by Eastern Caribbean Primc Ministers. (Pcters, 1992, pp. 88-94)

This work can not follow the political assumptions of many cconomic models and
assume that policy decision are made by a benevolent despot. Rathcer, in the context of
the Eastern Caribbean microstatcs, policy dccisions must be assumcd to be madc by a
democratic despot, with policy decisions constraincd by the priority ol gaining rcclection
in periodic free elections. Thereforc, when policy proposals arc evaluated for political
feasibility, this cannot be limited to considcration ol conditions of Parcto optimality.
Evaluation of policy proposals for political fcasibility must include considcration of
politically significant interest groups who stand to gain from policy implemcntation in
time to affect the next election. The long run success of a policy might be assured by
an small percentage improvement in the ratc of economic growth; however, {or short run
political feasibility, it must offer immcdiate benefits to eleclorally significant interest

groups. (Peters, 1992, pp. 91-4, 167-8)
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Independence and Caribbean Economic Integration

It was this tendency to authoritarian rule in the context of Eastern Caribbean
microstates” that W. Arthur Lewis cited as the decisive political [actor in [avor of a
Federation of the Caribbean microstates. Lcwis argued that:

In a small island of 50,000 to 100,000 pcople, dominated by a single

political party, it is very dilficult to prevent political abusc. Evcrybody

dcpends on the government for something, however small, so most arc

reluctant to oflend it.

The civil scrvants live in {car; the police avoid unplcasantness; the
trade unions arc tied to thc party; thc newspapcr depends government
advertisements; and so on.
... The only safeguard against this is {cderation. If the government

in island C misbehaves, it will be criticized openly by the citizens of island

E.” The federal government must be responsible for law and order, and

for redress of financial or other abuses. (1973 [1965], pp. 219-20)
However, writing in 1965, Lewis did not contemplate that within {iftecn years, the small
islands would cach gain indepcndence, and so docs not address the political problem of
achicving a small island [cderation among independent microstatces, or to be more specilic
the politicasl problem of how to inducc thc Prime Ministers ol thesc island statcs to
surrender some of their own authority to such a federation. Indecd, the [inal collapse of
the Fedcration of the West Indics was duc to the unwillingncss of the Prime Minister of

Antigua to surrender control ol the local postal system, blocking cstablishment ol a

fedcral postal system. (Lewis, 1973 [1965], pp. 227-9)

74. This may plausibly exclude Barbados: due to the distinctive colonial political history noted above,
the political institutions of Barbados may be effective in checking the arbilrary excrcisc of Primc Ministerial
authority. It is my experience that Barbadians consider this (0 be an additional distinction between Barbados
and the other Caribbean micro-stalcs.

75. Note how Lewis avoids hypothetical islands A, B, and D, which could be taken as Antigua or
Anguilla, Barbados, and Dominica respectively.
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The sccond major argument in [avor of some [orm of Caribbcan intcgration is
economic. An in[lucntial argument regarding the economic bencfits of integration for
small developing countrics was sct forth by William Demas, then Head of the Economic
Planning Unit of Trinidad, in The Economics of Development of Small Countries. (1965)
Dcmas was subscquently hcavily involved in moves toward Caribbcan economic
integration: in 1967 hc served as the hcad of Trinidad dclegation in crucial negotiation
establishing the Caribbean Frce Trade Arca (CARIFTA), in 1970 he becamc Sccretary
General of CARIFTA, in 1974 he lcft CARIFTA to become president of the Caribbean
Dcvelopment Bank (CDB). (Payne, 1980, pp. 56, 238-9)

Dcmas argued that sclf-sustaining growth requircd morc than adcquate levels of
investment. He argued that it requires a transformation of the structure of production,
involving a number of fundamental factors. Dcmas’ transformation "implies the
development of the capacity ol the cconomy to apply innovations continually, and to
adapt to changing situations." (1964, p. 8) It implics a shilt in orientation {rom
subsistence production to market transactions. It implics a shift [rom primary production
to manufacturing and services along with incrcasing intcrdependence between the sectors
of the national cconomy, which together imply an incrcasc share in intcrmediate and
capital goods while the transformation is undcrway. Finally, Demas’ transformation
implies a "reduction in the disparitics betwceen returns (o [actors of production within the
national economy," or in othcr words, a rcduccd dcgree of dualism in the national
cconomy; to Demas, this includes drawing the uncmployed and undercmploycd into high-

productivity employment. Demas notes that dualism may exist both between regions, and

209



between sectors within a region; he argucs that where both are scrious, it is the sectoral
dualism which ought to be addresscd [irst, with the regional dualism to be addressed alter.
The rationale {or this scquence is an argument that resolving sectoral dualism in the morc
prosperous regions would permit sustained economic growth, which would incrcasc thc
resources available to deal with rcgional dualism. (Demas, 1964, pp. 8-20)

The thesis put forward by Dcmas was a dircct challenge to the policics of
industrialization by invitation which the larger Caribbcan islands pursucd at the time. The
forcign investments which resulted [rom thesc policics, whether in primary production for
export, or [inal processing of imported materials for salc locally, resulted in small
enclaves of high capital intensity, cmployment of a limited numbcer of highly paid
workers, and limited linkages with other sectors ol the local economy. Although the W.
Arthur Lewis, the original proponent ol industrialization by invitation, had strcssed the
importance of developing manufacturing cxports, the actual manulacturing cnterprises
establishcd were oricnted to the limited national markets ol the individual islands.
(Mandle, 1989) Whilc his strategy of [irst addressing sectoral duality appcaled to the
MDCs experiencing the conscquences ol industrialization by invitation, the strategy
Dcmas proposed amounted to first promoting regional polarization, to be {ollowced later
by regional depolarization. In thc Caribbean context, this leads to the question of how
thc LDC microstates rcacted to proposals for a polarization which would run against their

short-term interests.
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A critical clement of Decmas’ argumecnt is that the sizc of countrics may affect both
the character of, and the prospects for achicving, such a transformation. This is so
because of two basic rcasons:

First, rcsources in a small country arc likely to be highly skewced, whilc

the composition of domcstic demand for goods and services will bc more

diversificd. Hence, most small countrics must of nccessity cxchange the

products of their fcw specialized resources against a wide varicty of
imported goods. Sccond, economics ol scale reinforce this first tendency

and make it nccessary to produce [or a market wider than the domestic

market. Hence, most small countrics have both a high ration of exports

to G.D.P. as well as a concentrated composition of cxports and a

diversified structurc of imports. (Demas, 1964, pp. 22-3)

Demas argued that one of thc most important constraints imposcd upon a small country
was the limited prospects for a policy of import substitution. Hc argucd that in the initial
phasc of an policy of import substitution, growth may bc constraincd by foreign-exchange
difficulties; a largc country may escape this constraint on growth through devcloping a
balanced industrial economy, but a balanccd growth stratcgy is not fcasible for a small
country. Demas is careful to note that this docs not refer to the version of balanced
growth defined by his [ellow West Indian, W. A. Lewis, that for a given ratc of growth
of exports, manufacturing for thc home market and agricultural production should be in
balance, growing at rates "corresponding to their respective income-clasticitics of
demand." (1964, p. 54) Rather he is rcferring to the policy of developing a balanced
industrial structurc. Thus, for a small country, Dcmas argues that sclf-sustained growth
must be export-led; howevcer, the growth of the small country is then depcndent upon

continued acccss to forcign markets, which is not nccessarily sccurce, cspecially since the

country must rely on a limited range ol cxport goods. (Dcmas, 1964, pp. 47-57)
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Demas argucd that the larger thc cconomic unit, the less constraining these
limitations imposed by sizc; in particular, the larger the cconomic unit, the more
industries will offer scopc for import-substitution. It is on these grounds that Demas
argucd strongly for "economic regionalism," as he tcrmed it, or economic integration, as
it is commonly referred to in the Caribbcan. Hc argued that it was the size of the
cconomic unit, and not thc political unit, which was important. The larger such an
cconomic unit, the more possibilitics would be availablc for import substitution. Thus,
in the Caribbecan context, the Commonwealth Caribbcan as a unit would have greater
freedom of action than any of thc individual islands statcs.

The islands of the Commonwecalth Caribbean have achicved rather more success
in the ficld of economic integration than in the political arcna. The first successful step
in this direction was taken following the independence of the MDCs and the collapse of
the cfforts to establish a small island fcderation. This was the cstablishment of the
Caribbcan Free Trade Association, or CARIFTA. CARIFTA arosc in 1965 out of sccret
talks between the soon-to-be independent governments of Barbados and Guyana; Antigua
joined in 1966, in time for the initial signing of the CARIFTA trcaty. (Paync, 1980, pp.
62-7) The provisions of the treaty were not immediately implemented, but the CARIFTA
treaty formed the basis for negotiations at a 1967 confercnce of the heads of government
of thc Commonwealth Caribbcan. At this conference, the four indepcndent Caribbean

statcs and thc scven Windward and Lccward island states” agreed to establish

76. At this time, the seven Kastern Caribbean micro-states had the semi-autonomous status of
Associated States, in which Great Britain retained control of external relations and [inal approval over island
{inances.
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CARIFTA with [rcc trade to commence in May 1, 1968. A supplemcntary agrccment (o
the original CARIFTA treaty included modifications such as granting the LDCs a ten year
transition pcriod to free trade for a varicty of commodities as wcll as less tangible
provisions such as studies to identify industries which could be {easibly introduced in the
LDCs. It was thus in the CARIFTA agreemcnt that both the status of LDC and the
legitimacy of making spccial provision to prevent polarization of dcvelopment was
formally recognized within the Commonwecalth Caribbecan. (Payne, 1980, pp. 89-95)

It was also dccided at thc 1967 Hcads ol Government confcrence to establish a
Caribbean Dcvclopment Bank (CDB). Prior to cstablishment of the CDB, thc Caribbean
states were poorly served by international banking [acilitics. The [our independent MDCs
were too small for to qualify for ordinary World Bank lending and had per-capita incomes
oo high to qualify for the soft loan facilities which the World Bank madc available to
lower incomc countrics. The LDCs were not yct independent, and therefore did not
qualify for international lending. Although thc CDB was to be capitalizcd by North
Amcrican and Western Europcan countries and the MDCs, whilc it was charged with
paying special attention to thc nceds of the LDCs. The cstablishment of the CDB was
seen by the LDC heads of statc as a quid pro quo lor the CARIFTA, in anticipation that,
even as modified, CARIFTA would be of greatest benclit to thc MDCs. (Payne, 1980, pp.
92-6)

The first years ol CARIFTA appcared to bear out these anticipations, particularly

in trade of manufactured goods.”” In 1971, 55.6% ol all manufacturing cxports by

77. Here, manufactures arc defined as Standard International Trade Classilications 5-8
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CARIFTA countries were intra-CARIFTA cxports. Jamaica had a 37% share of total
manufacturing exports; Trinidad had a 45% share; Barbados a 10% sharc; Guyana a 5%
share and the Leeward and Windward Islands combincd a 2% sharc. For intra-CARIFTA
manufacturing exports, Jamaica had a 23% sharc; Trinidad a 62% share; Barbados a 6%
share; Guyana an 8% sharc, and the small islands a 1% sharc to CARIFTA countrics.
There arc two substantial differcnces in the structure of global and CARIFTA trade: first,
Jamaica was at a disadvantage duc to the distance scparating it and the Eastern Caribbean;
second, the relatively non-industrialized small islands, which had limitcd manufacturing
exports, had even less success in CARIFTA manufacturing exports. Manufactured exports
to thc small islands rcpresented 27% of Trinidad’s manufactured exports, 20% of
Barbados’, and 21% of Guyana’s. (Chernick, 1978, p. 490)

A sccond indication of the relative bencfit of CARIFTA is to comparc the
percentage changes in the share of cxports in domestic output for CARIFTA as opposcd
to non-CARIFTA exports, as is presented in Table 4. For Jamaica, Trinidad, and
Barbados, the growth of CARIFTA tradc led the growth of domestic output. For Jamaica
and Trinidad, this performance is in contrast with cxpolrts to non-CARIFTA nations,
where growth of cxports lagged bchind growth of domestic output. Only among the
Leeward and Windward islands did growth in exports to CARIFTA nations lag behind
the growth of domestic output and exports to non-CARIFTA nations. Thus, while
establishment of the {rce tradc arca may have promoted the industrialization activities
already underway in the MDCs, it clcarly did not scrve such a role for the Lecward and

Windward Islands.
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in unison would appecar to bc another conscquence of thc democratic authoritarian
political system of thc Lccward and Windward Islands. [t appcars dillicult for a
authoritarian Prime Ministers of the small islands to work togcther with cquals except on
thc basis of being first among equals, with thc obvious dilliculty that not all Prime
Ministers in a group can be first. This cxplanation is, at any ratc, consistent with the
obscrvation that the Icaders of these islands

continucd to act as lonc bargaincrs with the MDCs, cach territory having

its grouses, and putting forward its vicws as an individual unit in spite of

the fact that the arcas of discontent tecnded to be very similar. (Payne,

1980, p. 126)

Even after the CDB was cstablished, it turncd out to be far morce difficult for the LDCs
to qualify for CDB financing than they had envisioned. CDB loans requircd matching
equity capital for the projects it supported, and thc LDCs cxpericnced more dilliculty than
the MDC:s in raising this equity capital. (Paync, 1980, p. 147-8) In thc end, CARIFTA
and its associated institutions primarily olfcred uncxploited opportunities to the Lecward
and Windward Islands, whilc the primary advantages to the MDCs wcre the free tradce
provisions themselves.

One argument [or cstablishing CARIFTA was that it would serve as the first stcp
in an ongoing process of Caribbean economic intcgration. When CARIFTA was
successfully established, the question arose as to what the next step in the process would
be, to which therc wcere two conflicting answers. The [irst answer called for a widening
CARIFTA, extending an oflcr of CARIFTA mcembership to French, Dutch, and Spanish

speaking Caribbcan states or territorics. The second answer called for deepening, moving

from a free trade zone to a [ull economic community, with a common cxtcrnal tarifl,
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harmonization of fiscal incentives olfercd to [oreign investment, and possibly including
an integrated regional investment stratcgy. The two answers conflict: successlully
widening a frec trade arca makes it Icss likely that the individual states can compromise
on issucs involving national sovereignty, whilc successlully dcepening increases the
surrender of sovereignty which is madc upon joining, making it morc diflicult to attract
ncw members. The LDC governments were suspicious ol moves toward decpening which
they anticipated would primarily benelit the MDCs; Trinidad sccmed to favor both;
Guyana was adamantly opposcd to widening; and the government ol Jamaica was initially
opposed to deepening. Over the course of the [irst four years ol CARIFTA, there was
an increasing tendency [or individual statcs (o establish non-tarill barriers to trade to gain
particular differcntial advantages. Controversy incvitably cnsued, with the country
affected protesting the action as a betrayal, and the instigator defending the action as one
lying outside the scope of thc CARIFTA agrcemcnt.

The fundamental question ol the dircction which CARIFTA should take was
settled following the change ol government in Jamaica in February 1972, when the
People’s National Party (PNP) under Michael Manley took powcr. The PNP had
historically supported Caribbean intcgration: it had campaigned [or Jamaica to remain in
thc Federation; and it had originally opposcd thec CARIFTA agrcement as representing
insufficicnt economic integration. Undcr Manlcy, the PNP government quictly settled
outstanding grievances, and supported thc move to decpcn CARIFTA. In the tenth
mecting of thc CARIFTA council in July, 1972, thc MDCs agrced to give greater

technical assistance to the LDCs, to purchasc grcater quantitics of LDC agricultural
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produce, and acquiesced in the cstablishment of a task [orce to plan [or the development
of manufacturing industries in the LDCs. In October 1972, at the Seventh Heads of
Government conference, held in Trinidad, the heads of government agreed to establish a
Caribbean Community (CARICOM). CARICOM includcs a common market that extends
CARIFTA with a common external tarilf, common protection policy, and harmonization
of fiscal incentives to industry.

CARICOM also includes forcign policy coordination and a functional cooperation
in a number of areas. Forcign policy coordination was an innovation with CARICOM.
However, functional cooperation in sevcral arcas had begun undcr the Federation, and
during the CARIFTA period had been maintaincd and cxpanded into new areas. In
education, the existing regional University of the West Indics was associated with
CARICOM,; and starting in 1979, the British cxternal examinations at the conclusion of
secondary school were replaced by thc Caribbcan Examinations Council cxtcrnal
examinations. In shipping, thc West Indics Shipping Corporation (WISCO), cstablished
under the Federation to guarantee adequatc shipping scrvices, was brought undcr the
control of the CARICOM Rcgional Transportation Council, composed ol Transport
Minister of member governments, and beginning in 1976, WISCO obtained a CDB loan
to obtain a small container ship to handlc the incrcase in rcgional shipping demands. The
Caribbean Meteorological Council, sct up in thc aftermath of the collapsc of the
Federation to provide common rcgional mctcorological scrvices, was brought within the
CARICOM framework, and its technical support unit intcgrated with the CARICOM

Secretarial.  CARICOM thus brought a varicty of ongoing regional cooperative ellorts
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together into a common organization, and has served as a [ramcwork within which such
efforts could be extended. The LDCs, by participating in thcse regional eflorts arc able
to experience progress in a wider range of arcas than would be [easible if they each were
forced to proceed alone. However, thc LDCs rctain some concern that these regional
organizations may bc biased toward thc needs of the MDCs.” (Payne, 1980, pp. 194-
206)

The LDCs negotiated in the Heads of Government confercnce as a group, in an
effort to ensure that the advantages to the LDC countrics would amount to more than
unexploited possibilities. Primarily as a rcsult of this common {ront strategy, the LDCs
were granted scveral concessions in CARICOM. The minimum local value added
required to be counted as a local good was set at 40% (or the LDCs, as opposed to 50%
for the MDCs. The LDCs wecre to be allowed to offer more benclits as {iscal inccntives,
and the MDCs were to be prohibitcd {rom oflering incentives [or industries which had
been identified as being especially suitable for location in the LDCs. Unlike the MDCs,
LDC governments were allowed to prefercntially procure from LDC countries, and werc
allowed to protect their markets as a group against MDC cxports.” They were
permitted longer periods of time to adjust to thc common cxternal tari(l and to harmonize
fiscal incentives. Perhaps most important in persuading the LDCs to join CARICOM,

they werc to be served by a Caribbean Investment Corporation, and by an cxport credit

78. The MDCs can counter that they represent more than 80% of the CARICOM'’s population, and,
as noted above, that the micro-states now experience higher per-capita incomes than Jamaica or Guyana.

79. Excepting Barbados, which relied upon exports to the I.DCs far more than Jamaica, Trinidad, or
Guyana.
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insurance scheme operated by the CDB. The Caribbean Investment Corporation would
be permitted to hold cquity share in the project it supported, with the prospect of
circumventing the difficulty that LDCs had in qualifying for CDB loans. (Paync, 1980,
pp- 144-150, 154)

It is due to the institutions associated with CARICOM that the independcnt
Commonwecalth Caribbean is in some rcspects a morc coherent cntity than the colonial
British Caribbean was. While not a confedcration ol Caribbcan statcs, CARICOM is
something more than a simple association of indepcndent states. In addition, while the
coherence of the colonial British Caribbcan was for thc most part cxtcrnally imposed, the
cohcrence of CARICOM is for the most part due to local adoption. Thus, in the systems
framework introduced in chapter 2, the colonial British Caribbcan would have to be scen
as an artificial system, whilc thc Commonwealth Caribbecan and CARICOM arc less
readily modelled as an artificial system, and bear closer rescmblance to a living system.
Howcver, on a continuum between f{rce tradc association and confedcration, CARICOM
is closer to the former than the latter. It does not, in short, providc a singlc cconomic
unit capable of pursuing the kind of regional cconomic policy which Demas cnvisioned
in 1964. However, {or its membcrship, small island countries rclying on export-led
growth, CARICOM provides export markcts with rclatively familiar cultures and
prelerential access, as well as mcans of reducing the burden of administrative overhcad
through participation in regionalized technical scrvices. CARICOM mcmbership can be

taken as a given [or the individual microstates such as Grenada or St. Vincent: whatever
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the difficulties thc LDCs experience within CARICOM, they arc highly unlikcly to benefit

by leaving. (Payne, 1980, pp. 283-7; sce also Chemick, 1978, pp. 190-201)

Conclusions

Town locations werc largely determincd in the post-discovery pcriod, so that most
small towns are located at points accessible to the ocean-going and coastal sailing vesscls
of that period. Now, however, small towns rely upon the port [acilitics ol the capital
town, with intra-island transport relying upon a nctwork ol paved roads. Whilc the carly
reliance on sea-based transportation accounts for the concentration of population on the
coasts, this population concentration in turn accounts for the importance of coastal main
roads in the modern road networks of the two islands. Any collcction of spatial reform
policies oflered for thesc islands must respect the present, and longstanding, concentration
of infrastructure investment in support ol coastal towns.

The location of early pcasant land holdings and peasant villages on the [ringes of
the plantations would lcad to a tendency toward linear settlements. The establishment of
a network of paved roads would tend to reinforce this tendency as locations along the
sites arc preferred as housc plots. The [act that pcasant villages werc neither
administrative nor governance units implies that thcre was no centralizing inlluences to
counter these tendencies. Although the rural villages of thesc islands arc significant as
places in the minds ol thc inhabitants, they are not central places. Therefore, while the
rural central places which arc subordinated to small towns in a hicrarchy of central placcs

might be located in the rural villages, it is not appropriatc to assumc in thc context of
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these islands that the villages themselves arc the lowest Icvel central places in a hicrarchy
of central places. A spatial rcform policy which was village-orientcd would apparcntly
first organize the landscape into coherent village communities. Otherwise, spatial reform
policies for these islands must avoid assuming that cohcrent village communities dot the
island landscapes.

The political systcm which has devcloped in the Eastern Caribbcan microstates is
parliamentary democracy with few checks on the power of the prime minister other than
periodic elections. This may be thought of, as has been stated abovc (p. 207), as rulc by
a democratic despot. The priority of winning periodic rcclection campaigns implies that
politically feasible policics must show benclits within three or four years at the most. As
the parliamentary system inherited from thc British relics upon election to the parliament
by gaining a simple majority from the voters in a single district, thc benefits of a policy
will have the greatest political impact if thcy arc distributed across a number of
constituencics. Thus, to fit into the political context ol these islands, spatial reforms must
offer immediately visible benefits in as many clectoral districts as possible.

Finally, any rcform policies which arc proposed for thesc islands must take into
account their international position, both within CARICOM and in rclation to their
primary export markcts. For policies to incrcasc the influcnce of these islands within
CARICOM, they must support or be consistent with incrcascd cooperation between the
Eastern Caribbean microstatcs. Incrcascd influcnce within CARICOM will itsell help
ensure that the common CARICOM position taken in international [orums will better

reflect the perccived nceds of the small islands. However, in the post-discovery period,
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the post-emancipation period, and the period of independence, the critical featurc of the
relation of these islands with their primary cxport markcts is the dependence on the export
earnings of a small number of commodities. Associated with this spccialization have
been periods of economic difficulties from dcclining demand or increasing competition
from lower cost suppliers. Given the size of these islands, a high degrcc of export
specialization may be incvitable. If so, thc cconomic security of thesc islands depends
upon their ability, when a current specialty lags as a generator ol export earnings, to
discover and exploit ncw cxport opportunitics. Thec nccessity of supporting this process,
or at a minimum of not disrupting it, must bc kept in mind whatcver arca of cconomic
policy is under consideration.

This chapter has focused upon the history ol the islands of St. Vincent and
Grenada. On the basis of this history, a number of important factors have been presented
which it is argucd must be considered for economic policy in general, and spatial reforms
in particular. Devclopment of proposals for spccilic spatial reform policies requires a
morc in-depth analysis of thc spatial structurc of the islands, cxamining the individual
towns which might scrve as candidatc [ocal points for markct town oriented spatial reform

policies. It is to this analysis that thc discussion now turns.
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Chapter 7: Central Place Structures in St. Vincent and Grenada

It was argued in chapter 6, above, that thc economic devclopment policy options
open to a small micro-state such a Grenada or St. Vincent arc scvercly limited. If spatial
relorms such as the market town strategy proposed by E.A.J. Johnson could be elfective
in improving agricultural productivity and incomes, they would provide an important
extension of available policy options. It is the purpose of this chapter to begin
exploration of the relevance ol a markcet town strategy in the context of Grenada and St.
Vincent.

The small market town strategy proposcd by Johnson is a specilic type of
integrated rural development strategy (hereafter simply intcgrated strategy), in which
market towns are (o serve as the sites for the complement of services and facilities called
for in an integrated strategy. Johnson identifics this complement of scrvices and facilities
as marketing centers, transportation access, local verilication of new tcchniques, services
of agricultural experts, and access to production credits. Since the components in an
integrated strategy arc each considered necessary but insufficicnt to promote development,
it scems to be a natural extension to locate these clements at a common site, so that {from
the perpective of the integrated strategy, Johnson’s contribution is to bring the location
qucestion to the fore.

A factor [avoring centralization ol the sitcs of thesc service centers is that the
expense ol serving a population of rural producers incrcascs as the more individual

locations are provided, duc to the additional overhcad associated with stalling and
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opcerating multipie distributed sites. A factor favoring the dispersion of these service
centers is the irﬁprovcd easc of access to and frcquency of contact with the client
population, which improves the cffectivencss of the scrvices. Also in [avor of dispersing
these service centers is the reduccd time and cxpensc rcquired {or rural producers to take
advantage of the scrvices, which is a particularly important [actor in providing
development scrvices to the marginal producers that may have the [ewest alternative

sources for thesc services.

Johnson’s markct town strategy is to locate these service centers in a network of
market towns, which arc sulficiently convenicnt to rural villages [or producers visit on
a regular basis. If there is no market town that may provide this access to the rural
producers in an area, the strategy calls [or encouraging the development of market towns.
However,' what is cnivsioned is an extension of the current network, and not a
replacement, since greater the varicty of services and facilities already existing in a town,
the Icss effort is required to provide the complement of services and facilitics called for
in the market town development strategy.

A general model of a hierarchy ol central placcs is decveloped under the theory of
central place structures in Chapter 5. Here, this modcl is applied to the rural areas of
Grenada and St. Vincent, and a concrete model is presented of the hicrarchy of central
place structures in these two islands. In order for this concretc model to be applicable

to the market town development strategy, an interprctation of the strategy in terms of the
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theory ol central placc structures is rcquired.™ This is presented in the [irst section,
below. The sections following prescnt the concretc model of the hierarchy of central
place structures in these islands, and the chapter concludes with a discussion of the
relcvance of Johnson’s strategy in the context of thce concretc modcl of these islands

presented below.

Outline of a Theory of Central Place Structures

As argued in Chapter 5, where thc population of a living system is dispersed,
intcractions necessary for system proccsses requirc coordination of the living system
population in both time and space. A variety of patterns of coordination in time and
space are possiblc: these range [rom arbitrary meeting places sclected prior to each
intcraction, to a variety of locations for schedulcd and non-scheduled meetings, scattered
widcly through thce area in question. Howecver, there is some threshold population density
below which a wide variety of dispcrscd locations for a given typc of non-scheduled
interaction is not feasible. This is based upon the argument that an interaction of a given
type must occur at a location with some regularity in order for individuals to anticipate
that an unscheduled interaction is feasiblc. Individuals travelling to a particular location
for an interaction of a given typc increase the population ol individuals availablc for

interactions in the vicinity of that location, and decrease the population available for

80. It should be noted this interpretation is straightforward in largc part because Johnson employed
Central Place theory in developing his strategy.
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intcractions elsewhcre; where population density is sufliciently low, this will make it
infeasible to engage in this typc ol intcraction at other locations.

The place wherc these non-scheduled interactions occur is a central place, and
arca from which individuals travel to this placc for these interactions is the hinterland of
the central place. Central places may form a hierarchy in which the population of a lower
level central place tends to visit a particular highcer level central place [or certain types
of non-scheduled intcractions. It is predicted, as summarized below and discussed in
Chapter 5, that wherc this hicrarchical rclationship cxists, the higher Icvel central place
will also serve as a lowcer central place for a neighboring arca within its hinterland: this
neighboring area is the core hinterland of the higher lcvel central place, as opposed to the
peripheral hinterland served by distinct lower level central places.

It is untenable to assume that such central place structurcs will be observed in all
social systems. The theory of central place structures presented in Chapter 5 is based
upon positive fecdbacks between process and structure that will scrve to generate, and
therefore maintain, such structurcs. Central place structures arc only anticipated to exist
where these positive fcedbacks arc prescnt. The most basic positive {ecdback loop,
accounting for a place existing asd a coherent structure, is that a central placc generated
by one type of interaction is a focal point for other intcractions rcquiring a similar visiting
population. The distinct intcractions that gencrate the common ccntral placc mutually
reinforce this status: for cxample, those visiting rcgularly to cngage in onc intcraction

have the opportunity to learn, through observation, the reliability of the ccntral placc as
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' It is therclore anticipated that a ccntral place provides

a loaction for other interactions.®
a sitc for a variety of types of non-scheduled interactions that rcquire similar visiting
populations. This identifics the rclative frequency and regularity of individual visits to
enagc in a given intcraction as important detcrminants of the types of intcraction sited at
a particular central place.

Relatively high visitation frcequency and rcgularity incrcascs thc importance of a
location convenicnt to the individual. It incrcascs the total intcractions for a population
in a given period and reduces the variability of visits. Central place structures gencrated
by interactions requiring morc [rcquent visits will therclore be smaller than thosc
gencrated by interactions rcquiring less {requent visits and a morc diverse population. For
convenience, interactions charactcrized by relatively more {requent or regular visitation
shall be referred to as high frequency interactions.

A second [actor in the emergence of a central place is the diversity ol interactions
that an individual may engagc in at that location. Assuming that individuals can rank the
priority of interactions which they may cngage in, therc will be a prefcrence for a location
at which the greatest numbcr of high priority interactions may bc cngaged in; where two
locations permit the same high priority interactions, thcre will be a preference for the
location which permits morc interactions of lowcr priority. As prioritics will vary for

individuals at differcnt times, and for diflerent individuals, a central place offering a

81. The central place structures in this theory more closely resemble those of Christaller’s Central
Place thoery than of Lisch’s central place theory. Sce Chapter 5, pp.xx-x.
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greater diversity of potential types of interaction will be attractive [or these types of
interactions to a larger share of the potential visiting population.

There is a trade-off between providing scrving as a high diversity and a high
frequency site. In order to provide diversity of potential interaction beyond that of a
high-frequency central places, a larger visiting population is requircd, (o support
intcractions requiring a grcater total number of interactions or with lower individual
frequency of interaction. A high-diversity central place structure must therefore be larger
than a high-frequency central place structurc,® as a larger hinterland is required to
provide a larger visiting population. Thus, whcere an arca is covered by a number of high-
frequency and high-diversity central place structurcs, the individual high-diversity central
place structures will span all or parts ol a number of high-frcquency central place
structurcs. For convenicence, intcractions {or which individuals prefer to visit more
diversc central places will be referred to as high diversity interactions.

It is this tension between high frcquency and high diversity intcractions which
supports thc emergence of a hicrarchy of central structures. A central place visited for
high diversity interactions will tend to have a larger visiting population than one only
visited for high-frequency interactions, and visitcrs have traveled a longer average
distance to a visit a high diversity central placc, so that a high-diversity central place
serves as a focal point for morc intensive interactions and cmergence of a high-frcquency

central place structure. Similarly, where cmergence of a new high-diversity central place

82. Of course, this comparison is for central place structures located in the same area; comparisons
of the size of central place structures in different areas will be affccled by dilferences in a variety of other
factors such as terrain, transportation systems, and population densities.

229



is fcasible, morc cxtensive intcractions arc possible by adding intcractions to thosc alrcady
engaged in at an existing high-frequency central place, so that high-frequency central
places provide focal points for thc cmergence of a high-diversity central-place structure.

This theory predicts that where distinguishablc high-diversity and high-frequency
central place structurcs arc present, the high-diversity central place structure shall include
a number of high-frequency central places. It also predicts that a high-diversity central
placc is also a high-frequency ccntral place, whilc its hinterland contains the other high
frequency central placcs. Thus central places which cmerge duc to more intcnsive
intcractions arc lower level central places in the central place hierarchy, while those that
emerge due to more cxtensive interactions are higher lcvel central place in this
hierarchy.®

The tradc-off between neighboring levels in the hierarchy is clear. While
individuals in the hinterland of a lower level ccntral place are in morc regular contact
with a lower level central place, the varicty ol interactions thcy can cngage in rclatively
limited. The higher Icvel central place is the sitc [or a wider variety of potential
intcractions but, cxcept for the residents of its immcdiate arca, interactions are more
limited in terms of intensity.

In terms of the theory of central place structures, when sclecting a sitc sclection
strategy for a complement ol services and f{acilities to promote agrarian development, the

key question is how intensivc must the interactions be? A higher levcel central placc may

83. This is not a pure hierarchy if there are high-frcquency central place structures subordinate o
multiple high-diversity central places.
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be a more cfficicnt place to sitc these scrvices and [acilitics il thc rcquired intensity of
interaction is suflficently low. The greater diversity of the higher level central place
implics that more of the required facilitics and scrvices arc likcly to be available; at the
extrcme, a centralized integrated rural development stratcgy might simply be concerned
with coordinating services and facilities which arc alrcady in existcence.

If there is insufficient intensity ol interaction with residents ol periphcral arcas at
the higher level central place, then the sitc sclection strategy must be oriented to a lower
level central place. However, the target level in the central place hierarchy cannot at too
low a level in the central place hicrarchy. Each site selccted will require additional
resources for establishing the services and [acilitics, as well as requiring resources [or
continued operation; in addition, the lower the level of the central place, the [ewer
services and [acilities there are likely to be alrcady in existence. From a level of the
hicrarchy where sufficient intcnsity is assurcd, but with so many such central places that
it is infeasible to locate these services and facilitics in each, the site selection strategy
must be oriented to a higher level central placc.

However, as Johnson pointed out, the central place hicrarchy might not contain
a central place of the required characteristics serving cvery rural arca. To put this in the
terms of the cases at hand, if among an island with a population of roughly 100,000,
30,000 inhabit villages and small towns in peripheral arcas of thc coutnryside, and the
average population of a settlement is 300 individuals, there will be 100 villages in which
to locate the required scrvices and facilities. Thesc include credit institutions, a regulated

market, and an agricultural ficld station [or [icld trials and agricultural cxtension. This
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is an examplc of a level of the central place hierarchy which is inlcasiblc as a target [or
locating the complement ol scrvices and [acilities [or an integrated rural devclopment
program. If the capital towns arc too [ar [rom somc outlying arcas to cllectivcly provide
these services to outlying rural producers, then ccntral places intcrmediate in level
between the village and the capital towns would be required to pursuc Johnson’s market
town strategy. If for some or all of thesc outlying arcas therc arc no such intermediate
level central place, then pursuit of the markct town strategy {or these areas requires that
the small market towns to be brought into existence.

If a market town is to be brought into existence, the candidate locations arc central
places at a lower lcvel in the hierarchy of central placc structure. Therelore, in
developing a concrete model of the hierarchy ol central place structures in Grenada and
St. Vincent, I begin at the bottom of the hierarchy and work up. Unlike thc case which
Johnson assumes, the bottom level of thc central placc hierarchy in thesc islands is not

the village, but the institution commonly known as the rumshop.

The Rumshop as Lowest Level Central Place

Many of the rumshops observed in rural Grenada and St. Vincent have the
appcarence ol miniature groccry stores. A large variety ol canncd goods (though a
limited selection ol goods ol any type) arc shelved along the walls of thc shop, with
imported soft drinks and canncd meats and [ish an important part of the sclection. A few

bottles of imported scotch or vodka may be also be displayed. The proprietor sits behind
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a serving counter, which may sit on top ol a glass display case. A balancc scale with
weights is likely to be found on the shop counter, as is a countertop glass display case
protecting a portion of a large block of cheese. Cascs ol solt drinks arc in cvidence, and
wherc clectricity is available® a large rcferigerator hums in rcady recach of the proprietor
behind the counter.

One may discover thc basic commercial [unction of the shop by observing the
activitics of the shop’s proprietor and shop customers. [ madc these observations in a
large number of shops in both Grenada and St. Vincent, in the coursc of conducting
samplc household survcys on both islands. Onc of the most common activities [or a
proprietor to be engaged in is repackaging goods, imported in bulk, into small units for
retail sale. These goods include f{lour, sugar, salted [ish, and frozen turkey or chicken
parts. Other goods arc broken down {rom bulk when the customer rcquires the good: this
includes cheese and oil. Similarly, rum which the shopkecper buys by the bottle is sold
by portion, though thc customer gencrally consumcs rum on the premiscs, and soft drinks
which the shopkeepcr buys by the case arc sold in rcturnable bottles. An interview with
the proprietor of a shop in Victoria, Grenada, confirmed that the [undamental business of
the shop was brcaking down and selling a limited range of bulk goods. Household
surveys revealed that a shop’s customer typically visits it on a daily basis, and obscrvation
confirms that most visits are by [ool.

In addition to brcaking down bulk goods, a shop provides credit, known as "trust",

to its clientelc. The most commonly obscrved mcthod for kceping accounts involves

84. Most of the populated coutrysides of Grenada and St Vincent are elcectrified.
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adding the amount of the purchase to the bottom of an unlabelled column of cntrics in
a school cxercisc book or on a shcet of wrapping paper. Such a tcchnique is only
workable for a limited numbcr of credit customers. The interview with the shopkecper
in Victoria, noted above, confirmed that shopkccpers prefer not to cxtend credit to a
customer who receives credit at another shop in the vicinity. Credit rclations thus help
to secure the patronage ol rcgular customers, whilc daily visits by foot help cxplain a

common prelerence for the closcst shop.

Shops also appear to play an important social rolc. Many of the intcractions
observed in small shops on these islands appcarcd to be primarily conversational. This
ranged from a small purchase accompanicd by a bricl cxchange of the latest local news,
to a quarter or half hour conversation with proprictor or [cllow customer over a bottle of
soft drink, to a group of mcn spending an extended afternoon drinking rum, and
discussing (or arguing) a widc varicty of topics, including cricket, football,*® personal
histories, local affairs, and global politics®.

A shop thus scrves not only as a center {or the storage and distribution of bulk
commodities, but also as an oral village ncwspapcr, soft drink vendor, local bar, and
casual meeting place. The (unctions of bulk commodity retailer, soft drink vender, and
local bar are complemecntary, as cach typically rcquires a refrigerator, at Icast in clectrilied
areas. The social roles playcd by the shop is an example of mutual reinforcement of

differcnt interactions in generating a central place structure. The [act that the clientele

85. also known in North America as soccer.

86. The frequency of discussion of global politics may well have been a case of observation bias,
as the observer was visibly American.
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of a shop typically visits the shop daily makes it a [ocal point for thc conversational roles,
while curiosity on the latest news or gossip appears to rcinforce the habit of visiting the
local shop daily. Thus, as thc thcory predicts, the central place structurc with the shop
at its center is based upon a combination ol typcs ol intcraction with similar visitation
frequency.

The importance of similar visitation [requency in generating a common central
place structure is further confirmed by obscrvations of the role of shops in the provision
of bottled natural gas cylinders. Natural gas, sold in heavy metal cylindcrs, is a common
cooking fuel on thesc islands. Due to the weight of a [ull cylinder, and the difficulty of
transporting one by foot, therc is a strong prefercnce for obtaining natural gas cylinders
in close proximity to the consumer’s residence. Somc shops take advantage of this by
arranging for customers to drop off cmpty cylindcrs, which are transportcd to town,
replaced with a [ull cylinder, and then sold to thc customer. Howcver, interviews with
rural residents indicate that cylinders may last from two to six wecks, so that there is a
quitc disimilar visitation {rcquency for such an interaction, and the theory predicts that
this service will not be part of the collection of interations which generate the shop
central place place structure. Observation conlirms this, as in arcas where some shops
offer this service, othcr shops do not, whilc customers in many arcas rcly on other means
to obtain their natural gas.

Given their basic commecrcial role as retailers of food imported in bulk, the
proprietors of shops in an arca are customers [or wholesalcrs, located cither in the capital

town of the island, or in nearby small towns. The presence ol a wholesaler in a small
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town is, therefore, an indication that it serves as a higher Icvel central place for the shop
central places in its vicinity. Small town wholcsalers obtain their bulk goods from import
houscs in the capital towns which also opcratc as wholcsalers; sincc transportation savings
arc the advantage that a small town wholesalcr offers, this work shall proceed on the
presumption that the rural shops of an area comprise the hinterland of a wholesale central

place structure.”’

Transportation Nodes as Central Places

The dominant forms of transportation in the rural arcas ol thcse islands are travel
by foot and in privately owned minivans, operated as private buses. Evidencc regarding
the operation of the private minivan transportation system was collected by direct
observation. Minivans passing through the rural arcas opcratc primarily upon a {ixed
route, cither between a pair of towns, or between a town and a rural village. All inter-
town minivan routcs werc traveled in the course of these obscrvations, as wcll as a
randomly determined sclection of village-town routcs. Fares [or routes arc [ixcd by
convention; governments attempt to regulate farcs by broadcasting a price for thc major
routcs, but these cflorts arc not cntirely successful: for cxamplc, in St. Vincent, the fare
from Kingstown to thc small town of Chatcaubclair is sct at EC$4.00, but opcrators

successfully charge EC$4.50.

87. Note that by the elaboration of the theory of central place structurc in chapter 4, wholesale
purchasing will conform to the central place pattern il shops in the hinterland of a small town are regular
customers of wholesalers in capital as well as wholsealers in that small town. This was the paticrn that was
observed in Grenada and St. Vincent.
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In almost all cases observed, the two ends of thc minivan routc arc at diffcrent
levels of the island’s central place hierarchy. For minivans operating in the rural arcas,
the end of the route with the lowcr level central placc is the origin of the first trip of the
day and the terminus of the [inal trip. Thesc trips are often scheduled, and provide
commuting service for residents of lower lcvel central places working in higher level
central places. The remaining trips over the course ol the day arc unschcduled, with
passcngers taken on at the trip origin as well as cnroute. Passengers may discmbark or
embark enroute, and enroute passcngers arc charged a conventional [are which
corresponds roughly to the proportion of the routc which they travel, with a conventional
lower limit of EC$1.00 in the rural arcas of cach island.*

Maximum per-trip profit is obtained by waiting at trip origin until thc minivan is
full. However, prospcctlive passengers at the trip origin prcfer that minivans do not wait,
and a minivan waiting for passcngers at one cnd of the route forgocs both the passengers
availablc enroute as well as the chance to attract passengers at thc other end; these are
serious concerns, as profitablc routes attract competing minivans, and a competitor can

pre-empt enroute passengers by Icaving first.

Prospective cnroutc passengers must comc to a location which a minivan is
expected to pass, and wail for a minivan with a vacant scat going in the desired

direction.” Passengers living on roads which arc not on a suitablc minivan routc must

88. Children of school age are charged a discounted [are, but when the minivan is full tend be placed
in more makeshilt seating than adult passengers.

89. It may be noted that minivan operators and passcngers perceive seal vacancies in a minivan which
appear to be completely (ull, from a North American perpective.,
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walk to a junction with a road on a minivan routc; junctions which arc important for this
purposc may generally be rccognized by the large shop at the junction corner. Due to the
uncertaintics of catching a minivan enroutc with available space, when it is {casible, it is
advantagcous to wait for a minivan at a routc terminus, where spacce availability is more
certain. For a routc betwcen a town and a rural village, thce tcrminus in town is a
convenient bus park, while the tecrminus in the village is typically a shop. Rural transport
nodes between foot and minivan travel thus occur: {irst, at road junctions, where onc road
is on a minivan routc; and sccond, at the tcrminus ol minivan routes. Thesc sitcs arc the
transport nodc central places for the unscheduled opportunitics for minivan passengers to
cmbark or disembark. As predicted by the theory ol central place structurcs, the rural
transport node central places arc also central places ol the lower level shop central place
structurcs.

Both St. Vincent and Grenada arc islands with relatively high inland peaks. The
highest point on St. Vincent is 3,864 {cct, and Mt. St. Andrew, at 2,413 fcet, is just 2
miles inland [rom the coastal capital town of Kingstown. The highcst point in Grenada
is 2,757 fcct, and Mt. Maitland, at 1,712 fcct, is lcss than 2.5 miles inland from the
coastal capital town ol St. George’s. The division of the two islands between Windward
and Lecward sidcs is reflected in the road nctworks ol the islands. The road nctworks
of Windward and Lceward St. Vincent arc only connccted through Kingstown and its
vicinity (scc Figure 8). Thc road networks of Windward and Lceward Grenada arc
connected by the integrated road nctwork in the south ol the island, by thc Grand Etang

main road running through the center of the island, connecting the capital of St. George’s
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with the small town of Grenville, and at Sautcurs in the north of the island, where the
Windward and Lecward main roads mcct (sec Figure 9).

In St. Vincent, the Chateaubelair, Bridgctown, and Calliaqua districts have a main
road paralleled by a secondary road, with connccting secondary roads at intervals, which
I shall rcfer to as an integrated road nctwork.”” The road network in the rest of the
outlying areas have a road nctwork composcd of a main road and isolated branching
secondary roads, or a trunk and spur network. In Grenada, the parishes of St. Andrew’s,
castern St. Patrick’s, and St. David’s havc integrated road networks, whilc thc Lceward

parishes of St. John, St. Mark, and westcrn St. Patrick havc a trunk and spur nctwork.

The Small Towns of St. Vincent

In St. Vincent are four rural central places which clcarly qualily as small towns,
with two marginal cases. Thc rural small towns ol St. Vincent arc Layou, Barroullic, and
Chateaubelair from south to north on thc Leeward side and Georgctown to the north of
the Windward side. The marginal cases arc Mcsopatamia, inland on the south Windward
side, and the area ol Adelphi, on thc central Windward coast.

The southern approach ol thc Lecward main road to Layou, about 5 miles (8.5km)
from downtown Kingstown, runs along a coatsal blull along the coast, with Layou itself

out of sight [rom its southcrn approach. Layou is a lincar scttlcment lying along the main

90. In Figure 8, the secondary roads in the vicinity of Kingstown, the capilal, have been omitted, so
that the integrated road network in southern Windward St. Vincent is not shown.
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road, with a police station, post office, two churches, and a school all close to the main
road at the center of town. No commercial central place enterprises such as grocery
stores, specially stores, or wholcsalers cxisted in Layou in July, 1992, when thcse
observations were made.

South of Layou, secttlement extends south of Layou along the main road in
convenient walking distance, 10 a junction where a secondary road branches to serve three
inland villages. South of this junction, settlcmcents are closer o the suburbs of Kingstown
than to thc small town of Layou. It appears that Layou has, in cllcct, no hinterland, as
most of the population sufficiently convenient to Layou to provide a hinterland population
has convenient access to Kingstown via minivan.

North of Layou, the Leeward main road runs through sparsely settled terrain to
Barroullie. Barroullie is a nucleated settlement; thc center of town is a square
surrounding a football field: thc Barroullie pier, a policc station, a wholesaler, and a
clothing boutique arc on the square, whilc the Post Ollice and a school arc located on the
main road within a [ew blocks of the square. The immecdiate vicinity of Barroullic is
lightly settled, with most settlement lying along the main road.

Several miles north of Barroullic, the main road climbs a thousand fcct, and then
descends into the valley of the Cumbcrland river; this scction of the main road has scveral
narrow hairpin turns, and is threatened by rock and mud slides.”’ There is a notable

cluster of settlement immcediately north of this bottlenck, and north of this four notable

91. These obscrvation may dated, to some extent, as at the time of on-sitc research, a road widening
and rehabilitation was underway. Ilowever, the improved road shall still climb from five hundred to a
thousand feet in under a mile, so while this bottlencck may be amcleoriated, it will not be eliminated.
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settlements on thc main road and inland sccondary roads, and north of thesc is
Chateaubelair.

Chateaubelair is a nuclcatcd settlement lying on the coast of Chateaubclair bay.
The main road passes the Chateaubelair police station and post office, then comes to the
coast at the pier at the center of town. From thc pier, the main road runs past a small
hospital, and a receiving station where [resh agricultural produce is purchased [or salc in
the main market in Kingstown. Thc final settlements along the Lceward main road arc
on the northern outskirts of Chatcaubelair, with the Leeward main road terminating two
miles north of Chateaubelair on the coast.

Minivan transportation between Kingstown and Chateaubclair is limited by the
length of the trip and strain on minivans of travclling the northern Leeward main road.
Chateaubelair minivans run no more than two round trips daily. The southbound leg of
the first trip of the day, serving commuters, leaves as carly as 4:30 AM, with thc
northbound leg running later in the morning [or those minivans running two trips. The
southbound leg of the second trip occurs around midday (local informants do not
anticipate a minivan leaving for Kingstown after two in the afternoon), with the
northbound leg, serving commuters, returning to Chatcaubelair somctime between 4:00
PM and 7:00 PM. The area around Chatcabclair is also scrved by a truck converted to
carry passcngers and goods, providing local service in the alternoon to settlements on

secondary roads as well as thc main road.”

92. It appeared that this converted truck also provides service for transport of bulky items to and {from
Kingstown, as it was obscrved travceling northward to Chateaubclair with bulk itcms, but the observation
is not conclusive evidence as therc is also a wholesaler in Barroullic.
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In southern Windward St. Vincent there arc two main roads. The Windward main
road runs cast along the southern coast, and the Vigie highway branchces inland into the
Mesopotamia valley (Marriaqua district). Mecsopotamia is a lincar scttlement along the
Vigic highway, approximatcly four miles from the Arnos Vale junction with the
Windward main road. The center of Mesopotamia is a junction with two sccondary roads
running inland, the location of the Post Ollice, police station, and school, as well as a
credit union and a gas station.

The Windward highway runs along the southern coast to the town of Calliaqua,
which is about thc same distance from Kingstown as Layou. However, the Kingstown--
Calliaqua route is scrved by more minivans, providing morc rcgular scrvice through the
day, and providing service later into thc evening®. This appcars to be duc to the fact
that Calliaqu is thc most populous town outside of Kingstown itsclf; thc area betwceen
Kingstown and Calliaqua is more hcavily scttled; and the grade ol the road tends to be
less stecp grade, so that minivans travcl the route under Icss strain.  With this regular
scrvice and a minivan [are at EC$1.50 (approximately US$0.60), the district containing
Calliaqua is trcated in this work as thc castern suburbs ol Kingstown.

The Vigic runs cast from Mcsopotamia to rcjoin thec Windward main road, and the
Windward main road runs along the coast [rom this junction to the town ol Georgetown,
cight miles to the north. An inland secondary road runs north {from Mcsopotamia, with

four cast-west sccondary roads connccting this road to the Windward main road belorc

93. For example, informants claim the a minivan {rom Calliaqua to Kingstown can be relied on 1o
be available as late as 9:00 on a wcekday evening, and after 11:00 Saturday evening; by comparison,
informants in Layou claim that onc cannot rely on a minivan from Layou to Kingstown after 6:00 in the
evening, since the l.ayou minivans often stop running after bringing commuters back from Kingstown.
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it [inally converges to the Windward main road, and north of this is a secondary main
road that loops about a mile and a hall inland. The central Windward coast is, therelore,
well served a secondary road nctwork. Although the Windward main road extcnds a mile
north of Georgetown to Rabacca field (St. Vincent’s original airstrip), most north
Windward minivan routes terminate in Georgetown.

Georgetown is a nucleatcd scttlement, with two strects parallcl to thc main road
and four crossroads. Georgetown’s small hospital, post office, policc station and a school
are located along the main road, whilc a cinema and a sccondary school are located threc
blocks inland. The settlements extending a milc inland and north [rom this town ccnter
include three morc schools. Sevcral grocery stores were also obscrved. Howcver, the
sugar mill and copra factory north of Georgetown were both closcd, as werc more than
twenty percent of the sites for commercial establishments observed along thc Windward
main road in thc center of Georgetown. Unlike the other towns obscrved on St. Vincent,
it appears that at somc time in the past therc were more commcercial establishments

serving central place functions in Georgctown than at prescnt.

The Small Towns of Grenada

There arc thrcc small markct towns in Grenada, all on the coast: Goyuave on the
central Lecward Side, Sautcurs at thc north of the island, and Grenvillc on thc central
Windward sidc. There arc two towns in Grenada which arc marginal cascs: St. David,

in the parish of St. David, and and Victoria, in the parish ol St. Mark. Thc location of
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Grcenada’s capital at St. George’s, Grenada, is duc to its well-protected inner harbor. The
Leeward main road, beginning in the north of St. George’s, is a coastal road, both because
the ridgclines dividing thc Windward and Leeward side arc closer to the Leeward sidc,
and becausc the most heavily populated inland arca north ol St. George’s is scrved by the
Grand Etang main road, connecting St. George’s and Grenville on the Windward coast.

The Lceward main road connccts St. George’s with Goyuave, Victoria, and
Sauteurs. The routc between Goyuave and St. George’s is well scrved by minivan
transportation. As in St. Vincent, the final trip of the evening for a minivan is typically
away from town. On a weckday in a village on the border of the parishes of St George
and St. John, minivans wcrc obscrved travelling in both dircctions alter scven in the
cvening, while minivans wcre oberved arriving at St. George’s and returning to Gouyave
after ninc on a Saturday evcning.

Gouyave is a linear scttlement, lying along the coast between two open bays. A
sccondary road runs inland from Gouyave, onc branch of which cventually forms a
junction with thc Grand Etang main road inland on thc Windward sidc, thc other branch
ol which provides an inland route to Victoria. The Gouyave post of[ice, police station,
and court housc arc located along the main road; also on the main road arc branch officcs
of two banks, scveral grocery storcs, a cincma, a town markcl, a nutmcg rcceciving

station®, a small gucst housc®”, and a fish markct with associatcd icc making and

94. Asnutmeg and mace arc harvested throughout the ycar, nutmeg receving stations are open year-
round to accept delivery of nutmegs, sort and grade nutmegs and mace, and begin the process ol drying
nutmegs [or export.
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refrigeration facilities. Interspersed among, and outnumbcring, these morc specialized
[acilities and commercial cntcrpriscs arc a large numbcr of small shops, rumshops and
bars.

The main road betwcen Gouyave and Victoria, about two and a hall miles, is over
a very mild grade, so that pedestrian as well as motorized traflic is common between the
two towns. Victoria is a nuclear scttlement ol about scven blocks, with a bakery, post
office, police station, nutmeg receiving station, tourist hotel with attachcd restaurant and
a grocery store. Minivan transportation is provided on thc route betwcen St. George’s
and Sauteurs.

About two miles north of Victoria, thc Leeward main turns inland away {rom the
coast. There arc noticablc settlcments locatcd along the road {rom this point to Sautcaurs,
as well as the arca north of this road to the north coast of the island. Sautcurs is a
compact settlement with a main street running through town parallel to the north coast.
The Leeward main road terminates at a junction with Sauteur’s main strcct, which is itself
thc northern end of thc Windward main road.

Establishments on the main street include two supermarkets, a general wholcsaler,
branch offices for a travel agency and a bank, a lumbcer yard, and scvcral small clothing
boutiques. Establishments and [acilities on the Windward road cntering {rom the cast

include the police station, a hcalth clinic, a small credit union office, and a pharmacy.

95. A guest house is house which has been converted into a small hotel. Guest houses arc typically
not air-conditioned. Toilet and shower facilities may be shared or private, but if hot wtacr showers arc
provided, it is by electrical heaters alfixed to the shower head. Guest houses will often make kitchen
facilities available to guests. Guest houses, as opposed 1o a tourist hotel, provide accomodations at oricnted
to local rather than North American or [Zuropean expcctations.
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A path runs north of the main strect from thc center of town to the tourist attraction of
Sauteurs Leap,” with a number of small food venders locatcd along the path. Less than
a third of the establishments along the main strecet of Sauteurs arc small shops or
rumshops.

There are three main routes {rom the Leeward sidc of Grenada to the Windward
side. From its origin in St. George’s, thc Windward main road runs cast through the
parish of St David, then north to Grenville. From its terminus in Sauteaurs, the
Windward main road runs south to Grenville. The Grand Etang main road runs northeast
from St. George’s, into thc Grand Etang forcst reserve in the center of the island, and
then east to Grenville.

In the post-discovery period, Grenville owed its importance as a transportation
node to the fact that Grenville bay is the most protected anchorage on thc Windward side
of Grenada. Today, Grenvillc owes this status to the fact that it is the terminus ol the
Grand Etang main raod whcre it mects thc Windward main road. Grenville is the origin
for two minivan routes to St. Georges, one relying on the Windward main road and the
other on the Grand Etang main road. It is thc terminus for (wo minivan routes to
Sauteurs, one relying on thc northern leg ol the Windward main road, and the other
relying on secondary roads. In addition to thcse routes, Grenville is the terminus f[or local
routes originating in the larger villages inland in the southcrn, central, and northcrn

Windward side of thc island.

96. This is the point from which the surviving Caribns of Grenada jumped to their death rather than
surrender to the British.
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Therc arc two primary northcrn Windward minivan routes between Sauteurs and
Grenville: a route relying on the Windward main road, and the Hermitage route (knbwn
for a village enroutc) rclying primarily on an inland sccondary road running between two
and threc miles inland ol thc coast. Both routcs pass through a number ol notablc
scttlements, many of which arc located at the junctions with the sccondary roads which
pass between the coastal and inland routes. The inland secondary road serving north
Windward Grenada continucs to a junction with the Grand Etang main road, with
connecting secondary roads to the Windward main road or the town of Grenville.

There arc two southern routes lcading from St. George’s into the St David’s parish
in thc south of Grenada. The more northerly route runs cast from the town of St.
George’s through St. David’s about two miles inland from the coast, through stcep terrain.
The Windward main road runs along thc southern coast, turns inland to the town of St.
David’s, wherc it is mct by the inland sccondary road. From St. David’s, thc Windward
main road runs about siz milcs to Grenville.

At or near the St. David’s junction arc located two primary schools, two colonial
stone churches, a post office, a police station, a health center, and a pharmacy. Apart
from the pharmacy, there arc no specialized private central place services to distinguish
St. David’s from the neighboring villages. One obstacle to thc development of St.
David’s as a commcrcial central place (both obscrved and mentioned by local residents)
is the dilficulty in obtaining minivan transport to or {from St. David’s and the countryside
lying to the east, in thc dircction of St. George’s. Minivan operators providing service

on these routc preler to deaprt cither St. George’s or the rural terminus of their routc with
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a full load of passengers bound for the other end of the routc. Becausc of this, anyonc
wishing to travel between castern St. David’s and the town of St. David’s can have no
conlidence in obtaining transport [or either leg of the journcy; those who succeed in
obtaining transport to St. George’s can bc confident of obtaining transportation f[or the
return. When combincd with the greater attraction of St. George’s as a commercial
center, St. David’s appcars to be prevented from possessing a commercial central place.

The inland Grand Etang main road originates on thc Lceward main road just north
of St. George’s, and climbs toward thc Grand Etang [orest rescrve in the center of
Grenada, reaching an altitude of 1800 fcet belore descending to the Windward side of the
island. The village of Birchgrove that lics on thc Grand Etang main road a milc {rom thc
forest reserve at the junction with the LaDigue road is the most notable non-coastal center
in Grenada. It is the location for a police station, scveral primary schools, and a health
center and is also the location for (wo specialized private cstablishments: a tirc store®’
and an establishment producing wrought ironwork (or dccorative protection ol windows
and storcfronts. The Grand Etang road terminatcs at a junction with thc Windward main
road at the southern cnd ol Grenvillc.

Grenville is a nucleated scttlement on the Windward coast on Grenville bay, with
a town center consisting of thrce blocks between two streets running parallel to the coast:

Front Street, a northbound onc-way strect; and Back Strcet, a southbound onc-way strect.

At the junction of Front Strect and Back Strect, north of the town center, the two streets

97. This is an excellent location for a tire store, given the demanding nature of the Grand Etang main
road and the fact that Birchgrove is the rural terminus for a number of minivans which run on the Grand
Etang route.
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merge as the northbound and southbound lancs of thc¢ Windward main road, and
northbound Front Street trallic may also turn onto southbound Back Strcet. At the
southern end of thc town ccnter, Front Strect curves inland to mect Back Street at the
dogleg junction with thc Windward main road to thc south and thc Grand Etang main
road to thc east.

In Grenville is located a wide varicty ol private and public central place services.
These includc thrce rctail grocery stores, two of which are also wholcsalers, six
restaurants and a cincma. General retail services include eight clothing and variety stores,
two school stores, a shoe store, a fabric storc, four appliance, {urniture and hardware
stores, and thrce auto supply stores. Profcssional scrvices available include two doctors,
a denists, a land surveyor, and two lawyers, as well as the skilled scrvices of a
photographer and two travel agencies. In addition to thesc arc small shops including an
electrical repair shop, a shomaker, an ironworks, a guitarmakcr, a watch repair shop, two
hair salons and threc tailors and seamstresscs. Public scrvices include a police station,
courthouse, public marketplacc, as well as branch offices of thc Central Water
Commission, the Agency for Rural Transformation (an NG( promoting rural
development), and the Ministry ol Agricultural, including the extcnsion scrvices for most
of the Windward sidc of Grenada. Among the small towns in St. Vincent and Grenada,
Grenville contains one ol the widest varietics of public central place scrvices, and in

terms of number and varicty of private ccntral place services, it is unsurpasscd.
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Conclusions

Grenville, on the cast coast ol Grenada, occupies a position in the central place
hicrarchy between that level of the transportation nodes and the level of the capital town.
Indced, it possesses marketing facilitics for both cash crops and local producc, credit
institutions, extension serviccs, and transportation access to both its hintcrland and the
capital town. With the agricultural school at Mirabcau in its hinterland providing a site
for local field trials, it possesses all of csscntial scrvices and [facilities identified by
Johnson for an integrated agrarian development program. And Grenville is not cntirely
unique in this regard, as Sauteurs in the north of Grenada possesscs many, though not all,
of the services and facilitics as well. It is evidently possible for a small town in these
islands to occupy a lcvel in the hierarchy of central places bctween the level of
transportation nodes and the level ol the capital town, the lcvel of the small market town.

However, there are areas in the countryside which arc not included within small
markct town structures.® Along the central Windward coast of St. Vincent, there is no
town at all, and the government [acilities located in this arca which arc often associated
with small towns are disperscd. Except for thc presence ol a wholesaler, the town of
Barroullic docs not appear to play the rolc of a market town for its surrounding arca. The
arca to the west of St. David might providc this parish ccnter with a hinterland to support

a wider variety ol central placc activitics. However, duc to the lack of reliablc

08. Recall here that the capital towns arc cxpected to be the central place [or a small
market town structure in its immediatc area as wecll as the central place [or an island-wide
central place structurc.
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transportation this area is instcad a pcriphcral arca [or thc capital town, whilc the
transportation is lacking in large part becausc of the lack of a wider variety of central
placc services in St. David.

Finally, it is evident that much of the rural arcas of these island arc suflicicntly
isolated from the capital towns to limit thc {rcquency and regularity of visits by rural
producers. An cxample of this is the casc of Chateaubclair, with a roundtrip to the capital
costing $9.00, and no dcpartures from Chatcaubclair to Kingstown altcr noon. This is
simply the most striking examplc. Limitations or unreliability of availablc transport was
a common complaint in many peripheral areas in both islands, and with daily wages for
an agricultural laborer often reported to be less than EC$16, roundtrip farcs to peripheral
areas in exccss of EC$5.00 dcter [requent and regular visits to town [or small agricultural
producers.

In conclusion, thc small market town strategy proposed by Johnson appears to be
relevant as an approach to intcgrated agrarian development in St. Vincent and Grenada.
On one hand, centralizing the requisitc scrvices and facilitics in the capital towns restricts
access to produccrs in much ol the countryside. On the other, it is cvidently [casiblc for
markct towns below the level of the capital town to exist in thcsc peripheral areas.
However, as the some peripheral arcas of the islands are not within a small markct town
central place structure, thc small market town strategy requircs policics to bring small

market towns into cxistence in arcas where thcy arc missing.
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Chapter 8: The Small Towns of St. Vincent and Grenada

As argucd in chapter 6, the policy options open to a small micro-state such as
Grenada or St. Vincent are quite limited. The small market town stratcgy proposed by
Johnson is a typc of integrated rural development strategy in which esscntial scrvices and
facilitics for promoting rural dcvclopment market towns arc located in market towns
rather than dispersed to individual villages or concentrated in larger urban centers. If
such a spatial rcform can be cflcctive in improving agricultural productivity and
increasing rural incomes, this would providc an cxtension ol policy options in a critical
policy arena.

As argued in Chapter 7, Johnson’s market town stratcgy may be a relevant
approach for the islands of Grenada and St. Vincent. A policy ol decentralizing the
location of the services and [acilitics to cach rural scttlcment is infcasible, whilc a policy
of centralizing services and [acilities for agrarian devclopment in the capital towns of
these islands is likely to be incllective in providing thc full complement to agrarian
producers in periphcral areas. Howevcr, as scen in Chapter 7, not all peripheral arca
residents arc served by a small town central place. Therelore, pursuit of the small market
town stratcgy would requirc morc than simply making thcsc scrvices and [acilities
available in existing small markct towns. It would requirc the cstablishment of a small
market towns 1o scrve those arcas which arc not presently in a small markct town central

place structure.

252



Fortunatcly, even small market town policics that extend to both existing and
potential rural market towns in Grenada and St. Vincent have clear targets, as the number
of candidate locations in cach island arc limitcd. They include the cxisting towns of
Grenville, Sauteurs, Goyuave and Victoria in Grenada (sce map 1), and Layou, Barroullic,
Chateaubclair, and Georgetown in St. Vincent (scc map 2). They might also extend, in
Grcnada, to the St. David in St. David’s parish, and, in St. Vincent, to Mcsopotamia in
thc Marriaqua valley of St. Vincent, and a location in the vicinity ol Adclphi in the
Central Windward coast ol St. Vincent.

For the small towns of Grenada and St. Vincent to serve as the focal points of the
market town intcgrated rural devclopment stratcgy, thcy must play the rolc of market
town for residents ol neighboring rural arcas. I[ small market towns arc indecd playing
the role that E. A. J. Johnson found market towns to play in other cconomies, then they
should be the site for activities not occuring to the same extcnt elsewhere in the
countryside, and under Living Systems theory, these distinclive processes should be
reflected by a distinctive economic structurc. Of coursc, existence of a distinctive
structure characteristic of small market towns is not dircct cvidence that the processes
identilicd by Johnson are taking place, but non-cxistcnce of a distinctive structurc is
cvidence that no such distinctive processes are occuring. Further, a prediction of the
theory of Central Place Structures is that il the proccesscs identificd by Johnson arc prescnt
anywhere in thesc islands, they should be present in the capital towns, so that structures

of small market towns that arc [ar more similar to other rural central placcs than to the
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capital towns constitute [urther cvidence that small market towns do not support the
processcs that Johnson obscrves in market towns in other economics.

There are therefore two purposes scrved by the grouping analysis of this chapter.
The grouping analysis draws on the cvidence of on-sitc obscrvation of thesc small towns
as well as a statistical grouping analysis ol the distributions of scrvices and [acilitics in
the towns of Grenada and St. Vincent. The [irst purposc ol the analysis is to provide
structural cvidence as to whcther thec small markcet towns are plausible locations for the
development processcs that arc cssential to the success of Johnson’s small market town
development stratcgy. If such distinguishing charactcristics cxist, thcn establishing the
services and [acilities of an integrated rural development stratcgy that are missing in an
cxisting small market town is a morc modest immecdiate policy goal than promoting a
rural central place to market town status in order to scrve as a site for these scrvices and
facilitics. The second purposc of this grouping analysis is therefore to provide evidence
regarding what the distinctive characteristics of a small town arc in the context of thesc
economies. An important part of appraising thc cvidence at hand for both of these
purposes is distinguishing small markct towns [rom other rural small towns in these

islands.

A Heuristic Grouping of Small Towns
All of the small towns in these islands cxcept [or Mesopatamia and St. David’s
arc located on the coast at [avorable anchoragces, and arc central places duc to their role

as transportation nodes between overland and coastal transportation routes. The small
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towns in areas with trunk and spur road nctwork are Layou, Barroullie, and Georgetown
in St. Vincent and Gouyavce and Victoria in Grenada. In [our ol these towns, there are
few specialized privalc establishments relative to small shops and rumshops, and sincc
the arcas have a relatively limitcd numbcr of outlying villages, the role that these towns
can play as the central placcs ol larger central placc structures is limited. Instead, thrce
of these four are attractive as the origin® of minivan routcs betwceen rural arcas and the
capital towns, and all four providc bascs of opcration for small coastal [ishing boats. 1
shall rcfer to these towns as concentrated settlements.

The small towns in areas with intcgrated road networks are Mesopotamia and
Chatcaubelair in St. Vincent and Sauteurs, St. David’s, and Grenville in Grenada. All of
the areas with an integrated road network posscss numerous rural sctticments. St. David’s
and Mesopotamia are inland towns, which are distinguished {rom neighboring villages by
a limited range of central placc services: a {cw commecrcial establishments in the casc of
Mesopotamia, and a small collcction of public scrvices for St. David’s. For both of these
towns, there appears to be sullicicnt sctticment in neighboring rural areas to provide a
hintcrland population for morc numerous and varicd central place services. However, in
both cases this potential hintcrland is dominated by larger towns. I shall rcfer to thesc
towns as satellite towns.

Chateaubelair, Sauteurs, and Grenville posscss rclatively larger number of

specialized establishments as comparcd to shops, and provide central place services to

99. As a minivan is privately owncd by its driver or, less commonly, its conductor,
the origin of a minivan route [or its original trip in a day is also is its terminus for thc
final trip in a day.
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villages in their rural hinterlands. Onc indication that thesc towns may be at a highcr
level in a hierarchy of central place structurcs is that all thrce scrve as the terminus {or
transportation routes originating in the countryside. Another indication is that the order
of thc size of the threc towns corresponds to the order of the sizc of their hinterlands:
Chateaubelair in St. Vincent serves a much smaller arca than Sauteurs, which serves an
arca about half the size ol the arca served by Grenville; and Chatcaubelair is smaller than
Sauteurs, which appears to be about hall the size of Grenville. All three appear to satisfy
the definition of a ccntral place in a central placc structure, and I shall relcr to these a

small markel towns.

Nearly all ol the small towns of both of thesc islands can bc classificd, on the
basis of readily observed characteristics, as cither a satellite town, concentrated settlement,
or market town. The exception is Georgetown. Georgctown is the transport nodc between
the Windward main road to the south and thc coastal secondary road scrving north
Windward St. Vincent, and appcars to play the rolc of a central placc for the coastal
villages in this area. However, as the origin of the longest minivan routc along the
Windward main road, and a fishing anchoragc on the Windward coast, Georgetown also
appears to possess [eatures of a concentrated settlement. Georgetown possesses {ewer
specialized stores relative to small shops than thc small markel towns, but more than the
concentrated scitlements.  Although Georgctown appears to be closc to Sautcurs in size,
the central place structurc that it scrves appcars (o be roughly cquivalent in size to that

ol Chatcaubelair.
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In terms of the three catagorics described above, Gceorgetown appears to be a
mixed casc, the combination of a small market town (or the settlcments of thec Northern
Windward coast of St. Vincent and a concentrated scttlement at the northern end of the
Windward main road. While thc hintcrlands of Chatecaubclair, Sauteurs, and Grenville
include arcas between the small town and its capital town, the hinterland of Georgetown
is cxclusively to the north, away from the capital. I thercfore describe Georgetown as an
intervening markct town, in contrast to Chatcubclair, Sautcurs, and Grenville, which may
be described as competing market towns.

All three competing small market towns arc located in arcas with an intcgrated
road network, while all four concentrated settlcments arc located in arcas with a trunk and
spur road network, so that an integrated road nctwork appears to be morc compatible with
a central placc structure than a trunk and spur road network. On the other hand, both
satcllitc towns arc located in arcas with an integrated road nctwork. To thcse may be
added the central Windward area of St. Vincent, where no town cxists, while dispersed
through the arca are a branch public library, two mcdical clinics, a police station, and a
post office. Comparing satcllite towns and this satellitc areas to concentrated scttlcments,
an integrated road network would appcar to be less compatible with a ccentral place
structure compared to a trunk and spur road network.

In both Grenada and St. Vincent, the capital town of the island provides an
alternative source for ccntral place scrvices to the residents of the island, and provides the
largest number and widest varicty of central place scrvices of all kinds. It is easc of

acccess to the capital town that appears to distinguish thc competing small market towns
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from the satellitc towns and areas. In comparing the compcting small markct towns to
cach othcr and to thc satcllite towns, Chatcaubclair, Sautcurs, and Grenville via the
Windward main road are similar distances {rom their capital towns, and all are further
from their capital town than the satellitc towns and areas. Minivans travclling to the
capital towns {from Chateaubclair or Grenville via the Grand Etang routc must negotiatc
stecp hairpin curves and taxing road grades. Thcsc rclative diflcrences in physical casc
of access are reflected in minivan fares to the capital: [or Chateaubclair and Grenvillc the
farc is $4.50, and for Sautcurs thc farc is $5.00; whilc for St. David’s and thc north
central Windward side of St. Vincent the farc is $3.00, and for Mcsopotamia the farc is
$2.00.1°

It, therelore, sccms that where travel to thc capital sufficiently difficult or
expensive, an integratcd road network provides an [avorable cvironment [or a small
markct town. Howcver, it is an unlavorable environment il the capital is sufficiently
accessiblc. This distinction is consistent with the thcory of Central Place Structures
prescented in Chapter S: the integrated road nctwork permits the choice among multiple
routes to the capital, while it also permits ready access to the residents of the arca to the
centrally-placed transportation nodes of the local network. I[ transportation to the capital
is thc primary concern, the existence of multiple routes to the capital inhibits the
emcrgence ol focal points. However, il access to a common location within the area is

the primary concern, thc rcady access to centrally-placed transportation nodes provides

100. These fare prices are the local currency, the Eastern Caribbean dollars, equal to approximately
US$0.40.
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a small numbcr ol focal points, which a spccific advantage can rcducc to a single [ocal
point. Given that the capital town possesscs a greater numbcer and wider variety of central
place scrvices than a small town can support, the rclative attractivencss ol the capital
town compared (0 a central place within the arca depends on the difficulty of travel to the
capital town relative to a location in the arca. This implics that onc possiblc policy to
promotc small market towns in cither island is to modily acccessibility to thc capital
relative (o a target town -- preferably by facilitating access to the target town rather than
by impeding access to the capital.

Interpreting detailed obscrvations ol the small towns and transportation networks
from the perspective of the theory of Central Place Structurcs, thc small towns ol thesc
islands can bc sorted into three types. The [irst arc concentrated scttlements located in
arcas with a trunk and spur road network: Layou, Barroullic, Gouyavce, and Victoria. The
sccond arc thc small market towns, scrving as the ccntral places ol central place
structures: Chatcaubclair, Sautcurs, Grenville, and, in part, Georgetown. The last are the
satellite towns of St. David’s and Mesopotamia, which would also includc a town ncar
Adelphi in central Windward St. Vincent il the central place scrvices dispersed in the arca

werc collected in onc place.

Grouping with Proportional Reduction in Information
As introduced in Chapter Two, in a living systcms modcl these small towns must
bc assumed to be unique cntities. Any grouping ol unique cntitics requires us o

deliberately ignore the characteristics which distinguish the individual towns in cach
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group. With any collection ol unique cntities, a wide varicty of groupings may bc equally
valid, each prescrving diffcrent information rcgarding the individal members of the
collection.

Thercforce, before discarding the information reprcscnted by the distinctions within
a grouping, it is prudent to cxplore the cxplanatory power ol thc information which it
prescrves. It is desirable [or a grouping to bc independent of the choice of specific
grouping technique, although complctc indcpendence not attainable in practice. The
degree of independence from the specific grouping tcchnique may be referred to as the
robustness of the grouping. Onc way to examinc robustness is to perform a rclated but
independent grouping and comparc the results: if there is a correspondence between the
distinct groupings, then the information retaincd by the groupings is not merely a
consequence of the choice of specilic grouping technique.

This section presents the method which shall be used to explorc the robustness of the
above grouping ol small towns; the scction presents the results ol this sccond grouping
analysis.

The above grouping was performed in a hcuristic manner; thc approach discussed
here is a formal algorithmic grouping. The abovc grouping is bascd upon inlormation
regarding thc transportation nctwork, hinterland scttlemcents, relative size of scttlicments,
and thc numbcr ol spccialized commcrcial cstablishments rclative to small shops; the
grouping performed in this section is based upon thc catagorical distribution of the typc
and number of spccialized retail and prolcssional services availablc in cach town. Finally,

while the grouping above is limited to the rural small towns of St. Vincent and Grenada,
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the grouping in this section includes the rural small towns, the capital towns ol Kingstown
and St. Georgc’s, the suburban arcas of the capital towns, and thc small islands ol the
Grenadines that arc dependencics of the two island statcs.

The basic grouping tcchnique which is cmployed here is dendogram analysis, a
statistical grouping techniquc introduced in Chapter Four. The fundamental steps in
dendograms analysis are, [irst, comparison ol thc clements to be grouped using somc
index of similarity, and, second, joining thc two most similar clements. In the dcndogram
analysis cmployed here, thesc paired clements are aggregated into a compositc, and the
pairing is repeated until all of the elements have been combined into a singlc composite
group. A dendogram is the figure used to represcnt the results of this process (sec ?, and
refer to Chapter Four {or further details).

The index of similarity employcd to pair towns (or groups of towns) is
proportional reduction in information, or PRI. The foundation [or a PRI statistic is a
measure of the categorical information containcd in a catcgorical distribution, which in
this case is the distribution of types of facilitics located in particular towns. This measure
is based on the statistical entropy of the catagorical distribution, as discussed in Chapter
4.

The explanatory powcr ol the PRI dendogram analysis depends in large part on
the explanatory powcr of the PRI statistic as an index ol similarity. Sincc categorical
information is a mcasurc of the statistical distinctivencss ol a distribution, the PRI statistic
is a mcasure of the loss in distributional distinctiveness when dillcrent distributions arc

grouped together. Since it is bascd on catcgorical distributions, thc PRI statistic
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unaffected by the heterogenous population sizes among the distributions that it groups.
In other words, if the proportional distribution of observations among thc chosen
catcgorics are identical, then according to this mcasurc the towns arc identical, even il
onc town is much morc populuous than the other. This is a desircablc characteristic in
this context, sincc size was one charactcristic taken into account when dcveloping the
hucristic categorics. For example, since all observed satellitc towns have a smaller
population of establishments than all of thc market towns, a measure that discriminates
purcly on the basis of number of observations would be predisposed to recover this
grouping, without taking into account the catcgorical distribution of thc observations.
Where onc ol the candidates for a dendogram grouping is a group formed at a
previous stage in the analysis, there are two alternative measurcs of the Proportional
Reduction in Information for the candidate group. To represent a pairing, onc can either
rctain the original observed distributions, or replace the original distributions by a single,
composite distribution to represent the group. For the [irst measure, when the group is
a candidatc mcmber in a new pairing, the PRI is mcasurcd by rcplacing all of the
observed distributions in the candidate group by an aggregate distribution. In the second
approach, when a group is a candidatc member in a ncw pairing, the PRI is mcasured by
taking the compositc distribution of the group as an obscrved distribution. With the first
approach, there is a bias away from including an carlicr pairing as a mcmber in a ncw
pairing, as group with a larger number of mcmbers tend to have greater proportional
reduction in information than a group with fewer. With the sccond approach, there will

be a bias toward including a [ormcr pairing as a mcmber in a ncw pairing, sincc in a
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composite distribution, characteristics common to members arc reinforced, while

' Since

characteristics that distinguish thc members arc attenuated by the avcraging.™
the distinctive featurcs of the individual members is the inlormation that is foregone in
aggregation, thc bias away {rom including pairings in an earlicr stage is morc consistent

with the postulatc ol unique identity, and it is this mcasurc that is employcd in this

chapter.

Statistical Grouping of the Towns of St. Vincent and Grenada

The observations uscd in this PRI dendogram grouping proccdure are the
catagorical distribution of types of commercial establishments in the towns of these two
islands. Establishments arc classificd by thc type of good or scrvice provided, where
according to the theory of central place structures a greater variety ol goods and services
should be provided by higher level central places than by lower Icvel central places. In
addition to type of good or service, four functional classes arc provided: production,
wholesalc, retail, and scrvices. Thce main dendogram analysis is performed on the
categories provided by cross-classification on [unctional class and type ol good or scrvicc.
Additional information on the in{luence of the two different classification schemes is
provided by performing dendogram analyses on the basis ol thc two classifications

applicd indcpendently. Where the activitics of a [irm take placc at scveral sites, cach site

101. Such a bias may be permissible under the assumption of homogeneous membership classes, since
the distinctive features of homogeneous entities may be presumed to be the result of measurement error and
stochastic disturbances.
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is considcred to be an establishment; and when activitics in morc than one category occur
at a given establishment, it is counted as a member ol each applicable category.

Under the theory central place structures prescnted in Chapter 5, any categorical
distribution that represents the variety of establishments in the towns of these islands
would serve as an indicator of level in thc hierarchy of central placc structures.
Functional classes have been selected as the one basis for categorization to focus attention
upon specific aspects of this theory. In the theory of central place hierarchies, wholesalc
services are anticipated to be more prevalent at higher levels in the hicrarchy; therefore
wholesale and retail sales are distinguished as distinct functions. Services cannot be
produccd at a central place and distributed through wholesale and retail channels, so the
distribution of services is an important indicator of thc elfcctive population of residents
and regular visitors. Some establishments producc the goods they sell, where production
refers (o a material transformation of a good'™ being sold, so that production is
included to complete the [unctional classification. The production category is of
theoretical significancc when it is combined with type ol good produced, since according
to the theory of central placc structures, the varicty of goods produced should be greater
at higher levels in the hierarchy.

The classilication by type of good or scrvice, presented in Table 5, is specilied to
focus attention upon characteristics of the specific central place hicrarchics described in

Chapter 7. The theory of ccntral place structures predicts that thcre may be scvcral

102. For example, retailers who bag or bottle bulk commoditics are not considered prodcuers unless
dilferent ingredients are combined prior 1o bagging or bottling.

264



Table 5 Categories [or the classification ol privatc [acilities located in towns of St.
Vincent and Grenada.

Code Type of Facility

GEN General

AGR Agricultural

AUT Automobile and Motorcycle
CLO Clothing and apparel
COM Commcrcial and Busincss
CON Construction

E&E Elcctrical and Electronic
FIN  Financial

F&D Food and Drink

LEG Legal

MAR Marine

MED Medical

Code Function of Facility

WHO Wholesalc
RET Retail
SER Secrvice
PRO Produccr

locations in a central place structure that arc suitable focal points [or the emcrgence of
a central place, and some of the categorics in this classilication address potential [ocal
points in the context of thesc small islands. A suitablc harbor or anchorage has bccn‘
historically important as a transportation [actor, and rcmains an important detcrminant of
the residence ol {ishermen, so that marine goods and scrvices arc singled out for attention.
Most residents rely on foot and private motor transport (opcrated individually or [or hire),

the terminal points of the main road network and interscctions with important sccondary
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roads are important [ocal points, so that automotive and motorcycle goods and services
are singled out as a catcgory.

Accessibility to rural producers does not definc focal points, duc to the dispcrsed
character of agricultural settlcments, yct it is an important {actor in providing the regular
visiting population of a small town. Thc importancc is both in tcrms of providing a
visting population of customers and in tcrms ol opportunities to process or market their
produce.  Agricultural goods and services are therclore singled out as a catcgory.
Similarly, accessibility to customers {or commecrcial goods and services does not provide
a focal point for establishment of a scttlcment as a market town, as it is establishment as
a market town that scrves to concentrate commecrcial activity at a location. The provision
of commercial and business goods and scrvices in a small town is, therefore, singled out
as a potential indicator of the lcvel of a small town in a central place hierarchy.

The frequency of intcractions with an individual customer may vary by type of
good, and in the theory ol central placc hicrarchics this is an important factor
distinguishing lower level {rom uppcr Icvel intcractions. In convcersations with residents
of both islands, daily and weekly food purchase were commonly reported (depending on
the foodstuff) and wcre reported to reprcsent a important sharc of individual expenditure,
so food and beverages are singled out as a category. Clothing was commonly reported
to be purchascd oncc a month or Icss, but was also rcported to represent an important
sharc of individual cxpenditure, so clothing is singled out as a category. Thc category
of elcctrical and clectronic cquipment was singled out on the grounds that it likcly

represcnts Icss frequent purchascs than clothing -- this is, howcver, only an assumption,
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as information regarding thc [requency ol such purchases was not included in discussion
with residents ol these islands. Finally, construction goods and scrvicces is singled out as
a category involving major, and typically inlrequent, cxpenditures, but also a category
where establishments in small towns posscss advantages over morc distant [irms in the
capital town, due to lower stockpiling and transportation costs, and thc grcatcr sccurity
of a construction site against pilferage when laborers [rom the vicinity arc cmployed on

the site.

The categorical distributions of [acilities werc tabulatcd on the basis ol obervations
madc in the small towns ol the two island and data [rom thc Ycllow Pages dircctories
from each island for 1991-92. Tabulations wcre compiled {or the locations indicated in
Tablc 6, which also indicates the two letter location codes that shall be employed in
presenting the dendogram groupings below. In addition to the small market towns,
tabulations were compiled for the capital towns of thc two islands, the suburban areas
surrounding the capital towns, and for the small island depcndencics of Grenada and St.
Vincent. The small islands are presented in three groups: Carriacou and Petit Martinique;
thc remaining Southern Grenadine islands of Union Island, Mayrcau and Canouan; and
thc Northern Grenadine islands of Bequia, Mustique, and Pctit Mustique. The first of
thesc are dependencics of Grenada, while the other two groups arc dependencies of St
Vincent.

Originally this classilication was completed with two catcgorics: prolcssional
services, and general (i.c. any other) goods and services. Howcver, while classifying the

establishments, it became clear that the dominant profcssional scrvices were financial,
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Table 6 Locations to be Groupcd by Dcndogram Analysis, with their identifying

codes.
St. Vincent Grenada
Code Location Code Location
Capitals
KT  Kingstown GT St George’s
KS " suburbs GS " suburbs
Lceward Sides
LA Layou GO  Goyuave
BA  Barroullie VI Victoria
CH  Chatcaubelair SA  Sauteurs’
Windward Sides
ME  Mesopotamia SD St David’s
CW  Central Windwards? GR  Grenville
GE  Georgetown
Grenadine Islands®
NG  Northern Grenadines CA  Carriacou

SG Southern Grenadincs

Notcs

1. As Sauteurs is at the north of Grenada, at the northern end of both the I.eeward and
Windward main roads, it may be considered as located on either side.
2. This is an area of the island of St. Vincent which contains some central place facilities,

but where no small town is located.

3. The individual islands in these groups arc indicated in the texi.
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103

legal, and medical scrvices. Thesc were therclore singled out™ as three additional

types of goods and services (although predomincntly scrvices) and any remaining
professional services relegated to the gencral scrvices category.

In this grouping analysis, thc towns of the two islands arc considercd together.
As discussed above, it is important that the two grouping analyscs usc distinct methods
and evidence in order to provide cvidence on the robustness ol the grouping. Therefore,
while the heuristic grouping focuscd upon thc small towns in the context of their
hinterlands and the island transportation network, the dendogram analysis includes the
capital towns of Kingstown, St. Vincent, and St. George’s, Grenada, and the suburban
arcas around Kingstown and St. George’s. Also included are the Grenadines, the small
islands betwecn Grenada and St. Vincent (sec Figure 10): Carriacou and Petit Martiniquc,
thc southernmost of the Grenadines, arc dependencics of Grenada; their ncighboring
islands, including Union Island, Mayrcau, and Canouan, dependencics ol St. Vincent, are
grouped as the Southern Grenadincs, and the Grenadines closcst (o St. Vincent, including
Mustique and Bequia, are groupcd together as the Northern Grenadines. Pcrforming the
grouping analysis on towns and small islands {rom both islands provides a contrast to the
hueristic grouping of these towns in their geographic context. It also provides cvidence
whcther towns occuping comparable Icvcls of their island’s central place hierarchy cxhibit

the anticipated structural similaritics.

103. This reclassification was performed prior to the dendogram analysis, which avoids the statistically
suspect practice of modilying categories in the course of a grouping analysis.

269



1
|

GUADELOUPE

DOMINICA

ibbean

Car

MARTINIQUE

)

GRENADA o

WINDWARD ISLANDS

of the

1nes.

or Islands of the Grenadi

3]

M

10

igure

F

270




In compiling the categorical distribvutions, cach cntry in the Ycllow Pages (or the
two islands was classificd by function class and typc ol good or scrvice; cach busincss
was counted once for each unique combination of function and type ol good or scrvice
that it was recorded as providing. Secparatc dendogram analysis was performed [or
distributions ol function of ccntral place activity, with no distinction bctween types of
activity, and distributions of types of central placc activity, with no distinction bctween
functions of central placc activity.

Figure 11 displays the results of the dendogram analysis for the towns of Grenada
and St. Vincent compared on the basis of function and type ol good or service. This
dendogram grouping provides support for scveral aspects ol the heuristic grouping
performed above. The strongest support for the heuristic grouping is the way that the
small market towns cnter into the grouping. The capital towns and the suburbs of the
capital towns arc cach paired together. Grenville, the largest of the small towns, is paired
with the capital towns, and this group is paired with thc Northern Grenadines. The
Northern Grenadines arc dominated by Bcquia, which is thc largest island in the
Grenadines, providing support for the thcory that the emergence of the small market
towns is duc to their relative isolation {rom the capital town. This grouping adds
Georgetown, the Central Windward arca and then the pair which contains Sautcurs and
Mesopotamia, the largest of the satellite towns. In considering the pairing of Sauteurs
and Mesopotamia it appears that in a grouping which isolates distribution of ccntral place
facilitics from size of central placc Mesopotamia qualifies as a small markct town,

although in the heuristic grouping Mcsopotamia was considered to be a satcllitc town.
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0.065
GT -+ 0.110
KT -+--+ 0.207
GR ————+—-——+ 0.264
NG ———————- +———+ 0.355

Figure 11 Dcndogram Analysis by typc and [unction of central place service for the
towns and small islands ol St. Vincent and Grenada.

Chatcaubeclair, the smallest of the markct towns, is grouped together with Layou.
This provides an interesting contrast with Mesopotamia and highlights what was treated
as an auxilliary factor in the heuristic grouping. Sautcurs has a roughly clliptical markct
arca of about seven by [ive milcs, whilc Mcsopotamia and Chatcaubelair both have
roughly circular hinterlands about threc milcs in diamcter. Howcver Mesopotamia’s
hinterland is the Marriaqua valley, and the Marriaqua ccnsus district had a population of
8,843 in 1991, while thc Chateaubelair ccnsus district had a population of 6,056. The

Marriaqua census district excrienced a 5.97% incrcasc in population in thc 1980s, while
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Chatcaubelair expericnced a 1.72% decline. (Statistical Office, Ministry ol Finance and
Planning, 1991) In addition, as of 1986, in the Marriaqua arca 2235 acrcs (96% ol the
total arca) was in cultivation, with 66% of this in banana, St. Vincent’s main cxport crop.
In Chateaubelair, 1931 acrcs werce in cultivation (67% of the total arca), with only 22%
of this in banana. Based on this evidencc, the case of Chateaubelair may indicate that,
as the theory ol central place structures would predict, rclative isolation of a central place
is insulficient to promote a diversity of central placc [acilitites il the hinterland of the
central place lacks adaquatc population and income to support this diversity.

The six remaining locations form two groups ol thrce. Barroullic and the Southern
Grenadincs form a pair, which at a later stage add Victoria. Goyuavc and Carriacou form
a pair, which at a later stagc add St. David’s. The dendogram illustrates that these
locations, together with Chateaubelair and Layou, arc not only distinct [rom the central
placc locations; they arc also distinct from cach other. That they arc distinct from each
other is indicated by the [act that these thrce groups do not pair with cach other, but arc
individually paired with the group of central place locations. That they arc distinct [rom
the central place locations is clcarly indicated by the [act that thesc pairings arc the three
final pairings in the dendogram.

Additional information is provided by the dendograms bascd on the distributions
of cither central place functions or type of central placc scrvice alonc. First consider the
dendogram based upon the distribution ol central place [unction, rclcrred to below as the
service [unction dendogram (see Figure 12). In this grouping, the Ccntral Windwards and

the pair of Carriacou and Victoria arc outliers. Goyuave is joincd with thc suburbs of
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Figure 12 Dendogram analysis by ccntral place function of the towns of St. Vincent and
Grenada.

Kingstown, this pair is joincd with the suburbs of St. George’s, and this group is joined
with the pair of Chateaubclair and Layou. From this it would appear that the similarity
of Chateaubclair and Layou is based upon the types ol scrvices oflcred. It also appcars
that in terms of types of services offercd, concentrated scttlcments arc similar to the
suburbs of the capital towns, which is consistent with a role as transport nodc.
Kingstown is paired with thc Northern Grenadines, which is then joined by
Grenville, Sauteurs, and St. Georges. This forms a relatively compact group, with only

individual pairings having lower proportional reduction ol information indices. This core
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includes the capital towns, thc two largest small markct towns, and the largest ol the
Grenadine islands, so that grouping by [unction appears to be a good detector of market
town status. To this group is added the group with St. David’s and the pair of
Georgetown and the Southern Grenadines. Finally, Mesopotamia and Barroullic enter this
group as outlicrs.

Now, turn to the dendogram based upon the distribution of types ol central placce
scrvices, referrcd 1o below as the type ol service dendogram (scc Figure 13). Instcad of
a division into a few major groups, this decndogram is madc up ol six groups, three of
them pairings, which then pair sequentially to form the [inal dendogram. The first group
begins with the pairing of Kingstown and St. George’s, which then add Grenville and
Sautcurs. The second group begins with the pairing of the suburbs of the capital towns,
which then adds the Northern Grenadines and Layou. The third, [ourth and [ilth groups
are the pairings of Mesopotamia and the Southern Grenadines, Goyuave and Carriacou,
and Georgetown and Chatcaubclair, with St David’s as an outlicr. The sixth group begins
with Victoria and the Central Windward and adds Barroullie.

The division betwecn market towns and pcriphcral towns which appears in the
service [unction dendogram, together with the variety of groups undcr the type ol service
dendogram, hclps to clarily some charactcristics of thc main dendogram grouping. The
first is the place ol Chatcaubelair, which according to the hcurnstic grouping should
exhibit characteristics of small market towns. The sccond arc the groupings of the
concentrated settlements, which in the main dendogram grouping arc scaticred among

outlicr groups rather than forming a coherent group of their own.
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Figure 13 Dendogram analysis by type ol central place service of the towns of St.

Vincent and Grenada.

In the main dendogram grouping heuristic Chatcaubelair is paired with the

concentrated scttlement ol Layou rather than with thc small market towns. The paring

in the main dendogram grouping is not repeated establishments are classilied by type of

good or service alone; in this case, Chateaubclair is paircd with Georgetown, forming a

pair of market towns with hinterlands of similar sizc. With the towns grouped by

functional class alonc, the pairing of Layou and Chatcaubelair is repcated, and in this case

the pairing falls into the group of peripheral towns rather than the group of market towns.

In the dendogram based upon functional classes alone, Georgetown is a member of the
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first group to be paired with the small market town group, rcinforcing the conclusion that
it is disimilarity in the distribution of cstablishments by [unctional class that prevents
Chatcaubelair from becing grouped with the small market towns.

The concentrated scttlements do not fall into a clearly delincd group. In the main
dendogram, Barroullie and Victoria arc associated with the Southern Grenadinces, Goyuave
is associatcd with Carriacou and St. David, and Layou is associated with Chatcaubclair.
Grouped by type of central place service, Layou is associated with thc Northern
Grenadines and the suburbs of the capital towns, Goyuave with the island of Carriacou,
and Barroullie with the pair of Victoria and the Central Windwards. Grouped by the four
functional classes, Goyuave is a corc member and the Layou an outlying member of the
peripheral town group, Barroullie is an outlier of thc small markct town group, and
Victoria, paired with Cariacou, is in the furthest outlicr in the grouping. In both the main
dendogram grouping, and the grouping by typc of good or service alone, the concentrated
settlements enter the group containing the small market towns in the order of Layou,
Goyuave, and a group containing Barroullie and Victoria. Thce distribution of types
central place services seems to dominate the main dendogram grouping of the
concentrated scttlements, but this is not masking any underlying similarity in terms of
functional classes, as shown by their dispersion among the groups ol the function class

dendogram.
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Conclusions

The primary conclusion ol this chapter is that the small towns ol thcse islands may
be divided into small market towns and periphcral towns, so that the rural arcas of these
islands may be implicitly divided betwcen arcas that arc simply the outer periphery ol the
capital towns, and arcas that are also the hintcrland of small market towns. This is
critical for the estimation ol the cxtended input-output model upon which the main
conclusions of this disscrtation arc based.

However, an additional general conclusion which may be drawn, which shall be
discusscd first, is that the evidence drawn (rom the dendogram groupings of these small
towns is consistent with the thcory of central place structurcs and provides additional
support for the application of the theory in this context. This general conclusion is drawn
on the basis of three specilic conclusions. The first of these is that, while the location
of the central place within a central placc structure may be the result of a varicty of
individual circumstances, the central placc plays a rcgular, systcmatic role in the central
place structure. Second, it is the central placc / hinterland rclationship which is critical
in determining the central placc characteristics ol a placc. Finally, the inner peripheries
of central places are distinct f[rom both the central places and the outer peripherics of their
central place structures.

The regular, systematic rolc played by the central placc is shown most clearly by
thc way in which the ccntral places of the threce largest central place structures,
Kingstown, St. George’s, and Grenville, form the cores ol clcar and coherent market town

groups in all dendogram groupings, whcther based on distributions ol types ol central
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place activity, [unctions of ccntral placc activity, or both. The scrvice [unctions
performed by central places ought to be morc regular than the typcs ol scrvices provided,
given the dilferences in types of scrvices demanded by hinterland residents.  These
diflcrences result from the naturc ol the agricultural commodities produced, road
conditions, access to the capital towns, or incomc distribution. In the casc at hand,
grouping by [unction of ccntral placc activity leads to a group that includes all of the
small market towns cxcept for Chateaubclair, and two ol the three small island locations,
but omitting all concentrated settlements and both capital suburb arcas. The dendogram
analysis provides evidence that ccntral places at both the small market town and market
town lcvcls in Grenada and St. Vincent play .a rcgular, systematic rolc in their central
place structures.

The importance ol the central place / hinterland relationship in detcrmining the
central place characteristics ol a place may bc seen in three fcatures of the dendogram
analysis. The first is thc weaker association with the markct town group ol the small
market towns with relatively smaller hintcrlands. The sccond is the closer association of
the market towns with the Central Windward area of St. Vincent, an area with no town
but an integrated road network, than with thc concentrated settlements, including some
of the larger towns ol the islands. The third is the lack of any cohcrent group among the
concentratcd settlements, which have a transportation nodc relationship to their hinterlands
rather than a markct town relationship.

The distinctiveness ol the inner periphery relative to their central placc is cvident

in the grouping by service [unction, wherc the suburbs ol Kingstown and St. George’s
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form the core ol a distinctive pcripheral towns group, including sevcral concentrated
scitlements, when grouped by service function. The distinctivencss ol the inncr periphery
relative to the rest of the hinterland is evident in the groupings with type of scrvice
included, in which the suburbs of thc capital towns are closcly associated with the capital
towns, and not to any of thc concentrated scttlements.

Clcarly, not all small towns in St. Vincent and Grenada qualify as small market
towns. Therefore, since this conclusion is drawn [rom structural evidence, small markect
towns have distinctive structures and, by implication under Living Systcms thcory, scrve
as the locations [or distinctive processcs. Rclative to other rural central places, small
market towns have some dcgrce of structural similarity to capital towns. And the
structurcs of small market towns tend to be morc complex than the structurcs of other
rural central places. All of these arc characteristics that should be possessed by places
that serve the roles in agricultural devclopment requircd for Johnson’s markct town
development strategy. Although process observations are rcquircd to determince whether
any or all of these small markct towns alrcady support the development processes that
have been identified, on the basis of the structural observations the small market towns
of thesc islands arc plausible candidate locations [or these processcs.

Identilying towns that presently qualily as small markct towns implictly groups
the rcmaining towns into what may be relcrred to as the peripheral towns. Somec of the
peripheral towns might conccivably be promoted to the status of small market towns but,
faced with evidcnce that a town such as Chatcaubelair has a hintcrland near to or bclow

the minimum required to play the role of small market town, not all of these small towns
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can qualify as small markect towns. Grouping thc towns into periphcral towns and small
market towns is implicitly a division of the countrysidc bctween the arca that is simply
thc outer periphery of thc capital town and arcas which arc also hintcrlands of small
market towns and thc outer periphery of a capital town. Idcntification ol thosc pcripheral
towns which may bc promotcd to central placc status is also implicitly an idcntification
of arcas in the countrysidc which may beccome the hinterlands of small market arcas,
though the identilication of potential hintcrlands is clearly morc spcculative than the
identification of present hintcrlands.

Grenville and Sauteurs appcar to qualily as small markct towns; St. David’s,
Goyuave, and Victoria do not. This classification of rural towns implicitly dividcs the
rural areas of Grenada betwcen the small market town hintcrlands in the north and the
east of the island -- the parishcs ol St. Andrew and St. Patrick -- and the pcripheral arcas
in thc south and west of the island -- the parishes of St. David, St. John, and St. Mark.
If Goyuave is promotcd to the status of small market town, its hintcrland would includc
both St. John and St. Mark, and Victoria would rcmain a periphceral town. If St. David
were promoted to the status of small market town, its hinterland would include eastern
St. David and might extend [rom central St. David to southern St. Andrew. St George’s
and westcrn St. David’s compriscs the capital town and its suburbs.

The division of St. Vincent is lcss clcar. Layou and Barroullic are clcarly
peripheral towns. However, while thcre arc grounds for classilying Mesopotamia,
Georgetown, and Chateaubelair as small markct towns, nonc qualily as clearly as

Grenville and Sauteurs. In the dendogram analysis, Chateaubclair was closcly associated
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with the peripheral town of Layou, while Mcsopotamia and Georgetown were at lcast
loosely associated with the small market towns, so that I placc Mesopotamia and
Gcorgetown in the small market town group and Chateaubelair in the periphcral group
with Layou and Barroullic.

This grouping places the inland Marriaqua, northern Georgetown, and Sandy Bay
districts in the cast in the small town hintcrlands. The Bridgetown and Colonarie districts
in the cast and Layou, Barroullie, and Chatcaubelair districts in thc west would then be
peripheral rural areas, and the Kingstown, Kimngstown suburbs, and Calliaqua districts
comprise the capital town and its suburbs. On the Lecward sidc ol St. Vincent, Layou
appears to be too convenicnt to the capital to bc promoted to a small market town, and
Chateaubelair already has as large a hinterland as it is going to, which leaves Barroullie
as thc most promising target (or promotion to small market town status. There is no town
on the Windward coast between the Calliaqua district and Gcorgetown, and the
Bridgetown and Colonarie districts cannot be served ellcctively [rom either Mcsopotamia
or Georgetown, so pursuit of a small town rural dcvclopment stratcgy would require
cstablishing a town in this arca. The most promising locations [or scrving these districts
would appcar to be on the Windward main road, north of the tcrminus of the Vigic
highway.

In the context of St. Vincent and Grenada a small market town stratcgy may be
pursued on the basis of small markct towns which alrcady exist: Grenville and Sautcurs
in Grenada, Mesopotamia and Georgetown in St. Vincent. However, by itscll, this lcaves

a substantial sharc of residents of the Grenadian countryside, and a majority of residents
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of the Vincentian countryside, outsidc of the hintcrlands of small markct towns and hence
beyond the influence of the small markct town policy. To expand coverage to most of
the rural residents ol both islands seems to rcquire promotion of at lcast [our ncw market
towns, two on cach island. Much of this coverage could be attainced il the towns of
Goyuave and St. David, in Grenada, and Barroullic, in St. Vincent, can be promoted to
small market town status; only in thc central Windward arca of St. Vincent would a town
need to be established to serve as a markct town.

This leaves thrce basic questions to be addressed. The [irst question is how the
promotion of small market towns is to be achieved. Clcarly, as with any structural
reform, an important part of this question can only bc addressed as a part of the actual
process of gaining support for and implecmenting the reform. Howecver, policy options
may be suggcested which, on the basis of the available cvidence, scem likely to have the
desired eflect.

The second question is the cost of this strategy. This question is addressed to a
limited extent in the discussion of specilic market town promotion policies. However,
for thc most part this question is not addressed: I argue that it is prematurc to attcmpt to
cost out the market town development strategy while still attempting to cstablish whether
the approach is feasible in this context, the rangc of benclits which may be cxpected {rom
the strategy, and the specilic policies required to pursue the strategy. Indecd, prior to the
spccification of a range ol spccific policy options in pursuit of the stratcgy, therc would
appear to be nothing concrete upon which to perform a cost analysis. Thc question of

cost must be addressed prior to any concrete implemcntation of the small market town

283



stratcgy, so that the [act this question is not addressed in this disscrtation is an indication
of an essential direction for furthcr work.

The final question to be considered is the benclit which may be expccted {rom
pursuit of this policy. Arc the benefits of a small markcet town strategy limited to the role
in agrarian development which Johnson focuses on? Or arc the bencfits more wide-
reaching, as the nearly universal historical association between a well-developed market
town nctwork and success(ul industrial development would secm to suggest? It is beyond
the scope of this study to attempt a dircct examination ol the benclits of this strategy [or
agrarian or industrial devclopment. Undcr thc mcthodology which has been adopted, the
static, structural evidence and modcl ol this work is a suitable first stcp, but is unsuited
to providing direct evidence rcgarding dynamic, historical processcs of development. The
evidence in this chapter that these small markct towns arc plausiblc locations {or thcse
locations is the extent to which structural observation can indicate the potential for
success of thc development processcs that Johnson’s market town dcvelopment strategy
seeks to promote.

However, while Johnson does not discuss the direct cllccts ol the structural
reforms that he proposes, some elfcct must be anticipated. The structural dillerences
between small town central place structurcs and periphcral arcas may cithcer augment or
diminish the dynamic bencfits noted by Johnson. Structural dilfcrences between the two
types of areas may bc modclled on the basis of structural cvidence. Such a model may
be used to predict the consequence ol replacing onc type ol structurc with another, which

is the task taken up in thc next chapter. This structural modclling relies upon the spatial
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division of the island cconomics which has been developed here, and may therclor be

scen as an extension of the analysis of this chaptcr.
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Chapter 9: Estimating Input-Output Models

of Grenada and St. Vincent

In this chapter, [ employ maximum entropy estimation to cstimate intcr-regional
Input-Output (I-O) distributions [or Grenada and St. Vincent. The introduction of the I-O
model in Chapter 5 focuscd upon its usclulness as a specilic expression of the theory of
central place structurces, rather than on the usc of the I-O distribution in a multiplier
model. This chapter, therefore, begins with a discussion of multiplier models, culminating
with a summary ol the Input-Output multiplicr model that [ am cmploying. I then discuss
the information base that I rely upon in developing the maximum cntropy cstimatc.
Following this is the most relevant of the results of the estimation of the Input-Output
model, an cstimation of the incomc clfccts of a structural transformation [rom rural
scttlcment arcas to small market town arcas in Grenada and St. Vincent. [ conclude by
discussing thc implications of thesc results for thc small market town development

strategy proposed by E.A.J. Johnson.

Multiplier Models

The simplest possible multiplier modcl is a proportional multiplier, in which an
aggrcgate is divided into two categorics, with the total in onc category dctermined
independently and the proportional distribution of the two categorics assumed to be

constant. An example of such a modcl can be developed as a simplilication of John
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Maynard Keynes’ model used to determinc cflcctive aggregatc demand, presented in his
classic The General Theory of Employment, Interest and Money (1936, pp. 23-34). In the
General Theory, Keynes divided aggregate expenditures, denoted D, between expenditure
on consumption and expenditure on new investment, denoted D, and D, respectively. Of
course, aggregate cxpenditurc will be thc samc as aggrcgate incomc, which may be
denoted Y. Hc argucd that investment spending would be dctermined independently of
current income, whilc consumption spending would bc determined by the level of
eflective demand, according what he termed the propensity to consume ol the community
in question.

Keynes argucd that propensity to consumc is a relatively stable relationship. If
we simplify this relationship to a constant share of income devoted 10 consumption, we
arrive at the proportional multiplier model. Denoting this sharc ol incomc dcvoted to
consumption spending as ¢, we have the rclationships:

D, =cY

Y=D=D, +D,,
so that aggregate income may be described in terms of the propensity to consume, ¢, and
aggregate investment spending, D,:

Y = [1c]' D,

The bracketed tcrm, the inverse of the complement of the propensity to consume, is
referred to as a multiplier, since the changc in aggregatc incomc duc to a change in
investment spending, under thc modcl assumptions, will be the multiplicr times the

change in investment spending.
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This multiplicr modcl might be scen as a maximum cntropy cstimate of a change
in aggregate income when there is no inlormation available other than the change in
investment spending, the original proportional distribution ol investment and consumption
spending, and the surrogate catcgorical information provided by the General Theory.
Given the basic General Theory modcl, we might hope to improve upon the specific
model given above by providing additional information regarding the rclationship between
consumption and income. This additional inlormation might glcancd from diachronic
observations of the rclationship betwcen changes in incomc and changes in consumption
spending; or from synchronic obscrvations of the rclationship between diflcrent sources
of income and different typcs of consumption spending; or from a combination of both.

Onc example of the usc of diachronic observations in elaborating a multiplier
model determines the change in consumption spending as a fixed proportion ol the change
in income. The change in consumption rclative to a changce in incomce is the marginal
propensity to consume -- in contrast to thc rclationship bascd upon proportional
distribution, which is the average propensity to consume. In this simplest marginal
multiplier model, the marginal propensily to consumc is sulficicntly stable to bc assumed
constant over the prospective changes in qucstion, so that the relationship between income
and consumption spending is estimated as:

c=(C-ONY’-Y),
and the model is in terms of marginal valucs:

dY = [1-c] - dD, .
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I shall refer to multipliers based on relationships between marginal valucs as differential
multipliers.

If the average propensity to consume is regularly greater than or smallcr than the
marginal propensity to consume, a proportional multiplicr will provide a biased cstimate
of the differential multiplier impact ol a change in investment spending. I[ average
propensity to consume is regularly grcater than marginal propensity to consumc, the
proportional multiplier will be an overestimate of the differcntial multiplier. This
potential bias is rclevant here since multiplier models bascd upon synchronic information
alonc -- no matter how detailed -- provide proportional multiplicrs, while the surrogatc
information that we most oftcn wish a multiplicr modecl to provide is the change in some
determinate value of interest.

The obscrvations on which multiplicr models may be bascd arc not restricted to
monetary values. In an Export Base modcl, total employment (denoted N) is allocated
between export base employment, provided by exports of goods and services by a
community (dcnoted N) and local base employment gencrated by local demand for goods
and scrvices (denotcd N;). In the Export Base modcl it is assumcd that an increase in
export basc employment will lead to a proportionate incrcasc in local basc cmployment,
so that the export basc multiplier will be given by:

dN = (N/Ng) " dN; .

The isomorphism with the proportional multiplier modcl prescnted above is dircct, as is
clear when the share of local base employment, denoted L, is given as:

L = NI/N 5
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and the export base multiplicr model is rewritlen as:

dN = (1-L)" - dN .

It can be seen that the detcrminant in the Export Basc model is not investment but
exports. The primary advantage of the export base modcl is as a multiplicr model for
local communities when obscrvations on cmployment by industry is available, but
observations on aggregate spcnding and incomc arc not, and for such communitics cxports
of goods and services are thc primary exogenous source of income. It is important that
observations be available on employment by industry, sincc the process ol allocating
employment between cxport basc and local employment includes categorical information
on which industries serve primarily cxport markets, and which scrve primarily local
markets.'*

The Input-Output model is a multiplier modcl relying on far more detailed
synchronic observations than the Export Basc model. This modcl is based upon input-
output transactions ol industries, which includes not only the cxpcnditures that go into
final demand, but also cxpenditures by one industry on the inputs it rcquires from another,
and on the factor services that provide individuals with wage, prolit, rents, and intercst
income. Input-output transactions arc organizcd into a system of input-output accounts,
wherc the rows represent the distribution ol the gross output ol an industry (or factor

service, such as labor) and the columns rcpresent the gross outlays by industries (or type

104. The export base model suffers from the bias noted above of proportional multipliers used 1o
estimate a differential impact. It also suffers [rom a bias due to an implicit assumption that export base and
local employment enjoy equal incomes per worker. Ilowever, in cases where export base employment is
better paid than local base employment, the two biascs arc offsetting, since the [former resulls in an
overestimate of impact, while the laticr results in an undercstimate.
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of (inal demand, such as consumption spcnding). Thus, an cntry in thc input-output
accounts represents thc outlay from the industry ol that column on the output of the
industry of that row. (Richardson, 1972, pp. 14-20)

As with other multiplier modcls, one basic component of the Input-Output
multiplicr model is the assumption of a stablc relationship among cxpcenditures. In this
case, il the distribution of additional expenditurcs by the ith industry is proportional to
the industry’s current distribution of expenditures (denoted X;), where this includes
expenditures on the output of industries (denoted X;) and {inal demand for the output of
the industry (denoted Y;), we represent the proportional distribution of output from the
ith industry to the jth industry as a direct input coefficient:

aij = Xij / Xi
and the distribution of changes in gross output among n industrics and final demand
provides the following relationship between gross output and [inal demand:

dX, - a;,dX, - a,,dX, - ... 3, dX, = dY; .

It is this assumption ol a stablc relationship betwcen expenditures that the living
systems model ol the economy to serve as a {oundation [or Input-Output modelling. As
defined in Chapter 2, an economy is both the matcrial processing subsystem of a society -
- one type of living system -- and a living systcm in its own right. One characteristic of
a living system is scl{-maintcnancc of system identity. The salc of various [orms of
ownership rights is a central clement ol thc information processing subsystem ol the
cconomy, and the transactions recorded in an Input-Output distribution arc the transactions

that directly regulate material throughput in the economy. Stable input-output relations
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arc thercfore a prediction ol Living Systcms theory. Input-output modclling scrves as a
first-order approximation based upon this of this prediction, in which input-output
relations are held constant.

With the direct input coefficicnts ol the # industrics organized into a matrix A, and
the gross output and final demand of the n industries organized into column vectors X
and Y, this condition for all n industries may be written:

X-AX=Y.

With the identity matrix I, dclincd as:

i = 1if i=j, O otherwisc,
this may be written:

TAX=Y
so that final demand determines gross output by:

X=(IA)'Y.

If we denote this inversc matrix B (that is, B = (I-A)"), then each cocfficient b;; cstimates
the direct and indirect requircments of the ith industry to satisly one unit of final demand
in the jth industry. (Richardson, 1972, pp. 26-30)

There are a variety of multipliers that may be dctcrmined on the basis of input-
output accounts. Thc matrix B may be scen as a matrix of multipliers, estimating the
direct and indirect effects ol a changc in [inal demand [or an industry: that is, the cffect
due to the purchases of inputs by that industry, and thc cllccts duc to the resulting

increase in output by thc supplying industries. The information in the input-output
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account regarding the valuc added by households in cach industry (denoted H)) can given
as an input coefficient:

h =H/X.
This gives the fraction of an increasc in [inal demand for an industry’s output reccived
dircctly as houschold income, which is known as thc direct incomc cffcct.  An incrcase
in [inal demand will result in increascd demand in supplying industries, which rcsult in
an additional incrcasc in houschold income, which is known as the indirect income cffect.
The type I income multiplicr is the direct and indirect income cffcct of an unit increase
in final demand cxpressed as a multiple of the direct income cllcct of the increase. The
sum of the direct and indircct income changes [or the jth industry cxpressed in monetary
terms, which I will refer to as the Type I income impact, is the dot product of the vector
of household input coelficicnts and jth column of the inverse matrix B:

(Type I Income Impact), = hB; .
Therefore, the Type I income multiplicr is the ratio of the type I incomc impact and the
direct income effect as measured by the jth houschold input coclficient:

(Type I Income Multiplier), = hBy/h; .

The Type I incomc multiplier includcs the type I income multiplier elfcct, as well
as thc induced incomc change, in which the increasc in houschold incomc Icads to an
increasc in [inal demand. This is estimated by trcating houschold consumption as an

additional industry expenditurc column and houschold valuc as an additional industry
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output row in an expended industry matrix (herc denoted A’), providing an expanded
inversec matrix, B’:

B’ = (I-A?)’
for the n’ scctors (n industrics and 1 houschold scctor). The dircet, indirect, and induced
incomc effect, or type Il income impact, ol a unit change in final demand for the jth
industry is b’

As described in Chapter 5, the Input-Output modcl uscd in this disscrtation is
adapted from the intcrregional input-output model, in which industries are distinguished
both by product type and by the type of region in which they are located. Three types
of regions are distinguished for cach island-state, as identificd by the dendogram analysis
of Chapter 8: the capital town rcgions, consisting of the capital towns of the islands and
their immediate hinterland; the market town rcgions, consisting of small market towns and
their hinterlands, as well as the small island dcpendencics; and the rural settlement
regions, consisting of the remaining rural towns and hinterland. International tradc is the
kecy dcterminate of national income for small, extremely open cconomics such as these,
and the division of value addcd and [inal demand is reduccd to a single distinction
between local value added and domestic production on the onc hand, and international
imports and exports on the other.

The kcy question to be addressed by the results ol the Input-Output model is the
character of any structural dillcrences between small market town areas and rural

scttlcment arcas in thcse cconomics. Do these structural diflcrences appear (o
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complement and rcinforcc thc dynamic advantages of small market town areas as

identificd by E. A. J. Johnson, or do thcy appcar to offsct thesc dynamic advantages?

Direct Estimation of Input-Output Distributions

It is prcfcrable to basc an Input-Output modcl on a sct of input-output accounts
developed from an exhaustive survey of the enterpriscs and other organizations that make
up thc industrics in an cconomy. Howecver, when modclling regional cconomics, or the
cconomics of developing nations, existing input-output accounts may not be available, and
direct observation of input-output accounts may notbec [casible. (Richardson, 1972, p. 17;
Bulmcr-Thomas, 1986, pp. 113-4) A dircct estimate of the input-output distribution may
be obtained by determining the distribution consistent with available information that
posscsscs the maximum possiblc statistical entropy. As discusscd in Chaptcer 4, imputing
information that is not actually present is unavoidable when estimating: sclection ol the
Maximum Entropy distribution is an cffort 1o imputc as littlc systcmatic information as
feasible.

The quality of the resulting cstimate will, thercfore, depend on the quality of the
available information. Wherc a substantial information basc is available, this might
approach the quality of the actual input-output accounts; whereas on a meager information
basc it might amount to little morc than a sophisticated version of the Export-Base model.
The casc at hand tends more toward the latter than the [ormer. A primary limitation is
the need to rely on inlormation that is availablc on a comparablc basis [or both Grenada

and St. Vincent, which restricts the current information base to categorical information
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which could be directly obscrved in Grenada and St. Vincent, to national income account
and trade information made available by thc World Bank, and to publishcd Census
information {rom the 1980 Census of thc Commonwealth Caribbcan. Evcn on this
information there is a discrcpancy, as the Census {or St. Vincent was complcted in 1980,
and the Census for Grenada was complcted in 1981. I chose to rely on national income
account infoﬁnation from the samc year, to avoid introducing diffcrences duc to
intcrnational cconomic [luctuations. Grenada expericnced a revolutionary change in
government in 1979, while St. Vincent cxperienced a hurricane in 1979 and a volcanic
eruption in 1980; since neither island experienced a crisis of similar magnitude in 1981,
I chosc 1981 as the base year.

In 1985, the World Bank published country studies for both Grenada and St.
Vincent and the Grenadincs, and much of the constraint information [or the cach island
was taken from information tabulated in the statistical appcendix ol each country study.
Information from thc country study for Grenada (IBRD, 1985) was rclicd upon for
national incomc accounts (Table 2.2), Gross Domestic Product by industrial origin (Table
2.1), trade in exports and non-factor services (Tablc 3.1), major merchandise cxports by
valuc (Table 3.2), and tourism receipts'® (Tablc 7.6).'™

The World Bank country studies provide aggrcgate information for the individual
countrics. Information on an industry level can be found in thc Census of the

Commonwealth Caribbean, which provides cmployment information by major Census

105. This is an important non-factor service export.

106. The values taken from these tables were entered into elcctronic spreadsheets, reproduced in
electronic format in the computer disk (In Pocket), and summarized in Appendix B.
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division and industry (1980 Ccnsus of the Commonwealth Carribbean, Table 2.5.1). This
information is suflicient to determine thc proportional distribution of cmployment in cach
industry between the three dilfcrent types of region -- large markct town arcas, small

7

markct town areas, and rural scttlement arcas.'” I imputc the output of the island’s

industrics among the three dillcrent types ol region in proportion to their employment
share. This undoubtedly introduces a bias in the cstimatc. This bias is unfavorable to the
hypothesis that small market town areas provide a range ol cmploymcent opportunities that
is more attractive financially than in rural scttlcment arcas, since il the hypothesis is in
fact true, then rclying on employment sharc would tend to understate the size ol industrics
in small market town arcas as compared to rural scttlement arcas. Taking this bias into
account would therelore tend to strengthen a conclusion favorable to this hypothesis, and
weaken one unlavorable to this hypothcsis.'*®

Direct observation ol characteristics of somc ol the industrics of these islands
provides relevant qualitative input-output information. Thc mining industry (quarrying)
does not employ locally produced mineral or manuflactured inputs. Thc utility industry
(water and clectricity) docs not employ locally produced agricultural, mincral, or
manufactured inputs. The transportation and communications industry docs not use local

agricultural inputs. The finance and busincss services industry docs not use local

agricultural, mineral or manufacturcd inputs. Introduction of thesc qualitative

107. A qualification to this is that western Si. David’s, in Grenada, is suburban to the capital town
of St. George’s, while castern St. David’s is a rural scttlement area. Ilalf of St. David’s employment is
allocaled to the large market town area, and half to the rural setilement areas.

108. The employment by industry in each Census Division was entered in eclectronic spreadshects,
reproduced in electronic format (In Pocket) and summarized in Appendix B.
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obscrvations permit the corresponding input-output account to be sct at zcro for the
corresponding industrics in all three regions. In addition, mcrchants in outlying arcas
typically purchasc from mcrchants in the capital towns, and thcy may purchasc {from
merchants in their own arca, but they do not purchasc from merchants in other outlying
areas, and merchants in the capital towns do not purchasc [rom merchants in outlying
arcas. Thus, non-zero input-output interactions between regional commerce industrics are
inputs from thc samc rcgion, and for the outlying arcas inputs [rom the capital town arca.

In the distribution of production between local demand and cxport demand, the
product of thc mining, utilitics, construction, and [inancc and busincss scrvices industries
arc devoted to local demand. Re-cxports -- imports as dircct exports -- arc cxcluded [rom
the model for simplicity (ncither island is an important entrepdt), so the corrcsponding
input-output account entry is sct to zero. Also for simplicity, nct imports are considercd
to be financed by obligations of the local value added sector, so that the value of nct
imports are entcred as an cxport ol obligations by the local value added scctor, and the
input-output balance maintained for the forcign trade scctor.

The most critical information missing [rom the availablc national income account
information is the level of intermediate production. The Input-Output distribution being
estimated is a distribution of total industrial output, including output lor intcrmcdiate
demand by industries as wecll as output for {inal demand; however, it is only production
for [inal demand that is accounted for in the information from national incomc accounts.
In other words, only a portion ol thc total to be distributed is accounted for in the

available information.
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If total production is not directly available, but the share of total output devoted
to intcrmediatc demand and the sharc dcvoted to final decmand wcere known, then the
value of total output could be dctermined [rom the value of production [or final demand.
By cxtension, if information was available rcgarding a rcasonanablc range of valucs for
the share of total output devoted to final demand, then the known valuc ol production for
final demand could be used to provide a reasonablc rangc of values [or final demand. ?7?
This is the approach that I took. This cstimation is being performed for modclling aimed
at a structural comparison, rathcr than attempting to cstimate the impact of a change in
final demand. Rather than attempt a questionable estimate of intermcdiate production for
the two islands, I chose to estimate the input-output distributions for each island on the
basis of thrce hypothetical values ol output [or {inal demand as a sharc of total output.

Providing these hypothetical valucs [or total output is a dircct imputation, once it
is determined the known value that will provide the basc of reference. The value of total
output may be classificd as the value ol intermcdiate product, which is the amount
omitted from gross domestic product, the valuc of domestic product uscd locally, or local
product, and the value of domestic product [or export. The assumption madc herc is that
production for intcrmediatc production is a form ol production [or local use, so that the
imputation is based on domestic product not cxported by an industry, rather than on gross
domestic product of an industry. The value of intermcdiate production imputed to the
industries, in proportion to cach industry’s domestic product for local usc, is implicd by

the three alternate hypotheses that GDP represented 90%, 66%, or 50% ol total output.
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Given the reported valucs for GDP, cach hypothesis implics a hypothctical valuc
for total output, and thcrefore also implics a hypothetical valuc for intcrmediate output
that is distributed to each industry in proportion to its domestic product for local use.
Structural comparisons betwcen Grenada and St. Vincent arc restricted o pairs ol modcls
based upon the same hypothetical ratio ol GDP to total output. In a situation similar to
the allocation of industrial output by cmployment levcls, the bias this introduces is
unfavorable to a hypothcesis that those in the arcas ol small market towns arc bctter able
to substitutc local production for imported inputs; this bias, thcrcfore, tends to strengthens
conclusions favorablc to this hypothesis and wcaken conclusions unfavorablc to this
hypothesis.

Sector output information is in terms of factor cost, whilc thc gross domestic
product to be distributed is at market priccs. Without a brcakdown ol indircct business
taxes by industry, the Maximum Entropy estimate ol industry output at markct prices
distributes the dilference bctween GDP at f[actor cost and at market prices to the
industries in proportion to their output at currcnt factor cost.

Merchandise cxports [or specific commodities -- primarily agricultural, but also
manufactured -- are available. Howcver, with only a few exccptions, thesc cannot bc
allocated as exports of thc agricultural or manufactured sectors,'” as the export valuc
include post-produccr transportation and commecrcial margins. Likcwisc, cstimatcs ol

earnings ol the non-factor service exports are availablc, but thcse must be distributed

109. The most important exception is the Mour exported by St. Vincent, which is exported directly
by the manufacturer.
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among commerce, (including hotels and rcstaurants), transportation, and other services.
In cach case, an export value is allocated to a specific scctor whenever a dircct export can
be identified, and the remaining merchandisc and non-factor service cxports arc allocated
proportionally to the remaining output of the cligible industrics, to arrive atl Maximum
Entropy estimatcs ol the valuc of cxport production ol the individual national industries.
The imports and exports allocated to national industries arc distributed to corrcsponding
regional industrics in proportion (o their share ol employment in the industry.

The result of this proccess of allocating national incomc data to regional industries
are the three scts ol constraints [or cach island nation that are prescnted in Appendix 9.1.
At this point, it may be observed how far this information base dcparts [rom the ideal of
an interregional input-output distribution observed by mcans of cxhaustive survey
techniques. The result is unlikely to be a very accuratc estimate ol the actual
intcrregional input-output model, but the resulting comparison is a [air one. Thc estimate
relics on matched information [rom the two islands, and, as noted for two specific cases
above, reliance on Maximum Entropy estimates to allocate aggregate information to
industries biases the results away {rom a hypothetical spccial status of onc of the types
of regions. While the information base may be limited, if the resulting model indicates
a distinctive status for onc typc of region, this would appear to bc a reflection of the
information provided rather than a statististical artilact resulting [rom the mcthod of

estimation.
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Inter-regional Input-Output Model Results

Six input-output distributions have bcen estimated, in order to apply the threc
hypotheses regarding ratios ol gross domestic product to total output to cach island. The
estimated distributions, with corresponding inverse matriccs B and B’ and type I and II
income multiplier by sector, arc prcsented in Appendix B. The computer programs
written (0 generate the cstimates and reports arc prescnted in clectronic (ormat (In
Pocket), with an index provided as Appcendix C. Here I focus upon the aspects of the
estimated distributions that bear dircctly upon the question at hand.

The work of E. A. J. Johnson identificd benefits due to technological progress in
agriculture that may be expcrienced if all rural residents inhabit small market town arcas.
Since this model is purely synchronic, it cannot be used to directly address the question
of technological progress. However, it can be uscd to estimate the benefit il the industrial
structure of rural settlement areas arc replaced by the industrial structurc of small markct
town areas, and this is the question at hand. Dcveloping a responsc to this question is
simplificd by onc of the limitations of the information basc upon which the cstimations
were performed. The products of individual regions were estimated by distributing
national industries in proportion to regional employment, and exports werc distributed on
the same basis. Therefore within the estimatcd modecl the dircct export production per
person is constant betwecen regions.  If onc ol the rural settlement arcas werce to takc on
the characteristics prevailing in the market town arcas, this could bc secn as a reduction
in the export production by rural settlement arcas accompanied by a corrcsponding

expansion of export production by small market town arcas.
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Under the I-O multiplicr model, the impact of a trans(cr ol export production from
the industries ol rural settlement areas to the corresponding industrics of small market
town arcas is the weighted sum of the incomc impact of the export reduction in the rural
settlement arcas and the export increase in the small market town areas. The effect of
a transition from one economic structure to another is thercfore becing modclled by the
dilference in the multipliers of the industrics ol the two regions. However, since the
impact of a change in a multiplier’s valuc depends upon the base to which it is applied,
a direct comparison of changes in multiplicr values is misleading: a small incrcase in thc
multiplier associated with a major export industry might outweigh a largc decrcasc in the
multiplier associated with a minor export industry. In my cstimation of the income
effects of the transition of Rural Settlement areas to the economic structure of Small
Market Town areas, I have used the total imputed values of the rural settlement area as
weights, but any weights proportional to these values will provide cquivalent qualitative
results.

[ have chosen to use type I income impacts rather than type Il income impacts for
this estimation, for two reasons. First, the two are equivalent as qualitative indicators
regarding whether income might increcase or decrease, since type Il impacts are a constant
multiple of type I impacts for any given I-O distribution. (Richardson, 1979, pp. 42-3)
Second, in the cvent that later research provides sullicicnt inflormation base to consider
quantitative prediction, proportional multiplicrs tend to ovcrestimate of diflferential
multiplier effects, so that inclusion of induccd income cffects is likely to lcad to an

excessive estimate of potential benefits.



As discussed above, lacking direct information regarding the lcvel of intermediate
production relative to production for final demand, the estimates have been made on the
basis of thrce hypothetical levels of intermediatc production. The Icvels are set relative
to local production, with different values of total output such that gross domestic
product’s share of total output is 10%, 33%, or 50%. Tablc 7 presents the estimated
income impacts for Grenada, while Table 8 prcsents the estimated income impacts for St.
Vincent and the Grenadines. In both cases, the hypothesis rcgarding the share ol gross
domestic product is crucial (o the result. For Grenada, the net impact under the highcest
ratio (implying the least intermediatc production) is an incrcasc of around EC$400,000,
while under the lowest ratio (implying the most intcrmediate production) the net impact
is a decreasc of more than EC$200,000; this is compared to a GNP in 1981 of EC$212m.
For St. Vincent, thc net impact under the highest ratio is an increase of around $150,000,
while under the lowest ratio the net impact is an increase of around EC$30,000; this is
compared to a GNP in 1981 of EC$197m. For low income countrics of this size, cither
of the two higher assumed shares of gross domestic product, 90% and 66%, seem more
plausible than the lowest assumcd share of 50%. And in this particular case, intcrmediate
production equal in value to gross domestic product scems unlikcly for countries with
imports of more than half the value of gross domestic expenditure. Howevecr, the result

underscores the importance of obtaining information to pcrmit a better determinationg of
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Table 7 Estimatcd nct incomc cffect of a transition (rom rural scttlcments to small
markct town structurc in Grenada, Wcst Indics.

Hypothetical Ratc of Intermcdiate Production®

Scctor Region 2 Impact® Region 3 Impact® Net Impact®
10% AGR 2,197,370.22 -2,049,116.45

MAN 104,712.93 -93,793.28

COM 1,412,298.62 -1,300,322.41

TRA 229,646.77 -210,427.20

SRV 1,159,403.41 -1,047,746.08

Total 402,026.52
33% AGR 2,264,356.20 -2,196,278.77

MAN 114,187.10 -103,034.48

COM 1,477,453.68 -1,442,693.60

TRA 235,475.40 -118,201.77

SRV 1,260,488.71 -1,220,678.20

Total 271,074.27
50% AGR 2,220,378.65 -2,400,489.48

MAN 106,570.82 -110,114.03

COM 1,537,452.01 -1,643,267.36

TRA 231,414.92 -158,154.83

SRV 1,418,637.68 -1,439,794.97

Total -237,366.58

Legend: AGR, agriculture; MAN, manufacturing; commercce; TRA,

transportation; SRV, scrvicces. Region 2, Small Market Town areas; Region 3,
Rural Settlement arcas (not scrved by Small Market Town). Unit: EC$

Notcs:

a. Values for total output were unavailable, so input-output distributions were estimated under
a range of three alternativc assumptions: that GDP was, respcctively, 90%;, 67%, and 50% of total

output.

b. The product of the Ieontiev Type I multiplier from Region 2 and exports of each Region
3 industry predicts the gross increase in output [rom replacing the economic structure of Region
3 with that of Region 2.
C. The product of the Leontiev Type I multiplier {rom Region 3 and cxports by industry from
Region 3 is used to predict the gross reduction in output duc to replacing the present economic

structure in Region 3.

d. Net impact is the sum of all predicted gross positive and negative impacts of replacing the
present economic structure of Region 3 with the economic structure of Region 2.
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Table 8 Estimated nct income effect of a transition {rom rural scttlements to small

market town structure in St. Vincent, West Indics.

Hypothetical Rate of Intcrmediate Production®

Scctor Region 2 Impact”  Region 3 Impact® Net Impact®
10% AGR 1,979,254.00 -1,808,846.32

MAN 292,698.28 -246,491.36

COM 600,629.84 -597,928.23

TRA 470,190.36 442,364.61

SRV 975,616.30 -1,065,417.52

Total 157,340.74
30% AGR 2,202,358.87 -2,080,949.96

MAN 586,521.36 -580,780.52

COM 606,327.08 -634,647.95

TRA 447,371.46 -434,254.39

SRV 1,055,511.43 -1,100,841.17

Total 66,616.21
50% AGR 2,354,520.24 -2,288,644.28

MAN 527,721.13 -524,724.99

COM 613,838.81 -615,774.28

TRA 436,640.18 -425,453.41

SRV 1,111,092.24 -1,150,721.02

Total 38,494.63

Legend: AGR, agriculturc;

MAN, manufacturing;

commerce; TRA,

transportation; SRV, scrvices. Scctor 2, Small Markcet Town arcas; Scctor 3,
Rural Scttlement arcas (not served by small market town). Unit: EC

Notes:

a. Values for total output were unavailable, so input-output distributions were estimated under
a range of three alternative assumptions: that GDP was, respectively, 90%, 67%, and 50% of total

output.

b. The product of the Leontiev Type I multiplier from Region 2 and exports of each Region
3 industry predicts the gross increase in output from replacing the economic structure of Region 3

with that of Region 2.

C. The product of the I.eontiev Type I multiplicr from Region 3 and exports by industry from
Region 3 is used to predict the gross reduction in output due (0 replacing the present economic

structure in Region 3.

d. Net impact is the sum of all predicted gross positive and negative impacts of replacing the
present economic structure of Region 3 with the economic structure of Region 2.
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this value for these countrics.''

While it may be coincidental, the only estimatc which provides a negative income
impact to a transition to a small market town structure is also the only cstimatc for which
the income impact in agriculture is greatcr [or rural settlement arcas. This rcsult warrants
further scrutiny. It underscores the argumcnt of E. A. J. Johnson that expanding
agricultural income is crucial to the small markct town devclopment stratcgy. Prcsuming
that the more plausible rangc for the share of gross domestic product is in the range of
90% to 66%, it would appcar that the positive impact of thc small market town structurc
is stronger in Grenada than in St. Vincent. As can be secn, in no casc docs an estimatc
of thc impact amount to a substantial sharc of national GDP, cven lor this extrcme
hypothcsis of a complete replacement of rural settlement structurc by small market town
structure. However, thc strongest estimate of an impact in Grenada is more than twice
the strongest estimate of an impact in St. Vincent, both in absolutc terms and relative to
the GNP of the respcctive economy. This rclationship is of an intercst since is may be
an indication that the threshold population {or an effective small market town arca in the
Windward Island context is betwcen the population levels typical of Grenada’s market

town areas and the lower population levels typical of St. Vincent’s market towns.

110. An additional basis for skepticism regarding the plausibility of that intcrmediate production is
50% of total domestic production is that in the relevant maximum entropy estimate of the I-Q distribution
for St. Vincent, capital town area value added for manufacturing is estimated to be 0, indicating some
degree of inconsistency between the available information and the hypothesized value.
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Conclusions

The result of this estimation of the most practical signilicance is the low level of
the income impacts relative to the national product of the two island states. On this
evidence, cven if the small market town development strategy proposed by Johnson
receives somce positive feedback [rom the structural cffccts of the transition, it is not at
a level to provide an indepcndent justilication for the strategy. Further, while the
structural and developmental effects both requirc the, structural transition, the
dcvelopmental elfects that Johnson focused on rcquire the achicvement of technological
progress in the agricultural scctor. The developmental cffccts of the policy arc therefore
less immcdiate than the structural ef[ects, whilc on this evidence the structural effects do
not promise dramatic benefits. The major policy implication is an indication that
attention should not be directed toward extensive new investments with the sole aim of
establishing new small markct town arcas, but rather toward incorporating thc small
market town development stratcgy into incrcmental, ongoing decisions regarding the siting
of public facilitics, transportation policy, and policics promoting agricultural and

manufacturing development.
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Chapter 10: Conclusions and Policy Implications

I now return to the question introduced in thc initial chapter: "what is a small
place to do?" Of course, I have pursued faccts ol this question in the intervcening
chapters. Chapters 2 through 5 can be seen as an elaboratc pursuit of the question of
what it means to be a place, and in particular how we can come to understand a place as
a social entity. However, these chapters are oriented to providing a [oundation for the
modelling of places, and thc specific question tends to [adc to thc background. The
question comes closer to the foreground in Chapter 6, with its considcration of what the
specific small places that arc the island nations of the Commonwecalth Caribbean have
donc in their history. However, while an understanding of this history is pre-requisite to
properly addressing the question, it does not constitute an answecr in its own right. In
Chapter 7, I locate the specilic small places that structurc the Vincentian and Grenadian
countrysides, while I distinguish the specific small markct town areas of these islands
from othcr rural settlement areas in Chapter 8.

Finally, whatever the promise of thc small markct town dcvelopment strategy,
based on the evidence presented in Chapter 9, there is little prospect [or immediate
dramatic benelits of a change [rom the structurc of rural scttlement areas. Which brings
the initial question into sharper focus. If, in this context, small market town structure
docs not seem to promise substantial benelits [rom the structural change alone, then thce

benefits of the small market town development strategy must come [rom thc active
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policies pursued. This leads to a pair of complementary qucstions: in this context, how
might the islands pursuc a small market town development strategy, and what active
policics might benefit from pursuit of such a strategy? In the face of these questions, I
first discuss the limited range of policy possibilities open to small placcs, and specify a
gencral development strategy that takes into account these limitations. [ then provide

three specific examples of development policics which address this pair of questions.

Policy Possibilities for Eastern Caribbean Microstates

The East Caribbean microstates face a limited sclection of alternatives in their
choice of economic development policics. One of the factors limiting this choice is the
need to finance the substantial share of a growth in national incomc that must be devoted
to growth in imports. Demas argues that, due to this import {inancing requirement, a
small open cconomy will be unable to pursuc cflcctive import substitution policics. He
points out that in the simplified case of balanced current and capital accounts, the rate ol
growth in domestic product must remain less than or equal to the rate of growth in
exports. This conclusion rests upon the need to finance the growth in imports which
accompanics a growth in national incomc. Assuming a constant sharc ol imports in
national incomc, avoiding the export revenue constraint rcquires of[sctting surpluses in
the current or capital accounts. The options for financing the import cxpansion associated
with economic expansion thercfore [all into four categories: expanding cxport rcvenues;

gaining surpluscs on some current accounts; gaining surpluscs on capital accounts; and

310



reducing the share of import expenditures in national income. Thesc categories will be
addressed in turn.

The extent to which cxpansion of exports can (inance import expansion depends
upon the local value added ol the exports. In the microstates, this is likely to be much
lower for manufactured exports than [or agricultural cxports. For example, in Barbados,
local value added to sugar exports arc in the range ol 80-90%, while local value added
to manufacturing exports arc in the range of 20-40%. (Worrell, 1987, p. 53) Value added
to manufacturing exports would almost certainly be lowcr in the Lceward and Windward
islands than in Barbados, as Barbados has local resources, such as oil for domestic usc,
which the Lecward and Windward islands lack. (Chernick, 1978, p. 201; Worrell 1987,
p. 63)

Thus, in the visible trade in goods and scrvices of thc Windward islands, it is the
export earnings ol agricultural produce, and products based on agricultural producc, which
have the greatest potential to finance imports to accommodate income expansion. While,
as noted above, export ol agricultural commoditics play a substantial rolc in these
economics, the export of processed goods based upon local agricultural production is
minimal. For example, a 1986 list of exports of sclectcd commoditics from St. Vincent,
covering 89% of domestic exports, the most important processed food export, at 9% of
domestic exports, is flour, produced from imported wheat, whilc the threc most important
locally produced and processed commodities -- arrowroot, coconut oil and coconut meal -
- account for 1.2% of domestic exports. (St. Vincent Ministry of Finance and Planning,

1991, pp. 2, 15)
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For the microstates of the Commonwecalth Caribbcan, the only current account
other than the balance of trade which may providc substantial surpluscs is foreign
remittances, principally {from persons who had migranted to morc developed nations such
as Great Britain, the U.S. or Canada. Remittances {rom abroad can bc an important
clement in the balance of payments in many microstates: Donald Peters citcs estimates
that remittances from abroad account for 35% of Dominica’s GDP, and 40% of
Grenada’s. (1992, p. 31) Nct foreign transfcrs [or the Leeward and Windward Islands
combined account for 8% ol combined GDP in 1988. (Ramsaran, 1992, pp. 34, 148)

However, remittances are bascd upon emigration, with rccent emigrants more
likely to be a source of remittances than thosc who emigratcd earlier. Windward Island
governments do nothing to discourage emigration, and the real constraint on cmigration
is limits to immigration in the U.S., Canada, and Great Britain. Thcse arc policies over
which the Windward Island governments have littlc influcnce, and no control. In
addition, a development policy that success(ully increascs national income will reducc the
incentive to emigrate, so even if viable, the policy might be sell-dcleating. (McKee and
Tisdell, 1990, p. 69) While increased remittances would be welcomed, there scems little
benefit in pursuing this as a policy goal.

Increasing capital inflows can be pursucd by altempting to attract incrcased private
foreign investment, by attracting transfcrs ol cxpatriatc savings by return migrants, and
by attracting increased oflicial aid and loans [rom [orcign governmcnts or multilateral
financial institutions such as the World Bank. Attracting foreign privalc investment was

the cornerstone of the policy of industrialization by invitation, and as notcd in Chapter
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6, this policy had disappointing rcsults cven for the islands of Jamaica and Trinidad, with
more than ten times the population of any of the Eastern Caribbean microstates.
Attracting the investment of savings accumulated abroad by returning migrants is an
altractive alternative to attracting increased private foreign investment, given the relatively
large fraction of the native population who reside abroad. However, {rom discussions
with return migrants who engaged in such repatriate investment, it would appear that
increcasing the attractiveness of the microstates for repatriate investment requires stronger
cconomic growth. If this is indeed the case, then while repatriate investment may be an
important means of reinforcing a success{ul economic policy, it cannot be relied upon to
provide the initial impetus for economic growth. Finally, for capital inflows {rom official
sources such as foreign governments or multilateral financial institutions, present
government policics are to attract as much external finance as is available (Worrell, 1987,
p- 179). Given this current policy, attempting to increasc official capital inflows is not
an available policy alternative.

In addition to the limitations on the governments’ abilitics to incrcasc capital
surpluscs, the proportion of capital inflows availablc to finance gencral import expansion
may also be very limited. Where capital inflows are dedicated to specific investment
projects, a substantial share of the project expenditure will be dedicated to intermediate
and capital cquipment imports. Duc to the structure of the economy, a large portion of
the project expenditure on wages and salaries will also go direclly to imports. It is only
the direct expenditure of capital inflows on local products and the portion ol wages and

salaries spent on local products which becomes available as forcign exchange to finance
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general import expansion. ror capital-intcnsive investments the share of such
expenditures on local products will be very limited. A form of capital inflow which will
finance a greater proportion of general import cxpansion are grants in support of a
government’s current expenditures from intcrnational donors; howcever, such grants are
gencrally no longer available (Brizan, 1992, p. 53). As with export expansion, it is
private investment in the agricultural sector which may support the greatest proportion of
general import expansion, for land purchase is equivalent to capital expanditurc on a local
product. Ideally, this would be repatriatc investment, to maintain the status of land as a
locally owned asset.

The final alternative is to reduce the sharc of imports in national expenditurcs.
Although, as noted, conventional import substitution policics have limited potential in
such open economies, any policy which had the effcct of reducing the import share in
national expenditures would reduce the forcign exchangc requircd to support a given
income level, and so would increase the income growth which could be accomodated by
any given export expansion, currcnt account surplus, or capital account surplus. Such a
policy, if successful, would reduce the imports associated with a given level of income
in order to finance the import cxpansion which must accompany rising national income
in such open economies.

Such a policy might be referred to as an import replacement policy. In the Eastern
Caribbean context, it is the agricultural sector where the potential gains arc the greatest.
As discussed in a previous section, food imports represent a growing share ol consumer

expenditure (sec p. 205); the Windward islands possess volcanic soils and rcliable rainfall
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for food production (sec p. 204); and, as discusscd abovc, in these microstatcs,
agricultural production provides a substantially grcater sharc ol the domestic valuc added
than manufacturing production.

Increasing export revenues and rcducing import expenditurcs have at times becn
treated as mutually cxclusive alternative trade policics for developing countrics, and it is
possible develop policies which place a priority upon either target. However, due to the
interdependencics between imports and exports, policics which succeed in having an
intended effect upon one will also have an effect, possibly unintcnded, upon thc other.
If export promotion policies boost export carnings by shifting resources [rom production
for local consumption to export production, the reduced local supply ol goods for local
consumption may, in an open economy, be compcensated for by increascd import shares
in national expenditure. I an import substitution policy reduccs thc sharc of imports in
national income by erecting suff tariff barricrs on imported goods with potential local
substitutes, it will increase the cost of thc imported component ol tradable goods, limiting
the possibilities for growth in export earnings. Thus a policy which is based upon either
target as a priority may havc its ellcctivencss limited or overturncd by an unintended

negative feedback on the other half ol the trade balance.

A Food First, Balanced Trade Strategy
The most dircct response to this problem is pursuit of a balanced trade policy that
both increases export revenues and rcduces the sharc of imports in national income. In

this strategy, a high priority is placed on means of import reduction and export promotion
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that complcment rather than conllict with each othcr. Such a priority implies that the a
policy that is thc most effective mcans of achieving a particular target may be avoided
due to its adverse impact on the other target.

It should be noted that this is not the only approach to pursuing a balanced tradc
policy: an alternate approach would rcly on primary policies that arc chosen for their
elfectivencss on a singlc dimcnsion, while addressing the adversc conscquences of these
policies by designing secondary policics to mitigate the unintended side ellccts ol the
primary trade policies. However, an important considcration lor a nation of around
100,000 people is that a policy aiming at modest progress in both export promotion and
import substitution may be casier to manage than a set of partially conflicting policies that
are intended to strike a balance betwcen the two goals. The problem that is specific to
a population of this size is the likelihood that specilic management skills will be unevenly
rcpresented in the population. If it is neccssary o strike a balance, the adverse
consequences of unskilled management on onc sidc of the policy mix may be cxacerbated
by unusually skilled management on the other side. By contrast, in thc pursuit of
complementary policies, skilled management ol onc aspect ol the policy mix will help
redress the adverse consequences of unskilled management of other aspects.

The history of the microstates of thc Eastern Caribbcan provides additional reason
to give serious consideration to a basic strategy of balanced import rcplacement and
export promotion. As discusscd in Chapter 5, export promotion has becn the primary
focus of cconomic development cfforts for the last thrce centuries. The current level of

development therefore represents the accomplishments of focusing upon this policy goal.
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On the other hand, the import substitution policies which were common in Latin America
and even the larger Commonwealth Caribbcan islands havc very little prospect [or success
in small places -- indeed, they had little prospcct for success in the larger Commonwealth
Caribbean islands where thcy were tried (as discussed in Chapter 5). Sincc these islands
arc likely to find a pure import-substitution policy to be infeasible, il thcy wish to
consider altcrnatives to the pure cxport-promotion approach that these islands have becn
pursuing, these altermatives must be approachcs that balance cxport promotion and import
replacement.

Based on the discussion of the prcceding section, il alternative approaches are to
offer the potential ol promoting sustainable growth, thcy should offer the prospect of
ongoing improvements in agricultural productivity. For these islands, replacement of
imported food by locally produced food is an csscntial component of any substantial
reduction in thc import share of imports of local consumption. Howevcer, without
increased agricultural productivity, greater production for local consumption will reduce
earnings from the export of cash crops. Thc nced for improved agricultural productivity
is even more dramatic if export promotion policies include a [ocus on increasing the local
value addcd of current agricultural exports and the devclopment of new types of
agricultural exports. Sceking increased agricultural productivity in support ol both import

replacement and export promotion, thercforc, provides a spccilic example of a balanced
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trade strategy that may be feasiblc in the context of an Eastern Caribbean microstate. It
is this strategy, a type of food first approach'"’, that I shall focus on.

The conclusion of Chapter 9 was that in light ol thc limited magnitudc of the
predictcd immecdiate bencfit of a transition to a small market town structure, it is diflicult
to justify major public expenditures in order to bring such a transition about. Rather, on
the evidence presented there, it is morc appropriate to intregrate thc small market town
development strategy into ongoing decisions in transportation development, location of
ncw public facilities, and other policy decisions involving the spatial distribution of public
services. In order to illustratc how this integration may bc accomplished, specific policy
proposals arc rcquired. Therelore, I first provide two specilic policy proposals for a food
first, balanced trade strategy, and thcn illustrate how a small markct town development
strategy may be integrated into these specific policy proposals.

The first proposal is aimed at promoting the food processing industry, which is
important both [or promoting consumption ol locally produced food and incrcasing the
valuc added of exported agricultural products. The distribution channel [or locally
processed food is discussed in Chapter 7, in the description of the central place hierarchy
of thesc islands. The lowest level commercial central place is the shop, or rumshop.
Among existing cntcrprises in the food and beverage processing industry, the cnterprises
with the best penetration at this lowcst level arc the soft drink and beer producers. These

products share a characteristic (in addition to being cold and wect in a relatively warm

111. This cannot be referred to as "the" food first approach, as the food first approach of Lappe
predates this work. ILappe’s approach differs in important respects: [or example, the production of food for
export where some in a population are hungry is {frowned upon in I.appe’s approach. However, as discussed
above, exports cannot be ignored in a small open economy.
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climate) providing them a degrec of protection from competing imports: they arc
distributed in re-usable bottles for which the customer pays a redecmable deposit.  For
customers accustomed to purchasing food from the shop on a daily basis, the deposit is
only paid in cash for the first bottlc or [irst few bottlcs, alter which time the deposit is
provided by trading in emptics. In turn, thc case or cases of bottles play the same role
between the shopkeeper and the supplicr.

Individual food processors do not have thc same success in penctrating the
rumshop level. As individual producers, they cannot emulatc the tcchnique of soft drink
and beer bottlers in circulating redcemablc bottles. Given their small production runs,
glass jars or bottlcs are often thc chosen packaging, but the best available alternative
places local producers at a cost disadvantagc comparcd to imported products in cans or
plastic bottles. This can be remedicd with a public cnterprisc that provides a sclection
of bottles and jars in standard sizes to local food processors [or a small [cc over the
redemption valuc, and in turn redeems cascs and half cascs of a given size, regardless of
the originating food producer. Start-up expcnses, and a portion of operating expenses, can
bc met by a small per-package excise tax on imported processed [oods and drink. The
enterprise can [irst be cstablished to service cxisting [ood processors, and then extended
to provide cxtension and support for development of new food proccssing enterpriscs.
If established in morc than onc Eastern Caribbean state, regional trade promotion can be

provided by standardization on a common sct of reusable containcrs and redemption [ccs.



The second policy proposal is the promotion of artisanal [ishermen''?, which is
a current development policy of Grenada. The first primary component of this policy is
the establishment of [ish markets with adjoining icc houses, so that [ishermen can sell fish
on landing, and customers can purchase fresh [ish that has becn kcpt undcer regulated
conditions. The second main componcnt of this policy is an excmption of {ishcrmen from
paying gasoline tax for their fishing boats. The third main componcnt is ongoing
extension work in improving fishing techniques by local [ishermcn. And the [inal main
component is policing of coastal waters to prevent incursions by large commercial

fishermen based in the larger nations surrounding thc Caribbean Basin.

Integrating Small Market Town and Balanced Trade Strategies

In developing the small market town development strategy, E. A. J. Johnson
identified five basic clemcents required in a program (o promotc economic progress and
devclopment in the agricultural sector. These are: a market centcr, both for the sale of
rural produce and the purchase of inputs; a road network that gives farmer access o this
market center; a program of local verification trials; an agricultural cxtension service; and
some form of agricultural production credit. (Johnson, 1970, pp. 181-2)
The small market town development strategy then consists of providing this complcment
of agricultural development scrvices in a market town which is accessible to the rural

producers.

112. Artisinal is a French term for a small producer who owns and operales his or her productive
equipment.
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In implementing both of the proposals introduccd in the preceding section, thcre
is good reason to establish [acilitics outside of capital town areas. Establishment of
public bottle redemption enterprises at different locations in the islands servcs to bring
thc service closer to a greatcr number of potential produccrs, and encourages the
development of weight-losing food proccssing in outlying areas. In addition, multiple
redemption enterprises permits competitive regulation of rent-sceking activity by the bottle
redemption enterprises. By the simple expedient of distributing the procecds of the per-
package excise lax in proportion to the bottles provided to food processors, eflcctive food
processing extension work a rent-seeking activity in addition to bcing an express purposc
of the enterprises. Regarding {ish markets, since coastal walters arc distributed around the
islands, effective promotion of artisanal fishcries requires markets distributed around thc
islands.

The initial step in integrating the small market town development strategy with
these policy proposals is to specily the sites at which the facilities arc to be established.
In Grenada, the actual and potential markct town sites identificd in Chapter 8 arc
Grenville, Sauteaurs, Goyuave, and St. David’s. However, St. David’s is not a coastal
settlement, and thus not a candidate for establishment of a fish market. Restricting the
list to Grenville, Sauteurs, and Goyuave implies rcduced access to these facilities for
residents of the island except {or the southern Windward area of castern St. David’s and
southern St. Andrew’s. For St. Vincent, thc actual and potcntial market town sites
identified in Chapter 8 are Barroullie, Mesopotamia, a location at or ncar the village of

Adelphi, and Georgetown. Again, Mesopotamia is not a coastal location, and so is not
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a candidate for establishment of a fish markct. Restricting the list to Barroullie,
Georgetown, and a location at or near the village of Adelphi provides access to the rural
residents of both the Lewward and Windward coast.

Some of the benelicial positive feedback ellects ol the small market town strategy
can be achieved from these two [acilities alone. The strongcst inducement to establishing
food processing enterprises is in the vicinity of the bottle redemption cnterprises, while

the income ol artisinal [isherman provides a rcady markct for proccssed foods. In turn,

the proprietors and other workers at local food processing entcrpriscs provides a local
market [or {resh fish.

Thus, intcgrating the location decision [or the two proposals addresscs the market
center component of thc small market town devclopment strategy. In most of these
locations, opportunities to purchase agricultural inputs arc prcsently available, and these
island economics arc sufficiently commercialized that where they are absent, they are
likely to emerge if el[ective markets for the sale of agricultural produce are cstablished.
These location decisions can also bc uscd as a [oundation [or addressing other
components of the stratcgy. Implemcnting the production credit componcnt ol the small
market town development strategy may be achieved by respecting the location priorities
of thc small market town development stratcgy when designing credit programs [or
agriculture and small business development. Wherc there are no agricultural extension
agents stationed at a targct site, agricultural extension agents could be stationed, sharing
workspace with food proccssing cxtension workers. I[ separatc agricultural research

stations cannot be provided for separate agricultural research stations in each area, thc
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personnel of the island’s agricultural rcsearch station can be brought to each target site
to meet with thc extension agents and local farmers of cach area.

The transportation component of the small market town development strategy
remains to be addressed. By increasing thc average distancc betwceen rural residences and
the closest target site, scttling for a small number of target sites increascs thc importance
of transportation policy. From the discussion of the transportation systems ol the islands
in Chapter 7, the key transportation problem is not the lack of roads. Thc key problem
for areas at the terminus of long minibus routes is thc frequency of trips to market
centers, whilc the key problem for areas lying along long minibus routes is the lack of
available seats in passing minibuscs, given the preference of minibus owners to make trips
with a full bus. These problems arc compoundcd by an adverse positive feedback, as
individuals who do anticipate that minibus transport will probably not be available at a
certain time or in a certain direction are unlikely to wait at the roadsidc to flag down a
passing minibus. Thus, if minibus operators arc unccrtain of obtaining passengers, they
arc less likely to attempt an additional trip, and Icss likely to Icave prior to filling their
minibus. These strategics conlirm anticipations regarding the lack of available minibus
transport and reduces the likelihood that passengcrs will be waiting.

A transportation policy that is to facilitate access to the target sites without
substantial outlay in cither capital or current cxpenditurc must induce minibus owners to
to make additional trips [or thc terminus of a long trip, and to lcave with vacant scats (o
provide transportation [or passengers along a long route. Onc mcans of providing this

inducement is to provide a gasolinc tax rebate to minibus operators who meet the target
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behavior. The simplest implementation is to station policc olficers at designated places
and times enroute, who distribute tax rebatc tickets to minibuses passing with seats
vacant. To promotc access (0 and from Barroullie on St. Vincent’s Leeward coast, target
locations are northbound south of Layou and in both dircctions between Barroullie and
Chateaubelair. To promote access to the central Windward coast sitc and to Georgetown,
target locations are the junction of the Vigie highway and thc Windward highway, and
in both directions between the Bridgetown district and Georgctown. In Grenada, to
promote access to Grenville from St. David’s, the target location is eastbound in central
St. David’s on the Windward main road. To promotc access to and {rom Goyuave on
Grenada’s Leeward coast, targct l_ocalions are northbound on thc Lecward main road at
the southern boundary of St. John’s parish and in both dircctions between Sautcurs and
Victoria. The level of the tax rebate must be sullicient to induce somc minibus owners
to modify their behavior, but once this level is achieved, transportation access in the
affected areas will benefit from the positive [eedback eflcct between available transport
and individuals waiting {or transportation. In light of this, the rcvenuc loss [rom the tax
rebate tickets may be limited by distributing a [ixed quota of tickets to eligible minibus
operators on a first-come, first-served basis.

In summary, this example illustratcs that the basic componcnts of thc small market
town development strategy can be intcgrated into a development strategy by incrcmental
modifications ol ongoing devclopment policics. This intcgration can be accomplished
without substantial additional capital or current cxpenditure. Howcver, in order to

accomplish this integration, the target silcs must be sclccted at an early stage in the
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design of these policies, and the location dccision must bc maintaincd in the face of

advantages offered for individual projccts by alternative locations.

Conclusions

The advantages for thcse Eastern Caribbean microstates of improved agricultural
productivity are clear. In an uncertain intcrnational trade environment, it is something
that these small places very much nced to do if they are to better their condition. The
small market town development strategy is onc possible means of pursuing this goal.

However, while the small market town dcvelopment strategy may be a mcans to
an important end, it is not a panacea. On the availablc evidence, a transition {rom the
structure of rural settlement areas to the structure of small market town areas may have
some beneficial impact, but this is by no mcans definite, and the cstimated benefit is not
substantial. If these islands arc to pursue this development strategy, the prudent course
is to integrate thc priorities of thc small markct town development strategy into location
decisions of development policies that can be justified in their own right. And, at Icast
in the context of thesc islands, this is not an emply prescription: components of the small
market town dcvelopment strategy can be integrated into concrete policies satis{ying the

priorities of another development stratcgy.
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Chapter 8. Dendogram Grouping Analysis:

Tools and Information Base
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I implement the entropy-based dendogram grouping technique described in
Chapter 4 in the C programming language and have compiled this to generate an
executable MS-DOS program. The subdirectory named GROUP on the accompanying
computer disk (Plate 1, in pocket) contains the C code in the ASCII text file named
GROUP.C, and the corresponding file GROUP.EXE contains the MS-DOS executable
program.

The program GROUP requires a table of the proportional distributions for each
candidate in the grouping process, in this case the proportion of establishments in a
town that represent a given central place tunction and / or type of central place
service. This information is provided in ASCII text data files, with each category on
an individual line, and a tab character seperating entries in each line. The first line
provides the labels to mark the individual towns, which the program GROUP uses to
represent the town in the output of the grouping results. The individual establishment
information for the islands are contained in the files GRNTOWNS.TXT and
SVGTOWNS.TXT in the subdirectory DENDOGRM.

These data files were used to generate tables of the counts of establishments of
each type and / or function. in the files GRNTOWNS.TBL, GRNFUNC.TBL,
GRNTYPE.TBL, SVGTOWNS.TBL, SVGFUNC.TBL, and SVGTYPE.TBL, which are
the basis for the establishment count information reproduced below. The utility
program COUNT3.AWK (programs with the . AWK extension are written in the AWK
programming language and presented in the subdirectory TOOLS) generates a data file

with the count of establishments of each combination of type and function; the utility
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program TABLE3.AWK tabulates these counts in the files GRNTOWNS.TBL and
SVGTOWNS.TBL; and the program SHARE.AWK uses this information to generate
the proportional distributions required by the GROUP.EXE program. To permit
grouping on function or type of service alone, the utility programs TYPE.AWK and
FUNCTION.AWK were used to generate a version of GRNTOWNS. TBL and
SVGTOWNS.TBL that included only establishment type and establishment function
information; the utility program COUNT2.AWK provided data files with the count of
establishments by particular type or function; and the utility program TABLE2.AWK
tabulated the results in the files GRNFUNC.TBL, GRNTYPE.TBL, SVGFUNC.TBL,
and SVGTYPE.TBL, with prportional distribution once again provided by the
SHARE.AWK program. In order to peimit the towns and small islands of these two
island nations to be grouped as a whole, a text editor was used to join the files
representing the individual islands to permit the towns and small islands from both
islands to be grouped together, resulting in the files G&SVTOWN.SHR,
G&SVFUNC.SHR, and G&SVTYPE.SHR.

The program GROUP.EXE returns its result in a file with the same name as
the input table, but with the file extension replaced by .GRP. The remainder of this
appendix presents the data tables on which the denogram analysis was based, and the
output files generated by GROUP.EXE, that are the basis of dendogram diagrams
presented in Chapter 8 as Figure 11, Figure 12, and Figure 13. These files are also
included on the accompanying computer disk in the DENDOGRM subdirectory. The

remainder of this appendix presents the actual distributions of establishments by type
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and / or function in these islands, together with the resulting output of the

GROUP.EXE program.
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Distribution by Central Place Function and Type of Service for the Towns
and Small Islands of Grenada.

------ GT GS GO SD VI GR SA CA
Who :Gen 7 1 0 0 0 0 0 0
Who:Agr 0 0 0 0 0 0 0 0
Who:Aut 2 1 0 0 0 0 0 0
Who:Clo 2 0 0 0 0 1 0 0
Who:Com 2 0 0 0 0 0 o] 0
Who:Con 3 1 0 0 0 0 0 0
Who: E&E 0 0 0 0 4] 0 0 0
Who:Fin 0 0 0 ¢ 4] 0 0 0
Who : F&D 15 5 0 0 0 1 1 0
Who:Leg 0 0 ¢l 0 0 0 0 0
Who:Mar 0 0 0 0 ¢ 0 0 0
Who :Med 3 0 0 0 0 ¢] 0 0
Ret :Gen 50 4 1 0 0 3 1 0
Ret:Agr 5 1 0 1 0 1 0 0
Ret :Aut 17 7 0 ¢] 0 5 1 0
Ret:Clo 11 0 ¢ ¢ o] 4 ¢] 0
Ret:Com 16 0 0 ¢l 0 1 0 0
Ret :Con (3 3 1 0 0 4 1 0
Ret:E&E 7 2 0 0 9] 3 0 0
Ret:Fin 0 0 0 0 0 0 0 0
Ret:F&D 16 6 0 0 0 5 2 0
Ret:Leg 0 0 @] 0 0 0 0 0
Ret :Mar 4 0 0 0 0 0 0 0
Ret :Med 5 0 0 1 0 2 1 0
Ser:Gen 24 7 0 0 0 11 1 2
Ser:Agr 0 0 0 0 0 0 0 0
Ser:Aut 19 15 0 0 0 1 1 0
Ser:Clo 0 0 0 0 0 0 o] 0
Ser:Com 23 3 0 0 0 1 0 1
Ser:Con 18 13 0 0 0 1 0 0
Ser:E&E 1 1 0 0 0 1 ¢] 0
Ser:Fin 40 1 1 1 0 2 1 2
Ser:F&D 16 22 0 0 1 4 0 0
Ser:Leg 42 1 0 0 o] 3 5 0
Ser:Mar 9 0 0 0 0 1 0 0
Ser:Med 67 8 1 1 0 9 0 1
Pro:Gen 4 3 0 0 0 2 1 0
Pro:Agr o] 0 0 0 0 0 0 0
Pro:Aut 1 0 0 ¢] 0 0 0 0
Pro:Clo 1 3 ¢] 0 0 1 0 0
Pro:Com 1 0 0 0 0 0 0 0
Pro:Con 2 2 0 ¢ 0 0 0 0
Pro:E&E 0 1 0 0 0 0 0 0
Pro:Fin ¢] 0 0 0 0 0 0 0
Pro:F&D 2 9 1 ¢] 0 2 0 1
Pro:Leg 0 ¢] 0 §] 0 0] 0 0
Pro:Mar 0 0 0 0 0 0 0 0
Pro:Med ¢] 0 0 0 0 0 0 0
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Distribution by Central Place Function and Type of Service

for the Towns and Small Islands of St.
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Grenadian and Vincentian Towns Grouped By Activity Type and Function

PRI=0.016583 (GT,KT)

PRI=0.02708&8 (GS,KS)

PRI=0.027973 (GT,GR, KT)

PRI=0.042337 (LA, CH)

PRI=0.052658 (GT,GR, KT,NG)

PRI=0.064960 (SA,ME)

PRI=0.066617 (BA, SG)

PRI=0.067362 (GT,GS,GR,KT,KS,NG)

PRI=0.076397 (GO,CA)

PRI=0.090405 (GT,GS,GR,KT,KS,GE, NG)

PRI=0.121494 (GT,GS,GR,KT,KS,CW, GE,NG)

PRI=0.139998 (GO, sD,CA)

PRI=0.145135 (GT,GS,GR,SA,KT,KS,ME,CW, GE,NG)

PRI=0.151227 (VI,PA, SG)

PRI=0.182185 (GT,GS,GR,SA,KT,Kg, LA,CH, ME,CW, GE,NG)
PRI=0.218775 (GT,Gs,GO,sSD,GR,SA,CA, KT, KS,LA, CH,ME,CW,GE, NG)
PRI=0.25521¢& (GT,Gs,G0O,sD,VI,GR, SA,CA,KT,KS, LA, BA,CH,ME, CW, GE, NG, SG)

Grenadian Towne Grouped By Activity Types and Function.

PRI=0.024903 (GT,GR)

PRI=0.054475 (GT,GS,GR)

PRI=0.076397 (GO,CA)

PRI=0.086582 (GT,GS,GR,SA)
PRI=0.13999¢& (GO,SD, CA)

PRI=0.164562 (GT,GS,VI,GR, SA)
PRI=0.235715 (GT,Gs,GO,SD,VI,GR,SA,CA)

Vincentian Towns Grouped by Activity Types and Function

PRI=0.03371& (KT, KS)

PRI=0.042337 (LA, CH)

PRI=0.05348Y (KT,KS,NG)

PRI=0.066617 (BA, SG)

PRI=0.069163 (ME,GE)

PRI=0.114041 (KT,KS,BA,NG, SG)

PRI=0.115279 (ME,CW, GE)

PRI=0.16968€1 (KT,KS, BA,ME,CW,GE, NG, SG)
PRI=0.213113 (KT,KS,LA,BA,CH,ME, CW,GE, NG, SG)

‘w
(95
00



Distribution by Central Flace Function for the Towns and

Small Islands of Grenada.

=== GT GS GR SA
Who 26 7 2 1
Ret 109 22 31 6
Ser 255 69 34 8
Pro 10 18 5 1

PN O

sh
0
2
2

0

ca

0
0
5
1

Distribution by Central Place Function for the Towns and

Small Islands of St. Vincent and the Grenadines.

=~= KT Ks BA ME NG

wWho 15 1 1 1 1

Ret 196 44 3 4 22

Ser 269 73 1 2 20
1

Pro 21 33 0 3
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Grenadian and Vincentian Towns Grouped
By Activity Function

PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.
.010358
.016680

PRI=0
PRI=0

PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.

000863
002095
002658
004099
004269
008264

019542
023447
039305
044403
046838
058521
089847
113565
155296

(KT ,NG)

(GR,KT, NG)

(GO, KS)

(GE, SG)

(GR, SA, KT, NG)

(LA,CH)

(GT,GR, SA,KT,NG)

(SD,GE, SG)

(GS,GO,KS)

(GT,GR, SA,SD, KT, NG, GE, SG)

(GT,GR, SA,SD,KT,ME, NG, GE, SG)

(VI,CA)

(GS,GO, KS,LA,CH)

(GT,GR, SA,SD, KT, BA,ME, NG, GE, SG)
(GT,GS,GR,SA,GO,SD, KT, KS, BA,ME, NG, LA, CH,GE, SG)
(GT,GS,GR,SA,GO,SD, KT,KS,BA,ME, NG, LA, CH,CW, GE, SG)
(GT,GS,GR,SA,Go, SD,VI,CA,KT,KS,BA,ME,NG,LA,CH,CW, GE, SG)

Grenadian Towns Grouped hy Activity Function

PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.

003372
013057
022107
029381
044403
056160
125699

(GR, SA)

(GT,GR, SA)

(GS,GO)

(GT,GR, SA,SD)

(VI,CA)
(GT,GS,GR,SA,GO,SD)
(GT,GS,GR,SA,GO,SD,VI,CA)

Vincentian Towns Grouped by Activity Function

PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.

000863
004099
008264
010204
024276
048573
061269
098998
127476

(KT,NG)

(GE, 8G)

(LA,CH)

(KT,NG,GE, 8G)

(KT,KS, NG, GE, 8G)

(BA,ME)

(KT,KS$,NG,LA, CH, GE, SG)

(KT ,KS, BA,ME,NG,LA, CH,GE, SG)
(KT,KS,BA,ME,NG,LA,CH,CW,GE, SG)
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Distribution by Type of Central Place Service for the Towns and
Small Islands of Grenada.

--= GT GS GO SD VI GR SA CA
Gen §2 14 1 0 Q0 24 3 2
Aut 36 18 0 0 0 6 2 0
Con 28 17 1 0 ¢ 5 1 0
Med 75 & 1 2 0 11 1 1
Fin 40 1 1 1 0 2 1 2
Leg 42 1 0 0 0 3 5 0
Com 39 3 0 0 0 1 0 1
Mar 13 0 0 0 0 1 0 0
Clo 14 3 0 0 0 6 0 0
F&D 48 38 1 0 1 9 3 1
E&E 8 4 0 0 @] 4 0 0
Agr 3 1 0 1 0 1 0 0

Distribution by Type of Central Place Service for the Towns and
Small Islands of St. Vincent.

KT KS LA BA CH ME CW GE NG SG
Clo 40 10 1 2 0 0 ¢l 0 7 4
Gen 118 36 1 ¢] 0 2 1 1 6 4
E&E 23 5 0 0 0 0 0 1 0 0
Aut 32 21 1 0 1 1 0 1 2 0
Mar 21 10 0 1 0 0 0 0 9 0
Com &2 3 0 0 0 0 0 0 3 1
Con 42 17 0 0 0 0 0 o] 5 0
Leg 33 1 0 0 0 0 0 0 1 1
F&D 74 35 1 3 1 2 2 7 22 6
Fin 55 3 o] 0 0 1 0 1 3 1
Med 30 7 1 0 1 0 0 2 2 0
Agr 4 2 o] 0 ¢] 0 0 0 1 0
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Grenadian and Vincentian Towns Grouped by
Type of Central Place Service.

PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.

PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.

PRI=O0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.

012503
019410
026253
041247
052804
053243
058204
061282
075093
079644
095238
117136
134641
136651
157500
192484
233035

(GT,KT)

(GS,KS)

(GT, GR,KT)

(GS,KS,NG)

(GO, CA)

(VI,CW)

(GT,GR, SA,KT)

(CH,GE)

(GS,KS,LA,NG)

(ME, SG)

(GT,GS,GR,SA, KT,KS,LA,NG)
(GT,GS,GR,SA,KT,KS, LA,ME, NG, SG)

(VI,BA,CW)
(GT,GS,GO,GR, SA,CA, KT ,KS,LA,ME,NG, SG)
(GT,GSs,GO,GR, SA,CA,KT,KS,LA,CH,ME,GE, NG, SG)
(GT,Gs,G0,SD,GR,SA,CA,KT,KS,LA,CH,ME, GE, NG, SG)
(GT,Gs,Go,sD,VI,GR, SA,CA,KT,KS,LA,BA,CH,ME,CW,GE, NG, SG)

Grenadian Towns Grouped hy Type of Central Place Service.

PRI=0.
PRI=0.

021586
050668

.052804
.07296 &
.116766
.178615
.234239

(GT,GR)

(GT, G, GR)

(GO,CA)

(GT,GS,GR, 8A)
(GT,GS,GO,GR, SA,CA)
(GT,Gs,G0,8D,GR,SA,CA)
(GT,GSs,G0,sD,VI,GR,SA,CA)

Vincentian Towns Grouped by Activity Types

PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.
PRI=0.

PRI=0.
PRI=0.
PRI=0.

023231
040579
057886
061282
068623
096 817
129225
133380
185629

(KT, KS)

(KT, KS, NG)

(ME, CW)

(CH,GE)

(KT, K&, NG, 8G)

(KT,KS, LA,NG, SG)

(KT, KS, LA ,BA, NG, SG)
(CH,ME,CW,GE)
(KT,KS,LA,BA,CH,ME, CW,GE, NG, SG)
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Appendix B
Chapter 9. Input Output Distribution Estimate:

Tools and Information Base
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The maximum entropy estimate of a distribution, presented in Chapter 4, is
implemented in a the programming language C, in the file MAXENTXD.C and related
files in the MAXENT subdirectory of the accompanying disk (Plate 1, in pocket).
Employment shares of the individual regional industries where determined by entering
the value in a spreadsheet. The resulting income shares and income account
information were used to generate constraint information, as described in Chapter 9.
The first set of spreadsheet table information below reproduce the page from the
spreadsheet where these calculations were performed.

As discussed in Chapter 9, available income account information does not
account for total amount of intermediate production in each industry, so for purposes
of comparison three hypothetical levels of intermediate production (as a fraction of
total domestic production in each industry) were assumed: 10%, 33%, and 50%. The
two islands, therefore, each have three sets of information, used to generate constraints
on the maximum entropy estimate. This constraints information, in the format used by
the program, is presented in the form used by the program. The files exported from
the spreadsheet program are in a format with text information in quotes, and all data
items seperated by commas; a utility program, DAT2TAB.EXE was written in C to
translate this format to the format used by the MAXENTXD program, without quoting
and with the tab character used as a seperator. The file export selection required a
rectangular block of rows and columns, although constraint information has a variable
number of entries per line, so the utility program TRAILING.EXE was written in C to

remove the trailing strings of blank data fields from each line. These utility program,
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along with source code, are provided in the TOOLS subdirectory of the accompanying
disk.

The output generated when MAXENTXD executes is stored in three files,
which are named by adding a new file extension to the name of the input file. The I-
O estimate itself is given a file extension of .MED; summary entropy statistics are
given a file extension of .MES; and information on the satisfaction of individual
constraint is given a file extension of . MEC. The I-O estimates are the final set of
files reproduced below. The program IOMULT, found in the IOMULT subdirectory,
was written in C to generate the type I and type II multiplier, described in Chapter 9,
and this was used to calculate the impacts presented in Table 7 and Table 8. The
information files, and the output generated by MAXENTXD and IOMULT, are

contained in the subdirectory I-O_EST.

345



vt

Grenada under hypothesis 1:

Labor Force
AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSFORT
FINANCE
GOVERNMENT
COMM SERVICES
OTHER SERVICES
OTHER

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSFORT
FINANCE
SERVICES

GDP:
UNIT:

IDP Share
EXHANGE:

EC$10,000

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES
EXP+NXF=IMP
NXF is LVA->TRD

MALE
5653
145
978
323
2133
15556
1438
151
101%
841
1753
274

Total
7660
168
1459
354
2444
3700
1596
357
7731

21290
48532
0.1
2.7

GDF

4866.5377315
234.09143518
616.03009259
443.54166567
1946.5550925
4607.9050925
1552.3958333
1342.9456018
5679.7974537

FEMALE
2007
22

Percentage in
Toan
0.1807441253
0.1041666567
0.58645335956
0.5720338983
0.4251227495
0.42121521562
0.5213032581
0.5988795518
0.5827835985

EXP US$
1048.3063451
0

169.51637519
0

0
1055.395768
140.63768788

0
1214.8349198
5360
1731.308904

All
7660
168
1469
354
2444
3700
15956
357
1508
2485
3537
495

SmToans
.525848554
.7619047519
.2648059905
.20313895305
.3895253682
.36756756756
.3421052652
.2044817927
.27292717563

0OO0O0O0O0OO0O0OO0O0

EXF EC$
2830.4271317
0

457.69421301
0
0
2849.5685736
379.72175728
0

3280.0542836
14472
4674.5340408
NXF is

3
0.29438989413
0.0064677575
0.0565543792
0.0136284889
0.0940904716
0.1424446583
0.0514436959
0.0137439845
0.05190556785
0.095707411
0.14001924933
0.0190952839

Settlements

0.2934073107
0.1339285714
0.1487406393
0.2245752712
0.1853518822
0.2112162162
0.1365914787
0.0965386555
0.1442892252

(col)

DXP EC$
2036.2105998
234.09143518
158.33587958
443.54166667
1946.6550926
1758.336519
1172.674076
1342.94560138
2399.7431701

0.4067452856

(row)

LVA EC$
1207.9915378
138.87584752
93.9335070138
263.13318478
1154.862311
1043.141429%4
695.69442406
796.70880947
1423.658949

4674.5340408
of DXP

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FIMNANCE
SERVICES
Total

GDF
Discrepency

DTP EC$

2262.4562219
260.10159465
175.92875509
492.82407407
2162.9501029
1953.7072433
1302.9711956
1492.1617798
2666.3313001

GDP EC$
3950
190
500
360
1580
3740
1260
1090
4610
17280
21290

1.2320601852



Lye

Grenada under hypothesis 1,

NFS
Travel

NFS less Travel

Explicit Comm
Resid Travel

Serv Remaining
Tran Remaining
Comm Remainin3a

All Remaining
Imputed Srv
Imputed Tran
Imputed Comm

AGRICULTURE
QUARRYING
MALUFACTURE
UTILITIES
CONSTRUCTION
COMIMERCE
TRANSPORT
FINANCE
SERVICES

ASRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES
LVA->TRD

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES

Us$10, 000
2028

1730

298
337.67575446
1292.2242455
1805.6286865
276.97400334
653.46192639
2742 .0645223
916.834391985
140.53768788
334.351627381

631.52296381

492.82407407
2162.5501029
4803.275381635
1682 .6929523
1492.16177338
5946.4355837

DXP EC32
20256
234
158
444
1347
1758
1173
1343
2400

EXF EC3
2830.4271317
0
457.63421301
0

0
2849.5685736
379.72175728
0
3280.0542836

continued

->Srv Exp
->Comm Exp

->Srv Exp
->Tran Exp
->Comm Exp

Towmn
321
217
372
282
920
2022
877
1042
3465

LVA EC$
1208
139
94
263
1155
1043
5956
737
1424
4674

Town
512

268
1200
198
1912

smTo-ns
2678
138

168

100

842
1766
5756

305
1623

2849
380
0
3280

SmTowns
1488

0

121

0

0

1047
130

0

895

Merch Exports
Explicit Man
Resid March

Agr Remaining
Man Remaining

Tran Remaining
Comm Remaining

All Remaining
Imputed Agr
Imputed Han
Imputed Tran
Imputed Comm

Settlements
1434

k3

34

111

401

1015

210

144

3538

TP ECS
3658

95

521

181

792
3564
857

546
4256

Settlements
830

0

68

0

0

602

52

0

473

Us$10,000

38
156856

1048.2052451
81.51627519

172.30830299
382.85827574

18562
->Man Exp

1802 .4584131
140.15929355
297.98741041
658.30406396
2898.309187
->Ag Exp
->Man Exp
->Tran Exp
->Comm Exp
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Grenada under hypothesis 2

Labor Force
AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
COMNSTRUCTION
COMMERCE
TRANSFORT
FINANCE
GOVERUIMENT
COMM SERVICES
OTHER SERVICES
OTHER

AGRICULTURE
QUARRYING
HAHUFACTURE
UTILITIES
CONSTRUCTIOH
COMMERCE
TRANSFORT
FINANCE
SERVICES

GDF:
UNIT:

IDP Share
EXHANGE:

EC$10, 000

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSFORT
FINANCE
SERVICES
EXP+NXF=IMP
NXF is LVA->TRD

MALE
5653
146
978
323
2133
1555
1438
151
1915
841
1753
274

T>tal
75650
168
1453
354
2444
3700
1535
357
7731

21230

27037
0.3333333333
21N

GDP

4866.5377315
234.09143513
616.03009259
443.541566667
1946.6550925
4607.9050926
1552.3958333
1342.9456013
5679.7974537

FEMALE
2007
22
491
31
311
2144
158
205
593
1545
1884
222

Fercentage in
Tz»m
0.1807441253
9.1041556566567
0.5864533695
0.5720338983
0.4251227435
0.4212162152
0.5213032581
0.6983795518
0.5827835985

EXP US$
1048.3063451
0

169.51637519
0

0
1055.395768
140.63763788

0
1214.8349198
5360
1731.308904

Aall
7650
163
1453
354
2444
3700
1595
357
1608
24385
3637
495

sSmTowns
.525848554
.7619047619
.2648053305
.2033838305
.3835253582
.36756756745
.34210525632
.20443179327
.2729271753

[oReNoNoNoNeNe o)

EXP EC$
2830.4271317

0
457.69421301
0

0
2849.5685735
379.72175728

0
3280.0542836
14472
4674.5340408
NXF is

2
0.2948939412
0.0064677575
0.0565543792
0.01362848389
0.0940904716
0.1424446583
0.0614435959
0.013743334%6
2.05195056785
0.035707411
0.1400192493
0.01309525835

€

tlements
334073107
.1333285714
.1487406333
.2245762712
.1853518822
.2112162162
.1365914787
.09566386555
0.1442832252

m
0

DO DO W

<

OO DO

(cel)

DXP EC$
2036.21059938
234.09143518
158.33587958
443.54166667
1946.6550926
1758.336519
1172.5674076
1342.9456018
2399.7431701

0.4067452856

(row)

LVA EC$
1207.9915378
138.87584752
93.933507018
263.13313478
1154.862311
1043.1414254
695.69442406
796.70880947
1423.658949

4674.5340408
of DXP

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES
Tatal

GDP
Discrepency

DTP EC3

3054.3158996
351.13715278
237.50381937
665.3125

2919.9825389
2637.5047784
1759.0111141
2014.41840238
3599.6147552

GDP EC$
3950
190
500
350
1580
3740
1260
1090
4510
17230
21230

1.2320601852
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Grenada under hypothesis 2, continued

NFS

Travel

NFS less Travel
Explicit Comm
Resid Travel
Serv Remaining
Tran Remaining
Comm Remaining
All Remaining
Imputed Srv
Imputed Tran
Imputed Comm

AGRIZULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTICH
COMMERCE
TRAMSPORT
FINANCE
SERVICES

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES
LVA->TRD

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES

US$10,000
2023

1730

298
337.675754456
1392.3242455
1805.628685656
276.97400934
659.46192699
2742 .0646229
916.834951985
140.637687383
334.85163781

TDF EC3

5884.7430313
351.13715278
695.158032338
665.3125

2919.98263389
5487.0733521
2138.7328714
2014.41840238
5875.6690387

DXF EC$
2036
234
1538
444
1947
1758
1173
13423
2400

EXP EC$
2830.4271317
0

457.69421301
0
0
2849.5685736
379.72175728
0
3280.05423836

->Srv Exp
->Comm Exp

->8Srv Exp
->Tran Exp
->Comm Exp

Toan SmTo»nis
1064 3034
37 2638
498 154
351 135
1241 1137
2311 2017
1115 732
14908 412
4009 1878
LVA EC3 EXP EC3
1208 2830
139 (1]

94 457
263 0
1155 0
1043 2349
696 380
737 0
1424 3280
4674

To'an SmTosns
512 1488
0 0
268 121
0 0

0 0
1200 1047
198 130
0 0
1912 895

Merch Exports
Explicit Man
Resid March
Agr Remaining
Man Remaining
Tran Remaining
Comm Remaining
All Remaining
Imputed Agr
Imputed Man
Imputed Tran
Imputed Comm

Settlements
1727

47

103

149

541

1153

232

135

993

IMP EC$
3658

95

521

181

792
3564
857

546
4256

Settlements
330

0

63

0

0

602

52

0

473

Us$10,000

38
16386

1048.3063451
81.516375139

173.30890399
382.86837574

1862
->Man Exp

1802.4584191
140.159293355
297.98741041
658.304063956
2898.9031387
->Ag Exp
->Man Exp
->Tran Exp
->Comm Exp



W

Grenada under hypothesis 3, continued

NFS
Travel

NFS less Travel

Explicit Comm
Resid Travel
Serv Remaining
Tran Remaining
Comm Remaining
All Remaining
Imputed Srv
Imputed Tran
Imputed Comm

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES
LVA->TRD

AGRICULTURE
QUARRY ING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES

Us$10, 000
2028

1730

298
337.67575446
1392.3242455
1805.6256866
276.97400924
659.46132693
2742.0646229
916.834319385
140.63758788
334.851637581

TDP EC3

6902.8483512
4658.18287027
774.36597217
887.08333333
3833.31013852
6366.2416115
2725.0695094
2685.8912037
8073.5406238

DXP EC$%
2036
234

158

444
1947
1758
1173
1343
2400

EXP EC$
2830.4271317
0
457.69421301
0

0
2849.5685736
379.72175728
0
3280.0542836

->Srv Exp

->Comm Exp

->Srv Exp

->Tran Exp

->Comm Exp

T=an SmTosns
1245 3630
43 357
454 205
507 180
1655 1517
2682 2340
1421 332
1577 543
4709 2205
LVA EC$ EXP EC$
1208 2830
139 0

94 457
263 0
1155 0
1043 2849
696 380
737 0
1424 3280
4674

To'an SmTo'wns
512 1488
0 0
268 121
0 0

0 0
1200 1047
198 130
0 0
1912 8935

Merch Exports
Explicit Man
Resid March
Agr Remaining
Man Remaining
Tran Remaining
Comm Remaining
All Remaining
Imputed Agr
Imputed HMan
Imputed Tran
Imputed Comm

Settlements
2025

63

115

193

722

1345

372

260

1166

IMP EC$
3658

95

521

181

792
3564
857

546
4256

Settlements
830

0

68

0

0

602

52

0

473

Us$10,000
1862

83

1686
1802.4584191
140.15929355

2898.9091587
1048.3063451
81.51637519
173.30890399
382.86837574

->Man Exp

297.98741041
658.30406396

->Ag Exp
->Man Exp
->Tran Exp
->Comm Exp



IS¢

Grenada under hypothesis 3, continued

NFS
Travel

NFS less Travel

Explicit Comm
Resid Travel
Serv Remaining
Tran Remaining
Comm Remaining
All Remaining
Imputed Srv
Imputed Tran
Imputed Comm

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSFORT
FINANCE
SERVICES

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES
LVA->TRD

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES

Us$10,000
2028

1730

298
337.67575446
1392.3242455
1305.62356856
276.57400334
659.451952659
2742.0546225
916.83491935
140.5376373838
334.8°51537381

TDP ET$

6502.8483312
453.18287037
774.36537217
887.08333333
3893.3101852
6366.2416115
2725.0699094
2685.58912037
8073.54062338

DXF EC%
2036
234
1538
444
1947
1758
1173
1343
2400

EXP EC%
2830.4271317

0
457.69421301
0

0
2849.5685736
379.72175728
0
3280.0542836

->Srv Exp

->Comm Exp

->Srv Exp

->Tran Exp

->Comm Exp

Toamn SmTowms
1243 3630
45 357
454 205
507 180
1655 1517
2382 2340
1421 332
1877 549
4709 2205
LVA EC3 EXP EC$
1208 2330
139 0

94 457
263 0
1155 0
1043 2349
696 330
797 0
1424 3280
4674

Town SmTowns
512 1488
0 0
268 121
0 0

0 0
1200 1047
198 130
0 0
1912 895

Merch Exports
Explicit Man
Resid March
Agr Remaining
Man Remaining
Tran Remaining

Zomm Remaining

311 Remaining
Imputed Agr
Imputed Man
Imputed Tran
Imputed Comm

lements

W Qo)
NNV L OD
T

w T

[SE Y SEVRV.}

260
1165

IMP EC$
36538

95

521

181

792
3564
357

545
4256

Settlements
830

0

65

0

0

602

52

0

473

Us$10,000
13862

88

1686
1802.4584191
140.15929355

2898.303187
1045.3053451
81.51637517%
173.30890339
382.85837574

->Man Exp

297.98741041
658.30406396

->Ag Exp

->Man Exp
->Tran Exp
->Comm Exp
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Saint Vincent under hypothesis 1

SVG Labor Force
AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMHERCE
TRANSPORT
FIMALNCE
GOVERNMENT
COMM SERVICES
OTHER SERVICES
OTHER

TOTAL

AGRICULTURE
QUARRYINS
HANUFACTURE
UTILITIES
CONSTRUZTION
COMMERCE
TRANSPORT
FINANCE
SERVICES

GDP:
UNIT:

IDP Share
EXHANGE:

EC$10,000

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTICN
COMMERCE
TRANSPORT
FINANCE
SERVICES
EXP+NXF=1IMP
NXF is LVA->TRD

MALE
6499
105
1028
329
3097
1267
17239
1539
972
862
1552
4554
22152

GDF
89238
108

GDP
3322.6075555
70.693779904
2167.9425837
377.03349282
2486.0645923
2509.629185656
2945.5741627
1684.868421
4135.5861244

FEMALE
2429
3

753
53
452
1299
133
152
526
15556
2127
2333
12506

Imputed to
Tzan
.1586021505
.6296236236
.6355379787
.6047120419
.463792617%
0.7201870615%
0.5757991407
0.8262108262
0.6251481238

o

0
0
0
0

EXP US$
795.3988914
0
784.21301844
0

0
659.63422324
386.86794185

0
1069.3159248
5360
1664.5640002

All
8928
108
1781
382
3549
2566
1862
351
14338
2418
3679
7537
34659

SmTowns
0.3780241935
0.1851851852
0.1813587872
0.20542408338
0.2828955305
0.1445830085
0.2803437164
0.10256410256
0.2210654311

EXP EC$
2147.57700638
0

2117.3913498
0

0
1781.0124027
1044.543443
0
2887.152997

14472
4494.3228006
NXF is

2
0.2575954298
0.0031160737
0.0513863643
0.0110216683
0.1023976456
0.074035604
0.053723419%6
0.0101272337
0.043221097
0.0697654289
0.1061484751
0.217461554

Settlements

.4633736559
.1851851852
.1830432341
.1858638743
.2532107918
.1352299299
.1428571429
.0712250712
.1537853351

[=NoNoNolo oo o]

(col)

DXP ECS$
1175.0306487
70.693779904
50.551233944
377.03349282
24856.0645933
728.61678386
1901.0307137
1684.868421
1248.4331274

0.4622684201

(row)

LVA EC3
631.85108718
38.014277958
27.1829948935
202.742381578
1336.8354415
391.80025434
1022.2442523
906.006957939
671.32191799

4494.3228006
of DXP

(Current Factor Prices)

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES
Total

GDP
Discrepency)

DTP EC$

1305.5896097
78.548644338
56.168037715
418.92610314
2762.2939925
809.57420423
2112.2563552
1872.0760234
1387.1479193

2820
60
1840
320
2110
2130
2500
1430
3510
16720
13700
1.1782296651



St. Vincent under hypothesis 1, continued

NFS
Travel

NFS less Travel

Explicit Comm
Resid Travel
Serv Remaining
Tran Remaining
Comm Remaining
All Remaining
Imputed Srv
Imputed Tran
Imputed Comm

BGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSFORT
FINANCE
SERVICES

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSFORT
FINANCE
SERVICES
LVA->TRD

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES

US$10, 000
1890

1780

110
161.46110225
1618.5388978
1421.6985646
573.33521042
403.62798314
2398.6617631
959.31592483
386.86794185
272.35503107

TDP EC3

3453.1666165
78.5486443338
2173.5593875
418.92610314
2762.2939925
2590.586607
3156.799798%Z
1872.0760234
4274.3009163

DXF EC$
1175

71

51

377
2486
729
1301
1685
1248

9723

EXP EC$
2147.5770068

0
2117.3313438
0

(1]
1781.0124027
1044.543443

0
2887.152997

->Srv Exp
->Comm Exp

->5rv Exp
->Tran Exp
->Ccmm Exp

T<wm SmToans
543 1305
45 15
1352 394
253 88
1251 781
1856 375
1821 885
1547 192
2572 345
LVA EC$ EXF EC3
632 2148
38 0

27 2118
203 0
1337 0

392 1782
1022 1044
906 0

671 2887
4495

9723 14474
Town SmTowns
341 812

0 0
1346 384

0 0

0 0
1283 258
602 293

0 0
1805 638

Merch Exports
Explicit Man
Resid March
Agr Remaining
Man Remaining
Tran Remaining
Comm Remaining
All Remaining
Imputed Agr
Imputed Man
Imputed Tran
Imputed Ccmm

Settlements
1600

15

398

73

700

359

451

133

657

IMF EC3
2691

33

2142
174
1149
2119
1923
779
3464

14474

Settlements
995

0

388

0

0

241

149

0

444

US$10,000
2890

750

1330
1230.595428
52.941697678

2150.5280726
795.39838914
34.21901844
334.56400024
225.81808992

->Man Exp

517.61818316
349.3727638

->Ag Exp

->Man Exp
->Tran Exp
->Comm Exp
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St. Vincent under hypothesis 2

SVG Labor Force
AGRICULTURE
QUARRY ING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
GOVERNMENT
COMM SERVICES
OTHER SERVICES
OTHER

TOTAL

AGRICULTURE
QUARRY ING
MLNUFACTURE
UTILITIES
COMSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES

GDF:
UNIT:

IDP Share
EXHANGE:

EC$10,000

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES
EXP+NXF=1IMP
NXF is LVA->TRD

MALE
5493
105
1028
329
3097
1257
1723
153
372
862
1552
4554

15700

24563
0.3333333333
2.7

GDP
3322.6076555
70.693779904
2167.9425837
377.03349282
2486.0545933
2509.5291866
2945.5741627
1684.868421
4135.5861244

FEMALE
2429

3
753
53
452
1299
133
192
526
1555
2127
2983
12506

Imputed to
Torm
.1586021505
. 6296296296
.6355379787
.6047120419
.4637926176
.7201870616
.5767991407
.8262108262
0.6251481238

[=NeNeNeNoloNoRal

EXP US$
795.3988914
0

784.21901844
0

0
659.63422324
385.86794185
0
1069.3159248
5360
1664.5640002

All
39238
108
1781
382
3549
2566
1862
351
1498
2418
3679
7537
34659

sSmTosnis

0.37802419335
.1851851852
.1813587872
.2094240838
. 2828365326
.1445830085
.2803437164
.1025641025
.2210664511

[=NeNeloNee o))

EXP EC3
2147.5770068
0

2117.3913498
0

0
1781.0124027
1044.543443
0
2887.152997
14472
4494.3228006
NXF is

.2575954298
.0031160737
.0513863643
.0110216683
.1023976456
.074035604

.0537234196
.0101272397
.043221097

.0537554289
.1061484751
.2174561554

[~NeNoNoYoNoNoloNoNoNoRal )

ttlements

.4533736559
.1851851852
.1830422341
.1858638743
.2533107918
.13522932993
0.1428571429
0.0712250712
0.1527553851

[0

[eNeoNoNoXnNaN/))

(col)

DXP EC$¢
1175.0306487
70.693779304
50.551233944
377.03349282
2486.0645933
728.61678386
1901.0307197
1684.868421
1248.4331274

0.4622684201

(row)

LVA EC$
631.85108718
38.014277958
27.182994895
202.74281578
1336 .8354415
391.80025434
1022.2442523
906.00695799
671.32191793

4494.3228006
of DXP

(Current Factor Prices)

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES
Total

GDF
Discrepency)

DTF EC3

1762.5459731
106.04066986
75.826850915
565.55023923
3723.03683899
1092.9251758
2851.5460795
2527.3026316
1872.649691

2820
60
1840
320
2110
2130
2500
1430
3510
16720
19700
1.1782296651



(I8}
(9]

St. Vincent under hypothesis 2,

NFS

Travel

NFS less Travel
Explicit Comm
Resid Travel
Serv Remaining
Tran Remaining
Comm Remaining
All Remaining
Imputed Srv
Imputed Tran
Imputed Comm

AGRICULTURE
QUARRYING
HANUFACTURE
UTILITIES
CONSTRUCTICH
COMMERCE
TRANSFORT
FINANCE
SERVICES

AGRICULTURE
QUARRYING
HMANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES
LVA->TRD

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES

Us$10,000
1830

1780

110
161.45110225
1618.53889738
1421.69385646
573.33521042
403.627338314
2398.65617631
959.315324323
386.56794185
272.35503107

TDP EC$

3910.1229793
105.040663935
2193.2182007
565.55023923
3725.0953839
2873.9375785
3896.0895225
2527.3026316
4759.8025831

DXP EC3
1175

71

51

377
2486
729
1501
1685
12438

9723

EXP ECS$
2147.5770068
0
2117.3913498
0

0
1781.0124027
1044.543443
0
2887.152997

continued

->Srv Exp

->Comm Exp

->Srv Exp

->Tran Exp

->Czmm Exp

Teowm SmTowns
620 1478
67 20
1334 398
342 1138
1730 1055
2070 416
2247 1092
2088 259
2376 1052
LVA EC3 EXP EC3
632 2143
38 0

27 2118
203 0
1337 0

392 1732
1022 1044
906 0

671 28387
4495

9723 14474
Town SmTowns
341 812

0 (1]
1346 384

0 0

0 0
1283 258
602 293

0 0
1805 638

Merch Exports
Explicit Man
Resid March
Agr Remaining
Man Remaining
Tran Remaining
Comm Remaining
All Remaining
Imputed Agr
Imputed Man
Imputed Tran
Imputed Comm

Settlements
1812

401

IMF EC$
2651

33

2142
174
1143
2119
1923
779
3464

14474

Settlements
995

0

383

0

0
241
149

0
444

Us$10,000
2830

750

1330
1230.595423
52.941697678

2150.5280725
795.2988914
34.219013844
334.55400024
225.818089%32

->Man Exp

517.61818316
349.3727638

->Ag Exp

->Man Exp
->Tran Exp
->Comm Exp



w

St. Vincent under hypothesis 3

Labor Force
AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSFORT
FIMNANCE
GOVERMMENT
COMM SERVICES
OTHER SERVICES
OTHER

TOTAL

AGRICULTURE
QUARRYING
HANUFACTURE
UTILITIES
CONSTRUCTICH
COMMERCE
TRANSFORT
FINANCE
SERVICES

GDP:
UNIT:

IDP Share
EXHANGE:

EC$10,000

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSFORT
FINANCE
SERVICES
EXP+NXF=IMP
NXF is LVA->TRD

MALE
6499
105
1028
329
3097
1257
1729
159
972
852
1552
4554
22153

GDF
89238
1038
1751
382
3549
2555
15862
351
7595

13700
29421
0.5
2.7

GDP
3322.56076555
70.6393779904
2167.9425837
377.03349282
2485.0545933
2509.6291866
2945.5741627
1684.868421
4135.5861244

FEMALE
2429
3

753
53
452
1299
133
152
525
1555
2127
2983
12505

Imputed to
Tecwn
0.1586021505
$.6256236295
0.6355973787
0.4047120419
0.4637925175
0.7201870516
0.5767591407
0.8262108262
6.6251481238

EXP UsS$
795.3988914
0
784.21901844
0

0
659.63422324
386.85794185

0
1069.3159248
5360
1664.5640002

All
8928
108
1781
382
3549
2566
1862
351
1438
2418
3573
7537
34559

SmTosns

0.3780241335
0.1851851852
0.1813587872
0.2094240833
0.2828965305
0.1445830085
0.2803437154
0.1025541025
0.2210664911

EXP EC3
2147.5770068

0
2117.3913498
0

0
1781.0124027
1044.543443

0
2887.152997
14472
44394.3228006
NXF is

2
0.2575954298
0.0031160737
0.0513863643
0.0110216683
.1023976456
.074035604
.0537234196
.0101272397
.043221097
.0697554283
.1051484751
.217451554

Q00O O00O0O0

Settlements

0.4633736559
.1851851852
.1830432341
.1858638743
.2533107918
.1352299299
.1428571429
.0712250712
0.1537853851

[oNo NoNoNo NNt

(col)

DXP EC3
1175.0306487
70.693779904
50.551233944
377.03349282
2485.0645933
728.61678386
1901.0307197
1684.868421
1248.4331274

0.4622684201

(row)

LVA EC$
6£31.85108718
38.014277958
27.182994895
202.74281578
1336.8354415
391.80025434
1022.2442523
906.00695799
671.32191799

4494.3228006
of DXP

(Current Factor Prices)

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSFORT
FIMANCE
SERVICES
Tetal

GDF
Discrepency]

DTP EC3

2350.0612975
141.38755981
101.10246789
754.06698564
4972.1291866
1457.2335677
3802.0614393
3369.7368421
2496.8662547

2820
60
1840
320
2110
2130
2500
1430
3510
15720
19700
1.1782296651



w

3t. Vincent under hypothesis 3,

NFsS

Travel

NFS less Travel
Explicit Comm
Resid Travel
Serv Remaining
Tran Remaining
Comm Remaining
All Remaining
Imputed Srv
Imputed Tran
Imputed Comm

AGRICULTURE
QUARRYINS
MAMUFACTURE
UTILITIES
COMSTRUCTICN
COMMERCE
TRAHSFORT
FINANCE
SERVICES

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES
LVA->TRD

AGRICULTURE
QUARRYING
MANUFACTURE
UTILITIES
CONSTRUCTION
COMMERCE
TRANSPORT
FINANCE
SERVICES

Us5$10,000
1890

1780

110
161.46110225
1618.5388978
1421.6985645
573.33521042
403.62798814
2395.6617631
959.315924382
386.86734185
272.35503107

TDF EC$

4437.6383042
141.2387559381
2218.4938177
754.05698564
4372.12918565
3238.2459705
4846.60483823
3363.7368421
5384.0192518

DXF EC%
1175

71

51

377
2485
729
1301
1585
12438

9723

EXP EC$
2147.5770068
0

2117.3913498
0

0
1781.0124027
1044.543443

0
2887.152997

continued

->3rv Exp
->Comm Exp

->Srv Exp
->Tran Exp
->Comm Exp

Toan
713
83
1410
456
2305
2332
27956
2784
3366

LVA EC$
632
33
27
203
1337
392
1022
9056
671
4495
9723

Town
341
0
13456
[¢]

0
1233
602

0
1805

SmTowns
1700

26

402

158
1407
4638
1359
345
1192

EXF EC$
21438

0

2118

0

0

1782
1044

0

2887

14474

SmTowns
812

(1]

384

0

0
258
293
0
638

Merch Exports
Explicit Man
Resid March
Agr Remaining
Man Remaining
Tran Remaining
Comm Remaining
211 Remaining
Imputed Agr
Imputed Man
Imputed Tran
Imputed Comm

Settlements
20384

26

406

140

1253

438

6592

240

328

IMP EC$
2691

33

2142
174
1149
2119
1923
779
3464

14474

Settlements
995

0

3338

0

0

241

149

0

444

Us$10,000
2390

750

1390
1230.5954238
52.941697678

2150.5280725
735.3388914
34.219013844
334.56400024
225.81808992

->Man Exp

517.618183156
349.3727638

->Ag Exp

->Man Exp
->Tran Exp
->Comm Exp



Constraint under hypothesis 1

Grenada
UNIT
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS

48534
TAGR

TMIN

TMAN

TUTI

TCON

TCOM

TTRA

TFIN

TSRV

MAGR

MMIN

MMAN

MUTI

MCON

MCOM

MTRA

MFIN

MSRV

SAGR

SMIN

SMAN

SUTI

SCON

SCOM

STRA

SFIN

SSRV

Lva

TRD
(LVA,TRD)
(TRD, TRD)
(TAGR, TRD)
(TMAN, TRD)
(TCOM, TRD)
(TTRA, TRD)
(TSRV, TRD)
(MAGR, TRD)
(MMAN, TRD)
(MCOM, TRD)
(MTRA, TRD)
(MSRV, TRD)
(SAGR, TRD)
(SMAN, TRD)
(SCOM, TRD)
(STRA, TRD)
(SSRV, TRD)
(TMIN, TRD)
(MMIN, TRD)
(SMIN, TRD)
(TAGR, LVA)
(TMIN, LVA)
(TMAN, LVA)
(TUTI,LVA)
(TCON, LVA)
(TCOM, LVA)
(TTRA, LVA)
(TFIN,LVA)
(TSRV, LVA)
(LVA, TAGR)

1200

198

1912

1488

121

1048

130

895

830

68

602

52

473

(TUTI, TRD)
(MUTI, TRD)
(SUTI, TRD)
(MAGR, LVA)
(MMIN, LVA)
(MMAN, LVA)
(MUTI,LVA)
(MCON, LVA)
(MCOM, LVA)
(MTRA, LVA)
(MFIN, LVA)
(MSRV, LVA)
(LVA,MAGR)

W

(TCON, TRD)
(MCON, TRD)
(SCON, TRD)
(SAGR, LVA)
(SMIN, LVA)
(SMAN, LVA)
(SUTI,LVA)
(SCON, LVAa)
(SCOM, LVA)
(STRA,LVA)
(SFIN,LVA)
(SSRV, LVA)
(LVA, SAGR)

58

(TFIN, TRD)
(MFIN, TRD)
(SFIN, TRD)
2036
234
158
444
1947
1758
1173
1343
2400
1208

0
0
0



POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS

(LVA, TMIN)
(LVA, TMAN)
(LVA, TUTI)
(LVA, TCON)
(LVA, TCOM)
(LVA, TTRA)
(LVA, TFIN)
(LVA, TSRV)
(TRD, TAGR)
(TRD, TMIN)
(TRD, TMAN)
(TRD, TUTI)
(TRD, TCON)
(TRD, TCOM)
(TRD, TTRA)
(TRD, TFIN)
(TRD, TSRV)
(MCOM, TCOM)
(TMIN, TMIN)
(MMIN, TMIN)
(SMIN, TMIN)
(TAGR, TUTI)
(MAGR, TUTI)
(SAGR, TUTI)
(TMAN, TMIN)
(MMAN, TMIN)
(SMAN, TMIN)
(TMIN, TUTI)
(MMIN, TUTI)
(SMIN, TUTI)
(TMAN, TUTI)
(MMAN, TUTI)
(SMAN, TUTI)
(TAGR, TTRA)
(MAGR, TTRA)
(SAGR, TTRA)
(TAGR, TFIN)
(MAGR, TFIN)
(SAGR, TFIN)
(TMIN, TFIN)
(MMIN, TFIN)
(SMIN, TFIN)
(TMAN, TFIN)
(MMAN, TFIN)
(SMAN, TFIN)

(LVA,MMIN)
(LVA, MMAN)
(LVA,MUTI)
(LVA, MCON)
(LVA, MCOM)
(LVA,MTRA)
(LVA,MFIN)
(LVA, MSRV)
(TRD, MAGR)
(TRD, MMIN)
(TRD, MMAN)
(TRD,MUTI)
(TRD, MCON)
(TRD, MCOM)
(TRD, MTRA)
(TRD,MFIN)
(TRD, MSRV)
(MCOM, SCOM)
(TMIN,MMIN)
(MMIN, MMIN)
(SMIN, MMIN)
(TAGR,MUTI)
(MAGR, MUTI)
(SAGR,MUTI)
(TMAN, MMIN)
(MMAN, MMIN)
(SMAN, MMIN)
(TMIN,MUTI)
(MMIN, MUTI)
(SMIN,MUTI)
(TMAN,MUTI)
(MMAN, MUTI)
(SMAN, MUTI)
(TAGR,MTRA)
(MAGR,MTRA)
(SAGR,MTRA)
(TAGR,MFIN)
(MAGR,MFIN)
(SAGR,MFIN)
(TMIN,MFIN)
(MMIN,MFIN)
(SMIN,MFIN)
(TMAN,MFIN)
(MMAN, MFIN)
(SMAN, MFIN)

W

(LVA, SMIN)
(LVA, SMAN)
(LVA, SUTI)
(LVA, SCON)
(LVA, SCOM)
(LVA, STRA)
(LVA, SFIN)
(LVA, SSRV)
(TRD, SAGR)
(TRD, SMIN)
(TRD, SMAN)
(TRD, SUTI)
(TRD, SCON)
(TRD, SCOM)
(TRD, STRA)
(TRD, SFIN)
(TRD, SSRV)
(SCOM, TCOM)
(TMIN, SMIN)
(MMIN, SMIN)
(SMIN, SMIN)
(TAGR, SUTI)
(MAGR, SUTI)
(SAGR, SUTI)
(TMAN, SMIN)
(MMAN, SMIN)
(SMAN, SMIN)
(TMIN, SUTI)
(MMIN, SUTI)
(SMIN, SUTI)
(TMAN, SUTI)
(MMAN, SUTI)
(SMAN, SUTI)
(TAGR, STRA)
(MAGR, STRA)
(SAGR, STRA)
(TAGR, SFIN)
(MAGR, SFIN)
(SAGR, SFIN)
(TMIN, SFIN)
(MMIN, SFIN)
(SMIN, SFIN)
(TMAN, SFIN)
(MMAN, SFIN)
(SMAN, SFIN)

139
94
263
1155
1043
696
797
1424
3658
95
522
181
792
3565
857
546
4256
(SCOM, MCOM)

[eNeoNoNeoNoNoNeoNoNolloNoNoNolloNoNoNoNoloNoNloNoNoNoNeoNoNe]



Constraints under hypothesis 2

Grenada
UNIT
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS

53002
TAGR

TMIN

TMAN

TUTI

TCON

TCOM

TTRA

TFIN

TSRV

MAGR

MMIN

MMAN

MUTI

MCON

MCOM

MTRA

MFIN

MSRV

SAGR

SMIN

SMAN

SUTI

SCON

SCOM

STRA

SFIN

SSRV

Lva

TRD

(LVA, TRD)
(TRD, TRD)
(TAGR, TRD)
(TMAN, TRD)
(TCOM, TRD)
(TTRA, TRD)
(TSRV, TRD)
(MAGR, TRD)
(MMAN, TRD)
(MCOM, TRD)
(MTRA, TRD)
(MSRV, TRD)
(SAGR, TRD)
(SMAN, TRD)
(SCOM, TRD)
(STRA, TRD)
(SSRV, TRD)
(TMIN, TRD)
(MMIN, TRD)
(SMIN, TRD)
(TAGR, LVA)
(TMIN, LVA)
(TMAN, LVA)
(TUTI,LVA)
(TCON, LVA)
(TCOM, LVA)
(TTRA, LVA)
(TFIN,LVA)
(TSRV,LVA)
(LVA, TAGR)

473

(TUTI,TRD)
(MUTI,TRD)
(SUTI, TRD)
(MAGR, LVA)
(MMIN, LVA)
(MMAN, LVA)
(MUTI,LVA)
(MCON, LVA)
(MCOM, LVA)
(MTRA, LVA)
(MFIN, LVA)
(MSRV, LVA)
(LVA, MAGR)

(TCON, TRD)
(MCON, TRD)
(SCON, TRD)
(SAGR, LVA)
(SMIN, LVA)
(SMAN, LVA)
(SUTI,LVA)
(SCON, LVA)
(SCOM, LVA)
(STRA,LVA)
(SFIN, LVA)
(SSRV, LVA)
(LVA, SAGR)

360

(TFIN, TRD)
(MFIN, TRD)
(SFIN, TRD)
2036

234

158

444

1947

1758

1173

1343

2400

1208

0
0
0



POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS

(LVA, TMIN)
(LVA, TMAN)
(LVA, TUTI)
(LVA, TCON)
(LVA, TCOM)
(LVA, TTRA)
(LVA, TFIN)
(LVA, TSRV)
(TRD, TAGR)
(TRD, TMIN)
(TRD, TMAN)
(TRD, TUTI)
(TRD, TCON)
(TRD, TCOM)
(TRD, TTRA)
(TRD, TFIN)
(TRD, TSRV)
(MCOM, TCOM)
(TMIN, TMIN)
(MMIN, TMIN)
(SMIN, TMIN)
(TAGR, TUTI)
(MAGR, TUTI)
(SAGR, TUTI)
(TMAN, TMIN)
(MMAN, TMIN)
(SMAN, TMIN)
(TMIN, TUTI)
(MMIN, TUTI)
(SMIN, TUTI)
(TMAN, TUTI)
(MMAN, TUTI)
(SMAN, TUTI)
(TAGR, TTRA)
(MAGR, TTRA)
(SAGR, TTRA)
(TAGR, TFIN)
(MAGR, TFIN)
(SAGR, TFIN)
(TMIN, TFIN)
(MMIN, TFIN)
(SMIN, TFIN)
(TMAN, TFIN)
(MMAN, TFIN)
(SMAN, TFIN)

(LVA,MMIN)
(LVA, MMAN)
(LVA,MUTI)
(LVA,MCON)
(LVA, MCOM)
(LVA, MTRA)
(LVA,MFIN)
(LVA,MSRV)
(TRD,MAGR)
(TRD, MMIN)
(TRD, MMAN)
(TRD,MUTI)
(TRD, MCON)
(TRD, MCOM)
(TRD, MTRA)
(TRD,MFIN)
(TRD, MSRV)
(MCOM, SCOM)
(TMIN, MMIN)
(MMIN, MMIN)
(SMIN,MMIN)
(TAGR, MUTI)
(MAGR,MUTI)
(SAGR,MUTI)
(TMAN, MMIN)
(MMAN, MMIN)
(SMAN, MMIN)
(TMIN,MUTI)
(MMIN, MUTI)
(SMIN,MUTI)
(TMAN, MUTI)
(MMAN, MUTI)
(SMAN, MUTI)
(TAGR,MTRA)
(MAGR, MTRA)
(SAGR,MTRA)
(TAGR,MFIN)
(MAGR,MFIN)
(SAGR,MFIN)
(TMIN,MFIN)
(MMIN,MFIN)
(SMIN,MFIN)
(TMAN, MFIN)
(MMAN, MFIN)
(SMAN, MFIN)

(LVA, SMIN)
(LVA, SMAN)
(LVA, SUTI)
(LVA, SCON)
(LVA, SCOM)
(LVA,STRA)
(LVA, SFIN)
(LVA, SSRV)
(TRD, SAGR)
(TRD, SMIN)
(TRD, SMAN)
(TRD, SUTI)
(TRD, SCON)
(TRD, SCOM)
(TRD, STRA)
(TRD, SFIN)
(TRD, SSRV)
(SCOM, TCOM)
(TMIN, SMIN)
(MMIN, SMIN)
(SMIN, SMIN)
(TAGR, SUTI)
(MAGR, SUTI)
(SAGR, SUTI)
(TMAN, SMIN)
(MMAN, SMIN)
(SMAN, SMIN)
(TMIN, SUTI)
(MMIN, SUTI)
(SMIN, SUTI)
(TMAN, SUTI)
(MMAN, SUTI)
(SMAN, SUTI)
(TAGR, STRA)
(MAGR, STRA)
(SAGR, STRA)
(TAGR, SFIN)
(MAGR, SFIN)
(SAGR, SFIN)
(TMIN, SFIN)
(MMIN, SFIN)
(SMIN, SFIN)
(TMAN, SFIN)
(MMAN, SFIN)
(SMAN, SFIN)

361

139
94
263
1155
1043
696
797
1424
3658
95
522
181
792
3565
857
546
4256
(SCOM, MCOM)
0

[ejeleloNeoNoNololoNolololoololoNeoNoNoNoNoNoNeNeoNoNa)



Constraints under hypothesis 3

Grenada
UNIT
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS

58749
TAGR

TMIN

TMAN

TUTI

TCON

TCOM

TTRA

TFIN

TSRV

MAGR

MMIN

MMAN

MUTI

MCON

MCOM

MTRA

MFIN

MSRV

SAGR

SMIN

SMAN

SUTI

SCON

SCOM

STRA

SFIN

SSRV

Lva

TRD

(LVA, TRD)
(TRD, TRD)
(TAGR, TRD)
(TMAN, TRD)
(TCOM, TRD)
(TTRA, TRD)
(TSRV, TRD)
(MAGR, TRD)
(MMAN, TRD)
(MCOM, TRD)
(MTRA, TRD)
(MSRV, TRD)
(SAGR, TRD)
(SMAN, TRD)
(SCOM, TRD)
(STRA, TRD)
(SSRV, TRD)
(TMIN, TRD)
(MMIN, TRD)
(SMIN, TRD)
(TAGR, LVA)
(TMIN, LVA)
(TMAN, LVA)
(TUTI,LVA)
(TCON, LVA)
(TCOM, LVA)
(TTRA, LVA)
(TFIN,LVA)
(TSRV, LVA)
(LVA, TAGR)

1248

454
507
1655
2682
1421
1877
4709
3630
357
205

1517
2340
932
549
2205
2025

115
199
722
1345
372
260
1166
11493
14472
4674

473

(TUTI, TRD)
(MUTI, TRD)
(SUTI, TRD)
(MAGR, LVA)
(MMIN, LVA)
(MMAN, LVA)
(MUTI,LVA)
(MCON, LVAa)
(MCOM, LVA)
(MTRA, LVA)
(MFIN, LVA)
(MSRV, LVA)
(LVA, MAGR)

(TCON, TRD)
(MCON, TRD)
(SCON, TRD)
(SAGR, LVA)
(SMIN, LVA)
(SMAN, LVA)
(SUTI,LVA)
(SCON, LVAa)
(SCOM, LVA)
(STRA,LVA)
(SFIN,LVA)
(SSRV,LVA)
(LVA, SAGR)

362

(TFIN, TRD)
(MFIN, TRD)
(SFIN, TRD)
2036
234
158
444
1947
1758
1173
1343
2400
1208

0
0
0



POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS

(LVA, TMIN)
(LVA, TMAN)
(LVA, TUTI)
(LVA, TCON)
(LVA, TCOM)
(LVA, TTRA)
(LVA, TFIN)
(LVA, TSRV)
(TRD, TAGR)
(TRD, TMIN)
(TRD, TMAN)
(TRD, TUTI)
(TRD, TCON)
(TRD, TCOM)
(TRD, TTRA)
(TRD, TFIN)
(TRD, TSRV)
(MCOM, TCOM)
(TMIN, TMIN)
(MMIN, TMIN)
(SMIN, TMIN)
(TAGR, TUTI)
(MAGR, TUTI)
(SAGR, TUTI)
(TMAN, TMIN)
(MMAN, TMIN)
(SMAN, TMIN)
(TMIN, TUTI)
(MMIN, TUTI)
(SMIN, TUTI)
(TMAN, TUTI)
(MMAN, TUTI)
(SMAN, TUTI)
(TAGR, TTRA)
(MAGR, TTRA)
(SAGR, TTRA)
(TAGR, TFIN)
(MAGR, TFIN)
(SAGR, TFIN)
(TMIN, TFIN)
(MMIN, TFIN)
(SMIN, TFIN)
(TMAN, TFIN)
(MMAN, TFIN)
(SMAN, TFIN)

(LVA,MMIN)
(LVA, MMAN)
(LVA,MUTI)
(LVA,MCON)
(LVA,MCOM)
(LVA,MTRA)
(LVA,MFIN)
(LVA,MSRV)
(TRD, MAGR)
(TRD, MMIN)
(TRD, MMAN)
(TRD,MUTI)
(TRD, MCON)
(TRD, MCOM)
(TRD, MTRA)
(TRD,MFIN)
(TRD,MSRV)
(MCOM, SCOM)
(TMIN, MMIN)
(MMIN, MMIN)
(SMIN, MMIN)
(TAGR,MUTI)
(MAGR, MUTI)
(SAGR,MUTI)
(TMAN, MMIN)
(MMAN, MMIN)
(SMAN, MMIN)
(TMIN, MUTI)
(MMIN, MUTI)
(SMIN, MUTI)
(TMAN, MUTI)
(MMAN, MUTI)
(SMAN, MUTI)
(TAGR, MTRA)
(MAGR, MTRA)
(SAGR,MTRA)
(TAGR,MFIN)
(MAGR, MFIN)
(SAGR, MFIN)
(TMIN,MFIN)
(MMIN, MFIN)
(SMIN,MFIN)
(TMAN, MFIN)
(MMAN, MFIN)
(SMAN, MFIN)

(LVA, SMIN)
(LVA, SMAN)
(LVA, SUTI)
(LVA, SCON)
(LVA, SCOM)
(LVA, STRA)
(LVA, SFIN)
(LVA, SSRV)
(TRD, SAGR)
(TRD, SMIN)
(TRD, SMAN)
(TRD, SUTI)
(TRD, SCON)
(TRD, SCOM)
(TRD, STRA)
(TRD, SFIN)
(TRD, SSRV)
(SCOM, TCOM)
(TMIN, SMIN)
(MMIN, SMIN)
(SMIN, SMIN)
(TAGR, SUTI)
(MAGR, SUTI)
(SAGR, SUTI)
(TMAN, SMIN)
(MMAN, SMIN)
(SMAN, SMIN)
(TMIN, SUTI)
(MMIN, SUTI)
(SMIN, SUTI)
(TMAN, SUTI)
(MMAN, SUTI)
(SMAN, SUTI)
(TAGR, STRA)
(MAGR, STRA)
(SAGR, STRA)
(TAGR, SFIN)
(MAGR, SFIN)
(SAGR, SFIN)
(TMIN, SFIN)
(MMIN, SFIN)
(SMIN, SFIN)
(TMAN, SFIN)
(MMAN, SFIN)
(SMAN, SFIN)

363

139
94
263
1155
1043
696
797
1424
3658
95
522
181
792
3565
857
546
4256
(SCOM, MCOM)
0
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Constraint under hypothesis 1

St Vincent

UNIT
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS

44977
TAGR

TMIN

TMAN

TUTI

TCON

TCOM

TTRA

TFIN

TSRV

MAGR

MMIN

MMAN

MUTI

MCON

MCOM

MTRA

MFIN

MSRV

SAGR

SMIN

SMAN

SUTI

SCON

SCOM

STRA

SFIN

SSRV

Lva

TRD

(LVA, TRD)
(TRD, TRD)
(TAGR, TRD)
(TMAN, TRD)
(TCOM, TRD)
(TTRA, TRD)
(TSRV, TRD)
(MAGR, TRD)
(MMAN, TRD)
(MCOM, TRD)
(MTRA, TRD)
(MSRV, TRD)
(SAGR, TRD)
(SMAN, TRD)
(SCOM, TRD)
(STRA, TRD)
(SSRV, TRD)
(TMIN, TRD)
(MMIN, TRD)
(SMIN, TRD)
(TAGR, LVA)
(TMIN, LVA)
(TMAN, LVA)
(TUTI,LVA)
(TCON, LVA)
(TCOM, LVA)
(TTRA,LVA)
(TFIN, LVA)
(TSRV, LVA)
(LVA, TAGR)

341

1346

1283

603

1805

812

384

258

293

638

995

388

241

149

444

(TUTI, TRD)
(MUTI, TRD)
(SUTI, TRD)
(MAGR, LVA)
(MMIN, LVA)
(MMAN, LVA)
(MUTI, LVA)
(MCON, LVA)
(MCOM, LVA)
(MTRA, LVA)
(MFIN, LVA)
(MSRV, LVA)
(LVA, MAGR)

(TCON, TRD)
(MCON, TRD)
(SCON, TRD)
(SAGR, LVA)
(SMIN, LVA)
(SMAN, LVA)
(SUTI,LVA)
(SCON, LVA)
(SCOM, LVA)
(STRA,LVA)
(SFIN,LVA)
(SSRV,LVA)
(LVA, SAGR)

364

(TFIN, TRD)
(MFIN, TRD)
(SFIN, TRD)
1175

71

51

377

2486

729

1901

1685

1248

632

[eNeNe)



POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS

(LVA, TMIN)
(LVA, TMAN)
(LVA, TUTI)
(LVA, TCON)
(LVA, TCOM)
(LVA, TTRA)
(LVA, TFIN)
(LVA, TSRV)
(TRD, TAGR)
(TRD, TMIN)
(TRD, TMAN)
(TRD, TUTI)
(TRD, TCON)
(TRD, TCOM)
(TRD, TTRA)
(TRD, TFIN)
(TRD, TSRV)
(MCOM, TCOM)
(TMIN, TMIN)
(MMIN, TMIN)
(SMIN, TMIN)
(TAGR, TUTI)
(MAGR, TUTI)
(SAGR, TUTI)
(TMAN, TMIN)
(MMAN, TMIN)
(SMAN, TMIN)
(TMIN, TUTI)
(MMIN, TUTI)
(SMIN, TUTI)
(TMAN, TUTI)
(MMAN, TUTI)
(SMAN, TUTI)
(TAGR, TTRA)
(MAGR, TTRA)
(SAGR, TTRA)
(TAGR, TFIN)
(MAGR, TFIN)
(SAGR, TFIN)
(TMIN, TFIN)
(MMIN, TFIN)
(SMIN, TFIN)
(TMAN, TFIN)
(MMAN, TFIN)
(SMAN, TFIN)

(LVA,MMIN)
(LVA, MMAN)
(LVA,MUTI)
(LVA,MCON)
(LVA, MCOM)
(LVA,MTRA)
(LVA,MFIN)
(LVA, MSRV)
(TRD, MAGR)
(TRD, MMIN)
(TRD, MMAN)
(TRD,MUTI)
(TRD, MCON)
(TRD, MCOM)
(TRD, MTRA)
(TRD, MFIN)
(TRD, MSRV)
(MCOM, SCOM)
(TMIN, MMIN)
(MMIN, MMIN)
(SMIN, MMIN)
(TAGR,MUTI)
(MAGR, MUTI)
(SAGR,MUTI)
(TMAN, MMIN)
(MMAN, MMIN)
(SMAN, MMIN)
(TMIN,MUTI)
(MMIN,MUTI)
(SMIN,MUTI)
(TMAN, MUTI)
(MMAN, MUTI)
(SMAN, MUTI)
(TAGR,MTRA)
(MAGR, MTRA)
(SAGR, MTRA)
(TAGR,MFIN)
(MAGR, MFIN)
(SAGR, MFIN)
(TMIN,MFIN)
(MMIN,MFIN)
(SMIN,MFIN)
(TMAN, MFIN)
(MMAN, MFIN)
(SMAN, MFIN)

(58]
N
LV,

(LVA, SMIN)
(LVA, SMAN)
(LVA, SUTI)
(LVA, SCON)
(LVA, SCOM)
(LVA, STRA)
(LVA, SFIN)
(LVA, SSRV)
(TRD, SAGR)
(TRD, SMIN)
(TRD, SMAN)
(TRD, SUTI)
(TRD, SCON)
(TRD, SCOM)
(TRD, STRA)
(TRD, SFIN)
(TRD, SSRV)
(SCOM, TCOM)
(TMIN, SMIN)
(MMIN, SMIN)
(SMIN, SMIN)
(TAGR, SUTI)
(MAGR, SUTI)
(SAGR, SUTI)
(TMAN, SMIN)
(MMAN, SMIN)
(SMAN, SMIN)
(TMIN, SUTI)
(MMIN, SUTI)
(SMIN, SUTI)
(TMAN, SUTTI)
(MMAN, SUTTI)
(SMAN, SUTI)
(TAGR, STRA)
(MAGR, STRA)
(SAGR, STRA)
(TAGR, SFIN)
(MAGR, SFIN)
(SAGR, SFIN)
(TMIN, SFIN)
(MMIN, SFIN)
(SMIN, SFIN)
(TMAN, SFIN)
(MMAN, SFIN)
(SMAN, SFIN)

38
27
203
1337
392
1022
906
671
2691
33
2141
174
1149
2118
1924
779
3464
(SCOM, MCOM)

[eNoloNoNeoNecNoNoNoloNoNeoNoloNoNoloNeoloNoNoloNoNoNoNoNa}



Constraints under hypothesis 2

St Vincent

UNIT
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS

48759
TAGR

TMIN

TMAN

TUTI

TCON

TCOM

TTRA

TFIN

TSRV

MAGR

MMIN

MMAN

MUTI

MCON

MCOM

MTRA

MFIN

MSRV

SAGR

SMIN

SMAN

SUTI

SCON

SCOM

STRA

SFIN

SSRV

LVA

TRD

(LVA, TRD)
(TRD, TRD)
(TAGR, TRD)
(TMAN, TRD)
(TCOM, TRD)
(TTRA, TRD)
(TSRV, TRD)
(MAGR, TRD)
(MMAN, TRD)
(MCOM, TRD)
(MTRA, TRD)
(MSRV, TRD)
(SAGR, TRD)
(SMAN, TRD)
(SCOM, TRD)
(STRA, TRD)
(SSRV, TRD)
(TMIN, TRD)
(MMIN, TRD)
(SMIN, TRD)
(TAGR, LVA)
(TMIN, LVA)
(TMAN, LVA)
(TUTI,LVA)
(TCON, LVA)
(TCOM, LVA)
(TTRA,LVA)
(TFIN,LVA)
(TSRV,LVA)
(LVA, TAGR)

620

1394
342

1730
2070
2247
2088
2976
1478

398

118

1055

416

1092

259

1052

1812

20

401

105

945

389

557

180

732

9723

14473

4493

0

341

1346

1283

603

1805

812

384

258

293

638

995

388

241

149

444
(TUTI,TRD)
(MUTI, TRD)
(SUTI, TRD)
(MAGR, LVA)
(MMIN, LVA)
(MMAN, LVA)
(MUTI,LVA)
(MCON, LVA)
(MCOM, LVA)
(MTRA,LVA)
(MFIN, LVA)
(MSRV, LVA)
(LVA,MAGR)

(TCON, TRD)
(MCON, TRD)
(SCON, TRD)
(SAGR, LVA)
(SMIN, LVA)
(SMAN, LVA)
(SUTI,LVA)
(SCON, LVA)
(SCOM, LVA)
(STRA,LVA)
(SFIN,LVA)
(SSRV, LVA)
(LVA, SAGR)

366

(TFIN, TRD)
(MFIN, TRD)
(SFIN, TRD)
1175

71

51

377

2486

729

1901

1685

1248

632

0
0
0



POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS

(LVA, TMIN)
(LVA, TMAN)
(LVA, TUTI)
(LVA, TCON)
(LVA, TCOM)
(LVA, TTRA)
(LVA, TFIN)
(LVA, TSRV)
(TRD, TAGR)
(TRD, TMIN)
(TRD, TMAN)
(TRD, TUTI)
(TRD, TCON)
(TRD, TCOM)
(TRD, TTRA)
(TRD, TFIN)
(TRD, TSRV)
(MCOM, TCOM)
(TMIN, TMIN)
(MMIN, TMIN)
(SMIN, TMIN)
(TAGR, TUTI)
(MAGR, TUTI)
(SAGR, TUTI)
(TMAN, TMIN)
(MMAN, TMIN)
(SMAN, TMIN)
(TMIN, TUTI)
(MMIN, TUTI)
(SMIN, TUTI)
(TMAN, TUTI)
(MMAN, TUTI)
(SMAN, TUTI)
(TAGR, TTRA)
(MAGR, TTRA)
(SAGR, TTRA)
(TAGR, TFIN)
(MAGR, TFIN)
(SAGR, TFIN)
(TMIN, TFIN)
(MMIN, TFIN)
(SMIN, TFIN)
(TMAN, TFIN)
(MMAN, TFIN)
(SMAN, TFIN)

(LVA, MMIN)
(LVA, MMAN)
(LVA,MUTI)
(LVA,MCON)
(LVA,MCOM)
(LVA,MTRA)
(LVA,MFIN)
(LVA,MSRV)
(TRD, MAGR)
(TRD,MMIN)
(TRD,MMAN)
(TRD,MUTI)
(TRD, MCON)
(TRD,MCOM)
(TRD,MTRA)
(TRD,MFIN)
(TRD,MSRV)
(MCOM, SCOM)
(TMIN, MMIN)
(MMIN, MMIN)
(SMIN, MMIN)
(TAGR,MUTI)
(MAGR,MUTI)
(SAGR,MUTI)
(TMAN, MMIN)
(MMAN, MMIN)
(SMAN, MMIN)
(TMIN,MUTI)
(MMIN,MUTI)
(SMIN,MUTI)
(TMAN, MUTI)
(MMAN, MUTI)
(SMAN, MUTI)
(TAGR,MTRA)
(MAGR,MTRA)
(SAGR,MTRA)
(TAGR, MFIN)
(MAGR, MFIN)
(SAGR,MFIN)
(TMIN,MFIN)
(MMIN,MFIN)
(SMIN,MFIN)
(TMAN, MFIN)
(MMAN,MFIN)
(SMAN, MFIN)

(LVA, SMIN)
(LVA, SMAN)
(LVA, SUTI)
(LVA, SCON)
(LVA, SCOM)
(LVA, STRA)
(LVA, SFIN)
(LVA, SSRV)
(TRD, SAGR)
(TRD, SMIN)
(TRD, SMAN)
(TRD, SUTI)
(TRD, SCON)
(TRD, SCOM)
(TRD, STRA)
(TRD, SFIN)
(TRD, SSRV)
(SCOM, TCOM)
(TMIN, SMIN)
(MMIN, SMIN)
(SMIN, SMIN)
(TAGR, SUTI)
(MAGR, SUTTI)
(SAGR, SUTI)
(TMAN, SMIN)
(MMAN, SMIN)
(SMAN, SMIN)
(TMIN, SUTI)
(MMIN, SUTI)
(SMIN, SUTI)
(TMAN, SUTI)
(MMAN, SUTI)
(SMAN, SUTI)
(TAGR, STRA)
(MAGR, STRA)
(SAGR, STRA)
(TAGR, SFIN)
(MAGR, SFIN)
(SAGR, SFIN)
(TMIN, SFIN)
(MMIN, SFIN)
(SMIN, SFIN)
(TMAN, SFIN)
(MMAN, SFIN)
(SMAN, SFIN)

38
27
203
1337
392
1022
906
671
2691
33
2141
174
1149
2118
1924
779
3464
(SCOM, MCOM)
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Constraints under hypothesis 3

St Vincent

UNIT
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
INDUSTRY
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINT
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS

53617
TAGR

TMIN

TMAN

TUTI

TCON

TCOM

TTRA

TFIN

TSRV

MAGR

MMIN

MMAN

MUTI

MCON

MCOM

MTRA

MFIN

MSRV

SAGR

SMIN

SMAN

SUTI

SCON

SCOM

STRA

SFIN

SSRV

Lva

TRD
(LVA,TRD)
(TRD, TRD)
(TAGR, TRD)
(TMAN, TRD)
(TCOM, TRD)
(TTRA, TRD)
(TSRV, TRD)
(MAGR, TRD)
(MMAN, TRD)
(MCOM, TRD)
(MTRA, TRD)
(MSRV, TRD)
(SAGR, TRD)
(SMAN, TRD)
(SCOM, TRD)
(STRA, TRD)
(SSRV, TRD)
(TMIN, TRD)
(MMIN, TRD)
(SMIN, TRD)
(TAGR, LVA)
(TMIN, LVA)
(TMAN, LVA)
(TUTI,LVA)
(TCON, LVA)
(TCOM, LVA)
(TTRA,LVA)
(TFIN,LVA)
(TSRV, LVA)
(LVA, TAGR)

713

89

1410

456

2306

2332

2796

2784

3366

1700

26

402

158

1407

468

1359

346

1190

2084

26

406

140

1259

438

692

240

828

9723

14473

4493

0

341

1346

1283

603

1805

812

384

258

293

638

995

388

241

149

444

(TUTI, TRD)
(MUTI, TRD)
(SUTI, TRD)
(MAGR, LVA)
(MMIN, LVA)
(MMAN, LVA)
(MUTI,LVA)
(MCON, LVA)
(MCOM, LVA)
(MTRA,LVA)
(MFIN,LVA)
(MSRV, LVA)
(LVA,MAGR)

(TCON, TRD)
(MCON, TRD)
(SCON, TRD)
(SAGR,LVA)
(SMIN, LVA)
(SMAN, LVA)
(SUTI,LVA)
(SCON, LVA)
(SCOM, LVA)
(STRA,LVA)
(SFIN,LVA)
(SSRV, LVA)
(LVA, SAGR)

368

(TFIN, TRD)
(MFIN, TRD)
(SFIN, TRD)
1175

71

51

377

2486

729

1901

1685

1248

632

0
0
0



POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS
POINTS

(LVA, TMIN)
(LVA, TMAN)
(LVA, TUTI)
(LVA, TCON)
(LVA, TCOM)
(LVA, TTRA)
(LVA, TFIN)
(LVA, TSRV)
(TRD, TAGR)
(TRD, TMIN)
(TRD, TMAN)
(TRD, TUTI)
(TRD, TCON)
(TRD, TCOM)
(TRD, TTRA)
(TRD, TFIN)
(TRD, TSRV)
(MCOM, TCOM)
(TMIN, TMIN)
(MMIN, TMIN)
(SMIN, TMIN)
(TAGR, TUTI)
(MAGR, TUTI)
(SAGR, TUTI)
(TMAN, TMIN)
(MMAN, TMIN)
(SMAN, TMIN)
(TMIN, TUTI)
(MMIN, TUTI)
(SMIN, TUTI)
(TMAN, TUTI)
(MMAN, TUTI)
(SMAN, TUTI)
(TAGR, TTRA)
(MAGR, TTRA)
(SAGR, TTRA)
(TAGR, TFIN)
(MAGR, TFIN)
(SAGR, TFIN)
(TMIN, TFIN)
(MMIN, TFIN)
(SMIN, TFIN)
(TMAN, TFIN)
(MMAN, TFIN)
(SMAN, TFIN)

(LVA,MMIN)
(LVA, MMAN)
(LVA,MUTI)
(LVA, MCON)
(LVA, MCOM)
(LVA,MTRA)
(LVA,MFIN)
(LVA,MSRV)
(TRD, MAGR)
(TRD, MMIN)
(TRD, MMAN)
(TRD,MUTI)
(TRD, MCON)
(TRD, MCOM)
(TRD, MTRA)
(TRD,MFIN)
(TRD,MSRV)
(MCOM, SCOM)
(TMIN, MMIN)
(MMIN, MMIN)
(SMIN, MMIN)
(TAGR,MUTI)
(MAGR,MUTI)
(SAGR,MUTI)
(TMAN, MMIN)
(MMAN, MMIN)
(SMAN, MMIN)
(TMIN,MUTI)
(MMIN,MUTI)
(SMIN,MUTI)
(TMAN,MUTI)
(MMAN, MUTI)
(SMAN, MUTI)
(TAGR,MTRA)
(MAGR, MTRA)
(SAGR,MTRA)
(TAGR,MFIN)
(MAGR,MFIN)
(SAGR,MFIN)
(TMIN,MFIN)
(MMIN,MFIN)
(SMIN,MFIN)
(TMAN, MFIN)
(MMAN, MFIN)
(SMAN, MFIN)

(LVA, SMIN)
(LVA, SMAN)
(LVA, SUTI)
(LVA, SCON)
(LVA, SCOM)
(LVA,STRA)
(LVA, SFIN)
(LVA, SSRV)
(TRD, SAGR)
(TRD, SMIN)
(TRD, SMAN)
(TRD, SUTI)
(TRD, SCON)
(TRD, SCOM)
(TRD, STRA)
(TRD, SFIN)
(TRD, SSRV)
(SCOM, TCOM)
(TMIN, SMIN)
(MMIN, SMIN)
(SMIN, SMIN)
(TAGR,SUTI)
(MAGR, SUTI)
(SAGR, SUTI)
(TMAN, SMIN)
(MMAN, SMIN)
(SMAN, SMIN)
(TMIN, SUTI)
(MMIN, SUTI)
(SMIN, SUTI)
(TMAN, SUTI)
(MMAN, SUTI)
(SMAN, SUTI)
(TAGR, STRA)
(MAGR, STRA)
(SAGR, STRA)
(TAGR, SFIN)
(MAGR, SFIN)
(SAGR, SFIN)
(TMIN, SFIN)
(MMIN, SFIN)
(SMIN, SFIN)
(TMAN, SFIN)
(MMAN, SFIN)
(SMAN, SFIN)

369

38
27
203
1337
392
1022
906
671
2691
33
2141
174
1149
2118
1924
k)
3464
(SCOM, MCOM)
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MaxEnt Cross Distribution Estimate from grnlbrfl.xdd

Grenada
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ILE

MaxEnt Cross Distribution Estimate from GRNLBRF2.XDD

Grenada

TAGR TMIN THAN TUTI TCCN TCOM TTRA TFIN TSRV MAGR MMIN MMAM MUTI MCON MCOM MTRA MFIM MSRV SAGR SMIN SMAN SUTI SCCN SCOM STRA SFIN SSRV LVA
TAGR 9 0 2 0 13 20 0 0 37 27 2 1 0 12 17 0 [ 16 14 0 1 0 S 3 0 0 8 359
TMIN 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 ] 0 0 0 0 0 0 31 0 0 0 q
TMAN 2 0 1 0 3 3 3 0 4 4 0 0 0 3 3 2 0 3 3 0 0 0 1 2 1 0 2 100
TUTI 2 0 1 1 3 q 3 3 5 S 0 0 0 3 4q 2 1 k) 3 0 0 0 1 2 1 0 2 332
TCON 12 0 3 3 22 34 19 30 26 S5 2 1 1 18 28 10 S 25 25 L] 1 1 6 14 2 2 11 2827
TCOM 15 9 3 € 33 22 29 50 24 24 q 2 2 23 21 18 10 21 20 1 1 2 12 15 4 3 14 725
TTRA 9 0 2 3 15 13 12 19 34 26 2 1 1 12 17 e 4 16 14 0 1 1 S 10 2 1 e 675
TFIN 12 0 3 4q 22 39 13 32 €0 43 3 1 1 20 25 11 S 23 21 0 1 1 7 13 3 2 12 1034
TSRV 22 1 k] e 72 22 68 145 16 20 2 3 3 €5 22 41 27 € 24 1 2 q 26 21 8 S 21 1416
MAGR 2% 1 E] 0 £3 44 9 0 €6 S35 < 3 0 €1 40 o L] 49 36 1 2 0 21 26 0 0 23 1085
MMIN 2 0 1 0 2 4 2 0 e € 0 ] 0 2 q 1 ] 3 3 9 9 0 1 2 1 0 2 224
MMAN 1 L) 0 0 1 3 1 0 q 3 0 L] 0 1 2 1 0 2 2 0 0 9 0 1 0 0 1 49
MUTI 1 0 9 19 1 2 1 1 q 3 0 0 0 1 2 1 1 1 1 0 0 9 1 1 53 0 1 49
Mcch 11 [ 2 3 12 31 16 27 77 43 2 1 1 16 26 3 q 24 21 0 1 1 6 12 2 2 10 765
MCTH 13 0 3 < 27 L] 24 40 2¢ 249 4 2 2 24 20 15 2 20 18 0 1 2 10 L] E] 2 13 661
MTRA 6 0 2 2 3 14 8 11 27 13 1 1 [ 8 12 3 2 11 10 0 0 1 3 7 2 1 S 435
MFIN 4 e 1 1 s 3 4 S 22 15 1 o 1 4 e 2 1 7 £ 2 0 1 2 q 1 1 3 288
MSRV 13 0 3 S 24 21 22 37 27 25 k; 2 1 22 26 13 2 20 12 0 1 2 3 14 4 2 12 655
SAGR 14 0 3 [ 27 23 L} 0 S1 33 5 2 [ 24 28 0 9 28 23 0 1 0 3 15 0 0 13 592
SMIN 0 0 ) ) L) 1 0 [ 1 1 [ [ 0 0 0 1 0 0 [ 0 0 [ 37 0 0 0 L) €
sMan 1 Ly 2 0 1 1 1 0 k) 2 [ [ 0 1 1 1 [} 1 1 0 0 [ 1 1 1 0 0 18
SUTI 1 [ [ 0 1 2 1 1 4 5 0 [ 9 1 2 1 1 2 1 0 0 0 1 1 €2 0 1 63
sccH S 13 1 1 7 14 6 39 33 21 1 9 1 € 11 3 2 10 2 18 0 1 2 s 1 1 S 355
sccM 8 [ 2 3 14 4 12 18 25 21 2 1 1 12 [ e q 14 13 0 1 1 H] 3 2 1 e 372
STRA 2 0 1 1 2 & 3 3 39 7 0 (v} 61 3 4q 2 1 4 4q 0 0 53 1 2 1 0 2 63
SFIN 1 L] 0 1 2 3 2 2 s q 22 0 [} 2 3 1 1 2 2 0 0 6 1 2 1 110 1 21
SSRV 7 0 2 5 11 15 10 15 25 13 2 1 1 10 13 6 3 13 12 0 0 1 4 e 2 1 7 329
LVA 20¢ q s3I 218 500 457 402 S57¢ 84S £51 150 24 21 463 376 277 211 3es 382 s 11 24 186 210 17 e 134 0
TRD 661 10 306 103 337 1502 447 382 2480 1924 75 138 37 joe 1310 233 112 1162 10753 13 78 q1 147 753 117 53 614 0

Total of distribution: $35004
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MaxEnt Cross Distribution Estimate from GRNLBRF3.XDD

Grenada

TAGR TMIMN TMAN TUTI TCCN TCOM TTRA TFIN TSRV MAGR MMIN PMMAN MUTI MCON MCOM MTRA MFIN MSRV SAGR SMIN SMAN SUTI SCOM SCOM STRA SFIN SSRV LVA TRD
TAGR 12 L} 3 0 25 32 0 0 64 48 4 1 0 22 2 0 0 24 23 0 1 0 8 14 0 0 11 417  S12
THMIN 0 L] 0 L) 0 1 0 0 1 1 0 (J 0 0 0 0 [ 0 0 0 0 0 0 0 43 0 0 3 0
TMAN 3 0 1 0 S 8 4 0 13 10 0 0 0 S 7 3 0 6 6 0 0 0 2 4 1 0 3 105 268
TUTI 4 0 1 2 7 11 6 8 20 15 1 0 0 6 9 4 2 ] 7 0 0 1 3 S 1 1 4 381 0
TCON 21 0 4 19 50 72 46 M 186 120 7 2 2 43 55 22 19 47 43 0 1 2 14 24 S 3 19 773 0
TCCM 25 1 6 18 63 52 63 107 59 53 13 3 3 61 45 57 19 38 3e 1 2 3 23 27 9 4 23 667 1201
TTRA 17 L] 4 7 37 51 32 s2 121 21 S 2 2 31 41 16 2 3s 31 0 1 2 11 19 4 2 15 S96 1398
TFIN 23 o S 11 57 13 53 8€ 167 115 @8 2 2 S0 5f7 25 12 42 45 1 1 2 17 26 € 3 21 962 0
TSRV 37 1 2 47 164 s3 193¢ 511 27 42 38 S 4 147 S1 102 S1 40 44 2 2 S 57 40 13 6 33 1265 1312
MAGR 44 1 2 0 1€¢ 111 0 0 147 133 2% 4 J 143 92 0 0 73 74 1 2 0 4s 43 0 0 3e 977 1483
MMIN 3 0 1 0 £ 11 S 0 22 12 0 1 ¢ S 9 2 0 2 7 (1) 15 0 2 4 1 0 3 228 0
MMAN 2 0 1 0 2 4 2 0 7 S [ [ 0 2 5 1 0 3 3 (4 0 0 1 2 1 0 2 43 121
HUTI 1 o 0 1 2 3 2 2 6 4 1 o 0 2 K} 1 1 2 2 L] 0 26 1 2 1 87 1 29 0
MCCON 13 0 4 2 45 64 3e 64 165 105 ¢ 2 2 38 S0 20 3 41 33 (0 1 2 12 21 S 2 17 733 0
McoH o 22 [ £ 14 Ss ¢ sS4 K] £1 s7 10 3 2 S0 41 30 14 35 34 1 1 2 19 0 7 L] 20 667 1048
MTRA 19 ) 3 4 13 30 1€ 25 74 42 3 1 1 17 25 € 4 21 29 [ ¢ 1 6 11 2 2 9 441 139
MFIN S 0 2 2 3 17 2 12 43 2% 1 1 1 3 13 4 2 12 19 [ J 1 3 6 1 1 s 3ss 0
MSRV 13 0 S 13 45 38 4s 66 43 43 3 2 2 49 34 25 13 22 22 1 1 2 17 21 6 3 17 741 e9s
SAGR 22 0 £ o S4 SE 0 0 9% 77 2 2 0 47 4z 0 0 49 37 1 1 [ 16 24 L] 0 20 642 831
SMIN C [} G ) Ul 1 ] L] 2 1 0 ] 0 (d 1 0 L] 1 1 L] ) 0 9 [ s3 ] 2 3 U]
SHANL 1 ) [ 0 1 2 1 ] 3 2 9 o 0 1 1 2 ] 1 1 L] ¢ L] U] 1 21 L] 1 10 68
SUTI 2 0 [ 1 2 4 2 5 6 S 1 L] 17 2 3 1 1 k} 2 0 0 51 1 2 1 74 1 34 9
sccH @ L] 2 3 14 24 12 13 £4 40 2 1 1 12 13 3 3 12 15 L] L) 1 q 9 2 1 ? 43%
3coM 12 9 3 £ 24 0 22 33 48 33 4 1 1 22 L] 13 7 22 21 9 1 1 3 13 4 2 11 424 602
STRA 3 34 1 1 S 3 4 6 23 15 1 1 1 S e 2 1 7 £ 33 0 1 2 4 1 1 3 1356 S2
SFIN 2 0 1 1 3 4 3 4 2 7 1 1S 24 3 4 2 1 4 ) L] 0 67 1 2 1 1 2 26 0
SSRV 19 0 3 S 13 23 18 2S 37 31 4 1 1 17 20 19 S 18 17 0 1 1 7 11 3 2 10 394 475
LVA 260 2 n 249 432 426 534 515 719 S%4 134 17 7 423 366 305 274 458 594 3 6 7 234 251 s7 8 256 0 4674
TRD £€1 12 30¢ 103 337 1502 447 382 2480 13924 75 138 37 3ne 1310 233 112 1162 1975 13 e 41 147 783 117 <3 614 0 0
Total of distrikution: 8751



MaxEnt Cross Distribution Estimate from SVGLBRF1.XDD

St Vincent
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Total of distribution: 44978
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MaxEnt Cross Distribution Estimate from SVGLBRF2.XDD

st vincent

TAGR TMIN TMAN TUTI TCON TCOM TTRA TFIN TSRV MAGR MMIN MMAN MUTI MCON MCOM MTRA MFIN MSRV SAGR SMIN SMAN SUTI SCON SCOM STRA SFIN SSRV LVA TRD
TAGR 3 0 0 0 13 11 0 0 17 8 0 1 0 7 2 0 0 S 10 0 1 0 6 2 0 0 4 189 341
TMIN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 67 0
TMAN 1 0 o 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 1 1 0 1 41 1346
TUTI 1 0 b 1 3 3 4 q 3 3 0 1 0 2 1 2 0 2 3 0 1 0 2 1 1 0 2 3010 0
TCON 9 1 0 4 88 29 120 108 54 27 0 0 1 36 S 32 3 1€ 34 0 0 1 30 S 12 2 11 1102 0
TCOM 7 1 0 4 33 6 30 30 6 10 0 0 2 22 q 19 3 8 10 0 0 1 20 4 10 2 7 548 1283
TTRA 11 1 0 S 88 18 101 96 24 22 0 0 2 41 6 36 4 15 24 0 0 1 35 6 15 3 11 1080 602
TFIN 10 1 (| 4 74 16 81 78 23 20 0 0 2 36 S 30 4 14 22 0 0 1 30 S 13 2 10 1607 0
TSRV 9 1 0 s 57 S 44 47 4 11 0 0 2 37 6 29 4 10 10 0 0 2 33 6 16 3 9 821 1805
MAGR 7 1 0 0 S0 19 0 0 31 18 9 0 0 23 4q 0 0 12 22 0 0 0 20 4 0 0 8 447 812
MMIN 0 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [ 0 0 0 4 0 14 0 0 2 0
MMAN 1 0 d 0 0 0 0 0 [ 0 0 0 0 1 1 1 0 1 0 0 0 0 1 1 1 0 1 S 384
MUTI 1 0 1 0 2 2 2 2 3 1 0 0 0 1 0 1 42 1 2 0 0 0 1 q 1 S 1 45 0
MCON € 9 ¢ 3 37 20 52 47 38 1€ 4 1 1 16 3 15 2 10 21 0 0 1 14 3 6 1 6 736 0
MCCM 2 e/ 1 1 € 0 8 7 e 4 0 1 0 4 1 4 1 3 S 0 1 0 3 0 2 0 2 94 258
WMTRA S Q 0 3 29 15 37 34 23 15 9 0 1 14 3 14 2 9 16 0 0 1 13 3 6 1 6 551 293
HFIN 1 9 1 5 4 4q S S € 3 [ 1 S2 2 1 2 1 2 4 0 1 38 2 1 1 69 1 52 0
MSRV 4 0 B 2 12 9 20 19 11 3 0 0 1 10 3 10 2 € 10 0 0 1 9 3 S 1 S 256 638
SAGR 23 1 o 0 12 21 0 0 33 21 0 0 0 33 S 0 0 14 26 0 0 0 28 & 0 0 10 539 9395
sMIN 0 Q 0 L] 0 L} 0 0 9 0 0 g & 0 U] 0 0 9 L} 0 0 0 S 0 13 0 0 2 0
SMAN 1 0 g 9 0 0 0 0 0 0 (] (13 0 1 1 I 0 0 [q 0 0 0 1 1 1 0 1 S 388
SUTI 1 92 1 25 1 2 2 2 2 1 0 0 0 1 16 1y 0 1 1 0 0 4 1 7 1 3 1 31 0
SCCN S 0 0 2 31 19 43 39 35 14 8 1 1 14 3 14 2 9 19 9 1 1 12 3 S 1 6 648 0
SCOM 2 0 1 1 (3 0 7 7 8 4 0 1 0 3 0 3 1 51 S 0 1 0 3 1 2 0 2 87 241
STRA 3 S 1 1 12 10 16 14 1€ 7 4 1 0 6 2 6 1 S 9 3 1 1 S 2 3 1 3 270 149
SFIN 1 0 1 9 3 3 3 3 4 2 0 0 0 1 0 2 9€ 1 2 0 0 7 1 0 1 22 1 26 0
SSRV 3 0 0 2 12 8 14 14 10 7 0 1 0 7 2 7 1 S g 0 1 0 6 2 3 1 3 171 444
LVA 90 34 25 174 558 324 549 888 450 240 2 1 16 411 35 324 10 154 302 2 1 13 368 33 149 8 87 0 4495
TRD 427 21 1361 105 533 1526 1109 644 2167 1017 6 3g8 37 325 306 539 80 7¢€ 1247 6 392 32 291 286 275 SS S33 0 0

Total of distrikution: 48760



MaxEnt Cross Distribution Estimate from SVGLBRF3.XDD

St Vincent

TAGE TMIM THMAN TUTI TCCM TCOM TTRA TFIN TSRV MAGR IMMIN MMAN MUTI MCCU 1MCCM MTRA MFIN MSRV SAGR SMIM SMAM SUTI SCOM SCOM STRA SFIN S3RV  LVA
o 0 30

)
TAGR 4 & 2 24 12 9 o 30 12 [ 1 0 11 3 0 0 7 16 0 1 0 10 2 0 0 ) 22¢
THIM 1 0 1 0 1 1 2 0 2 1 B 0 0 1 2 1 ¢ 0 1 0 9 9 1 8 1 0 Y 65
THMAN 2 9 ¢ 0 1 0 0 0 0 1 9 0 0 1 2 1 0 1 1 0 0 0 2 2 2 0 2 46
TUTI 2 L] 2 1 10 9 15 15 13 & 0 1 0 S 1 S 1 4 8 0 1 0 ) 1 2 1 3 349
TCSM 17 1 0 19 122 67 242 253 108 S2 0 1] 2 75 9 €2 e 28 70 0 0 2 63 2 21 S 18 981
TCCH 13 1 0 15 63 24 79 77 24 24 0 9 2 41 8 3% 8 15 28 0 0 2 36 7 17 4 13 515
TTRA 12 1 (Y 25 185 sl 202 252 13 47 4 B 2 a3 11 67 11 27 S3 ] 0 2 70 10 26 6 19 363
TFINl 12 1 Q 25 183 ss 223 245 72 s0 0 0 2 2z 11 £3 ) 27 £2 2 0 2 72 10 2& € 13 1503
TSRY 12 2 o 32 111 24 124 117 2% 31 ) o 3 740 11 s7 12 20 32 ¢ 0 2 €3 10 27 7 17 771
HAGF. 11 1 1 0 100 4z ¢ & 7 34 0 1 o 42 3 {1/ o 12 47 0 1 [ 58] € 9 0 13 448
(310 4 2 () 0 0 o 0 [ o [ [ o 0 o & 0 a & 0 o 0 9 0 o g 23 9 ) 3
s 1 (G 0 (y 1 1 1 o o 1 9 0 o 1 1 0 1 1 0 1 & 1 1 1 ] 1 3
T 1 1 1 2 2 3 3 3 2 (0 0 L} 1 & 1 1 1 2 ) 0 0 1 0 1 113 1 12
Mcon 2 1 1 7 s 41 100 1482 71 22 ¢ 1 1 32 € 28 S 1€ 33 0 1 1 22 ] 11 3 19 781
HIcn 2 & b 1 11 o 15 13 1] £ 0 1 o £ 2 E 1 94 2 (] 1 o S o 3 1 3 103
UTFA € 1 1 7 LS 39 £2 7 4z 23 2 1 1 2z & 23 4 14 22 3 1 1 22 S 9 3 3 £03
MFIL 2 23 2 1 ) 2 12 11 15 & 12 1 o s 1 94 1 3 7 17 1 £3 4 1 2 1 2 123
(S e 1 £ 39 17 34 58 22 4 [ 1 1 17 94 1S 3 19 18 4 1 1 14 3 7 2 7 283
SAGR 14 1 9 ] 142 53 0 [ 24 4s o 0 0 £0 2 o 0 24 52 0 0 o £9 e 0 0 16 S01
{3 ) 41 B 0 (y ) 0 9 o 0 0 0 o o) 0 o o 0 0 o 9 2 9 L o o 23 2 o) 3
stAan 1 a o 92 1 1 1 () ) 1 [ 1 o 1 1 1 0 1 1 9 1 (] 1 1 1 9 1 2
SUTI 2 0 1 1 2 2 2 2 2 1 9 5 2 1 L) 1 1101 2 0 9 0 1 ¢ ) ¢ 1 10
scon 2 1 1 £ 34 3¢ 23 eg £4 2% 9 1 1 292 4 24 4 14 34 0 1 1 23 4q 3 2 9 724
5CCH 2 o 2 1 2 9 12 12 12 £ o 1 9 -] 0 & 1 4 2 9 1 o € 1 2 1 2 195
3TRA 4 o 2 2 22 17 22 22 27 11 0 1 1 11 3 14 2 7 15 9 1 ) 2 2 L] 1 4 339
SFIN 1 2 2 1 s & 7 7 2 3 0 ) 101 3 1 3 1 2 94 1 0 2€ 2 1 1 1 1 S3
SSRvV 4 ) 1 4q 12 14 23 25 13 11 0 1 1 11 3 10 2 7 13 9 1 1 10 2 4 1 S 194
LVA 117 34 28 136 443 272 436 722 321 242 2 1 3 453 €0 332 el 166 275 2 0 ] 435 S4 194 27 114 ¢
TRD 127 21 1581 105 S33 1522 1102 €44 2187 1017 ¢ jee 37 328 30¢ £33 89 785 1247 € 332 52 231 286 275 SS S35 0

Total of distritution: 3618



Appendix C

Chapter 9. Contents of Accompanying Computer Disk
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beginning GRN are information from Grenada
beginning SVG are information from St. Vincent
beginning G&SV contain information from both islands

subdirectory: DENDOGRM
Note:

Files

Files

Files

Filenames

Filenames

Filenames
GRNTOWNS TXT 22282 07-22-94
SVGTOWNS TXT 29861 07-18-94
GRNFUNC TPL 121 07-22-94
GRNTOWNS TBL 1251 07-22-94
GRNTYPE TBL 294 07-22-94
SVGFUNC TBL 142 07-20-94
SVGTOWNS TEL 1457 07-20-94
SVGTYFE TEL 251 07-22-94
G&SVFUNC SHR 586 07-2%-94
G&SVTOWN SHR 4041 D
G&SVTYPE SHR 1459 07-22-94
GRNFUNC SHR 242 07-22-94
GRNTOWNS SHR 2049 07-22-94
GRNTYPE SHR (a2 07-22-94
SVGFUNC  SHR 271 07-21-94
SVGTOWNS SHR 2420 07-21-94
SVGTYPE SHR 820 07-22-94
GRNFUNC GRP 192 07-22-94
GRNTYPE GRP 208 07-22-94
SVGTOWNS GRPF 255 07-22-94
GRNTOWNS GRP 192 07-22-94
SVGFUNC GRF 272 07-232-94
SVGTYPE GRP 258 07-22-94
G&STYPE GRP 590 07-24-94
G&SFUNC GRF 590 07-24-94
G&STOWN  GRP 57% 07-24-94

7:52p

10:
10:
10:
10:
10:
10:
:O0a
:0la
11:

11

:09p

:56p
:51p
:54p
:00p
:15p
:18a

02a

377

including FUNC refer to central place function
including TYPE refer to type of central place service
including TOWNS refer to unique combination of the two

Information by establishment

Tables of counts of establshment,
by individual category.

Proportional distributions of
types of establishment in each
towr:.

Results of executing GROUP.EXE
on corresponding *.SHR files.




subdirectory:
GROUP IDX
GROUP E
GROUP EXE

GROUP
this file

3077 08-01-94
26022 08-01-94

&:325p PRU Dendogram grouping source code
&:28p PRU Dendogram grouping program




subdirectory: MAXENT

MAXENTXD EXE 61440 01-13-96 12:59a Program to maximize entropy of
I-0 distribution

MAXENT PRJ 119 01-02-96 1:15p Files to compile be linked together to
into MAXENTXD.EXE

STANDARD H 957 01-02-96 12:14p General type definitions

CONSTANT H 942 12-16-94 4:41p General constant definitions

STYPE H 2717 12-20-95 6:22p Project specific definitions

MACRO H 920 12-23-95 4:26p Macro function definitions

RECORD H 677 01-14-95 10:50a Data record operations

RECORD C 6825 12-13-95 3:46p

UVECTOR H 1892 01-02-96 7:22p Vector. functions for unsigned integer
UVECTOR C 4559 01-02-96 7:21p vectors

UVRANK H 1710 01-02-96 1:18p Vector rank and order functions for
UVRANK (o 8298 01-02-96 5:10a unsigned integer vectors
XMATRIX H 315 06-27-95 8:27p Operations on homeothetic square
XMATRIX C 227 12-22-95 1:11p matricies

MAXENTXD C 2411 0l1-04-96 10:21p Main program files

ARG H 201 12-15-94 9:27a Manipulate command line arguments

ARG c 6274 07-08-95 1:29p

SEPERATO H 220 01-10-95 10:12p Functions and data types for item
SEPERATO C 2259 04-27-95 9:54a record and group seperators.
INITINFO H 6685 12-01-95 4:48a Read constraint info file

INITINFO C 12058 12-20-95 6:22p and initialize constraints.
INITDATA H 411 12-01-95 5:00a Initialize I-O matrix to satisfy
INITDATA C 9386 01-12-96 3:47p constraints.

FILL H 149 12-15-94 9:28a Make actual row and columns sums equal
FILL (o 4548 04-25-95 10:47a targets, despite rounding errors
MAX H 128 07-12-95 4:27p Primary satisfaction and entropy

MAX c 4587 01-02-96 2:17a maximization loops

INCLINE H 492 01-04-95 2:17p Modify individual entries without
INCLINE C 2167 12-24-95 11:14p changing row and column totals
SLACK H 270 01-15-95 12:19p Measure available move along incline
SLACK C 2214 12-20-95% 6:20p within all constraints

DELTA H 466 12-26-95 9:51p  Evaluate whether available move is
DELTA (& 6052 12-26-95 9:57p entropy increasing

CONSTRAI H 576¢ 01-14-95 11:14a Count constraint violations and update
CONSTRAI C 2888 12-23-95 2:54p constraint status information
INCREMEN H 97 12-15-94 9:28a Approach to an individual constraint
INCREMEN C 1220 04-27-95 9:31a by a unit incline

REPORT H 1006 12-21-94 10:54p Write result files

REPORT C 7264 01-11-96 1:22p

379



subdirectory: I-O_EST
I-O_EST 1IDX This index file

Files beginning with GRN refer to Grenada
Files beginning with SVG refer to St. Vincent

For purposes of comparison, the estimates are performed under
three alternative hypotheses about the relationship between known
final demand and unknown total production. The hypothesis are in
terms of total damestic production, intermediate product, and
domestic product:

Hypothesis 1:
Intermediate product is 10% of total domestic production,
domestic product is 90% of total domestic production.

Hypothesis 2:
Intermediate product is 22% of total domestic production,
domestic product is €7% of total domestic production.

Hypothesis 2:
Intermediate product is 50% of total domestic production,
demestic product is 50% of total domestic production.

The numbers at the end of each fileneme refer to the hypothesis
under which the estimates where perforied.

GRN1 TBL 4161 01-01-80 2:54a Initial information base and
GRN2 TBL 4159 01-01-80 2:54a estimates for generation of constraint
GRN3 TBL 4159 01-01-8&0 2:54a information files.

SVG1 TBL 4208 01-01-80 2:55a

SVG2 TRL 4222 01-01-80 2:56a

SVG2 TBL 4215 01-01-80 2:56a

GRN1 XDD 2640 01-12-96 &:40p Constraint information files used
GRN2 XDD 3645 01-12-9¢6 G:41p in estimation of input-output

GRN2 XDD 2646 01-12-96 #:42p distributions

SVG1 XDD 2625 01-12-96 &:44p

SVG2 XDD 2642 01-12-96 8:45p

SVG2 XDD 2644 01-12-96 8:45p

GRN1 MED 2274 01-17-96 5:10p Maximum entropy I-O estimates
GRN2 MED 2458 01-17-96 7:16p generated by MEXENTXD.EXE

GRN2 MED 2534 01-17-9¢6 5:08p

SVG1 MED 2275 01-17-96 2:24p

SVG2 MED 2401 01-17-96 4:27p

SVG3 MED 2482 01-17-96 7:26p

GRN1 MES 171 01-17-96 5:10p Summary entropy statistics
GRN2 MES 171 01-17-96 5:08p generated by MAXENTXD.EXE

GRN2 MES 171 01-17-96 7:16p

SVG1 MES 171 01-17-9¢ 2:%4p

SVG2 MES 171 01-17-96 4:27p

SVG3 MES 171 01-17-96 7:26p

380



GRN3
SVG2
SVGl1
GRN1
SVG2
GRN2

GRN1
GRN2
GRN3
SVGl
SVG2
SVG2

MEC
MEC
MEC
MEC
MEC
MEC

1491
1475
1477
1498
1472
1495

627
626
628
646
641
647

01-17-96
01-17-9
01-17-96
01-17-96
01-17-96
01-17-96

01-17-96
01-17-96
01-17-96
01-17-96
01-17-9G
01-17-96

:08p
:26p
:35p
:10p
:27p
:16p

:40p
:40p
:40p
:40p
:40p
:40p

List by constraint of value of
elements in constraint compared to
required value

Type I and Type II income
multipliers for unit change in export
volume by individual industries



subdirectory IOMULT

IOMULT IDX This file

IOMULT EXE 34112 01-10-96 2:06a Executable file

IOMULT PRJ 45 01-09-96 9:50p List of files to generate IOMULT.EXE
STANDARD H 594 01-09-96 7:29p General type definitions

CONSTANT H 942 12-16-94 4:41p General constant definitions
SEPERATO C 2259 04-27-95 9:54a Item, record, and group seperators
IOMULT o 62869 01-10-96 2:05a Main program code

ARG (o 6274 07-085-95 1:29p Interpret command line arguments

ARG H 201 12-15-94 9:27a

NVECTOR C 4252 01-09-96 10:10p Operations on vectors of integers
NVECTOR H 1755 01-09-9% 10:10p

RVECTOR C 3310 01-09-96 11:06p Operations on vectors of real numbers
RVECTOR H 1316 01-09-9% 10:10p

RECORD C 6862 01-09-96 7:22p Operations on data records

RECORD H 677 01-14-95 10:50a
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subdirectory:
TOOLS . IDX

FUNCTION AWK
TYPE AWK
COUNT AWK
COUNT2 AWK
COUNT?2 AWK
TABLE2 AWK
TABLE?Z AWK
SUM AWK
SHARE AWK
DAT2TAE C

DAT2TAR EXE
TRAILING C

TRAILING EXE

TOOLS

Index of TOOLS subdirectory

429
209
245
297
402
651
£21
236
340

2405
2196 &
10321
17600

07-18-94
07-19-94
07-19-94
07-20-94
07-19-94
07-19-94
07-20-94
07-20-94
07-20-94

01-17-96
01-17-96
01-16-96
01-16 -9¢:

10:
10:
7/
7:

9:12p
12:11a
12:17a
11
12
12
6
7
o

Jda

:17a
:21la
:48p
:50p
:01lp

(e 28

22a
23a
29p
41p

(98]

Isolate establishment function

Isolate establishment service type

As identified by label

As id'ed by label and first entry

As id'ed by label and first two entries
Tabulate result of COUNT2.AWK

Tabulate result of COUNT3.AWK

Sum of numeric entries in column
Generate proporticnal distribution

Translate comma-delimited BASIC data
format to tab-delimited format
Strip trailing entries if empty
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