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Abstract 

Encroachment of urban development upon military installations can be 
expected to have an impact on the Army’s costs and ability to fulfill its 
missions due to issues relating to noise complaints, reduction of natural 
buffer land surrounding installation boundaries, light pollution effects on 
nighttime training operations, and other potential impacts to operations 
on installations. This model attempts to predict the effect of urban 
encroachment for several scenarios and various Department of Defense 
(DoD) installations. 

This document describes the process of executing the Range 
Encroachment Model, as it exists at the time of this writing, within the 
common computational environment established under the software 
integration effort of the Integrated Climate Assessment for Army 
Enterprise Planning work package. 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction 
1.1 Background 

Encroachment of urban development upon military installations and 
training areas can have a negative impact on future force readiness and 
effectiveness. It can be expected to impact the Army’s costs and ability to 
fulfill its missions due to issues relating to noise complaints, reduction of 
natural buffer land surrounding installation boundaries, light pollution 
effects on nighttime training operations, and other potential impacts to 
operations on installations. This model attempts to predict the risk of 
urban growth and development around military installations with active 
training and firing ranges. The predicted encroachment values are 
intended to be utilized in other force stationing analysis applications as a 
Military Value Analysis (MVA) attribute. 

1.2 Purpose 

This model makes use of a common computational environment and a 
user assistance application that were implemented as part of the Software 
Integration effort within the Integrated Climate Assessment for Army 
Enterprise Planning work package. The virtual environment will be 
referred to throughout this document as the Virtual Machine or VM, and 
the user assistance application will be referred to as the Wizard. For more 
information about the Software Integration effort, the virtual 
environment, and the user assistance application, refer to the Analytical 
Model Integration Methods technical report listed in the references 
section of this document. 

Executing the model is a multi-step process that requires using 
Environmental Systems Research Institute (ESRI) ArcMap, NetLogo, and 
MS Excel ® applications. Each step for viewing and building data sets is 
thoroughly documented in the following sections to limit user confusion 
and ensure accurate results. 

1.3 Requirements 

Software requirements for the Range Encroachment Model include ESRI 
ArcMap 10.3.1, NetLogo 5.3, a basic text editor such as MS Notepad®, MS 
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Excel ® version 2013 or higher, and an internet connection and internet 
browser. 

A working knowledge of ArcMap, NetLogo, and Microsoft Office products 
is recommended as well as a basic understanding of accessing websites 
and downloading files from the internet. 

Hardware requirements for this model are substantial. A minimum of nine 
processor cores (eight required for script) are required to execute the code. 
Memory minimum requirements are 100 gigabytes (GB) of random access 
memory (RAM) and 1 terabyte (TB) of hard disk storage space (local or 
network). 
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2 Viewing Computed Data 

Pre-built dataset viewing is available to end users by accessing the model 
from within the Wizard application. The Wizard is accessible from the 
Integrated Climate Assessment for Army Enterprise Planning VM by 
clicking the shortcut located on the desktop (Figures 1–3). 

Figure 1. Wizard application shortcut. 
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Figure 2. Range Encroachment Model icon. 

 

Figure 3. Range Encroachment Model first screen. 

 

The second screen within the model allows the end user to view the 
datasets in tabular mode. Use the View Results button on the second 
model screen to view the data in a table layout within an MS Excel ® 
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spreadsheet. This MS Excel ® file is located within the VM at 
C:\Models\Range-
Encroachment\Output\Postprocessing_Output_ArcGIS\resul
ts-RUG\Rug-Output_Clean.xls. 

Figure 4. Range Encroachment Model second screen. 

 

Each installation that was analyzed is assigned a Final Score which ranks it 
against other installations. Installations with lower scores are less likely to 
experience range encroachment as a result of urban development. The 
final score value may be used as an MVA attribute in other force stationing 
analysis applications.  



ERDC/ITL SR-19-12  6 

3 Building New Data 

New datasets are built within the VM by executing a series of steps that 
require using two different data processing applications. The following 
instructions should be followed carefully to produce new data from this 
model. 

The first step in building new data is to collect the necessary source data 
from sources online. Table 1 lists the sources for the required data. 

Table 1. Online data sources. 

 

After the data has been collected, the data must be formatted in a 
particular fashion. This formatting is accomplished by using the ESRI 
ArcMap application. ArcMap can be launched automatically from within 
the Wizard application on the third model screen or from the Windows 
start menu (Figure 5 and Figure 6). 
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Figure 5. Launch buttons on the third model screen within the Wizard. 

 

Figure 6. ESRI ArcMap application. 

 

After opening ArcMap, open the range encroachment data preprocessing 
project by selecting File->Open and browse to the file 
C:\Models\Range-
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Encroachment\Model_Files\Step1_RUG_preprocessing_ARCGI
S\PreProcessing_CONUS.mxd (or PreProcessing_ALASKA.mxd if 
analysis of Alaska is desired). This file may also be in the Recent list as 
seen in Figure 8. 

Once the project is loaded, open the toolbox viewer by clicking the Toolbox 

menu bar icon . Add the Regional Urban Growth (RUG) 
RUG_preprocessing_10.2 toolbox by right clicking ArcToolbox at the top 
of the viewer then clicking Add Toolbox. The toolbox file is located at 
C:\Models\ Range-Encroachment\Model-
Files\Step1_RUG_preprocessing_ARCGIS\RUG_PreProcessing
_10.2.tbx. Expand the newly added toolbox by clicking the plus sign to 
the left to show the models inside.  

Next, it’s necessary to reproject all the data to a common projection, for 
the Continental United States (CONUS) use USA Contiguous Albers Equal 
Area Conic United States Geological Survey (USGS) version, and for 
Alaska use NAD 1983 Alaska Albers. Right click the 1. Project Data 
CONUS (or 1. Project Data Alaska) model and choose Edit. Inside the 

editor, click the Run menu bar icon . 

Once all the data is in the same projection, run the Population Impact 
Data Processing in a similar fashion by right clicking the Population 
Impact Data Processing CONUS (or Population Impact Data Processing 
ALASKA) model and choose Edit. Inside the editor, click the Run menu 

bar icon . The output of the Population Impact Data Processing models 
(AK and CONUS) will be in American Standard Code for Information 
Interchange (ASCII) data format, which will be used in the RUG model 
inside of Net Logo. 

The next step in the process is running the NetLogo application which 
accepts the previously processed data as input. NetLogo can be launched 
automatically from on the third model screen within the Wizard as 
illustrated in Figure 7. Another method of launching the application is 
from the Windows command prompt. Click the Windows start button, 
then type CMD. Note that the command prompt must be run as 
administrator and 100GBs of RAM must be available in the computer 
(Figure 7 and Figure 8). 
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Figure 7. Run command prompt as administrator. 

 

Figure 8. Command prompt window with Launch.bat command. 

 

Inside NetLogo, click on File->Open and navigate to the 
model.nlogo file located at C:/Models/Range-
Encroachment/Model_Files/Step2_RUG_NetLogo/Ne 
tLogo/model.nlogo to launch the range encroachment model. From 
the area drop down list, choose the desired area (fort or location) to run 
the model on, and click the run-all button (Figure 9 and Figure 10). 
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Figure 9. NetLogo with model file loaded. 

 

Figure 10. NetLogo with model execution complete. 

 

Output from NetLogo will be saved to the results folder 
(C:\Models\Range-
Encroachment\Model_Files\Step2_RUG_NetLogo\results) with 
a separate folder for each installation. Each folder should contain four 
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files: annual-growth.txt, equation.txt, results.png, and 
pct_low_density_urban_in_buffers.csv. 

The final step is post-processing of the RUG results in ArcGIS using the 
Population Impact toolbox. Launch ArcMap again from the wizard and 
open the model file located at C:\Models\Range-
Encroachment\Model-
Files\Step3_RUG_postprocessing_ARCGIS\RangeEncroachmen
t.mxd.  

Open the toolbox viewer by clicking the Toolbox menu bar icon . Add 
the Population_Impact_10.2.xxx toolbox by right clicking ArcToolbox at 
the top of the viewer then clicking Add Toolbox. The toolbox file is located 
at C:\Models\ Range-Encroachment\Model-
Files\Step3_RUG_postprocessing_ARCGIS\Population_Impac
t.tbx. Expand the newly added toolbox by clicking the plus sign to the 
left to show the models inside.  

Next step is to create a Workspace folder. This is a work-around because 
of an ESRI Model Builder error. Right click the 1. Create Workspace Folder 

model and choose Edit. Inside the editor, click the Run menu bar icon . 
Select a location for the folder to be created then choose OK. The model 
will create the empty Workspace folder. 

The next step is the main model 2. Post Process data from RUG to MVA. 
Right click on the model and choose Edit. Validate the model by clicking 
the Validate menu bar icon . If after validation the model processes 
turns white, this indicates the model has lost connection to a file that is 
necessary to run. This is a known issue with the model. A work-around is 
to change the results folder, then change back to the original results folder 
and revalidate. To change the results folder, double click on the Results 
Folder process, and browse to results-1. Click OK. Repeat step one to 
change the Results Folder back to results. Validate the model again, all 
processes should be repaired. 

After the model has run, the final output is an MS Excel ® spreadsheet and 
the final MVA score is shown in the Final_score column. The MVA scores 
show the risk of encroachment to the training area of each installation, 
where the higher MVA score represents a higher risk of encroachment. 
The spreadsheet file should be located at C:\Models\Range-
Encroachment\Output\Postprocessing_Output_ArcGIS\resul
ts-RUG\Rug-Output_Clean.xls. 
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Table 2. Example model output file. 
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4 Known Issues and Limitations 

Building new data with this model requires a substantial amount of 
memory and processing power. NetLogo reserves 100GB of RAM before 
running. Therefore, more than 100GB must be present in the computer 
before attempting to run. 

NetLogo also takes a substantial amount execution time to run. It’s not 
unusual for the process to take several hours complete, even on very 
powerful, modern computers. 
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5 Additional Help 

Additional questions or concerns should be directed to the Program 
Manager of the Integrated Climate Assessment for Army Enterprise 
Planning program. 

Paul M. Loechl 
ERDC-CERL 
Paul.M.Loechl@usace.army.mil 
217-373-5892 

Marty Garton 
ERDC-ITL 
Byron.m.garton@usace.army.mil 
601-634-2888 

mailto:Paul.M.Loechl@usace.army.mil
mailto:Byron.m.garton@usace.army.mil
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Appendix A: Acronyms and Abbreviations 

Term Definition 

ASCII American Standard Code for Information 
Interchange 

CSV Comma Separated Values 

CONUS Continental United States 

DoD Department of Defense 

ERDC Engineer Research and Development Center 

ERDC-CERL Engineer Research and Development Center- 
Construction Engineering Research Laboratory 

ERDC-ITL Engineer Research and Development Center- 
Information Technology Laboratory  

GB Gigabytes 

GCM Global Circulation Model 

MVA Military Value Analysis 

NSN National Supply Number 

OMB Office of Management and Budget 

PM Program Manager 

RAM Random Access Memory 

RCP Representative Concentration Pathway 

RUG Regional Urban Growth 

SAR Same As Report 
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SF Standard Form 

TB Terabyte 

USGS U.S. Geological Survey 

VM Virtual Machine 
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