Chapter 2. Past Modeling in West-Central Louisiana

In an attempt to better understand past settlement systems, as well as better manage the cultural resources of major federal land holding agencies in the area, over the past three decades several prehistoric and historic site location or predictive models have been developed and implemented in west-central Louisiana. These were developed on both the Kisatchie National Forest and adjacent Fort Polk Military Reservation, as summarized in detail in a recent synthesis (Anderson and Smith 2003:114-240), upon which the present text draws heavily.  This chapter briefly reviews these modeling efforts, including the 1995 Fort Polk Predictive Model that is currently employed on Kisatchie National Forest, with the goal of ascertaining how to effectively evaluate the current models and, if necessary, develop replacements.

Kisatchie National Forest Models
	In the first cultural resource overview prepared for the Kisatchie National Forest, Keller (1984) called for the development of a predictive model to guide cultural resource work on the Forest.  Within Keller’s (1984) report, general trends of site distribution were noted with several landscape areas targeted as high and low probability zones.  At that time, sites in the uplands were infrequent and typically spanned an area under 10 meters in diameter (Keller 1984).  Distance to stream was considered germane to site distribution with little differentiation accorded to stream rank, since some sites were located adjacent to spatially limited (i.e. unmapped) water sources (Keller 1984).  This early observation of the importance attributed to distance to water has continued to be viewed as one of the most critical variables constraining settlement in the vicinity of the Kisatchie National Forest.

1980 KNF Predictive Model
The earliest predictive modeling of the Kisatchie National Forest was conducted by Hillman (1980) using a sample of 112 archaeological sites situated on some 4,000 surveyed acres.  While only a small site sample, the coverage spanned several ranger districts and the results were used by the Forest for nearly two decades with minor revision.  Hillman developed three major zones: (1) bottomland areas, (2) heavily dissected ridge lands, and (3) low rolling hills.  High site density was attributed to the terraces in Zone 1 and throughout Zone 2, while Zone 3 was reported as low density.  The inclusion and consideration of the variable extent of landscape dissection in this early model was used in the two ensuing predictive modeling analyses conducted on the Kisatchie National Forest later in the 1980s (Anderson and Smith 2003:165).

1986 KNF Predictive Model
	A second predictive model, developed by Johnson et al. (1986:90-120) for the Kisatchie National Forest, examined the environmental characteristics of 146 site locations found within 5,016 tornado-damaged acres surveyed in the Winn Ranger District (see also Anderson and Smith 2003:165-166).  Three zones were defined: (1) low relief, gently sloping bottomland and immediately adjacent terraces, (2) low relief and slightly dissected ridgeland, and (3) highly dissected landscape (Johnson et al. 1986:14–15).  The analysis showed a greater propensity for both historic and prehistoric sites to be located on the boundaries of these zones with site and isolated find densities per hundred acres varying from 2.87 for Zone 1, 1.76 for Zone 2, and 4.98 for Zone 3 (Johnson et al. 1986:90).  This modeling effort made use of soil type as a predictor of site location.  Difficulty in replicability, a critical factor in any modeling effort, occurred in objectively measuring the degree of dissection, something explicitly noted by the authors (Johnson et al. 1986:116). 

1987 KNF Predictive Model
	Willingham and Phillips (1987) developed a model that attempted to address the inherent issues of replicability of Hillman (1980) and Johnson et al. (1986) (Anderson and Smith 2003:166-168).  Based on a survey of 15,387 acres across all five ranger districts in which 162 sites were found, three major physiographic zones were identified that largely followed the previous efforts: (1) bottomlands and adjacent terrace areas, (2) minimally dissected uplands, and (3) heavily dissected uplands.  Variable site density was observed between the zones, with the highest densities found in Zones 1 and 3.   Willingham and Phillips (1987), like Johnson et al. (1986), noted high frequencies of sites along transitional boundaries.  Prehistoric sites clustered at the interface of the bottomland and minimally dissected upland zones while historic sites occurred along the minimally dissected and heavily dissected upland interface zones.
	Attempting to alleviate the shortcomings in regards to the replicability of previous modeling efforts (e.g. Hillman 1980; Johnson et al. 1986), Willingham and Phillips (1987) developed a system to consistently extract environmental zones. They used USGS 7.5-minute quadrangle sheets to determine drainage characteristics:
The boundary used to separate Zone I from Zone II and III was the first contour line at the base of the first slope component above the bottomland as indicated on USGS topographic maps. Zones II and III were differentiated by the quantity of dissection as determined by drain frequency. Using a modification of Strahler (1957), dissection was measured by the number of drains that occur within a given quarter section. A mean value of dissection was then computed for each zone. For the purposes of this study, Zone II is characterized by <15 drains per quarter section and Zone III is distinguished by >15 drains per quarter section [Willingham and Phillips 1987:210].
The three defined zones correspond to bottomlands and adjacent terrace areas (all areas within 10 feet or one contour line of a marked watercourse); minimally dissected uplands (less than 15 mapped drains per 7.5-minute USGS quarter section); and heavily dissected uplands (greater than 15 mapped drains per 7.5-minute USGS quarter section) (Anderson and Smith 2003:167).  Other variables examined were soil type, slope percentage, elevation, distance to nearest permanent water source, elevation above the water source, and stream rank.
	The findings for Willingham and Phillips’ (1987:218) model indicate the importance of distance to water. Out of 162 sites, the majority (n=89 sites, 55 percent) occurred within 500 feet of a permanent water source.  Nearly all the sampled sites (n=145, 89.5 percent) are located no more than 60 feet in elevation above permanent water with the highest proportion (n=61 sites, 37.6 percent) being between 20 and 40 feet above permanent water.  Willingham and Phillips (1987:218) noted that the occurrence of sites potentially eligible for the National Register of Historic Places was indirectly proportional to distance from Zone 1, or the bottomlands and adjacent terrace areas.
	Willingham and Phillips (1987) developed three probability zones based on observed site densities within and between the three zones: 

High Probability: 
Zone I		areas elevated above the floodplain. 
Zone III 	areas within 500 feet of the nearest permanent water source; areas within 500 feet of Zone I.
Moderate Probability: 
Zone I	floodplain. 
Zone II	areas within 500 feet of the nearest permanent water source; areas within 500 feet of Zone I.
Zone III 	areas between 500 and 1000 feet of the nearest perma- nent water source; areas between 500 and 1000 feet of Zone I.
Low Probability: 
Zone II	areas greater than 500 feet of the nearest permanent water source.
Zone III	areas greater than 1000 feet of the nearest permanent water source [Willingham and Phillips 1987:220]. 

The high, medium, and low probability zones were implemented by the Forest Service for cultural resource management efforts for over a decade, until they were replaced with those developed with data from Fort Polk and portions of jointly administered USFS districts in the 1990s (Anderson and Smith 1999, 2003).  The USFS adopted specific survey procedures for each zone. Survey in high-probability areas was conducted using linear transects spaced 50 m apart, with subsurface testing every 30 m along these transects.  Moderate-probability areas were to be surveyed using transects spaced100 m part, with shovel tests placed every 50 m along these transects. Shovel testing was judgmentally employed in low probability zones on level areas or on crests (Anderson and Smith 2003:168; Phillips and Haikey 1992:13).  Operational issues with the model occurred as field operators experienced difficulty in locating each zone, though this is a typical constraint of any modeling effort, albeit one obviated to some extent by modern GPS and GIS technology.  Additional difficulties occurred in operationalizing the data as outlined by the model, due to the difficult and time consuming nature of determining drains per quarter section of grid.  Some of these early difficulties to the model were later rectified with elevation above water eliminated as a criterion for determining site probability zones (Phillips and Willingham 1990:22-23). 

Fort Polk Predictive Models
As a result of the National Historic Preservation Act of 1966 and Executive Order 11593 there have been near continuous cultural resource surveys of Fort Polk’s 139,000 acres (56,250 hectares) since the early 1970s (Anderson and Smith 2003).  Fort Polk lies in close proximity to the Kisatchie National Forest, with the southern extent of the military reservation bordering the northern bounds of the Vernon Unit of the Calcasieu District (Figure 1.2).  The intensive archaeological work conducted on Fort Polk, coupled with its location with respect to the Kisatchie National Forest, encouraged the evaluation and adoption of the archaeological site models developed on each.  The current predictive model utilized by the Kisatchie National Forest was developed on the Fort Polk Military Reservation in 1995 and is an extension of the 1988 Fort Polk Predictive Model (FFPM).  Anderson and colleagues (Anderson 1987; Anderson and Macek 1987; Anderson and Scheele 1993; Anderson and Smith 1999; Anderson and Wilson 1988; Anderson et al. 1988, 1996) developed both the 1988 and 1995 models.  While the initial 1988 predictive model relied on hand-coding environmental variables, the 1995 predictive model incorporated variables examined using variables defined using Geographic Information Systems (GIS) technology. 

1988 Fort Polk Predictive Model
In development of the 1988 Historic Preservation Plan (HPP), a predictive model was created using 1,657 sites and isolated finds located on the U.S. Army’s Fort Polk Military Reservation.  The 1988 FPPM, as a non-GIS analysis (the installation GIS was not put in place until the following decade), coded environmental variables for each site by hand.  The variables examined included drainage basin, landform type, elevation, distance to nearest water, stream rank of nearest water, type of nearest water, elevation above and distance to nearest permanent water source, distance to nearest confluence of two or more water sources, major soil association, soil series, specific soil type, slope of specific soil type, geological formation underlying the site, and site aspect among others (Anderson et al. 1988; Anderson and Smith 2003:174-185).  Anderson et al. (1988) used a random sample of 363 points on the landscape against which to compare the site data.  Relying to a large extent on USGS 7.5-minute quadrangle sheets and soils maps, modeling variables needed to be replicable and as such be fairly easy to delineate on maps.  Variables based on distance to water, elevation to water, and flood zones proved both easy to locate and extremely effective as a probability indicator of site location.  Anderson and Macek (1987) produced three cultural probability zones to direct future archaeological survey efforts based on the available settlement patterns on Fort Polk.  Defined zones of the 1988 Fort Polk Predictive Model are as follows:

Zone 1:	Site Probability Indeterminate/Medium Probability
Areas occupied by the floodplain. Significant sites are likely to exist with survey results ambiguous.

Zone 2: 	High Probability
Areas outside of the floodplain category, but within 300 meters horizontal distance or 60 feet vertical distance from a USGS 7.5-minute quadrangle sheet mapped water source. 

Zone 3: 	Low Probability
All other areas. Upland areas more than 60 feet above and 300 meters distance from a USGS 7.5-minute quadrangle sheet mapped water source.

	The 1988 Fort Polk Predictive Model shaped subsequent archaeological surveys on the military reservation, at least until it was replaced in 1995. Recommendations developed from the model included level of survey intensity.  The high and indeterminate (medium) probability zones received approximately three times the number of shovel tests than the low probability zone or uplands isolated from water (Anderson and Smith 2003:225).  The sampling parameters for the high and indeterminate (medium) probability zones directed shovel tests and transects spaced at 30-meter intervals while the low probability zone directed shovel tests and transects spaced at 50-meter intervals.  The implementation of this model was found to be challenging as locating each zone on the ground proved difficult.  Areas within 300 meters distance or 60 feet elevation of a mapped water source could not be ascertained with great reliability.  For this reason, planning for a new model, as part of a revision to the 1988 HPP, was initiated in the early 1990s (Anderson and Scheele 1993).  A simpler model with equal or greater effectiveness, it was thought, would be more useful to installation land managers and easier for archaeologists to use in the field.
The in-field testing of the 1988 Fort Polk Predictive Model (Table 2.1) produced favorable results for the distribution of sites located in the high and indeterminate probability zones with a few exceptions (Anderson and Smith 2003:227-229).  Survey results from an isolated area of Fort Polk to the north, Peason Ridge, suggested significantly different settlement patterning from that on the Main Fort.  On Peason Ridge, which intersects with the southwest corner of the Kisatchie Ranger District, a disproportionate number of sites were found in the low probability  (Figure 1.2).  Anderson and Smith (2003:228) address this issue in prediction accuracy between the Main Fort area and Peason Ridge, noting that the model was “slightly less accurate” in the latter area, but observed that the vast majority of all sites and isolated finds did fall within the high and indeterminate probability zones in both the 1988 and 1995 Fort Polk Predictive Models.
Table 2.1.  1988 Fort Polk Predictive Model Field Test (data from Anderson and Smith 2003:227-229).
	 
	 
	 
	 

	Project
	% Prehistoric Sites/Isolated Finds
	Report

	
	
	
	

	Earth Search, Inc.
	
	
	McMakin et al. 1994

	High Prob Zone
	67%
	
	

	
	
	
	

	R. Christopher Goodwin and Associates, Inc. Survey 14
	Williams et al. 1994a

	High Prob Zone
	78%
	
	

	Ind. Prob Zone
	14%
	
	

	Low Prob Zone
	8%
	
	

	
	
	
	

	R. Christopher Goodwin and Associates, Inc. Survey 15
	Williams et al. 1994b

	High Prob Zone
	67%
	
	

	Ind. Prob Zone
	33%
	
	

	
	
	
	

	R. Christopher Goodwin and Associates, Inc. Survey 16
	Williams et al. 1995a

	High & Ind. Prob Zone
	91%
	
	

	Low Prob Zone
	9%
	
	

	
	
	
	

	R. Christopher Goodwin and Associates, Inc. Survey 17
	Williams et al. 1995b

	High & Ind. Prob Zone
	97%
	
	

	Low Prob Zone
	3%
	
	

	
	
	
	

	R. Christopher Goodwin and Associates, Inc. Survey 18
	Williams et al. 1994c

	High & Ind. Prob Zone
	80%
	
	

	Low Prob Zone
	20%
	
	

	
	
	
	

	Gulf South Research Corporation, Inc. Survey 4
	Shuman et al. 1996

	Low Prob Zone
	45%
	
	

	
	
	
	

	Gulf South Research Corporation, Inc. Survey 5
	Jones et al. 1996a

	High Prob Zone
	71%
	
	

	
	
	
	

	Gulf South Research Corporation, Inc. Survey 6
	Jones et al. 1996b

	High Prob Zone
	61%
	
	

	
	
	
	

	Gulf South Research Corporation, Inc. Survey 7
	Jones et al. 1997

	High Prob Zone
	82%
	
	







1995 Fort Polk Predictive Model
The 1995 Fort Polk Predictive Model (FPPM) became the first technologically intensive modeling effort in the region.  Through the use of a GRASS (Geographic Resource Analysis Support System) GIS based analysis, the replicability of the analysis and the availability of digital data layers of important environmental variables improved markedly.  Along with a different medium for the analysis, the 1995 Fort Polk Predictive Model examined an updated sample containing 2,785 sites and isolated finds and 2,136 randomly generated points as opposed to the 1,657 sites and isolated finds and 363 random points processed for the 1988 Fort Polk Predictive Model (Anderson and Smith 2003:185-188).  
The primary data used to develop the 1995 Fort Polk Predictive Model is recorded in the HPP Cultural Resources Inventory Primary Data volume (Anderson et al. 1999).  The digital datasets analyzed in the 1995 modeling effort range from soils to elevation to geological formations (Anderson and Smith 2003:185-229).  Soil Type, Soil Slope, and Distance to Floodplain and Upland Soils GIS data layers were derived where available from USDA Natural Resources Conservation Service (NRCS) maps at a 20-meter resolution, using Euclidean distance values where relevant.  Potential Maximum Soil Depth of Archaeological Components was developed by the US Army Construction Engineering Research Laboratories (USACERL) to estimate depth to locate archaeological artifacts.  The Elevation and Aspect GIS data layer combines 100-meter resolution digital terrain elevation data (DTED) from the Defense Mapping Agency with 30-meter resolution digital elevation map (DEM) data from USGS 7.5-minute quadrangle sheets.  The combination of the DTED and DEM data was due to a limited availability at the time for 30-meter DEM data.  A similar usage of the DTED and DEM data along with a 20-meter streams map produced the distance to nearest water body where Euclidean distance values represented distance.  The Geological Formation GIS data layer was a digitized representation of a local geologic map produced by Welch (1942).
Upon analysis of the assembled digital datasets, a familiar tripartite division of probability zones was produced and examined through a GIS.  The 1995 Fort Polk Predictive Model zones are defined as follows:  

Zone 1:	Site Probability Indeterminate/Medium Probability
Floodplain areas. Defined as locations with floodplain soils by the Natural Resources Conservation Service.

Zone 2: 	High Probability
Areas within a 200-meter buffer of Zone 1 or within a 200-meter buffer of a mapped water source.

Zone 3: 	Low Probability
All other areas (i.e. uplands).


The two variables of distance to nearest water and distance to floodplain most significantly shaped the formation of these zones. Despite the technological advancement inherent within the 1995 Fort Polk Predictive Model, an emphasis on functionality and efficiency (i.e., archaeological field implementation) superseded the inclusion of many variables within the final model. Following a detailed examination of the utility of individual environmental variables, distance to mapped watercourses and floodplain soils were identified as critical in shaping site occurrence (Anderson and Smith 2003:185-226). Using the installation GIS, these variables were buffered at increasing 50-meter intervals and the numbers of sites and isolated finds recorded within the high probability zone. When the buffer exceeded 200 meters, there was no justifiable benefit given the amount of additional acreage this would include in the high probability zone (Anderson and Smith 2003:229-236). The analyses also documented the numbers of sites considered eligible, potentially eligible, or not eligible for inclusion on the National Register of Historic Places, since management practices differed for each category. 
	The 1995 Fort Polk Predictive Model proved better than the 1988 FPPM by increasing the proportion of archaeological sites within the high and indeterminate zones and reducing the total number encompassed by the low probability zone (detailed comparisons of the effectiveness of the two models on the Main Fort and Peason Ridge subareas were conducted by Anderson and Smith 2003:229-236).  This was achieved while maintaining approximately similar acreage figures for the zones and increasing the functionality of the model or ease by which it could be employed in the field.  Using buffers around floodplains and mapped watercourses (Figure 2.1) 


[image: ]

Figure 2.1.  Example of the 1995 FPPM Division of Zones showing buffering of streams and floodplains.

allowed for a more effective demarcating of environmental variable compared to those employed in the 1988 FPPM, which included both distance to and vertical elevation above mapped watercourses or floodplain soils.  
In-field testing of the 1995 Fort Polk Predictive Model showed the model to be extremely effective for both the Main Fort and Peason Ridge (Table 2.2; Anderson and Smith 2003:235-239).  The majority of National Register of Historic Places (NRHP) eligible sites also occurred in the high probability zone (Ezell and Ensor 1999:340; this was for the 1988 and 1995 models over the entire base sample as of 1995 in Anderson and Smith 2003).  Compared to previous models in the region, the 1995 Fort Polk Predictive Model had a comparable or better success rate for the high and indeterminate zones to encompass a significant site while more efficiently occupying less acreage.  Relative to more complex models employing multivariate logistical regression (e.g., Perez and Bundy 2011), the Fort Polk 1995 Predictive Model emphasizes a simpler development methodology while emphasizing the logical inclusion of environmental factors that shaped past settlement patterning.   The 1995 Fort Polk Predictive Model has been used by both the US Forest Service on the Kistachie National Forest and on Fort Polk in west-central Louisiana from 1995 to 2011.



Table 2.2.  1995 Fort Polk Predictive Model Field Test (data from Anderson and Smith 2003:235-238). 
	 
	 
	 
	 

	Project (Area)
	% Sites
	% Isolated Finds
	Report

	
	
	
	

	New South Associates, Inc.  (Main Fort)
	Cantley et al. 1997

	High/Ind. Prob Zone
	94%
	86%
	

	
	
	
	

	SCIAA Survey  (Main Fort)
	
	Clement and Peterson 1998

	High/Ind. Prob Zone
	81%
	81%
	

	
	
	
	

	TRC Garrow and Associates, Inc.  (Peason Ridge)
	Ensor et al. 1999

	High Prob Zone
	79%
	86%
	

	
	
	
	

	TRC Garrow and Associates, Inc.  (Rustville Training Area)
	Ensor et al. 2001

	High Prob Zone
	97%
	--
	

	
	
	
	

	Panamerican Consultants, Inc. Survey 1999-2000 (Main Fort)
	Buchner and Saatkamp 2000

	High Prob Zone
	89%
	58%
	

	
	
	
	

	Panamerican Consultants, Inc. Survey 2000 (Main Fort/Limited)
	Buchner and Saatkamp 2001

	High Prob Zone
	100%
	91%
	




2006 Bogs and Seeps Model
	A bogs and seep probability model (Ward and McCoy 2006) was developed for the Fort Polk Military Reservation.  The model examines three factors to determine probability for seepage bog occurrence: (1) the underlying soil series, (2) the percent slope, and (3) the aspect of the location of known features.  Perez and Bundy (2011) evaluated the model for prehistoric site occurrence on a limited study area of Fort Polk installation and concluded that it should not be included for models locating archaeological sites.  The inclusion of wetlands as an evaluated environmental variable within Chapter 5 of this thesis showed extensive overlap between the proximity of sites to wetland and the proximity of sites to frequently flooded soils.  As the frequently flooded soils produced an easier to implement modeling variable, bogs and seeps were not evaluated within the development of the proposed model produced within this thesis.


2010 Fort Polk Predictive Model
	In May 2011 a new predictive model was produced for the Fort Polk Military Reservation and nearby areas (Perez and Bundy 2011). The 2010 Prehistoric Model incorporated variables such as proximity to water, bogs and seeps, soil types, slope, and proximity to previously recorded prehistoric sites, and the scored vector layers unionized into a single category using ArcGIS 9.3 (Perez and Bundy 2011:63-67).  A second model was produced for historic sites, using proximity to existing historic sites, and historic features digitized from maps (Perez and Bundy 2011:73-74). The two models are then overlaid to produce a single layer of high or low probability for the study area on Fort Polk.  
[bookmark: _GoBack]The new model is challenging to compare as it produces two probability zones as opposed to the more traditional three.  The authors argue that the new model performs more effectively than the 1995 FPPM, and is therefore recommended as a replacement.  It should be noted, however, that the evaluation of the 1995 FPPM and the new model occurred using a limited study area, rather than the site and isolated find sample from the entire military reservation.  The accuracy of the 2010 Model will eventually need to be evaluated with respect to the entire military reservation.  A criticism of the 2010 FPPM is the extremely large coverage area for the high probability zone, which accounts for up 80 percent of the land area within one study area (Perez and Bundy 2011:253, Table 14.3).  A critical examination of model performance and in-field implementation between the 2010 FPPM and the proposed predictive model produced within this thesis is offered within the conclusion of Chapter 6.

Discussion
The models developed and used on the Kisatchie National Forest and Fort Polk over the past three decades have emphasized the critical importance of a number of environmental variables, notably distance to water, elevation above water, and soil characteristics.  The probability zones outlined by the various models indicate how landscapes were used by past historic and prehistoric populations.  Upland areas, away from major drainages, have lower frequencies of archaeological sites; where present, these sites are commonly considered to represent small, short-term, special-purpose occupations, probably as hunting or other short-term resource procurement or travelers’ camps (Thomas et al. 1993d:179–180).  These are inferred to be satellite camps to more permanent occupations located elsewhere, and as such have tended to occur in a wider variety of microenvironmental settings than larger, more permanent occupations. There also appears to be a decreased emphasis on proximity to water characterizes these smaller sites (Thomas et al. 1992:119).  Larger settlements concentrate within the bottomlands and, where found in the highly dissected uplands, distance to permanent water is a seemingly necessary prerequisite. 
Like prehistoric sites, historic sites cluster around environmentally vital resources such as water.  In addition, historic sites tend to cluster around roadways of appropriate age, though these are often difficult to ascertain.  The environmental correlations for both prehistoric and historic sites are evaluated within Chapter 4, while the methodology used to do so is discussed within Chapter 3. 


69


image1.jpeg
1995 Fort Polk Predictive Model

Zone 1 (Indeterminate Prob)
I Zone 2 (High Prob)





