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Abstract. This study aims to analyses the reality of health services in the city of
Karbala in light of the rapid urban transformations and the continuous population in-
crease witnessed by the city. The study focuses on the use of geographic information
systems (GIS) techniques as an analytical tool to assess the distribution and spatial
efficiency of health institutions within the general urban framework. The problem
arises in the geographical imbalance between areas of health service availability and
areas with clear health deprivation, which leads to imbalances in accessibility and
increases pressure on functioning institutions. The study addresses identifying gaps
in health service coverage, revealing disparities between regions in terms of popula-
tion density versus availability of health facilities, and proposing strategies for better
distribution. It also seeks to provide a planning vision that enhances spatial justice
and supports the efficiency of the health system, in line with the requirements of
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sustainable development in Iraqi cities. The expected results of this study are an im-
portant input for the reformulation of health policies and urban planning on a scien-
tific basis that considers population distribution and existing infrastructure.
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Introduction

Health services are one of the most prominent indicators of well-being and
quality of life in cities, as they are closely related to the ability of society to achieve
sustainable development (Rao, Bairwa, Mehta et al., 2024). This sector is becom-
ing increasingly important in Iraqi cities that are witnessing rapid urban transfor-
mation and a continuous increase in population, which is putting growing pressure
on public services, especially health services (Al-Jubouri, 2021). This uncontrolled
urbanization, coupled with the absence of comprehensive planning visions, has
contributed to clear imbalances in the distribution of health institutions between
regions, especially between urban and rural areas, and between northern and south-
ern governorates (Abdoun, Al-Abbadi, 2025). The governorates of southern Iraq
are among the areas most affected by these imbalances, where health deprivation is
evident despite the concentration of non-governmental activities in some areas,
without being matched by equitable distribution or sustainable planning of health
centers and hospitals (Hasan, Webb, Quayyum, Ensor, 2024).

The city of Karbala faces complex challenges as a result of its religious loca-
tion and the increasing population density, which calls for the need to analyze the
reality of health services in it accurately, based on modern scientific tools, most
notably geographic information systems (GIS), which allow the possibility of ana-
lyzing the spatial distribution of health institutions and measuring their efficiency
based on quantitative and spatial criteria (Shakarchi, Shakarchi, Al-Abayachi et al.,
2025). This analysis aims not only to provide a descriptive image, but also to reveal
gaps in coverage, identify areas of deficit or congestion, and propose alternative
locations that contribute to improving spatial justice and reducing disparities in
access to health services (Liao, Chang, Yang, 2012). The importance of this study
lies in the need to direct public policies towards adopting integrated planning for
health services, in line with urban growth, and taking into account the population
and social structure, and the functional dimension of services (Rahim, Toguzbaeva,
Aidaraliev, Dzhusupov, 2025).

The reality of health services in Karbala, as in many Iraqi cities, reflects the
lack of proactive planning, which has led to the concentration of health institutions
in specific areas and the deprivation of entire neighborhoods of basic care services
(Al-Janabi, 2023). These gaps are not limited to quantity but extend to quality,
weakening the efficiency of the sector and increasing pressure on operating centers
(Ding, Chen, Yu et al., 2021). To achieve comprehensive urban development, the
distribution of health institutions must be proportional to the population distribu-
tion, considering demographic and urban changes; otherwise the continued popula-
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tion increase will generate mounting pressure that will make these services ineffec-
tive (Shih, Yang, Chia et al., 2023).

The aim of the research is analysis the health institutions spatial distribution in
Karbala using GIS-technologies, evaluation of spatial distribution efficiency and
development of practical recommendations in urbanized areas. The study also
seeks to contribute to the formulation of an integrated future vision for health ser-
vices, considering social and spatial justice, and pushing towards achieving sus-
tainable development goals in Iraqi cities.

Classification of levels of health services

Within the organizational structure of the national health system, health ser-
vices are classified into four main levels, varying among themselves in terms of
geographical scope, number of population served, and type of services provided,
with the aim of achieving universal health coverage and more equitable and effi-
cient distribution of resources.

Level I: Community Health Post. This level is the foundation of the health
service pyramid and usually arises in small villages with less than 1,000 inhabi-
tants. This point is managed by a “health guide” selected from the residents of the
same village, who is responsible for health education, first aid, and maternal health
services. This unit is an effective link between the local community and govern-
ment health institutions, and this level is supported on a weekly basis with periodic
visits by a general practitioner and health technicians to provide basic treatment
services. This model is effective in Promote health awareness and reduces pressure
on higher centers.

Level II: Health Clinic. This level represents an evolution in the volume of
services and the number of beneficiaries, as it is allocated to areas with a popula-
tion between 1,000 and 3,000 people. These clinics provide basic preventive and
curative services daily by a specialized medical team that includes a general practi-
tioner and a qualified nursing staff. These clinics are relatively advanced health
units that cover the basic needs of the population and are an important pillar in
primary health networks.

Level III: Primary Health Center. This level provides an expanded package
of services, including, in addition to basic services, oral and dental health services,
and laboratory tests, and is established in areas with a population of between 3,000
and 10,000 people. These centers are managed by multidisciplinary medical staff,
serve as a reference point between health clinics and hospitals, and contribute to
reducing the burden on senior levels by providing integrated quality care at the lo-
cal level.

Level IV: Comprehensive Primary Health Center. This is the highest level
of primary health care and is reserved for areas with a population of more than
10,000 people. It is known as the “Comprehensive Health Center”, as it provides an
integrated range of preventive and curative services, including specialized clinics,
radiology services, physiotherapy, and emergency services around the clock. These
centers are also designed to be able act as a link between primary and secondary
health care, enhancing the efficiency of the public health system and the effective-
ness of urban infrastructure.

Level V: Hospital Services (Secondary and Tertiary Care). Hospitals
represent the final and most specialized level within the health service hierarchy.
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They are established in urban and regional centers to serve large population groups,
often exceeding 50,000 people per facility. Hospitals offer a wide spectrum of ad-
vanced diagnostic, therapeutic, and surgical services that go beyond the scope of
primary care. This includes inpatient care, specialized surgical units, intensive care,
and a full range of diagnostic laboratories and imaging services. Hospitals are di-
vided into general and specialized types, forming the backbone of the secondary
and tertiary care system and playing a central role in the national referral network
by managing complex cases and medical emergencies.

Urban planning strategies for the development of health services in cities

A. Spatial Integration Strategy

o It is based on the distribution of health institutions within the urban plan so
that they are integrated with the rest of the uses (such as housing, transportation,
education).

¢ Enhances accessibility and reduces health marginalization in the limbs.

e It relies on analysing “unserved urban spaces” and directing investment to
them.

B. Accessibility-Oriented Planning

e The time distance criterion (such as 800 meters or 15 minutes on foot) is
used to determine health service coverage.

e It is applied by cities such as London and Barcelona.

e The GIS is used to map physical access and measure coverage.

C. Hierarchical Health Network Planning

o Ensure the existence of all levels of service (health point > health center >
hospital) with a thoughtful hierarchical distribution.

e It creates a balanced network between primary, secondary and tertiary care,
and limits the momentum on central hospitals.

D. Infill Development Strategy

e It is based on the development of health centers within spaces within the
existing urban fabric rather than external expansion.

e Reduces the cost of infrastructure and promotes spatial justice.

e Especially important in Iraq's cities, which are suffering from uncontrolled
horizontal expansion.

E. Demand-Based Planning

o It links indicators of population density, age groups, and disease pattern in
different regions.

e This data is used to determine the type and size of health service required
in each area.

e Example: establishment of maternity care centers in areas with a high per-
centage of pregnant women.

F. Integrating the health dimension into land use planning (Health in All
Planning Policies)

e A multisectoral approach that integrates health into all urban planning de-
cisions.

o It includes the design of streets, parks, play areas, and public transportation
to promote public health.
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e Supported by the WHO Framework (WHO: Urban Health Equity Assess-
ment and Response Tool).

G. Restructuring health networks in cities with random growth

e In cities with urban sprawl, mobile or combined health units are being de-
veloped.

e A healthy urban resilience approach is used to ensure response in crises
and congestion.

The proposed strategies for developing the health sector in Karbala are
grounded in a comprehensive assessment of both service availability and spatial
adequacy. Tables 1 and 2 provide critical insights into the current and projected
deficits in health facilities and land allocation relative to national planning stan-
dards. These findings highlight the urgent need for strategic interventions to bridge
service gaps and ensure equitable access to healthcare in line with future popula-
tion growth.

Table 1. Comparison of the Current Number of Health Facilities with Standards and
Deficits

. Standard Number Nump er Deficit
Type of | Existing . Current | Required
o per Popula- | Required . by Tar-
Facility | Number tion Currentl Deficit by Target ot Year
urrently Year 2035 | &
Hospital o | 1 pers0,000 14 s 18 9
people
Primary
Health 29 lelgerlelo,OOO 49 20 88 59
Center peop
Table 2. Area and Per Capita Share of Health Services
Ac- Differ- Differ-
Planned | tual ence
Planned | Actual ence
Per Per Standard from
Category | Area Area Capita | Cap- | (mperson) from Stan-
(ha) (ha) P R P P Standard
(m?) ita (Planned) dard
(m?) (Actual)
Health 23.69 23.36 0.49 0.48 0.86 —0.37 —0.38
Total
Land 4147.23 | 295798 | 84.73 | 60.35 113.085 -28.36 -52.74
Uses

Spatial Analysis of Health Services in Karbala City

Health services are among the most important indicators of quality of life and
urban well-being, and their balanced spatial distribution is a key outcome of sus-
tainable urban planning. The need to analyze the spatial distribution of such servic-
es increases in cities with demographic and religious particularities, such as Karba-
la. Growth of cities puts great pressure on the health infrastructure.

Two core spatial analysis indicators were used:

e Global Moran’s I: to measure the degree of spatial autocorrelation among
the locations of health institutions.
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e Getis — Ord General G: to detect the presence of high- or low-value spa-
tial clusters (High/Low Clustering).

Moran’s I Analysis Results. To assess the degree of spatial autocorrelation in
the distribution of health services in Karbala City, the Global Moran’s I statistic
was applied to two categories: hospitals and primary healthcare centers (Table 3).

Table 3. Moran's Index Results

Facility Type Moran’s I Z-score P-value
Hospitals 0.0054 0.0445 0.9644
Primary Healthcare 0.0739 1.7092 0.0874
Centers

The analysis of spatial distribution using Moran’s Index reveals that hospitals
in Karbala are distributed in a random pattern, that indicate a lack of spatial plan-
ning or alignment with population needs. Although primary healthcare centers
show a slight tendency toward clustering, the result is not statistically significant.
These findings underscore the urgent need to ensure equitable distribution of health
services across urban areas.

Getis — Ord General G Analysis Results. To examine the presence of spa-
tial clustering of health institutions in Karbala, the Getis — Ord General G statistic
was applied to hospitals and primary healthcare centers. This analysis helps detect
whether high-value or low-value clusters exist in the spatial arrangement of the
features (Table 4).

Table 4. General G Results Table

Facility Type General G Z-score P-value
Hospitals 0.1255 0.0449 0.9641
Primary Healthcare 0.07388 1.7092 0.0874
Centers

The General G analysis supports the findings of the Moran's I statistic. Hos-
pitals in Karbala are randomly distributed with no evidence of spatial clustering.
Although primary healthcare centers show a slight inclination toward forming
high-value clusters, the result lacks statistical significance. These outcomes em-
phasize the need for proactive spatial planning to ensure equitable access and re-
duce potential service gaps in underserved areas.

Evaluating Health Service Distribution against Planning Standards

When comparing the results of Moran’s I and Getis — Ord General G spatial
statistics with the standard service ranges for health facilities, it becomes clear that
Karbala City exhibits significant spatial disparities in the distribution of health ser-
vices. Although primary healthcare centers are expected to serve areas within a
1,000-meter radius and populations up to 10,000 people, the spatial analysis reveals
a weak tendency toward clustering (Moran’s I = 0.0739), yet the result is not statis-
tically significant. This indicates insufficient coverage density or poor distribution
across the urban fabric. In the case of hospitals, which should serve broader areas
ranging from 3 to 5 km and populations up to 100,000, the results show a com-
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pletely random spatial pattern (Moran’s I = 0.0054) and no evidence of spatial clus-
tering (General G = 0.1255). This reflects a lack of prior strategic planning to en-
sure balanced spatial coverage of hospital services (Table 5).

Table 5. Standard Geographic and Population Coverage Ranges for Health Facilities

- Standard Geographic Standard Population
Health Facility Type Range Coverage
Primary Health Care Center | 500—1000 meters 8,000—10,000 persons
General/Specialized Hospital | 3—5 km 50,000—100,000 persons

These findings confirm the mismatch between the actual distributions of
health facilities and recommended planning standards, highlighting the urgent need
to reallocate services and optimize their locations using GIS-based spatial analysis
to improve spatial equity in access to healthcare (Fig. 1, 2).
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specialized hospitals in the city of Karbala
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Fig. 2. Scheme illustrated the service coverage of general and
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Conclusions

1. The current spatial distribution of health institutions in Karbala reveals a
lack of balance, resulting in significant disparities in access to healthcare services
across neighborhoods.

2. The locations of hospitals and primary health centers do not align with es-
tablished planning standards regarding both geographic coverage and population
thresholds.

3. Certain areas are over-served with healthcare facilities, while others suffer
from severe shortages, creating functional gaps that undermine overall system effi-
ciency.

4. The existing health facilities were not planned based on scientific or quan-
titative criteria such as population density or demand indicators, but rather on his-
torical or administrative factors.

5. The absence of accurate spatial databases and a GIS-based strategic health
planning approach has weakened decision-makers' ability to implement effective
service expansions or redistributions.
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LIeABIO AQHHOTO HCCACAOBAHUSA ABASCTCA AHAAH3 COCTOSIHIS MEAUIIHHCKOIO ODCAYKHU-
BaHuA B ropoae Kepbeaa B cBeTe CTpEeMHTEABHEIX TOPOACKHX IPeoOpasOBaHU U He-
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CTPYMEHTA AAf OIIEHKH PACIIPEACACHUS M IIPOCTPAHCTBEHHON 3(pPeKTUBHOCTH MEAU-
LIHCKAX VYIPEHKACHHH B PAMKaX TOPOACKOH mHMpacTpykryper. [Ipobaema cocrour B
reorpauIecKOM AHCOAAAHCE MEKAY PAHOHAMU C AOCTYIIHBIM H HEAOCTYITHBIM MCAH-
LIHHCKHM OOCAY/KHBAHICM, YTO IPUBOAUT K YBEANYCHHIO HAIPY3KH HA SKCIIAYATHPYC-
MBIC MCAMUIIMHCKHE YIpeKACHMA. VIcCACAOBaHIE HAIIPABACHO Ha BBIABACHHE IIPOOEAOB
B MCAUIHCKOM OOCAYKHUBAHUI, PASAMYIN MEKAY PETHOHAMU C TOYKH 3PEHUA IAOT-
HOCTH HACEACHUA M AOCTYIIHOCTH MEAUIIMHCKHX VIPEKACHUIL, 4 TakxKe Ha paspaboTKy
crpareruii AAfl Goaee 3P(HEKTUBHOIO PACIIPEACACHHA MEAUIIMHCKOTO OOCAYKUBAHUAL
TakxKe OHO HAIIPABACHO Ha Pa3pabOTKy KOHIIEIIIMH IIAAHHPOBAHUA, ITOAACPKUBAIO-
el 9pPEKTHBHOCTD CHCTEMBI 3APABOOXPAHECHUA B COOTBETCTBUN C TPEOOBAHMAMU
YCTOHYMBOrO PasBHTHA UPAKCKUX TOPOAOB. OIKMAAEMBIE PE3YABTATHI AAHHOTO HCCAC-
AOBAHHS SABASIOTCA BAKHEIM BKAGAOM B IIEPEOCMBICACHUE ITOAHUTHKI 3APABOOXPAHCHUA
U TOPOACKOTO IAAHHPOBAHUS HA HAYIHOH OCHOBE C YYETOM PACIIPCACACHUS HACCAC-
HUA U CYLIECTBYFOLIEH HH(PACTPYKTYPHL
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