Chapter 3. Datasets and Methods

This chapter details the development and acquisition of the data used in the analyses described in subsequent chapters, as well as the methodology used to evaluate said data.  The primary objective of the research undertaken here was to determine the success of the current archaeological predictive model for the Kisatchie National Forest study area (defined below as USDA-owned lands or culturally surveyed privately held lands within the Forest boundaries).  The secondary objective, which proved merited, was to develop a new model for use on the Kisatchie National Forest.  An additional tertiary objective was to evaluate the effectiveness of a single model for the entire forest as compared to multiple models encompassing different site types (i.e., historic, prehistoric) or Forest districts.  A final objective was to evaluate the impact of varying dataset scales (e.g. 5-meter intervals vs. 30-meter intervals) for evaluating the environmental associations of known sites.

Analysis Study Area
[bookmark: _GoBack]As calculated within a GIS, the modern boundaries of the Kisatchie National Forest cover 416,057 hectares, yet 95.5 percent of all sites fall within a limited subset of the Kisatchie National Forest.  In an attempt to avoid coverage bias within this analysis, the study area has been limited to USDA-owned lands or archaeologically surveyed privately held lands.  Tables 3.1 and 3.2 show that 54.2 percent (n = 2,263) of all sites occur on non-systematically surveyed lands (78.9 percent of the total area is non-surveyed with 65.5 percent of the USDA-owned lands non-surveyed).  Therefore, the study area must include non-surveyed USDA-owned lands in addition to surveyed lands within the Forest.  The derived study area covers 248,709 hectares or 59.8 percent of the area within the Forest boundaries (see Table 3.3).

Table 3.1.  Kisatchie National Forest Ownership Areas and Surveyed Subsets.
	Ownership
	Area (m2)
	Area (hectares)
	Area (acres)
	% of Area

	USDA
	2459644657
	245964
	607792
	59.1

	surveyed
	759524920
	75952
	607792
	18.2

	non-surveyed
	1700119737
	170012
	607792
	40.9

	Private
	1700926505
	170093
	607792
	40.9

	surveyed
	27444811
	2744
	607792
	0.7

	non-surveyed
	1673481694
	167348
	607792
	40.2

	KNF Total
	4160571162
	416057
	1028100
	100.0




Table 3.2.  Sites by Surveyed or Non-Surveyed Area for the Entire Kisatchie 
National Forest Area.
	 
	Area (m2)
	% Area
	n sites
	% sites

	Surveyed
	879025603
	21.1
	1912
	45.8

	Non-Surveyed
	3284467747
	78.9
	2263
	54.2

	Total
	4163493350
	100.0
	4175
	100.0




Table 3.3.  Study Area and Total Area on the Kisatchie National Forest with 
Number of Archaeological Sites.
	 
	Area (m2)
	Area (hectares)
	Area (acres)
	% of Area
	n of Sites

	Study Area
	2487089459
	248709
	614573
	59.8
	3986

	KNF Total
	4160571162
	416057
	1028100
	100.0
	4175





Archaeological Site Data
	The location of archaeological sites within the state of Louisiana is managed by the State Site File Records.  Some 4,175 sites from the vicinity of the Kisatchie National Forest are curated within Louisiana’s database in the form of quad maps and site report forms as of February 2010.  Sites within the modern boundaries of Kisatchie National Forest have been extracted from this database and represent either prehistoric, historic, unknown, or multiple component (both prehistoric and historic) occupations.  Along with general temporal affiliation, eligibility to the National Register of Historic Places is an included field with 220 (5.3 percent) of the 4,175 sites judged eligible.  The 4,175 sites located on the Kisatchie National Forest in total represent 2,367 prehistoric sites (56.7 percent), 327 historic sites (7.8 percent), 31 multiple component sites (0.7 percent), and 1,450 sites (34.7 percent) with unknown or unreported cultural affiliations.
	
Table 3.4.  Site Types and National Register of Historic Places Eligibility by 
Temporal Category for the Kisatchie National Forest.
	Site Type
	n of sites
	% of sites
	NRHP eligible sites
	NHRP 
% of sites

	Prehistoric
	2367
	56.7
	124
	56.4

	Historic
	327
	7.8
	16
	7.3

	Multicomponent
	31
	0.7
	8
	3.6

	Unknown
	1450
	34.7
	72
	32.7

	Total
	4175
	 
	220
	 



	Greater temporal control of archaeological sites will aid future modeling efforts as patterns likely exist for the exploitation of the landscape within the prehistoric subset of sites.  This is no small undertaking due to the enormous quantity of archaeological sites.  The US Forest Service currently populates a relational database with assemblage data delineating temporal affiliation; however, this database exists for only a subset of the known archaeological sites.  For this study, categories of prehistoric, historic, unknown, and multi-component were used for modeling purposes. 

GIS Datasets
	A majority of the digital environmental data pertinent to this study was provided by the US Forest Service in the form of polygon and line datasets (Table 3.5).  This data was assembled and curated over numerous years and provides an extremely detailed digital representation of the Kisatchie National Forest with respect to environment, boundaries, and conducted archaeological work.  Supplemental to the provided data, other digital datasets were incorporated into this study.  Such independent variables include those related to the topography (e.g. DEM, LIDAR, DRG), the nature of the soil (e.g. slope, erosion, flooding, exposure), the hydrology (e.g. streams, rivers, lakes, wetlands), and the topology (e.g. distance to roads, property owners) along with additional digital datasets used for map display purposes only (Table 3.5).  The elements of the digital dataset employed within this study are discussed explicitly within the following section.
Table 3.5.  Digital Variables Used for Analysis Purposes with Source Information.
	Variable Description
	Type
	Source

	Soil Survey (texture, drainage, flooding freq.)
	Polygon
	NRCS - SSURGO database

	Roadways (highway, all)
	Line
	Kisatchie NF GIS Data Server

	Water Source
	Line
	Kisatchie NF GIS Data Server

	Wetlands
	Polygon
	Kisatchie NF GIS Data Server

	Ranger Districts
	Polygon
	Kisatchie NF GIS Data Server

	Predicated Burns
	Polygon
	Kisatchie NF GIS Data Server

	Ownership
	Polygon
	Kisatchie NF GIS Data Server

	Elevation (DEM)
	Raster (30m)
	National Elevation Dataset

	Elevation (LIDAR)
	Raster (5m)
	Atlas, Lousiana State University

	Slope
	Raster (5m, 30m)
	

	Aspect
	Raster (5m, 30m)
	

	Distance to Soil Drainage Class
	Raster (5m, 30m)
	

	Distance to Soil Flooding Frequency Class
	Raster (5m, 30m)
	

	Distance to Stream Rank (1-9)
	Raster (5m, 30m)
	

	Distance to Permanent Stream
	Raster (5m, 30m)
	

	Distance to Seasonal Stream
	Raster (5m, 30m)
	

	Distance to Wetland
	Raster (5m, 30m)
	

	Distance to Road
	Raster (5m, 30m)
	

	Distance to Highway
	Raster (5m, 30m)
	 




All GIS datasets were projected to a NAD 1983 UTM Zone 15N coordinate system to ensure a standardized analysis.  The data supplied by the US Forest Service includes polygons of ranger district boundaries of the Kisatchie National Forest, land ownership areas, cultural survey extent areas, prescribed forest burn areas, soil type areas, wetland margins, forest streams, and a road network dataset segmented by major and minor designations.  These datasets provide the means to propose probability zones for past human settlement while also identifying inherent biases within the developed model.  The GIS datasets supplied by the US Forest Service are available online to the public through the Kisatchie National Forest webpage, which aids in the replicability of this study (http://www.fs.fed.us/r8/kisatchie/gis/).  
Furnished as a single shapefile, the separate ranger districts of the Kisatchie National Forest were extracted to determine the model effectiveness for archaeological sites across the entire Forest as compared to subsets of ranger districts.  The methodology employed and the evaluation techniques are discussed in the next section below.  The GIS-calculated area of the entire Kisatchie National Forest is 416,057 hectares or 1,028,100 acres.  Closely related to this data is the landownership dataset which classifies the land as private property (40.9 percent) or USDA owned property (59.1 percent).  The spatial distribution of private and federal ownership is significant to the examination of the archaeological record of the Forest.  
Culturally surveyed sections of the Forest are recorded as a series of polygons by US Forest Service personnel.  These surveys are contracted to numerous cultural resource management (CRM) firms across the Southeast.  The surveyed areas typically fall within the USDA ownership areas as only government owned lands require cultural resource management efforts.  For the entire Forest, 18.9 percent has been surveyed with only a small percentage of that surveyed area overlaying private property (3.5 percent).  The majority of known sites within the Kisatchie National Forest should be located within the culturally surveyed areas. 
The study area for this analysis was assembled using the UNION function of the Analysis Tools toolset of ArcGIS to combine the USDA owned property with the culturally surveyed area overlaying private property.  This USDA owned or culturally surveyed subset of the entire Kisatchie National Forest accounts for 59.8 percent of the area while containing 95.5 percent of the reported archaeological sites.  All analyses conducted utilize this subset or study area.
Predicated burns are a primary predicator of the discovery of archaeological sites.  Through the removal of underbrush, the likelihood of locating archaeological sites is heightened both by increased visibility and increased erosion.  Increased ground visibility enhances the ability to observe surface scatters of cultural remains. Erosional processes are accelerated in areas that have recently undergone a scheduled burning episode.  Erosion is inextricably linked to site visibility as those sites on upland localities or along a sloping surface are affected by the loss of soil from runoff resulting in greater surface visibility.  Conversely, sites located in bottomlands are preserved and rendered less visible through increased soil overburden.  Additionally, bottomlands proximal to water courses experience alluvial deposition.  The process of erosion and deposition is a primary consideration of site visibility and is more likely than past settlement patterning to limit the number of sites reported in the bottomland regions adjacent to major drainages and at relatively low elevations.  Soil movements through erosion present a challenge to site preservation.  Erosion also affects settlement decision making through soil characteristics such as drainage and texture. 
County-level soil surveys are common and widely available in the United States through a multitude of federal and local agencies—namely the National Resource Conservation Service of the USDA.  The Soil Survey Geographic Database (SSURGO; http://soils.usda.gov/survey/geography/ssurgo/) used within this analysis was furnished by the US Service and serves to spatially delineate the soil types and characteristics as observed for the Kisatchie National Forest.  Soil classifications including name, phase, coverage, and drainage class are discussed in Chapter 1 of this study and listed in Table 1.2.  Table 3.6 below provides a summary of drainage class percent coverage for the study area of the Kisatchie National Forest in addition to the drainage class description used within this analysis.  For similarity between classes and percent coverage purposes, several classes have been combined.  Excessively drained soils include the original category of excessively drained as well as somewhat excessively drained.
     Table 3.6.  Drainage Class Description and Percent Coverage for the 
     Study Area Examined In and Near the Kisatchie National Forest.

	Drainage Class
	Area (m2)
	% of Area

	Excessively drained
	121427904
	4.9

	Well drained
	814258590
	32.7

	Moderately well drained
	840758368
	33.8

	Somewhat poorly drained
	294400469
	11.8

	Poorly drained
	405846011
	16.3

	No Data
	10398117
	0.4

	Total
	2487089459
	100.0



 
Soil surface texture is also an important characteristic that governs water movement, nutrient availability, and the erosion potential of that soil (Soil Survey Staff 2011).  Many of the soil variables are interrelated and all come from the same SSURGO dataset.  Caveats of utilizing county soil surveys for archaeological purposes have been offered by several authors (Holliday 2004:54-56; also Anderson and Smith 2003; Jones 1990:271; King 1983:102-104).  The expressed inadequacies of uncritical applications of county-level soil surveys relate to the disproportionately broad mapping scale as well as the classification of soil series.  The complexity of the soils when sampled can be obscured through the assignment of a soil to a preset taxonomy. This action clusters soils as opposed to the partitioning of differentiated soils since minor soils (by percent presence) are discounted depending on soil series type.  For instance, Holliday (2004:55) notes in discussing the soil taxonomy, that for a recorded location, a single inclusion is allowed if that soil’s area is less than 10 percent of the total area sampled or less than 50 percent if similar to the primary soil.  Such an allowance affects the confidence in soil boundaries as this marginalizes the consideration for soil gradation across space.
The geographic interval of a soil mapping unit spans 1 to 4 hectares—a distance that may prove insufficient to detect the complexity of soil relationships and transitions at a scale useful for locating an archaeological site.  As with any small-scale survey, isolated but potentially extremely relevant soils may be overlooked.  Archaeological survey along a predefined grid provides an appropriate analogy as valuable archaeological data may be undetected.  The archaeological application of the soil survey dataset in the development of a predictive model for the Kisatchie National Forest is considered appropriate with the implicit understanding of the limitations of the available data.  It should also be noted that with the availability of new technologies (e.g. LIDAR as discussed below), the scale of digital datasets relevant to local or regional models must expand as well.
The flooding frequency measure of soils was derived from the SSURGO database as available through the Natural Resources Conservation Service (NRCS).  Soils susceptible to frequent or occasional flooding were selected for inclusion within this category.  The flooding vulnerability of such areas would create unpredictable permanent settlement localities.  Instead, these areas were likely used for specialized activities or in a limited or seasonal habitation role as they represent a unique exploitable resource.
USGS-recorded watercourses located on the Kisatchie National Forest were included within this study for several distance-based measures.  The GIS data is available in pre-clipped form for the KNF through the federal Forest Service website (http://www.fs.fed.us/r8/kisatchie/gis/).  The USGS stream dataset was processed into 12 categories including: all streams, only permanent streams, only seasonal streams, and streams separated by stream rank ordering (1 to 9).  For the purpose of this study, permanent streams were defined as watercourses from the Forest stream dataset with rankings of ≥ 3 based on the Strahler (1957) method of stream rank-ordering.  Seasonal streams were therefore defined as watercourses with stream ranks < 3.
Wetlands, areas with seasonally or permanently saturated soils, along with the streams and rivers intersecting the bounds of Kisatchie National Forest prove to be particularly important datasets for evaluating for past settlement patterning.  Indeed, as discussed previously in Chapter 2 of this study, distance to water or from floodplain soils proves to be a primary consideration for locating archaeological sites within the presently implemented predictive model for the Kisatchie National Forest (see Chapter 4 for an evaluation of the effectiveness).  Water in the form of rivers and streams proves a vital resource for repeated exploitation with habitation sites and activity areas appearing to cluster in these areas.  
Wetlands provide a similar draw along their perimeter with the added consideration of their distinct environmental conditions, attracting unique flora and fauna to these areas. In the KNF sample used here, 32 sites are recorded within the boundaries of the wetland polygons, which may represent foraging or hunting activities or possible habitation sites during the dry months of some seasonally effected wetlands.  Areas of saturated soil are expected to produce fewer sites both as a result of reduced modern survey efforts, as well as avoidance of these areas for habitation by past peoples.
Roadways, both major and minor, provide this study with measurements of proximity of site to roadway.  The distance to major roadway category is of special note for the distribution of historical sites.  Distance to roadway also introduces sampling biases for two reasons: (1) the road may not be very old or follow an early route or trail, and (2) ease of access to portions of the Forest and frequency of use of that region may affect the number of recorded sites.
In addition to the environmental datasets discussed above, a digital elevation model (DEM) was assembled for the region within and immediately around the Kisatchie National Forest for this study.  Data is available through the National Elevation Dataset’s Seamless Data Distribution System (SDSS) in one-degree-by-one-degree blocks with elevations sampled at 30 meter intervals.  The MOSAIC function of the Data Management toolset of ArcGIS was executed to seamlessly join each one by one degree raster grid together.  The topographic relief of the Kisatchie National Forest appears pronounced with drainages cutting the uplands that reach as high as 163 meters above sea level in the region surrounding the Forest.  To determine the effect that the region’s variable topography had on past settlement patterning, a slope measurement was calculated from the 30-meter DEM dataset.  Using the SLOPE function of the Spatial Analyst toolset of ArcGIS, percent slope values were produced in a raster dataset using site centroids to extract the values.  Aspect, the direction that the slope faces, was derived from the 30-meter DEM dataset using the ASPECT function of the Spatial Analysts Tools toolset of ArcGIS.
A new digital elevation dataform is readily becoming available in the United States with increased sampling intervals that produce extremely high resolution elevation datasets.  Light Detection and Ranging data (LIDAR) utilizes airborne laser mapping to extract ground elevations at sub-5-meter intervals through the tree cover and other ground vegetation.  LIDAR, as with Digital Elevation Models (DEM), is processed into a grid of cells containing elevation values that are georeferenced and available for a range of applications from state level geospatial data serving centers.  Louisiana LIDAR data is distributed through “Atlas: The Louisiana Statewide GIS” (http://atlas.lsu.edu), which is maintained and operated by Louisiana State University CADGIS Research Laboratory.  
Due to the resolution of the data, LIDAR is served at a quarter USGS quadrangle map level.  Kisatchie National Forest intersects with 68 USGS quads.  For processing efficiency, the LIDAR data was processed using the MOSAIC function of the Data Management toolset of ArcGIS and then clipped to the extent of the Kisatchie National Forest.  As with the 30-meter DEM data, to determine the effect that the region’s variable topography had on past settlement patterning, a slope measurement was calculated from the LIDAR raster.  Using the SLOPE function of the Spatial Analyst toolset of ArcGIS, percent slope values were produced in a raster dataset at 5-meter intervals using site centroids to extract the values.  Aspect was derived from the 5-meter LIDAR dataset using the ASPECT function of the Spatial Analyst Tools toolset of ArcGIS.
Other datasets were constructed for use in the analysis by processing the primary environmental datasets in relation to archaeological site location to derive a Euclidean distance (a straight distance between two points) measure.  Using the EUCDISTANCE function of the Spatial Analyst toolset of ArcGIS, a distance to nearest feature raster was created at both a 30-meter resolution comparable to the DEM and a 5-meter resolution comparable to the LIDAR.  The EUCDISTANCE function calculates the Euclidean distance to the closest source for each cell from each recorded archaeological site.  These EUCDISTANCE rasters include distance to major highway, distance to local road, distance to all roads, distance to drainage, distance to all streams, distance to permanent streams, distance to seasonal streams, distance to stream by rank (1 to 9), distance to wetlands, distance to frequently flooded soils, distance to frequently and occasionally flooded soils, distance to grouped well-drained soils (excessively, somewhat excessively, well, and moderately well drained), and distance to grouped poorly drained soils (very poorly, poorly, and somewhat poorly drained).  The methodology used to evaluate these variables is discussed below.  


Methodology for Evaluating the 1995 FPPM
Predictive models serve to demarcate areas or zones of relative probability for encountering a select variable.  As applied to the distribution of archaeological sites, the probability zones in most models developed in western Louisiana consist of a tripartite division of high probability, medium or moderate probability, and low probability based on the relationship between environmental variables like those outlined within this section and the location of archaeological sites.  As an application for cultural resource management, predictive modeling zones shape the intensity of archaeological survey while reducing compliance field-time and increasing the discovery rates of sites.  A primary goal in the development of predictive models for an applied purpose is the ease of implementation toward an application.  
The limitation of locating the zones in the field often governs the type of variables used to define the probability zones.  The on-ground testing of the 1988 Fort Polk model proved successful (see Chapter 2), although differentiating the boundaries or transitions from each zone proved challenging.  The 1988 Fort Polk Predictive Model defines the zones as follows:
Zone I, floodplain areas; Zone II, locations beyond this floodplain category yet within either 300 m horizontal distance or 60 feet vertical distance of a water source mapped on the U.S. Geological Survey (USGS) 7.5-minute quadrangle sheets encompassing the fort; and Zone III, all other areas (upland areas more than 60 feet above and 300 m distant from a mapped water source). Site probabilities were found to differ among these three zones, as described below. Zone I, occupying floodplain areas, was listed as “Site Probability Indeterminate.” Significant sites were thought to occur in this zone, but survey coverage had not been sufficient to settle the matter one way or the other. Zone II, encompassing the area intermediate between the floodplain zone and the uplands, was classified as a “High Probability” area, on the basis of the numbers of all components and particularly the diagnostic components identified. Zone III, occupying the upland areas of the base and more than either 60 feet in vertical elevation or 300 m distance (whichever came second) from a mapped water source, was classified as a “Low Probability” area [Anderson and Smith 2003:170].
The measure of vertical elevation defining Zones II (High Probability) and III (Low Probability) (60 feet vertical elevation above a mapped water source or floodplain) could only be determined on an approximate basis.  A similar issue existed in locating the zones for the U.S. Forest Service model from Willingham and Phillips’s (1987) analyses, which used a measure of 15 or more or fewer than 15 drains per quarter section as a variable.  The 1995 Fort Polk predictive model emphasized functionality and efficiency with zones defined as follows:
Zone 1, floodplain areas, defined as areas with floodplain soils; Zone 2, locations within a 200-m buffer of Zone 1 or within a 200-m buffer of a mapped water source; and Zone 3, all other areas. These three zones were assigned site probabilities of Indeterminate, High, and Low, respectively. These three zones are much easier than the earlier zones to locate on maps and in the field, since the variable of vertical elevation above nearest water source has been removed, and the easily measured high-probability zone accounts for a higher percentage of all sites and all significant sites than the comparable zone in the 1988 HPP model [Anderson and Smith 2003:171]
With the removal of the vertical elevation above water variable, the 1995 Fort Polk model becomes streamlined without a decrease in site incidence for the high and moderate probability zones.  The resulting model produces zones that are located on the ground with greater reliability.  The difficulty of locating zones on the ground translates to inefficient or inaccurate surveys as zones are sampled at differing intervals based on probability.
	The 1995 Fort Polk model mandates a survey strategy of proportional intensity to the likelihood of locating sites.  While surveys may be conducted at a greater resolution, the 1995 Fort Polk model’s sampling parameters for the high and indeterminate (medium) probability zones recommends shovel tests and transects spaced at 30-meter intervals, while the low probability zone was to be examined using shovel tests and transects spaced at 50-meter intervals.  Differential sampling strategies provides efficiency for surveying large tracts of the Kisatchie National Forest or any land area.
	For the current study, Velicia Bergstrom the Forest Heritage and Tribal Program Manager, provided a GIS dataset of the 1995 Fort Polk model as implemented on the Kisatchie National Forest (Table 3.7).  Three discrete polygons representing the high, medium or indeterminate, and low probability zones were created in a GIS.  The polygon of Zone I (medium) was extracted from the SSURGO Soil Flooding Frequency Dataset for areas deemed frequently or occasionally susceptible to flooding.  The Zone II (high) polygon utilized the BUFFER function of the Analysis Tools toolset of ArcGIS to construct a 200-meter buffer of the Zone I polygon and a 200-meter buffer of the forest drainage dataset.  The Zone III (low) polygon is the remaining area within the Kisatchie National Forest that does not overlap Zone I or Zone II.  The low probability zone represents areas lacking dense archaeological materials while not precluding the encounter of such sites.
Table 3.7.  Probability Zone Areas of the 1995 Fort Polk Predictive Model on the 
Kisatchie National Forest Study Area.

	Probability Zone
	Area (m2)
	Area (hectares)
	Area (acres)
	% of Area

	Zone 1 (Medium)
	338508668
	33851
	83647
	13.6

	Zone 2 (High)
	1363591761
	136359
	336951
	54.8

	Zone 3 (Low)
	784989030
	78499
	193975
	31.6

	Total
	2487089459
	248709
	614573
	100.0




A GIS was used to calculate the quantity of sites in each probability zone (i.e. high, medium, and low) to assess the effectiveness of the 1995 Fort Polk predictive model as applied to the Kisatchie National Forest.  Of the 4,175 site locations furnished by the Forest Service and curated in the State Archaeological Site Files, 3,986 sites from the study area were evaluated.  The criteria for inclusion in this study required site centroids to be located fully within the study area boundaries for the Kisatchie National Forest.  Only point locations of sites were used within this analysis, which can be derived by calculating the centroid of each site polygon in a GIS.  The consideration of site points as opposed to site polygons allows for potential bias towards archaeological site density by not accounting for the extent of site area.  Additionally, using site centroids introduces inaccuracies to the placement of a site overlapping multiple zones; however, a consistent evaluation of sites using the site centroid should place the site in the appropriate category as the center of the site typically falls within the majority zone with which the site polygon overlaps. Ultimately, the unavailability of the site polygon data governed the selection of site points for this analysis.
Significance of the number of sites per probability zone was determined using the chi-square statistic, a common method to evaluate for success of a model (e.g. Duncan and Beckman 2000; Jaroslaw and Hildebrandt-Radke 2009; O’Donoughue 2008; Warren and Asch 2000) and expressed as:

The variable c is equal to the number of probability zones, fo is the observed frequency of sites in each zone, and fe is the expected frequency of sites.  The expected frequency of sites is derived for each probabilistic zone by multiplying the total number of observed sites by the ratio of each zone over the entire area.  An expected frequency is a proportional measure and within this study fe represents the expected number of sites to occur within each zone based on coverage area if randomly distributed. The expected frequency is expressed as:
fe = (zone area/total area)× sites
The chi-square () values were evaluated at the α = .05 probability level, with degrees of freedom (df) calculated where r equals the number of populations and c equals the number of levels for the categorical variable as:
df = r – 1 * c – 1
	A statistical method to evaluate effectiveness of a predictive model is the gain statistic (Kvamme 1988), which affords a standardized measure of the proportion of sites relative to the proportional area.  Kvamme’s Gain Statistic is defined as:
Gain = 1 - [(% of total area covered by zone) / (% of total sites within zone)]
The gain statistic is evaluated as a vector with values near zero being interpreted as an equal proportion of archaeological sites to the proportional area of the zone.  Positive values approaching 1 indicate a high proportion of archaeological sites to the zone area, whereas negative values indicate a lower than expected proportion of sites.  As applied to the evaluation of archaeological sites, the gain statistic should indicate the effectiveness of the model with a gain above 0.5 representing a very effective zone.  A model will ideally have a large positive gain for the high probability zone, a smaller positive value in the medium probability zone, and a negative value in the low probability zone.
	The statistical analyses outlined above are employed to evaluate the existing Forest Service predictive model for overall effectiveness.  Further examination of the model’s performance was conducted to determine temporal effectiveness when evaluating the historic subset and the prehistoric subset.  The results of the gain statistic should show significantly more sites in the high and medium probability zones, and fewer in the low probability zone when compared to what is expected by chance.  Any results indicating gains that conform to the trend of large positive value for the high probability zone, somewhat smaller but still positive value for the indeterminate/medium probability zone, and negative value for the low probability zone should suggest a highly effective model that may not need amending.  If the gain results do not follow the above trend, they will serve to illustrate the need for a new and more effective model to be developed and implemented on the Kisatchie National Forest.
As a result of the discontiguous and widely spread ranger districts, two geographic subsets will be used to evaluate the model effectiveness.  This effort attempts to determine the effectiveness of the active Forest Service predictive model for smaller ranges that may encompass less environmental variance.  As the Caney Ranger District lies approximately 140 kilometers north of the centerpoint for the central cluster of ranger districts (i.e. Winn, Catahoula, Kisatchie, and Calcasieu Districts), the model effectiveness is evaluated independently for the central cluster and the Caney District (see Figure 4.1 in the following chapter for representation of the geographic sub-areas).  The level IV ecoregion overlays served as the criteria for selecting the Caney District as an outlier.  Caney District is located primarily in the Tertiary Uplands ecoregion whereas the districts in the central cluster area are located in the Southern Tertiary Uplands ecoregion.  As defined in detail within Chapter 1 of this study, the Tertiary Uplands ecoregion differs from the Southern Tertiary Uplands ecoregion in vegetation communities and climatic factors such as rainfall.
Additional analyses were completed for all the ranger districts separately.  The results of the 1995 Fort Polk Predictive Model and the environmental associations are presented within the Chapter 4 by ranger district.  The in text discussion will center around the Caney District area and the central cluster area.
The chi-square and gain statistical tests were employed to evaluate the model’s effectiveness as applied to the two geographic sub-areas (i.e. Caney area and central cluster area).  The same expectations of chi-square significance and gain values apply to these tests.  The results of the geographic sub-areas will advocate for either the development of a singe model applied over the entire Forest or for multiple models by Forest districts or cluster areas.
Temporal affiliations for known sites have previously been assigned and overseen by Forest personnel.  The Louisiana Division of Archaeology defines the criteria for a site as a 20-m x 20-m area with the presence of five or more artifacts and a cultural feature with historic artifacts possessing an antiquity of at least 50 years.  Multi-component sites contain both historic and prehistoric assemblage data, while unknown sites represent unexamined reported sites.  Due to sample size limitations for multi-component sites (n = 26), only prehistoric (n = 2,284) and historic (n = 300) site model success is analyzed.  Multi-component sites, while not examined on their own, are included within the analysis for both prehistoric (n = 2,310) and historic (n = 326) sites.  The reduced sample size when considering temporal affiliation is due to the large number of excluded unknown sites (n = 1,376) where temporal affiliation is not known.  Modeling without excellent temporal control of the known sites is not uncommon, and still has the ability to produce significant patterns (Jaroslaw and Hildebrandt-Radke 2009).  Attempts to model settlement choice by temporal sub-period often prove of secondary importance to the larger modeling effort as data with too great a resolution proves too limited in size.
The model effectiveness was determined based on the chi-square and gain statistical tests as discussed above for all sites across the entire study area, for all sites located in the Caney and the central cluster sub-areas independently, and for temporal subsets of sites (e.g. all, prehistoric, and historic sites) located across the entire study area as well as the Caney and central cluster sub-areas.  The recommendation for a new model or the continued use of the existing model depends on the results and whether those results produce statistically significant densities of sites while following an appropriate scale of high positive gain for the high probability zone, lower positive gain for the medium probability zone, and a negative gain for the low probability zone.  The results, if deemed ineffective, will also suggest which environmental variables are most appropriate for forecasting site locations based on the geographic and temporal secondary tests.

Methodology for Evaluating Environmental Correlations
If the results indicate an ineffective model, the site locations must be examined for correlations with environmental variables.  Some of the variables will overlap with the active US Forest Service Model such as hydrological features, but an array of additional variables will also be considered (see Table 4.13 in the following chapter).  Initial tests will examine 25 variables with some overlap and covariance among the variables.  Of the 25, there is one ordinal data variable, soil drainage class, and one nominal data variable, soil surface texture. 
For nominal and ordinal data variables, the chi-square and gain statistics are employed.  The methods for calculating these test statistics have been discussed in detail within the previous section of this chapter.  Any variables exhibiting significance and large gains (either positive or negative) will be considered as an element of a new model.  The values for each archaeological site were calculated within a GIS using a join function—a process combining the attributes of one dataset to that of another based on the overlay of each feature.
The remaining 23 variables represent ratio data and range from distance to stream to aspect.  The appropriate statistical measure for evaluating ratio data is the Mann-Whitney rank-sum test, also known as the Mann-Whitney U-test or the Wilcoxon rank-sum test (Mink et al. 2006:228-229; Tamhane and Dunlop 2000:575-578; Warren and Asch 2000:14).  The Mann-Whitney rank-sum test compares the relationship of two independent grouping variables to a set of test variables.  As this test is non-parametric, populations are not required to be normally distributed.  
The null hypothesis of the test is that the independent grouping variables are of an equivalent distribution.  In this study, the two independent grouping variables were archaeological sites and randomly sampled points of equal number across the study area.  The Mann-Whitney rank-sum test combines data from both groups and assigns ranks to all cases, with an average rank used in the case of ties.  The summed ranks for each of the grouping variables (S1 and S2) are calculated.  The sum of ranks for tied observations is also calculated, where t is the number of observations tied for rank i (group). 
Ti = 
The average rank by group is represented with ni as the sample size of group i:
Si = Si / ni
The test statistic and statistical significance is calculated for group 1 as:
U = n1 n2 +  − S1

If U > n1 n2 / 2, then the statistic used is:
U´ = n1 n2 – U
The test statistic corrected for ties is:
Z = 
	√
	


The statistical significance is evaluated at the α = .05 level with the null hypothesis of similar distributions between sample groups rejected with values of p < .05.
	The Mann-Whitney rank-sum test was used to evaluate the appropriateness of the environmental variables within multiple subsets of grouping variables (i.e. sites vs. random background points, prehistoric sites vs. historic sites), for multiple geographic subsets of the study area (i.e. Caney area, central cluster area; individual KNF districts), and for multiple scales of processed variables (i.e. 5-m x 5-m raster cells and 30-m x 30-m raster cells).  The evaluation of multiple subsets at multiple resolutions provides a detailed understanding of past landscape use that will contribute to a new site location predictive model.

Methods of Model Development
 	The detailed analysis allows for the correlation between any given environmental variable and known archaeological sites with the background environment accounted for with randomly sampled points.  The results allow the demarcation of probability zones that indicate site location probability, in short, to develop a new predictive model, as was warranted in the present case (Chapters 5, 6).  The analysis of an extensive array of environmental variables produced a more efficient model, capable of accounting for cultural shifts (i.e. prehistoric vs. historic populations), and building upon past settlement models produced within the region, most notably the 1995 Fort Polk Predictive Model.
	Predictive modeling within archaeology is a mature field with many scholarly contributors who have introduced new modeling techniques.  One such notable scholar, Kenneth L. Kvamme, is credited with pioneering the use of logistic regression within the realm of archaeology (Warren 1990; i.e. Kvamme 1983).  Logistic regression modeling is one of the more sophisticated and popular modeling techniques that produces some highly effective models (Hatzinikolaou 2006; e.g. Carmichael 1990; Kvamme 1985, 1992; Maschner and Stein 1995; Parker 1985; Warren and Asch 2000)
	Logistic regression, while statistically sophisticated, requires the input of variables for both presence and absence. For archaeological purposes, areas where sites are known to be found must be complemented with areas where archaeological sites are known not to exist.  Survey results for the Kistachie National Forest cannot for certain be used to infer areas devoid of all sites. Some sites may have been missed due to sampling intervals or technician error during survey.  A secondary challenge related to the development of logistic regression models is the difficulty of implementation, since the output often exists in fragmented form as opposed to smoother and more predictable buffers.  As the purpose of this analysis was the evaluation and, if warranted, the development of a predictive model to aid resource management, a more easily implementable model was proffered.
The methodology selected for this analysis uses the buffering of highly significant variables previously evaluated statistically and selecting key buffers with high gains.  Probability zones are then able to be assembled from the relevant buffers or parameters (Kvamme 1990; Mink et al. 2006). While undoubtedly a simpler and less sophisticated method than approaches such as logistic regression, the formation of the zones in this manner produces an elegant model that is easier to implement in the field. 
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