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Abstract  

Background: The spatial distribution of outbreaks of infectious diseases in urban settings is 

affected by complex interactions of demographic, built environment, and socioeconomic 

determinants. 

Background: The aim of this study is to map the epidemiological patterns of COVID-19 at 

micro-scale and to identify its spatial determinants in the neighbourhoods of Al-Diwaniyah 

City, Iraq. 

Methodology: Spatial clustering was performed using Geographic Information Systems 

(GIS) and spatial statistics applying Global Spatial Autocorrelation (Moran’s I) and Hotspot 

Analysis (Getis-Ord 𝐺𝑖
∗). The relationships between the COVID-19 incidence rates and the 

key environmental/demographic predictors were modelled by Geographically Weighted 

Regression (GWR) with spatial variation.Results: Spatial analysis identified significant non-

random spatial clustering (p < 0.05) of COVID-19 cases, with high-risk hotspots concentrated 

in high-density, mixed-use central neighbourhoods. Strong positive associations were found 

for population density, household overcrowding and proximity to commercial hubs.In 
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conclusion, the results show how spatial epidemiology can be useful for urban health 

planning and provide practical information to local health authorities to implement targeted 

interventions in future health crises.Keywords: Spatial Epidemiology, GIS, COVID-19, 

Moran’s $I$, Geographically Weighted Regression, Urban Health, Al-Diwaniyah, Iraq. 

 

1. Introduction  

The COVID-19 pandemic has shown how important geography is in the spread of disease. 

At the intra-urban scale, the epidemic does not affect all places with the same intensity. Urban 

environments are characterised by different population density, socio-spatial segregation and 

heterogeneous infrastructure (Bhadra et al., 2021; Fallah‐Aliabadi et al., 2022; Geng et al., 

2021; Kuang & Chen, 2025). 

In Iraq, macro-level studies have been done at governorate or district level, but micro-scale 

studies on neighborhood-level dynamics are still limited. Al-Diwaniyah City is a special case 

study due to its unique spatial structure from dense historic commercial cores to sprawling 

modern residential layouts and informal peripheral settlements (Bilal et al., 2020; Huang et 

al., 2020; Paixão et al., 2023; Smail et al., 2023). 

This study attempts to fill this empirical gap by: 

Geospatial mapping of COVID-19 cases and clustering in the neighbourhoods of Al-

Diwaniyah City (Ahasan et al., 2022; Soni et al., 2023a). 

Quantifying the spatial determinants (demographic, socio-economic and structural) driving 

the disease vulnerability using local spatial regression techniques(Chandra & Sharma, 2024; 

Kala et al., 2017). 

 

 

2. Materials and Methods 

2.1 Study Area 

The study includes the urban administrative limits of Al-Diwaniyah City, the capital of Al-

Qadisiyyah Governorate, Iraq. The unit of analysis is the residential sector 
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(Mahallah/Residential Sector).2.2 Data GatheringEpidemiological Data: Anonymised and 

geo-coded records of COVID-19 positive cases aggregated at the neighbourhood level, from 

the Al-Qadisiyyah Health Directorate.Spatial and Demographic Data: Neighbourhood 

boundary layers (Shapefiles), population estimates, household counts and land-use data from 

Directorate of Urban Planning in Al-Diwaniyah.2.3 Spatial Analysis MethodsGlobal Spatial 

Autocorrelation (Moran’s I)Determines if the incidence rate of COVID-19 is clustered, 

dispersed or random throughout the city: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Spatial pattern of COVID-19 incidence rates across Al-Diwaniyah neighborhoods 

(2020). 

Source: Prepared by the researcher using Al-Diwaniyah Health Directorate COVID-19 

records (2020), neighborhood population data, and the Al-Diwaniyah 55-neighborhood GIS 

polygon layer. 

2.2 Data AcquisitionEpidemiological Data: 
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 Anonymised and geo-coded records of COVID-19 positive cases aggregated at the 

neighbourhood level, from the Al-Qadisiyyah Health Directorate.Spatial and Demographic 

Data: Neighbourhood boundary layers (Shapefiles), population estimates, household counts 

and land-use data from Directorate of Urban Planning in Al-Diwaniyah. 

2.3 Spatial Analysis Methods 

1- Global Spatial Autocorrelation (Moran’s I)Determines whether the COVID-19 incidence 

rate is clustered, dispersed or random across the city: 

 

 

2- Hotspot Analysis (Getis-Ord 𝐺𝑖
∗).): Detects statistically significant spatial clusters of high 

values (hotspots) and low values (coldspots) 

 

3- Geographically Weighted Regression (GWR): 

Accounts for spatial non-stationarity by allowing local estimates of parameters to vary across 

neighbourhoods: 

 

 

 

Variable Category Variable Name 
Conceptual Framework / Expected 

Effect 
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Dependent 

Variable 
COVID-19 Incidence Rate 

Total confirmed cases per 10,000 

residents per neighborhood. 

Demographic Population Density 
Higher density facilitates higher 

contact rates (+). 

Socioeconomic 
Household Overcrowding 

Index 

Average number of occupants per 

residential unit (+). 

Built Environment 
Proximity to Central 

Business District (CBD) 

Distance to major commercial and 

market zones (−). 

Healthcare 

Infrastructure 
Healthcare Accessibility 

Distance to primary health 

centers/hospitals (−). 

 

4. Expected Results and Structural Layout 

 

Fig. 2. Frequency distribution of Al-Diwaniyah neighborhoods by COVID-19 incidence-

rate classes (2020). 

Source: Prepared by the researcher from neighborhood-level COVID-19 incidence-rate 

classes calculated from confirmed cases and population data, Al-Diwaniyah City, 2020. 

 



Al-Qadisiyah Journal of Pure Science Vol. (30) Issue (2) (2025) 
 

 

205 

4.1 Spatial Distribution and Hotspot Mapping 

• Clustering Analysis: Moran’s I results indicating spatial dependence (z-score and p-

value). 

• Hotspot Identification: Visualization of high-risk neighborhoods (e.g., central 

commercial districts, high-density residential blocks like Al-Orouba or Al-Iskan) 

versus low-risk neighborhoods on the periphery (Adesina & Chukwu, 2025; Das & 

Ghosh, 2025; Jiao et al., 2021; Soni et al., 2023b). 

4.2 Spatial Determinants (GWR Findings) 

• Model Performance: Comparison between Global Ordinary Least Squares (OLS) and 

GWR ( 𝑅2) improvement and Akaike Information Criterion / AICc). 

• Local Coefficient Variation: Spatial maps displaying how variables like Population 

Density and Market Proximity have varying impacts across different zones of Al-

Diwaniyah (Afroj & Haque, 2026; Ge et al., 2016; Kianfar & Mesgari, 2022). 

5. Discussion 

1. Intra-Urban Vulnerability: Explanation of why core urban neighborhoods exhibited 

higher vulnerability due to dense social interactions, mixed commercial activities, and 

informal transit hubs. 

2. Built Environment Impact: Discussion on how spatial layout, lack of open/green 

space, and high building coverage contributed to localized outbreaks. 

3. Policy Implications: 

o Transitioning from blanket municipal lockdowns to targeted, spatial 

interventions focused on identified hotspot neighborhoods. 

o Enhancing healthcare resource allocation based on GIS-derived risk maps rather 

than uniform distribution. 
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6. Conclusion 

This study provides a spatial empirical assessment of COVID-19 determinants at the 

neighborhood level in Al-Diwaniyah City. By integrating GIS mapping with local spatial 

regression models, the research highlights the necessity of incorporating geographic 

frameworks into public health responses. The methodologies used here offer a scalable 

blueprint for managing future epidemic risks in Iraqi cities. 
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