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Introduction 

ccess to healthcare services is essential 

for the well-being of humans. Studies 

have shown that the location of 

healthcare facilities do not always correspond to 

the needs of the population in most States of 

Nigeria. This has resulted in poor healthcare 

delivery. Overt attention has also not been given 

to the need for equitable distribution of these 

facilities which are germane to good healthcare 

delivery Njoku and Akpan [1]; Ahmed and 

Mohamad [2]; Ayoade [3]; Fadahunsi [4].  In 

Gombe state of Nigeria, explicit consideration has 

not been given to the need for equity in the 

distribution of the healthcare facilities. This has 

led to the emergence of many settlements within 

the State where healthcare facilities are sparsely 

provided Ogunjumo [5]; Iyalomhe and Iyalomhe 

[6]. Attempt to address such inequity in the 

distribution of these healthcare facilities may 

require the use of information management tool 

such as the Geographic Information System (GIS).  
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ABSTRACT 
The study 

examined the 

distribution 

patterns and 

developed a 

model for 

determining the 

optimum 

location of 

healthcare 

facilities in 
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Metropolis, 
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were with a view 
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distribution of 
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healthcare 
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State. Primary 

and secondary 

data were used 

in the study. The 
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As a result, this study examined 
distribution patterns of healthcare 
facilities in Gombe Township, Nigeria 
using GIS technique, with a view to 
improving the spatial distribution of and 
equitable access to healthcare facilities in 
Gombe Town. This is important because 
the health status of residents has 
implications on their productivity and the 
development of the State.  
 
Contextual Framework  
The theory used in this study is the 
central place theory. The theory was 
articulated by Christaller [7] to show the 
relationship between the presence of a 
service and the population needed to 
support it, the size of the hinterland 
within which such a population was 
contained and the size and the central 
place itself.  
The central place theory provides a 
complementary tool for the explanation 
of healthcare facility provision. It is the 
most versatile theory for the analysis of 
the size, spacing and functions of central 
places based on the concepts of range 
and threshold. The threshold for a service 
or good refers to the minimum 
population (market) needed to bring the 
service into existence which determine 
the catchment's size and provides the 
basis for central place ordering either as 
high order or low order places. High 
order central places offer wider range of 
goods and services and require large 
threshold support level than low order 
central places. On the other hand, the 
farthest distance people are willing to 
travel in order to enjoy a given service 

primary data comprised 

the geographic 

coordinates of all the 

healthcare facilities in the 

State, while the secondary 

data included the list of all 

the healthcare facilities in 

the study area. The 

cartographic model for 

determining the optimum 

location of healthcare 

facilities was developed. 

The data were analyzed 

using the ratio of Health 

facility per number of 

physicians in the health 

care center the study also 

analyzed the area with high 

concentration of health 

care Centre. A buffer zone 

analysis was also 

conducted to assessed 

areas with served and 

unserved with health care 

facilities in the study area 

with a view to improved 

the effective and efficient 

distribution of the health 

care facility in the study 

area. 

 

Keyword: Ration. KDE, 

Buffer Analysis 

 



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
AUG., 2021 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJBEES 
186 

BUILT ENVIRONMENT & EARTH SCIENCE VOL.6 

ISSN: 1881-2167 

refers to the market area for the goods or the distance traveled to obtain 
a good or service which is dependent on price, transportation cost, 
necessity of goods and preferences Aigbe [8].  
Christaller’s concepts of threshold and range and the ordering principle 
largely explain the ordering of healthcare facilities in Nigeria Gbakeji [9]. 
At the primary level, the Primary Health Care (PHC) centers exist, the 
Comprehensive Health Center, General and State hospitals are at the 
secondary level while the Teaching Hospitals are at the tertiary level. The 
hierarchical order is largely a product of the interacting influence of 
threshold and range principles, determined by the nature of service 
rendered Onokerhoraye [10]. Clearly, the central place theory provides 
an appropriate theoretical background for the understanding of the 
spatial configuration of healthcare facilities in Osun State 
In this regard, the aim of the study i.e Spatial Analysis of Healthcare 
Facilities In Gombe Township is to: 
To analyze the spatial distribution of healthcare facilities with Gombe 
metropolis as the study area. The aim was achieved through the 
following objectives; 

a) Collect data on names of health facilities as well the number of 
health and non-health workers. 

b) Determine the proximity of these facilities to the population. 
c) Determine the ratio of facilities to the population. 

 
Study area 
According to a recent report by Dr Mohammed Isa Umar on Strategic 
Health Development Plan (2010-2015), Gombe state is one of the six 
states of the North-east geo-political zone of Nigeria with the following 
coordinates: 10°15’N 11°10E’ / 10.250◦N 11.167◦E. It covers an area of 
20,265sq.km with a population of 2, 587, 159 million, of which 
1,296,166(50.1%) are males and 1,290,993 (49.9%) are females (2006 
population census). The population of children aged 5years and below is 
501388. The annual population growth rate is 3.2%. It was created from 
the old Bauchi state on 1st October 1996 with 11 local government areas. 
It shares common boundaries with Borno to the east, Yobe to the north-
east, Bauchi to west, Taraba to the south, and Adamawa to the South 
East. It is located in the Savannah region with a predominantly grassland 
vegetation that is interspersed by rivers of the Upper Benue River basin, 
a feature that supports livestock farming on a mineral rich terrain, and 
enhanced by economic networks with other states, hence the eponym 
“JEWEL IN THE SAVANNAH” 
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The terrain is undulating with hilly projections characteristic of the 
Northern Plateau with places rising above 1500m above sea level. The 
climatic conditions are characterized by a dry season lasting from 
October to April, while the rainy season lasts between May and 
September. The soils predominantly sandy loam in the northern parts 
while a mixture of sandy loam and humus is in the southern parts. The 
arable soil features make Gombe state an agricultural state. The major 
food and cash crops include sorghum, maize, millet, cotton, groundnuts, 
cowpeas, tomatoes and vegetable fruits. Gombe state is endowed with 
mineral resources like gypsum, byrite, limestone, coal, silica, dolomite, 
talc, uranium and kaolin. Climate change, flooding, deforestation, waste 
management, and mining are emerging environmental challenges. 
It is a multi-ethnic state with eleven (11) local government areas, and one 
hundred and fourteen (114) wards. Some of the ethnic groups are Fulanis, 
Tangale, Waja, Tera, Jukun, Bolewa, Tula, Cham, Lunguda, Awak, Kamo 
and Dadiya. Hausa is the inter-ethnic medium of communication. 

 
Figure 1: Locational Map of the Study area  

Source: ArcGIS 10.8 (G N TSUNDASS Nigeria Limited) 
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Materials and Methods 

Data required for this analysis includes names, location as well as the 

total number of facilities. Names of wards, location map showing study 

area and images of study area gotten from a selected GIS software. 

Data for names, population and location of wards were gotten from INEC 

office in Buba Shongo Gombe. Images of study area was gotten from 

Google Earth and digitized using Arc GIS 10.0  

 

Data analysis and procedure 

Images of the study area was taken bit by bit from Google earth by taking 

placemarks and coordinates for the respective images, after which they 

were added then added to Arc GIS. These images were separately Geo 

referenced so as to change the unknown units to decimal degrees. They 

were further projected using WGS1984 UTM Zone 32N so as to change 

the units finally to meters.  

 

Methods of analysis  

i) Symbols: are used to represent geographic information 

related to location, distance and area. They can be further 

classified as points (non dimensional data), line (one 

dimensional data) and area (two-dimensional data).in this 

study, points were used to determine location of health 

facilities. 

ii) Buffer analysis: this draws a Euclidean buffer around each 

facility. It explains that areas or location within the buffer limits 

are considered accessible while areas or location which falls 

outside the buffer limits are considered inaccessible. Areas 

showing an overlap of the buffer explains an over service of 

facilities and vice- versa. This analysis can be used to show 

density of available facilities in an area. A linear unit of 1000 

was used for this analysis. 

iii) Kernel density estimation (KDE): this is used to estimate 

density using a kernel function K. The density does not depend 

on the kernel function choice but it is affected by parameter 

value. Larger parameter shows dark and small irregularities 
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and smaller parameters result in rough density surface. In this 

analysis, a KDE was applied at a search radius of 1,500m and a 

cell size output of 100 to determine the density of health 

facilities in Gombe town. 

iv) Raster calculator: this was used to perform certain calculations 

on the Arc GIS software. It is found in the Arc toolbox, then 

spatial analyst tool, then Map algebra and there we have the 

raster calculator. The raster calculator was used to perform 

ratios calculation for instance the physician to population ratio 

and also the health care to population ratio. 

  

Results and discussion 

Two categories of health care facilities were analyzed that is private and 

public facilities. The private facilities are owned by private persons or 

organization whist the public facilities are owned by either the Federal, 

State or Local government. 

In this report, maps were given to show location of health facilities in 

Gombe. This map helps to guide people especially new persons to the 

areas served with these facilities. Figure 1 shows that there are 18 private 

and 20 public facilities in Gombe Metropolis. 

 
Figure2:  Map showing healthcare facilities in Gombe Metropolis. 

Source: ArcGIS 10.8 (G N TSUNDASS Nigeria Limited) 
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In this research, the following analysis were made; 

i) Density of health care facilities 

This map shows areas that are served with health facilities according 

to their density. In this analysis, a KDE was used to determine the 

density of health facilities in Gombe town. This map explains that the 

darker the color the more the health facility and the lighter color 

shows low health facility.  

 

 
Figure: 3 Density of health facilities 

Source: ArcGIS 10.8 (G N TSUNDASS Nigeria Limited) 

 

ii) Population density 

This map shows the range of population of the area including areas 

densely populated and vice versa. The KDE analysis was used and this 

map shows locations that are populated. The darker color shows 

areas with more than one ward and the lighter areas shows one or no 

ward. 

 



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
AUG., 2021 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJBEES 
191 

BUILT ENVIRONMENT & EARTH SCIENCE VOL.6 

ISSN: 1881-2167 

 
Figure 4: Density of population. 

Source: ArcGIS 10.8 (G N TSUNDASS Nigeria Limited) 

 

iii) Proximity to health care facilities. 

The Buffer was used for this analysis. This analysis explains the areas 

served with available healthcare facility. Areas with no buffers shows 

that there are no healthcare facilities present while areas with 

overlapping buffers shows over service of these healthcare facilities. 

 
Fig 5: Proximity to available healthcare facilities. 

Source: ArcGIS 10.8 (G N TSUNDASS Nigeria Limited) 

iv) Density of physician  

This shows the available health workers in these healthcare facilities 

and compares them to location. Areas with darker color shows high 

density of physicians and vice-versa. 
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Fig 6: Density of physician 
Source: ArcGIS 10.8 (G N TSUNDASS Nigeria Limited) 

v) Ratio of physician to population 
This analysis explains the available health workers and their service to 
the populace. The raster calculator was used and the population is 
given in square meters. The areas of darker color shows areas with 
more physicians and areas of lighter color shows little or no physician 
available. 

 

 
Fig 7: Ratio of physician to population 

Source: ArcGIS 10.8 (G N TSUNDASS Nigeria Limited) 

vi) Ratio of population to healthcare facilities. 
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This figure compares the population to the available healthcare facilities. 

The raster calculator was used to dive the population by the healthcare 

facilities. 

 

 
Figure 8: Ratio of healthcare facility to population. 

Source: ArcGIS 10.8 (G N TSUNDASS Nigeria Limited) 

 

Conclusion and recommendation 

This study reveals that most part of Gombe town are presently un served 

with the appropriate health facilities to suit or carry all population. 

Therefore, I call for the need to establish more health projects especially 

the easily implemented ones. Health facility being an important part of 

developmental project of the population requires utmost attention. 

Existing facilities should be renovated and upgraded to technology 

standards to suit the increasing population. 
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