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The National Park Service, Natural Resource Stewardship and Science office in Fort Collins, 
Colorado, publishes a range of reports that address natural resource topics. These reports are of 
interest and applicability to a broad audience in the National Park Service and others in natural 
resource management, including scientists, conservation and environmental constituencies, and 
the public. 

The Natural Resource Data Series is intended for the timely release of basic data sets and data 
summaries. Care has been taken to assure accuracy of raw data values, but a thorough analysis 
and interpretation of the data has not been completed. Consequently, the initial analyses of data 
in this report are provisional and subject to change. 

All manuscripts in the series receive the appropriate level of peer review to ensure that the 
information is scientifically credible, technically accurate, appropriately written for the intended 
audience, and designed and published in a professional manner.  

Data in this report were collected and analyzed using methods based on established, peer-
reviewed protocols and were analyzed and interpreted within the guidelines of the protocols. 

Views, statements, findings, conclusions, recommendations, and data in this report do not 
necessarily reflect views and policies of the National Park Service, U.S. Department of the 
Interior. Mention of trade names or commercial products does not constitute endorsement or 
recommendation for use by the U.S. Government. 

This report is available from (http://science.nature.nps.gov/im/units/htln/) and the Natural 
Resource Publications Management website (http://www.nature.nps.gov/publications/nrpm/). To 
receive this report in a format optimized for screen readers, please email irma@nps.gov. 

Please cite this publication as: 

Haack-Gaynor, J. L. 2014. A pilot study: 2006 land cover baseline report for Hopewell Culture 
National Historic Park. Natural Resource Data Series NPS/HTLN/NRDS—2014/618. National 
Park Service, Fort Collins, Colorado. 
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Introduction  
An underlying theme of the Heartland Network (HTLN) is the question of whether the species, 
communities and ecological processes comprising the natural resources of network parks are 
sustainable in the face of adjacent habitat loss and climate change.  Potential impacts from 
change in adjacent land cover on park natural resources include reduced water and air quality, 
increased invasive plant occurrence, altered animal populations associated with neighboring 
habitat loss, and diminished quality of viewsheds. HTLN parks are bordered by adjacent lands 
with sometimes intensive agricultural practices and urban encroachment.  Analysis of past and 
current land cover in the vicinity of network parks and analysis of land cover changes provide 
insight into the nature and change of the landscape shaping park natural resources. 

Land cover is a distinct concept applied to the classification of the earth’s land surface (Estes et 
al. 1982).  Land cover is defined as visible features on the landscape.  For this classification we 
are only considering land cover, because seldom can we see land use.  The classification of land 
cover is the assignment of classes to a geographic area based upon similar characteristics of land 
cover.  Numerous uses exist for digital land cover classification maps.  For example, land cover 
classification maps provide insight into a region’s soils and geology (Ustin et al. 1999, Gupta 
2003).  Land cover classification maps are used extensively in conservation planning (Turner et 
al. 2003, Kerr and Ostrovsky 2003), informing land development decisions in metropolitan areas 
(Ridd 1995, Weber and Puissant 2003), planning and implementing large-scale inventories of 
natural resources (Anderson 1982, Volgelmann et al. 1998), and monitoring change in 
ecosystem/landscape condition over time (Frohn 1998, Lambin 1996, Weng 2002).  Land cover 
data, particularly when used in conjunction with other data such as terrain maps and Digital 
Elevation Models (DEMs), can be useful in identifying areas more or less suited to specific land 
management practices and thereby aid in the assessment of appropriate practices for use in a 
specific area to attain certain goals (Bonner et al. 1982).   

This is a baseline report on the land cover in and around Hopewell Culture National Historic 
Park (HOCU) during 2006.  Land cover change analysis will be conducted after this report 
following about a ten year interval. Procedures in this report follow the steps put forth in Haack 
et al., 2014. 

The monitoring objectives for this long term monitoring study are 1) to determine long-term 
trends in land cover change inside and adjacent to HOCU and 2) to determine the rate and 
distribution of urban expansion within the HOCU study area. 

The study area for this report is a ten kilometer buffer around HOCU (Figure 1).  HOCU is a 
1,170 acre historic park located in south central Ohio.  The park is made up of five separate 
units, which are near the city of Chillicothe in Ross County. 
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Figure 1.  SPOT image showing the land cover study area for Hopewell Culture NHP. 
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Methods 
All spatial data in this study used the UTM NAD83, Zone 17 N coordinate system.  For more 
specific information on the process steps please refer to Haack et al., 2014. The first step in 
creating a land cover classification is acquiring the imagery.  For this study one scene of SPOT 
(Satellite Pour l'Observation de la Terre) 5 XI imagery for two different time periods was 
purchased.  The SPOT imagery dates were 17 August 2006 (leaf-on) and 15 December 2006 
(leaf-off).  Imagery specifics include 10 meter pixel resolution; multispectral bands B1 (0.50 - 
0.59 µm - green), B2 (0.61 - 0.68 µm - red), B3 (0.78 - 0.89 µm – Near Infrared), and B4 (1.58 - 
1.75 µm – Short-wave Infrared); incidence angle of +/- 15; less than 10% cloud cover; and less 
than 10% snow cover.  The images were orthorectified by SPOT.  The scenes were layer stacked 
to create a single 8 band multispectral image to be used for classification. 

Next training data were collected.  Training data is location information used to develop 
classification training signatures.  The training dataset documents the land cover classes present 
at specific locations.  The HOCU training data was collected two different ways.  Initially GPS 
(Global Positioning System) points were captured in the field between August 6 – 11, 2006.  
Later, extra points were collected by photo interpretation on the SPOT and 2004 NAIP (National 
Agriculture Imagery Program) imagery. 

The software used to process the land cover classification was ERDAS Imagine.  The training 
data were used to create signature classes which are collections of image pixels of known 
classification type and known spectral values.  Signature classes were used to process the 
supervised classification on the 8 band SPOT image.  The supervised classification rules used 
were none for non-parametric and maximum likelihood for parametric.  The classification was 
found to be over 80% accurate, therefore the classification was manually recoded to decrease 
pixel speckling (removed noise in the output image). 

The final step was to calculate the accuracy of the classification.  For the seven land cover 
classes 350 stratified random points (SRP) were created.  Photo interpretation of the 2006 NAIP 
imagery was used to designate the reference class for the SRP.  The SRP and land cover 
classification were then used to produce an error matrix and KHAT value. The kappa value 
measures the difference between the observed agreement (error matrix’s overall accuracy) and 
agreement that could be produced by chance (Congalton and Green 1999, Campbell 2002).  
Kappa or KHAT (K^) values range from -1 to 1.  When the K^ value is greater than 0 this 
signifies that the produced classification is better than a random classification (Colgalton and 
Green 1999).   
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Results and Discussion 
Seven different land cover types were classified for the HOCU study area.  These classes were 
Barren, Cropland, Deciduous Forest, Evergreen Forest, Grassland, Urban, and Water.  The 
description of these classes can be found in Table 1.   

Table 1.  Land cover class names and definitions.                                                           

Code HTLN Class Name HTLN Definition 

B Barren 

Land that supports very little vegetation, and is not part 
of the Urban/Built up class.  Examples are gravel bars, 
beaches, bare exposed rock, sand dunes, gravel pits, 
quarries, strip mines, and wasteland. 

C Cropland 

Cultivated land for the purpose of row or close grown 
crops.  Examples are corn, soybean, rice, cotton, small 
grains, sunflowers, and truck crops. 

FD Deciduous Forest 
Land that is dominated by types of deciduous trees.  
The deciduous trees must cover 50% or greater area. 

FE Evergreen Forest 
Land that is dominated by types of evergreen trees.  
The evergreen trees must cover 50% or greater area. 

G Grassland 

Land that is dominated by the presence of grasses, 
grass-like, or forb vegetation.  Examples are pastures, 
hayland, lawn, grass road right-of-ways, rangeland, 
prairies, cropland that has been left fallow for a number 
of years, etc. 

U Urban/Built-up 

Any structure or surface that was built by humans that 
is not part of the natural system.  This class includes, 
but is not limited to the following: buildings, houses, 
farmsteads, barns, roads, railroad, parking lots, dams, 
electrical substations, industrial areas, poultry facilities, 
and other impervious surfaces. 

W Water 

Land covered with permanent open water.  This class 
includes: rivers/streams, ponds, lakes, reservoirs, 
bayous, etc. 

 

The overall study area consisted of 276,590.96 acres. Of the total area, 51% is occupied by the 
two forest classes (deciduous forest 43.5% and evergreen forest 7.3%).  Forest occurs primarily 
in the southern portion of the study area.  Deciduous forest was clearly the dominate land cover, 
with the next two largest classes being grassland at 24.2% and cropland at 18.7%.  Grasslands 
and croplands were most abundant in the northern part of the study area, but were also present 
close to waterways and transportation corridors.   Urban land cover (5%) was distributed 
throughout study area; however, the city of Chillicothe located near the center of the study area 
was the most urbanized. The remainder, less than 2%, were classified as water (1.2%) and barren 
(0.2%).  While there were a number of ponds/lakes/reservoirs the majority of the water belonged 
to the Scioto River and Paint Creek along with their tributaries.    
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Figure 3.  Pie chart of land cover class percentages. 
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Figure 2.  Land cover output for Hopewell Culture NHP in 2006. The park boundaries are outlined in 
black. 

Table 2.  Land cover class amount totals. 

Land Cover        Acres 
    

Hectares 
Evergreen Forest 20067.50 8121.03 
Deciduous Forest 120213.73 48648.77 
Grassland 66858.34 27056.61 
Cropland 51777.33 20953.54 
Water 3182.87 1288.06 
Barren 672.32 272.08 
Urban 13818.87 5592.30 

   Total 276590.96 111932.39 
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Figure 4.  Bar chart of land cover classes total hectares. 

Out of the 350 accuracy assessment points (Figure 5), 308 of them were correctly classified.  
That translates to an overall accuracy value of 88%.  The error matrix output (Table 2) shows 
how many accuracy points were classified correctly (the bolded values in the highlighted color 
cell) and the frequency and type of misclassifications.  All classes were interpreted reasonably 
well.  Evergreen forest was the least accurate being most often confused with deciduous forest. 

Table 3 lists producer’s and user’s accuracies by cover class.  Producer’s accuracy gives an 
indication of how accurately a particular class has been classified by the producer of that 
classification.  While user’s accuracy gives an indication of how accurate the areas assigned to a 
given class on the land cover classification actually belong to that class ‘on the ground’.  This 
accuracy is of greater importance to the users of the classification because it indicates how true 
the classified image is to the actual situation on the ground.  For this study the KHAT statistic 
was = 0.846.  This value indicates that the classification is better than a random one and also that 
there is a positive correlation between the land cover classification and the SPOT image used to 
produce it. 
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Figure 5.  Map of accuracy point (black dots) locations. 

 

 

 

 

 

 

 



 

9 
 

Table 2.  Error matrix output of the accuracy assessment. 

 
Reference Data 

Classified 
Data 

Evergreen 
Forest 

Deciduous 
Forest Grassland Cropland Water Barren Urban 

Row 
Total 

Evergreen 
Forest 22 8 0 0 0 0 0 30 

Deciduous 
Forest 8 121 4 0 0 0 0 133 
Grassland 1 4 65 5 1 0 2 78 
Cropland 0 1 0 62 0 0 0 63 
Water 0 2 0 0 10 1 0 13 
Barren 0 0 0 0 0 10 0 10 
Urban 1 1 2 0 0 1 18 23 
Column 
Total 32 137 71 67 11 12 20 350 

 

Table 3.  Accuracy totals derived from the error matrix. 

Class Name 
Producer's 
Accuracy User's Accuracy 

Evergreen 
Forest 68.75% 73.33% 
Deciduous 
Forest 88.32% 90.98% 
Grassland 91.55% 83.33% 
Cropland 92.54% 98.41% 
Water 90.91% 76.92% 
Barren 83.33% 100.00% 
Urban 90.00% 78.26% 

Overall Classification Accuracy =     88.00% 
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