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Health Geography can provide a spatial comprehension of a population's 
health, the environment's effect on health and disease and the distribution of 
disease in an area. It also deals with accessibility to health care and spatial 
distribution of health care providers and diseases. In this paper, we elaborate 
the importance of GIS in the public health fields and the restraint that faced 
in the implementing of GIS. In addition, we also highlighted the potential of 
GIS in substance abuse management based on the reviewing other studies, 
including understanding the geographic distribution of substance abuse 
problems, risk area spatial accessibility to the treatment center, and network 
analysis and modelling. Despite the ability of GIS in handling these cases, 
certain limitations were identified to be obstacles of the application of this 
technology for substance abuse. For example, the GIS application requires 
high expertise and technical users to handle the system. Through the power 
of GIS analyses, it is capable in identifying the risk area, monitoring the 
substance abuse problems, planning the strategic program, and providing a 
systematic system to aide in decision-making processes. 
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1. Introduction 

*The term GIS is widely applied in geographically 
oriented computer technology. Many definitions 
have been given to GIS, but generally GIS can be 
defined as a computer based integrated database 
management system that stores a large amount of 
data in the form of attribute and spatial data which 
are captured, stored, retrieved, processed and 
analysed with the unique visualization and 
geographic analysis by maps (Reddy et al., 2013). 
The GIS technology allows geographic patterns, 
which would not be apparent using conventional 
statistical methods, to emerge from data and be 
displayed in easily understood format by non-
technical users in a map (Petronis et al., 1995). GIS 
consists of at least five main components which are 
hardware, software, data, methods and people. 
Hormon and Anderson (2003) stated that hardware 
runs the GIS, software is the core of GIS, while data is 
the information needed to support these 
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components, and methods are the applications and 
programs used to work and lastly, people are the 
users of the system.  

The advanced and technologically elegant tool of 
GIS makes it a tool used in various fields. Nowadays, 
both public and private sectors are developing 
innovative ways to harness the data integration and 
spatial visualization power of GIS. The GIS database 
provides a comprehensive framework and 
organization of spatial and non-spatial data and has 
become a focused tool to help planning and decision 
making. The function of GIS not only focuses on the 
map, but it also can integrate all the data, provides 
users with advanced modelling functions, tools for 
design and planning, hence has become a tool to help 
in decision making (Mennecke, 1997).  

GIS is a powerful tool because it is used to 
support data analysis and can help decision makers 
to address all the information needed. The strength 
of GIS in contributing to decision making lies in the 
ability of the system to store and manipulate data 
based on its spatial location (Keenan, 2003; Mishra, 
2009). The health care industry has recently begun 
to realize the tremendous potentials of GIS. Over 
maps and geographic features, it is useful to show 
decision related information and relationship 
between objects (Rayed, 2012). Researchers believe 
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that there is a strong connection between 
environmental health and disease, prompting them 
to explore how it is linked together (Thomas et al., 
2008). McLafferty (2003) proposed that the 
contribution of geographers and substance abuse 
field can be achieved through the studying of the 
connection between the environment and health via 
their geographic tools like GIS.  

For the use of public health, GIS is a very useful 
mechanical tool, which may be used to map where 
people are diagnosed with particular diseases, 
besides improving the understanding of data 
through visualization and analysis, then used for 
planning, monitoring and surveillance (Elebead et al., 
2012; Fisher and Myers, 2011). Recently, a GIS based 
approach received great attention in the field of 
substance abuse (Latkin et al., 1998). A large 
geospatial database can be developed by integrating 
the geographic information to other data of 
substance abuse. The database then can be linked to 
the GIS through physical features such as addresses 
and location coordinates (Mason et al., 2004). 
Therefore, this paper aims to review the application 
of GIS in the substance abuse (drug abuse) field 
which is helpful in the means of research.  

2. GIS approach towards substance abuse 

GIS is still infrequently used in substance abuse 
studies. Nevertheless, the method has attained an 
outstanding place among professionals in this study 
area due to the innovative information offered in 
understanding, analyzing monitoring and presenting 
research. The awareness of researchers in the 
determinants of substance abuse problems has an 
association between geography and other social 
factors prompting them to explore the ability of GIS 
in substance abuse research. GIS is not only helping 
in the identifying of sources of substance abuse 
problems, but it also contributes to the eradication of 
the problem of substance abuse itself. There are 
many analyses in GIS which can be used to integrate 
and analyze a huge amount data from disparate 
sources (Geanuracos et al., 2007) and analyze data 
(spatial and non-spatial data) as long as the data is 
linked to a geodatabase (Berke, 2010). In this paper, 
we will examine previous studies on the application 
of GIS in substance abuse and highlight the role of 
GIS in this particular area. 

Universally, GIS does not only serve for making 
disease maps; instead, it is capable in leading to a 
better understanding of the relationship between a 
disease and its environmental surrounding 
(Yomralioglu et al., 2009). The advanced technology 
of GIS is proven through the understanding of 
geographic distribution of a disease. In the study of 
substance abuse, Zhou et al. (2014) employed a 
geographic autocorrelation analysis and geographic 
scan statistics to characterize the geographic pattern 
of HIV and HCV infections among drug users at the 
township level. Brownstein et al. (2010) applied GIS 
to study the distribution of substance abuse and 
identify its hot spot areas, plus investigate the 

similarities of the location which fall in the same 
cluster. Green and Pope (2008) also used GIS to 
compare the profiles of substance abuse treatment 
attendees in New Orleans to Houston based on the 
distribution of care centre for substance abuse client. 
A study by Toriman et al. (2015) developed a map to 
display the distribution of drug addiction in 
Terengganu to identify hot spot areas of drug 
addiction and Buxton et al. (2008) also produced a 
map of needle distribution sites showing the 
limitation of primary distribution and assisted health 
authorities to assess the reaching of supplies in their 
locations. Through GIS, a disease mapping would 
make it easy to update information and identify hot 
spot areas (Kenu et al., 2014; Srivastava et al., 2009). 
Sanders et al. (2013) used Getis-Ord Gi* to identify 
the hot spot areas for their study. 

Through analyzing layers of substance abuse 
problems, risk areas could be determined. Mendoza 
et al. (2013) analyzed spatial consideration as a 
component of the risk assessment in Buffalo, New 
York. The influence of environmental factors to drug 
abuse, addiction and seeking treatment attracted 
researchers to study this field using the GIS 
approach (Mclafferty, 2008). Recent advanced 
application of GIS in analyzing environmental factors 
related to health with regard to identifying the 
distribution of the diseases and the hot spot areas 
were very helpful in finding the proper solution to 
the problems (Botto et al., 2005; Seid et al., 2014; 
Shirayama et al., 2009).  

Many studies on substance abuse attempted to 
identify the risk areas of substance abuse such as a 
research conducted by Mendoza et al. (2013) which 
used GIS to determine risk areas. The results showed 
that there were risk and neighbourhood factors 
associated with substance abuse treatment. The risk 
factors can be determined using GIS through 
ecological parameters analyses (Daash et al., 2009). 
In a study conducted by Curtis et al. (2013), they 
created a map highlighting the risk areas which 
required public health training through detecting 
high diabetes prevalence but low resources. There 
are a few studies which used GIS to create a map 
with the distribution of dengue to identify the high 
risk areas, thus implementing prevention strategies 
and monitoring the spreading of the disease. A little 
twist was carried out by Wen et al. (2010) which 
identified high risk areas of dengue by taking into 
account three temporal indices.  

Other than that, a map of substance abuse 
developed contain meaningful information such as 
identified hot spot and cold spot areas of substance 
abuse problems, analyzing the spatial analysis and 
investigating the environmental surroundings which 
affect the problem. A previous study by Colasante et 
al. (2008) claimed that events which occur in a 
specific area are influenced by their surroundings. 
This can be investigated through the autocorrelation 
analysis of GIS. In a study conducted by Hunt et al. 
(2008), a polygon feature was used to define the 
areas which should be investigated for their study, as 
the idea of market activity of dug market may be 
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influenced by the adjacent area. GIS also does not 
leave behind analyses of neighbourhood factors in 
substance abuse issues (Brown, 2013). 
Neighbourhood factors which impact drug health 
were explored through GIS analysis in a study by 
Cooper et al. (2009). In a study conducted by 
Williams and Latkin (2007), they found a poor 
neighbourhood was significantly associated with the 
abuse of heroin and cocaine. According to Sorensen 
(1997), many law enforcement departments 
conducting crime analysis use maps, including 
detecting crimes caused by substance abusers. 
Chikumba (2009) used GIS to produce a map helping 
drug officers in attaining information about 
environmental factors, location of existing facilities 
and acting as an information tool through the 
integrating of spatial data and drug logistic data. 
Brouwer et al. (2006) agreed that environmental 
surroundings and geographic boundaries affect the 
scene of substance abuse, where in their study they 
used GIS to analyse the effect of environmental 
factors such as migration, neighbourhood 
characteristics and proximity which contribute to 
substance abuse. 

Increasingly, more studies on substance abuse 
using GIS to measure the spatial accessibility to 
treatment centres have been conducted. For 
example, Kao et al. (2014) explored the spatial 
accessibility of drug treatment outpatients. In a 
study by Pang and Lee (2008) to identify the 
coverage of methadone maintenance clinic to heroin 
users, GIS was used for the measurement of district-
based geographic coverage in which methadone 
clinic should be located at the location needed by 
heroin users. This was supported by Wong et al. 
(2010), who used GIS to study the assessing of 
spatial distribution of methadone clinic clients and 
their access to treatment. They concluded that 
convenient locations of methadone clinics were 
needed for effectiveness of the treatment process. 
The spatial accessibility has close relation to 
distance analysis.  

As an effort for rehabilitation process of 
substance abuse, the distance between their 
treatment centres play a large role in the 
effectiveness of the treatment, where the closer the 
treatment centre is to the home of the substance 
abuser, the better the outcome of the treatment is. In 
fact, Guagliardo (2004) used a kernel density 
estimation method to analyse the accessibility to the 
treatment services.  

Network analyses offered by the GIS tool are also 
used to analyze the closest route of the study subject 
(Reddy et al., 2013). In the substance abuse field, 
network analysis is performed to identify the closest 
treatment centre and the shortest route. The 
application of GIS to determine the impact of 
distance through non spatial data to access the 
healthcare is rapidly growing (Higgs, 2009). There 
are certain researches which applied GIS to analyse 
the distance of the treatment centre. In a study by 
Guerrero et al. (2011), the GIS approach was used to 
map the distribution of Latino residents and 

calculate the distance between census block and 
facility offering services. In a study by Guerrero et al. 
(2013), they used GIS to determine the travel 
distance from the outpatients of substance abuse 
and treatment facilities with services. In addition to 
their study, they analysed the data to identify hot 
spot areas and clusters of census tracts with high 
density population to the treatment services using 
network analysis and autocorrelation analysis.  

A previous study by Mason et al. (2004) utilised 
the GIS to examine the travel distance between the 
homes of substance abusers (urban teenagers) to the 
risk area with the consideration of social network 
and geography features. Doi et al. (2015) proposed a 
probabilistic model based on GIS to analyse patient 
accessibility to hospitals considering the distance 
and travel time. They found out that their proposed 
method resulted more accurate analyses. Using the 
advantages of buffering and overlay method in GIS, 
more accurate spatial variation can be revealed in 
shortage designation practice (Luo, 2004). O’Neil 
(2003) used transportation specialised GIS to 
analyse the distance between the pair of residential 
zip codes with the nearest emergency hospital 
department. 

Unfortunately, linear distance is not valid in 
measuring travel distance because other factors may 
influence the travel distance like the terrain, the 
situation of the road and transportation issues. Other 
evidence showed that travel distance may impact the 
travel time and there is strong association between 
straight line distances with travel time (Luo, 2004). 
It should be considered that geographical features 
and topography may influence time travel of 
substance abusers to the treatment centre. Bruneau 
et al. (2008) studied the impact of physical distance 
from needle exchange on HIV behaviours. According 
to Masoodi and Rahimzadeh (2015), Response time 
method is the best technique to provide a better 
assessment of accessibility to healthcare services. In 
a study by Rosero-Bixby (2004), GIS was used to 
measure the accessibility to healthcare centres 
which considered all supply and demand data in 
Costa Rica; this resulted to the integration of these 
data in GIS platform to be powerful in achieving the 
goal.  

As an effort of eradicating substance abuse 
problems, GIS can be modelled to help police and 
stake holders involved in identifying hot spot and 
risk areas, thus assist in planning the solution for the 
problems. In a study by Hunt et al. (2008), they 
developed a deterrence model based on GIS 
compromising the information of dealer locations, 
distribution of dealers in the market and the 
relationship between dealers and location and 
crimes, thus identifying the target of enforcement 
and planning suitable strategies. This model 
suggested reducing the violence related to over 
street dealing. Through developing GIS content, all 
the information related assists decision makers to 
establish proper planning in overcoming a problem 
as studied by Geanuracos et al. (2007) where they 
developed a database of demography, health and 
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crime data to access the transition of HIV disease. In 
addition, a study by Davidson et al. (2011) used the 
GIS approach by developing a database and 
generating a map containing collected data to 
improve needle exchange service delivery. Zhu et al. 
(2006) found that there is a significant link between 
hot spot areas of substance abuse with criminal 
problems. 

Besides that, the ability of GIS in delivering 
information cannot be denied. Elmahdi and Afify 
(2007) developed a user interface of GIS to enhance 
the presentation of their study; as a result, even non-
technical users are able to easily browse and make 
comparisons among the results needed. The 
advantage of GIS in spatial data preparation and 
visualizing can become a tool for developing spatial 
decision support systems in varies fields (Choi et al., 
2005). In the advancement of developing web based 

applications on GIS, it is currently very important to 
store health data in the central server where it can 
be used anytime and anywhere using internet 
connection. The development of Web based GIS is 
currently growing in health studies to deliver, share 
and organize data (Boulos and Honda, 2006; 
Lazakidou, 2010). The capabilities of GIS in 
publishing and sharing information via internet can 
be an effective way of working in many applications 
(Boulos and Honda, 2006). A number of papers have 
been presented by Boulus on his study to create an 
interactive map to help authorities in problems 
detecting and solving many health issues (Boulos, 
2004) through open sourced web GIS software 
(Boulos, 2005; Boulos and Honda, 2006). We 
summarise the application of GIS in substance abuse 
study as shown in Table 1. 

 
Table 1: Substance abuse research using GIS analysis 

Number Title Author  GIS tool 
Environmental Factors 

1 
The geographic distribution patterns of HIV-, HCV- and co-infections 
among drug users in a national methadone maintenance treatment 

program in Southwest China 

Zhou et al. 
(2014) 

 
Autocorrelation analysis, 
geographic scan statistic 

2 
Geographic Informations Systems and Pharmacoepidemiology: Using 

spatial cluster detection to monitor local patterns of prescription opioid 
abuse. 

Brownstein et 
al. (2010) 

 GIS unspecified 

3 
Using a GIS Framework to Assess Hurricane Recovery Needs of Substance 
Abuse Center Clients in Katrina- and Rita-Affected Areas, Geography and 

Drug Addiction. 

Green and Pope 
(2008) 

 
Geocoding, buffer analysis, 

autocorrelation analysis 

4 
Spatial and Temporal Assessment on Drug Addiction Using Multivariate 

Analysis and GIS 
Toriman et al. 

(2015) 
 GIS unspecified 

5 
Harm Reduction Strategies and Services Communities. More than just 

needles: An evidence-informed approach to enhancing harm reduction 
supply distribution in British Columbia. 

Buxton et al. 
(2008) 

 GIS unspecified 

6 
Italian of Public Health Spatial Analysis of Drug-Related Hospital 

Admissions : An Auto-Gaussian Model to Estimate the Hospitalization 
Rates in Italy. 

Colasenta et al. 
(2008) 

 GIS unspecified 

7 
Using GIS to identify drug markets and reduce drug-related violence a 

data-driven strategy to implement a focused deterrence model and 
understand the elements of drug markets. 

Hunt et al. 
(2008) 

 Spatial analysis 

8 
Geographic approaches to quantifying the risk environment: A focus on 

syringe exchange program site access and drug-related law enforcement 
activities. 

Cooper et al. 
(2009) 

 ArcInfo 

9 
Neighborhood Socioeconomic Status, Personal Network Attributes, and 

Use of Heroin and Cocaine 
Williams and 
Latkin (2007) 

 ArcView 

10 
Application of geographic information system (GIS) in drug logistics 
management information system (LMIS) at district level in Malawi: 

Opportunities and challenges. AFRICOMM 2009, 

Chikumba 
(2009) 

 GIS unspecified 

11 
Integrating GIS into the Study of Contextual Factors Affecting Injection 

Drug Use Along the Mexico / US Border. 
Brouwer et al. 

(2006) 
 ArcGIS 

12 
Using GIS To Describe Risk And Neighbourhood-Level Factors Associated 

With Substance Abuse Treatment Outcomes. 
Mendoza et al. 

(2013) 
 Geocoding 

Spatial Accessibility To Treatment Centres 

1 
Spatial accessibility of drug treatment facilities and the effects on locus of 

control, drug use, and service use among heroin-injecting Mexican 
American men 

Kao et al. (2014)  ArcGIS 

2 
Measuring the geographic coverage of methadone maintenance 

programme in Hong Kong by using geographic information system (GIS). 
Pang and Lee 

(2008) 
 ArcGIS 

3 
Assessing the spatial distribution of methadone clinic clients and their 

access to treatment 
Wong et al. 

(2010) 
 Spatial statistical analysis 

4 
Availability of substance abuse treatment services in Spanish: a GIS 

analysis of Latino communities in Los Angeles County, California 
Guerrero et al. 

(2011) 
 Geocode, spatial analysis 

5 
Travel distance to outpatient substance use disorder treatment facilities 

for Spanish-speaking clients 
Guerrero et al. 

(2013) 
 

ArcGIS, ESRI Network 
analyst extension and 

OpenGeoDa 

6 Substance use, social networks, and the geography of urban adolescents. 
Mason et al. 

(2004) 
 Geocoding 

7 
Associations between HIV-related injection behaviour and distance to and 

patterns of utilisation of syringe-supply programmes 
Bruneau et al. 

(2008) 
 Unspecified 
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3. The challenges of the GIS application in 
substance abuse 

Although GIS provides a powerful system and 
suites to help decision makers explore and 
understand certain classes of problems, there are a 
number of challenges which should be addressed. 
Among the impediments in applying GIS in most 
public health researchers are limited availability of 
data, high cost, the ability to learn GIS software and 
perceptions stating that GIS is only suitable for 
quantitative data rather than qualitative data 
(Brown, 2013). In order to run and maintain GIS, it is 
rather costly since both hardware and software are 
needed to be purchased. In addition, all data used 
have to be checked for accuracy, completeness, 
reliability, validity and quality. It should be noted 
that all data collected must have their coordinates to 
link with the feature in the map. The GIS application 
requires high expertise and technical users to handle 
the system. Therefore, organizations have to train 
their staff in the specific use of the system and 
fundamental concepts of geography and cartography 
(Mullner et al., 2004). The accuracy of maps 
produced depends on the knowledge and skills of the 
analyst who uses this system. Thus, the GIS method 
can deliver information systematically as desired by 
the consumer (Rafalski and Mullner, 2003). 
However, it is crucial to note that GIS cannot make a 
decision, but it can only assist in improving the 
decision making process. 

4. Conclusion 

The application of GIS in research has been 
growing due to the ability of GIS itself in analyzing. 
The GIS application, as a tool in health care research 
is widely used, but there are limited studies which 
used GIS in investigating substance abuse. Clearly, 
there is an opportunity in the healthcare industry to 
strengthen their understanding towards substance 
abuse research; not only to produce a map, but to 
use GIS as decision support tool. Through the 
application of GIS in substance abuse management, 
the relationship between substance abuse and 
environmental factors can be identified and support 
data, thus help decision makers to eradicate issues in 
the field. In conclusion, this study has highlighted the 
advantages of GIS as a sophisticated tool for 
managing substance abuse problems which are to 
understand geographic distribution of substance 
abuse, identifying risk areas, analysing spatial 
accessibility of substance abusers to treatment 
centres, analysing network analyses to help abusers 
in getting more treatment, and modelling methods to 
help stakeholders involved. Therefore, the power of 
GIS technology should be harnessed and the 
application of GIS should be extended in substance 
abuse studies. The advancement in computer 
technology and GIS application, in particular, 
suggests that the GIS application will be an 

important system in management of substance 
abuse in the future. 
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