
tilisation of healthcare services is impacted by several
spatial and non-spatial factors.1,2 Spatial factors
influencing spatial accessibility involve ease of physical
accessibility to the health facilities, in addition to travel
time and monetary cost associated with such travel for
seeking preventive and curative healthcare services.
Spatial distribution and physical accessibility of
healthcare facilities also determine effective utilisation of
healthcare services for reducing disease morbidity and
mortality burden.3

The ability to pay for healthcare services, especially
specialised and tertiary care services, poses significant
financial burden on people from lower and middle-
income strata in developing countries. Public sector
plays a pivotal part in providing healthcare services and
reducing disease burden for the populations.3 In
Pakistan, the use of public sector tertiary care hospitals
linked with medical colleges and universities, is deemed
as trusted, affordable, and quality source of specialised
curative healthcare services.

There is only one study on spatial accessibility to public
sector tertiary care general and teaching hospitals in
Pakistan, which was conducted in the city of Karachi,
using geographic information system and network
analysis.4 Peshawar and Abbottabad districts are home

to the two oldest public sector medical colleges in the
Khyber Pakhtunkhwa (KPK) province in the northwestern
part of Pakistan. In terms of population size, Peshawar
is the largest district in the KPK; while Abbottabad district
is the ninth largest district in KPK, based on the 2017
population census.5

Straight line (from the point location of hospitals to the
radius of specified distance), and road network-based
(specified distance traversed on roads) distances are
two common methods of modelling spatial accessibility
to healthcare services.1,4

The objectives of this study were to model the spatial
accessibility to public sector teaching tertiary care
general hospitals in the two KPK districts, Peshawar and
Abbottabad, using buffers and road network-based
service areas.

Two public sector teaching general hospitals in
Abbottabad, i.e. Ayub Teaching Hospital and District
Headquarters (DHQs) Hospital; three public sector
teaching general hospitals in Peshawar, i.e. Hayatabad
Medical Complex, Khyber Teaching Hospital, and Lady
Reading Hospital, were selected for spatial distribution
and accessibility analyses. From Google Earth, the
latitude and longitude (X and Y) coordinations for all five
hospitals were obtained. The vector road network files
for the districts of Abbottabad and Peshawar were
downloaded from the Open Street Map.6 Geographic
Information Systems (GIS) analyses and mapping were
done with the ArcGIS programme, version 10.5. ArcGIS
is a software for working with geographic data, and is
used for creating and analysing mapped information.
The road network file for Pakistan was clipped
(extracted) using the Abbottabad and Peshawar districts
boundary shape files. All three GIS files, i.e. boundary
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files, hospital location point files, and road network files
for both districts were projected in Universal Transverse
Mercator (UTM) coordinate system. The UTM projection
is one of the projections which is based on 2-
dimensional Cartesian coordinate system that displays
the 3-dimensional earth on a 2-dimensional paper.

The Figures 1 and 2 show the Union Councils (UCs), road
network, and point locations of hospitals in Abbottabad
and Peshawar, respectively. The two hospitals in
Abbottabad are located in the north-central part of the
district; while in Peshawar, the three hospitals are
located in the east-central and central parts of the
district. Buffers around point locations of hospitals were
created, based on straight line distances of 3, 6, 9, and
12 kilometers. The Network Analyst Extension of the GIS
analysis software ArcGIS 10.5 was used for creating
spatial accessibility analysis. Based on road network,
service areas of 3, 6, 9 and 12 kilometers were created.
Using Abbottabad and Peshawar road network shape
files, road networks for each district were built in the
Network Analyst Extension of ArcGIS programme.
Service areas were created with the ArcGIS's 'Network
Analyst' Extension, using 'Any Vertex' connectivity
policy, while ignoring the elevation and direction of travel
permitted on the roads in terms of one-way or two-way

traffic flow. Both buffers as well as service areas for
hospitals in each district were dissolved to portray an
overall accessibility to any of these hospitals in each
district.

Figures 3 and 4 show the 3, 6, 9, and 12 kilometers-
based service areas around the hospitals on the left
maps and straight line distance based 3, 6, 9, and
12 kilometers-based buffers around the hospitals on the
right map, for Abbottabad and Peshawar. Collectively, all
maps show the UCs that are either partially or
completely covered/accessible by the service area and
buffers around the hospitals. Out of the 44 UCs in
Abbottabad, there are 23 and 15 UCs that are either
partially or fully accessible within the 12-kilometer buffer
and the service area, respectively. While out of the 93
UCs in Peshawar, there are 79 and 77 UCs that are
either partially or fully accessible within the 12-kilometer
buffer and service area, respectively.

Results show that these hospitals are located in the
north-central part of the district in Abbottabad, and in the
east-central and central part of Peshawar. In Peshawar,
only 14 and 16 UCs are not fully or partially accessible
within the 12-kilometer buffer and service areas,
respectively. As information on population size by UCs is
not available, it is not possible to determine how many
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Figure 1: Abbottabad union councils (left map), road network (right map) and
public sector, tertiary care, teaching, general hospitals.

Figure 2: Peshawar union councils (left map), road network (right map) and
public sector tertiary care teaching general hospitals.

Figure 3: Service areas (left map) and buffers (right map) around public
sector, tertiary care, teaching, general hospitals in Abbottabad.

Figure 4: Service areas (left map) and buffers (right map) around public
sector tertiary care teaching general hospitals in Peshawar.



people have geographical accessibility to the hospitals.
Availability of comprehensive GIS and population data at
the UCs level would facilitate more informed health
policy-making in the country. Further studies are needed
on this subject to fully understand the access and
availability of specialised healthcare facilities in the
whole country.
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