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moved the ASL mark closer or farther from the true location, depending on which GPS 

reading best represented the ASL. 

 

Conclusions 

 The 1974 survey map, in its original form, does not possess a global high degree 

of positional accuracy in defining ASL required by spatial analytical methodologies. 

Application of historical analysis and GISc methodologies, specifically geo-rectification, 

to the map successfully produced an ASL map with localized degrees of accuracy (Figure 

30).  

  
Figure 30. Adjust geo-rectified map produced from the 1974 survey map 
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 This work has shown limited success in establishing positional data for the ASLs 

in the middle Malpaso Valley. The results show that the 1974 survey map is subject to a 

'priority placement' scenario, in which large, prominent sites are given optimal placement 

consideration, while nearby, smaller sites are positioned relatively adjacent in respect to 

the local, prominent site in so much that no overlapping occurs. The results of this 

placement methodology results in a high degree of positional accuracy for the site's 

considered most important to the archaeological record, with diminishing positional 

accuracy for sites in the surrounding vicinity. This affects the visual representation in site 

clustering, and may greatly alter results of spatial analysis involving spatial analysis. 

 The 1974 survey map contained regional variations in positional accuracy. The 

variation within the map was not systematic. Due to the low (30m) spatial resolution of 

the source of higher accuracy used to geo-rectify the historic map, the resulting map's 

overall average positional accuracy reported may not be acceptable for use in some 

spatial analytical methodologies. An additional GCP selection method based on a 

systematic, limited field survey, capturing a certain percentage of archaeological site's 

GPS positional values for site locations may produce a more accurate spatial analysis of 

the 1974 survey map. Considering Mexico's social and political situation, and the high 

level of cartel violence, it is not feasible to conduct such a study at this time. Therefore, 

recommendations include: 

 1) The historic map serves as a general reference for site density and distribution 

 2) Location analysis be limited to the major sites 

 As highlighted in previous studies, compounding errors in positional accuracy 

influence the assessment of final map accuracy. Innate errors within the historic map, the 
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interpolation of target data (DEMs), geo-rectification process, site location creation, and 

field collected GPS data may have affected the dimensional values. Accuracy of all 

control points are subjective at best. The resolution of the target and the intermediate-

scale of the 1974 map do not lend to the creation of accurate feature locations. Both the 

historic map and Mexican DEMs are interpolated from topographic maps with an 

elevation interval of 10 meters. The contour lines themselves were interpolated from 

interpretation of aerial photography and stereo-pair ortho-imagery (INEGI 2012). These 

issues can be mediated through the acquisition of higher-resolution raster data or larger-

scale maps of the study area. 

 

Recommended tasks and additional work regarding improvements 

 1) Increase the sample size of the validation set. There is a lack of sites in the 

southern section of the survey area, which hinders the ability to fully access the global 

positional accuracy of geo-rectification. Inclusion of additional sites in the area of interest 

to achieve an even distribution may show trends in spatial accuracy of the  rectified map. 

 2) Establish positional accuracy values for GPS unit used in this study. Previous 

analysis of the variance in daily readings shows that the Garmin's precision is adequate 

for this study. Knowing the horizontal and vertical accuracy of the Garmin, or using a 

GPS unit with published accuracy will improve the overall confidence in the dimensional 

data collected in the field.  

 3) Compare the geo-rectification process in ArcGIS Desktop to other map 

warping software. MapSource, an open-source software, has been used successfully in 

other geo-rectification studies. 
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 4) Include an expanded review of Laxton's (1976) discussion on geometric 

accuracy and Blakemore and Harley's (1980) work concerning aspects of historic map 

quality, along with a thorough review of related research incorporating GISc. This will 

enlighten the reader, and provide a better overview of the concepts and applications 

explored in this work. 

 5) Develop a GISc tool to automate the performance of multiple sets of geo-

rectification models against multiple sets of GCPs. Had this study required the processing 

of additional sets of GCPs, a tool to automate and utilize multiple-processors would have 

saved time and an immeasurable amount of sanity. 

 6) Perform Analysis of Variance (ANOVA) to determine if there are correlations 

between site attributes and their spatial accuracy on the geo-rectified map. Site size, 

function, and environmental features may affect ASL positional accuracy. 

 7) Re-run the geo-rectification using the INEGI DEM version 2 for establishing 

peak GCP locations to assess any change in geo-rectification performance. 

 

Final Comments 

 As the implementation of GISc in geography and archaeology increases, the field 

will benefit from computer programs generated during this research. A robust GISc 

program to automate the creation of an unlimited number of interpolated peak points, 

while being generic in nature in order, is applicable in a variety of research situations.   

  This work paves the way for future work involving GISc in the Malpaso Valley. 

This research is a technological leap; bringing the original research from the 1970s in line 

with today's ASL recording methodologies in order to manage existing archaeological 
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data, conduct complex spatial analysis, and generally promote archaeological endeavors 

in the area. The results of this work are important components to the future of research in 

the area. A more robust test of the data generated from this work is highly recommended. 

In conjunction with environmental data, a model to analyze the ASLs, leading to the 

creation of a predictability model can be applied to the remainder of the valley and other 

temporally occupied valleys in the region. 
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APPENDIX A 
 
# python program to take n topographic shapefiles, and based on user created data  
# of peak reference topo line FIDs, generate sets of centroids for analysis of variance 
# in interpolated peak location 
# by Ryan Schuermann, Summer 2012, rs1571@txstate.edu 
print "Initializing modules..." 
import arcpy, os 
#===================================================== 
# BEGIN CONFIGURATION AREA 
#===================================================== 
# 
# root/home directory in which all input/output file locations are based on 
# 
path= r"E:\geodatabase_MV206" 
# 
# Output directoy/folder - highly recommended to create a unique dir in the  
# path directory, and set this variable to it's name.... in the case something goes  
# wrong, this will make it easier for cleaning up the temp files this program creates 
# 
outdir = "peak_pts" 
# 
# Final output shapefile filename  
# 
OutFname = "Pts_All.shp" 
# 
# Input file name - text file (.txt/.csv) comma delimited file containging a header row 
# and rows of FIDs of peak topo lines for each topo shapefile 
# 
# data input file format: 
# topo1keyword,topo2keyword,topo3keyword,..., 
# FID1#,FID2#,FID3#,..., 
# 
# the first row is a header, used to assign source attribute value 
# make sure to end each row with a comma!! 
# if the file is not located in path, include the dirs before filename 
# 
finput = "peak_topo_data.txt" 
# 
# Array of topo shapefile names, 
# MUST BE IN THE SAME ORDER AS HEADER OF finput 
# if the topo shapefile is not located in path, include the dir 
# 
fnameArray=["ASTER_GDEMv2\gdem_utm_contour_5m.shp","INEGI_MDE\mde_utm_contour_5m.shp
","Zacatecas\zac_utm_contour_5m.shp"] 
# 
# Interpolate elevation (True/False)?  
# If set to True, insert DEM associated with each topo shapefile in demArray, 
# following same rules as fnameArray. 
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# If set to False, comment out the CheckOut and demArray 
# 
interpolateElev = True 
arcpy.CheckOutExtension("3D") 
demArray=["ASTER_GDEMv2\gdem_utm","INEGI_MDE\mde_utm","Zacatecas\zac_utm"] 
 
#===================================================== 
# END CONFIGURATION AREA 
#===================================================== 
# 
# set variables etc 
# 
arcpy.env.workspace = path 
arcpy.env.overwriteOutput = True 
mgmt = arcpy.management 
numTopos = len(fnameArray) 
message = "Generating peaks for %d topographic shapefiles..." % (numTopos) 
print message 
# 
# open input file for reading 
# 
try: 
    infile = open(os.path.join(path,finput),"r").readlines() 
except: 
    print "Error: input file not found!!" 
    exit() 
# 
# create an array of layers for each topo shapefile 
# 
TopoLyr = [] 
for x in range(numTopos): 
    TopoLyr.append(mgmt.MakeFeatureLayer(os.path.join(path,fnameArray[x]))) 
del x 
# 
# begin main loop 
# 
x = 1 
myFileArray = [] 
for row in infile: 
    # create an array of values per line 
    w = row.split(",") 
    # validate and exit if the data row entries do not match number of topo files - user error 
    if not(len(w) == numTopos+1): 
        errormsg = "Incorrect number of FIDs or missing end comma at input file row %d - %s" % (x,row) 
        print errormsg 
        exit() 
    # get and set vars if on header else process line 
    if (x == 1): 
       myTopoArray = row.split(",") 
       headerLen = 0 
       for headerString in myTopoArray: 
           if (len(headerString) > headerLen): 
               headerLen = len(headerString) 
    else: 
        # process the topo line files 
        myPoly = [] 
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        myPt = [] 
        myInterpPt = [] 
        for y in range(numTopos): 
            SQL = "FID = %s" % w[y] 
            # select the topo polyline based on FID 
            mgmt.SelectLayerByAttribute(TopoLyr[y],"NEW_SELECTION",SQL) 
            # create a unique filename for polygon 
            myPoly.append(os.path.join(path,outdir,"poly" + str(x-1) + str(y) + ".shp")) 
            # create polygon from topo polyline 
            mgmt.FeatureToPolygon(TopoLyr[y],myPoly[y]) 
            # bring in the newly created polygon as a layer 
            myPolyLyr = mgmt.MakeFeatureLayer(myPoly[y]) 
            # create a unique filename for point 
            myPt.append(os.path.join(path,outdir,"pt" + str(x-1) + str(y) + ".shp")) 
            # create point from polygon 
            mgmt.FeatureToPoint(myPolyLyr,myPt[y]) 
            # interpolate elevation if user defined 
            if (interpolateElev): 
                # create a unique filename for interpolated point 
                myInterpPt.append(os.path.join(path,outdir,"interppt" + str(x-1) + str(y) + ".shp")) 
                # interpolate point 
                arcpy.InterpolateShape_3d(demArray[y],myPt[y],myInterpPt[y],30,1, \ 
"NATURAL_NEIGHBORS") 
 
        # merge all 
        newout = os.path.join(path,outdir,"pt" + str(x-1) + ".shp") 
        if (interpolateElev): 
            mgmt.Merge(myInterpPt,newout) 
        else: 
            mgmt.Merge(myPt,newout) 
         
        # build array of point files to merge at end 
        myFileArray.append(newout) 
         
        # remove extraneous fields 
        mgmt.DeleteField(newout,"ORIG_FID") 
         
        # set the Id field 
        pts = arcpy.UpdateCursor(newout) 
        for p in pts: 
            p.Id = x-1 
            pts.updateRow(p) 
        del pts; del p 
                 
        # clean up temp files 
        for y in range(numTopos): 
            mgmt.Delete(myPoly[y]) 
            mgmt.Delete(myPt[y]) 
            if (interpolateElev): 
                mgmt.Delete(myInterpPt[y]) 
             
        # end loop 
        outmsg = "Generated centroids for peak %d..." % (x-1) 
        print outmsg 
        del myPoly; del myPt; del myInterpPt; del newout     
    # increment loop counter etc 
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    x += 1 
    del w 
 
# merge all peak's points         
print "Merging all point files..." 
finalout = os.path.join(path,outdir,OutFname) 
mgmt.Merge(myFileArray,finalout) 
 
# add X,Y and maybe Z data to attribute table 
mgmt.AddXY(finalout) 
 
# add an attribute for dem source and populate according to order of merge 
mgmt.AddField(finalout,"source","TEXT","","",headerLen+1) 
del headerLen 
print "Populating source field..." 
pts = arcpy.UpdateCursor(finalout) 
y = 0; 
for p in pts: 
    p.source = myTopoArray[y] 
    y += 1 
    if (y == numTopos): 
        y = 0 
    pts.updateRow(p) 
del pts; del p 
 
# clean up temp files 
print "Deleting temp files..." 
for f in myFileArray: 
    mgmt.Delete(os.path.join(path,outdir,f)) 
 
print "Done!"
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APPENDIX B 
 
#***************************************************************************** 
#  Author: Ryan Schuermann       
#----------------------------------------------------------------------------- 
#  Description: a script to get azimuth from a simple line 
#  Make sure to have a fields called: 
#     Azimuth - type Integer 
#     diffX and diffY - type Double 
#  Change srcLyr to your layer name 
#***************************************************************************** 
import math,arcpy 
srcLyr = "MdePeakDif" 
desc = arcpy.Describe(srcLyr).ShapeFieldName 
cur = arcpy.UpdateCursor(srcLyr) 
for row in cur: 
    feat = row.getValue(desc) 
    # gets azimuth from beginning point to end point 
    # switch points assignment to get azimuth from last to first point if line is in opposite direction 
    fromPt = feat.firstPoint 
    toPt = feat.lastPoint 
    x1 = fromPt.X 
    y1 = fromPt.Y 
    x2 = toPt.X 
    y2 = toPt.Y 
    deltaX=x2-x1 
    deltaY=y2-y1 
    Az = math.atan(deltaY/deltaX) 
    Az = math.degrees(Az) 
    if (deltaX < 0): 
        Az += 180 
    Az = 90 - (Az+180 % 360-180) 
    if(Az < 0): 
        Az += 360 
    row.Azimuth=int(Az) 
    row.diffX = deltaX 
    row.diffY = deltaY 
    cur.updateRow(row)   
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