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To support the management and planning of health care systems it is important to provide accurate esti-
mates of accessibility to hospitals. The simplest indicator of hospital accessibility is the “crow fly”
distance between hospitals and the home. More sophisticated methods measure distance along the road
network. However, such indicators are based purely on physical distance, ignoring features of the road
type and vehicle speeds. This paper describes the use of geographical information systems (GIS) to
model accessibility to hospital facilities in Cumbria, north west England, by estimating road travel time.
Maps are presented to visualise changing hospital accessibility over time. GIS offers a more precise esti-
mate of hospital accessibility than simply relying on physical distance, although some data limitation
issues are noted.

Introduction

The time taken to get to hospital may be critical for cer-

tain medical conditions. For example, it has been shown

that mortality from chronic asthma increases with increas-

ing travel time to hospital (Jones et al, 1999). Because of

the nature of the services that hospitals provide, their siting

requires careful consideration to ensure that they are easily

accessible to as many people as possible. Hence, it is

important to make accurate estimates of accessibility to

hospitals in order to support the planning and siting of

health care systems.

Methodologically there are a number of critical issues

that need to be addressed when modelling or estimating

hospital accessibility. For instance, do we use only

straight-line distance, or do we consider details of the road

type and average road speeds? Are we interested in emer-

gency facilities that normally rely on ambulances to

transport people, or are we more interested in accessibility

issues related to private and public transport availability?

In addition, there are many techniques available that sup-

port the analysis of accessibility to health services. For

example, geographers have contributed to the development

of spatial interaction modelling (Fotheringham et al, 2000),

which offers one approach to estimating hospital accessibil-

ity. Further, advances in geographical information systems

(GIS) provide analytical capabilities to model travel time to

hospital, taking into consideration the road network, the

type of roads and the average speeds possible on each type

of road (O’Sullivan et al, 2000).

This paper describes the use of GIS to model accessi-

bility to hospital facilities in Cumbria, north west England,

using raster-based GIS analysis. The focus in this study is

on access to emergency facilities, including accident and

emergency facilities at general hospitals, and paediatric

facilities at maternity units. These indicators of hospital

accessibility were required for a study of stillbirth and

infant mortality in relation to travel time to hospital services

in Cumbria, 1950-93 (see Dummer and Parker, 2003). As

well as providing a measure of hospital accessibility –

based on travel time – to support epidemiological analysis,

a range of maps visualising changing hospital accessibility

in Cumbria over time were produced and are presented in

this paper.

Defining accessibility to hospital

Accessibility to hospital can be measured in a number

of ways, including: straight-line (“crow fly”) distance

between the hospital and the home; distance between the

hospital and home based on the road network; travel time to

hospital along the road network. The latter method can be

considered a more complete measure of accessibility, as it is

based upon the actual time taken to drive to a hospital. The

main output from a GIS-based analysis of travel time is the

production of an isochrone surface map (lines of equal

travel time); the isochrone surface can be used to define

hospital accessibility. GIS provides the ideal environment

within which to combine the datasets required to generate

isochrone surfaces of travel time to hospital (O’Sullivan et

al, 2000).

In this study, a travel time to hospital surface was gen-

erated in Arc/Info™ GIS – specifically using raster-based

processing in the GRID module of Arc/Info version 7 (GIS

processing commands are presented in the text in UPPER-

CASE). Arc/Info was used to generate the isochrone

surface by integrating and analysing the road network, the

location of built-up areas (which affects vehicle speeds on

the road network) and the location of all hospitals with a

maternity or emergency facility. Hospital locations also

included Lancaster Royal Infirmary, which is outside Cum-

bria but provides facilities for many people in the south of

the county (see Figure 1). Two sets of isochrone surfaces

were produced. One surface modelled travel time to all hos-

pitals that included a maternity facility; this included a

number of small cottage hospitals that were open during the

early part of the study but have since closed. The second

surface modelled travel time to all general hospitals with an

emergency facility – the location of these did not change

appreciably during the study.
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Figure 1. Hospital locations in Cumbria, 1950-93

Generating a travel time to hospital surface utilised the

COSTDISTANCEmodelling function in GRID. Two input

GRID datasets are required for use withCOSTDISTANCE:

COST GRID: an estimate of the cost to travel
through a cell in the grid. In this study the cost was
measured in time;

SOURCE GRID: the location of the points (in this
study the hospitals) to calculate the travel cost to (in
this study time).

The source datasets and a summary of the GIS process-

ing steps are outlined in Figure 2. The first stage in the

analysis was to rasterise each of the three input datasets

(roads, hospitals, built-up areas). A 250m grid cell resolu-

tion (cell size) was selected. This cell size was considered

fine enough given the source scale of the road and built-up

area data (1:200,000) and the resolution of the hospital data

(100m). Asmaller cell size would increase file size and pro-

cessing time and result in spurious accuracy.

Figure 2. Summary of GIS processing stages and input

data sources

Rasterising the road network using LINEGRID cre-

ated an integer GRID, with the value defined as road type

(i.e. motorway, a-road). Next, an average road speed was

assigned to each cell in the road GRID depending on

whether it was within or outside a built-up area. Average

road speeds were provided by Charlton et al (2001), and

relate to road type (motorway, a road, b road, minor road)

and whether or not the road is in an urban or rural area. This

stage of the analysis provided a raster surface of road speeds

for each cell of the road network. Next, the time (cost) to

travel through each cell in the grid was calculated, using the

average road speed for each cell. Thus a cost grid was cre-

ated, whereby cost was defined as time to travel across each

GRID cell.

The final stage of the analysis used the cost grid (time)

and source grid (the location of all hospitals in raster for-

mat) to generate an isochrone surface of travel time to

hospital. To achieve this, the COSTDISTANCE function

was used to calculate the average time to travel from each

cell in the input grid to the nearest hospital. Once the travel

time surface was generated it was a straightforward task to

assign travel time to all locations in the study area – for

example, the home addresses of people in the epidemiologi-

cal study.

Results

Figure 3 shows the road network in Cumbria. As

noted, a simple approach to estimating accessibility is to

measure “crow fly” straight-line distances. Figure 4 visual-

ises such an approach using a simple GIS buffering analysis

to create 5km concentric circles around hospital locations

(all hospitals with a maternity facility and general hospitals

are presented separately). As is shown, some areas in Cum-

bria are over 25 km from a maternity hospital. In relation to

general hospitals – with accident and emergency facilities –

there are large areas of the county over 50 km from a hospi-

tal.

Figure 3.  The road network in Cumbria
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Figure 4. Distance buffers around hospitals in Cumbria

The COSTDISTANCE analysis generated isochrone

surfaces of travel time to hospitals, both for maternity hos-

pital services and general hospitals with emergency

services (see Figures 5 and 6). The isochrone surfaces help

to highlight the crudeness of the simple buffering methods

shown in Figure 4. For instance, the influence of the road

network, including the motorway and A roads, can be seen

clearly in the travel time surfaces, with the shorter travel

times stretching out along the road network.

The availability of maternity facilities changed in

Cumbria during the study period (1950-93) with the closure

of a number of small facilities and cottage hospitals. Hence,

Figure 5 shows two isochrone maps, one for travel time in

1960 and one for travel time in 1990. Because some of the

more rural facilities closed during this time, accessibility

(based upon travel time) actually became worse in the

county. For example, the median travel time in the 1960s

(when there were 11 facilities) was 6 minutes: mean 10 min-

utes, standard deviation 6 minutes. By contrast, for the

1990s (when there were 6 facilities) the median travel time

was 9 minutes, with a mean of 13 minutes and a wider stan-

dard deviation of 11 minutes. Thus the centralisation of

health care resources has clearly had an effect on accessibil-

ity to these services.

Figure 5. Changing accessibility (travel time) to mater-

nity services in Cumbria, 1960 and 1990

Emergency and paediatric intensive facilities are pro-

vided by general hospitals with emergency facilities. In

Cumbria, the location of general hospitals has remained sta-

ble over time, with provision provided by four major

facilities in Whitehaven, Barrow in Furness, Carlisle and

Lancaster. Figure 6 shows travel time to general hospitals

in Cumbria (including Lancaster), the median travel time

was 13 minutes, with a mean of 16 minutes and a standard

deviation of 13 minutes. As the travel time surface shows,

although most parts of the county are within 20 minutes

drive time from a hospital, some areas are over one hour’s

drive time.

Figure 6. Accessibility (travel time) to general hospitals

in Cumbria

Discussion

This study has demonstrated that GIS provides an ideal

analytical environment to model accessibility to hospital by

estimating road travel time. An additional benefit of using

GIS is the straightforward facility to visualise the travel

time surfaces in map form. Such visualisations have poten-

tial benefit for those involved in planning and monitoring

the availability of health care resources.

One potential weakness of this study was the lack of

incorporation of public transport information. The analysis

of road travel time will suffice as a measure of accessibility

for most emergency admissions to hospital, but such admis-

sions are only a small part of the services hospitals provide.

Availability of good public transport facilities are impera-

tive to ensure that non-car owners and people reliant on

public transport are not disadvantaged regarding hospital

accessibility. Public transport availability was not included

in this study, partly because the objective of the study was to

look at emergency facilities, but also because the incorpora-

tion of public transport would involve complex further

analysis incorporating data not available over the study

period (O’Sullivan et al, 2001). However, comparing the

crow fly (buffer zone) estimates of accessibility with the
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travel time surfaces highlights quite clearly that the meth-

ods used in this study provide a more accurate estimate of

accessibility than relying on straight-line distances.

Over the course of this study the availability of mater-

nity services declined in Cumbria, from 11 facilities in the

1960s to 6 in the 1990s. Such a decline is indicative of the

trend for centralisation of certain health care facilities to

larger hospitals in order to help rationalise services and, in

part, make use of economies of scale and the best use of lim-

ited expertise within the medical system. Such

rationalisation of services, however, must not be under-

taken if there is any risk to patient health. With regards to

stillbirth risk and infant mortality, studies have shown that

travel time / distance to hospital or maternity services does

not significantly increase the risk of stillbirth or infant death

(Parker et al, 2000; Dummer and Parker, 2003). However,

the trend for rationalising many health care facilities to

larger units continues; therefore, monitoring health out-

comes in relation to changing accessibility needs to be

ongoing. GIS provides a very powerful environment to

facilitate such ongoing monitoring and analysis.
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