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ABSTRACT

GIS (Geographic Information System) are
computer-based tools used to visualize, analyze,
accumulate and explicate geographic data. The
determinants of health status are often correlated
and analogous. Establishing  GIS-based
approaches and programmes can predict and
analyze the complexity of web of causation of
many health issues. GIS can be used to
efficaciously investigate health along with its
physical, social and cultural environments.
Mapping functions of GIS can be used to plot
health attributes for better visualization,
exploration, and modeling of health patterns.
GIS based healthcare helps in explaining and
describing health outcomes, health disparities,
healthcare access and how health care delivery
can be improved. GIS can also be used to bring
all spatial data under one umbrella of “Geo Data
Bank” that could provide easy accessibility and
help in better utility of healthcare services. In
India, the adoption and use of digital spatial
methods like GIS in the field of healthcare has
lagged. However, the “Computer Aided Utility
Mapping Project for six cities” in India is a
significant benefit for the GIS users in the
country which can be used by healthcare sector
in the near future for the upliftment of
healthcare facility. The primary focus of the
paper is to provide details about benefits of
using GIS-based analytical approaches in
healthcare planning, the successes, challenges,
remedies and future perspective of GIS in
healthcare delivery.

Keywords: GIS, healthcare planning, location
allocation modeling, public health, spatial
analysis, spatial epidemiology.

INTRODUCTION

In order to understand the health/disease
process, it is mandatory to explore the
relationships between space and community
health. Today, geographic space is
understood as an active environment, a
receptor of social processes and an activator
of these processes.™ Detailed analysis of the
pattern of inequality and spatial distribution
of different diseases is fundamental in order
to address healthcare problems and for
appropriate allocation of resources to areas
with the greatest social deprivation.l?
Within the many new advancements, geo
processing approaches have appeared, and
among them  Geographic Information
Systems (GIS) stand out as remarkable
technology in the investigation of these
relationship and facilitates in better
comprehension between the environment
and health.®! GIS are computer-based tools
used to store, visualize, analyze, and
interpret geographic data. These data
include anything that can be associated with
a location on the globe, or more simply
anything that can be mapped. (4

GISs are potentially powerful assessment
tools for the investigation of health
outcomes, healthcare access, and the
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possible resulting health disparities. The
mapping function of GIS to integrate health
data allows for exploration, visualization,
and modeling of health patterns. GIS
technology using health data can help in
describing and explaining disparities in
healthcare access and health outcomes. B!
For example, cases of disease, hospitals,
health catchment areas, roads, waterways
and country boundaries are all types of
spatial data. In a GIS, the data usually
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include attributes, or descriptive
information. The descriptive data also
allows one to search and display associated
attributes (e.g., number of hospital beds,
types of specialized services offered, etc)
(Figure 1). 1 In terms of analysis, a GIS
offers the opportunity to use spatial data to
answer questions. For example: How far is
it to the nearest healthcare facility? Where
are disease rates higher or lower?
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Figure 1: Potential crowdedness in a hospital versus. zip code (Source: 6)

Rationale

Dating back to 1854, the seminal work of
John Snow illustrates the power of mapping
and geographic systems to respond to the
cholera outbreak. GIS mapping helps in
identifying, preventing and controlling
diseases. Furthermore, GIS helps to analyze
spatial  distribution and risk  factor
patterns, and can be wused to improve
the impact of public health interventions.
Using GISto intersect between public
health planning and spatial representation
can enable to make prompt and credible
decisions that can save many lives.[’l Many
studies  suggests that Geographic
Information Systems (GIS), is a reliable
method that can be used in epidemiological
studies, to furnish valuable information with
regards to geographic distribution of
diseases, elucidating the mechanisms of
diseases, pathogenic agents, and their
associations with social, economic and
environmental factors. 8 9

Scope of GIS:

Development of GIS-based locational
analysis models have stimulated innovative
health care applications due to advances in
computing power and graphics.[* Although
GIS has been used for several decades to
survey health care systems, the scope of
GI1S-based approaches has grown rapidly in
recent years. There is significant scope for
every country to leverage the full benefits of
GIS. Specific services include:

Analyzing need for health care: GIS is
being used to map and analyze the
geographical variation in need for health
services and to develop innovative health
care services. The foundation for health
services planning and analysis depends on
exploring geographic variation in population
and population need for health care. People
are spread unevenly across the globe, and
there exists a wide range of variation among
populations  along many dimensions -
including age, gender, social, culture, and
economic status - that affect their need for
health care, their access to health care, and
their types of service utilization. A recent
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is the endeavour at creating

“community environmental health profiles”

that
demographic,

describes a
economic, and

certain  population’s
lifestyle

characteristics as well as exposure to potent
environmental risks. (11

Analyzing access to health care: The
type and quality of services available to
a particular population, the distance,
time, cost, and ease of traveling to
access those services influence health
care decisions. GIS research helps to
identify the geographic determinants of
health and consequently accentuates the
geographical dimensions of access to
healthcare services. Access describes
people’s ability to use health services
whenever required. 121314 For medical
ailments that require regular contact
with health care providers, distance to
the healthcare facility and travel time
and can create hurdles to effective
service utilization.*>] Differences in
geographical  access  within  the
population and for population sub
groups can be evaluated and calculated
using GIS based methods. Using the
access measures and tools available in
GIS, policy-makers and researchers can
investigate health disparities and probe
inequalities in health care access .["]

Locating Health Services: The objective

function of a GIS based location-
allocation model are: maximizing
population coverage or minimizing

average distance and these are important
decision-making considerations
especially in developing countries where
use of health services are strongly
influenced by distance.*®1%2%1 |n more
recent times, optimization models are
being used for vehicle routing problems
- to calculate and locate the shortest-path
routes for Meals on Wheels programs -
and in GIS-based ambulance routing
systems.?l A case study of healthcare
planning using GIS in Varanasi was
conducted with the aim to calculate the
area requirement of a hospital and to
investigate the specific sector that needs
to develop better health services and

facilities. 4 The  Geographic
Information Systems can be
conveniently used in  numerous

healthcare services, for example, an

ambulance deployment system in
Greece, recently being used which
includes GPS-based ambulances

equipped for continuous monitoring of
vehicle positions, and helps in
calculating shortest path from incident
site by incorporating real-time road

congestion data from traffic sensors.
(Figure 2). %%
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Figure 2: A map of ambulance of catchment areas. (Source: 23)

variables can be critically examined

assumptions about patients, service with the help of GIS. 1%

allocations and service utilization = Geospatial data-based WHO standard

including assumptions health care operating procedures for maps and Web

supply measurement and  access GIS applications will help in worldwide
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exchange of information on disease
prevention and control.

= GIS can help in strengthening country
data, regional data, analytics which will
help in making the health information
system more robust and efficient.

= Trusted geospatial partners through a
network of agencies can help in
augmenting timely assistance.

=  GIS community consisting of trained
and technical experts can help in
innovative technology-based research.[”)

Successes of GIS

GIS can be linked to real and measurable
public health benefits. GIS has many
successes as well as challenges (Figure 3).
241 GIS can be successfully applied to
monitor and predict many diseases mainly
from developing countries. Some of the
advantages and successes of using GISs are:
Understanding the socio-cultural
determinants  of  health:  Modifiable
predictors of health like socioeconomic,
cultural, and educational determinants

outcomes can be investigated using GIS.[?%]
GIS helps in analyzing the dissemination of
social determinants of health and help
identify the disease hotspots and thus help
in development of targeted interventions to
address them. [26]

Disease  surveillance:  Epidemiological
factors such as land use, surface
temperatures, rainfall, oceans and land

cover have a major impact on the disease
process can be analyzed using spatial
observations. GIS are being used globally as
mapping tools for disease surveillance and
monitoring programmes. Mapping action of
GISs provide a visual representation of
underlying geographical distribution of
diseases, understanding of disease rates over

time, and enabling the detection of
outbreaks ~ or  probable  epidemics.
Consequently, GIS based surveillance

system has opened up newer avenues in
creating  early-warning  systems  for
emerging and re-emerging diseases. 1%
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Figure 3: The figure represents GIS. Data, hardware, software, procedures, and people are the five components of GIS
which are located at the five edges of a pentagon. In a GIS public health data are perfectly suited to be stored and analysed as
information layers, provided location specific information (e.g., addresses, geographic determinants, street names, etc.) is
also provided in the database. A GIS-based geodatabase loses its analytical and predictive power where one or more of the

components are missing or are inappropriately resourced.

Challenges of GIS is graphically represented by the right-hand pentagon in the figure includes unskilled workforce,
expensive hardware, uneven data cover, lack of policies and expensive software. (Source 24)

(i)Mapping: GIS maps helps to analyze and
locate doctor or patients or hospitals.
Consequently, GIS-based web portal or
applications helps to make suitable
decisions and facilitates comprehensive
listing of hospitals, the number of healthcare
providers and provides a complete

framework for exploring health care

facilities.
(i) Tracking of Diseases: In healthcare
industry the most remarkable feature

provided by GIS is tracking. In case of an
infectious disease spreading over a wide
range of area, GIS can help to identify and
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recognize the probable areas of spread.

(Figure 4). [27]

Disease Tracking
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Figure 3: GIS showing diseases tracking (Source 27)

Discovering Health Trends: GIS can predict
health related trends, which in turn can
provide with public health care target
healing endeavor. Consequently, GIS can
detect long-term geographic based trends in
the health of certain demographics of
people.

Improving Healthcare Services: GIS enables
in better analyzing, planning, management
and delivery of health services after
determining healthcare needs of target
community. Consequently GIS helps in
delivering improved national healthcare
services to the community. 2]

Challenges of GIS

Restricted access to GIS infrastructure: One
of the major setbacks of GIS technology is
the lack of infrastructure. This is attributable
to the need for complicated and expensive
GIS software, which may be a major set-
back for limited resource bound setting. [?¢]
Technical incompetence and inexperience in
GIS technology: Of the numerous
challenges, one of the major barriers in GIS,
is the requirement of basic to more
advanced skills.?®! Many organizations are
still deficient in basic technical experts,
adequately trained or devoted staff, required
to focus on GIS-related programming and

information systems in health care has been
acknowledged extensively, some experts
have lamented the fact that health and
population datasets are imported on an ad-
hoc basis and as such are not routinely
stored or available for analysis. 3% 321

Miscellaneous: Few other challenges in
GIS such as confidentiality and privacy
issues, restrictions to data access , data
ownership, data outcomes and data
inconsistencies could pose a problem in data
collection parameters in Gl systems.[l
Other factors such as the lack of availability
, weak management of health data and the
lack of maps of spatial behaviors observed
between supply and demand could be the
notable hindrances of GIS based healthcare
planning process .**!
Recommendations/Solutions for GIS
based healthcare planning
Certain Approaches and suggested solutions
that could eliminate the challenges could be:
= Use of GIS software which are open
sourced and are user-friendly, and using
structured query language (SQL)
algorithm packages analogous to the
available commercial alternative. (2%
= Sustained use and maintenance of GIS
resources by local capacity building,

planning.% training, motivating and  adroit
Data unavailability and incompetent planning.t%]
analysis:  Although geographical
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= Make data available and accessible at a
global level by developing global
repositories of data collection tools and
by establishing standardized format for
data collection and storage which in turn
will facilitate data sharing through
existing  international  collaborative
approaches.

= Engaging local experts (scientists,
engineers, academics) in framing long
term  sustainable  solutions  for
development and knowledge transfer
and up-skilling of local staff.[?4l

= Effectiveness and appropriateness of
geospatial methods should be identified
with the help of rigorous research. In
addition, the effect of spatial decision
support systems on disease control and
disease elimination should be analysed
and assessed by setting-up a formal
framework . [%6]

= At present many countries currently
lack GIS- based health information
systems. Expanding its collaboration
with partners like the WHO GIS Centre
will help in making an immediate and
lasting public health impact.

= Geospatial solutions for health include
advancing the use of GISin earth
observation and remote sensing data
for health-related SDGs. It also provides
core capacity building for governments,
WHO country offices, and technical
departments!”

= Health-related behaviour differs across
geographic settings and thereby public
health policy should be tailored to suit
such variations. A repeated model based
on stratified subsets of data can help
policy makers and researchers to
identify the variability of results across
those areas ,or use of analytical models
such as SGWR can help detect spatial
non-stationarity.”

Indian scenario

Geospatial technologies and GIS based
approaches  are being extensively
implemented worldwide for improving
health, but India’s adoption of these

approaches has been dilatory. The adoption
and use of digital spatial methods for health
in India has lagged somewhat compared to
developments in technology and science. ¥
In India, the major hurdles associated to the
use of GIS could be attributed to expensive
software and their unavailability at
numerous locations; unavailability of micro
level data and lack of trained manpower. In
India, public health professionals and
medical community along with the
universities and technology-oriented
institutes  have  adopted  geospatial
technologies and strategies to address
health-related problems. This  group,
however, is not well equipped and doesn’t
have access to open spatial data, such as
roads, stream networks, and socioeconomic
data, and may lack academic training.l*%
The provision of these data and a
heightened awareness of spatial analysis
tools are mandatory for planning, budget
allocation and resource management for a
better response to India’s health challenges.
In India, the “Computer Aided Utility
Mapping Project for six cities” is a
significant advancement for the GIS users
(41 where in 3D Spatial Data Infrastructure
with a city wide unified large scale [1:1000]
has been developed. At present, the use of
Open Source GIS software is gaining
popularity in India and is expected to
overcome the hindrance of highly priced
commercial software. In addition, experts
believe that expanding the six city mapping
to rural areas will enhance and improve
rural healthcare. In addition, fully functional
GIS centres well equipped with hard ware,
software and spatial data should be
established at each state level, all GIS
related studies from macro to micro level
should be stored and recorded in a national
level registry of India.["

Future directions

In public health GISs has attained a
remarkable place among healthcare
professional due to the technological and
visualistic information it can offer with
regards to analyzing, surveying, monitoring,
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planning and allocation of health resources.
The spatial behaviors of health care
consumers and providers described by
conventional models are not suitable for the
new “digital” health care landscape. These
new spatial behaviors, and their interaction
with health which can be studied and
modelled in GIS, have high priority for
future research and development. (1%

DISCUSSION

In healthcare planning, GIS technologies
has contributed efficiently in supporting
health professionals in studying and
analyzing issues such as health accessibility,
health outcomes and health disparities. Prior
to the inception of GIS, the spatial
relationship between health and place was a
major issue in the field of healthcare. The
recent trends in healthcare shows that the
most salient hindrances are disease
surveillance,  disease = mapping, the
evaluation of the accessibility and
utilization of healthcare, epidemiological
modeling and health information
management, as well as location allocation
modeling  for  healthcare  services.
Geographic researchers and spatial planners
should focus on development of GIS-based
applications and analytical approaches to
analyze and prevent their spread, and to
assess disparities in access to healthcare.
GIS by means of its analytical approach and
statistical method has contributed in the
field of healthcare planning. However, GIS-
based healthcare approaches, faces a
number of major barriers such as restricted
GlS-infrastructure and technical capacity,
limited data availability and analysis
incompetence. With ongoing public health
challenges, and developing innovative
technologies, the adoption of geographic
information based health policies has a great
potential for both success and favorable
public health outcome in the near future.

CONCLUSION

The determinants of health status are often
correlated and analogous. Establishing GIS-
based approaches and programmes can

predict and analyze the complexity of web
of causation of many health issues. GIS can
be used to efficaciously investigate health
along with its physical, social and cultural
environments. Mapping functions of GIS
can be used to plot health attributes for
better visualization and understanding of
disease trends and for improved modeling of
health patterns. At a community level, GIS
based healthcare helps in explaining and
describing  health  outcomes,  health
disparities, healthcare access and how health
care service utilization can be improved.
GIS can also be used to bring all spatial data
under one umbrella of “Geo Data Bank”
that could provide effortless accessibility
and help in better utility of healthcare
services. In addition, GIS holds the future
possibility of creating virtual communities
whose populations and health can be
modelled which has a great prospective in
the coming years.
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