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Abstract
The primary purpose of this study was to analyze assessment factors by identifying and prioritizing live fire 

shooting area requirements using the AHP (Analytic Hierarchy Process) technique. Derived assessment factors 
for candidate sites were divided into six categories. Of these, four categories (base-to-range distance, weapon 
danger area, range terrain, and size) were in the realm of physical geography while the remaining two (land 
use and proximity to habitation) fell under the general heading of human geography. A case study was also 
conducted to select several alternative firing ranges using derived factors. The optimal location was analyzed 
by evaluating the candidate site using each assessment factor. As a result, it was found that assessment factors 
applying to GIS (Geographic Information System) were able to effectively analyze a suitable location for 
relocation of the focal training facility, taking into consideration public-safety issues, training requirements, and 
residents’ past and likely future complaints. Through this process, it can prevent the waste of time and effort in 
determining an optimal location for a live fire shooing range.

Keywords :     Sustainable Development, Military Facility Relocation, Geographic Information System, Analytic 
Hierarchy Process, Conflict Resolution, Site Analysis
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1. Introduction

Recently, various military facilities in South Korea have been 
required to relocate due to changes in military strategy and 
security environment or because their mostly suburban locations 
are needed for other purposes, including but not limited to new 
housing and highway construction as nearby cities rapidly 
expand. Moreover, military facilities, especially when used 
for training, can produce serious noise and vibration due to 
small-arms fire, artillery fire, and vehicle movement, leading to 
increasing numbers of complaints from the general public and 
local governments about anxiety, fatigue, and forest-fire risks. 

Despite South Korea’s ongoing strong need for military training 
facilities, it is very difficult to find alternative sites due to such 
facilities’ typically large sizes and the country’s predominately 
(70%) mountainous terrain. 

Military shooting ranges have high risks for dusts, noises, and 
stray bullets. Therefore, only minimum trainings are currently 
provided in the military due to resident complaints. Such 
minimum training has prevented access of training vehicles. 
To solve these complaints and maintain military fighting power, 
the best option will be finding alternative training sites that 
can avoid civil complaints. Various ways are available to select 
optimal sites for relocating shooting ranges. GIS (Geographic 
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Information System) data are used the most for such selection. 
For example, the private sector has tried to select reasonable sites 
for residential developments using hierarchical analysis and GIS 
modeling. The military can also analyze various information of 
operational plans with GIS and ask excellent people who are able 
to analyze it. However, the applicability of GIS is not enough 
due to the lack of spatial and attributed assessment factors for 
choosing relocations of military facilities. 

To provide solutions that are satisfactory to the military, 
urban governments, and residents, the present paper tackles this 
problem using a novel Geographic Information System (GIS)-
based site-selection methodology. For this purpose, we analyzed 
factors to select optimal locations of shooting ranges using AHP 
method. A case study was then performed to analyze relocatable 
shooting ranges at a Province in South Korea.

This study aims to derive assessment factors for analyzing 
optimal sites of relocating military shooting ranges. For doing 
this, the priority and weight of assessment factors were analyzed 
with the AHP method. A case study about relocating military 
shooting ranges was then performed in a Province as a target 
area. The purpose of the case study was to apply assessment 
factors and GIS for selecting a new site for a 4.2km2 military 
training facility currently closed to the urban area of a City 
so that it would be satisfactory to the new site’s residents, the 
local government, and the army. Specifically, candidate sites 
should 1) offer improved training opportunities compared to 
the existing facility, with well-organized shooting range; 2) 
have topographic, meteorological, infrastructural, and other 
characteristics that render them no less convenient to the army 
than the existing facility; and 3) minimize the likelihood of 
future civilian complaints.

2. Literature review

GIS is the one of the best-suited tools for selecting potential 
sites for various industries since it can store, analyze, and 
efficiently manipulate distinct geospatial data. It is utilized 
in various fields, such as for selecting new town for national 
developments, selecting candidates for eco-villages, and 
analyzing a transportation network. To select the best location 
with these analyses, appropriate assessments should exist 
for different candidates based on GIS. Kim et al. (1997) have 

analyzed factors such as natural environment, social economic 
and legal factors for site selection in a study of GIS applications. 
They analyzed conditions and determinants by factors to 
choose the location. To analyze the location suitability of an 
eco-friendly residential complex, Song and Yang (2004) have 
proposed a model composed of an eco-friendly farm village 
and completed an analysis of site suitability for residential 
complex via extraction/weight decision/replications of 
assessment index. Kang (2012) has applied a DHP (Delphic 
Hierarchy Process) method which combines the Delphi method 
and the AHP (Analytic Hierarchy Process) method to find 
improvements for selecting assessment factors of forest carbon 
cycle village candidates by the Korea Forest Service. Therefore, 
a more objective and discriminative assessment was derived 
for candidate selections. Han (2011) has suggested a reasonable 
plan for developing a residential area with hierarchical analysis 
and GIS modeling followed by spatial/attributed analysis. With 
a model development of eco-village location analysis with the 
case of Bukgu, Pohang, Kyungsangbuk-do, Kim and Jung 
(2013) have suggested 18 location analysis factors based on GIS. 
These studies make it possible to prepare objective standards for 
location analyses based on GIS modeling as the decision support 
for regional developments. 

MCDM (Multi-Criteria Decision-Making) and GIS 
combining diverse evaluation factors have been utilized widely 
for different applications regarding site suitability for various 
facilities such as land evaluation, hospital, urban planning, and 
so on (Shen et al., 2017; Malczewski, 2006; Montgomery et 
al., 2006; Grima et al., 2018). Previous studies have frequently 
used AHP to assess weights of prospective variables to develop 
assessment factors. AHP is a MCDM method that can be used 
to solve complex problems such as identifying the importance 
levels of various factors affecting a phenomenon. The most 
important factor in MCDM is the development of “weights” for a 
set of criteria according to importance. AHP is a comprehensive, 
logical, and structural framework that can be used to improve 
our understanding of complex decisions. AHP has evolved to 
be able to determine weights that can be incorporated in a GIS 
environment to produce thematic maps using preferences of 
decision makers. AHP is also an approach to deal with complex 
decision used in decision-making strategies. It is based on 
the additive weighting model. It can be used in GIS to derive 
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importance weights coupled with a criterion map. These weights 
are aggregated with criterion map layers. This method provides 
an important advantage for spatial data analysis. However, it is 
impossible to complete pair-wise comparisons of alternatives. 
AHP can also be used to combine the priority for all levels of the 
hierarchical structure. GIS-assisted AHP method can improve 
the analysis for selecting a proper site. Many scientists have used 
this method (Carver, 1991; Voogd, 1983; Gorsevski et al., 2013; 
Krois and Schulte 2014; Dragi ćevi ć et al., 2015; Flocard et al., 
2016; Pujadas et al., 2017; Mardani et al., 2016; Podvezko, 2009; 
Ramanathan, 2006; Velasquez and Hester, 2013; Ishizaka and 
Nemery, 2013).

GIS and AHP are commonly used techniques in remote 
singing (Dong et al., 2013).  Both GIS and AHP have been applied 
for assessing habitat suitability in China. Tian et al. (2008) have 
adopted these research methods to analyze the habitat suitability 
for migratory birds at Nature Reserve in Shanghai, China. 
Anane et al. (2012) have introduced the combination method 
of GIS and AHP for multi-criteria decision-making analysis 
of suitable places for irrigation facilities in Tunisia. Şener et al. 
(2010) have applied GIS and AHP simultaneously to analyze 
landfill site suitability in Turkey. Yalcin et al. (2011) have added 
bivariate statistics and logistics regression analysis to AHP for 
more advanced site suitability analysis to perform landslide 
sensitivity mapping for Trabzon and Ardesen in Turkey. Fuzzy 
AHP has also been utilized for deciding port site in China.

Another study was conducted targeting Turkey. Uzun and 
Celik (2014) have explored the AHP method for coastal zoning 
for more effective management of coastal facilities since the 
traditional method has been applied to solve those problems 
regarding complex coastal facility management due to several 
political and legal situations (Guneroglu, 2015). To solve the 
previously mentioned problem with more efficient coastal 
facility zoning, Gumusay et al. (2016) have combined GIS and 
AHP techniques to find suitable sites for new coastal facilities. 
In their study, expertise was utilized to have more ideal criteria 
regarding transportation systems, storm surge safety guideline, 
various natural hazards risk analyses such as Tsunami, 
landslides, and so on, and demographic information. Those 
various data were integrated into GIS. Then weighted AHP was 
utilized to find priority factors for site suitability for new marine 
facilities and zoning plan in coastal region in Istanbul, Turkey.

Alkaradaghi et al. (2019) have used GIS incorporated with 
multi-criteria assessment based on AHP for selecting an 
appropriate military training facility. GIS is the most common 
geographical tool for making the best decisions about site 
suitability (Sener et al., 2006). Therefore, the GIS was utilized 
in this study to identify various geological characteristics in a 
dataset for the decision model. The weight of each influencing 
factor was determined with AHP, straight rank sum (SRS), ratio 
scale weighting (RSW), and simple additive weighting (SAW) 
methods. As a result, a robust and suitable landfill site decision 
was made using various decision-making methods (i.e., AHP, 
SRS, RSW, and SAW) with large complex data. In addition, 
spatial data were analyzed using GIS technique efficiently in 
a short time at a lesser cost to manage a considerable amount 
of data from various sources. This AHP with GIS model has 
been used to analyze natural and artificial factors that impact 
the environment during landfill site selection (Sener et al., 2006; 
Uyan, 2014; Yesilnacar et al., 2012; Charnpratheep, 1997).

Previous studies have confirmed that location analysis is very 
efficient based on GIS. However, the assessment for deciding 
locations should be fairly established to increase its efficiency 
through a Decision-Making Process such as with the AHP 
method. To select relocation sites of Korea military shooting 
ranges, this study firstly deduced reasonable assessment 
factors by considering mountain areas, narrow land, and public 
sentiment about military facilities. A case study was then 
performed to choose relocation sites of tank shooting ranges 
through GIS analysis with weights of assessment factors.

3. Research methods

3.1. Case study approach

The government of the county in which the focal training 
facility is located has prioritized its relocation to be within 
other parts of the local-government area primarily due to recent 
increases of nuisances it produces. Specifically, a tank battalion 
has been recently posted to the county, leading to increases of 
road damage, traffic jams, noise, vibration, and dust, especially 
when tanks are moved under their own power between their 
base and a gunnery range near the downtown of the city, 2 km 
away. Additionally, local officials believe that re-purposing 
the site, which is just 800 m from the edge of a City and 1.5 
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km from its downtown, will help revitalize its local economy. 
That assessment is closely connected with the impending 
construction of a high-speed rail link between Seoul and a City, 
with a target completion date in 2026, to which the focal base 
represents a physical obstacle.

To gauge the suitability of potential new training-facility 
sites, this study established a set of assessment factors based on 
a literature review, a questionnaire survey, and the application 
of the AHP method. First, GIS was used to identify areas to 
be avoided due to high numbers of civilian complaints. Next, 
candidate sites in the remaining areas were examined to 
determine whether they met the requirements for establishing 
a military training facility. Finally, in the event that multiple 
candidate sites were identified, the optimal one was selected via 
AHP comparison. The specifics of assessment factors are set 
forth in the following section.

3.2. Data collection and analysis method

AHP is a decision-making method using various criteria 
through stepwise or hierarchical processing of complicated and 
non-structural problems (Saaty, 1980). The target or assessment 
standard to make a decision might be in hierarchy with relative 
importance. Main and detail factors can be estimated by 1:1 
pair-wise comparison. For instance, if detail factors and main 
factors have a number of n, its pair-wise comparison matrix is 
A = (aij) (i, j = 1, 2 , 3 … n) in n × n matrix (aji=1/aij and aii=1). 
In other words, aij means a relative importance of j for i of the 
detail factor. Its standard can be categorized as 3 if i is a little 
more important than j, 5 if more important, 7 if very important, 

and 9 if absolutely important. In case of i is less important 
than j, 1/aij is granted with 1 if equal. From this pair-wise 
comparison matrix, the consistency could be calculated from 
eigenvalues for weights of eigenvectors. If the consistency ratio 
is generally less than 0.1, the pair-wise evaluation implicates its 
consistency so that the priority can be estimated by applying 
weights of factors. An expert group for AHP method consisted 
of 25 people with experience of military facilities and shooting 
range safety. The determinant for evaluating alternative 
shooting ranges has four factors, including safety and accident 
prevention, resident complaint prevention, shooting ability in 
the future, and environmental protection. The survey of pair-
wise comparison from these four factors was used to calculate 
the relative importance and verify its consistency. As shown in 
Table 1, the most important factors were safety and accident 
prevention and the less weighted factor was environmental 
protection. It does not mean that environmental protection can 
be ignored when it is evaluated to be the lowest factor. It means 
that it is one of the assessment factors to evaluate the feasibility 
of alternative sites.

 
Table 1. Relative weight values of determinants

Evaluation Items Importance Ranking
Safety Management and 

Accident Prediction 0.412 1

Prevention of complaints from 
local residents 0.315 2

Possibility of future weapons 
evaluation 0.153 3

Environmental conservation 0.120 4

Table 2. Priority of assessment factors for candidate sites
Evaluation        

Items 
Assessment 
Factors

Safety 
Management

Prevention of 
complaints

Future weapons 
evaluation

Environmental 
conservation Importance Ranking

[0.412] [0.315] [0.147] [0.120]
Weapon danger 

area 0.261 0.211 0.165 0.175 0.219 2

Proximity to 
habitations 0.173 0.134 0.149 0.089 0.146 5

Size 0.328 0.213 0.236 0.171 0.257 1
Base-to-range 

distance 0.109 0.188 0.223 0.115 0.151 3

Range terrain 0.098 0.203 0.138 0.189 0.147 4
Land use 0.031 0.051 0.089 0.261 0.073 6
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Based on determinants from assessments, the importance 
of assessment factors was calculated for selecting alternative 
shooting ranges. Its consistency was then verified. Total 
importance of evaluating alternative shooting ranges was 
estimated by adding relative weight and assessment weight 
by every factor as indicated in Table 2. Details of assessment 
factors are described in Table 3.

As shown in Table 3, assessment factors for candidate sites 
fall into six categories. Of these, four categories (base-to-range 
distance, weapon danger area, range terrain, and size) are in the 

realm of physical geography, while the remaining two (land 
use and proximity to habitation) fall under the general heading 
of human geography. The GIS-based site suitability analysis 
of potential relocation sites for military training facilities 
with evaluation items, assessment factors and spatial data is 
depicted in Fig. 1. The maximum base-to-range distance was 
set at 10 km to maximize training time as opposed to travel 
time and to minimize wear and tear on tanks and local roads. 
A combination of tactical, safety, and nuisance considerations 
dictated the size and shape of the training range. The minimum 

Fig. 1. Flowchart represents the GIS-based site suitability analysis of potential relocation sites for military training 
facilities with evaluation items, assessment factors and spatial data.

Table 3. Assessment factors used for determining candidate sites

Factor Description

Base-to-range distance -  Distance between the new base site and the new tank-suitable training range must be 10 km 
or less

Weapon danger area -  Safety areas such as precision error, projectile trajectory, ricochet, and fragments

Range terrain

-  Must comprise an open, but securable, area measuring at least 10km between the firing point 
and the target area

-  Surrounding mountains capable of preventing projectiles, debris from explosions, noise and 
vibration from traveling into surrounding areas

-  A difference in elevation between the firing point and the target area

Size -  A minimum of 0.66 km2 for the base facilities
-  A minimum of 1.98 km2 for the training range

Land use -  An area not designated as a protected cultural property, farming, livestock grazing or water-
resource protection area

Proximity to habitations
-  Both the base and the range must be separated by a certain distanc0e from urban and village 

areas, with four candidate minimum distances between 500 m and 2,000 m being considered 
as part of our methodology
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sizes of the base and range were arrived at 1.56 km2 (i.e., 37% 
smaller than the original area was deemed acceptable). Turning 
to human-geography factors, land was ruled out for training-
range construction if it was in use as a cultural property, 
farming, livestock grazing, water-resource protection area, or a 
designated area due to outstanding natural beauty, or if in use 
as both training-range and base construction. In the case of the 
base site, the minimum proximity to existing habitations and 
public roads was set to be 500 m, 1,000 m, 1,500 m, and 2,000 
m for finding various candidates. For the training-range site, 
equivalent Figs. were 2, 3, 4, and 5. 

4. Results

 

Based on the literature review and survey results, the two 
most important criteria of site suitability in this research 
were: 1) minimizing the noise nuisance caused by tank 
movements, and 2) finding the correct inclination angle 
for gunnery training. According to the U.S. Army (2007), 
civilian noise, vibration, and safety complaints are unlikely 
to occur in areas 3 km or more from a tank training range’s 
firing point. However, no candidate sites meet this criterion 
as no places in a County are more than 2 km from a public 
road and/or village.

          

Fig. 2. 500 m buffer zone from public road and villages.

          

Fig. 3. 1000 m buffer zone from public road and villages.

          

Fig. 4. 1500 m buffer zone from public road and villages.

          

Fig. 5. 2000 m buffer zone from public road and villages.

In Figs. 2-5, the box shaded with diagonal lines indicates the 
required minimum area for the base and range if constructed as 
a single, contiguous facility (i.e., 1.2 km x 2.2 km = 2.64 km2). In 
these figures, all areas other than the 1,000 m buffer zones around 
villages are marked with colored shapes. Any area of the county 
that was 1) entirely outside the buffer zones, 2) sufficiently large 
to contain the facility box, and 3) topographically appropriate for 
range construction was added to our initial pool of potentially 
suitable sites. Two of three areas in this initial pool were then 
found to be located at least 2 km away from the nearest public 
road or village. 

Fig. 6. Locations of two possible site for firing point using 
minimum area of grid search method.
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A suitable area that is not a buffer zone (avoidance area) by 
distance (2 km) from villages and farms should be considered. 
The training site also requires a minimum area of 1.2 km X 2.2 
km for a shooting range. Fig. 6 indicates the identified suitable 
site by ArcGIS after considering the buffer zone of villages and 
farms. The two possible sites were eliminated based on the pre-
requisite condition that the site should be at least 2 km away from 
villages and farms for site suitability analysis in this research, 
A grid in Fig. 6 shows that the minimum required area for the 
training facility. Key topographical characteristics of these two 
potential sites are shown in Table 4.

Table 4. Key topographical characteristics of both 
potential relocation sites

Candidate 1 Candidate 2
Maximum slope 

(degrees) 49.79 48.36

Average slope 
(degrees) 22.58 22.25

Highest contour 
line (m) 825 1,100

Average contour 
line (m) 450 736

Fig. 7. Topography around candidate 1 in 3D.

Fig. 7 presents the topography of candidate 1 in 3D. In this 
case, it was judged that noise and vibration complaints could 
be minimized as the site is located more than 2,000 m from 
the nearest public roads and habitations. However, it would 
be difficult or impossible to build a road with sufficient width 
to the site for tanks. In the case of candidate 2, the minimum-
distance and nuisance-mitigation requirements could be 
satisfied if some housing and other buildings could be 
relocated (although this would result in some compensation 

costs) and some sound-proofing equipment could be installed 
(Table 5).

Table 5. Candidate analysis results

Analysis results

Candidate 1 Candidate 2
Training purpose

Available road Public road Agricultural road

Number of bridges 
to be passed 0 4

Required minimum 
area Yes, but limited Yes

Residents
Land available for 

use?
Yes No (part of county 

development plan)

Number of residents 
within 1 km radius < 10 < 120

Candidate 2 is located in a short distance to the south of 
the tank battalion’s existing facility. However, the county is 
planning to develop this area into a large resort town. Another 
reason for disqualifying candidate 2 is that the road to it from the 
existing base is narrow with four bridges. South Korean bridges’ 
load specifications can be divided into three classes based on 
loads they can withstand, i.e., class 1: up to 43.2 tons; class 2: 
up to 32.4 tons; and class 3: up to 24.3 tons. All four bridges 
are class 2. However, South Korean K2 main battle tank weighs 
more than 50 tons. Thus, additional reinforcement or new bridge 
construction would be required before this road could be used. 
A further consideration that weighs against candidate 2 is that 
its road, designed for agricultural machinery rather than normal 
road vehicles, is more susceptible to damage than the road 
to candidate 1. In addition, it is longer, making it more likely 
that a new bypass road to candidate 2 site would need to be 
constructed. Lastly, as a V-shaped valley, candidate 2 is a very 
cramped site compared to the U-shaped valley of candidate 
1, making it more difficult to design a training range of the 
requisite length there. Weighing against candidate 1, however, 
is its proximity to livestock farms.

5. Discussion

In this section, candidate sites that have been identified as 
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having no conflicts with assessment factors are analyzed in 
detail in terms of how well they would meet long-term military 
training requirements. First, ArcGIS was utilized to assess the 
suitability of the firing point and training range location and the 
possibility of securing the required area. As can be seen from 
Fig. 6, the approximate area of candidate 2 is 2.64 km2 (1.2 km x 
2.2 km). The area of potential firing point is about 200 m x 400 
m, which is 60% larger than the current one’s 200 m x 250 m.

1

Mean elevation at firing 
point: 565 m

Mean elevation at 
target point: 520 m

Target point

Firing point

Battalion

Fig. 8. Area and location of the firing point at Candidate 2.

As shown in Figs. 8 and 9, the distance between candidate 2’s 
firing point and its target area is about 2.8 km, making it possible 
to secure a firing distance of around 2 km, which substantially 
exceeds both the minimum requirement for a tank gunnery 
range (1 km) and the distance available at the battalion’s current 
facility (1.6 km). Contour and topography simulation results using 
ArcGIS also indicated that this candidate site included a “folding 
screen-shaped” valley preferred by the military for this purpose 
because it has been found to be able to minimize debris, noise, 
and vibration. Fig. 9 presents the topography of candidate 2 in 3D.

1

Mean elevation at firing 
point: 565 m

Mean elevation at 
target point: 520 m

Target point

Firing point

Battalion

Fig. 9. 3D elevation of candidate 2.

However, gunnery is only one component of tank training. 
Maneuvering is equally important. This training component 
requires roads with certain lengths, widths, and embankment 
types. Given the top speed of 65 km/h of the K-1 tanks 
whose crews would be the main users of these facilities, 
candidate 2’s possible maneuvering distance of 6.4 km is fairly 
constrained. However, given that at the current training ground, 
maneuver training and gunnery training cannot be performed 
simultaneously at all, this candidate site still has an advantage 
over the battalion’s status-quo arrangements. As can be seen 
in Fig. 10, where the potential road is depicted in red, diverse 
types of maneuvering training would be possible on the site 
if river-crossing and embankment training facilities could 
be built between the reservoir and the target area. However, 
because the reservoir is currently in use as a major source of the 
county’s agricultural water, a careful environmental assessment 
of problems that might arise both during and after construction 
should be conducted. In addition, semi-U shaped valleys in 
South Korea are prone to flash floods. Countermeasures against 
which should also be carefully planned.

1

Mean elevation at firing 
point: 565 m

Mean elevation at 
target point: 520 m

Target point

Firing point

Battalion

Fig. 10. Expected route to the target point of candidate 2.

Operation of a K-1 tank, which has a width of 3.59 m, ideally 
requires roads wider than 5 m, i.e., 2 m wider than normal 
public roads in the region. When selecting and/or constructing 
a route that connects the tanks’ garrison to the training range, 
the K-1’s maximum climbing angle of under 31 degrees should 
also be considered. Indeed, optimally, this tank should operate 
on slopes of 15 degrees or less.

As seen in Fig. 10, ArcGIS was used to analyze these 
aspects of roads and potential road-construction routes into 
the candidate 2 site. Result revealed that inclinations were 
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up to 37.2 degrees, with an average of 14.6 degrees (Fig. 19. 
Nevertheless, ArcGIS analysis results indicated that an access 
road with the requisite width, load-bearing capacity, and 
slope angles could be constructed, although this needs precise 
geological and civil-engineering investigations.

Based on U.S. Army standards set forth in Tables 1, 2, and 
3, a safe training area for K-1 tank should be at least 2 km 
away from any residential area. In Fig. 11, private houses and 
livestock farms are marked in red. One livestock operation, the 
largest farm in the county, is located just 850 m away from the 
candidate. Thus, while candidate 2 is suitable for tank training 
from a purely military perspective, its use would require 
relocation of this farming business and its inhabitants.

  

Within a 1 km 
radius from firing 

point

Target 
point

Fig. 11. Locations of villages and farms around the firing 
point.

As compared to the battalion’s current gunnery-training 
facilities, candidate 2 site’s is larger by 1.12 km2. It is also 
much closer to its base facilities, i.e., 1.67 km vs. 7.4 km. This 
should make it easier to achieve the relocation plan’s stated 
goal of reducing complaints from local residents due to noise 
and vibration while tanks are moving between their bases and 
ranges. As can be seen in Table 5, in contrast with candidate 1’s 
arrangements whereby tanks going to the range must pass over 
four bridges, none of which is rated for their weights, candidate 
1 site’s lack of any bridges between its base component and 
its training-range component represents a very important 
improvement in terms of safety of both tank crews and other 
road users, while avoiding high costs of reinforcing existing 
bridges or building new, stronger ones. However, it remains 
necessary that new access roads from the tank battalion’s new 

base to its new training range should take account of K-1 tank’s 
weight and width.

At the existing training range, the height of the target area is 
600 m above the firing point, meaning that only upward firing is 
possible, increasing the likelihood of damage from debris. In the 
candidate site, on the other hand, our analysis indicated that both 
upward and downward firing would be possible, thus mitigating 
this issue. Also, the total distance from the tank battalion’s 
proposed garrison site to the target-area end of the valley is 
about 4.6 km, sufficient for various types of training facilities, 
e.g., for maneuvering, to be built there as seen in Fig. 12.

2

Within a 1 
km radius 
from firing 

point

Target 
point

Firing point

Firing point

Target point

Fig. 12. Possible three shooting ranges at candidate 2 site.

6. Conclusion

Our AHP and ArcGIS review of potentially suitable 
locations for relocation of the focal training facility, taking 
into consideration public-safety issues, training requirements, 
and residents’ past and likely future complaints, revealed that 
there was only one such location in the county. Specifically, 
this candidate site would reduce travel distance between the 
tank battalion’s base and its training range by 5.7 km, eliminate 
its need to cross bridges during journeys between the two, 
reduce the likelihood of civilian complaints about debris, 
noise, and vibration during training, improve the variety of 
available training scenarios, including downward and longer-
range gunnery practice, and release the current training area 
for a planned resort development. However, this relocation 
project would require extensive construction of new roads, 
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maneuvering facilities, and auxiliary facilities. Therefore, the 
county’s government should commission research on costs of 
these future construction and migration tasks and weigh them 
against anticipated benefits of redeveloping a current facility 
for civilian purposes. Any such analysis should take account 
of detailed factors such as the functional substitution between 
the old and new facilities, relocation methods, and timelines. 
At all points in this process, a holistic, integrated assessment of 
both civilian needs at the old site and military needs at the new 
site will prevent time and effort being wasted unnecessarily.
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