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ABSTRACT

Over the years, soil erosion has resulted in reduced on-site productivity damage

and increased environmental off-site damages. To address these concems public policies

such as the Food Security Act of 1985 (FSA85) is established in part to reduce soil

erosion. The 1996 farm bill. Federal Agriculture Improvement and Reform Act (FAIR)

of 1996, allows for continuance of the CRP for 10 additional years. By the year 2005, all

of this land may be available for agricultural production.

This study evaluates the impacts of the returning CRP lands to cropping activities.

The present land situation is compared with the projected situation, for the year 2005.

The same levels of technology and input prices are assumed for both situations. A model

capable of addressing an approximate market equilibrium for farm prices, quantity

demanded by consumers, and production pattems is developed and focuses on the

following commodities; barley, com, oats, sorghum, soybean, and wheat. The analysis

evaluates the impacts from two separate methodologies, a supply-oriented linear

programming model and a general equilibrium Tatonnement model. Finally, changes in

water and wind erosion levels are explored.

Data, from 1950 through 1992, are used to estimate the seventeen demand

equations. Six equations are related to feed-demand for livestock, five equations are

related to food-demand for industrial and human consumption. Seemingly Unrelated

Regression Equations (SURE) are used to address this concem. The remaining equations



are indirectly obtained from their own price elasticities. The demand equations are

mostly significant at 1% level.

The results show that prices are higher when lands are enrolled in the CRP. The

increase in available lands, due to the CRP termination, cause prices to be lower. The

two first linear programming runs determine the boundaries for the optimal solution. The

results show that on the aggregate prices fall within these boundaries. Since LP assumes

that either demand or prices are fixed, the Tatonnement model is used to provide

flexibility. In this process, all the demand and supply equations for feed, food, and export

(except barley-feed) converge toward the equilibrium point. Convergence is present

when the absolute value of the difference between supply and demand gradually diminish

with every iteration.

Lands currently use for production of crops, livestock in Crop Producing Areas

(CPA), and water and wind erosion are estimated. These results are at two levels a)

Baseline and b) Optimum with CRP. Performing these two runs produce in estimates for

land use, sheet and rill erosion, and tons per acre erosion for both the Baseline and

Optimum with CRP. The difference between these runs is estimated in percentages, and

the comparison of the runs reveal that erosion for wind and water are generally increased.

There are some CPAs with negative signs for the amoimt of percentage in land use, sheet

and rill erosion, and per acre erosion. This might occur because some CPAs adjacent to

the CPAs with negative erosion are producing their crops at lower costs. This cost

efficiency may induce farmers to increase their cropping activities, and export their crops

to less cost efficient CPA's. Prices were the driving force in the operation of the
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Tatonnement model. Prices allow the iteration between the demand and supply equations

in an effort to establish equilibrium. At this point, prices for the commodities prove to be

in the neighborhood of the second run of the LP (Iteration 1) and between the first run

(Baseline) and the second run of the LP(Iteration I). If CRP lands are allowed to be

planted in crops, expected prices in the future will be lower than the current prices. Using

only a linear programming methodology results in reduced production level estimates and

lower prices than when using the Tatonnement modeling method
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CHAPTER I

INTRODUCTION

For many years, soil erosion has resulted in reduced on-site productivity damage

and increased environmental off-site damages. To address these concems the government

intervened by passing Title XII of the Food Security Act (FSA85) which established the

Conservation Reserve Program (CRP). Public policies such as CRP and the Highly

Erodable Land (HEL) of the Food Security Act of 1985 (FSA85) were established in part

to reduce soil erosion. The Food Agriculture Conservation Trade Act (FACTA) of 1990

included the Agriculture Water Quality Protection Program, Environmental Easement

Program and Wetlands Reserve, and Integrated Farm Management Program. In

particular, the CRP was designed to address issues about on-site productivity damaged

and the environmental or off-site costs associated with soil erosion. In addition, several

other secondary goals were attached to the CRP. This program has undergone several

amendments from 1985 to the present.

Currently, 24 million acres of land placed into CRP during the years 1985 to 1987

are ready to come out from contract. Next year an additional amount of land will be

available for crop production. The 1996 farm bill. Federal Agriculture Improvement and

Reform Act (FAIR) of 1996, allows for continuance of the CRP for 10 additional years.

By the year 2005, all of this land may be available for agricultural production.



Farm Bill 1985

Land eligible for enrollment in this program included Highly Erodable Land

(HEL), land with cropping history, and land environmentally sensitive. Enrollment in

this program was entirely voluntary. Farmers enrolling in this program were required to

maintain and conserve the lands for the ten-year contract. The purpose of this program

under the 1985 bill was primarily the reduction of crop land erosion. Secondarily, it

focused upon reducing surplus commodity production, increasing farm income,

increasing vwldlife benefits, ensuring food and fiber production, increasing water quality,

and reducing sedimentation. Presently, approximately 36 million acres are enrolled in the

CRP. Nearly two 33 percent of this cropland has a crop base history. The majority of

land has been enrolled in the Great Plains and the majority of the cropland has been

wheat base (Farrar, 1994).

In 1986, lands meeting program requirements were bid by producers into the CRP

through the Agricultural Stabilization Conservation Service (ASCS). The bids were

different among the production regions. At the county level, the average rental rates for

lands in the in the Com Belt Production Region vary from $68.01 to $999.00. Counties

on the north part of the Pacific Production Region have average rental rates of $51.01 to

$102.00. The remaining production regions have average rental rates of $0.01 to $51.01.

Lands enrolled in the program were restricted to not more than 25 percent from any

county. To establish the perermial vegetation, the government financed 50 percent of its

cost. Contract holders were required to honor their agreement of planting one or more of

the following crops, perennial grasses, grass and legume mixture, and trees and shrubs.



In addition, no grazing, haying, or cropping were permitted unless approved as an

emergency. Approximately, 1510 counties were approved for haying and grazing from

the years 1988 to 1996; these counties were located in the Northeast, Appalachian,

Southeast, Delta States, Mountain, Pacific, and some on the Southem Plains production

regions. The remaining 1208 coimties, which obtained approval for emergency haying

and grazing of CRP lands, were located on the Com Belt, Northern Plains, Mountain, and

some in the Southem Plains production regions. Public recreation and himting on the

CRP lands were allowed at the discretion of the landowners. The CRP regulations

allowed participating landowners to charge himting fees.

Farm Bill 1990

Between 1990 and 1992, significant revisions and extensions were made to the

CRP, and additional sign-ups resulted in 2.6 millions acres being accepted. The new

legislation under the Food Agricultural Conservation and Trade Act (FACTA) focused

primarily on water quality and wildlife habitat. With these considerations came the

changes in the objectives of the program. FACTA, as modified in 1990, allows the

Secretary to extend contracts signed prior to end of 1990 by 10 additional years. The

emphasis in the last three sign-ups was on water quality, whereas the emphasis on the

previous sign-ups was on land with wind and water erosion. However, June 1992

witnessed no further enrollments. Johnson (1989) and Dicks and Coombs (1994) pointed

out that the Environmental and Benefit Index (EBl) with respect to government cost was

introduced in the bidding process. The purpose of this was to enroll land with the highest



conservation and environmental benefits. The EBI seeks to improve both surface water

quality and ground water quality, tree planting, preservation of soil productivity

assistance to farmers impacted by conservation compliance, and enrollment in establish

conservation priority areas.

The CRP provided most contract holders with the flexibility of choosing the

allocation of their lands. This resulted in the following pattern of conserving practices

(Table 1.1).

Table 1.1. Conserving Uses in CRP Lands.

Type of Con.serving Use Acre.s of CRP (Millions) Percent of .-^cres

4Grass. 31.83 : ̂  ^87.40:

Trees 2.37

Wildlife Habitat 1.97 5.40

All Others 0.25 0.70

TOTAL 36.42 100.00

Source: Johnson B. "How Some Potential CRP Participants Were Taught to Bid and
Ensuing Land Market Distortions." Journal of Soil and Water Conservation, 1989.

According to Osbom (1993), enrollment contracts numbered approximately

377,000 spanning 8 percent of U.S. crop land with 60 percent of the land located in the

Great Plains (North Dakota, South Dakota, Nebraska, Kansas, Oklahoma, and Texas).

The majority of the CRP acres were planted with grass; as a result, soil erosion reduction

was 700 millions tons per year. CRP also includes 2.4 million acres of trees, 2 million

acres of special wildlife practices, 410,000 acres of wetlands, and 5,200 miles of filter



strips along waterways. The Federal Government payments are $1.8 billion per year,

with annual rental payments averaging $50 per acre (Table 1.2).

Table 1.2. Final status of 1985-1995 GRP.

Contracts 377,000

Enrollment (acres) 36.5 million

Total erosion reduction (tons/year) 700 million

Average erosion reduction (tons/acres/year) 19

Total rental cost ($/year) 1.8 billion

Average rental cost ($/acre/year) 50

Acres planted in trees (%) 6

Base reduction (acres) 23.3 million

Source: Tim Osborn, "The Conservation Reserve Program: Status, future
and policy options. " Journal of Soil and Water Conservation, 1993.

Even though farmers enjoyed freedom of land allocation, they will have to

comply with conservation practices following the expiration of the ten-year contract. If

the Erodability Index (El) exceeds 8, compliance is necessary if farmers seek government

program assistance. Lands with El between 8 and 15 are subjected to conservation

practice. As a result, 26 percent of the CRP acres are not under compliance (El < 8), and

64 percent of the land are subjected to conservation compliance. Crop lands with El

greater than 15 are not cost efficient and requires costly practices e.g. terrace and crop

rotation. Pressure-groups (farmers) proposed that the USDA employ a more flexible

approach and reduce its criteria to the Tolerance level(T). On some lands reducing

erosion to T was not economically feasible. Therefore, states were given discretion to



develop alternative production practices. These practices allowed erosion to exceed "T."

At end of 1995, initial contracts were folly paid. Large amounts of acreage (1995 to 2002

would be 2,043,000,13,670,000, 875,600, 5,355,000,4,098,000,475,000, 998,000,

1,027,000 acres, respectively) may not be enrolled in the CRP unless contracts are

renewed. Taylor (1994) stated that of the 36.42 million acres enrolled in the CRP

approximately 19.2 million would retum to crops, unless new fonds are secured to extend

CRP contracts.

The CRP continued to be closely monitored by interest groups holding contrasting

views and positions about CRP contracts. One group, who is in favor for the continuation

of the CRP, proposed maintaining the contracts under the present legislation. The other

group, who is in favor for the termination of the CRP, advocated other programs which

are more cost efficient, for example the Agricultural Conservation Program (ACP).

Currently, contracts that expire are not extended. A new set of lands are being bid into

CRP.

According to Dicks and Coombs (1994), the environmental and conservation

groups have listed wildlife enhancement, soil savings, reduced input use, and supply

control cost savings as benefits for continuing the CRP. Producers in favor of the

continuation of the CRP declare increased economic gains related to annual rental

payments, or increased crop prices as a result of lands retired in the CRP. Producers

against the continuation of the program contend that the benefits of CRP may be

changing over time because land use is constantly changing. In addition they suggest that



cash rental rates, and land values have increased, and that CRP lands have increased pest

problems.

Post Contract Era

The post contract era refers to the period immediately following the expiration of

the 10-year CRP contracts. The Soil and Water Conservation Society's 1990 study

suggested that 46 percent of subjects reported that they planned to recrop their lands

following the expiration of their contracts with CRP. In this survey the respondents

reported that the economic condition, which is directly related to the demand of crops,

was the determining factor influencing their decision.

According to Huang (1989), and Osbom (1993), policy makers projected that it

will cost $2 billion dollars/year in payments to the contract holders to maintain the CRP.

They contended that focusing on larger issues such as environmental goals are more

important and more cost-effective than merely reducing soil erosion. Policy makers also

pointed out that CRP lands enrolled during the early years may not currently add benefits

to environmental concems, such as wildlife or water quality. They charged that the

decision to keep all enrolled lands in CRP may not be the right approach.

Robert Taylor(1994) proposed that several factors will influence what lands are

brought back into production from the CRP lands. These factors include; a)

characteristics of the land, b) regulations in force at the time, and c) prevailing economic

conditions. Ray (1994) agreed that it is important to identify the potential uses of current

land and the likely constraints of developing those altematives base on physical land and



socioeconomic characteristics. In Taylor's study the Agricultural Simulation Model

(AGSIM) was used to evaluate the agricultural impacts of CRP lands that were returned

to production. This model uses econometric and simulation models to estimate supply

and demand. The supply side represents producers who respond to changes in prices,

production costs, expected yields, and farm programs, whereas the demand functions

respond to changes in output prices.

In considering the estimation of acres and price effects of lands being recropped

it is necessary to make efficient comparisons. The comparison is made between two

cases a) all lands in the CRP, and b) all lands leaving the CRP. These cases are not

without their problems. Where lands are kept out to production, rental payments will be

maintained, which may not be realistic. In contrast, returning all lands for recropping,

terminates rental payments but would require a substantial increase in international

demands. However, this increase in international demands is unlikely to occur.

Therefore caution must be employed when interpreting these results.

Several attempts were made to explore possible uses of land being retired from

the CRP. The Soil and Water Conservation Society (SWCS) conducted a national survey

of CRP participants in 1990, in an attempt to estimate post CRP land use (Nowack,

Schnepf, and Barnes, 1991). A simulation model based upon the national CRP data was

developed to estimate the post contract used in the Southem Plains (Dicks, et al.l990).

Heimlich and Kula(1990) used economic relationships developed from a country survey

to determine post CRP land nationally. Konyar and Osbom(1989) used the national CRP

data from the first three sign-up periods to estimate post-CRP land use. These studies



indicate that 50% or more of the current CRP acreage would be returned to previous crop

land use. The results of these studies demonstrate that the fate of the CRP croplands will

depend on the relative profitability of alternative enterprises and various socioeconomic

characteristics of the CRP participants. Further the studies describe vastly different

cropping alternatives and cost associated with developing alternatives between regions

and areas within regions.

The Federal Agriculture Improvement and Reform Act of 1996

Environmental Conservation Acreage Reserve Program (ECARP) was

established as the umbrella encompassing the Conservation Reserve Program (CRP), the

Wetland Reserve Program (WRP), and the Environmental Quality Incentives Program

(EQIP). CRP is authorized through the year 2002 with up to 36.4 million acres enrolled

at any time. Except for lands that are determined to be of high environmental value, the

Secretary can allow participants to terminate any contract entered into prior to January 1,

1995, upon vmtten notice provided the contract has been in effect for at least 5 years.

The Secretary maintains discretionary authority to conduct future early outs and future

sign-ups of lands that meet eligibility criteria. WRP is authorized through the year 2002,

not to exceed 975,000 acres in total enrollment. EQIP, a new program, is established to

assist crop and livestock producers in dealing with environmental and conservation

improvements on the farm. Program funding will be $200 million annually through the

year 2002 except 1996 in which case is $130 million.



Early outs are permitted for less environmentally sensitive land that has been

enrolled for at least 5 years. New enrollment of environmentally sensitive land is

permitted to replace the early outs and contracts that expire. An EQIP is authorized at

$1.3 billion over 7 years to provide technical, educational, and cost-share assistance and

incentives payments to crop and livestock producers in implementing structural and

management practices to protect soil and water resources. At least half of this $1.3

billion is allocated to livestock practices. EQIP is to be operated to maximize the

environmental benefit per dollar expended. Conservation compliance provisions are

retained. Under conservation compliance provisions, producers are allowed to modify

practices in their plan if they can demonstrate that the modification will provide greater

erosion control. Failure to comply v^th highly erodable land conservation provisions will

cause farmers to lose their programs benefits.

Objectives

Close to the expiration of the CRP contracts, policy makers and contract holders

did not know exactly what would be the future of the CRP. Interest groups were

polarized; one group wanted the termination of the CRP, whereas the other group fought

for the continuation of the program. The end result of this debate was the extension of the

CRP until the year 2002. However, after the completion of this program, the future of

the lands in the CRP will be readdressed. The objectives of this study would focus on

the following:

a) estimate the impacts of CRP termination on farm prices, quantity demanded by

10



consumers, production patterns, and wind and water erosion,

b) comparison on linear programming model with general equilibrium

Tatonnement model.

Because CRP lands returning to recropping would increase crop production, the

objective of this study is to develop a model capable of addressing an approximate market

equilibrium for these two scenarios. The scope of this model should be broad enough to

include equilibrium farm prices, quantity demanded by consumers, and production

patterns. The study will focus on the following commodities; com, oats, sorghum,

soybean, and wheat. In addition, the impact on water and wind erosion would be

addressed. Finally, the analysis will evaluate the impacts from two separate

methodologies, a supply-oriented linear programming model and a general equilibrium

Tatonnement model.
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CHAPTER n

LITERATURE REVIEW

Before developing an economic model for CRP lands, this chapter focus in some

essential issues to have a basic understanding of some effects of 1) CRP lands returning

to production, and the repercussions on costs and supplies, 2) the nature of agricultioral

commodities, 3) general equilibrium models, 4) spatial models used in agriculture, and

5) Tatonnement model. This chapter reviews several equilibrium models that provide a

mathematical framework for developing the two different scenarios for CRP lands by the

year 2005.

Lands Returning to Production, and the Repercussions on Costs and Supplies

Ervin, Johnson, and Lee (1994), indicates that since 1956, national policy makers

have twice engaged in long-term farm retirement programs: Soil Bank and CRP. Title I

of the Agricultural Act of 1956 established the Soil Bank Program. According to Ervin

and Lee (1994), the principal objective of the Soil Bank was: a) to help agricultural

producers manage the problem of surplus commodities and b) to retire and improve soils

on lands not needed for crop production. The program consists of two sections: the

Acreage Reserve and the Conservation Reserve. The Acreage Reserve focused upon

reducing surpluses of six crops; com, cotton, peanuts, rice, tobacco, and wheat. This was

accomplished by a temporarily acreage adjustments below the established allotments.

The objective of the Conservation Reserve was to obtain an enduring shift from croplands

12



to conservation uses. Consequently, the Conservation Reserve was considered to be the

first long-term land retirement program. Participants in the Conservation Reserve

contracted to retire their croplands for a period of 3 to 15 years. In return, the producer

were eligible for an annual cash payment, and up to 80 percent of the cost of establishing

the conservation practice. The Food Security Act (FSA) of 1985 established the

Conservation Reserve Program (CRP), which was the second long-term land retirement

program. Under this long-term retirement program 40 to 45 million acres of highly

erodable cropland were retired from crop production. The objectives of the CRP were

threefold: a) to reduce land damages caused by water and wind erosion, protect long-term

capability to produce food and fiber, reduce sedimentation, improve water quality, create

better habitat for fish and wildlife through improved food and cover, curb the production

of surplus commodities, b) to provide needed income support for farmers, and c) to

reduce government costs of farm programs.

Farmers were compensated for substituting crop production with permanent

vegetative cover (Siegel and Johnson, 1991). According to Huang (1989), the amoimt of

land potentially affected by CRP was less than the amovmt eligible in the conservation

compliance program; however, expansion of the CRP requires an increase of government

payments for the additional cropland enrolled and cost-sharing for establishment of

vegetation. Because the CRP was a more effective tool in reducing surplus commodities

than conservation compliance, the CRP was implemented and rental payments increased.

Farmers that have low yielding lands (Hickman, Rowell, and Williams, 1989) and a

larger than the average proportion of their land classified as highly erodable land signed

13



up in the CRP rather than comply with the conservation provisions (Richardson, et. al.

1989). Finally, policymakers used the estimated costs to examine the tradeoff between

the extension of the CRP and the implementation of the conservation compliance

program in reducing soil erosion and government cost (Huang, 1989).

Nature of Agricultural Products

In general, most agricultural commodities have the characteristics of a perfectly

competitive market. Of the large number of farms in the agricultural sector, most of them

tend to produce a similar commodity. In this pure market competition, most farmers are

price takers striving to maximize their profits. Transaction costs are non-existent

between buyers and sellers. Finally, prices are known by all producers and consumers.

In this study, prices are important and they are the only force seeking convergence with

the use of the Tatonnement model. The Tatonnement model is characterized by changing

prices under the presence of excess demand or supply with the goal of reaching

equilibrium. That is, if there is excess demand, prices would increase, whereas if there is

an excess supply, prices would decrease.

Tomek (1987), proposes that the market price is influence by many factors. The

scope of these factors span from free competitive market conditions to government

regulated market conditions. The evaluation of agricultural prices require a variety of

models and institutions that determine prices. Unlike the non-agricultural markets, with

more stable prices for their goods and services, agricultural production demonstrates

much fluctuation in prices. This fluctuation is attributed to climatological, biological,

14



and seasonal variations in conditions, thus influencing the crop yields from month to

month and year to year.

The time differential that exists between the farmer's decision to produce and the

final output also affects the stability of agricultural prices. This instability is evident

when prolong periods of high or low prices persists, and farmers are imable to respond to

price signals due to the decision/final output time lag. In addition, for some farm

commodities, the nature of the demand for those commodities prove to be an influencing

factor in price instability. A price change, for many foods, tends to have minimal effect

on consumer purchases, however a change in supply evokes a relatively large price

change for many farm products.

Price determination, for the first handler level, proves to be more decentralized

and competitive for farms than other markets. This price situation emerges because there

are a large number of crop producing units, and they are widely dispersed throughout the

USA. Of interest is the fact that although farms continued to increase in size, their

dispersions is considerably greater than most service and manufacturing industries. As a

result of this dispersion of farms and the number of farms, it is difficult to estimate

supplies and more troublesome to control the total output. The fact that price-making is

not limited to national boundaries requires a consideration of world views to better

understand why prices vary.

Ray and Plaxico(1988), suggest that the highly unstable, and chronically low farm

prices and incomes are the cause of farm problems. They attribute nature; weather, pest

and other hazards; and market structure as the two-fold source of the cause. Greater
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clarification and differentiation between non-farm product producing industries and farm

product producing industries provide a better understanding of the market structure. A

few himdred or thousand firms typically constitute a non-farm industry, whereas

hundreds of thousands of independently operate units comprised a farm industry. Only

extremely small amount of the nation's agricultural output is produced by a typical farm.

These small farms have no impact on commodity prices because there are no leading firm

to balance the supply and demands for farm goods. Unlike farms, leading firms in the

non-farm industry, are able and do influence commodity prices by controlling supply to

match demand.

Since technology governs the capacity in the farming industry, many observers of

the impact of new technology incorporate it into production, thus increasing profits and

reducing cost before the prices fall. This results in an increase output and a decrease in

prices. The cutting of cost is the avenue used by farmers to increase per unit net returns.

Demands for agricultural commodities are more inelastic than the non-agricultural

goods, meaning that for any percentage decrease in price the quantity demanded increases

by a smaller percentage. An important factor of demand for goods and services is

income. Income elasticities for non-food commodities are elastic, whereas food demands

shows little elasticities to income, that is, it has low income elasticity. In addition, the

income elasticity in developed countries has almost no effect on the aggregate demand

for agricultural products. (Ray and Plaxico, 1988).
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General Equilibrium Models

Quantity demand equal quantity supply (competitive markets)

Takayama (1985), contends that competitive markets require two economic

agents, a producer and a consumer, interested in commodities. A commodity bundle is

considered to be an element of R", which is an ̂-dimensional vector whose components

are real numbers. The competitive market theory assumes that in comparison to the size

of the economy, each economic agent is relatively small. As a result, the economic agent

can not influence the price that exist in the economy (specifically, the effects of this

action, as a producer or a consumer, on market prices is minuscule). Therefore, the

implications of the competitive market theory suggest that there are numerous producers

and numerous consumers. This theory is also interested in the interaction of many agents

in the economy. A competitive equilibrium is contingent upon the existence or non-

existence of a price vector that could support a competitive equilibrium. Consequently,

consistency of the concept of competitive equilibrium is the chief concern, that is, can

many producers and many consumers be consistent in their interaction with each other.

Helmberger and Chavas (1996), and Nicholson (1995) notes that competitive price theory

suggests that the intersection of demand and supply function dictates both the level of

output and the price level. The demand curve demonstrates how much consumers are

willing to purchase at alternative prices. Whereas, the supply curve demonstrates how

much producers are willing to supply at alternative prices. At the intersection of the

demand and supply curves the equilibrium price is obtained. When the equilibrium price

is established, consumers are able to buy as much as they desire, given their utilities and
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budget constraints. Producers, given their desire to maximize profits, are able to sell as

much as they want within the constraints imposed by production functions and input

prices. Market participants achieve their constrained objectives at the equilibrium price.

This achievement is significant because the consumer strives to maximize utility and the

firm strives to maximize profits. In addition, any shifts in demand and supply functions

are attributed to exogenous variables.

Doll and Orazem (1984), notes that classification of markets are established by

the number and size of the firms which sell the product. In addition, markets are dictated

by the number of buyers and quantities purchased, the similarity or lack of similarity

among products sold, by the firms, and the easy entrance or exit into market production.

In the agricultural sector many sellers exist and farmers produce and sell similar

agricultural products. Since products are similar and sellers are numerous, a single

farmer can not impact the price of this product. If a farmer holds his product off the

market, prices will not increase due to reduce supply, because of the insignificant product

contribution each farmer makes to the market. On the other hand, the farmer does not

have to sell his product at a lower price than the market price because he can sell all he

has at the market price. These conditions hold true for farmers fimctioning independently

or as a part of a very small group of farmers. Because a farmer purchasing power is

viewed as an infinitesimal quantity relative to the total quantity of inputs sold, the farmer

must also regard the price of input as a given. In this economy, the farmer is viewed a

price taker, implying that the farmer takes the market price as given.
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As described above, a market with many buyers or sellers and a homogenous

product is known as a pure competitive market. If pure competition is to exist two

additional conditions must be met. First, business must be free to enter and leave

production as they please and the market must be free of patents or other legal barriers

inhibiting prospective producers. Second, there should be no artificial restrictions placed

on the supply or demand for products. Therefore, in this market, prices are allowed to

vary so that equilibrium of price and quantity occurs. This equilibrium is attained where

aggregate demand equals aggregate supply.

Spatial Models

Agriculture is land extensive meaning that agricultural production takes place

over large areas of land. Production differs for any two producers because of variations

in soil and weather characteristics. Farm location impacts costs. Farmers away from

transportation infrastructure receive lower prices than others with better locations.

Therefore, the development of supply components to natural agricultural models are

typically spatial in nature (English, et al. 1989). The linear programming used in his

study is a spatial model, because this model has the capacity to accommodate optimal

production possibilities, production regions, transportation flows and restraints of

resource uses.

A number of factors influence the price difference between regions, especially

where the economic forces are likely to cause prices in one region to change in relation to

those in another. Spatial price equilibrium models are used to ascertain the geographic
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price relationships in a formal way (Tomek, 1987). With these models the direct and

indirect effect of changes in production can be estimated in one or more regions for the

volume and direction of trade. In addition, determining the impact of decreasing or

increasing trade barriers between regions this analytical model is employed. Spatial

prices are established mainly by transfer costs between regions, given competitive

conditions persist. Transfer costs includes loading or handling and transportation

charges. They are frequently high in relation to the farm value of agricultural

commodities, especially perishable products. The variation in farm prices is contingent

upon the location of the farm, that is, the distance between the producing areas and the

marketing places. The principles that determine spatial price differences within a coimtry

apply equally to intemational prices, provided no barriers exist to the movement of

commodities between countries. However, the conditions need for the free trade of many

agricultural products, currently do not exist between countries. Price difference between

countries should not exceed transfer costs. When price difference is greater than transfer

costs a cycle is established, where buyers purchase commodities from the low-priced

market, thereby raising prices in the former and reducing them in the latter. This cycle

can be prolonged until it is no longer profitable to ship commodities between markets,

that is until the price difference between them no longer exceeds transfer costs. An

average transportation rate is insufficient to estimate the transport cost between any two

regions rather the transportation cost is comprised of a fixed charge which is unrelated to

the distance traveled, and a variable charge directly related to the distance over which the

commodity is moved. Since transportation costs per mile decline as the distance traveled
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increases, the cost of moving commodities between two points is not necessarily a linear

fimction of the mileage.

Helmberger and Chavas (1996) proposes that shifts in demand and supply

conditions lead to shifts in transportation systems and farm programs. Many farmers and

marketing firms in some areas of the country discover that they can no longer compete

with their counter parts in other areas. Spatial pattems of prices and product shipments

are inherent in these competitive conditions. Price differences escalate and product

shipments become increasingly restricted with higher transportation cost. Both

individuals and society can benefit from the savings when regional pattems of

competitive production are anticipated and bad investments in farming and marketing

facilities are prevented.

Input-output

The input-output analysis is another type of equilibrium model, however it is

limited in its flexibility and scope. Regional transactions are rigid in manipulating the

linear functions when input-output analysis is used. In contrast, the Tatonnement model

permits flexibility in the demand and supply functions.

Penson and Hovav (1988) suggests that early studies on input-output analysis

reveal that multisector planning models are base mainly on a mathematical stmcture of

linear functions. However, the recent use of input-output analysis suggests that it is

possible to specify and implement models, making extensive use of nonlinear functions in

a general equilibrium framework.
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Siegel and Johnson (1991) conclude that general equilibrium approach is based on

an accounting system of intersectoral purchases and sales. The assumptions of input-

output analysis includes fixed proportion of production functions, no input substitutions,

homogeneous sector output, and no resource constraints. The economic impact is divided

into direct, indirect, and induced economic impacts. The direct impact addresses the

gross revenues received by producers for final purchases of goods and services from

consumers, government and exports. The indirect impacts deals with the expenditures for

factors of production. Finally, the induced economic impacts refers to the subsequent

impacts resulting from income received by economic agents during the direct and indirect

impacts that are, in turn, spent on other goods and services. Farm lands use for recreation

have significant income potential. As a result, enrollment in the CRP becomes more

attractive. With increase enrollment, payments to CRP participants may be reduced.

From the regional perspective, if increased CRP enrollment was accompanied by

increased on-farm and/or off-farm recreational activity, then there is a potential to offset

negative regional economic from decrease crop production.

Tatonnement Model

Several studies have been conducted using the Tatonnement model for assessing

market equilibrium. The basic theory behind this model assumes that all traders gather in

one place, and that there is an auctioneer. The auctioneer quotes a price for the ith

commodity, then each trader writes on a piece of paper the amount of that commodity

that the trader is willing to buy or sell. The quantities on the papers are added to see if
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there is an equal demand and supply. When excess demand is present for the ith

commodity, the auctioneer quotes a higher price, and when there is an excess supply for

the ith commodity, the auctioneer reduce the price. This process will continue until

supply and demand converge (Schatzer, English, and Heady, 1982, Takayama 1985;

Varian 1992). Joyce (1984) affirms Takayama and Varian approach and adds that

changes in the price follow the same sign as the excess demand. In addition, he states

that no transactions are performed at non-equilibrium price, and strong convergence is

achieved by separating buyers from sellers.

The auctioneer in the Tatonnement model is best understood by considering two

issues: a) the nature of social organization in which it operates to ensure the attainment of

equilibrium magnitudes b) once equilibrium magnitudes are obtain how is trade

organized. In relation to point a) before monetary exchange take place, agents must

assemble in a place or at least participate in a communication that facilitates the exchange

of information. An auctioneer is required to coordinate and monitor private decisions.

The auctioneer's role is to implement price adjustment by announcing and changing price

and holding transactions stationary until adjustment is completed, thereby preventing

exchanges at false prices. The auctioneer is an outsider to the economy, and does not

engage in exchange of commodities. Unlike economic agents who are price takers, the

auctioneer services are free of cost to the traders. The auctioneer is the only agent able to

change prices. Participants are fully informed of the quality of goods and services, so that

prices are the unique and sufficient means of information. To ensure that preferences of

exchangers are independent or not influenced by other agents, exchangers are isolated
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from each other. Tatonnement also implies that specification of the time-structure

wherein the price formation process takes place. Before production and consumption

occurs, Tatonnement must take place, otherwise the structure of the equilibrium vector

will become different. Interpersonal transactions are not permitted, therefore exchanges

take place only when equilibrium prices occurs involving all participants of the exchange

community. Once price equilibrium is obtained goods and services still have to circulate,

and the circulation is assumed to be costless. Therefore transaction costs are excluded (De

Vroey, 1990).

Wu and Rozek (1987) describes the Tatonnement process as he focuses upon the

exchange of a homogeneous product in a centralized market. In this market setting,

traders meet at a determined location to conduct transactions. Traditionally, the

auctioneer announces a price, obtains all the information concerning the buyers' and

sellers' decisions, calculates the market excess demand, and then modifies the price in an

effort to clear the market. Once the auctioneer determines the equilibrium price ,

trade begins. In some markets, such as the future-markets and option trading markets,

trading occurs without an auctioneer. Deliberations proceed though brokers of potential

buyers and sellers at a central location. Each broker is able to set a price, and trade may

take place at non-equilibrium prices (non-Tatonnement). This non-Tatonnement market

exchange mechanism is referred to as bidding process.

The above studies have shown the impact of the Tatonnement models as they

operate in the restrictive market of the buyers, sellers, and auctioneer. Ginsburgh and

Waelbroeck (1979) introduce a shift from this view of the Tatonnement model to that of a
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larger competitive equilibrium model which uses sophisticated algorithms. They

acknowledge that although convergency is achieved under limited conditions, model

builders has considerably more flexibility than the theoreticians in obtaining convergency

with large competitive equilibrium models.

Hahn and Wien (1992) expand upon the traditional equilibrium of two-good

model. They indicate that all the questions of equilibrium analysis, that is existence,

uniqueness, and stability of a market clearing price vector can be extensively discussed.

They also suggest that when one of the assumptions of equilibrium is slightly changed,

the two-good model behaves dynamically as strange as the n-good model. Therefore

their model addresses the pitfalls of equilibrium economics.

Si-' = (p in E":!/?! = l,p > o) E", 2.1

r(p) represents the unit vector of excess demands, 2.2

r(p) homogeneous of degree 0 in prices.

r(p)si-'^R\ r(p} £',r>l 2.3

p.r(p)=Oforp in S+'',(Walras' Law) 2.4

ri(p)> 0, if Pi = 0, i = l,2,3...k (Desirability) 2.5

Assumption (1) defines the price space of the equilibrium model it becomes a

differentiable manifold with the mathematically nice properties of a sphere. Assumption

(2) excludes money illusion. Assumption (3) makes sure that the excess demand function

r(pj meets certain differentiability requirements. Assumption (4) expresses Walras' Law,

which guarantees that r(pj lies in the tangent space of the sphere Sf. Assumption (5)
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excludes not only boundary equilibria but prove the existence of at least one equilibrium

point.

Central to the standard equilibrium is the excess demand function r(p). This

function and its properties are elemental for finding answers to the three questions of

equilibrium analysis: the question of equilibrium price, the question of imiqueness, and

the question of adjustment process leading the economy from a non-equilibrium price to

an equilibrium price. With assumptions of general equilibrium theory, only the existence

problem has been resolved satisfactorily, the uniqueness and stability question remains

still open and there is no hope that there will be ever an analytically satisfactory answer

to both problems. All that can be hope for is local uniqueness. If consumers are assumed

to have smooth indifference curves, then there are a finite number of price equilibria.

Varian (1992) adds that equilibrium economists are use to ruled out the possibility of

equilibrium at a zero price by making some sort of desirability assumption.

Alligham's (1972) theoretical advances have been made on the systematic

investigation of stability in a general equilibrium framework. This purely deductive

approach has restricted the scope of this work in some interesting directions. Firstly, it

investigates theoretical perfectly competitive rather than actual imperfectly competitive

economies; secondly, it is concemed with demonstrating that the system eventually

converges to some stable equilibrium and gives no indication of the path towards

equilibrium or the time taken to achieve it; and finally, though separate conditions may be

obtained for local and global stability, there is no indication of any(fmite) range in which

the weaker local conditions may be sufficient. The authors have no immediate applicable
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results on whether an actual system will converge to an equilibrium position within an

acceptable time when subjected to the type of disturbances it is likely to encounter. This

study uses a theoretical model of equilibrium based on Walras' concept of Tatonnement

together with an empirical multisectoral model of equilibrium behavior, from which the

adjustment process is simulated. By simulating this imaginary exchange of Walras'

tickets, the main obstacle to an inductive approach, that of the observation of this

imaginary ticket, is removed. They treat each sector in the equilibrium model as a

decision making agent, supply it vvdth any information (in the form of some arbitrary

initial parameters) that the sector requires, and simulate its behavior. Then, they use the

disequilibrium model to generate a new set of parameters from the simulated behavior of

all the agents at the previous stage and repeat the process imtil this parameters converge.

Anderson, and Stanford (1993) employs a Tatonnement-type modeling process to

demonstrate the dynamic adjustment of investment company share prices in estimating

the underlying value of the shares. Their work introduces a dynamic adjustment model

for security price behavior, and empirically determines if the model accurately describes

such price behavior.

In the Walras' basic Tatonnement process some commodity i with price /?,

identified with each agent i=0...n, and the excess demand for a commodity at stage s in

the process is given by the function;

2.6

equilibrium being identify where the vector £(?) = 0. In this adjustment process the

sectors (or markets) are considered to be ordered, adjustment of taking place in the
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orderPq..... p„. The process commences in stage s with some arbitrary price vector P(s),

for which in general E(s) ̂ 0. Prices are then adjusted in OTdeT,Pi(s+l) being chosen so

that.

Ei {po(s + \),...p^,p,,y(s),...p„(s)}= 0 2.7

Pj (s +1) and (s), j <i <k, being taken as given, 2.8

so that we have the process

£o{j3o(y+l);?,,...p„(^)}=0, 2.9

Ei {Po(s +1),;?, (s +1)...;?„(y)}= 0, 2.10

En {poQ +1) A(y + Q +1)}= 0 2.11

Thus each sector is in turn placed in equilibrium and then disturbed from it, the change in

Pi upsets equilibriiun. At the end of this stage only sector n is in equilibrium, though if

the process is stable all other sectors are nearer equilibrium.

Plott and George (1992) introduces another approach related to the Walrasian

model, which views price as changing in response to excess demand at that price. The

author in this study uses an approach called the secant Tatonnement model. In this

process the experimenter (price adjuster) annoimces a price. Agents respond with

quantity offers at that price. If excess demand is zero, or of some other stopping rule is

involved, the process stops and trade takes place at the annoimcement price. If conditions
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for stopping are not satisfied then the secant method for finding a new price is used and a

new price is announced.

Price changes were determined by the secant formula

P,-P,-
P ED,.x = P,+ , 2.12

ED, - ED,-i

where ED, is the excess demand at t; i.e. it is the sum of amounts demand minus the sum

of amounts supplied at p,. If ED, - ED,-\ = 0 then -p^ = p^- p^ ̂ . Notice that the

process is potentially unstable. If excess demand is positive, then prices vwll increase, or

if excess demand is negative, price will decrease. This quality is exactly the unstable

behavior that underlies the Walrasian concept.

The process stopped according to two rules:

a. If excess demand is zero, then the price change is zero and process stops.

P,-P,-x
b is small enough. If , then the rounding procedure will treat the

ED, - EDt-\

quantity as zero and the process stop even though excess demand is not zero. This latter

property can be important in cases of horizontal demand or supply curves. The secant

process as opposed to a process often referenced in the literature as the proportional

adjustment rule (that is. X ■= a* ED) is chosen as the first to study because the natural

stopping rules listed above could be applied in the presence of discontinuities.

Kallio, and Salo (1994), capitalize on the fact that precision requirements for

solutions of most economic models in practice are moderate only. They introduce an

iterative algorithm similar to the simplex method to solve linearly constrained partial

29



equilibrium models. This algorithm is capable of solving models of large magnitude,

within a sensible tolerance, efficiently even in a micro computer environment. Linearly

constrained convex optimization problems are presented. Comparison of this approach

with the simplex method and with Karmakar's algorithm is reported. For moderate

precision requirements these preliminary results are highly encouraging. The intent of

this smdy is to present a clear and effective algorithm for solving partial equilibrium

models and linearly constrained convex optimization problems. This algorithm solves

problems where high precision is not required.

Samuelson (1952), triggers a major effort to prove that, under reasonable

assumptions, competitive economies will reach equilibrium following a Tatonnement

process, in which each price is adjusted to excess demand for the same good. The

purpose of this study is to explore the locations of a major difference between the modus

operandi of Tatonnement in a decentralized economy a solving models on the computer.

In a decentralized economy, it is difficult to imagine that a price would respond to

scarcity of another good. The model builder is free to set up the calculations as he likes.

This paper examines how the assignments of variables to be adjusted to equilibrium can

be guided by the diagonal dominance criterion, which implies that the Tatonnement

process will converge (possible subject to an appropriate change of units) if the adjusting

variable has a greater effect on the disequilibrium to which it responds than all other

variables taken together.

Tatonnement finds its origins in the analysis of competitive equilibrium model.

In which f(x) represents excess demand of commodity j (J=1...N) at a given vector of
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prices x; in this context, it seems natural to increase the price of commodity j iff(x)>0

and to decrease its price otherwise, i.e., to set up a system of differential equations

dxj/dt-fj(x) j=l..n. It would make a little sense to assume either that the price of J drops

when excess demand is positive, i.e., dxj/dt=-fj(x), or that the price of commodity i is

adjusted in proportion to the excess demand for commodity k, that is dxydt=fi^(x).

Blad's (1978) study focuses (in the general equilibrium framework) in

determining a dynamic price adjustment process, with the property that the prices

determined by this process eventually converge to equilibrium price. In other words, the

problem posed was to describe a reasonable adjustment process with respect to which the

price equilibrium is stable. This problem was first approached by Walras' Tatonnement

process which states that given a price system each agent informs an auctioneer of his

demand a supply of each commodity. Having computed the total excess demand of each

commodity the auctioneer then informs a new price vectors which is obtained from the

previous one by increasing the price of commodities with positive excess demand, and

visceversa. This process is repeated until equilibrimn is reached. A fundamental feature

is that no agent is allowed to trade any commodity until equilibrium is achieved. Given

the assumption of no-trade out of equilibrium, the convergence should be fast, that is, the

organization of the market prior to trade should not take long. The author provides a

partial answer to the speed of adjustment by showing how a well known result in the

theory of ordinary differential equations gives, directly, an estimate of the speed of

adjustment of the Tatonnement process in the limit.
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Hands (1983) points out that almost all of extensive literature on the stability of

the Walrasian Tatonnement models focus on the process in continuous rather than

discrete time. Since the motivation for the use of continuous time model does not imply

that stability of its discrete time analogue, it is of interest to investigate the stability of the

Walrasian Tatoimement modeled in discrete time. The question is of particular

importance since much of the recent literature on topics such as expectations,

disequilibrium trading , and temporary equilibrium utilizes discrete time. This study

demonstrates that for a certain class of models, conditions known to be sufficient in a

discrete time formulation of the price adjustment mechanism. Excess demand functions

having the properties of gross substitution, dominant diagonals, and the Morishima

system of complementary commodities, are analyzed.

Eden (1990), proposes that the standard formulation of a spot market subject to

uncertain excess demand uses a Tatoimement process that restricts trade until the market

clearing price is found. The author presents a model in which there is no restriction on

trade during the process of the resolution of uncertainty about the aggregate excess

demand. The idea is to enlarge the commodity space and define goods by the probability

that they will sell, in addition to other characteristics. A failure to distinguish goods by

the probability of the sale characteristic can lead to the rejection of the competitive

paradigm even when everyone is a price taker and the allocation is efficient.

Walker (1988) shows that Walras gave many accoimts of markets imdergoing

repeated price adjustments that bring them progressively closer to equilibrium. In this

paper the author is attempting to establish the general character of the mathematical
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technique by which Walras believed that the theorist can solve a set of simultaneous

equations, and thereby to lay the foundation for distinguishing his economic theory of

Tatonnement from that technique. The author also shows that Walras was concemed

with real markets in his economy theory in general and in his theory of economic

Tatonnement in particular.

According to Lemer (1970) the Tatonnement model has two concepts, a) the

Walrasian Tatonnement process so as to distinguish from the b) the Walrasian

Tatonnement price adjustment equation. The purpose in formulating the problem in this

way is to further refine a loose end in the traditional treatment of the correspondence

principle between dynamic stability and comparative static stability. This study

demonstrates an interest in the price adjustment equation concept rather than the process.

Here, the speed of convergence of a stable general equilibrium can be profitably

investigated via an economizing model. If the cost of economic change is a monotically

increasing fimction of the speed of change, then the motion that minimizes the sum of the

static and dynamic costs of equilibrium can be defined. This conceptualization of

dynamic methodology has been used in this research to investigate some feature of

Walrasian Tatonnement price adjustment model. The illustration outlined in this paper

suggest at least two general areas in which the extension of this methodology may prove

useful, a) It may be possible to predict lags of the behavior of micro and macro units

from the measurement of costs, rather of past lag behavior, b) when dynamic systems are

subject to design by policy makers, they may be organized with some consciousness of

the costs of different speeds of adjustment rather than only the stability property.
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Ginsburgh, and Waelbroeck (1979), show their motivation to write this paper due

to their recent experiences which suggest that Tatonnement process may prove quite

efficient in computing equilibria. These processes are in fact today the only effective

method of solving equilibrium models of realistic size. Their weakness relative to Scarf

(1960) type of algorithms is that convergence is not guaranteed.

General equilibrium problems can be solved by several Tatormement processes.

Price Tatormement is of course well known. Mantel (1971) has proposed a welfare

weight adjustment process, and compare its stability properties with those of price

Tatormement. Dixon (1975), introduces a utility adjustment process, and applied it to a

simple model. Ginsburgh and Waelbroeck (1979) suggest a fourth process, and applied

this one and Dixon's to an equilibrium model of the world economy. The fourth process

is generated from one optimizing model by means of minor changes, and it is easy to

switch to another process when one approach has failed to converge. It appears

worthwhile to make the minor investment in additional programming which permits

switching among the four processes instead to be restricted to only one.

Tumer(1992) demonstrates the use of a basic program which represent the process

of Tatonnement and recontracting in the search of the of the Walrasian equilibrium vector

of market prices. It is argued that this program can provide to students with intuitive

understanding of the economic model, because of the parallels between the behavior of

the hypothetical Walrasian auctioneer and the interactive search procedure embedded in

the algorithm. The program also facilitate the rapid calculation of a wide range of

numerical examples and facilitates the demonstration of a number of important points
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relevant to general equilibrium theory. Preferences and endowment are highlight as

important in the determination of equilibrium. Theory emphasizes that Walrasian

Tatonnement process is logically equivalent to a computer search algorithm for the

market clearing vector of prices. In addition, Jones, and Judge (1990), utilize spread

sheets package with graphic capabilities in teaching of dynamic economic models,

demonstrating how spreadsheet can be used to assist in the development and

imderstanding of dynamic models and their properties.

Walter (1988) and Joyce (1984) outlines the results of experiments analyzing the

Walrasian Tatonnement mechanism, and identifies the following characteristics: only

one price exists at a time; there is an information mechanism notifying all traders of the

price; there is a mechanism for determining quantities offered for sale and purchase at the

price; and transactions at nonequilibrating prices are forbidden. In addition, the

auctioneer uses the Walrasian pricing rule and the change in price has the same sign as

the excess demand. The treatment variable used in the experimental design is the degree

of segregation of buyers and sellers. Complete segregation results in limited information

that is sellers are unable to discover the number of buyers, likewise buyers are imable to

discover the number of sellers at the announced price. The results show that the auction

mechanism is stable, exhibits strong convergence properties and efficiency levels

averaging better than 97%. A significant evaluation of demand relative to supply occurs

when buyers are segregated from sellers. In a Walrasian Tatonnement market, the

Walrasian pricing rule must be followed: P '=dp/dt has the same sign as the excess

demand {E(p)=D(p)-S(p)).

35



Vickrey(1961) points out that in a market where the auctioneer relies upon the

buyers and sellers for information on quantity that is needed to revise price, both have an

incentive to misinform the auctioneer. The misinformation provided by both sellers and

buyers tend to under-reveal their quantity, given the quantity on the other side of the

market. This differential reduction in quantity will cause the price to move in favor of the

side which is more restrictive. Given the payoff structure, every cent the price rises(falls)

for sellers (buyers) is an additional cent they will be paid if the market clears. Since the

induced supply and demand schedules are symmetric, neither side has a larger potential

pay off than the other, and one would expect the under revelation of quantity to be the

same on both sides of the market. If this is the case, the expected result is that the

market-clearing price is at the theoretical equilibrium, but quantity is less.

Schatzer and Heady (1982), develop a model to address the future of US crop

production. A model based in the theory of Tatonnement market convergency is

developed to estimate approximate equilibrium prices and quantities for barley, com,

oats, sorghum, soybeans, and wheat. This model attempts to answer whether the real

problem is represented by the quantity of crop production, or by the price of the quantity

that is available. Schatzer, English, and Heady (1985), add that the effects of future

yields on agricultural commodity may affect the adjustment process between prices and

quantities. They suggest that future price-quantity relationships may be influenced by the

level of crop yields. This Tatoimement model uses a national interregional linear

programming in conjunction with an econometric model of demands. The Tatonnement
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model links the demand and supply equations to solve for approximate equilibrium prices

and quantities for the year 2000.

Saari, and Williams (1985), declare that for certain informational decentralized

economic models, the associated dynamically process need not be locally stable. In

addition they identify the causes of the conflict between the local stability of the process

and the decentralization of information. This motivates a resolution for this problem.

The method describes how approximate, local information about the economy can be

used to modify a decentralized dynamic procedure to achieve local stability. Procedural

guidelines are provided for establishing the decentralized systems with which the agents

communicate appropriate information. This approach provides a partial response to the

well-known convergence problems with the Tatonnement model. For a dynamic,

economic mechanism to be meaningful, it should satisfy certain economic properties such

as the appropriate incentive constraints. A most basic requirement is that it converges to

an equilibrium, failure to achieve this convergence, results in the invalidation the

mechanism's objective. This study successfully describes procedures that achieve local

stability through decentralized communication.

Saari (1985) point out that a mechanism is not always effective if an iterative

price mechanism depends upon a finite or limited amount of information from the market

as given by the aggregate demand function in pure exchange economies where this

mechanism will not find a price equilibrium. This statement already holds in the case of

two commodities. The approach used to reach this conclusion extends to other iterative

systems used to determine the zeros of a function. However, Friesz, Bernstein, and
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Mehta (1994) adds that more information increases the processes of adjustments toward

an stable equilibrium point.

Arrow & Hurwicz (1958) states that central to the ordinary economic theory is the

equilibrium of supply and demand. However, this is the result of a process, not as a state

holding at every instant of time. On the contrary, inequalities between supply and

demand are usually regarded as an integral part of the process by which the price on a

market reaches its equilibrium tenant. This observation implies that a fundamental aspect

of the theory of price equilibria is to understand those natural economic processes which

will terminate at an equilibrium position. One of the difficulties in the design of an

economic process is to justify the form of the dynamic. To circumvent this problem all

possible forms of dynamics are considered and are a) based upon the commonly accepted

notions of what constitutes an equilibrium, and b) the price adjustment process is based

upon the reaction of the people in the market as reflected by the inequalities of supply and

demand.

Flaschel (1991) concludes from his examination of the price-quantity

disequilibrium that a cross-dual dynamic structure occurs when production enters the

market as Walras approach suggests. This structure closely parallels the classical process

of equalizing profit rates and fluctuates as a result of price changes. Some of the propose

changes to cross-dual dynamics greatly improves its stability. This suggests that a chain

effect is set in motion where the direction and degree of change impacts the future price

and quantity fluctuations. If changes are sufficiently strong the whole economy will

move toward equilibrium. Furthermore, this integration of additional economic forces
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gives rise to a dynamic system which provides a new example for the abstract discussion

of so-called Generalized Newton Methods, i.e. depending on the strength of the

derivative terms the new dynamics will have fairly universal stable properties.
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CHAPTER III

METHODOLOGY AND DATA

This chapter focuses upon the procedure used to determine the availability of the

CRP lands after the termination of their contracts. The primary interest of this study are

prices, quantity demanded by consumers, and crop production, not livestock production.

Therefore, the location of livestock production is fixed. To accomplish this endeavor,

the models and data utilized in developing an economic model for the CRP lands are

presented. This chapter shows the framework for developing a technique to reach

equilibrium on the supply and demand models by documenting; the choice of demand

models, the estimation of the demand models, the data used to obtain different

estimations, the forecast of values for the commodities, the estimation of the supply

models, and the Tatonnement model used to link the demand and supply models. The

Tatonnement model is the mathematical tool used to find the equilibrium point. This

mathematical tool requires both demand and supply equations.

An econometric approach is employed in developing the eleven demand

equations. However, in developing the supply equations a linear programming model is

used. These set of equations are combined to obtain equilibrium by using the

Tatonnement model.
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Demand Models

The demand equations are explained by a set of independent variables. These

variables are selected following information provided by the USDA Economic Research

Service (ERS). Com feed is positively related to cattle on feed or more general to the

number of units (includes pork and poultry). Com feed is also related to prices of

competing feed grains such as feed wheat, and soybean meal. Barley use is directly

related to com prices, because barley may be substituted by com in the feed ratio. Barley

grain is positively related to the number of animal units and the feeding rate. Sorghum

faces strong competition from other energy feeds (feed grains). This competition is

basically in prices. Soybean meal is the major protein meal fed to livestock and poultry.

Demand of soybean meal is related to supply and prices of other competing meals

(cottonseed). Wheat and com have a moderated substitution effect. Feed used of oats are

positively related to the grain consuming animal units. The selection of variables for the

food equations are also provided by ERS. English, Short, and Heady (1981), and

Schatzer and Heady (1982), show that the relationship between the independent variables

and the dependent variables are in compliance with the economic theory. The feed and

food equations are estimated using the above information.

Eleven demand equations are obtained for the crops. These demand equations are

determined for feed, food, and export at the national level. Because the export demand

equations are difficult to estimate using the time series data, elasticities used by APAC

(1994) are employed to estimate the demands. The parameters of the models satisfy the

economic theory, that is the direction of the sign is inversely related to its own price,
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directly related to its competitive price, and inversely related to its substitute price

(Nicholson, 1992).

The classical assumptions of the normal linear regression model indicates that the

least squares estimators of the regression coefficients are found to be unbiased and

efficient (Kmenta, 1986, Green, 1993, Johnston, 1984, and Madala, 1985). The linear

regression models are satisfied when perfect collinearity does not exist, heteroscedasticity

is not present, and there is no autocorrelation. If any of these three assumptions are

violated, then the result concerning the properties of the square estimators can not longer

be considered established. If the error term of one model is correlated to an error term of

another model, then Seemingly Unrelated Regression Equations (SURE) approach is the

preferred technique to estimate the demand equations. Using matrix notation, linear

regression is expressed as follow:

!2, = T,*P, + s, * 3.1

Q2 = Y2*^,+S2 3.2

Qm = Ym*^ m + ̂m 3.3

or

Q„ = Y„*B„ + e„ (m=l,2, M) 3.4

Where:

Q„ = {T* l) vector of endogenous demands, the assumption is that the Q vector is a

stochastic variable
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Ym = (T* Km) vector of prices and other exogenous variables, the Y variable is assumed to

be nonstochastic

P„ = (Ar„*l) vector of parameters for the independent variables

the p parameters are assumed to be linear

E = (r * 1) vector of error terms of each demand equation

the error terme is assumed to be normally distributed

E(em,)=0 (t'lX V

the expected value of the e ̂  is assumed to be equal to zero.

The above assumptions are related to classical linear regression models. Initially,

simple regression models were nm obtaining satisfactory results in most of the equations.

But Seemingly Unrelated Regression Equations (SURE) was conducted in order to

further improve the results.

Where:

Ij<=T*T is an identity matrix 3.6

YmY ^m ̂  m

J

is nonsingular 3.7

This means that each equation was expected to satisfy the assumption of the classical

linear regression model within each model. Because the error terms were correlated

among the equations, SURE, as used below, were employed to obtain the demand

equations.
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p^^mp^T (^>P 3.8
th th

where: a is the covariance of the disturbances of the m zndp equation.

The only link between the and p"* equation is the covariance, which was assumed to

be constant over all observations. Because the demand functions estimated in this study

have a subtle error term link among them, SURE is the ideal model to used. Variables

used to estimate the demand equations, variables identification, description, and sources

are presented in the following tables (Table 3.1 and Table 3.2).

Estimated Demand Models

After selecting the independent variables for each of these demand equations, the

estimated parameters were observed to determine if they comply with the economic

theory. Information provided by the ERS, English, Short, and Heady (1981), and

Schatzer, and Heady (1982), was also used to determine variable selection. The signs of

the parameters in these equations comply with those of the economic theory. Using the

results of these studies as a base, the models estimated in this study were improved.

The following are the eleven demand equations used to iterate with the supply

equations:

BRDFEDii = a, + P „ BRTPRu + P ,2 CNTPRu + P ,3 SMTPRm + P ,4 MKTPR+me i,- 3.9

CNDFEDv = a 2 + P 21 CNTPRa + P 22 SMTPRii + P 23 BLTPRii + P 24 PKSPDNv +82, 3.10

GSDFEDv = a 3 + P 31 GSTPRv + P 32 CNTPRv + p 33 BFSPDNy, + 83, 3.11

SMDDOMAi = a 4 + P 41 SMTPRa. + P 42 WHTPRai + P 43 BFTPRai + P 44 LMSTPRAi + e 4, 3.12
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Table 3.1. Variable identification, description, and sources of the data used to estimate the demand equations.
Variable

ID

Vai laHle

Description
Data Sources

Ut

BFSPDN

BFTPR

BLTPR

BRDFED

BRDOTH

BRTPR

CNDFED

CNt)OTH

CNTPR

CPIFO

CPIFS

GSDFED

GSDOTH

GSTPR

LMSPRD

LMTPR

MKTPR

Beef production, carcass weight, U.S.(mil.ibs.)

Beef liveweight average price received by fanners,
U.S. ($/cwt)

Broilers; Average price received by farmers, U.S.
(cnt/lb.)

Barley feed demand and residual, U.S. (mil. bu.)

Barley other domestic demand (food,seed, and

industrial), U.S. (mil. bu.)

Barley season average price received by farmers,
U.S. ($/bu)
Com feed demand and residual, U.S. (mil. bu.)

Com other domestic demand (food, seed,

industrial), U.S. (mil. bu.)
Com seson average price received by farmers, U.S.
($/bu.)
Consumer price index for all food, U.S. (1982-
1984=100)

Consumer price index for fish and seafood, U.S.
(1982-84=100)

Grain sorghum feed demand and residual, U.S.
(mil. bu.)

Grain sorghum other domestic demand (food, seed,
and industrial), U.S. (mil bu.)

Grain sorghum season avearge price received by
farmers, U.S. ($/bu.)
Lamb and mutton production, carcass weight, U.S.
(mil. lbs.)

Lambs: Liveweight avearge price received by
farmers, U.S. ($/cwt.)
Milk average combined price, U.S. ($/cwt.)

AgStat 72, p 417;AgOutYr 490, p. 16 1960-87; AgOut 791, p. 44 1988;AgOut
892, p. 46 1989; AgOut 993, p. 50 1990-91; WorldAgS&D 1093, p. 27 1992
AgStat 72, p. 367; AgStat 86, p. 264 1971-73; AgStat 89, p. 267 1974-87; AgOut
791, p. 40 1988-89; AgOut 993, p. 47 1990-92
AgStat 72, p. 481; AgStat 86, p. 355 1971-73; AgStat 89, p. 358 1974-86; AgOut
1290, p. 49 1987-88; AgOut992, p. 43 1989; AgOut 993, p. 47 1990-92
HistCom 790, Table 4; AgStat 492, p. 47 1986-89; WorldAgS&D 493, p. 9 1990;
WorldAgS&D 1093, p. 9 1991-92
HistCom 790, Table 4; AgStat 492, p. 47 1986-89; WorldAgS&D 493, p. 9 1990;
WorldAgS&D 1093, p. 9 1991-92
HistCom 790, Table 4; AgOut 492, p. 47 1986-89; WorldAgS&D 493, p. 9 1990;
WorldAgS&D 1093, p. 9 1991-92
HistCom 790, Table 2; FdSitYr 292, p. 32-34 1975-89; WorldAgS&D 493, p. 8
1990; WorldAgS&D 1093, p. 8 1991-92
HistCom 790, Table 2; FdSitYr 292, p. 32-34 1975-89; WorldAgS&D 493, p. 8
1990; WorldAgS&D 1093, p. 8 1991-92
FdSitYr 292, p. 28 1975-89; WorldAgS&D 493, p. 8 1990; WorldAgS&D 1093,
p. 8 1991-92

EconRptPres 193, p. 414 1950-91; AgOut 993, p. 47 1992

EconRptPres 193, p. 414 1950-91; AgOut 993, p. 47 1992

HistCom 790, Table 3; AgOut 492, p. 47 1986-89; WorldAgS&D 493, p. 9 1990;
WorldAgS&D 1093, p. 9 1991-92
HistCom 790, Table 3; AgOut 492, p. 47 1986-89; WorldAgS&D 493, p. 9 1990;
WorldAgS&D 1093, p. 9 1991-92
HistCom 790, Table 3; AgOut 492, p. 47 1986-89; WorldAgS&D 493, p. 9 1990;
WorldAgS&D 1093, p. 9 1991-92
AgStat 72, p.417;AgOutYr490, p. 17 1960-88; Ag Out 892, p. 46 1989; AgOut
993, p. 50 1990-92

AgStat 72, p. 393; AgStat 86, p. 286 1971-73; AgStat 89, p. 289 1974-86; AgOut
1290, p. 49 1987; AgOut 791, p. 41 1988-89; AgOut 993, p. 47 1990-92
HistCom 790, Table 17; AgOut 993, p. 51 1985-92



Table 3.1. Continued.

Data Sources

liistCorn~7907fable 5; AgOut 492, p. 47 1986-89; WorldAgS&D 493, p. 9 199^
WorldAgS&D 1093, p. 9 1991-92
HistCom 790, Table 5; AgOut 492, p. 47 1986-89; WorldAgS&D 493, p. 9 1990;
WorldAgS&D 1093, p. 9 1991-92
HistCom 790, Table 5; AgOut 492, p. 47 1986-89; WorldAgS&D 493, p. 9 1990;
WorldAgS&D 1093, p. 9 1991-92
EconRptPres 193, p. 377; SurCurBus 293 p. 12 1992

EconRptPres 193, p. 377; SurCurBus 293 p. 12 1992

EconRptPres 193, p. 377; SurCurBus 293 p. 12 1992
AgStat72, p. 418; AgOutYr490, p. 16 1960-87; AgOut 1290, p. 52 1988; AgOut
892, p. 46 1989; AgOut 993, p. 50 1990-91; WorldAgS&D 1093, p. 27 1992
Fat&OilSit 1158, p. 13; Fat&OilSit 1165, p. 12 1958-59; AgOutYr 490, p. 31
1960-64; Fat&OilSit 690, p. 28 1965-85; AgOut 492, p. 47 1986-87; AgOut 793,
p. 50 1988-90; WorldAgS&D 1093, p. 17 1991-92
Fat&OilSit 1158, p. 13 1950-56; Fat&OiiSit 1165, p. 11 1957-64; OilSit&Out
690, p. 28 1965-85; AgOut 492, p. 47 1986-87; AgOut 793, p. 50 1988-90;
WorldAgS&D 1093, p. 17 1991-92
HistCom 790, Table 7; AgOut 492, p. 47 1986-89; WorldAgS&D 992, p. 17 1990;
WorldAgS&D 1093, p. 17 1991-92
AgOutYr 490, p. 19; AgOut 1290, p. 52 1988; AgOut 992, p. 46 1989; AgOut
993, p. 50 1990-91; WorldS&D 1093, p. 27 1992
AgStat 72, p. 490; AgStat 86, p. 361 1971-73; AgStat 89, p. 364 1974-86; AgOut
1290, p. 49 1987-88; AgOut 992, p. 43 1989; AgOut 993, p. 47 1990-92
HistCom 790, Table 1; WhtSitYr 392, p. 46 1983-89; WorldAgS&D 493, p. 6
1990; WorldAgS&D 1093, p. 6 1991-92
Computed (WHDDOM-WHDFOD-WHDFED), 1950-59; WhtSit 890, p. 41 1960-
83; WhtSitYr 392, p. 52 1984-1989; WorldAgS&D 493, p. 6 1990;
WorldAgS$&D 1093, p. 6 1991-92
WhtSitYr 392, p. 53; WhtSitYr 392, p. 51-52 1983-1989; WorldAgS&D 493, p. 6
1990; WorldAgS$&D 1093, p. 6 1991-92

Vanable

ID

Vanable

Description

0\

OTDFED

OTDOTH

OTTPR

PERCAP

PERDIN

PESDIN

PKSPDN

SMDDOM

SMTPR

SYTPR

TKSPDN

TKTPR

WHDFED

WHDOTH

WHTPR

Oats feed demand and residual, U.S. (mil. bu.)

Oats other domestic demand (food,seed, and
industrial), U.S. (mil. bu.)
Oats season average price received by farmers,
U.S. ($/bu.)

Per capita disposable personal income in 1987
dollars, U.S. (bil 1987$)
Personal income, disposable in 1987 dollars, U.S.
(bil. 1987$)
Personal disposable income, U.S. (bil. $)
Pork production, carcass weight, U.S. (mil. lbs.)

Soybean meal domestic demand, U.S. (thou, tons)

Soybean meal season average price, U.S. ($/ton)

Soybean season average price received by farmers,
U.S. ($/bu.)
Turkey production, U.S. (mil. lbs. ready to cook)

Turkey average price received by farmers, U.S.
(cnt/lb.)
Wheat feed demand and residual, U.S. (mil. bu.)

Wheat other domestic demand, U.S. (mil. bu.)

Wheat season average price received by farmers,
U.S. ($/bu.)

Agricultural Policy Analysis Center (APAC), 1994



Table 3.2 Source abbrevation and source citation of the data used to estimate the demand equations.

iU
-4

Source

Abhieviation

AgOut 1290
AgOutYr490

AgOut 492
AgOut 791

AgOut 793

AgOut 892
AgOut 992
AgOut 993

AgStat 72
AgStat 86
AgStat 89

EconRptPres 193

FdSitYr292

Fat&OilSit 1158

Fat&OilSit 1165

HistCom 790

OilSit&Out 690

WhtSitYr392

WhtSit 890

WorlclAgS&D493

Source Oitation

U.S. Department of Agriculture.
U.S. Department of Agriculture.
U.S. Department of Agriculture.
U.S. Department of Agriculture.
U.S. Department of Agriculture.

U.S. Department of Agriculture. Agricultural Outlook. December 1990.
U.S. Department of Agriculture. Agricultural Outlook Yearbook. April 1990.

Agricultural Outlook. March 1992.
Agricultural Outlook. July 1991.
Agricultural Outlook. July 1993.
Agricultural Outlook. August 1992.
Agricultural Outlook. September 1992

U.S. Department of Agriculture. Agricultural Outlook. September 1993.
U.S. Department of Agriculture. Agricultural Statistics 1972. U.S. Government Printing Office (Washington, D.C.: 1972).
U.S. Department of Agriculture. Agricultural Statistics 1986. U.S. Government Printing Office (Washington, D.C.: 1986).
U.S. Department of Agriculture. Agricultural Statistics 1989. U.S. Government Printing Office (Washington, D.C.: 1989).
Economic of the President: Transmitted to the Congress, Feburary 1993. U.S. Government Printing Office (Washington, D.C.:
1993).

U.S. Department of Agriculture. Feed Situation and Outlook Yearbook. USDA Economic Research Service Report No. FdS 321.
Feburary 1992.
U.S. Department of Agriculture. The Fats and Oils Situation. USDA Agricultural Marketing Service Bulletin No. FOS-193.
November 1958.

U.S. Department of Agriculture. The Fats and Oils Situation. USDA Agricultural Marketing Service Bulletin No. FOS-230.
November 1965.

U.S. Department of Agriculture. Historical Commodity Data Series 1950-87. USDA Agricultural Stabilization and Conservation
Service, Program Analysis Division Report. July 1990.
U.S. Department of Agriculture. Oil Crops Situation and Outlook Yearbook. USDA Economic Research Service Report No.
OCS-26. July 1990.
U.S. Department of Agriculture. Wheat Situation and Outlook Yearbook. USDA Economic Research Service Report No. WS-
296. March 1992.

U.S. Department of Agriculture. Wheat Situation and Outlook. USDA Economic Research Service Report No. WS-290. August
1990.

U.S. Department of Agriculture. World Agricultural Supply and Demand Estimates. USDA Economic Research Service and
Foreign Agricultural Service Report No. WASDE-277. April 1993.

Agricultural Policy Analysis Center (APAC), 1994.



WHDFEDsi = a 5 + P 51 WHTPRa + P 52 CNTPRsi + P 53 LMTPRa + P 54 TKSPDNs, + e si 3.13

OTDFEDii = a 6 + P 61 OTTPRi, + P « WHTPR,. + P 63 BFTPRe, + P « PKSPDNsi + e 6/ 3.14

WHDOTHv = a 7 + P 71 CNTPR/WHTPRn + P 72SYTPRv + P 73 PESDINi, + e 7/ 3.15

CNDOTHii = a 8 + P 8, CNTPRa + P 82 MKTPRa + P S3 CPIFOti + P 84 PERDINa + e s, 3.16

BRDOTH^i = a 9 + P 91 BRTPRgj + p 92 SYTPR9i + P 93 MKTPRgj + p 94 CP/FS9, + 3.17

P 95 PERCAPgi + E 9i

GSDOTHtoi = a 10 + P 101 GST-P^io/+ P \02OTTPR\0i + P 103iMTPifio/+ elof 3.18

0r£)077/.„=a„+ P „,07TPi?„/+ P u2WHTPRni+^ u2TKTPRxv+ P x^APESDINm + ZxM 3.19

The five export demand models are derived from their own price elasticities.

These elasticities were used because of the complexity involved in first estimating and

secondly forecasting a significant set of export demand models.

Data

The next step, in studying CRP lands for the year 2005, is the obtaining of data

for the estimation of the demand equations. The demand equations, as mention before,

are selected based on the ERS information, the economic theory, and studies such as

English, Short, Heady (1981) and Schatzer, and Heady (1982). The data use in this study

were time series data which is obtained from the Agricultural Policy Analysis Center

(APAC, 1994), (Appendix A, Table Al). This data covered the period from 1950 to

1992, and included livestock, and crops. Livestock consisted of quantities and prices for

beef, pork, mutton, turkey, poultry, eggs, and dairy products. In similar manner. Crops

consisted of quantities and prices for com, barley, soybeans, sorghum, oats, and wheat.
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In addition, macroeconomics time series data were obtained for the consumer price index

for all food (CPIFO), consumer price index for fish and seafood (CPIFS), per-capita

disposable personal income (PERCAP), disposable personal income (PERDIN), and

personal disposable income (PESDIN), all in 1987 US dollars. The above variables were

employed in determining the demand models, and the forecast values.

Three types of demand equations were considered: a) demand equations for feed,

b) demand equations for food, and c) demand equations for export. Feed equations were

estimated for corn-feed, barley-feed, oats-feed, soybean meal-feed, wheat-feed, sorghum-

feed. Food equations are corn-food, barley-food, soybeans-food, oats-food, and

wheat-food. Export equations are obtained indirectly from the price elasticities used in

the National Agricultural Policy Simulator (POLYSIM).

The supply model is represented by an inter-regional linear programming model.

In addition, linear programming has the capability to deal with optimal pattern of

production, production location, transportation flows, and supply prices. The model used

in this study was based in models previously developed at the Center for Agricultural and

Rural Development (CARD), and the model is used for the year 2005.

Unlike crop production, the location of livestock production was exogenously

determined. However, no estimation of livestock product demands, water demands, and

nitrogen supplies were included. The regional product demands were converted to feed

demands, through a set of rations, water demand through a set of water use coefficients,

and nitrogen supply through a procedure developed at (CARD) by Short and Dvoskin

(1982).
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Forecasting Model

The estimation of the demand equations include prices and other explanatory

variables. Since the available data ranged from 1950-1992, and the study projects to the

year 2005, forecasting was required. The livestock and crops values were forecasted by

using an extrapolation procedure. This extrapolation was conducted by using the double

exponential smoothing method, PROC FORECAST SAS. The advantage of using the

double exponential method is that the recent data is more heavily weighted than early

data. Because observations of the data indicate a linear trend, a double exponential

method was selected. The method is presented below:

Ft + \=^w*Xt + {\-yv)*Ft 3.20

where: w is the smoothing constant

Ft + \ is the smoothed value of the time series for time /+/

X, is the actual value of the time series for period t

Ft is the forecast of the time series for period t

After obtaining the smoothed series, an exponential smoothing is used to produce a

ftirther smoothing (equation 3.20 and 3.21), which is called double smoothing.

= /=■,+! +(l-w)*F? 3.21

The values forecasted in the area of livestock were beef, pork and milk. Values

forecasted in the crop area were related to com, wheat, oats, sorghum, barley, and

soybeans. In addition, some macroeconomics indicators were also forecasted. As
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indicated above, Time series data for the years 1950-1992 were obtained from the

Agricultural Policy Analysis Center (APAC, 1994).

Supply Model

The spatial Linear Programming model (LP) is used to portray the supply side of

the model. This model is composed of livestock, and crops, where livestock are estimated

outside the model, and crops are estimated vrithin the model. Because LP models have

limitations in analyzing aggregate equilibrium conditions, both prices and quantities can

not be solved by a linear programming model, therefore one of these conditions should be

assumed fixed. Linear models can determine the optimal pattem of production including

resource use, production location, transportation flows, and supply prices given quantities

of demand is fixed. Or, given a fixed level of prices, the supply quantities can be

determined along with resource use, production location, and transportation flows

(English, 1989; Schatzer and Heady, 1982). To overcome these restrictions, the

Walrasian Tatonnement approach is utilized.

Linear Programming: Objective Function

The model used in this study was an inter-regional model with seven sectors.

These sectors were integrated to represent the production processes, and driven forces of

the US agriculture (English, Smith, Atwood, and Gamek, 1989). Crop production,

livestock production and pasture/range production comprised the production processes in

this study. The resource availabilities were defined by irrigation and other inputs, and
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land availability. The final sector consisted of transportation, and demands. The

description of variables used in the mathematical formulation for the sectors and

objective function are presented (Table 3.3 and Table 3.4).

Following English et. al (1989) study, the objective function in this model was to

minimize the cost of the crop sector, water sector, range/forest sector, livestock sector,

land conservation sector, fertilizer sector, and transportation sector. The costs are

expressed in each summation operator by coefficients and the activities. The coefficients

are variables beginning with C and the activities are variables beginning with X.

Crop Sector

1 J K M W , ^ I J K M , V

USE * X/, SIS S(CA, 3.22
i=I7=lA=lm=lw=l i=IJ=U=lin=l

Water Sector:

I W

s s
z = 1 w = 1

^ WEOi
CWAi^*XWAi^*l,W TX.^T.

Range/Forest Sector:

3.23

S SSS(CG.,/,j^*Jfa,/,gJ+ 3.24
e=10 /=lg=l/i=l ̂

Livestock Sector.

S i(CAp,, * XAp,,)+ S S S(G7p^,„ * XJp^,u)+ 3.25
/>=lqi=l /)=ln=Ia=l

Land Conservation Sector: 3.26

S S(ciA,r * XLP,>)+ S i:(CMIDQj,w * XMDlCi,^)+ S ll(CMIDQj * XMDIQ,J)^
/=1 r=I (=1 w=l /=! w=l

iiCMWETi * XMWET)+ S S(cC, j * XCRSDi,^+ S S S (cC/,j> *
1=1 /=i /=i y=ifr=i

S S(c/A., * XIDDi,j)+ S S S(c/A,,.w * XIDItj,.y
(=1 j-\ /=1 j=\
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Table 3.3.

Variable

Name

Description of variables used in the mathematical expression of the linear programming model.
Variabie Description

in

CAp^q

CBLp,q

CE,p,c

CFp

CGe,f,g,h

CJp,n,u
CLP,>
CMDIC

«d

CTAt,u

CTC

FA

t

p

,n

»q

JAp,q,z

JJp,n,v,z

MAXR

MTNR.;

u

NA
p,q,u

unit cost of livestock production in CPA (p) for livestock type (q) (dollars per cwt of primary product)

sale of crops from in the producing area (i), land group (j), rotation (k) employing tillage practice(m)
(dollars per acre)
sale of livestock production from CPA (p) for livestock type(q) (dollars per cwt of primary product)

cost of dryland cropping practices in producing area (i), on land group(j), rotation (k), and employing tillage
practice (m) (dollars per acre)
cost of exporting commodity (c) from Great Lakes region to east coast CPAs (p) (7,10, and 11) (dollars per
unit)
unit cost of fertilizer in CPA (p) (dollars per pound)

unit cost of forage production in ecosystem (e), productivity class (f), condition class (g), with management
strategy (h) (dollars per acre)
unit cost of feeding crop (n) for livestock type (u) in CPA (p) (dollars per unit)

cost of converting potential cropland into producing area (i) and conversion type (r) (dollars per acre)

cost of converting an acre of nonirrigated land to irrigated land in producing area (i) on land group (j) (dollars
per acre)
unit cost of transporting endogenous commodity (u) over transportation route (t) (dollars per cwt)

unit cost of transporting endogenous commodity (n) over transportation route (t) (dollars per unit)

amount of manure (expressed in nitrogen equivalents) produced in CPA (p) by livestock type (q)

amount of nitrogen required by a dryland cropping practice in producing area (i), land group (j), rotation (k),
and conservation tillage practice (m) (pounds)
amount of nutrient (z) required by the livestock production activity type (q) in CPA (p)

amount of nutrient (z) supplied by one unit of commodity (n) to major livestock type (v) in CPA (p)

maximum percent roughage that can occur in the ration and maintain the level of yield for livestock type (u)

minimum percent roughage that can occur in the ration and maintain the level of yield for livestock type (u)

amount of replacement stock required of major livestock type (u) for livestock production activity (q) in
CPA (p)



Table 3.3. Continued.

Variable

Name

PDRY

PLR^iJ,r
RBp,b
RCRSi

'1

RDCp»n

RDCN
n

p,u

s,c

RDL

REX

RFp
^LCRPji^p
RLCTLj

RLDYjj

RUN

RLTERp
RLTOTj

RLZTLi

RPR^p

RPRT

SWDDj j |j

Vaiiable Destription

percent of dryland in land group (j) and producing area (i) that is converted when one dryland acre is
converted to irrigated land
percent of land in ecosystem (e) having potential of (r) in producing area (i) and land group (j)

amount of feed required by the exogenous livestock in CPA (p) for feed type (b)

amount of land in the Conservation Reserve for producing area (i)

amount of commodity (n) demanded in CPA (p)

amount of crop commodity (n) demanded at a national level (This RHS value exists only for those crops with
no transportation network)
amount of livestock commodity (u) demanded in CPA (p)

level of exports for commodity (c) in exporting region (s)

level of fertilizer available (required) by exogenous agriculture in market (p)

amount of land that is planted in crop (n) in CPA (p)

maximum quantity of land available for conservation tillage cropping practices in producing area (i)

amount of land available for endogenous dryland cropland production in land group (j) and producing area (i)

quantity of grazing land in ecosystem (e), productivity class (f), and condition class (g)

minimum number of acres irrigated
amount of land required to be in terraces in CPA (p)

total amount of land required to come into solution in producing area (i)

amount of zero or no tillage that can come into the solution in producing area (i)

quantity of pasture available in CPA (p) and ownership category (a) (when the grazing sector is endogenous
and a = 1, this value is 0)
maximum tons from the range sector
per acre wind erosion coefficient for dryland farming in producing area (i), and group (J), rotation (k), and
conservation tillage practice (m)



Table 3.3 Continued.

Variable

Name

Variable Dc^crijjtion

(J\

SWlDij,^

SWTDij,k,„

SWTIij,k,m,w

WTCn,iJ,k,m
XAp^q
XBp,„
XBCjj k
XBLp,q
XCRSDjj

XDij^k,m

XE|
XF,.

P

XGe,f,h
XIDDij
XCRSD

XJp,n,u

XLP

XTAt,u

XTCt,ti

XWEi,d

per acre sheet and rill erosion coefficient from land not used in the production of commodities in producing
area (I), land group (j), and, if from irrigated cropland, water source type (w)
per acre sheet and rill erosion coefficient for dryland farming in producing area (i), land group (j), rotation

(k), and conservation tillage practice (m)
per acre sheet and rill erosion coefficient for irrigated land farming in producing area (i), and group (j),
rotation (k), and conservation tillage practice (m)
percentage of crop (n) in producing area (i), land group (j), rotation (k), and conservation tillage practice (m)

activity level of livestock production type (q) in CPA (p)

activity level to transfer crop (n) so that exogenous livestock needs can be met in CPA (p)

activity crop sale for producing area(i), land group (j), rotation (j), and conservation /tillage practice (m)

activity livestock sale for the CPA (p), and production type (q)

activity level of land moving into the Conservation Reserve in producing area (i), land group (j)

activity level of dryland crop production in pro=producing area (i), land group (j), rotation (k), and
conservation/tillage practice (m)
amount of commodity (c) transferred from the CPA (p) final demand constraints to the exporting regions

level of nitrogen purchasing activity in CPA (p)

level of range activity in ecosystem (e), productivity class (f), condition class (g), under management level (h)

activity level of idle land in producing area (i) and land group (j)

activity level of idle land in producing area (i) and land group (j)

level of crop (n) used for major endogenous livestock type (u) in market region (p)

quantity of potential land type (r) in producing area (i) that is converted to cropland

amount of major livestock type (u) transported on route (t); a superscript I indicates an Import into a region,
E an Export

amount of crop (n) transported on route (t); a superscript I indicates an Import into a egion, E an Export

amount of water exported in producing area (i) to destination (d)



 

Table 3.3 Continued.

Variable

Name

Variable Description

XWOi,d
YA

p>q."

YGp^e,f,g,h

I amount of water outflow in producing area (i) to destination (d)

I yield for major livestock type (u) in livestock category (q) in market region (p)
I dryland yield for crop (n) in producing area (i), land group (j), rotation (k), and tillage practice (m)

I proportion of pasture/range yield in CPA (p) that is in ecosystem (e), productivity class (f), condition class
i (g), under range management practice (h)

Burton English, et al. Technical Report 89-TRll, Center for Agriculture and Rural Development, 1989
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Table 3.4. The definition for each of the subscripts in the mathematical representation of the linear programming.
S

-4

uhscripls
Definition

a

b

c

d

e

f

g

h

I

J

K

M

n

P

Q.
r

s

u

1

s;B;ailge3;5

2 for the two pasture/range ownership categories (1 private and 2 public)
3 for the three exogenous crop categories
6 crop and 7,... ,10 livestock exporting activities

...D destinations of water outflows and exports
10,..., 44 ecosystems

..., 4 Range/Forest productivity classes

..., 3 Range/Forest condition classes

...,90 Range/Forest strategies management
15,18,19,20,21,31,33,34,35,36,37,38,43,44,45 crop production areas

..., 8 land groups

..., 500 single crop and 509,..., 516 double crop rotation sequences

..., 12 conservation tillage possibilities

..., 16 endogenous crops
.31 on needed CPA

, 14 livestock types
....,4 potential land conversion activities
..., 3 for the three exporting regions
..., 967 transportation routes
..., 7 for the seven major livestock production categories: dairy, pork, grain-fed beef, roughage-

fed beef, calves, yearlings, and feeder pigs
1,..., 5 for five livestock production categories: dairy, pork, cow/calf/yearling, grain-fed beef, and
roughage-fed beef
1,..., 6 for the six nutrient types

Burton English, et al. Technical Report 89-TRll, Center for Agriculture and Rural Development, 1989.



Fertilizer Sector.

i.{CF,*XFp 3.27
p=\

Transportation Sector.

tt(CTC,^* XTC.,„)+i^{CTA,,u* XTA.uVi I (CEcp*XEcp 3.28
'=1"=1 /=l»=l^ ^ c=lp=7,10,11^

Linear Programming: Constraints

Fertilizer Constraints (CPA):

In this study, the fertilizer constraint was used to balance the amount of nitrogen

required for dry land (FD) and irrigated land (FI) production practices. The amount

purchased was represented by the activity (XF). The amount produced was indicated by

the endogenous livestock (FA), and the amount required/supplied was represented by the

exogenous commodities (RF). This constraint was estimated for livestock producing

areas and market regions (Figure 3.1 and Figure 3.2).

Z £ I S * XDfjj,^ + [ j£7, JJ- i(FAp,, * XApX
iePJ=\k=lm=\\ \w=l JJ 3.29

XFp < RFp

Water Sector Constraints (CPA):

This section focused upon information about water sources, that is, ground water

and surface water. Water requirements (WR) represented the amoimt of water needed for

rotation in a production area. The incidental efficiency of water (WEI) was more

effective when water supply was required to meet the rotation needs. The yearly supply
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of ground water sources were not restricted. However in moving from one period to the

next, the costs of acquiring groundwater were adjusted to reflect increases in depth to

water. The amoimt of water available to surface source irrigation activities was limited

by what was available minus the net amount of water exported from the region. The

water constraint takes the following form:

Z i (WEh,.* XWA^,J)> 0
when {w = l, XWAi is uncostraint 3.30

when {w = 2, XWA12 + HXWEja + ILXWOia ̂  RWEi 2
</=i a=\

Erosion Accounting Rows (CPA):

The erosion constraintaddressed two types of erosion, water (sheet and rill) and

wind erosion. These equations accoimted for the erosion that occurred under both dry

and irrigated crop production activities, idle land, and conservation land.

A

+ 3.31

J K m( ( W
Z Z E SWTDij,k,. * xaj,ic^ +
js\k=\m=\\

tj^SWCRij * XCSRDtj + ̂(^SWCRij,^ * XCSRhj^y^^ +
t^WIDij * XIDDij + * XIDIij,J^ > 0

Wind Erosion (CPA):

J K m( W , \
Z Z Z SWDD^j,t,„. * XD>j,k,„ + * XEj,,,„J >0 3.32
^s=lA:=:lm=lN V

Land Constraints(CPA):

In the model, the land constraint accounted for ten different types of land, which

were active at various regional levels. Land availability or shift restrictions were defined
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3.33

by seven of these constraints. Two of the three remaining constraints, at the market

region, are restricted land-area patterns for crop and terraced land. One of these

constraints, which is the ecosystem constraint, defined the amount of resource available

for grazing. The last constraint was defined at the national. This constraint indicated that

the irrigated land be at least equal to the pre-specified quantity of land. These constraints

were expressed in the following form:

Total Land Constraint (CPA):

I £ + i^XCRSD.j +
£[ XIDDij + Z(jf/D/,,,>)) > RLTOTi

Dryland Constraint (CPA):

KM . s.

X X XDijXm-yPDRYij' XMDICiV XCRSDi ,+ XIDD,,+
k = \m=\

X (piRRjj^y,*XMIDCiXz(pLRfiy XLPiX RLDYiJ
•Vi'= 1 r

Conservation Tillage Land Constraint (CPA):

J K M . .

Z Z Z {XDi j f^ ffijb^RLCTLj
J=\k=lm=9

Zero Tillage Land Constraint (CPA):

J K M . x

XX X
j=\k=\m-\'i

3.34

3.35

3.36
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�  

Terraced Land Constraint (CPA):

Z Z S Z \XDijj(;}n^RLTERp
iepj=ak = \m=^ 237

here: a =4,8,12,16 and p =2,3,4,8

Crop Acreage Constraint (CPA):

J K M ̂ V
Z Z Z Z yPTCfjjj- /^ fjj*XDi j ]^ ffj^RLCRPfi p 3.38
ie p j=lk=lm-l
Conservation Reserve Constraint (CPA):

Z (xCRSDij^RCRSi 3.39
7=1

Grazing Land Constraint (ecosystem):

ZXGeJ,g,h+ ̂  PLRlj^r'XLP,^rSRLGe,f,g 3.40
h lee

Final Demands

Within the model, there were several different types of demand-defining

constraints. Basically, the domestic consumption was less or equal to the regional

production plus the imported production minus the exported production and minus the

internal feed consumption. Three commodities, such as cotton, peanuts, and simflowers

did not have transportation networks, therefore a national demand was defined. These

demands were presented in the following form:

Crop (CPA):

I J K M . s

- 1 7 1 ^ ^Dij^k^fnyXEp^c-^^p,n^ze pj = \k = \m = \

U

Z (xrcjfj-XTCffy- Z XJfi p i^> RDCp yi
t e p u = l
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Other Demands

Export demands for the Atlantic, the Gulf, and the Pacific coast were additional

constraints in the linear programming model. Feed grains, other concentrates, and

roughages were needed by the exogenous livestock. Even though livestock obtained

most of their food from endogenous sources, federal lands provided some of their food

through grazing. Furthermore, private grazing lands could be included either

exogenously or endogenously.

There were several other demand defining constraints required for the LP model.

Export demands were identified for three coasts; Atlantic, the Gulf, and the Pacific.

Exogenous livestock required feed represented in the defining of feed grains, other

concentrates, and roughages. Finally, livestock do not get all feed from endogenous

sources; some were produced on federal lands and harvested through grazing. In

addition, private sources of grazing land could be represented either exogenously or

endogenously. These equations were accounted for in the following form:

Export Demands (rest of nation):

Z XEp,c^REXs,c
p es

5=1,/7 = 1,2,3,4,5,7,10,11

3.42
where. s = 2,/?= 9,14,19

5 = 3,/? = 29,30,31
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Exogenous Feed Demands (CPA):

Z XBp^b — BEb
n eb

A = l,« = i;2,3,7,10,ll

where. b = 2,n = \2
3.43

A = 3, « = 3,5,6,11

Roughage:

Roughage limiting constraint (CPA):

I XJ„^p^q*()-MlNRu)- I XJ„,p,q^(MINRq\^
n=X n=e

I XJn,p,q*(^-MAXRu)- E XJn,p,q*{^Rq\^ 3.44
rt = X «=0

\X = 1,2,7,10,12,15,16
where. <

[0 =3,5,6,8,9,11,14

To determine the exogeneity of livestock, the average weight for beef, pork, and milk

were estimated over a four years span from 1990 to 1993. A weighted value (equation

3.45 and 3.46) is used to update this four year-average.

i

TSUM = L' Statei i=Alabama,...Wyoming 3.45
i=l

StatCi
^TATE = —— * FORCAST 3.46

TSUM

In order to project the consumption of food-stuffs required for beef production in the

year 2005, the values from feed-stuffs required for beef production were multiplied by the

upgraded average for livestock carcass weight for the year 2005. This product was then

weighted by weights used to allocate livestock production from state to market region.
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Livestock Production Areas (LPA) for beef were obtained following English et. al

(1989). The final step in developing the rations per hundred pound live-weight was to

weight the state values to the 31 livestock producing areas (LPA), and then sum over

LPA providing the amount of feed required at the LPA level to meet the assumed

projections levels.

The entire procedure used for projecting rations for beef was repeated a second

and third time for projecting rations for pork and milk production. The rations needed for

beef, pork and milk were converted to a common unit, that is "feed grain equivalent",

using the following three equations (English, Disney, and Schraufiiagel 1989): Equations

3.47, 3.48, and 3.49 aggregated feedgrains for beef pork, and milk respectively. The

commodities aggregated were com, sorghum, oats, barley, com silage, com silage, and

sorghum silage.

FGRAIN = C+0.96 *SG + 0.92 *0+0.94 » 5 + 0.125 * C5 + 0.11 ♦ SGS 3.47

FGRAIN = C+0.90 * 5G + 0.90 ♦ O+0.90 ♦ B 3.48

FGRAIN = C+SG + 0.90 ♦ O+B+0.10 * CS + 0.90 * SGS 3.49

where: C = com fed

SG = sorghum fed

B = barley fed

CS = com silage fed

SGS = sorghum silage fed

The results of these aggregations were used in the LP to estimate the livestock feed

requirements.
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Pasture demands:

Private (grazing sector exogenous):

Sxyjg 3.50

The prices utilized in equation 3.51 and 3.52 are the shadow prices of the linear

programming (LP). The first solution of the LP was used as a baseline for the estimation

of the export demand equations.

s =
Qi-Qx

KPi — P\)

Pi
*-77 3.51

Pl-Z *iP2-Pl)

where;

8 = the own price elasticity

P2= new price

P; = baseline price

Qj = baseline quantity

Q2 - new quantity

Pj and Qi were the shadow prices obtained from the first LP run. 8 is the own price

elasticity for the export demand equations. Q2 represented the new export demand value.

This new export demand was fed back in the LP to obtain the new iteration.
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Tatonnement Model

Tatonnement model was used to link the demand models and the supply model.

The Walrasian and Marshallian theories describe processes of adjustments or

Tatonnement, which imder some reasonable set of assumptions will restore markets to

equilibrium. These two models assume that the markets function similar to an auctioneer.

In the Marshallian system, the process begins at some non-equilibrium point. The

auctioneer calls out a quantity and buyers and sellers respond with the price at which they

would be willing to remove or produce that quantity. In the Walrasian system, the

auctioneer calls a price and the consumers and suppliers reply with quantities they would

be willing to purchase or sell given that price. But the sales are not final. If the quantities

supplied and demanded do not equal then a new price different by the previous price in

proportion to the differences in quantities is called.

In this study the Walrasian Tatonnement model was the selected model. This

model allowed the iteration of the demand models and the supply models. In a general

form the Tatonnement model operates as follow:

The estimated demand equations (3.9 through 3.19) and the export demand

equations (3.51 and 3.52) were expressed as Q(p), which mean Qzsdi function of price.

These demand equations were used as constraints in the spatial linear programming.

Next the supply equations (3.22 through 3.50) in the LP were denoted S as function of

price, S(p). The supply equations provided the shadow prices, which were substituted in

the demand equations to obtain the new quantity demanded.
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The Tatonnement model seeks to produce an equilibrium price, p*, where

demands and supplies clear the market iQ(p*)=S(p*)). Forp* to exists, the supply and

demand curve must intersect.

Another important requirement for the existence of equilibrium is that of stability.

To address the issue of stability, observation of the price path is noted, to see if the price,

p, for a commodity converges to equilibrium price, /?*. The stability problem is

overcome by assuring that when an excess demand occurs the price, p, increases, and

when excess supply exists, the price,/?, decreases. In order to achieve this stability, the

MPSX (IBM, 1972) program was used to execute the linear programming model, where

SURE was used to obtain the demand equations. Next Lotus 123 was utilized to link the

supply and demand equations.

The spatial linear programming assumes fixed demands; therefore, the adjustment

procedure will not be possible unless the LP is modified. Consumers must modify their

actions. These modifications are represented by the demand equations. The producer's

actions are represented by the spatial linear programming model. The modified steps

were as follow;

1. A first run was conducted to obtain a set of baseline values. This baseline

presented the initial quantity supply, and the shadow prices. The objective

function of the SLP was to minimize costs, and the quantities of demand were

represented at the regional level.

2. These national shadow prices, obtained from the first run, were used in the

demand equations to determine the new quantities demanded.
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3. The quantities demanded and supplied for each commodity were compared.

This study was accepted to be in equilibrium, if the difference in absolute

value, between quantities demanded and supplied were within the 5% range.

4. If the 5% range was not accomplished, a new set of national production

quantities were determined by the shadow prices. Commodities in excess

demand, and supply increase or decrease their shadow price respectively.

5. The procedure continue vmtil convergence was attained. The process was

completed when the quantity supply and demand were \vithin the 5% range.

To observe the behavior of the Tatonnement model, for the case of an isolated

market and for a single commodity, the starting point is the acquisition of the shadow

prices, P{t), which were used to calculate the demand, D{t). This equation was written as

follow:

D{t)= D{P(t)) 3.53

The new quantity demanded was used by the LP, as a constraint value (right hand side

value (RHS)). This RHS value determined the new shadow price (supply price). The

theoretical LP supply curve was presented in the following form:

S(r) = S(/>(0) 3.54

The absolute value of the difference between supply and demand equations (3.53 minus

3.54) was very small; this suggests a movement toward the equilibrium prices and

quantities, as presented below:
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D(t)-S{t)
3.55

where: ̂  was the selected accuracy value. The iteration procedure continues until the

accuracy value was very small (5%).

p' = g[D(p(t))-S(pm 3.56

where:

the function g represents some fixed monotone increasing differentiable real-valued.

Equation 3.55 represented in a more simply manner is presented as follows:

p'= k[D(p(t))-S(pm 3.57

where:

k>0 symbolizes the speed of adjustment of the market.

The above equation presents two important conditions. The first condition is that

the predominant market price is not affected by either suppliers or demanders. In other

words they are both price takers. The second condition indicates that the price is the only

adjustment parameter of the market. The adjustment procedure is understood to be

instantaneous. The equations 3.56 or 3.57 (differential equations) indicates how the price

moved. Excess demand varies with changes in prices, and stability is only obtained when

the excess demand disappeared.

In summary, the Tatoimement model in this study, examines the adjustment of the

supply and demand equations. The spatial linear programming portion of the model

generated the shadow prices, this shadow prices were used in demand equations to adjust
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the quantity demanded. With this adjustment, a comparison of the supply and demand

was made to determine if equilibrium was achieved.
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CHAPTER IV

RESULTS

Several modifications to the model developed by English et. al (1982) were

required for use in this analysis. This modification required the updating of the livestock

sector and changes to the land base. This chapter focuses upon the results of the updating

of the data to be used for forecasting livestock, and crop values for the year 2005. In

addition, the results of the estimation of the demand equations, and supply equations were

presented, as accomplished by the linking of these set of equations through the

Tatonnement model.

Livestock Sector

The updating of the data for livestock (beef and pork) and milk was conducted in

the following manner. An estimation of a four-year average was performed. The data for

these years were compiled from the United States Department of Agriculture (USDA) for

the years 1990 to 1993. The averages were estimated at the state level, and the units of

these data was carefully observed, (Table 4.1). The three states with the largest live-

weight beef production were Texas, Nebraska, and Kansas. The leading areas for pork

live-weight production were concentrated in Iowa, Illinois, and Minnesota. Finally the

states with the largest milk production were Wisconsin, California, and New York.

Livestock, crops, and macroeconomic indicators were forecast for the year 2005,

as indicated in Table 4.2. After obtaining the average live-weight for the foin years, the
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Table 4.1. State average production for beef, pork, and milk, 1990-93.
States Name ( Beef (iive-wejebt) pork (li\e-«eight) Milk

■ihousand-ff pounds. 1 hou.^ands of p-nuuds Million ufpounus
' Alabama 642855.00 252548.00 531.33

Alaska 1623.25 465.00 14.00
Arizona 520535.00 44079.50 1818.98
Arkansas 591902.50 328106.75 816.95
California 1918602.50 85240.00 22640.58
Colorado 1934906.25 149959.50 1432.43
Connecticut 20630.00 2302.50 549.55
Delaware 10372.75 14094.25 139.48
Florida 428577.50 35618.00 2631.23
Georgia 412822.50 423831.00 1538.08
Hawaii 54835.00 8553.50 149.55
Idaho 834485.00 23166.25 3169.83

Illinois 775690.00 2392626.25 2776.48
:Indiana 396392.50 1737402.50 2360.38
Kansas 3123265.00 657890.00 1237.08
Kentucky 758910.00 325649.50 2257.55
Louisiana 264075.00 18780.00 975.78
Maine 31850.00 5146.00 658.20
■Maryland 103745.00 68714.75 1460.78
■Massachusetts 16437.50 7548.50 488.28
Michigan 409337.50 472218.75 5534.65
Minnesota 1183386.25 1847770.25 10200.10
Mississippi 385177.50 61031.00 774.05
Missouri 1197922.50 822684.97 3035.23
Montana 1013110.00 92978.25 333.63
Nebraska 3757675.00 1747770.00 1290.88
Nevada 169842.50 4713.25 354.80
New Hampshire 12410.00 2346.75 331.23
New Jersey 20349.25 2442.75 369.40
;New Mexico 619942.50 9806.00 2132.93
New York 325350.00 34299.00 11719.23
North Carolina 309580.00 1634762.75 1575.98
North Dakota 668897.50 97681.00 1046.93
Ohio 536826.25 802370.25 4842.20
tbklahoma 1893037.50 111913.25 1283.65
Oregon 532924.50 28051.75 1730.05
Pennsylvania 591332.50 315117.50 10519.78
Rhode Island 1709.00 1394.25 34.70
South Carolina 227288.75 157000.25 436.65
South Dakota 1736632.50 782345.75 1728.33
Tennessee 661402.50 246893.75 2149.93
Texas 6468268.75 207733.00 5814.50
Utah 345122.50 13184.75 1348.38
Vermont. ■ 59022.50 2607.50 2539.23
Virginia 562582.50 172547.25 2096.35
Washington 691000.00 18105.00 4838.83
West Virginia 158862.50 14641.00 283.30
Wisconsin 1171225.00 487264.75 24680.00

I Wyoming 535140.00 12821.25 113.48
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Table 4.2.

^VariaWw
^FSPDN ""
BRTPR

WHTPR

CNTPR

CPIFO

CPIFS

BLTPR

BFTPR

GSTPR

LMSPRD

LMTPR

MKTPR

OTTPR

PERCAP

PERDIN

PESDIN

PKSPDN

SMTPR

SYTPR

TKSPDN

TKTPR

BRDFED

GNDFED

GSDFED

OTDFED

SMDDOM

BRDOTH

GNDOTH

GSDOTH

OTDOTH

WHDOTH

A comparison of FAPRI and SAS forecast values for variables used in

........ ........ ............... yariabledciicription !
Beef production, carcass weight, U.S.(mil. lbs.)

I Barley season average price received by farmers, U.S. ($/bu)
Wheat season average price received by farmers, U.S. ($/bu.)
Gom seson average price received by fanners, U.S. ($/bu.)
Gom seson average price received by farmers, U.S. ($/bu.)

I Gonsumer price index for fish and seafood, U.S. (1982-84=100)
i Broilers: Average price received by farmers, U.S. (cnt/lb.)
! Beef liveweight average price received by farmers, U.S. ($/cwt)
1 Grain sorghum season avearge price received by farmers, U.S. ($/bu.)
i Lamb and mutton production, carcass weight, U.S. (mil. lbs.)
j Lambs: Liveweight avearge price received by fanners, U.S. ($/cwt.)
1 Milk average combined price, U.S. ($/cwt.)
1 Oats season average price received by farmers, U.S. ($/bu.)
I Per capita disposable personal income in 1987 dollars, U.S. (bil 1987 $)
I Personal income, disposable in 1987 dollars, US (bil. 1987 $)
i Personal disposable income, U.S. (bil. $)
: Pork production, carcass weight, U.S. (mil. lbs.)
^ Soybean meal season average price, U.S. ($/ton)
Soybean season average price received by farmers, U.S. ($/bu.)
Turkey production, U.S. (mil. lbs. ready to cook)
Turkey average price received by farmers, U.S. (cnt/lb.)
Barley feed demand and residual, U.S. (mil. bu.)
Gom other domestic demand (food, seed, industrial), U.S. (mil. bu.)
Grain sorghum feed demand and residual, U.S. (mil. bu.)
Oats feed demand and residual, U.S. (mil. bu.)

i Soybean meal domestic demand, U.S. (thou, tons)
j Barley other domestic demand (fbod,seed, and industrial), U.S. (mil. bu.)
1 Gom other domestic demand (food, seed, industrial), U.S. (mil. bu.)
i Grain sorghum other domestic demand (food, seed, and industrial), U.S. (mil bu.)
j Oats other domestic demand (food,seed, and industrial), U.S. (mil. bu.)
j Wheat season average price received by farmers, U.S. ($/bu.)

mm

analysis, 2005

„ Units
(M.'ibl)
($/Bu.)
(yBu.)
($/Bu.)

(82-84=

(82-84=l()0)
(Cents/Bu

($/Gwt)
($/Bu.)
(M. Lbs.)

($/Gwt)
($/Gwt)
($/Bu.)

($)
($)
($)

(M. Lbs.)
($/Ton)
($/Bu.)
(M.Lbs:)
(Gents/Bu)
( M BiJ:) :
(M Bu.)
(MBu.)
(MBu.)
(Th. tons.)
(MBu.)
(M Bu.)
(MBu;)

(M Bu.)
(M.Bu.)

SAS

" 27477.29"
2.378

3.364

2.552

186.32

217.153

38.533

76.842

2.419

356.502

69.532

13.816

1.497

16333.93

4547.04

6662.57

18462.29

223.344

6.351

6518.56

41.1

230.963

5564.09

457.134

140.314

31336.72

184.621

2106.35

8.439

126.147

1149.1

FAPRI

"*26911"'
2.36

3.36

2.57

na

na

na

na

2.39

na

na

12.92

1.54

na

na

na

20291

222.91

6.22

6459

na

234

5503

417

141

31423

182

2067

8

125

986
Agricultural Policy Analysis Center (APAC), 1994



total individuals sums for beef, pork, and milk were calculated these results were

weighted by the forecast values for the year 2005. The procedure was conducted as

indicated in equations 3.45 and 3.42. The new state values were obtained by multiplying

the average state value by the forecast value and then this product was divided by the

aggregated sum {SUM), (Table 4.3).

The forecast value for beef and pork were estimated at carcass weight level,

therefore a conversion to live-weight was needed, (see Table 4.2). The conversion factors

used to change the carcass-weight to live-weight were 0.561 and 0.579 (USDA) for beef

and pork respectively. This conversion was accomplished by dividing the carcass-weight

by the conversion factors, (see Table 4.3). These table shows beef and pork values

converted to live weight values, which were updated to the year 2005. Milk was only

weighted and updated to the year 2005.

Forecast values were estimated using PROC FORECAST, (see Table 4.2). These

estimated parameters reflected the values of the different commodities for the year 2005.

This table also compared the forecast values with those of Food and Agricultural Policy

Research Institute (FAIR). FAIR values were included to have a measure of comparison

with the values obtained by SAS. The results demonstrated that both values were almost

similar. In this study, location of production of the livestock sector was considered to be

exogenous. To obtain rations per hundred pound live-weight at the 31 livestock

production areas (LPA), the feed requirements for beef, pork, and milk were estimated

(see, Table 4.4 through Table 4.6). These estimations were derived by multiplying the

feed requirements for beef in measures of pounds per hundred weight, at the state level,
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Table 4.3. Beef, pork, and milk forecast production by states, 2005.
Slate Name Beef (live-weight) 1 Pork (live-weight) i

lli.iii^-jr.ds of nouii.f

Milk

Million of pounds'
Alaska 1934.5470 i 652.7628 15.6232

Alabama 766137.8033 354524.6057 : 592.9282

Arkansas 705413.9443 460593.2978 1 911.6694

Arizona 620360.0213 61878.4047 : 2029.8718

California 2286540.3626 119659.1436 • 25265.5836

Colorado 2305970.7462 210511.7942 : 1598.5042

Connecticut 24586.2953 3232.2287 613.2663

Delaware I236I.9726 19785.3811 155.6461

Florida 510767.4739 50000.2273 ' 2936.2962

Georgia 491991.0762 594970.1370 ' 1716.4035

Iowa 2395227.1619 8322169.5507 , '+/54.8364

Idaho 994517.4337 32520.5729 ; 3537.3430

Illinois 924447.0879 3358747.1604 ^ 3098.3869

Indiana 472410.2312 2438949.9670 ; 2634.0432

Kansas 3722225.6751 923540.0512 i 1380.5048

Kentucky 904449.1220 457143.8324 ' 2519.2964

Louisiana 314717.6897 26363.1947 i 1088.9090

Massachusetts 19589.7833 10596.5163 i 544.8869

Maryland 123640.5821 96461.1466 1630.1411

Maine 37957.9984 7223.9084 1 734.5135

Michigan 487837.7442 662896.4242 : 6176.3521

Minnesota I4I0328.8332 2593883.2195 j 11382.7268

Missouri 1427652.7564 1154877.7445 j 3387.1371

Mississippi 459044.4871 85674.7676 | 863.7954

Montana 1207398.0446 130522.0292 | 372.3064

North Carolina 368949.3605 2294865.2112 j 1758.6977

North Dakota 797174.5748 137123.7072 1 1168.3083

Nebraska 4478298.9479 2453503.7700 j 1440.5425

New Hampshire 14789.9140 3294.3465 I 369.6281

New Jersey 24251.7048 3429.1104 1 412.2292

New Mexico 738831.2841 13765.5744 ! 2380.2220

Nevada 202413.8567 6616.4179 1 395.9365

New York 387743.6347 48148.6270 i 13077.9832

Ohio 639775.5076 1126360.1237! 5403.6176

Oklahoma 2256072.6632 157102.8115 ! 1432.4798

Oregon 635125.5038 39378.7938 j 1930.6366
Pennsylvania 704734.6331 442359.1057 j 11739.4657

Rhode Island 2036.7416 1957.2356 i 38.7232

South Carolina 270876.7975 220395.5356 j 487.2764

South Dakota 2069673.2681 1098249.9111 i 1928.7116

Tennessee 788242.2295 346587.2205 ! 2399.1930

Texas 7708713.8025 291613.7127 j 6488.6486

Utah 411307.9840 18508.6332 ' 1504.7092

Virginia 670471.1338 242220.2741 i 2339.4064

Vermont 70341.4744 3660.3850 i 2833.6295

Washington 823515.7572 25415.6358 1 5399.8513

Wisconsin 1395835.3730 684017.8634 j 27541.4650

West Virginia 189328.1794 20552.9038 j 316.1466

Wyoming 637765.8789 17998.3552 : 126.6316
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Table 4.4. Estimated feed uses for Beef production, 2005.
Com Sorglium Oats Bailey Wheat Oilmcal

bushels

1 472637.79 164032.20 73894.35 61962.36 29400.16 ;:::::V::::::453i525;29;;
2 1429367.26 853150.19 216844.57 171718.99 104942.34 30980900.77
3 2011603.79 1090413.52 218724.69 275039.83 124554.99 30256064.15
4 2274297.99 1012437,19 467817.93 292347.91 100231.96 40757865.10
5 1177234.61 0.00 580735.64 135730.98 41512.32 14444146.83
6 1990421.90 950124.82 260398.46 235799.64 134538.22 42416920.87
7 1277587.43 837383.36 159393.48 175082.87 104570.82 27379097.65
8 5543612.81 1172282.76 971826.42 758769.06 386896.81 31329965.28
9 3076881.01 447275.55 1266651.94 372579.07 124639.15 41745866.84
10 2944063.17 2084610.92 341943.19 403477.51 253179.07 63261629.90
I! 2636774.76 2078397.23 298915.10 408125.53 349713.16 48450239.15
12 7928293.25 1153459.78 2439733.08 1129006.31 534995.42 107317884.03
13 1866167.55 690742.10 551865.60 240300.87 107946.62 29700139.00
14 3484150.83 1533073.99 531104.34 459126.66 232444.26 45939656.61
15 10722489.30 5635329.46 2061268.62 1175512.26 547678.71 151295682.51
16 7046166.71 4335664.77 833885.65 907094.20 352386.56 131993557.52
17 10935306.53 8223670.90 1943564.74 860327.52 356082.52 135561466.66
18 12409141.95 1706144.61 3190323.77 1630110.94 622294.49 200420988.91
19 5582731.60 4008213.77 453366.01 811161.89 290729.58 106092731.45
20 4773773.27 3455857.97 386011.92 694266.04 246973.57 91812627.11
21 5285074.20 3141397.87 568519.03 701287.78 246312.69 105765005.85
22 1624303.57 634612.82 232687.16 172153.95 116501.56 33023959.29

6541704.87 6333010.60 2588219.52 741727.16 306779.24 85299735.79
1080175.07 691070.15 361908.50 119006.67 38575.05 17950724.79
850540.46 189816.70 150136.44 75293.86 32145.84 17684285.72

26 2527935.34 140954.27 1100486.82 286100.73 89380.52 35827919.87
27 967387.53 503302.60 139642.02 122939.62 45067.23 18525720.22
28 1535042.66 1503767.45 710913.05 174200.39 54281.47 20074032.74
29 2215800.48 1287441.33 209875.62 283263.68 97833.00 47216519.38
30 1730550.55 1824551.00 804026.04 193474.40 59658.58 23094375.05
31 3767744.88 4282286.52 1862301.38 432523.69 131267.08 46440049.80
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Table 4.5. Estimated feed uses for pork production, 2005.

<1

wmm Com Soiphum Barlcv Wheat Oilmcal

busfieJs

1 161883.65 5850.31 6617.47 3116.67 2469.18 4387150.40
2 2475600.41 241511.14 111058.40 49217.36 29548.14 75779739.70
3 13504619.61 539291.07 463559.21 217903.89 207388.04 341445219.22
4 5410812.32 178598.43 212644.37 93758.35 106957.46 151798775.88

731971.28 0.00 27203.58 11910.30 6861.04 20886501.28
6 5941662.36 201251.02 149846.93 84974.55 59277.29 147579184.58

1 7766116.80 473756.52 276490.45 153997.85 90275.68 227502102.65
8 20221060.46 101719.07 609049.82 283776.13 183645.50 525557399.36

9 3851054.62 52578.64 164425.29 71443.71 60176.43 107609842.19

11761557.68 1097385.04 486413.57 276859.06 157094.80 349544292.50

11 5310872.01 333079.89 196440.57 106816.33 59055.07 142905204.36
12 63869726.78 305524.56 2011612.70 947833.69 533047.67 1428624036.99

MiMM 6496844.46 170889.04 238997.06 111494.97 79816.95 174707829.11
14 823834.25 45793.72 35946.41 18404.20 11420.42 24994330.86

26276400.88 673745.23 808384.54 421919.75 252438.82 765766378.42
16 11593384.94 603514.52 493159.47 222527.56 329626.86 332691211.97

17 6251003.09 179231.87 169320.42 94845.44 62736.02 251819847.65
18 4523803.30 57192.58 164792.11 79473.43 48626.95 159712160.21

19 515671.83 39044.64 29922.99 12482.59 25080.91 16618359.81
548623.88 41668.93 31887.08 13295.25 26781.80 17698430.91
351790.39 23300.93 17712.59 7807.73 13388.92 12350906.98

22 408811.30 18475.48 12008.01 7287.18 4835.50 11338207.14

23 1296509.01 13304.87 46444.72 21474.42 12959.13 46000211.90
24 189499.62 1306.36 7788.99 3483.95 2362.60 7297289.85

300470.45 13195.25 8960.40 5314.49 3989.93 8306071.58
26 200679.23 2578.65 7607.04 3471.16 2815.88 4864027.52

27 84400.87 5770.07 4491.96 1928.01 3596.35 2635079.48

28 226172.88 69.64 9467.19 4275.54 2426.70 9142017.92

29 304719.43 15243.15 10477.86 5291.85 6734.60 8349621.24
199420.27 1043.96 8076.10 3677.33 2170.21 7417851.13

31 462921.44 0.00 19576.32 8640.33 4974.52 17838332.91



Table 4.6. Estimated feed uses for milk production, 2005.

00
O

LPA llllliiEiiii Oats Barley Wheat Oilmcal

bushels

1 2771.15 80.93 813.34 223.35 90.53 50413.20

2 16454.35 875.16 5972.61 1686.20 439.92 422186.64

3 2425.28 116.45 777.19 221.15 80.04 51858,67

4 2314.82 49.18 716.14 174.28 69.40 44543.17

5 1394.88 0.00 563.70 125.03 30.27 33759.20
6 5301.82 354.16 1854.37 526.62 145.94 144105.30

7 3710.18 257.70 1541.60 456.68 110.51 102765.15

8 2297.81 38.89 773.77 216.01 62.39 49268.11

9 1051.75 16.78 366.51 86.58 30.55 21887.52

10 4859.96 388.16 1937.46 595.59 134.22 125636.02

a 12909.31 992.08 3457.50 1083.48 269.17 235706,59
12 6074.53 264.25 1916.19 526.93 133.11 124096.80

13 1007.73 36.09 406.66 106.45 28.29 25263.18
14 1614.92 68.17 528.45 150.87 57.54 32832.60

15 1809.85 98.16 723.91 207.65 50.29 47570.52

16 1957.41 61.21 573.25 149.36 64.53 36118.22

17 322.74 11.84 110.85 29.33 7.38 7684.66
18 1580.02 556.48 148.34 44.38 38162.66

19 1748.01 456.65 118.43 78.91 26106.97

20 626.67 161.90 41.63 28.72 9206.70

21 819.03 270.93 66.80 23.20 17987.87
22 65.62 ■SiSm:':-' 22.85 6.37 1.71 1608.62
23 768.11 312.99 72.04 18.67 18498.96

930.80 20.66 324.16 78.91 23.22 21735.35
191.01 68.55 17.80 6.15 4482.23
1582.40 635.96 141.20 32.57 37759.11
697.29 241.94 34.50 14320.90

28 1052.52 3.15 424.18 24.53 25050.75
:;s;;29; :::i 2418.54 136.47 925.87 255.06 131.44 60088.73

30 1967.95 6.21 793.01 178.46 45.58 46977.23
10407.57 0.00 4252.67 945.04 240.07 248134.84



( Appendix B, Table Bl) by the upgraded value for beef for the year 2005 (see Table 4.3).

This result provided the feedstuff required for beef production at the national level

(see Appendix B, Table B3). Feedstuff needed for beef production is multiplied by

weights (percentages) for beef (see Appendix B, Table B2). These weights were used for

distribution of livestock production from state to market regions. Finally, weighted

values were added over the LPA's, thus providing the amount of feed demanded at the

LPA level for the year 2005. In order to project rations for milk and pork this entire

procedure was repeated a second and third time.

These estimations were derived by multiplying the feed requirements for pork in

measures of pounds per hundred weight, at the state level (see Appendix C, Table Cl) by

the upgraded value for pork for the year 2005 (see Table 4.3). This result provided the

feedstuff required for pork production at the national level (Appendix C, Table C2).

Feedstuff needed for pork production is multiplied by weights (percentages) for pork,

(see Appendix B, Table B2). These weights were used for distribution of livestock

production from state to market regions. Then, weighted values were added over the

LPA's, thus providing the amount of feed demanded at the LPA level for the year 2005.

Finally, in order to estimate feedstuff requirements for milk production at the

national level for the year 2005 (Appendix D, Table D2), measures of pounds per

hundred weight was multiplied by at the state level (see Appendix D, Table Dl) by the

upgraded value for beef, pork, and milk for the year 2005. This result provided the

feedstuff required for beef production at the national level (see Appendix D, Table D2).

Feedstuff needed for beef production is multiplied by weights (percentages) for milk (see
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Appendix B, Table B2). These weights were used for distribution of livestock production

from state to market regions. Finally, weighted values were added over the LPA's, thus

providing the amount of feed demanded at the LPA level for the year 2005.

The commodities listed in these tables (see Table 4.4 through Table 4.6) were

converted to a common unit (feed grain equivalent). The results of the these aggregations

were used in the LP, to represent livestock feed requirements.

Forecasting Model

Results from the forecasting model, which involved the double exponential

method, revealed values for various crops, and livestock. In addition, the macroeconomic

indicators were obtained to be used in the export demand equations (see Table 4.2). This

table contains values for various commodities and prices. Included in the table were

forecast values by FAPRI. These values by FAPRI when compared with the values

forcasted by SAS showed much similarity. Values that were not price related were fixed

in the demand equations, whereas prices were constantly changing in the iteration

procedure.

Demand Model

The eleven demand equations for crops and concentrate showed the estimated

parameters for feed and food. The values in parenthesis were the standard errors (Table

4.7 and Table 4.8). The results for the feed demands demonstrated that:

1) For the demand of barley-feed: the price of barley has a negative sign, and it is

82



Table 4.7. Estimated parameters for the feed demand models.
Vartables IN 1 ElU ̂ HK11'li m-rpR IJl/l PR

BRDFED^ 241.04

(16.02)'
-127.36

(22.50)*
70.24

(21.48)*
-0.11

(0.11)

9.78

(2.28)*
CNDFED 1110.15 -388.31 5.86 42.05

GSDFED

(465.62)

217.86

(120.44)

328.50 -479.13

(1.08)* (9.04)*

SMDDOM

(84.00)

15666

(106.9)* (116.2)*
-10.71 -993.99 215.52

WHDFED

(1591.8)

37.47 204.38

(4.65)* (253.16)*
-195.25 WMMIM:

(16.29)*

OTDFED

(44.96)

833.60

(141.23)

(42.37)* (28.70)*
68.57

(21.82)*
-180.65*

(39.04)

(1.03)*

(1,09)*

00

OTTPR price of oats, LMTPR price oflamb, MKTPR price of milk, BFTPR price of beef, and BLTPR price of broiler; TKSPDN
production of turkey, LMSPRD production oflamb, BFSPDN production of beef, and PKSPDN production of pork

b BRDFED barley-feed, CNDFED corn-feed, GSDFED sorghum-feed, SMDDOM soybean meal-feed, WHDFED wheat-feed, OTDFED oats-feed
c values in parenthesis are the standard error
* 1% significance level.

Tabled.?. Continued.

Variable.': TKSPDN LMSPRD BIMDK PKSPDN

BRDFED

CNDFED

(0.03)*
GSDFED 0.02

(0.004)*
SMDDOM -10.58

(1.78)*
WHDFED 0.05

(0.02)*

OTDFED 0.012

(0.01)*



00
4^

Table 4.8. Estimated parameters for the food demand models.
RATIO

BWDOra'' 54.91

(5.26)=
0.88

(0.71)

3.74

(0.40)*

CNDOTH -27.05 -42.68 -44.26

GSDOTH

(38.82)
11.99

(16.74)*
-5.28

(5.02)*

WHDOTH

(1.82)

539.70

(1.49)*
6.78

(1.86)+

-26.27

OTDOTH

(14.98)

140.91

(6.61)

(1.65)*

-32.07

(6.26)* (3.57)*
-1.76

(0.31)*

(18.47)*

a INTER intercept, BRTPR price of barley CNTPR price ofcorn, GSTPR price of sorghum, SYTPR price of soybean, OTTPR price of oats,
MKTPR price ofmilk, WHTPR price of wheat, TKTPR price of turkey. Ratio of corn and wheat prices, LMTPR price of lamb, CPIFS
consumer price index offish, CPIFO consumer price index for all food, PESDIN personal disposable income, PERDIN personal income,
PERCAP per capita personal disposable income
BRDOTH barley-food, CNDOTH corn-food, GSDOTH sorghum-food, WHDOTH wheat-food, OTDOTH oats-food
values in paranthesis are the standard errors
1% significance level
5% significance level.

Table 4.8. Continued.

LMJPR CPU'S cpiro pi:sbiN ITHblN PFRCAP

BRDOTH -0.11

(1.67)*
0.007

(0.001)*
CNDOTH 13.14

(0.63)*
0.12

(0.03)*
GSDOTH 0.14

(0.04)*

WHDOTH 0.08

(0.002)*
OTDOTH 0.014

(0.002)*



significant at the 1% level. This implies that as the price of barley increases the

quantity demanded for barley decreases. The price of com has a positive sign

indicating that com is a substitute for barley. The parameter is also significant at the

1% level. Although the price of soybean meal has the correct sign, it is not

significant at the 5% level. Finally, price of milk has the correct sign and is also

significant at the 1% level.

2) For the demand of com-feed: the price of com has a negative sign, and it is significant

at 1% level. This indicates that as the price of com increases the quantity demanded

decreases. The second parameter in this equation is soybean meal price, which has a

positive sign, and 1% significance level. This implies that soybean meal is a

substitute for com-feed. The price of broilers has a positive sign, and it is significant

at the 1% level. Finally, pork production has a positive sign, and it is significant at the

1% level. This indicates that increases in pork production would require increases in

the demand for com.

3) For the demand of sorghum-feed: the price of sorghum has negative sign, and it is

significant at the 1% level, showing that as price of sorghum increases, the quantity

demand for sorghum decreases. The price of com has a positive sign, indicating that

com and sorghum are substitutes, and the com parameter is significant at 1% level.

Finally, the production of beef is positive related to the demand for sorghum,

indicating that as the production of beef increases the quantity demand for sorghum

also increases.

4) For the demand of soybean meal: the partial derivative soybean meal with respect to
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its own price has negative sign, indicating that quantity demanded of soybean meal

decreases as the price of soybean meal increases. The parameter of the soybean price

is significant at the 1% level. The parameter of wheat price has a negative sign, and it

is significant at the 1% level. This negative relation indicates that soybean meal and

wheat are complements. Finally, the production of lamb has a positive sign, and it is

significant at the 1% level. This positive relation indicates that as lamb production

increases quantity demanded of soybean meal also increases.

5) For the demand of wheat-feed: price of com has a positive sign, and it is significant at

the 1% level. This positive relation indicates that wheat and com are substitutes. The

price of wheat is inversely related to the demand of wheat-feed, showing that as the

price of wheat increases the quantity demand of wheat decreases. Finally, the

production of lamb has a positive sign, and it is significant at the 1% level. This

suggests that as the production of lamb increases the quantity demanded for wheat also

increases.

6) For the demand of oats-feed: The price of oats has a negative sign, and it is significant

at the 1% level. This implies as price of oats increases the quantity demanded for oats

decreases. The price of wheat is positive, and the significance level is 1%. This

indicates that that wheat is a substitute for oats. The price of beef has a negative sign,

and it is significant at the 1% level. This shows that as the quantity of beef production

decreases, the quantity of oats-feed also decreases. Finally, The production of pork

has a positive sign, and it is significant at the 1% level. This indicates that as the

production of pork increases the quantity of oats-feed also increases.
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The results for the food demand equations revealed that 1) As price of barley, and

consumer price index for seafood increase, the quantity demanded for barley-food

decreased, likewise as price of soybean, price of milk, and per capita disposable personal

income increased quantity of barley-food increased, 2) As price of com, and price of

milk increased the quantity of corn-food decreased, similarly as consumer price index for

all food, and disposal personal income increased the quantity of com-food increased,

3) As price of sorghum increased the quantity of sorghum-food decreased, likewise as

price of oats, and price of lamb increased the quantity of sorghum-food increased, 4) As

the ratio increased the quantity of wheat-food decreased, similarly as the price of

soybeans, and personal disposable income increased, so the quantity of wheat-food

increased, and 5) As price of oats, and price of turkey increased the quantity of oats-food

decreased, likewise as price of wheat, and personal disposable income increased so the

quantity of oats-food increased.

The export equations were indirectly obtained using equations (4.1 and 4.2).

The elasticities used for these equations (Table 4.9) were their own price elasticities.

These elasticities were obtained from the Agricultural policy Analysis Center (APAC).

e =
Q2-Q\P2
\Pl-PxJ 02

4.1

O 42

Because the elasticities were their own price demand elasticities, the export demand

equation would decrease as their prices increase. The results of the export demand
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Table 4.9. Feed and export demand elasticities and adjustment coefficients.
Corn CiSorgh Oats Rat ley Wheat Sosbca Cotton Rice

Direct/Own Price -0.26 -0.79 -0.62 -0.16 -0.05 -0.33

Lvst Price Ind 0.23 0.00 0.00 0.00 0.00 0.19 0.00 0.00

Sbean Meal Price 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Lvst Prod Inde 1.02 0.66 0.00 0.00 0.00 1.00 0.00 0.00

Com Price 0.00 0.59 0.79 1.08 0.19 0.02 0.00 0.00

Food Demand 0.00 0.00 0.00 0.00 -0.02 0.00 0.00 0.00

Export Demand -0.42 -0.50 -0.35 -0.50 -0.38 -1.00 -0.72

Export Adj Coe 0.50 1.00 1.00 0.50 1.00 1.00

FeedAdjCoef 1.00 1.00 1.00 1.00 1.00 1.00 1,00
00
00 Source: Agricultural Policy Analysis Center (APAC)J994



showed that: 1) a 1% increase in the price of com would reduce the com-export demand

by 0.26%, 2) a 1% increase in the price of soybean would cause the reduction of

soybean-export demand by 0.16%, and 3) 1% change in the price of sorghum, oats,

barley, and wheat, would reduce the sorghum-export, oats-export, barley-export, and

wheat-export demands by 0.59%, 0.79%, 1.08%, and 0.62% respectively.

Supply Model

The supply model as shown in chapter III is a national and interregional spatial

linear programming (SLP). This model computes the shadow prices for each commodity

(see Table 4.10). The values of quantity demand of commodities were considered fixed.

However, the changing values were the shadow prices provided by the SLP. The results

of this table portrayed the price of barley declining for the shadow prices I through III

indicating that an excess supply existed. The shadow prices for IV and V revealed a

slight increase suggesting that excess demand was occurring. For the commodity, com,

the shadow price fluctuated indicating an ongoing adjustment for the presence of excess

supply and excess demand. The shadow price for sorghum revealed a steady decline

during iteration I through II, however for iteration III through V a slight increase was

observed. This could suggest that initially an excess supply of sorghum existed for

shadow prices I and II. The shadow price III indicated that demand for sorghum was in

excess. In response, shadow prices III through V adjusted by reducing the excess demand

in an effort obtain equilibrium. For the commodities wheat, oats, and soybeans, the
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shadow prices fluctuated indicating that excess demand, and excess supply were present

at various times. But the changes in these prices were minimal (see Table 4.10).

Table 4.10. Initial forecast values for barley, corn, sorghum, wheat, oats, soybeans,
baseline price, and shadow prices obtained from each iteration.

Commodjt Forecast Baseline Shadow Shadow shadow Shadow- shadow

ies Values Price Price! Price 11 Price III Price IV Price V

BRTPR

($/bu) 2.38 2.90 2.65 2.62 2.50 2.53 2.58

CNTPR

($^u) 2.55 2.90 2.84 2.87 2.93

GSTPR

($/bu) 2.42 2.65 2.60 ::i:ii:illi2i6ir: 2.67

WHTPR

($/bu) 3.36 3.61 3.48 mmimm 3.63 3.50

OTTPR

($/bu) 1.50 2.32 1.93 1.98 1.96 2.01

SYTPR

($/bu) 6.35 7.53 6.10 WwmM6:- 5.92 6.21

Tatonnement Model

This model as defined in chapter III, demonstrated the processes of the demand

equations and supply equations moving toward the equilibrium point. Five iterations

were needed to accomplished this goal. The equilibrium points were obtained when the

difference of the absolute value between supply and demand were within the 5% range.

For the commodity barley-feed the expected convergence at the 5% level was not

obtained. In the case of the commodity com-feed, the difference between supply and

demand was 2.9%, indicating that convergence was achieved. The convergence level for

the sorghum-feed commodity was obtained at the 5% range. Barley-food showed a

convergence point at the 0.01% level. For corn-food the level of convergence occurred at

the 0.12% level. Sorghum-food produced converged at the 1.19% level. Oats-food
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showed convergence at the 0.63% level. Finally, the last demand for the commodity

wheat-food yielded a convergence at the -0.093% level (Table 4.11).

The last set of equations (Table 4.12) showed the convergence level for the export

equations. The commodity barley-export met equilibrium at the 0.53% level. Similarly,

the corn-export converged at the 0.44% level. Convergence of oats-export occurred at the

0.26% level, convergence for the commodities sorghum-export, soybeans-export, and

wheat-export occurred at 0.35%, 1.06%, and 0.34% levels respectively.

The Linear Programming-Tatonnement Model and CRP Lands

The evaluation of this study, using linear programming, would be the results

presented in columns label Baseline Price and Shadow Price I (see Table 4.10). The

column. Baseline Price, was obtained by running the linear programming with lands

enrolled in the CRP. The column. Shadow Price I, was the second run with all the CRP

lands returning to cropping activities. The prices for the crop commodities on Baseline

Price were higher than those on Shadow Price I. Because the lands returning from the

CRP would increase crop production, the prices for these crops would decrease.

Similarly, the values of the objective function using linear programming alone are

presented in rows label Base (CRP lands out) and Iteration I (Table 4.13). The row. Base

(CRP lands out), was achieved by running the linear programming with lands currently

enrolled in the CRP, whereas the second row. Iteration I, was the second run with all CRP

lands available for cropping activities. The results of these two runs showed that the

values of the objective function on both extremes, i.e.. Base (CRP land out) had the
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Table 4.11. Production estimates for feed-demand and food-demand, along with final estimates of convergence (%).
IX'ptiuleiil

\'iu luhlcs.

Kei allot) 1 [let ill ion 11 ileraliuii 111 lltiratiori IV iteralum V Change
. DetnancT. Supply Demand Supplj Demand Supply Demand SuppK Demand Supply Demand Supply

BRDFED'' 219.44 1614.52 218.62 911.91 227.15 683.77 232.45 366.90 231.16 229.96 467.37 50.79616

CNDFED 4966.63 5613.76 5147.19 5994.29 5116.90 4906.81 5172.82 5195.39 5161.03 5188.96 5136.25 5293.13 2.96396

GSDFED 407.51 449.76 542.96 587.98 illilp'- 455.87 457.07 548.83 450.58 475.04 5.147844

WIIDFED 495.48 0.00 424.92 0.00 410.56 0.00 383.85 0.00 383.67 0.00 388.70 0.00

na

OTDFED 117.52 0.00 177.89 0.00 180.46 0.00 183.47 0.00 183.06 0.00 179.30 0.00

na

BRDOTH 184.95 184.60 186.84 184.92 184.60 184.97 184.92 184.98 184.87 184.96 184.98 0.010869

CNDOTH 2166.08 ; 2M.92s 2185.93 2103.00 2182.60 2185.93 2188.75 2182.60 2187.45 2188.75 2184.73 2187.45 0.124476

GSDOTH 13.22 13.99 11.19 15.40 13.99 14.38 14.34 14.38 14.17 14.34 1.191924

OTDOTH 113.98 151.00 125.07 151.00 125.06 125.07 125.64 125.46 124.67 125.46 0.631565

WHDOTH 1065.84 997.00 1058.79 997.00 1060.95 1058.79 1058.92 1060.95 1059.66 1058.92 1060.64 1059.66 0.09304

a quantity estimatedfrom the demand side

b quantity estimatedfrom the supply side
c BRDFED barley-feed, CNDFED corn-feed, GSDFED sorghum-feed, WHDFED wheat-feed, OTDFED oats-feed, BRDOTH barley-food, CNDOTH

corn- food, GSDOTH sorghum-food, OTDOTH oats-food, and WHDOTH wheat-food.



 

Table 4.12 . Production estimation for export demand, along with final estimate of convergence (%).
IJepend. Baseline Iteration I Iteration II Iteration in llcrntion IV Iteration V C hange
Vjriable Demand Supply DemaiKl Supply Demand Supply Demand Supply Demand Supply IVtnand Supply %

Barley
147.78 161.00 168.98 161.00 169.76 168.98 173.97 169.76 174.91 173.97 177.34 178.28 0.53

Com

2069.24 2280.00 2444.39 2280.00 2417.83 2444.39 2470.48 2417.83 2481.63 2470.48 2513.10 0.44

Oats

1.78 2.00 2.15 2.00 2.13 liiiiiii: 2.14 1.20 2.14 2.15 0.26

Sorghum
372.90 412.00 446.21 412.00 468.99 446.21 426.86 453.19 451.59 967.15 970.54 0.35

Soybeans
815.34 888.00 1024.87 888.00 1001.09 1024.76 1045.53 1001.15 1057.07 1045.54 1080.34 1091.90 1.06

Wheat

1720.45 1765.00 1789.59 1765.00 1760.92 1789.60 1763.51 1760.92 1769.60 1763.51 1760.09 1766.10 0.34

VO
Ui

a quantity estimated from the demand side
b quantity estimatedfrom the supply side
c barley-export, corn-export, oats-export, sorghum-export, soybeans-export, and wheat-export.



highest objective function, $48,008,418 and Iteration I had the lowest objective function,

$43,955,066.

Table 4.13. Values of the objective for each iteration

Iteration Objective
(thousands of S)

Base (CRP lands out) 48,008,418

Iteration 1 43,955,066
Iteration 11 45,742,815

Iteration 111 46,263,746
Iteration IV 44,421,063

Iteration V 45,144,942

The availability of land from the CRP retuming to cropping activities would increase

production, and reduce prices. The results of these two runs were conducted under the

assumption of fixed lands. The first run assumed lands to be fixed to the current situation

(lands enrolled in the CRP), and the second run assumed lands to be fixed to the year

2005 (lands available jfrom CRP). Since one of the goals of the CRP was to control soil

erosion, the addition of new erodable lands for cropping activities would cause increases

in soil losses. To overcome the assumption of fixed demands, the Tatonnement model

was used. By using the Tatormement model, it was possible to arrive at the optimal

solution, i.e.. Shadow Price V and Iteration V for the price of the commodities and the

cost-minimizing objective, respectively . These values as noted fell between the Baseline

Price and Shadow Price 1, and Base (CRP lands out) and Iteration 1 verifying that

adjustment at the aggregate level took place.

The purpose of using the Tatonnement model in this study was to investigate the

impact of CRP lands 1) retuming into production, and 2) remaining as is. The impact

reflected in prices for each commodity and the changes in quantities consumed by
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consumers, an additional objective of this study was to estimate the effects of the wind

and water erosion as CRP lands are shifted into production.

Spatial linear programming was applied with the assumption that land currently

enrolled in the Crop Reserve Program (CRP) would remain in the CRP. This was

considered the baseline in this study. The second set of nms were performed assuming

that all the lands in the CRP would return to production. Figure 4.3 provides the

comparison of these two conditions. The shaded areas provides a scale in descending

order signifying the percentage of land that would be recropped at the completion of the

CRP. The greatest amount of land that would retum to crop production would be 75% to

100% this area amounted to 70 Crop Producing Areas (CPA), followed by 50% to 75%

with 4 CPA, then 25% to 50% with a single CPA and finally 0% to 25% being the

smallest amount of land being recropped with 30 CPA. For land owners with the lowest

percentage of land returning into crop production, the continuation of the CRP initial

baseline might prove to be of little importance.

A primary goal of the CRP was to reduce soil erosion. Therefore, highly erodable

lands were enrolled in this program. Because soil erosion may cause drastic reductions

on crop production, increases on the price of crops, and environmental damages, close

observation of the soil erosion may be needed.

The sheet and rill erosion, land use, and erosion per acre levels were obtained with

the first run of the linear program (see Table 4.14 and Figure 4.4). The results revealed

that the levels of water erosion, land use for cropping activities, and erosion per acre that

occurred for lands enrolled in the CRP was generally lower than the optimal solution.
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Figure 4.1. Percent of CRP lands converted to cropland, 2005.



Table 4.14. Percentage change of water erosion without C
R
P
 lands (Baseline) and with C

R
P
 lands (Optimal solution)
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Table 4.14. Continued.

Base without CRP lanti<tOptimun with CRP landi>Pctccntagc Change
CPALand UKCSheet and nilP«fLand useSheet and rillPer aeroLand useiSheet andPer acre

erosioncrosjoncrostonerosionrill erosionerosion

635820.6036749.026.316828.8049517.907.2514.7625.7912.93

641722.9314686.298.521872.9317398.639.298.0115.598.24

215.48225.071.041081.50999.100.9280.0877.47-13.07

66827.874070.964.92900.433836.954.268.06-6.10-15.40

67802.60979.901.22909.431543.941.7011.7536.5328.08

682883.4613262.874.602804.739800.31-2.81-35.33-31.64

69354.554118.1311.62411.544438.0510.7813.857.21-7.71

196.321050.545.35196.52996.495.070.10-5.42-5.53

711375.997017.335.101389.996642.084.781.01-5.65-6.72

722722.062463.360.903793.703575.470.9428.2531.103.98

732173.808681.903.992400.349932.244.149.4412.593.48

741204.781357.011.131501.351888.361.2619.7528.1410.45

2065.149178.224.442239.1610002.524.477.778.240.51

762051.737505.953.662119.138046.463.803.186.723.65

77329.020.00328.46,0.00-0.170.000.00

7872.870.0072.870.000.000.000.00

790.000.000.000.000.00

128.1347.050.3790,2614.070.16-41.97-234.39-135.54

81718.081724.012.40742.221724.322.323.250.02-3.34

82153.94202.091.31182.14244.881.3415.4817.482.36

83238.040.00239.460.000.590.000.00

8415.8426.471.6715.8426.471.670.000.000.00

0.00.0.000.000.000.00

860.000.000.000.000.00

8733283.950.0013884.230.00-140.420.000.00

88124.1050.130.40388.20660.751.7068.0392.4176.27

8996.18125.051.3096.18125.051.300.000.000.00

0.000.000.000.000.00

9115.917.660.4816.429.950.613.0822.9820.54

92914.092071.902.27965.192239.542.325.297.492.31

931994.345518.122.772826.747371.172.6129.4525.14-6.11

so



Table 4.14 Continued.

Rase without CRP landsOptiinun with CRP landsPercentage <.?han.£»c
CPALand use.Sheet and rillPer acreLand useSheet and rillPer acreLand useSheet andPer acre

crosumcrobtonerostonerosionI ill erosionerosion

94479.910.491192.39966.900.8159.7575.5839.32

951038.102112.942.041224.462171.371.7715.22mBBB^m.-14.78

96757.493181.144.20;s;«::v-:f-775.64v:3786.894.882.3416.0013.98

9783.516.74;^;-:-:-i;-83.51i562.776.740.000.000.00

98190.25iMinx18.280.000.000.000.00

99101.09586,675.80101.09616.956.100.00;::i;!i!ieii;s:4;9L4.91

100139.13::s:;;.::;V:::40.27,.::0.29i;|iii:;;sss;0 53^23^-389.811.1060.6189.6773.77

1012047.137488.913.662253.049154.854.069.1418.209.97

102143.80932.936.49143.80936.950.000.430.43

103166.29656.063.95166.29815.720.00i:lii;i:l:l:;;I9::57719.57

1040.00i;:;i:ii:ilii|:5i4:7::::0.00100.000.000.00

1054.891.085.280.000.000.00



When the optimal solution was obtained, new levels of water erosion, land use, and

erosion per acre were established (see Table 4.14 and Figure 4.5). These levels were

compared to the initial baseline and the results were expressed in percentage change of

water erosion (see Table 4.14 and Figure 4.6). By placing more land into production, the

water erosion would increase from 75% to 100% for a single CPA, 50% to 75% for 2

CPAs, 25% to 50% for 8 CPAs, 0% to 25% for 74 CPAs and -930% to 0% for 20 CPAs.

The CPAs with negative sign probably suggest that they were less cost efficient than

neighboring CPAs. As a result, it would be more advantageous for CPAs with negative

signs to import than produce (see Figure 4.6). Comparing the results obtained in the

baseline and the optimum, the quantity of land use in the optimum was relatively higher

than the baseline solution. Similarly, the erosion per acre showed that the levels of

erosion per acre were higher in the optimum than in the baseline (see Table 4.14). The

wind erosion level was obtained with the first run of the linear program (see Table 4.15

and Figure 4.7). Results suggested that the level of wind erosion, land use, and erosion

per acre that occurred for lands enrolled in the CRP were mainly lower than the optimal

solution. When the optimal solution was obtained, a new level of wind erosion, land use,

and erosion per acre were established (see Table 4.15 and Figure 4.8). These levels were

compared to the initial baseline and the results were expressed in percentage change of

wind erosion, land use, and erosion per acre basis (see Table 4.15 and Figure 4.9). By

placing more land into production, the wind erosion would increase from 66% to 100%

for 3 CPAs, 33% to 66% for 5 CPAs, 0% to 33% for 86 CPAs and -260% to 0% for 11

CPAs. The CPAs with negative sign probably suggest that they were less cost efficient
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Table 4.15.

o
hi

Hasc without CJCP landsOptimun with CRP landsPercentage Change
CPALand iKcW'»kI erosionPer acreLand useWind erosionPer acreLand useWindPer acre

erosionerosionerosionerosion
1255.700.00278.700.008.250.000.00

219.100.0018.290.00-4.430.000.00

357.80.0.0037.600.00-53.720.000.00

4168.600.0089.000.00-89.440.000.00
549.64.0.0041.400.00-19.900.000.00

683.700.0038.800.00-115.720.000.00

7748.40130.150.17752.90130.940.170.600.60-0.00

845.00,0.0045.000.000.000.000.00

91010.80201.050.201015.30202.320.200.440.630.19

102360.900.002442.900.003.360.000.00

111544.942320.961.501576.842368.831.502.022.02-0.00

12853.5839.140.05862.8839.560.051.081.080.00

13831.03915.571.10877.23988.871.135.277.412.27

141255.061128.990.901492.16708.780.4815.89-59.29-89.38
151821.62926.780.512220.851443.360.6517.9835.7921.72

16906.702144.012.36940.012252.682.403.544.821.33

17391.82407.581.04377.51405.041.07-3.79-0.633.05

181998.4696.280.052159,06686.340.327.4485.9784.84

191347.97513.960.381635.37633.860.3917.5718.921.63

20538.93454.000.84646.93544.980.8416.6916.690.00

21832.230.0761.400.070.000.000.00

22246.09899,893.66246.09899.893.660.000.000.00

231510.406730.434.461589.207029.434.964.25-0.74

241259.041028.490.821310.641072.250.823.944.080.15

253111.691478.540.483285.391707.100.525.2913.398.55

261122.342025.451.801176.142111.781.804.574.09-0.51

271867.58797.380.431999.88853.860.436.62-0.00

28733.13129.200.18743.63131.050.181.41lllilllllp:!;:-0.00

291614.22767.280.481651.12785.000.482.232.260.02

30736.000.00739.900.000.530.000.00

311539.77201.520.131556.07203.660.131.051.05-0.00
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than neighboring CPAs. As a result, it would be more advantageous for CPAs with

negative signs to import than produce (see Figure 4.9). Comparing the results obtained in

the baseline and the optimum, the quantity of land use in the optimum was relatively

higher than the baseline solution. Similarly, the wind erosion per acre showed that the

levels of erosion per acre were higher in the optimum than in the baseline (see Table

4.15). Concluding, the results presented for CRP lands, land use, water, and wind erosion

were reported in a percentage change because a direct comparison between the numbers

would be misleading.
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CHAPTER V

SUMMARY, CONCLUSION, AND LIMITATION

The central concern of this section is to discuss the results for projections made

for croplands enrolled in GRP. More specifically, examining the impact of releasing

land currently enrolled in the CRP for recropping. The present land situation was

compared with the projected situation, for the year 2005. The same levels of technology

and input prices were assumed for both situations. As CRP lands became available, an

increase cropping activity occurred, production increased, and prices fell. In addition,

soil erosion increased as a resiilt of available highly erosive lands returning to

production.

Through the use of linear programming, livestock was considered exogenous,

while cropping activities such as barley, com, sorghum, oats, and wheat were considered

endogenous. This measure allowed livestock to remain within a region, thus preventing

the movement of livestock among market regions. A four-year average for each of these

commodities were weighted with the forecast values. The results of which suggested that

beef production were mainly concentrated in Texas, Nebraska, and Kansas. In these areas

lands available from the CRP showed 75% to 100% of these accessible lands would be

recropped. Pork production was predominant in Iowa, Illinois, and Minnesota. In this

com belt areas, 75% to 100% of the CRP lands would retum to cropping activities. Milk

production was concentrated in Wisconsin, California, and New York. These results

proved to be mixed. In Wisconsin and New York, 75% to 100% of the CRP lands
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available for production would be recropped. However, in California, only 0% to 25% of

CRP lands returning into production would be recropped.

Summary of Process

The analysis was conducted in five major steps. The first step required estimation

of food, feed, and export demand curves for the endogenous crops. Once this was

completed, the demand curves were used to forecast demand levels for the year 2005.

This process required the forecasting of exogenous variables within the demand structure.

Once demand were forecasted, they were placed in an interregional linear programming

model and supply prices were provided. These prices were then placed into the demand

equation an a new demand levels were estimated and placed in the linear programming

model. The process continued until the criteria established for an equilibrium solution

was attained. This process is known as Tatonnement programming.

The available data were for the years 1950 through 1992 and the study was

projected to the year 2005. Therefore, forecast values were needed to estimate the

demand equation in the year 2005. To forecast these values, double exponential

smoothing approach was used rather than the ARJMA approach because the number of

observations were limited. Some forecast values were used to update the livestock

production up to the year 2005. These values were necessary in determining the feed

requirements for the livestock. Whereas other values were kept constant and were used in

the estimation of the demand equations during the iteration procedure. The estimated
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forecast values were compared to forecast values of Food Agricultural Policy Research

Institute (FAPRI) and the results were found to be similar.

In demand analysis, seventeen equations were estimated six equations were

related to feed-demand for livestock, five equations were related to food-demand for

industrial and human consumption. The remaining equations were obtained indirectly by

using their own price elasticities. The former eleven equations were initially estimated

using simple linear regression models, the results suggested that improvements in the

equations were needed. Seemingly Unrelated Regression Equations (SURE) were used to

address this concern. Since the parameters obtained from this analysis were mostly

significant at the 1% level, the models were considered to be efficient and consistent.

The supply model was represented by an interregional spatial linear programming

model, which provided the shadow prices. In this study, the assumption was that

quantities demanded were fixed. The results in the column label. Baseline Price, were the

shadow prices with lands enrolled in GRP. The results in the column label. Iteration I,

were the shadow prices with lands available from the GRP. The results showed that

prices were higher when lands were enrolled in the GRP. The increase in available lands,

due to the GRP termination caused prices to be lower. These two linear programming

runs determined the boundaries for the optimal solution. The results showed that on the

aggregate the prices fell within these boundaries. Since LP assumes that either demand

or prices were fixed, the Tatonnement model was used to provide flexibility. This

flexibility was needed to obtain new shadow prices through iterations, which in the

presence of excess demand and excess supply caused prices to adjust toward equilibrium.
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The forecast prices may be lower because the values used to estimate them were a

time series from the year 1950 to 1992, whereas the prices obtained from the

Tatonnement model were prices obtained under the assumption that all supplies were

consumed. Throughout the iteration process, the movement was either from excess

supply or excess demand until equilibrium was achieved. When the price decline was

continuous, excess supply persisted, as price increased excess demand was present.

In this process, all the demand and supply equations for feed, food, and export

(except barley-feed) converged toward the equilibrium point. This convergency was

obtained when the absolute value of the difference between supply and demand gradually

diminished with every iteration. This suggested that the Tatonnement model behaved as

expected, that is, to increase price in the presence of excess demand and to decrease

prices in the presence of excess supply.

Summary of Results

Where lands were concem, most of the Crop Producing Areas (CPA) will use the

currently enrolled land in the CRP for recropping activities. In light of this, significant

effects will occur at the national level, for a varying percentage of CPA lands. Among

these were increases in crop production, decreases in prices, increases in soil erosion

(wind and water).

Lands currently use for production of crops and livestock in Crop Producing

Areas (CPA) were estimated. These results were at two levels a) Baseline and b)

Optimum with CRP. Performing these two runs produced in estimates for land use, sheet
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and rill erosion, and tons per acre erosion for both the Baseline and Optimum with GRP.

The difference between these runs was estimated in percentages, and the comparison of

the runs revealed that erosion for wind was generally increased. There were some CPA's

in which there were negative signs for the amoimt of percentage in land use, sheet and rill

erosion, and per acre erosion. These effects could possibly be attributed to better

management of the lands and crop rotations. Another possible explanation could be that

the efficiency in the neighboring CPA's were higher than those with negative signs.

Water erosion was presented at the baseline and at the optimal level, a comparison

of these two scenarios indicated that water erosion would increase for most of the CPAs.

Some CPAs were showing no changes in water erosion, this may occur because more

efficient cropping and management practices were implemented in these returning lands.

This practices might be similar to the base line practices. Finally, a set of CPAs were

shown to have less erosion, when CRP were lands returned to cropping activities. This

might occur because some CPAs adjacent to the CPAs with negative erosion were

producing their crops at a lower costs. This cost efficiency may induce farmers to

increase their cropping activities, and export their crops to CPAs less cost efficient.

The current situation indicated that crop production was restricted to the lands not

enrolled in the CRP. This production, even though plentiful, was less than the optimal

solution in most CPAs. The increase in crop production caused by available lands would

cause crop prices to decrease, that is more quantity supply would push prices down to

clear the market. But the results of the Tatonnement model at its optimal solution
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showed an increased in prices. This could be attributed to the increase in quantity

demand. Demands may increase due to increases in demands for feed, food, and exports.

Additional lands in crop production might probably caused problems to the

environment. Water pollution would increase due soils eroding into the streams, and

chemicals leaching in the water sources. Another possible effect would be the reduction

of wildlife habitat, which might cause a decline in reproductive areas, food supply areas,

and protective areas.

Conclusion

The spatial linear programming in this study considered the livestock sector to be

exogenous. However, when using LP alone, a convergency point cannot be obtained

because LP assumes fix quantities. The Tatonnement model was used to address the issue

of the equilibrium prices (shadow prices). This model was selected to overcome the

limitation that a linear programming had, which was the assumption of fixed demand

constraints. These constraints were altered by a set of demand equations, which were

estimated using the seemingly unrelated regression equations approach.

When comparing the results of an LP based analysis to that of Tatonnement,

several conclusions can be made. First, in this analysis there does not seem to be much

difference between the change in prices projected by the linear programming and those

projected by when using Tatonnement. Com prices for instance started at $3.37/bushel

and fell to $2.90/bushel when linear programming was assumed. However, under

Tatonnement modeling the final equilibrium price was $2.93/bushel. Barley, on the other
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hand, had a price of $2.90/bushel as the bases. The projected barley price fell to

$2.65/bushel and $2.58/bushel under the LP and Tatonnement assumption, respectively.

This examination into the fate and impact of lands retiring from the CRP in the

year 2005, has resulted in significant findings with the help of LP, SURE, and the use of

the Tatonnement model. Results reveals a sizable increase in cropland production and

soil erosion. Since the equilibrium point, achieved in the model, suggests a balance of

both supply and demand, it would be reasonable to say that these crops will be consumed

by livestock, industry and the human population. In addition, this study projects the areas

of greatest and least production which may indicate a need for future planners to consider

the cost and requirements of such an expansion. The efficiency and consistency of well

managed CPA may be reflected upon by less productive CPA's and in so doing

determine their course of action in terms of improve management or a decision to

purchase from neighboring CPA's.

As production increases so does soil erosion for both stable ( El < = 8) and

unstable (El > 8) lands. Soil erosion is cause by the impact of both wind and water. The

side-effects of soil erosion leads to high flooding and sedimentation, producing high cost

to farmers that are affected. In addition, surface and underground water is susceptible to

contamination, which in tum can affect both livestock and human consumption. In the

long run, allowing soil erosion to continue may result in a reduction of productivity, thus

increasing cost of production and increase in prices to the consumer.
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Prices were the driving force in the operation of the Tatonnement model. Prices

allowed the iteration between the demand and supply equations in an effort to establish

equilibrium. At this point prices for the commodities proved to be in the neighborhood of

the second run of the LP (iteration I). If CRP lands were allowed to be planted in crops,

expected prices in the future will be lower than the current prices for all commodities.

Limitation

The assumptions imposed in the model created some limitations, the demands

used in the linear programming were fixed, leaving price to be the only adjusting force

toward the equilibrium point. In addition some sectors, such as livestock, were

considered to be exogenous. A fully exogenous livestock was included in the model,

because of this the flexibility of the supply equations were reduced. Possibly more

favorable results could be obtained in future studies by providing more flexibility to the

model, that is, to make livestock endogenous rather than exogenous. If the livestock

sector were endogenous, the allocation of resources, and the quantity and price

equilibrium most probably would have had different results.

The estimation of the demand equations were obtained with data for the years

1950 through 1992. The use of these equations for the year 2005 was assuming that the

parameters (P '5) were not changing from the year 1992 through the year 2005. In other

words, the assumption was that the demand equations behave in the year 2005 as they did

in the year 1992. The export demand equations were obtained indirectly from their own

price elasticities. This approach automatically excluded the possibility of changes in
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quantity demanded due to the explanatory effect of other independent variables.

Therefore, the export demands were assuming to have their elasticities constant all the

way to the year 2005.

Even though most of the demand and supply equations converged to the

equilibrium point, a problem was observed in this model. The equations for barley-feed

did not converge to the equilibrium point at the 5% level. This lack of convergency

might have occurred because the barley production steps of the LP were too wide. To

address this issue, the additional barley production options may be necessary.

Alternatively, improvement could be achieved by observing the absolute difference

between supply and demand quantities, and the shadow prices. If the price increases, and

the absolute difference also increases, then a heavy weight should be employed to the

demand quantity, so that the quantity demanded used as constraints in the LP would

force convergency.

121



BIBLIOGRAPHY

122



BIBLIOGRAPHY

Abraham, Haim, and John Whittaker. "Is Dynamic of Walrasian Equilibrium Achieved
Through Falling Target Utilities?." Intemational Economic Review, 1989, vol.
30, no. 3, 507-511.

Allingham, M. G. "Tatonnement Stability: An Econometric Approach." Econometrica.
1972, vol. 40, no. 1,27-41.

Anderson, Seth C., and Robert E. Stanford. "A Tatoimement Model for Dynamic
adjustment of Investment Company Share Prices." Applied Financial Economics.
1993, vol.3, 159-168.

Arrow, K., and L., Hurwicz. "On the Stability of competitive equilibrium."
Econometrica. 1958, vol 26, 522-552.

Ash, Mark, and Linwood Hoffman. "Barley: Backgroimd for the 1990 Farm
Legislation." AGES 89-65. U.S. Department of Agriculture, Economic Research
Service, December 1989.

Bazaraa, M., and J. Jarvis, and H. Sherali. Linear Programming and Network Flows.
New York: John Wiley & Sons, Inc., 1990.

Blad, Michael C. "On the Speed of Adjustment in the Classical Tatoimement Process: A
Limit Result." Joumal of Economic Theory. 1979, vol. 19, 186-191

Brown, Scott, R Young and G. Adams 1994 "CRP Options & Implications for
Midwest Agriculture." CNFAP Staff Reports 23-94 (6-1-94)

Crowder, Brad, and Cecil Davison.. "Soybeans: Background for the 1990 Farm
Legislation." AGES 89-41. U.S. Department of Agriculture, Economic
Research Service, September 1989.

Dixon, P. B. The theory of Join Maximization. North Holland, Amsterdam, 1975.

De Vroey, Michel. "A Reflexion on the Place of Tatonnement in General Equilibrium
Theory." Economics and Philosophy. 1990, vol. 6, 235-253.

Dicks, Michael, Hybert Bengt, and Hebert Thomas. 1990. "Implications of Current and
Proposed Environmental Policies for Americas Rural Economies." Implementing
the Conservation Title of the Food Security Act of 1985. Ted Napier. Soil and
Water Conservation Service. 51-65

123



Dicks, Michael, and John Coombs. "The 1992 National Resources Inventory as a Tool
or Evaluating the GRP." Economic and Environmental Implications of Expiring
Conservation Reserve Contracts. Proceedings of the 1994 Meeting NC-214,
Kansas City, Missouri.

Doll, P., and Frank Orazem. Production Economics Theory with Applications. John
Wiley & Sons, New York. 1984.

Dvoskin, D., E. Heady, and B. English. "Energy use in U.S. agriculture: An evaluation
of national and regional impacts from alternative energy policies." CARD
Report 78. Center for Agricultural and Rural Development, Ames, Iowa.

Eden, Benjamin. "Marginal Cost Pricing When Spot Markets Are Complete." Journal
of Political Economy, 1990, vol. 98, no. 6,1293-1306.

Enke, S. "Equilibrium Among Spatially Separated Markets: Solution by Electric
Analogues." Econometrica. 1951, vol. 19,40-48.

English, Burton, et al. "Resource Conservation Act Analysis: An Overview of the
CARD Agricultural Resource Interregional Modeling System." September,
1989. Technical Report 89-TRll. CARD, Iowa State University, Ames, Iowa
50011.

Ervin, R., and A. Lee. "Impact of Conservation practices on airbome dust in the southem
High Plains of Texas." Journal of Soil and Water Conservation. 430-437,
September-October, 1994.

Ervin, R., P. Johnson, and J. Lee. "Factors Influencing Post-Contract Use of CRP
Lands." Post Conservation Reserve Program Land Use Conference. Proceedings
of the January 1994 Meeting of NCT-163, Denver, Colorado.

Farrar, John. "Last Gasp for the CRP." NEBRASKAland 72(9):22,1994.

Friesz, T., D., Bemstein, and N., Mehta. "Day-to-day dynamic network disequilibria and
idealized traveler information systems." Operation Research. 1994, vol 42(6),
1120-1136.

Ginsburgh, Victor, and Jean Waelbroeck. "A Note on the Simultaneous Stability of
Tatonnement Process for Computing Equilibria." International Economic
Review. 1979, vol. 20, no 2, 367-380.

Ginsburgh, Victor, and Jean Waelbroeck. "Generalized Tatonnement and the Solution of
Economic Models." The Economic Record. 111-117, June 1983.

124



Green, William H. Econometric Analysis. New York: Macmillan Publishing
Company, 1993

Hahn, Franz R., and Wien. "Equilibrium Dynamics and Chaos." Jahrb. f. National
okomie imd Statistik. 1992, vol. 210, no. 3-4, 279-285.

Hands, Douglas W. "Stability in a Discrete Time Model of the Walrasian Tatonnement."
Journal of Economic Dynamics and Control. 1983, vol. 6, 399-411.

Harwood, Joy, and Edv^n, Young. "Wheat: Backgrovmd for the 1990 Farm Legislation."
AGES 89-56. U.S. Department of Agriculture, Economic Research Service,
October 1989.

Heimlich, Ralph E., and OlafE. Kula. 1990. Grasslands: the Future of the CRP Land
After Contracts Expire. Journal Prod. Agric. 3: 7-12.

Helmberger, P., and J. Chavas. The Economics of Agricultural prices. Prentice-Hall Inc.
New Jersey, 1996.

Hickman, J., C. Rowell, and J. Williams. "Net Returns from Conservation Compliance
for a Producer and Landlord in Northeastern Kansas." Journal of Soil and Water

Conservation. Ankeny, Iowa: Soil and Water Conservation Society of America.
Vol. 44(5) 532-535, Sept/Oct 1989.

Hoffman, Linwood, and Janet Livezey. "The U.S. Oats Industry." U.S. Department of
Agriculture. Economic Research Service. Agricultural Economic Report Number
573. July 1987.

Huang, Wen-yuan. "Costs and Implications of Conservation Compliance." Journal of
Soil and Water Conservation. 521-526, September-October 1989.

IBM. Mathematical Programming System-Extended (MPSX), and Generalized Upper
Boimding (GUB) Program Description Manual. White Plains, New York, 1972.

Johnson, J. B. and T. C. Richard. "How Some Potential CRP Participants Were
Taught to Bid and Ensuing Land Market Distortions." J. of Soil and Water
Conservation. 44(5):441-444, September-October 1989.

Johnston, J. Econometric Methods. New York: McGraw - Hill Book Company, 1984.

Jones, Robert, and Guy Judge. "Using Spreadsheets in Teaching of Dynamic Economic
Models." British Review of Economic Issues. 1990, vol. 12, no. 26, 93-112.

125



Joyce, P. "The Walrasian Tatonnement mechanism and information." Rand Journal of
Economics. 15(3):416-425, Autumn 1984.

Judge,G., and T. Wallace. "Estimation of Price Equilibrium Models." Journal of Farm
Economics. 1958, vol. 40, no. 4, 801-820.

Kaizouji, Taisei. "Multiple Equilibria and Chaotic Tatonnement: Application of the
Yamaguti-Matano Theorem." Journal of Economic Behavior and Organization.
1994, vol. 24,357-362.

Kallio, Markku, and Seppo Salo. "Tatonnement Procedures for Linearly Constrained
Convex Optimization." 1994, vol. 4, no. 6, 787-797.

Karmarkar, N. "A New Polynomial Time Algorithm for Linear Programming."
Combinatorica. 1984, vol. 4, 373-395.

Kmenta, Jan. Elements of Econometrics. New York: Macmillan Publishing Company,
1986.

Konyar, Kazim, and C. Tim Osbom. 1989. "A National Level Economic Analysis of
Conservation Reserve Program Participation: A Discrete Choice Approach." The
Journal of Agricultural Economics Research. 42(5):487-490

Lemer, G. "Dynamic Analysis and the Walrasian Tatonnement." Canadian Journal of
Economics, vol. 3, no. 3,448-462,1970.

Lin, William, and Linwood Hoffman.. "Sorghum: Background for the 1990 Farm
Legislation." AGES 89-67. U.S. Department of Agriculture, Economic Research
Service, December 1989.

Nowak, Peter J., Max Schnepf, and Roy Barnes. "When Reservation Reserve Program
Contracts Expire... A National Survey of Farm Owners and Operators Who have
Enrolled Land in the Conservation Reserve." Journal of Soil and Water

Conservation Reserve." Ankeny, lA, 1991.

Mantel, R. R. "The Welfare Adjustment Process: Its Stability Properties." International
Economic Review, vol. 12, 415-430,1971.

Mercier, Stephanie. "Com: Background for 1990 Farm Legislation." AGES 89-47. U.S.
Department of Agriculture, Economic Research Service, September 1989.

Nicholson, Walter. Microeconomic Theory Basic Principles and Extensions. The
Dryden Press, Harcourt Brace College Publishers, 1995.

126



Osbom, T. "The conservation Reserve Program: Status, Future, and Policy
Options." Journal of Soil and Water Conservation. 48(4):271-279, July-August
1993.

Osbom, Tim, and R. Heimlich, 1994 "Changes Ahead for Conservation Reserve
Program." Agricultural Outlook, July 1994.

Penson, J., and T. Hovav. "Endogenization of Final Demand and Primary Input Supply
in Input-Output Analysis." Applied Economics. June 1988, vol 20, no 26, 739-
752.

Plott, Charles R., and Glen George. "Marshallian vs. Walrasian Stability in an
Experimental Market." The Economic Journal. 1992. vol. 102. 437-460.

Ray, Daryll, et al. Economic and Environmental Implications of Expiring Conservation
Reserve Contracts. Proceedings of the 1994 Meeting NC-214, Kansas City,
Missouri.

Ray, Daryll, and James Plaxico. ".The Economic Structure of Agriculture: Rhetoric
Versus Reality." Board of Directors of the National Farmers Organization and
National Farmers Union in Washington, DC on June, 1988.

Richarson J., Gerloff, D., Harris, B., and Dollar L. "Economic impacts of conservation
compliance on a representative Dawson County, Texas farm." Journal of Soil and
Water Conservation. 1989, 527-531, September-October, 1989.

Saari, Donald G., and Steven, Williams. "On the Local Convergence of Economic
Mechanism." Joumal of Economy Theory. 1986, vol. 40, 152-167.

Saari, D. "Iterative Price Mechanisms." Econometrica. 1985, vol 53, 1117-1132.

SAS Institute Inc. SAS/ETS User's Guide, Version 6, First Edition, Gary, North
Carolina: SAS Institute Inc., 1988.

Samuelson, P. A. "Spatial price equilibrium and linear programming." American
Economic Review. 1952, vol 42,282-303.

Scarf, H. "Some Examples of Global Instability of the Competitive Equilibrium."
International Economic Review. 1960, vol. 1, 157-172.

127



Schatzer, R., and E., Heady. ' National results for demand and supply equilibrium for
some United States crops in 2000: theory and application of Tatonnement
modeling." CARD Report Iowa State University Center for Agricultural and
Rural Development. Ames, Iowa, The Center. Jione 1982, (102).

Schatzer, R, B. English, and O. Heady. "Future Crop Prices and Quantities: Influence of
Alternative Crop Yields." North Central Journal of Agriculture Economics.
Purdue University. Vol. 7(2) 51-64, July 1985.

Short, C., English, B., and 0., Heady. "Effects of Changing Energy Prices on
Commodity Prices and Farm Income: Tatonnement Mathematical Programming
Models." Agricultural Svstems. Essex: Applied Science. Vol 14(2), 107-116,
1984.

Siegel, P., and Johnson Thomas. "Break-even Analysis of the Conservation Reserve
Program: The Virginia Case." Land Economics. 67(4): 447-461, November
1991.

Takayama, A. Mathematical Economics. Cambridge: Cambridge University Press
1987.

Taylor, C. R. et al. "Aggregate Economic Effects of CRP Land Returning to
Production." J. of Soil and Water Conservation. 49(5):473-476, September-
October 1994.

Tomek, W., and K. Robinson. Agricultural Product Prices. New York: Cornell
University Press, 1987.

Turner, Michael P. "A Computer Simulation Model for the Determination of Walrasian
Equilibrium." British Review of Economic Issues. 1992, vol. 14, no. 32, 37-52.

Varian, H. R. Microeconomic Analysis. New York: W. W. Norton & Company, Inc.
1992.

Vickrey, W. "Counter speculation, auctions, and competitive sealed tenders." Journal
of Finance. March 1961.

Walker, Donald A. "Walras's." Journal of Political Economy. 1987, vol. 95, no. 4, 758-
774.

Walker Donald A. "Iteration in Walras's Theory of Tatonnement." De Economist 1988.
vol. 136, no. 3,299-316.

128



Wu, Shih-Yen, and Richard P., Rozek. "A Bidding Process for a Centralized Market with
Trading Out of Equilibrium." Journal of Economics. 1987, vol. 47, no. 3,287-
307.

Young, Robert, G. Adams, and B. Willot, 1994 "Effects of Conservation Reserve
Program Contract on Commodity Program Costs." CNFAP Staff Reports 17-94.

129



APPENDICES

130



APPENDIX A

U.S. Agricultural Data Base, 1950-1992

131



 

Table A
l
.
 U.S.A. agricultural database for the years, 1950-1992.
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Table Al. Continued.

YI-AR BRDOrH CNDriTlf GSDOm OTDOTH WHDOTIi CPIFO CPUS PERCAP PERDIN IlliiESMll
M.bu. M bu. Vi.hu Mbu. M.bu 82-84-100 82-84-100 B. 1987$ B. 1987$ B dollars

1982 170 855 10 97 98.2 12146 2820.4 "■■:23.19>6:;
1983 172 930 10 100 99.4 99.3 12349 2893.6 2493.7
1984 170 1067 17 98 103.2 102.5 13029 3080.1 2759.5
1985 169 1153 28 vmmmm 93 105.6 107.5 13258 3162.1 2943.0
1986 175 12 84 109.0 117.4 3261.9 3131.5
1987 174 25 mfmrnrnm- 85 113.5 129.9 3289.6 3289.5
1988 175 1293 22 100 103 118.2 137.4 13890 3404.3 3548.2
1989 179 1356 15 iiillllibis;-; 100 125.1 143.6 14005 3464.9 3787.0
1990 176 1373 9 Kiiiiiiiiiiso:: 90 132.4 146.7 3524.5 4050.5
1991 176 1454 9 98 136.3 148.3 i^iii;illil396S;^ 3529.0 4230.5
1992 172 1511 8 98 137.9 151.7 3632.5 4500.2

' ' "O J 1 — r r > •WMK jK^yjs^, a Ji J^l •C'C. If «t4Cv^ J^'

CP/FS' onsumer price index offish, PERCAP per capita personal disposable income, PERDIN personal income.PESDIN personal disposable income,.
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Table Al. Continued.

YEAR SYTPR SMTPR LMTPR MR! PR RfTPR RITPR BFSPDN IKSPDN TKTPR LMSPRD

"kofib:s"
PKSPDN

*M. oflbs"$ per bushel Spct ton iiipijiiii $ per cwl $ per c\vt Cts per lb M oflbi! M. of lbs cts per lb
1982 5.65 187.19 53.10 ; 13;61 56.70 26.9 22536 S;:::a;:;:::::::;;::;2522 39.5 j s&aases; 14229
1983 7.83 188.20 53.90 13.58 55.50 28.6 23243 2649 38.0 375 15199
1984 5.84 60.10 13.46 57.30 33.7 235981151112685 48.9 379 14812
1985 5.05 154.90 67.70 12.76 53.70 30.1 23728 49.1 359 14807
1986 4.78 163.00 69.00 1151; 52.60 34.5 24371 3271 47.0 338 14063
1987 5.88 222.00 77.92 61.10 28.3 23566ii:lii;li832 34.3 315 14374
1988 7.42 252.40 69.50 66.80 34.0 23589wmmmm 37.3 335 15684
1989 5.69 186.50 67.30 :l 3.56 69.70 36.1 23087i:ll;il4285 40.0 347 15813
1990 5.74 181.40 56.00 13.68 74.80 32.4 22743 ;aii!ia|:i45:l4 38.4 363 15354
1991 5.58 189.20 52.50 12.24 72.90 31.0 22917;:i:lai:i:IA603 37.7 liiiiliiMa 15999
1992 5.56 193.75 60.76 13.09 71.38 30.8 23086 38.0 1 17234

A ^ ' r J ' — wy ^ M. m. . ^ \JJ \J»

BFSPDN production of beef TKSPDN production ofturkey, TKTPR price ofturkey, LMSPRD production oflamb, and PKSPDN production of
pork.Source: Agricultural Analysis Center (APAC), 1994 edition.
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Table B1. Feedstuffs required for beef production, by state.
State Corn Sorghum Oats Barley "Wiieat. Oilmcal Legume Other Com lllllillil
Name I lav Hay Silage Silage

pounds per hundred weight ttiveweighl)
Alabama 136.11 0.00 38.44 13.44 5.11 6.89 123.67 963.00 1429.44 0.00

Arizona 137.44 146.67 38.89 13.56 5.22 6.89 227.56 578.22 1356.67 0.00

Arkansas 130.22 0.00 36.78 12.78 4.89 6.56 207.56 569.44 975.89 0.00

Galifomi 131.00 148.89 37.00 12.89 4.89 172.22 393.56 1167.33 0.00

Colorado 149.67 147.78 42.22 14.78 5.67 160.89 241.33 1394.22 0.00

Gonnectic 136.56 0.00 38.56 13.44 5.11 6.89 151.00 329.78 1962.00 0.00

Delaware 131.89 0.00 37.22 13.00 5.00 6.67 525.33 B&M::: 1567.78 0.00

Florida 129.33 0.00 36.44 12.78 4.89 383.00 296.89 1281.78 0.00

Georgia 130.33 0.00 36.89 12.89 4.89 6.56 509.33 499.67 1348.78 0.00

Idaho 129.22 0.00 36.44 12.78 4.89 6.56 192.11 297.22 1199.78 0.00

Illinois 133.00 0.00 31.56 13.11 5.00 154.33 281.89 936.67 0.00

Indiana 195.44 0.00 34.44 12.33 10.00 580.33 105.22 978.33 0.00

Iowa 192.78 0.00 34.00 12.11 9.89 731.33 171.22 880.44 0.00

Kansas 192.33 0.00 33.89 24.22 12.11 9.78 529.78 127.22 706.33 0.00

Kentucky 221.00 50.11 13.89 19.01 0.11 266.00 361.89 536.11 0.00

Louisiana 221.22 50.11 13.89 25.44 19.01 0.11 254.22 193.67 475.89 33.78

Maine 226.11 14.22 26.00 19.35 0.44 297.44 110.78 474.00 16.00

Maryland 219.56 49.78 13.78 25.22 18.79 0.00 292.56 71.89 514.56 BBlBBBiMm:-
Massachussets 216.44 49.00 13.56 24.89 18.68 1.00 185.56 413.56 221.89

Michigan 119.56 97.56 6.67 14.78 12.00 10.78 518.11 394.00 339.33

Minnesota 118.89 96.89 6.67 14.67 11.89 10.78 370.22 186.56 588.89

Mississippi 117.22 6.56 14.44 11.78 10.67 288.56 134.00 402.33 51.00

Missouri 115.67 6.44 14.22 11.56 10.56 195.89 114.44 247.11 193.11

Montana 87.44 17.00 8.11 6.11 3.44 ySSBM- 76.56 526.78 949.78 43.33

Nebraska 155.56 162.22 8.22 3.56 8.00 245.22 904.00 612.11 0.00

Nevada 89.00 8.22 3.56 8.00 16.11 865.00 162,67

New Hampshire 86.22 16.67 8.00 6.11 3.44 BBBBiMmy 109.11 BSMy 366.56 19.44

New Jersey 87.44 17.00 8.11 6,11 3.44 W'BBBi:Mil 43.89 ^;!i6:l:89:::i 441.44 35.78

New Mexico 111.00 15.89 13.78 8.78 3.67 ^B̂BBBMm'^ 0.00 406.67 444.44 112.11

New York 109.56 WMSmM 13.56 WMMm. 3.67 BBBBB§My 3.67 310.33 299.56 75.67

North Carolina 106.33 13.22 3.56 'BBBBMm 0.00 100.67 44.00 0.00
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Table B1. Continued.

State Cortl Sorghum Oati> Barley Wheat Oihueal Legume Other Com Sorghum
Name Hay Hay Silage Silage

pounds per hundred weight {Iiveweight)
North Dakota 111.22 15.89 13.78 8.78 3.67 9.89 1.22 270.22 122.22 46.11

Ohio 79.00 ... 6.22 5.33 1.89 8.89 8.22 271.11 118.00 S:::ii;S?:.ll8^44:.:
Oklahoma 73.67 12.67 5.78 4.89 1.78 : 8,33 ; 47.11 290.00 19.22 :i;s:s:is:552:89::
Oregon 79.44 13.56 6.22 5.33 1.89 8.89 10.00 224.33 40.33 23.67

Pennsylvania 85.00 90.78 4.11 10.78 10.56 8.00 137.00 150.22 45.89 41.78

Rhode Island 83.00 88.67 4.00 10.56 10.22 7.78 30.67 136.22 47.44 22.89

South Carolina 126.56 91.56 5.78 15.78 7.00 10.11 415.78 254.22 165.00 0.00

South Dakota 124.11 89.89 5.67 15.44 6.89 9.89 862.89 118.33 347.22 0.00
Tennessee 127.89 92.56 5.89 15.89 7.11 10.11 309.78 212.11 167.22 0.00

Texas 120.33 87.11 5.56 15.00 6.67 195.00 92.22 448.00 19.00

Utah 122.22 88.44 5.56 15.22 6.78 9.78 238.11 27.00 114.56 16.56

Vermont 117.00 8478 5.44 14.56 6.44 9.33 304.67 S21.ll . 45.67

Virginia 128.11 92.78 5.89 16.00 7.11 10.22 749.11 106.89 622.44 0.00

Washington 124.11 89.89 5.67 15.44 6.89 9 89 490.44 264.44 38.44 0.00

West Virginia 127.11 104.11 7.44 17.33 20.11 9.33,: 566.44 214.22 338.11 0.00

Wisconsin 129.44 106.11 7.56 -::;v---:l7;67- 20.56 9.44 408.44 316.33 176.89 0.00

Wyoming 126.11 103.22 7.33 17.22 20.00 9.22 456.67 186.44 13.89

o

Source: Ceneterfor Agricultural and Rural Development; Technical Report 89'TRI2.



Table B2. Weights used to allocate livestock production from state to market region.

State LPA Beef Pork Milk

Name

Percent

Alabama 9 100.00 100.00 100.00

Arizona 24 32.57 I.Ol

Arizona 28 90.18 67.43 98.99

Arkansas 13 39.86 45.36 43.08

Arkansas 14 9.45 10.70

i Arkansas 18 45.19 liiiiiiiiiiiiiiiibizi:
California 30 29.56 27.49 14.91

California 31 70.44 72.51 85.09

Colorado 17 9.70

Colorado 18 1.07 0.28

Colorado 23 80.02 84.31 88.59

Colorado 24 4.92

Connectic 1 100.00 100.00 100.00

Delaware 2 49.69 21.70 77.80

Delaware 3 78.30 22.20

Florida 4 2.74 3-60

Florida 5 89.85 67.68 89.87

Florida 9 9.62 29.58

Georgia 4 47.96 53.68 65.18

Georgia 5 10.25 15.80 4.17

Georgia 9 41.79 30.52 30.65

Idaho 25 2.30 6.01 1.87

26 93.06 91.19 88.01

Idaho 27 4.64 2.80 10.12

Illinois 8 14.09 14.50

Illinois 11 2.81 1.75 12.10

Illinois 12 70.02 70.70 5829

Illinois 13 13.08 13.05 22.18

Indiana 6 7.07 5.66 6.35

Indiana 7 8.30 11.49

Indiana 8 79.47 78.27

Indiana 11 2.21 1.74 4.72

Indiana 12 2.95 2.84 0.28

|;iowa;|:Sif|ii|||i|^ 12 59.83 74.24 82.04

Iowa 15 34.98 21.77 10.93

Iowa 16 5.19 3.99 7.03

Kansas 15 15.83 31.90 36.19

Kansas 17 23.56 26.61 0.16

Kansas 18 60.61 41.49 47.10

Kentucky 6 3.19 1.10 iliiiilididi dd dd :3dl4;
Kentucky 8 94.01 90.71 94.34

Kentucky 9 0.87 1.85 0.76

Kentucky 13 1.93 6.34 1.76

Louisiana 14 94.62 98.35 89-23 i
Louisiana 19 5.38 1.65 10.77 j
Maine 1 100.00 100.00 100.00 1
Maryland 2 3.94 1.08 600.00}
Maryland 3 96.06 98.92 95-23

Massachus 1 100.00 100.00 100.00 i
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Table A2. Continued.

State

Name

LPA Beef Pork Milk

Percent

Michigan 7 95.60 99.68 95.03

Michigan 10 0.12 1.84

Michigan 11 0.20

Minnesota 10 ii;i;!ii:iiilli:?:N7:L96: 71.21

Minnesota 11 18.05 14.91

Minnesota 12 7.17

Minnesota 16 6.71 2,40

Mississippi 9 20.10 16,44

Mississippi 13 2.45 2.28

Mississippi 14 85.03 77.45 :oi:iiiii;^-iiiiilio;:8i.28^-
Missouri 12 18.51

Missouri 13 19.99 20.57 23.88

Missouri 15 57.37 61.38

Missouri IS 3.55 9.99

Montana 16 2.10 1.09 0.67

Montana 22 59.06 56.82 29,52

Montana 25 38.84 42.09 69.81

Nebraska; 15 31.60 56.24 50.16

Nebradia; liisiiiiisl 16 4.60 10.04 10.72

Nebraska 17 58.04 32.01 37.73

: Nebraska::;ii;:|;li;l:|i 23 5.76 1.71 1.39

:Nevada||||||||||||i 27 70.33 28.33 7.18

: Nevada/;:;yi;i|||i|:;|; 28 3.89 0.86 33.31

: Nevada 30 25.78 70.81 59.51

New Hampshire 1 100.00 100.00 100.00

New Jersey 2 100.00 100.00 100.00

New Mexico 21 63.10 79.45 42.69

New Mexico 24 28.42 19.87 56.48

New Mexico : ; : ; : 28 8.48 0.68 0.83

New York 1 224 0.94 2.92

New York 2 86.47 85.21 87.09

New York 6 11.29 13.85 9.99

North Carolina 3 36.02 83.71 27.88

North Carolina 4 56.92 16.21 66.61

North Carolina 6 7.06 0.08 5.51

North Dakota 10 28.76 53.47 27,88

North Dakota 16 71.24 46.53 72.12

Ohio 6 83.93 66.96 83.38

Ohio 7 16.07 33.04 16.62

Oklahoma 14 9.44 6.75 5.82

Oklahoma 18 81.53 86.49 92.21

Oklahoma 21 9.03 6.76 1.97

Oregon 26 28.98 9.39 11.04

Oregon 29 63.64 89.96 85,86

Oregon 30 7.38 0.65 3.10

Pennsylvania 2 65.06 84.24 69.95

Pennsylvania 3 3.30 4.88 6.34

Pennsylvania 6 31.64 10.88 23.71

Rhode Island 1 100.00 100.00 100.00
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Table A2. Continued.

State LPA Beef Pork Milk

Name

Percent

j South Garolina 4 100.00 100.00 100.00

South Dakota 10 2.59

South Dakota 16 97.68 97.41 92,69

Tennessee 4 28.72 10.84 43.78

Tennessee 8 31.58 29.34 24.40

Tennessee 9 25.67 31.80 25.49

Tennessee 13 14.03 28.02 6.33

Texas 14 4.60 1.90 20.66

18 8.23 4.01 4.98

Texas ill 19 i;liiiiili:|ii:l33i3b; 36.82 49.69

TexasH||||;i||ii|i|;l 20 39.36

Texas 21 17.65

Texas ijillllllllllll 24 0.26

Utah 23 13.29

24 7.03 1.08

thahjiiiiiiiiiiiiiiiis 27 70.70 79.11 92.47

utahiiiiiiiiii^^ 28 2.82 0.57 0.97

Vermont 1 95.89 98.92 98.25

Vermont 2 4.11 1.08 1.75

Virginia 3 73.98 94.94 76.28

Virginia 4 12.45 1.82 10.64

Virginia 6 13.57 3.24 13.08

Washington 25 3.59 10.03 2.40

Washington 26 6.42 17.55 0.28

Washington 29 89.99 72.42 97.32

West Virginia 3 25.35 57.81 32.15

West Virginia 6 74.65 42.19 67.S5

Wisconsin 10 6.36 2.07 5.18

Wisconsin 11 61.21 55.78 74.11

Wisconsin 12 32.43 42.15 20.71

Wyoming 16 12.20 7.39 6.31

Wyoming 22 35.57 38.38 33.97

Wyoming 23 51.25 54.23 56.66

Wyoming 26 0.98 0.00 3.06

Source: Center for Agricultural and Rural Development; Technical Report 89-TRI2.
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Table B3. Feedstuffs required for beef production for the year 2005.
Sfatc

Niune

LPA Com Sorghum Oats Barley Wheat Oilmcal

Alabama 9 1862125.29 0.00 920323.04 214518.58 65249.40 22818901.70

Arizona 24 149513.50 159554.32 74036.05 17209.72 5299,98 1814442.19

Arizona 28 1373027.24 1465235.05 679895.24 158041.99 48671.34 16662565.84

Arkansas 13 653839.27 0.00 323178.96 74863.64 22916.01 7973588.11

Arkansas 14 448632.81 0.00 221749.74 51367.80 15723.85 5471089.68

Arkansas 18 537867.27 0.00 265856,45 61585.02 18851,38 6559306.42

California 30 1581126.33 1797052.66 781510.91 181507.67 55085.96 19488470.64

California 31 3767744.88 4282286.52 1862301.38 432523.69 131267.08 46440049.80

Colorado 17 703211.83 694331.83 347142.42 81016.34 24864.01 8598641.79

Colorado 18 150380.09 148481.13 74235,54 17325.14 5317,11 1838798.07

Colorado 23 4931727.50 4869450.73 2434560.61 568179.47 174374.97 60303533.37

Colorado 24 377799.17 373028.40 186501.58 43525.87 13358.14 4619603.34

Connecticut 1 59955.44 0.00 29626.49 6884.16 2093,93 732286.35

Delaware 2 14467.07 0.00 7144,69 1663.64 511,89 177113.32

Delaware 3 14647.58 0.00 7233.83 1684.40 518.28 179323.23

Florida 4 6251.88 0.00 3082.67 720.76 220.63 76766.47

Florida 5 1059869.92 0.00 522600.36 122188.67 37402.35 13014089.15

Florida 9 113477.45 0.00 55953,43 13082.41 4004,57 1393383.84

Georgia 4 549152.25 0.00 272016.39 63364.80 19230.65 6691274.75

Georgia 5 117364.69 0.00 58135.28 13542.31 4109.97 1430057.68

Georgia 9 478504.43 0.00 237021.79 55212.99 16756.65 5830449.79

Idaho 25 52781.53 0.00 26047.65 6090.18 1864,22 648653.40

Idaho 26 2135586.46 0.00 1053910.76 246413.82 75428.08 26245080.65

Idaho 27 106480.99 0.00 52548.31 12286.27 3760.87 1308587.73

Illinois 8 309354.66 0.00 152886.33 35575.79 10854.55 3817608.33

Illinois 11 61695.29 0.00 30490,46 7094.96 2164,75 761354.11

Illinois 12 1537332.40 0.00 759765.85 176793.23 53941.49 18971535.49

Illinois 13 287179.49 0.00 141927.13 33025.64 10076.47 3543954.36

Indiana 6 116563.92 0.00 35946.11 17089.36 6863.58 1443800.98

Indiana 7 136843.07 0.00 42199,82 20062.48 8057,67 1694985.59

Indiana 8 1310231.19 0.00 404050.52 192092.16 77149.72 16228976.50

Indiana 11 36436.53 0.00 11236.34 5341.94 2145.47 451315.44



Table B3. Continued.

ryi

State

Name

LPA Corn Sorghum Oats I3at Icy Wheat Oilmeal

Indiana 12 48637.00 0.00 14998.73 7130.64 2863.87 602434.64
Iowa 12 4933324.23 0.00 1522630.94 726384.52 289240.17 61267565.80
Iowa 15 2884300.21 0.00 890216.12 424685.45 169106.15 35820482.23
Iowa 16 427945.06 0.00 132081.81 63010.79 25090.36 5314702.77
Kansas 15 2023683.64 0.00 624029.62 297314.79 118925.92 24910996.09
Kansas 17 3011875.33 0.00 928751.60 442497.57 176999.03 37075367.53
Kansas 18 7748292.18 0.00 2389288.40 1138360.68 455344.27 95379372.91
Kentucky 6 113862.07 25817.32 12523.54 15225.40 9141.25 13719.43
Kentucky 8 3355540.16 760842.16 369071.46 448695.95 269394.71 404314.67
Kentucky 9 31053.29 7041.09 3415.51 4152.38 2493.07 3741.66
Kentucky 13 68888 34 15619.88 7576.94 9211.61 5530.60 8300.47
Louisiana 14 1176360.57 266465.18 129257.68 157826.52 94348.49 141600.70
Louisiana 19 66886.70 15150.95 7349.46 8973.86 5364.56 8051.28
Maine 1 153262.20 34718.01 16867.59 20560.58 12241.45 72197.91
Maryland 2 19099.52 4330.36 2097.76 2559.54 1525.57 0.00
Maryland 3 465659.88 105577.28 51144.96 62403.29 37194.54 0.00
Massachusetts 1 75714.51 17141.06 8301,17 10158.12 6098.95 84683.39
Michigan 7 995706.11 812488.19 97209.60 143603.98 93274.58 21733049.82
Michigan 10 22497.13 18357.47 2196.37 3244.61 2107.46 491039.62
Michigan 11 23330.35 19037.38 2277.71 3364.78 2185.51 509226.27
Minnesota 10 2154610.84 1755910.87 211537.51 310170.45 201113.93 47293224.31
Minnesota 11 540449.22 440441.79 53060.76 77801.23 50446.17 11862739.00
Minnesota 12 76351.55 62223.08 7496.12 10991.31 7126.74 1675899.42
Minnesota 16 222766.88 181544.98 21871.03 32068.76 20793.32 4889683.00
Mississippi 9 129622.51 105792.40 12694.65 18629.13 12157.96 2856273.36
Mississippi 13 14221.00 11606.58 1392.74 2043.82 1333.86 313364.31
Mississippi 14 817034.97 666829.34 80016.73 117422.93 76633.91 18003626.65
Missouri 12 286335.06 233509.00 27898.30 41067.68 26708.43 6328114.95
Missouri 13 589478.66 480725.53 57434.29 84546.13 54984.71 13027705.24
Missouri 15 1883441.84 1535964.97 183508.17 270133.14 175681.52 41624789.09
Missouri 18 189612.20 154630.57 18474.36 27195.18 17686.43 4190502.49



Table B3. Continued.

StJtte

Nitme

Cora Sorghum Oats Uatlcy Wheat Oilmea!

Montana 16 39590.58 7697.16 6426.00 3227.53 1453.71 852742.65

Montana 22 1113437.98 216473.53 180723.57 90770.32 40883.79 23982371.78

Montana 25 732237.24 142360.85 118850.38 59693.86 26886.66 15771678.29

Nebraska 15 3931063.61 4099364.48 363514.72 183378.88 83965.12 48939415.10

Nebraska 16 572243.44 596742.93 52916.70 26694.39 12222.77 7124092.07

Nebraska 17 7220219.37 7529339.07 667670.71 336813.61 154219.48 89887457.35

Nebraska 23 716548.30 747225.93 66260.91 33426.02 15305.03 8920602.25

Nevada 27 226247.00 44054.61 36568.13 18447.18 8446.55 4923109.19

Nevada 28 12513.88 2436.69 2022.61 1020.33 467.18 272300.51

Nevada 30 82932.57 16148.56 13404.33 6761.96 3096.15 1804603.37

New Hampshiro 1 22771.19 4402.64 3697.48 1882.63 847.96 490376.48

New Jersey 2 37867.30 7362.12 6146.29 3087.04 1390.43 815624.93

New Mexico 21 924080.04 132284.97 200758.47 85276.21 28516.06 19709795.30

New Mexico 24 416202.13 59580.65 90420.85 38408.08 12843.52 8877216.84

New Mexico 28 124186.98 17777.76 26979.90 11460.26 3832.27 2648796.58

New York 1 16992.48 2430.38 3680.46 1568.81 531.26 363067.85

New York 2 655955.13 93819.07 142075.71 60560.30 20508.08 14015391.50

New York 6 85645.12 12249.53 18550.19 7907.09 2677.65 1829926.80

North Garolin 3 252335.44 36119.11 54902.48 23062.92 7885.14 5423143.40

North Carolin 4 398748.85 57076.62 86758.72 36444.79 12460.35 8569831.27

North Garoiin 6 49458.31 7079.43 10761.01 4520.38 1545.50 1062948.15

North Dakota 10 455341.45 65054.63 98728.28 41936.83 14023.52 9801831.57

North Dakota 16 1127904.20 161143.66 244555.02 103879.69 34736.99 24279641.21

Ohio 6 757502.20 130021.90 104372.30 59625.33 16914.35 20635510.52

Ohio 7 145038.25 24895.17 19984.07 11416.41 3238.58 3951062.24

Oklahoma 14 280173.93 48185.20 38468.29 21696.65 6318.21 7668999.38

Oklahoma 18 2419764.88 416158.83 332237.30 187386.43 54568.16 66234482.96

Oklahoma 21 268005.36 46092.41 36797.53 20754.32 6043.79 7335917.83

Oregon 26 261101.36 44568.66 35776.54 20438.26 5797.87 7073401.63

Oregon 29 573377.88 97872.66 78565.18 44882.36 12732.11 15533170.45

Oregon 30 66491.65 11349.78 9110.80 5204.77 1476.48 1801301.04
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Table B3. Continued.

Sumo

Nanjc

LPA Com Sorghum Oats Dai ley Wheat Oitoeal

Pennsylvania 2 695938.03 743261.82 58888.64 102971.54 80696.06 15856169.66

Pennsylvania 3 35299.65 37700.03 2986.97 5222.96 4093.10 804263.14

Pennsylvania 6 338448.81 361463.33 28638.74 50077.15 39244.13 7711177.50

Rhode Island 1 3018.74 3224.96 254.59 448.08 346.92 68498.99

South Carolin 4 612181.56 442883.56 48927.12 89050.75 31602.29 11838361.17

South Dakota 10 106416.39 77074.93 8507.91 15445.28 5513.89 2052838.06

South Dakota 16 4480496.99 3245120.25 358212.32 650299.62 232153.59 86431560.94

Tennessee 4 517002.56 374179.04 41668.65 74942.26 26826.41 9893817.90

Tennessee 8 568486.80 411440.60 45818.11 82405.17 29497.84 10879065.79

Tennessee 9 462098.04 334442.06 37243.53 66983.56 23977.50 8843116.49

Tennessee 13 252560.79 182790.11 20355.54 36610.03 13104.96 4833226.50

Texas 14 761948.54 551594.26 61611.90 110812.76 39419.79 14654340.20

Texas 18 1363225.33 986874.08 110231.72 198258.48 70527.15 26218526.06

Texas 19 5515844.89 3993062.82 446016.54 802188.03 285365.02 106084680.18

Texas 20 4773773.27 3455857.97 386011.92 694266.04 246973.57 91812627.11

Texas 21 4092988.81 2963020.49 330963.03 595257.24 211752.84 78719292.71

Texas 24 56317.94 40770.01 4553.92 8190.51 2913.64 1083146.88

Utah 23 157363.25 113870.12 12527.77 22862.43 8147.56 3048291.77

Utah 24 80342.33 58136.77 6396.10 11672.49 4159.76 1556315.54

Utah 27 634659.53 459247.99 50525.59 92206.17 32859.81 12294023.30

Utah 28 25314.57 18317.95 2015.31 3677.81 1310.67 490369.81

Vermont 1 140923.24 102115.15 11466.57 20459.97 7239.68 2720414.32

Vermont 2 6040.20 4376.82 491.48 876.95 310.30 116601.34

Virginia 3 1134721.85 821789.81 91297.68 165338.18 58777.72 21913610.14

Virginia 4 190960.89 138297.96 15364.37 27824.55 9891.63 3687813.55

Virginia 6 208139.71 150739.22 16746.55 30327.64 10781.48 4019568.66

Washington 25 65521.69 47455.85 5238.41 9509.82 3394.96 1263954.02

Washington 26 117172.50 84865.33 9367.85 17006.42 6071.21 2260330.04

Washington 29 1642422.61 1189568.67 131310.44 238381.32 85100.90 31683348.93

West Virginia 3 108939.38 89227.28 11158.77 17328.08 16086.22 1935724.25

West Virginia 6 320801.77 262754.09 32860.04 51027.28 47370.27 5700268.83

-4



Table B3. Continued.

State

Naine

LPA Com Sorghum Oats Barley Wheat Oilmeai

Wisconsin 10 205197.37 168213.02 20973.12 32680.34 30420.28 3622696.35

Wisconsin 11 1974863.38 1618918.06 201849.83 314522.62 292771.26 34865604.33

Wisconsin 12 1046313.01 857727.70 106943.15 166638.93 155114.72 18472333.74

Wyoming 16 175219.57 143415.78 17822.77 27913.42 25935.81 3101134.88

Wyoming 22 510865.58 418139.29 51963.59 81383.63 75617.77 9041587.51

Wyoming 23 736065.82 602463.83 74870.23 117259.24 108951.67 13027308.40

Wyoming 26 14075.01 11520.28 1431.66 2242.23 2083.37 249107.56

Source: Cenelerfor Agricultural and Rural Development; Technical Report 89-TR12.
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Table C1. Feedstuffs required for pork production, by state.

CA
O

StateComSorgltumOatsBarleyWheatOilmealLegumeGlhcrCom SilageSorghum
MaineHayHaySilage

poundi per hundred weight (iivev\eig
Alabama318.110.007.675.003.5634.000.000.000.000 00

Arizona301.890.007.224.893.4450.440.000 000.000.00

Arkansas339.890.008.225.443.89:i4::36.33 :0.000.000.000.00

Califomi298.780.007.224M3.4447.56;0.000.000.000.00

Colorado311.110.006.784.443.110.000.000.000.00

Connecticut320.000.007.673.560.000 000.000.00

Delaware392.890.007.000 4.^1:^3.330.000.000.000.00

Florida285.330.006.893.2230.440.000.000.000.00

Georgia333.330.006.784.443.2240.440.000.000.000.00

Idaho294.440.006.22:; 4;22:-:3.00l:;-:-:-27.89:i0.000.000.000.00

Illinois403.330.006.89IM3.220.000.000.000.00

Indiana405.560.006.44::-:-:456^3.3343.330.000.000.000.00

Iowa382.220.006.894.893.4432.220.000.000.000.00

Kansas333.330.006.56:4;67 -3.330.000.000.000.00
Kentucky322.118.567.005.113.8933 780.000.000.000.00

Louisiana315.676.895.003.7833.000.000.000.000.00

Maine319.338.447.005.003.890.000.000.000.00

Maryland318.118.446.895.003.78i::l::33.22:0.000.000.000.00

Massachussets311.118.22::;6.894.893.7832.440.000.000.000.00

Michigan298.4432^328.227.004.7842.560.000.000.000.00

Minnesota333.338.006.894.6741.110.000.000.000.00

Mississippi282.6731.677.786.674.5640.330.000.000.000.00

Missouri333.3330.337.566:3.3 4.3338.670.000 000.000.00

Montana282.5612.444.564.223.56::;:;:;:J:;::32;22 :0.000.000.000.00

Nebraska333.3312.784.674.223.67l&-S5.67:^0.000.000.000.00

Nevada267.6711.784.223.893.4430.440.000.000.000.00

New Hampshire282.7812.444.564 223.560.000 000.000.00

New Jersey294.4412.894.783.78w^-33M:0.000.000.000.00

New Mexico274.5611.335.564.114.1150.220.000.000.000.00

New York277.4411.445.56:y:4.1131.780.000.000.000.00

North Carolina333.3312.116.004.334.3333.780.000.000.000.00



Table C1. Continued.

State Com Sorghum Oats Barley Wheat Otlmcal Legume other Com Silage Sorjium
Htunc Hay Hav Silage

pounds per hundred weight (liveweig11}
North Dakota 388.89 11.44 5.56 4.22 4.11 44.89 0.00 0.00 0.00 0.00

Ohio 333.33 12.11 4.33 4.00 3.56 mmm: 0.00 0.00 0.00 0.00
Oklahoma 275.00 12.67 4.56 4.11 3.56 44.44 0.00 0 00 0.00 0.00

Oregon 333.33 12.78 4.56 4.11 3.67 34.78 0.00 0 00 0.00 0.00
Pennsylvania 333.33 34.89 8.78 5.78 4.22 42.78 0.00 0.00 0.00 0.00
Rhode Island 238.78 33.00 8.22 5.56 4.00 40.33 0.00 0 00 0.00 0.00
South Carolina 274.22 20.89 9.11 ;:;:.r:;;5,56: 14.33 36.44 0.00 0.00 0.00 0.00

South Dakota 333.33 22.67 9.89 6.11 15.56 39.67 0.00 0.00 0.00 0.00

Tennessee 277.11 21.11 9.22 5.67 14.56 36.89 0.00 0.00 0.00 0.00

Texas 267.67 8.89 5.56 14.00 35.67 0.00 0.00 0.00 0.00
Utah 270.22 20.56 8.89 5.56 14.11 36.00 0.00 0.00 0.00 0.00

Vermont 249.44 19.00 8.22 5.11 13.00 33 22 0.00 0.00 0.00 0.00
Virginia 297.11 ^22;56::: 9.89 6.11 15.56 39.67 0.00 0.00 0.00 0.00

Washington 285.56 21.78 9.44 5.89 14.89 38.00 0.00 0.00 0.00 0.00
West Virginia 333.33 16.00 6.56 : : 5.22 3.67 33.33 0.00 0.00 0.00 0.00

Wisconsin 333.33 16.00 6.56 5.22 3.67 33.33 0.00 0.00 0.00 0.00
Wyoming 280.56 16.22 6.67 5.33 3.78 33 78 0.00 0.00 0.00 0.00

Source: Center for Agricultural and Rural Development; Technical Report 89-TRI2.
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Table C2.

bJ

State LPA Com Sorghum Oats Barley Wheat Oil meal
Name

bushclls per cwt
Alabama 9 2013889.68 0.00 84975.12 36929.65 21035.13 52106742.44
Arizona 24 108646.96 0.00 4547.20 2053.17 1155.48 4394409.94
Arizona 28 224932.89 0.00 9414.11 4250.69 2392.21 9097791.29
Arkansas 13 1268063.55 0.00 53667.64 23678.18 13545.31 32811393.96
Arkansas 14 264179.91 0.00 11180.76 4932.95 2821.94 6835707.08
Arkansas 18 1263311.II 0.00 53466.50 23589.44 13494.55 32688423.57
California 30 175502.83 0.00 7421.78 3275.72 1885.94 6762870.94
California 31 462921.44 0.00 19576.32 8640.33 4974.52 17838332.91
Colorado 17 113442.06 0.00 4326.41 1888.82 1058.42 3922751.89
Colorado 18 12513.71 0.00 477.24 208.35 116.75 432715.93
Colorado 23 986010.33 0.00 37604.10 16417.13 9199.51 34095588.89
Colorado 24 57539.68 0.00 2194.43 958.04 536.85 1989684.47
Connecticut I 18469.88 0.00 774.72 344.10 191.78 478135.20
Delaware 2 30122.23 0.00 939.19 417.71 577394.69
Delaware 3 108689.89 0.00 3388.86 1507.24 859.80 2083410.35
Florida 4 6980.43 0.00 294.98 130.15 180275.13
Florida 5 172421.63 0.00 7286.21 3214.81 1816.09 4452927.25
Florida 9 75358.03 0.00 3184.49 1405.06 793.73 1946181.86
Georgia 4 1901052.24 0.00 67668.63 29542.65 17140.06 55832547.69
Georgia 5 559549.65 0.00 19917.37 8695.49 16433574.02
Georgia 9 1080851.61 0.00 38473.30 16796.60 9745.06 31743840.45
Idaho 25 10276.41 0.00 379.90 171.83 97.72 235640.43
Idaho 26 155924.44 0.00 5764.29 2607.21 1482.78 3575382.76
Idaho 27 4787.68 0.00 176.99 80.05 109782.56
Illinois 8 3507662.61 0.00 104861.14 46266.74 26136.65 91222637.98
Illinois 11 423338.59 0.00 12655.65 5583.92 3154.42 11009628.72
Illinois 12 17102879.09 0.00 511288.44 225590.25 127438.70 444789000.37
Illinois 13 3156896.35 0.00 94375.02 41640.07 23522.99 82100374.18
Indiana 6 999738.48 0.00 27781.47 13114.23 7661.47 25856910.66
Indiana 7 2029504.45 0.00 56397.36 26622.36 15553.06 52490442.32
Indiana 8 13825005.49 0.00 384179.44 181351.78 105947.62 357565441.28



 

Table C2. Continued.

State LPA Com Sorghum Oats Barley r Wheat Oilmcat

Name

bushclls per cwl
Indiana 11 307340.10 0.00 8540.59 4031.58 2355.29 7948944.27

Indiana 12 501635.56 0.00 13939.82 6580.29 3844.27 12974138.92

Iowa 12 42169641.02 0.00 1330282.16 629422.33 354227.04 860535284.48
Iowa 15 12365747.37 0.00 390089.47 184570.64 103872.88 252341771.86
Iowa 16 2266391.00 0.00 71495.50 33828.06 19037.80 46249135.04

Kansas 15 1753609.11 0.00 60394.90 28663.03 16350.81 70605456.03

Kansas 17 1462806.85 0.00 50379.57 23909.82 13639.35 58896902.35

Kansas 18 2280791.28 0.00 78551.24 37279.91 21266.31 91831359.58

Kentucky 6 28924.23 768.65 1100.00 535.33 326.02 734300.49

Kentucky 8 2385196.77 63386.06 90710.19 44145.63 26884.77 60553088.69

Kentucky 9 48645.29 1292.74 1850.00 900.34 548.31 1234959.92

Kentucky 13 166708.71 4430.25 6340.01 3085.47 1879.06 4232241.01

Louisiana 14 146156.35 3856.82 5582.67 2700.85 1633.48 3698749.89

Louisiana 19 2452.04 64.71 93.66 45.31 27.40 62053.25

Maine 1 41193.05 1088.75 1580.23 752.49 468.35 1040821.29

Maryland 2 5917.87 157.01 224.31 108.52 65.63 149604.42

Maryland 3 542033.12 14381.06 20544.98 9939.52 6011.42 13702656.76

Massachusetts 1 58869.32 1555.42 2281.56 1079.52 667.58 1485978.68

Michigan 7 3521459.60 393279.21 169736.62 96363.04 52641.75 121569309.08

Michigan 10 4239.32 473.45 204.34 116.01 63.37 146351.50
Michigan 11 7065.53 789.08 340.56 193.34 105.62 243919.16

Minnesota 10 10994558.15 1066372.86 461776.06 265136.42 143766.28 328252094.30

Minnesota 11 2302048.34 223277.90 96687.00 55514.45 30101.89 68729654.91

Minnesota 12 1107021.23 107371.06 46495.36 26696.08 14475.55 33051081.54

Minnesota 16 1035998.95 100482.54 43512.39 24983.36 13546.86 30930649.53
Mississippi 9 86924.20 9738.88 4186.77 2392.95 1308.77 3002242.98

Mississippi 13 10595.24 1187.08 510.33 291.68 :;:;159.53 365945.04

Mississippi 14 334939.25 37526.18 16132.59 9220.60 5042.99 11568344.22
Missouri 12 1272415.08 115778.21 50502.66 28190.64 15426.91 35734295.67

Missouri 13 1414023 67 128663.30 56123.16 31328.01 17143.79 39711208.10

Missouri 15 3943730.57 358843.63 156528.23 87374.22 47814.27 110755080.64

in
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Table C2. Continued.

State Corn Sorghum Dats Bai ley Wheat Oiimcal
Maiite

bushelis per cwt
Missouri 18 244034.23 22204.90 9685.82 5406.63 2958.70 6853417.05
Montana 16 7178.49 316.04 202.73 125.08 198154.74
Montana 22 374203.38 16474.70 10568.17 6520.13 4400.32 10329497.76
Montana 25 277195.00 12203.80 7828.48 4829.85 3259.58 7651681.82
Nebraska 15 8213313.82 314901.60 201371.94 121311.86 84400.86 332064069.89
Nebraska 16 1466245.92 56216.43 35949.04 21656.67 15067.29 59280285.59
Nebraska 17 4674754.19 179231.87 114614.43 69046.81 48038.25 189000193.41
Nebraska 23 249729.14 9574.71 6122.80 3688.54 2566.24 10096542.67
Nevada 27 8959.45 394.30 247.19 151.91 107.47 246650.94

Nevada 28 271.98 11.97 7.50 4.61 3.26 7487.46
Nevada 30 22393.87 985.54 617.85 379.69 268.61 616496.75
New Hatnpshire 1 16635.27 731.82 469.44 289.63 195.46 458842.29
New Jersey 2 18029.77 789.31 512.22 301.48 216.03 497475.90
New Mexico 21 53621.32 2212.74 1900.26 936.46 2374288.95
New Mexico 24 13410.39 553.39 475.24 234.20 187.36 593796.37
New Mexico 28 18.94 16.26 8.02 6.41 20321.16
New York 1 2242.30 92.46 78.64 38.75 31.00 62177.65
New York 2 203261.69 8381.32 7128.52 3512.98 2810.38 5636337.48
New York 6 33038.07 1362.30 1158.67 571.00 456.80 916128.08
North Carolina 3 11434597.96 415423.10 360193.44 173293.07 138634.45 280519330.04
North Carolina 4 2214249.59 80444.49 69749.56 33557.29 26845.83 54321088.76
North Carolina 6 10927.82 397.01 344.23 165.61 268086.80
North Dakota 10 509168.44 14978.24 12739.36 6446.05 5022.42 14227905.08
North Dakota 16 443082.24 13034.18 11085.89 5609.41 4370.55 12381231.03
Ohio 6 4489304.74 163098.07 102054.14 62850.89 44749.84 108308106.52
Ohio 7 2215152.76 80477.30 50356.46 31012.45 22080.86 53442351.25
Oklahoma 14 52075.37 2399.25 1511.13 908.01 629.20 2037184.69
Oklahoma 18 667259.12 30742.45 19362.65 11634.57 8062.11 26103126.50
Oklahoma 21 52152.52 2402.81 1513.37 909.35 630.13 2040202.74
Oregon 26 22009.71 843.86 526.92 316.61 226.17 555937.80
Oregon 29 210861.96 8084.53 5048.09 3033.28 2166.84 5326109.08
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Table C2. Continued.

State LPA Corn Sorghum Oats Barley Wheat Oilmeal

Maine

jushells per cwt
Oregon 30 .; 1523.57 58.41 36.47 21.92 15.66 38483.45

Pennsylvania 2 2218092.76 232170.09 102244.01 44872.47 26209.25 68913250.21

Pennsylvania 3 128493.50 13449.55 5922.97 2599.45 1518.29 3992125.61

Pennsylvania 6 286477.32 29985.88 13205.30 5795.49 3385.05 8900476.76

Rhode Island 1 8345.51 1153.37 502.76 226.71 130.48 341224.30

South Carolina 4 1079229.71 82215.41 62743.85 25529.15 52637.80 34717607.18

South Dakota 10 169311.83 11515.01 8791 18 3620.77 7376.65 4877887.33

South Dakota 16 6367824.64 433080.08 330636.68 136177.29 277436.16 183457530.86

Tennessee 4 185911.39 14162.57 10824.87 4437.96 9117.00 5991272.96

Tennessee 8 503195.59 38333.00 29299.05 12011.98 24676.46 16216231.42

Tennessee 9 545385.81 41547.02 31755.62 13019.12 26745.44 17575874.54

Tennessee 13 480556.93 36608.41 27980.90 11471.56 23566.27 15486666.81

Texas 14 26483.37 2011.46 1539.26 641.79 1292.82 854344.99

Texas 18 55893.85 4245.23 3248.66 1354.52 2728.53 1803117.58

Texas 19 513219.79 38979.93 29829.33 12437.28 25053.51 16556306.56

Texas 20 548623.88 41668.93 31887.08 13295.25 26781.80 17698430.91

Texas 21 246016.55 18685.38 14298.96 5961.92 12009.62 7936415.28

Texas 24 3624.04 275.25 210.64 87.82 176.91 116910.37

Utah 23 11869.40 903.10 683.36 284.93 382798.70

Utah 24 6278.55 477.71 361.48 150.72 305.99 202488.70

Utah 27 70653.75 5375.77 4067.78 1696.05 3443.35 2278645.98

Utah 28 509.07 38.73 29.31 12.22 24.81 16418.00

Vermont 1 16128.31 1228.50 930.11 385.47 784.52 519971.00

Vermont 2 176.09 13.41 10.15 4.21 ■Vr;8.5i: 5677.00

Virginia 3 1220081.83 92642.61 71073.23 29272.49 59637.31 39435789.75

Virginia 4 23388.97 1775.96 1362.47 561.15 1143.25 755984.17

Virginia 6 41637.51 3161.60 2425.50 998.98 . 2035.23 1345817.98

Washington 25 12999.04 991.45 752.01 312.81 632.62 418749.34

Washington 26 22745.08 1734.79 1315.83 547.33 1106.93 732706.96

Washington : 29 93857.47 7158.62 5429.77 2258.57 4567.76 3023512.15

West Virginia 3 70723.30 3394.75 2435.73 1292.13 726.76 1711906.72

(/I



Table C2. Continued.

Source: Centerfor Agricultural and Rural Development; Technical Report 89-TR12.

State

Ndtne

LPA Com Sorghum Oats Barley Wheat Oilmcat

bushells per cwt
West Virginia 6 51614.19 2477.51 1777.61 943.00 1249357.28
Wisconsin 10 84279.93 4045.48 2902.63 1539.81 866.07 2040054.30
Wisconsin 11 2271079.46 109012.90 78216.76 41493.04 54973057.30
Wisconsin 12 1716134.80 82375.29 59104.27 31354.10 17635.18 41540236.02
Wyoming 16 6663.69 385.25 277.24 147.69 194225.18
Wyoming 22 2000.79 1439.84 767.05 1008709.37
Wyoming 23 48900.15 2827.06 2034.46 1083.82 614.91 1425281.64
Wyoming 26 0.00 0.00 0.00 0.00 0.00 0.00
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Table Dl. Feedstuffs required for milk production, by state.

VI
00

StateComSorghumOatsBarleyWheatOilmcaiLegumeOtherComSorghum .
NtunciiiiiiIiiiiiSibgeSilage

Pounds per hundred weight (livewcight)
Alabama26.560.006.222.110.6714.3338.67104.000.00

Arizona27.110.006.330.6713.8936.4487.780.00
Arkansas26.440.006.222.110.6711.8933.78114.110.00

California27.110,006.332.110.6713.6716.11105.220.00

Colorado27.890.006.562.220.672.788.5620^44139.890.00

Connecticut27.220.006.332.110.67mmw.26.4426.0086.330.00
Delaware27.000.006.332.110.672.6732.1122.89105.220.00

Florida28.890.006.670.672.8924.6720.7869.330.22
Georgia26.220.006.112.000.672.5613.6715.1185.330.00

Idaho26.220.006.112.000.562.5610.7818.3372.000.00

Illinois26.560.006.222.110.672.6741.787.4473.440.00

Indiana27.220.005.780.672.5647.6710.0053.440.00
Iowa26.220.005.672.110.672.5641.899.1159.220.00

Kansas27.110.005.782,22:;0.6717.3318.6729.330.00
Kentucky27.330.675.33;;i.::....:2,44;:0.7815.67:iL2228.671.00

Louisiana28.330.675.562.560.7823.1128.440.89

Maine28.670.675.670.7823.44EMn:.39.440.44

Maryland29.110.785.67;:;::::;2.56;0.786.3319 006.781.56

Massachussets27.890.675.442:44;0.7850.5628.3329.110.00

Michigan26.116.563.000.8932.0015.1130.112.44
Minnesota24.896.22^;;:::;;;;2^89:;0.782.8924.7810.2229.224.11

Mississippi26.226.563.000.8913.89E&:..15.7814.56
Missouri26.226.563.000.892.33;;;;i3.3l:28.891.00

Montana26.565.002.000.67|kSS;:,:2;569.11:i34.33':;25.000.00

Nebraska27.225.112.110.670.78EMi.30.224.89

Nevada26.335.002.000.674.8919.3316.890.78
New Hampshire27.225.110.671.6710.8912.560.56

New Jersey27.225.110.670.0015.0020.563.11

New Mexico35.000.787.000.893.440.118.679.332.78

New York34.560 787.00,2.56:;0.893.440.002.891.440.00
North Carolina33.440.786.67v,;,:2.56;0.783.330.0016.677.332.56



Table Dl. Continued.

SO

Source: Center for Agricultural and Rural Development; Technical Report 89~fR}2.

StateComSorghumOatsBarleyWheatOilmealLeguntc(^therComSorghum
Name11 ayHaySdageSilage

Poundsper hundred weight (liveweight)
North Dakota37.560.787.562.780.890.3314.229.785.11

Ohio33.221.566.222.560.892.0014.000.561.67
Oklahoma31.221.445.892.440.89■lli;Si3i33;0.3311.112.221.44
Oregon31.331.445.892.440.895.337.891.671.56
Pennsylvania27.673.896.443.111.003.891.004.892.220.67
Rhode Island26.443.676.113.001.00;5:osi;s3S78::-18.5610.229.110.00
South Carolina36.001.114.561.781.441.8951.677.8920.670.00
South Dakota32.441.114.221.671.4429.1118.3319.110.00
Tennessee32.001.004.11::;;s;;;v;:i;:56^1.33mmmm.13.897.0031.331.44
Texas29.334.33x;;::;;;;:;;;;;:l:6751.448.782.890.67
Utah20.781.003.89J;!;s|;i:v56;:1.331.6720.44:::iii=44:4.221.33
Vermont28.003.671.2236.3326.110.00
Virginia27.781.004.11sl-ysi-se;;1.331.7819.220.330.00
Washington15.891.003.781.561.221.5624.679.0016.330.00
West Virginia30.784.442.110.672.2216.33sjll;56:-7.110.00
Wisconsin31.444.442.110.672.2221.89:-:ii^56:;11.440.67
Wyoming17.564.222.000.672.110.000.000.000.00



Table D2. Milk Production Projected for the year 2005.

o

State

Name
iiiiiiiComSorghumOatsBarleyWheatOilmeal

buslxeils jjer cwt
Alabama9281.220.00115.2526.066.626843.56
Arizona249.930.004.060.900.23236.63

Arizona28972.750.00397,4888.3323192.09
Arkansas13185.430.0076.3417.264.394533.08

Arkansas1446.060.0018.964.291.091125.90

Arkansas18198.950.0081.9018.524863.48

California301823.680.00745.18165.6042.0743479.73
California3110407.570.004252.67945.04240.07248134.84

Colorado1757,480.0023.665.341.291386.96
Colorado182.230.000.920.210.0553.79

Colorado23705.280.00290.3065.5015.8117018.13
Colorado2431.130.0012.812.890.70751.11

Connecticut1298.090.00121.3126.966.857078.30
Delaware258.380.0023.955.321.351397.65

Delaware316.660.00WSIUMM4,;1.520,39398.81

Florida4i;:liiiiiii^:S54i5|l0.0022.034.891.181320.59

Florida51361.360.00550.04122.0529.4732967.13
Florida998.920.0039.978.872395.41

Georgia4wimiMiMM::0.00213.6146.6112.4912380.62

Georgia533.510.00liiiliiiiiii5;67;:;'2.980.80792.07

Georgia9246.320.00100.4521.925.875821.82
Idaho2530.970.0012.632.760.62732.03

Idaho261457.650.00594.43129.7229.0634452.26
Idaho27167.610.0068.3514.923.343961.56

Illinois8109.190.0044.7510.122.572657.08
Illinois11177.810.0072.8716.484.194327.14

Illinois12856.580.00351.0579.3920.1720845.37
Illinois13325.940.00133.5830.217931.90

Indiana681.300.0030.217.741850.99
Indiana7440.820.00163.8141.9410.1310036.18

Indiana8694.200.00257.9666.0515804.87
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State

Name

iiiiiii Com Sofghutn Oats Bat ley Wheat Oilineai

bushclls per cwt
Indiana 11 60.43 0.00 22.46 5.75 1.39 1375.86
Indiana 12 3.58 0.00 1.33 0.34 0.08 81.62

Iowa 12 1826.44 0.00 691.19 171.48 43,56 43168.78
Iowa 15 243.33 0.00 92.08 22.85 5.80 5751.28

Iowa 16 156.51 0.00 59.23 14.69 3.73 3699,13
Kansas 15 241.86 0.00 90.24 23.11 5.58 5528.85
Kansas 17 1.07 0.00 0.40 0.10 0.02 24.44
Kansas 18 314.78 0.00 117.45 30.07 7.26 7195.61
Kentucky 6 38.61 0.95 13.18 4.02 1.03 875.42
Kentucky 8 1159.92 28.44 395.87 120.82 30.90 26301.69
Kentucky 9 9.34 0.23 3.19 0.97 0.25 211.89
Kentucky 13 21.64 0.53 7.39 2.25 0.58 490.68

Louisiana 14 491.54 11.62 168.82 51.82 12.63 10752.54
Louisiana 19 59.33 1.40 20.38 6.25 1.52 1297.82
Maine I 376.04 8.79 130.15 39.17 8128.46
Maryland 2 5084.29 136.23 1733.04 521.65 127.15 108239.32
Maryland 3 806.96 21.62 275.06 82.79 20.18 17179.38
Massachusetts I 271.37 6.52 92.63 27.70 7.08 6029.97
Michigan 7 2736.60 232.68 1203.22 366.84 87.06 78908.14
Michigan 10 52.99 4.51 23.30 7.10 1.69 1527.84

Michigan 11 90.14 7.66 39.63 12.08 2598.99
Minnesota 10 3705.88 314.16 1620.67 502.01 108.39 104164.66
Minnesota II 1121.63 95.08 490.52 151.94 31526.70
Minnesota 12 110.29 9.35 48.23 14.94 3100.05

Minnesota 16 121.42 10.29 53.10 16.45 3412.90
Mississippi 9 66.49 5.63 8.88 2.11 1909.16

Mississippi 13 0.78 4.04 1.23 0.29 264.77
Mississippi 14 328.73 27.83 143.93 43.88 10.41 9438.95

Missouri 12 liiiiiiiiiSiSl;;: 6.38 10.06 2.39 2162.99
Missouri 13 3n.i\ 32.07 165.81 50.55 12.00 10874.17
Missouri 15 973.43 82.42 426.20 129.94 30.84 27950.44



Table D2. Continued.

OS

Suite

Niimc

l.PA Com Sorghtim Oats Barley Wheat Oilmcal

bushells per cwt
Missouri 18 158.43 13.41 69.37 21.15 5.02 4549,12

Montana 16 1.18 0.05 0.39 0.10 0.03 27.60

Montana 22 52.13 2.18 17.17 4.58 1216.26
Montana 25 123.27 5.15 40.61 10.83 2.90 2876.25

Nebraska 15 351.22 15.74 115.39 31.76 8.07 8339,95

Nebraska 16 75.06 3.36 24.66 6.79 1.72 1782.38

Nebraska 17 264.19 11.84 86.79 23.89 6.07 6273.25
Nebraska 23 9.73 0.44 3.20 0.88 0.22 231.11

Nevada 27 13.37 0.56 4.44 1.18 0.32 314.60

Nevada 28 62.01 2.61 20.61 5.50 1.47 1459.52

Nevada 30 110.78 4.67 36.82 9.82 2607.50

New Hampshire 1 179.67 8.05 59.02 16.25 4.13 4090.47

New Jersey 2 200.37 8.98 65.83 18.12 4.60 4757,94

New Mexico 21 635.07 14.15 222.28 54.19 15.07 15110.22

New Mexico 24 840.22 18.72 294.08 71.70 19.94 19991.22

New Mexico 28 12.35 0.28 1.05 293.78

New York 1 235.67 5.32 83.54 20.37 ,:£1::.:::-:v:::;;5.66- 5678.72

New York 2 7029.02 158.64 2491.48 607.45 168.95 169369.86

New York 6 806.29 18.20 285.79 69.68 ■19.38 ; 19428 23
North Carolina 3 292.79 6.83 102.20 26.15 7058.25
North Carolina 4 699.53 16.32 244.18 62.48 16863.34
North Carolina 6 57.87 1.35 20.20 5.17 1394.94
North Dakota 10 218.47 4.54 WISUMS::: 18.86 5167.55
North Dakota 16 565.13 11.74 199.06 48.80 13367.43
Ohio 6 2672.75 125.51 875.76 240.30 69337.01
Ohio 7 532.75 25.02 174.56 47.90 13820.83
Oklahoma 14 46.48 2.14 4.24 1200.12
Oklahoma 18 736.40 33.97 243.13 67.15 19014.26
Oklahoma 21 15.73 0.73 ;s^i|iiiiil;i:5ii9- 1.43 0.42 406.23
Oregon 26 119.25 5.48 ::;:S:;;iii'iiiJ9.23:: 10.83 3.16 3169.54
Oregon 29 927.39 42.63 305.11 84.26 24650.09
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9\

State

Name
iiiiiii Com Soiglnim OaLs Barley Wheat Oilmeal

bashells per cwt
Oregon 30 33.48 1.54 11.02 3.04 0.89 890.00

Pennsylvania 2 4057.49 570.42 1652.62 532.05 136.86 138087.47

Pennsylvania 3 367.76 51.70 149.79 48.22 12.40 12515.72

Pennsylvania 6 1375.31 193.35 560.16 180.34 46.39 46805.63

Rhode Island 1 18.28 2.54 7.39 2.42 0.65 632.75
South Carolina 4 313.25 9.66 69.44 18.07 11.69 3981.12

South Dakota 10 81.67 2.79 18.59 4.91 1084.86

South Dakota 16 1035.60 35.44 235.76 62.20 42.91 13755.89

Tennessee 4 600.21 18.76 134.91 34.14 23.28 8082.20

Tennessee 8 334.52 10.45 75.19 19.03 12.98 4504.47

Tennessee 9 349.46 10.92 78.55 19.88 13.56 4705.69

Tennessee 13 86.78 2.71 19.51 4.94 1168.58

Texas 14 702.12 26.57 181.39 46.64 10315.09

Texas 18 169.24 6.40 43.72 11.24 7.76 2486.41

Texas 19 1688.68 63.91 436.28 112.18 77.38 24809.15

Texas 20 626.67 23.72 161.90 41.63 28.72 9206.70

;T^XaS::i:;:s;:|:® 21 168.22 6.37 43.46 11.17 7.71 2471.43

Texas 24 43.50 1.65 11.24 2.89 1.99 639.08

Utah 23 30.60 1.47 10.02 2.68 595.28

Utah 24 6.03 0.29 1.98 0.53 0.36 117.32

Utah 27 316.31 24.85 169.14 45.22 30.84 10044.74

Utah 28 5.42 0.26 1.77 0.47 105.37

Vermont 1 1392.02 49.72 319.29 90.48 18774.52

Vermont 2 24.79 0.89 5.69 1.61 im'r 334.41

Virginia 3 885.24 31.87 229.20 58.00 13731.09

Virginia 4 123.48 4.44 31.97 8.09 'yW:Fy-i:52r 1915.30

Virginia 6 151.80 5.46 39.30 9.94 6.78 2354.52

Washington 25 36.77 2.31 15.31 4.21 873.95

Washington 26 4.29 0.27 1 79 0.49 yymy:yWi- 101.96

Washington 29 1491.14 93.84 620.76 170.79 106.85 35438.65

West Virginia 3 55.87 4.43 14.10 4.47 975.42
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Source: Centerfor Agricultural and Rural Development; Technical Report 89-TR12.
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