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Abstract: Basic information regarding location of existing facilities, their
accessibility and development trends, in relation to socio-economic structure of a city
is needed in order to prepare its developmental plan. Re-location of any service may
not be feasible economically, but location-allocation models can be used to identify
new potential locations. This study is an attempt to simulate new potential locations
and evaluate the feasibility of optimization models for planning additional health
facility in the Osh city. The result of the study shows the potential of the p-median
approach for optimization of the location of various public services. The contribution
of GIS to optimization techniques is mainly its use as a method for data gathering
and visualization of the result. These two technologies can be fully integrated to
provide a powerful tool for spatial decision support.
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1. Introduction

Geographical Information Systems are responsible for revolutionizing the era of spatial data
management through the integration and analysis of geographically represented data.
Decisions to locate health care facilities are essential to distribute certain benefits at
minimum costs among different groups of people. The ubiquity of locational decision-making
has led to a strong interest in location analysis and modelling within the operational research
and management science community.

Initially, focus was on location at regional scale and mainly on retail services and warehouse
locations. With passage of time, new theories were created to accommodate more
factors/requirements in locational problems. Thus, a series of location-allocation models
were developed based on facility location in a generalized form. Since public transportation
stations’ functions have similarities with other facilities, their methodologies and considera-
tions are similar too.

Location models are different from other urban transportation models in the sense that
location models do not place emphasis on the disaggregated socio-economic parameters,
but rather, aggregated demands are considered. These models take constant, known
guantities as inputs and derive a single solution to be implemented at one point in time. The
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present study has utilized large sets of data in a GIS domain to form the database and
analyze the location of health facilities in Osh city including road networks, land use/land
cover, and population coverage. The objective of the study is to find new potential locations
and evaluate the feasibility of optimization models for planning additional health facility in the
Osh city.

This paper discusses an efficient process to implement a branch and bound algorithm for
discrete p-median problems. At present, it is possible to handle optimization problems in a
spreadsheet environment. What's Best is one such spreadsheet interface to the LINDO
(Linear Interactive Discrete Optimization) optimization software. The spreadsheet language
itself can be used to carry out the optimization methodology. The optimization solver can
read a spreadsheet, find the solution, and write it into the spreadsheet. The input data can
be imported from the GIS system. Then, the solution found from LINDO optimizer can be
exported to the GIS system, allowing the decision problem and its solution to be visualized.

2. Study Area, Data Used and Methodology

2.1 Study Area

The study area comprises Osh city of Kyrgyzstan which is situated in Central Asia. Osh city
is located at 40°52@ latitude and 72°45¢E longitude which belongs to the Fergana Plain of
Central Asia (Figure 1). Osh is the industrial and cultural centre of Southern Kyrgyzstan.

Figure 1 - Location map of study area (a) world map (b) map of Kyrgystan (c) Landsat 7
ETM+ imagery covering Osh city in Kyrgyzstan
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During the Soviet era, the health care system was state-owned, centrally planned and
managed, with no discretion allowed to local managers. The key delivery principles were that
free services should be accessible to everyone. A network of health care facilities was
established ranging from nursing posts mainly in villages, to polyclinics, to district hospitals,
and then to regional and national-level hospitals and research institutes.

With independence in 1991, reform of the health care system was included on the Kyrgyz
policy agenda, but remained a lower priority than economic reform. Later on, the MANAS
health care reform program was set up in 1994 as a joint program between the Ministry of
Health of the Kyrgyz Republic and the WHO Regional Office for Europe, which aimed to
develop health care reform policies and implement the resulting plans.

The Ministry of Health plays a policy-making, supervisory role but has few means of exerting
power in the total health care system. It does not directly own or administer local health
services, which receive their budgets from local government administrations. The Ministry of
Health supervises the activities of all health-related institutions, including training, research
institutions, and approves their policy and program documents. Regional administrations are
responsible for administering most primary and secondary health care, including polyclinics
and regional and district hospitals. The health care system remains very fragmented at
different levels of government administration i.e. city to district, regional and national level.
These different systems serve overlapping catchments population. The small private health
care sector is growing in urban areas but is mainly limited to ambulatory care and
pharmacies, and a few small hospitals. Non-government organizations (NGOSs) are being
formed and are active in the areas of maternal and child health, family planning and sex
education.

Thus, this study concentrates only on secondary care provided by

specialists in the community as well as outpatient clinics in hospitals and the tertiary services
provided by hospitals. The primary care provided by the community clinics including public
health services and NGO are not considered in this study. The major player in the health
system under study is health ministry office (HMO), as we assume that city administration
can place only 3 new facilities.

2.2 Data Used

Landsat 7 ETM+ (2000) scenes covering the Osh city of Kyrgyzstan were acquired from the
US Geological Survey (USGS). The Landsat 7 ETM+ data have eight spectral bands,
including one 60 m spatial resolution thermal band and a 15 m spatial resolution
panchromatic band. The remaining bands are in the visible and near infrared (VNIR) regions
with 30 m multi-spectral images. However, the 15 m panchromatic band provides good
collateral data for land use/cover classification. Existing land use of 2003 and city map of
2000 at the scale of 25,000 are also used in this study. The most recent complete census of
Osh, from which published data was available at the time of this study, was conducted in
2004. According to that, 2004 the total population of the Osh city is 255,000.

2.3 Methodology

Generally, geographical accessibility is worked out by calculating average weighted
distances people travel to reach various services such as health care facilities, schools or
financial institutions. However, geographical efficiency is estimated by comparing the actual
distance with the optimal average weighted distances. Thus, an important consideration is
‘optimal’ distance. How can it be identified? An answer to this question may lie in the
analysis of 'location-allocation models'. Optimality may be defined in terms of geographical
distance and demand (Ghosh & Rushton, 1987; Rushton, 1984 and 1988; Killen, 1983). The
main objective of location-allocation models is to find out the 'optimal locations'. Sanaei-
Nejad & Faraji-Sabokbar (2002) studied location-allocation models with various constraints,
such as minimum distance, maximum attendance, maximum coverage and minimum total
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powered distance for regional planning in a GIS environment. The minimum distance model
is applied to private sector to determine a suitable location for a number of specific utilities,
so that the total travelling distance is minimized. Models with other constraints are mostly
applied by the public sector. The maximum coverage model is applied to find a location for
service centers, so that maximum demands can be determined. The maximum attendance
model is used to allocate service centers for maximizing attendance. When the minimum
distance powered function is applied, as the distance from center increases, the exponent
function exaggerates the effect of distance. Therefore, by applying a larger power function,
the distance that an individual should travel between demand points to the nearest facility
will be equalized.

A location-allocation problem involves three basic elements:

i. A setof consumers (demand) distributed spatially over an area.
ii. A set of facilities (service centers) to serve them.
iii. Network data connecting demand points to service centers.

The main concept of all models is the optimization of travel cost or distance between
facilities. Substantial progress has been made in locating central facilities/public facilities, so
that the concerned population enjoys the best possible geographical access to the
services.

The P-median problem, introduced by Hakimi (1964), takes this measure into account and is
defined as: determine the location of P facilities so as to minimize the average (total)
distance between demands and facilities. Later ReVelle & Swain (1970) formulated the P-
median problem as a linear integer program and used a branch and bound algorithm to
solve the problem.

This formulation has played a major role in the development of optimal and near optimal
approaches. The model formulation has the following notation:

Minimize Z= W, %X 1.1
iz j=1
Subject to: Y, =P 1.2
j=1
Xy =14"i 1.3
ji=1
Xij-Yj £01"i1j 14
Y, 1 {10}," |

Decision Variable: 1.5

X1 {1d."i,]

Inputs: i = index of demand node
j = index of potential facility site
n = number of demand locations
m = number of candidate locations
wj= weight at demand node i
d; = distance between demand node i and potential facility site j
P = number of facility to be located
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The binary value of X in:

i. equation (1.1) helps to calculate distance for those demand points, which are assigned to
that particular potential location.

ii. equation (1.3) ensures that every demand is assigned to one or more facility site.

iii. equation (1.5) defines the binary characteristics for X; and Y; which indicate that demand
points assigned to any particular location will be considered for that location decision
only.

Database creation includes the preparation of a detailed land use map, ward map, and a map
showing the location of existing health facilities. The detailed land use map was prepared
using ETM+ data with the support of a land use map and master plan. Subsequently, ward
boundaries and the location of the health facility has been transferred on this map.

Each ward has been taken as a demand point considering population density because it
plays a major role in facility planning. This project considers two parameters for demand
weight. The first parameter is the population density within the ward. Second is the actual
distance of that demand to the existing health facility. The center of each ward has been
considered as an aggregated demand point (Hongzhong et.al. 2005).

Process for finding out the location of health care facilities in Osh city is represented
sequentially in Figure 2.
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Figure 2 — Methodology flow chart for location of new hospital facility

The methodological process of integrating GIS and What's Best! Solver software for this
study is as follows:
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A.  Collect input data from the user in ArcMap

i. Actual distance to health facility
ii. Population data
iii. Number of health facilities to generate (P)
v. Input polygon layer
B.  Generate Centroids on Polygon Input Layer
C.  Generate the sets d;
i. Calculate Network Distance to health facilities
ii. From each demand i to candidate j
D. Export information to a data file
i. Value of P
ii. Number of potential health facility sites / incident locations
iii. djsets
iv. Value of w; weight at each demand site
E. What's Best! Solver Software
i. Use the data file to solve
ii. Solve for optimal solution
iii. Export optimal solution back to the GIS

F. Generate Solution Display in ArcMap.

3. Results and Discussion

Osh city has nine institutions which provide healthcare services. These include city as well
as district level institutions. There are various types of healthcare facilities in the city
designed by the Ministry of Health (Master Plan, 2003). They are 2 maternity, 2 children’s, 1
infectious, 2 city level, 1 district hospitals and one tuberculosis sanatorium.

The existing nine health care facilities are located mostly in the central part of the city (Figure
3). According to the latest published norms/standards of the city in the Master Plan (2003),
the hospitals can serve 10,000 people within 1 km distance. Integrating these standards in
GIS it was found that the existing 9 hospitals serve about 70.5% of total population.

Classified images, city maps, and a Master Plan of the city have been used to find the
location of new health facilities considering following criteria:
i. Those wards where there is a lack of health care facilities.
ii. Where new facilities may be established.
iii. Centroids for wards lacking hospitals as a demand.
iv. New locations for facilities as a candidate.
Using the above criteria as categories, some of the wards of Osh City which are

underserved and fall under one or more of the categories are: Ujnyi, Vostochnyi and Ak-
Tilek, Nizami, Dostuk, Kalinina and Kerme-Too.
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Figure 3 — Existing health care facility, candidate sites and demand node map

One important way to measure the effectiveness of facility location is by evaluating the
average total distance between the demand points and the facilities. If the average total
distance decreases the accessibility and effectiveness of the facilities increases. A database
derived from the GIS environment has been used to examine this problem using What's
Best! software. Database related to road network obtained through Arcinfo workstation and
ERDAS Imagine has been used to find the distance between the demand node and the

facilities (Table 1).

S’\’;:)e. 3Z$2nndar;10ede POp(LILIZ'Ef;n?ken:)SIty Actual distance (km) Weight  w;
1. Ak-Tilek 22 4.1 90.2

2. Ujnyi 14 3.7 51.8

3. Kerme-Too 59 4.5 265.5

4. Vostochnyi 28 3.4 95.2

5. Dostuk 43 5.6 240.8

6. Nizami 71 24 170.4
7. Kalinina 41 1.7 69.7

Table 1 - Weight (w;) at demand node
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Data input used to formulate a mathematical model for optimization are given below -

I. Input data:
a. N =7, number of demand locations (Figure 3)
b. M=7, number of candidate facility locations (Figure 3)
C. Ww;,Iisgivenin Table 1
d. Y =3, we assume that city administration can place only 3 new facilities
e. dj, distance between demand location and candidate (Table 2)
Y, T {10}," ] - .
f. ., Decision variables

Xt {1871, ]

II. The main goal is to ensure that the fraction of people living within the 1 km limit is
maximized. Thus, coefficients for the average distance minimization function have
been derived by multiplying the weight w; with distance d; (Table 3). Weight at each
demand node takes into consideration the population and actual distance as shown in
table 1. Given the input data and decision variables, the mathematical model involves
the following:

The average distance minimization function is:

Subject to:

f(x) = min{721.6 X11+451X1,+902X 3+ . . .+697X75+278X75 +906.1%77} (*)
The weight demand constraints for each candidate node
X11+X21+X31+X41+X51+Xe1+X71 = 90.2

X127+ X2 X32+X 42+ X5+ X2+ X7, = 51.8

X13+X23+X33+X43+Xs3+Xe3+X73 = 265.5

X14+X24H X34+ Xa4HX54+Xea+X74 = 95.2

X15+X25+X35+X45+Xs5+Xe5+X75 = 240.8

X161+ X261 X36+Xa6X56+Xe6+X76 = 170.4

X17+Xo7HX37+Xa7tXs7+Xe7tX77 = 69.7

The constraint imposed on the number of facilities to be established:

YitYotystystystystys=3

No. Ak-Tilek Kerme-Too  [Vostochnyi  [Dostuk Nizami Kalinin a | Ujnyi
Site 1 8 5 10 2 6 9 11
Site 2 2 1 11 7 6 7 5
Site 3 1 3 11 9 4 8 4
Site 4 5 7 8 7 4 5 2
Site 5 4 6 9 8 1 5 6
Site 6 10 8 5 8 7 2 13
Site 7 11 13 1 12 10 4 13

Table 2 — The road distances d; (km) between each demand point to eligible facility site
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Table 3— Coefficient derived to calculate average distance minimization function by

No. Ak-Tilek | Kerme-Too | Vostochnyi Dostuk Nizami Kalinina Ujnyi
Site 1 721.6 451 902 180.4 541.2 811.8 992.2
Site 2 103.6 51.8 569.8 362.6 310.8 362.6 259
Site 3 265.5 796.5 2920.5|  2389.5 1062 2124 1062
Site 4 476 666.4 761.6 666.4 380.8 476 190.4
Site 5 963.2 1444.8 2167.2 1926.4 240.8 1204 1444.8
Site 6 1704 1363.2 852 1363.2 1192.8 340.8 2215.2
Site 7 766.7 906.1 69.7 836.4 697 278.8 906.1

multiplying weight w; and distance d;

Running this model in What's Best! optimization software reports the best solution for the
problem. As shown in Figure 4, optimum locations for hospitals are Site 2, Site 4 and Site 7.
These sites are located in wards Ujnyi, Vostochnyi and Kerme-Too toward the southeast,
southwest and west of the city. The accessibility consequences of adding 3 new facilities in
Osh city using a ‘minimize total weighted distance’ objective can be seen in the report
(Figure 4).

142] $I$8  Site5 0 $I$8<=3K$8 _ Binding 0

143 $I$3 Siteb 0 $I$9<=$K$9  Binding 0

144 SK$11 0 $K§11=5K$12 Binding 0
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Figure 4 — Answer report for hospital facility location

It takes into account the travel distance to proposed facilities. The optimum location provides
the lowest total weighted distance. An optimally located center will reduce the total average
distance traveled per person from 46298 km to 984 km. The main goal is to find locations for
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new centers in a way that ensures that the number of people living within a 1 km distance
limit is maximized.

Proposed suitable sites and existing sites of healthcare facilities (Figure 5) will serve almost
87% of the entire population of Osh city. Out of 7 proposed locations, three optimal locations
for the new health facility have been derived using the mathematical modeling through p-
median.

Figure 5 — Proposed suitable sites map with 1 km buffer zone

10
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3.1 Limitations

To ensure solvability and acceptable run-times, representing a decision problem in a
mathematical model often requires assumptions on the structure of the problem that place
restrictions on the breadth of the problem that can be solved (Kann, 2005). The major
limitation of the technique is that population will appear more centralized (at the centroid of
the ward) in the model than the actual case. The use of aggregated demand data will always
lead to some errors in the results of location modeling process, as described by Casilas
(1987). This approach can be applied to locate facilities at regional levels with variables up
to 10,000. The output solutions show only the location of the new facility but not the size of it.

4. Conclusion

This study demonstrates the potential of p-median approach for the optimization of facility
location under uncertainty. The p-median approach is useful to model many real world
situations related to the location of various public facilities i.e. schools, fire stations, mobile
towers etc. Although, at present the contribution of GIS to optimization techniques is mainly
used as a method for data gathering and visualization of the result, the two technologies can
be fully integrated to provide a powerful tool for spatial decision support.

The integration of these two techniques may be used to solve many of the problems related
to location-allocation modelling. It permits flexibility for parameters within the variables that
define the data structure. Future research is required in optimization considering other
variables and parameters such as the capacity of hospitals, transportation network volumes,
environmental and economic factors.

Acknowledgement

Authors express their gratitude to Dr. Karl Harmsen, Ex. Director, CSSTEAP, Dr. V. K. Dadhwal,
Dean, IIRS, Dehradun and Shri B. S. Sokhi, Head, HUSAD, IIRS, Dehradun for the facilities and
support provided by them. Authors are thankful to Prof. V. K. Jha, Sr. Scientist, [IRS for useful
corrections in final manuscript.

References

Casilas, P.A. (1987) - Data Aggregation and the p-Median Problem in Continuous Space. In Ghosh,
A. & G. Rushton - Spatial Analysis and Location-Allocation Models, New York, 327-344

Ghosh, A. & Rushton, G., (Eds.) (1987) - Spatial analysis and Location-Allocation Models, New York, Van
Nostrand Reinhold Company

Hakimi, S.L. (1964) - Optimum Distributions of Switching Centers in a Communication Network and
Some Related Graph Theoretical Problems, Operation Research, 13, 462-75

Hongzhong, J., Fernando, O. & Maged, D. (2005) - A Modeling Framework for Facility Location of
Medical Services for Large-Scale Emergencies, Daniel J. Epstein Department of Industrial
and Systems Engineering, University of Southern California Los Angeles

Kann, Antie (2005) - Optimization e-letter-2, Frontline Solver, October 1, 2005.

Killen, J.E. (1983) - Mathematical Programming for Geographers and Planners, London: Croom Helm

ReVelle, C.S. & R.W. Swain (1970) - Central Facilities Location, Geographical Analysis, Part 2, 30-42

Rushton, G. (1984) - Use of Location-Allocation Models For Improving the Geographical Accessibility
of Rural Services in Developing Countries, International Regional Science Review, 9(3), 217-
40

Sanaei-Nejad, S.H. & Faraji-Sabokbar H.A. (2006) - Using location-allocation models for regional

planning in GIS environment,
http://www.gisdevelopment.net/application/nrm/overview/nrm01.htm - accessed June 23

11



