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EXECUTIVE SUMMARY





When the land that now makes up Aberdeen Proving Ground (APG) was requisitioned by the United States government in 1917, many buildings belonging to the former residents of the area were abandoned.  In the ensuing years, much of this land has reverted to forest, and the knowledge of the exact locations of most historic structures has been lost.  In order to assist with planning and meeting legal requirements (such as section 106 of the National Historic Preservation Act), a Historic Resource Predictive Model was developed for APG in association with the installation's Integrated Cultural Resources Management Plan.  That model relied on a composite map created from several late 18th and 19th century historical maps to predict the locations of post-colonial structures.  Anything within 500 feet of a mapped building site was considered to be an area of high potential for historical resources.  Unfortunately, that model is quite broad.  The 500 foot buffers around the historically mapped building locations cover over 23% of the land area of the base.  We therefore wanted to develop a more specific model to predict historic site locations.





The objectives of this study were as follows:


1) To test the accuracy of the Historic Resource Predictive Model.


2) To ascertain whether there is any systematic bias in the map used in the model.


3) To determine whether mapped landscape features could be used to predict historic site locations.


4) To assess the effectiveness of using vegetation to predict the locations of historic buildings.


5) To develop a more accurate model to predict the locations of historic structures.








1.  Accuracy of the current model


During 1997 and 1998, we located the remains of 70 individual structures.  We used a GPS unit to map these structures to within 4 meters of their actual locations, then used Intergraph GIS software to determine the distance and azimuth from each structure to the nearest mapped structure.  58% of these structures lay within the 500 foot radius specified by the Historic Resource Predictive Model, while 16% were more than 1000 feet from any mapped location.





2.  Systematic bias in map


To assess the bias in the map, we plotted the distance and azimuth from each known site to the nearest mapped location.  For all analyses, we grouped buildings that appeared to have been associated with the same farmstead.  We reasoned that, once one building in a group was found, it would be relatively easy to locate the rest.  No pattern of bias emerged, indicating that little can be done to improve the accuracy of the composite map.  We were unable to test the utility of using historically mapped roads as indicators of building locations, as safety concerns forced us to bias our sample strongly toward roadside areas.  Since the current road network is quite similar to the historical road network, this created an insurmountable bias in our sample.





3.  Landscape features


We tested the predictive values of the following landscape features using information available in the post's GIS system: distance to water, slope, elevation, and soil type.  Soil type was the only factor that appeared to have predictive value, with two soil types being disproportionately correlated with foundation locations.  





4.  Vegetation as a predictor of historic site locations


We took a two-part approach to evaluating the effectiveness of vegetation as an indicator of the locations of historical structures.  First, during summer and fall of 1997, we located and conducted vegetation surveys on 21 historic building sites, all of which were occupied during the 19th century.  These data were compared to data from 35 vegetation survey points from the Land Condition Trend Analysis (LCTA) program, an ongoing vegetation and wildlife monitoring program. These randomly selected plots provided a good representation of the natural forests of the study area.





From these surveys, we developed a list of indicator species for historic building locations.  These were species that were significantly more abundant at building sites than in the surrounding forest.  All plots found during the 1997-98 study period were then surveyed for these species.  With the exception of daffodils, we only considered canopy level tree species, as these have the greatest potential to be detected using remote sensing.  The following species were found to be more abundant on archeological sites than in the surrounding forest: black locust, black cherry, black walnut, daffodil, sweet cherry, and osage orange.





The three species that we determined to be most effective as predictors of historic locations were black walnut, daffodil, and sweet cherry.  While black locust and black cherry were found at more sites and were more abundant at historic sites than in the surrounding forest, they are also a significant component of the natural vegetation.  Black walnut, daffodil, and sweet cherry, on the other hand, appear to grow only where they have been planted and would thus result in a very small number of false positives if used to predict the locations of historic sites.


  


4.  Evaluation and refinement of model


Clearly, the model in its present form is inadequate.  It detected less than 60% of known historic sites while indicating that 23% of the post was of high archeological potential.  Black walnuts alone are better predictors of building site locations, appearing at 65% of sites.  Sweet cherry trees appeared at an additional 12% of sites.  These two species alone could be used to predict the locations of nearly 80% of all known historic building sites in the study area.  Adding daffodils to the mix allowed the prediction of almost 90% of all known locations.  The next step would be to assess the practicality of detecting individual plant species at the scale necessary to locate archeological sites using remote sensing.  Once good remote sensing information is established, we could use all of the predictive factors that we have identified—historically mapped building locations, soils, and vegetation to model historic site locations.  The addition of vegetation would be likely to substantially increase the predictive power of our model compared to traditional models that only take into account landscape features and historical information.
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INTRODUCTION





When the land on which Aberdeen Proving Ground (APG) now sits was requisitioned by the United States Army in 1917, many buildings belonging to the former residents of the area were abandoned.  With the exception of the small towns of Michaelsville, Perryman, and Boothby Hill, the area had been agricultural, and the majority of settlements were farmsteads. In the years since the army's acquisition of this land, the installation's weapons testing mission has had a dramatic effect on most of the historical structures abandoned at the time of acquisition.  Some buldings were actively demolished to make way for the development of ranges and buildings.  Most, however, were simply neglected and slowly fell into disrepair and eventually collapsed.  Much of the area that was once farmland has reverted to forest, and the knowledge of the exact locations of historic structures in these areas has been lost.  To complicate matters, much of the undeveloped land on APG that has the highest potential to contain important archeological resources has been used for weapons testing for over 80 years.  This has left the area littered with unexploded ammunition, which makes digging both dangerous and prohibitively expensive.  The development of a model to predict the locations of areas with a high potential to contain historic resources is therefore especially important on Aberdeen Proving Ground.  In an area where field surveys are costly and dangerous, the ability to predict the locations of historic sites with accuracy has the potential to save considerable time and expense.





The first attempt to develop such a model was conducted in association with the development of the installation's Integrated Cultural Resource Management Plan (Goodwin and Associates, 1996).  That model, known as the Historic Resource Predictive Model, relied on a composite map created from several late 18th and 19th century historical maps to predict the locations of post-colonial structures.  Anything within 500 feet of a mapped building site was considered to be an area of high potential for historical resources.  Unfortunately, that model is quite broad.  The 500 foot buffers around the historically mapped building locations cover over 23% of the land area of the base.  An additional weakness was that no assessment of the accuracy of the model was presented by its authors.  While a substantial effort has been made to refine the post's Prehistoric Resource Predictive Model (Wescott and Hoffecker, 1997), little attention has been paid to the model for historic resources.





The study reported here was developed to assess the accuracy of the Historic Resource Predictive Model and to find ways to improve the model using the installation's GIS.  We explored several methods for improving the model. Our first attempt was based on the hypothesis that the composite map employed in the model contained a systematic bias. To test this, we examined the locations of known historic sites in relation to mapped locations.  Next, we assessed the value of some conventionally employed predictive modeling parameters including elevation, soil type, and distance to water.  In keeping with the prehistoric modeling work of Wescott and Hoffecker (1997), we discarded other conventional parameters such as aspect and slope due to the Proving Ground's low-relief topography.  Finally, we assessed the utility of a suite of vegetation species as predictors of historic site locations with a view to developing a set of indicator species to be used in remote sensing.





While the other variables that we employed have been commonly used in cultural resource predictive modeling (Marozas and Zack, 1990; Warren, 1990), little use has been made of vegetation.  Many archeologists are aware of the relationship between plant species and archaeological sites, but few formal studies have been done.  Most of the published work addressing the issue of associations between vegetation and archaeological sites has focused on the value of vegetation as an indicator of cultural practices rather than as a predictor of site locations (for example: Jeane, 1987; Sanford and Neumann, 1987; Neumann and Sanford, 1988).  A few studies of vegetation patterns as predictors of archaeological sites have been reported (Grant, 1983; several studies are reported in Brooks and Johannes, 1990) , but there appear to be no published studies on the forests of the eastern United States.  Consequently, we set out, in the final stage of our study, to develop a list of potential indicator species for the Aberdeen Proving Ground region and to assess their value as predictors of historic site locations.





As a result of the study, we were able to create two new cultural resources GIS layers for the use of land use planners and archaeologists.  This aspect of the project is described in Appendix A.








METHODS


Site Searches and GIS Analyses


We searched for abandoned historic building sites in forested areas between June of 1997 and April of 1998, with the majority of searches conducted during the months of January, February, and March of 1998, when visibility was at its best.  Searches were conducted using three methods: 


1) Systematic searches of forested areas.  This method involved several people forming a line at the forest edge and walking back and forth through an area searching for building remains.


2) Searches for known building locations.  This method involved seeking out building locations that had been reported by people working on APG.


3) GPS searches for historically mapped building locations.  For this type of search, we employed the navigation function of a GPS unit to navigate our way to historically mapped locations.





We mapped the location of each structure to within 4 m or less of its actual location using a Trimble Pathfinder GPS unit.  For each site, a site description was written and a digital photo taken.  Sites with intact foundations were drawn.  This information was entered into the DSHE GIS system, with site description and photo attached to each site location.  





We used the distance and azimuth measuring capabilities of the DSHE Intergraph GIS system to test the accuracy of the current Historic Resource Predictive Model.  We measured the distance and bearing from each known foundation location to the nearest mapped site on the composite map used in the Historic Resource Predictive Model.  We then plotted the distances and bearings in a cluster diagram.





To test the effectiveness of physical factors such as elevation, distance from water, and soils as predictors of historic site locations, we used a number of pre-existing GIS layers created by Michael Baker and Associates and Argonne National Labs.  Soil information came from a soil map of the base completed in 1997 by the United States Natural Resources Conservation Service.   Elevation contour and watercourse maps were created by Argonne National Laboratory in 1995.





Vegetation Study


Plot selection 


During the months of June through October, 1997, we searched for historic buildings to be included in this part of the study.  In order to be included in this part of the study, a site was required to meet the following criteria:


1) It must show some evidence of having been a residential structure.  The presence of brick walls, a chimney, or a deep basement were considered the best indicators of residential structures.  In the absence of these, the presence of a well or spring house nearby was also considered.  In some cases, subjective determinations were made based on our sense of the area.  


2) It must be at least 200 feet from any other structure used in the study.  This criterion was established in order to maintain independence among the sample points.


3) It must be completely contained in a forested area in which a 60 m X 60 m vegetation survey plot could be established. 





Vegetation Surveys


Between 7 September and 19 October, woody vegetation was surveyed around 21 historical building foundations in forested areas using a 60 m X 60 m square plot centered on the foundation's center (Fig. 1).  All woody plants over 1 m in height within the plot boundaries were counted.  Each plant was placed in one of 5 categories based on its diameter at breast height (dbh): 0-15 cm dbh, 15-30 cm, 30-53 cm, 53-76 cm, and >76 cm.  We chose to measure dbh because it is an easily measured surrogate for tree age and canopy position.  Trees in the smallest dbh category tend to be young understory and mid-story trees; those in the next category are generally pole-stage mid-story trees, though their crowns may reach the canopy in younger forests.  With the exception of some low-growing fruit trees, the crowns of trees in the top three categories generally extend into the forest canopy.  These larger trees are the ones most likely to be detected through remote sensing and also represent the oldest trees in the forest.  Any trees planted before 1917, again with the exception of some fruit trees and shrubs, are likely to be in one of the top three dbh categories.


 


We employed 35 forested 600m2 Land Condition Trend Analysis (LCTA) vegetation survey plots to develop a vegetation profile for APG's forests.  This represented all of the forested LCTA plots in the Aberdeen, Edgewood, Carroll Island, Graces Quarters, and Poole's Island areas.  These plots were randomly established in 1993 based on satellite imagery, and their primary purpose has been to monitor long-term changes in the installation's flora and fauna.  Vegetation was inventoried on all of the LCTA plots used in this study during the summers of either 1995 or 1996.  Vegetation monitoring surveys conducted on all plots during the summer of 1997 indicated that no substantial changes in vegetation had occurred on any plots used in this study since they were inventoried (D. DeRoia, unpublished data).





We compared the LCTA plots to the building sites using a t-test.  Based on this analysis, we developed a list of indicator species for historic building sites.  Between mid-March and the end of April, we surveyed all of the historic sites for the indicator species and daffodils. 








RESULTS AND DISCUSSION





We located the remains of 70 distinct structures.  For all analyses, we grouped buildings that appeared to have been associated with the same farmstead.  For example, a nearby house and barn foundation would be considered as a single site.  This resulted in 51 distinct sites.  We were unable to get an accurate GPS reading for one of the sites (the house on Poole's Island), so we excluded that site from our analysis of the accuracy of the composite map.  





Of the 51 sites, 21 suitable for vegetation surveys were detected before the end of October, our cutoff date for vegetation surveys.  Vegetation was surveyed at all 21 of these sites.  We searched most of the accessible areas of the post, focusing on those areas with the highest potential to yield intact structures, that is, areas that were relatively undisturbed and containing some mapped locations on the composite map.  Access and safety issues, however, caused us to refrain from searching some areas with relatively high archeological potential.  The area between Abbey Point Rd. and Romney Creek south of Briar Point Rd. was not searched , as the area around Abbey Point has been sealed off.  The area south of the 9600 Yard Recovery Field and the Michaelsville Ranges was, for the most part, not searched due to safety concerns. Spesutie Island, the area around Perryman Test Course and the Aberdeen and Edgewood cantonment areas received relatively little attention, as they have been highly disturbed over the years.  In the course of our searches, we found no evidence of historic structures at 83 sites shown on the Envirosphere map.  These are listed in Table 1.  That we found nothing does not mean that no structure was ever present at these locations or that they do not represent potentially valuable archeological sites, only that we found no above-ground remains.





Historic Maps


We used the GIS to assess the accuracy of the composite map as a predictor of historic site locations.  We plotted all known building locations and measured the distance and bearing from these locations to the nearest mapped point on the composite map (Map 1).  We found that 58% of building locations were within 500 feet (approximately 150 m) of a mapped point (Fig. 2).  It appeared that there was no systematic bias in the map.  When we plotted the distance and bearing from each known site to the nearest mapped point, no pattern emerged (Fig. 3).  We concluded that the error in the map is random and that there is no easy way to manipulate the map to improve its predictive capacity.





To assess the specificity of the historic resource predictive model, we used the GIS system to place 500 foot buffers around each mapped point.  We calculated that the buffers covered 5721 acres, or 23% of the post's total dry land area.  This indicates that the model is not especially specific and will result in a large number of false positive hits. On the other hand, this also indicates that the model is superior to no model at all.  Based on the above calculations, a completely random model covering the same amount of acreage should, on average, detect only 23% of the total number of known foundations, while the historic resource predictive model predicted the locations of 58%.  





It should be noted that one might expect our estimate of the accuracy of the Historic Resource Predictive Model to be inflated because we used the same map employed by the model to locate some foundations.  However, when we excluded foundations found based on GPS navigation to mapped points from our analyses, we found almost identical results to the analyses that included those foundations.  This is because, if we did not find anything at the mapped location, we would search a relatively large area around it before giving up, often finding foundations that were outside the 500 foot buffer.  We therefore included all locations in all analyses.  





Landscape Factors


Elevation and distance to water proved to be ineffective predictors of historic site locations.  Another factor that had been found to have predictive value elsewhere in the eastern U.S. was distance from historic roads (Hasenstab and Resnick, 1990).  Unfortunately, we were unable to adequately test this because, due to safety concerns, our surveys were mostly conducted along modern roads, which, for the most part, closely follow the historic roads.  Our sample was therefore strongly biased toward roads, rendering it impossible to test the predictive value of old road networks.





Soils, on the other hand, proved to have significant predictive value.  Table 2 shows the types of soil upon which historic sites were found, the percentage of sites found on each soil type, and the percentage of the post comprised of each soil type.  Hambrook soil, which makes up only 5.6% of the base's dry land soils, underlies 29% of historic sites, and Woodstown soil, which comprises 13.3% of the post's dry land soils, underlies an additional 24% of sites (Map 2).  These are the only two soil types that appear to have any value as predictors, with Hambrook clearly the better of the two.  This is not surprising, as Hambrook is the best-drained soil on APG.  Woodstown is a moderately well-drained soil suitable for building, but it is less clear why this particular soil type should be a better predictor of site locations than other well- and moderately well-drained soils such as Mattapex, Nassawango, and Beltsville.  





Vegetation


We found a total of 48 tree and shrub species and nine vine species at the 21 foundation sites on which we conducted full vegetation surveys (Appendix B). Figures 4 and 5 show the most frequently observed species at building sites.  Of the 48 tree species that we found, six were significantly more abundant (p<0.05, t-test) around building sites than in the forest as a whole (represented by LCTA plots)  (Table 3).  They were: black locust, black cherry, black walnut, osage orange, sweet cherry, and silver maple.  These six species were therefore chosen as indicator species for evaluation at the rest of the sites.  We had to discard silver maple as a potential indicator because we were unable to reliably identify it during the winter months.  We added daffodils to the list, as they are known to be common at building sites in the area but were not flowering when the initial vegetation surveys were conducted.





Figure 6 shows the percentages of our total sample of plots at which each indicator species was found.  Black locust was found at all but two plots, rendering it the best predictor of archaeological site locations.  Unfortunately, black locust is found in numerous locations throughout the post that have no archaeological value.  This is also true of black cherry, the second most frequently observed of our indicator species.  The other species on the list, however, are not natural components of the region's forests.  All representatives of these species were either planted or are the descendents of individuals that were planted.  As such, they serve as very specific indicators of historic site locations.  Black walnut, which was found at 65% of all sites, is probably the best indicator.  Black walnut, sweet cherry or daffodil were found at 89% of plots.  This indicates that these three species could be used to predict the locations of nearly 90% of foundation sites—a much better record than that of the original model—with very few false positives.  The utility of daffodils as indicators is somewhat questionable, as it is unlikely that they could be reliably detected through remote sensing, but, even if only black walnut, sweet cherry and osage orange were used, 81% of sites could potentially be located based on vegetation cover.  In addition, the use of silver maple as a predictor could be examined in further detail during the summer, when it can be reliably identified.








CONCLUSIONS AND SUGGESTIONS FOR FURTHER STUDY





Our results indicate that several steps could be taken to improve the Historic Resources Predictive Model.  The incorporation of vegetation information is probably the single most effective way to improve the model, but soils information also provides some useful cues.  The next stage of the project should involve more rigorous modeling efforts and the assessment of multispectral aerial photography in identifying the indicator species that we have identified.  In preparing this work for publication, we will use a multivariate statistical procedure—most likely logistic regression—to develop a model incorporating vegetation and soil information, but until an assessment is made of the effectiveness of remote sensing in detecting our target vegetation species, we cannot be sure of the precision of the model.





It should also be noted that the use of vegetation as a predictor is only effective in forested areas.  While the vast majority of the undisturbed portion of the post, in which valuable archeological sites are likely to be found, is covered in forest, there are areas of grassland and early successional habitats that may also have historic archeological potential.  For these areas we will have to resort to a simpler model based on soils and, perhaps, mapped historic sites.  
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