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Background and Objective: Urban Heat Islands (UHI) are an important
environmental consequence of urban expansion and changes in land surface
characteristics, particularly the growth of built-up areas and reduction of
vegetation cover. This study aims to investigate the spatio-temporal changes in
urban heat islands and identify the factors influencing their intensity in Baqubah
City, Irag, using remote sensing and Geographic Information Systems (GIS). The
analysis focuses on three periods, 1985, 2005, and 2025, to assess changes in the
thermal characteristics of the urban environment and their relationship with
major environmental and physical indicators.

Methodology: Landsat satellite imagery was used to derive Land Surface
Temperature (LST), Normalized Difference Vegetation Index (NDVI),
Normalized Difference Built-up Index (NDBI), and Urban Heat Island (UHI)
indicators. In addition, Air Quality Index (AQI) and Relative Humidity (RH)
were incorporated as environmental variables. Spatial analysis and map
preparation were conducted using remote sensing and GIS techniques.
Multivariate linear regression was applied to examine the relationships between
UHI intensity and the explanatory variables during the three study periods.
Results and findings: The results indicate that the intensity of the urban heat
island in Baqubah increased over the study period. The influence of NDBI on
UHI increased from 0.47 in 1985 to 0.70 in 2025, while the effect of LST
increased from 0.58 to 0.80. In contrast, NDVI showed a negative relationship
with UHI, with its coefficient increasing from —0.25 to —0.38, indicating a
persistent cooling effect of vegetation. The explanatory power of the regression
models also increased over time, with R2 rising from 0.67 in 1985 to 0.85 in
2025. These findings demonstrate that increasing urbanization and expansion of
built-up surfaces have intensified thermal stress in Baqubah, whereas vegetation
has played an important mitigating role. The results highlight the importance of
protecting and expanding green spaces and integrating green infrastructure into
urban planning to reduce UHI impacts.
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EXTENDED ABSTRACT

Introduction

Urban Heat Islands (UHI) are among the most
important  environmental  consequences  of
urbanization, resulting from the transformation of
natural surfaces into built-up and impervious
areas and the reduction of vegetation cover.
Urban expansion can alter surface energy balance
and consequently increase Land Surface
Temperature (LST), while vegetation and
atmospheric moisture can provide cooling effects.
Remote sensing and Geographic Information
Systems (GIS) provide effective tools for
detecting the spatial distribution and temporal
dynamics of UHI and for examining its
relationships with urban and environmental
characteristics. The reference study on District 4
of Tabriz examined UHI dynamics using NDVI,
NDBI, LST, RH, and AQIl and applied
multivariate linear regression to identify the
factors influencing UHI intensity. The present
study applies a similar analytical framework
specifically to Baqubah City, Irag, using the
empirical data available in the dissertation. The
objective is to investigate the spatial and temporal
changes of UHI in Bagqubah during 1985, 2005,
and 2025 and to determine the relative
contribution of vegetation, built-up surfaces,
surface temperature, air quality, and relative
humidity to variations in UHI intensity. The
dissertation data indicate that these periods
correspond to 1364, 1384, and 1404 in the Iranian
calendar and include spatial layers for NDVI,
NDBI, LST, UHI, and AQI.

Methodology

The study adopted a spatial and temporal
analytical approach based primarily on satellite
remote sensing and GIS. Landsat satellite imagery
was used to derive the main remotely sensed
indicators, including NDVI, NDBI, LST, and
UHI. The resulting spatial datasets were prepared
for the three study periods and subsequently
normalized to facilitate comparison among
indicators and across time. The analysis
considered UHI as the dependent variable and
NDVI, NDBI, LST, RH, and AQI as explanatory
variables, following the analytical structure used
in the reference article. Multivariate linear
regression was employed separately for each
period to evaluate the direction and strength of
relationships between the explanatory variables
and UHI.  Statistical significance, model
explanatory power, and multicollinearity were
also considered. The dissertation reports that the

regression models were developed using SPSS
after preparation of the spatial indicator database,
while GIS and remote sensing techniques were
used for spatial processing and mapping.

Results and Discussion

Results demonstrate a clear strengthening of
thermal stress in Baqubah over the study period.
The regression analysis indicates that the
relationship between urban development and UHI
became stronger over time. The standardized
coefficient associated with NDBI increased from
0.47 in 1985 to 0.70 in 2025, indicating that the
influence of built-up surfaces on UHI intensified
substantially.  Similarly, the standardized
coefficient of LST increased from 0.58 to 0.80,
confirming the increasingly strong association
between elevated surface temperature and the
spatial pattern of UHI. In contrast, NDVI
maintained a negative relationship with UHI
throughout the study period, with its coefficient
changing from —0.25 to —0.38, demonstrating the
persistent cooling role of vegetation.

The statistical models also became more
explanatory in the later period. The coefficient of
determination increased from Rz = 0.67 in 1985 to
R2 = 0.85 in 2025, indicating that the combined
environmental and physical variables increasingly
explained the spatial variability of UHI. For 2005,
the regression model produced an R2 of 0.72,
while the model showed a strong overall
correlation between the predictors and UHI (R =
0.87). For 2025, the multiple correlation
coefficient reached R = 0.89, with R?2 = 0.85,
confirming the high explanatory capacity of the
model. The ANOVA results also confirmed that
the model was statistically significant.

The coefficient patterns reveal two contrasting
processes shaping the thermal environment of
Baqubah. NDBI and LST consistently acted as
the principal warming-related variables, reflecting
the thermal consequences of increasing built-up
surfaces and elevated surface temperatures. AQI
also showed a positive association with UHI,
suggesting  that  deteriorating  air-quality
conditions accompanied the intensification of
urban thermal stress. Conversely, NDVI and RH
exhibited negative relationships with UHI,
indicating their mitigating role. The 2025 results
further strengthened this pattern: LST had the
strongest positive standardized coefficient (0.94),
followed by NDBI (0.81) and AQI (0.37),
whereas NDVI (—0.46) and RH (-0.22) had
cooling effects.

Overall, the findings show that the increase in
UHI intensity in Baqubah is closely associated
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with urban physical expansion and increasing References

surface thermal conditions, while vegetation and
atmospheric moisture provide important but
comparatively weaker counteracting influences.
The temporal strengthening of the NDBI and LST
effects, together with the increasing explanatory
power of the regression models, indicates that
urbanization has progressively altered the thermal
structure of Baqubah. Therefore, maintaining and
expanding vegetation cover, protecting existing
green areas, limiting uncontrolled expansion of
impervious surfaces, and incorporating green
infrastructure into urban planning should be
considered important strategies for reducing
future UHI intensity in Baqubah.

Conclusion

The findings demonstrate that the urban heat
island effect in Baqubah City has intensified
considerably between 1985 and 2025 and that this
change is closely associated with the
transformation of the wurban surface. The
increasing influence of NDBI and LST indicates
that the expansion of built-up surfaces and the
intensification of surface thermal conditions have
become the dominant factors contributing to UHI
development. In contrast, the consistently
negative relationship between NDVI and UHI
confirms the important cooling role of vegetation,
while the negative effect of RH indicates an
additional moderating influence of atmospheric
moisture. The increase in the explanatory power
of the regression models from Rz = 0.67 in 1985
to R2 = 0.85 in 2025 further suggests that the
relationships between urban physical
development, environmental conditions, and
thermal patterns have become stronger over time.
These results emphasize that mitigating UHI in
Baqubah requires greater attention to the
preservation and expansion of vegetation,
protection of existing green spaces, limitation of
excessive growth of impervious surfaces, and
integration of green infrastructure into urban
planning. Such measures can contribute to
reducing thermal stress and improving the
environmental resilience of Baqubah under
continuing urban development.
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Figure 2. Landsat satellite images of Baqubah City for the years 1985, 2005, and 2025. (Source:
Authors, 2026).
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Figure 3. Major land use/land cover (LULC) categories of Baqubah City in 1985, 2005, and 2025.
(Source: Authors, 2026).
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Figure 4.Air Quality Index (AQI) of Baqubah City in 1985,2005, and 2025. (Source: Authors, 2026).
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Figure 5. Land Surface Temperature (LST) of Baqubah City in 1985, 2005, and 2025. (Source:
Authors, 2026).
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Figure 6. Normalized Difference Built-up Index (NDBI) of Baqubah City in 1985, 2005, and 2025.
(Source: Authors, 2026).
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Figure 8. Urban Heat Island (UHI) intensity of Baqubah City in 1985, 2005, and 2025. (Source:

Authors, 2026).
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Table 2. Model Summary Corresponding to the Period 1364 (Source: Authors, 1405)

Model Summary

Model R R Square Adjusted R Square  Std. Error of the
Estimate
1364 0.822 .67 0.64 1.18

a. Predictors: (Constant), NDVI11364, NDBI1364, LST1364, RH1364, AQI1364
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Table 3. Analysis of Variance (ANOVA) Results for the Period 1364 (Source: Authors, 1405)

ANOVA?
Model Sum of df Mean Square F Sig.
Squares
13 Regression 3.68 5 0.736 31.25 0.0°
64  Residual 4.98 211 0.024
Total 8.66 216

a. Dependent Variable: UHI1364
b. Predictors: (Constant), NDV11364, NDBI1364, LST1364, RH1364, AQI1364
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Table 4: Regression Coefficients for the Period 1364 (Source: Authors, 1405)
Coefficients?

Model1364 Unstandardized Coefficients Standardize t Sig. VIF
d Coefficients
B Std. Error Beta
(Consta 2.35 0.89 2. 0.00
nt) 64 9
NDVI1 -0.38 0.11 -0.25 - 0.00 1.7
364 3.45 1
NDBI1 0.65 0.14 0.47 4, 0.00 2.0
364 64 0
LST136 0.79 0.11 0.58 7. 0.00 1.6
4 18 0
RH136 -0.27 0.09 -0.21 - 0.00 14
4 3.00 3
AQI136 0.29 0.08 0.22 3. 0.00 15
4 63 0

a. Dependent Variable: UH11364
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Table 5: Model Summary for the Period 1384 (Source: Authors, 1405)
Model Summary

Model R R Square Adjusted R Square  Std. Error of the
Estimate
1384 0.872 .75 0.72 1.04

a. Predictors: (Constant), NDVI11384, NDBI1384, LST1384, RH1384, AQI1384
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Table 6: ANOVA Values for the Period 1384 (Source: Authors, 1405)

ANOVA?
Model Sum of df Mean Square  F Sig.
Squares
1384  Regression 4.26 5 0.852 40.65 0.000
Residual 4.40 211 0.021
Total 8.66 216

a. Dependent Variable: UH11384
b. Predictors: (Constant), NDVI11384, NDBI1384, L ST1384, RH1384, AQI1384
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Table 7. Estimated Regression Coefficients for the 1384 Period (Source: Authors, 1405)
Coefficients?

Model1384  Unstandardized Coefficients Standardized t Sig. VIF
Coefficients
B Std. Error Beta

1 (Constant) 2.90 0.82 - 3.54 0.001 -
NDVI138 -0.46 0.10 -0.31 -4.60  0.000 1.9
4
NDBI138 0.81 0.13 0.58 6.23  0.000 2.3
4
LST1384 0.94 0.10 0.68 9.40 0.000 1.7
RH1384 -0.22 0.08 -0.18 -2.75 0.006 15
AQI1384  0.37 0.07 0.28 5.29  0.000 1.8

a. Dependent Variable: UH11384
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Table 8: Model Summary for the Period 1404 (Source: Authors, 1405)

Model Summary

Model R R Square Adjusted R Square  Std. Error of the Estimate

1404 0.922 .85 0.82 0.89

a. Predictors: (Constant), NDV11404, NDBI1404, LST1404, RH1404, AQI11404
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Table 9: ANOVA Values for the Period 1404 (Source: Author, 1405)
ANOVA?

Model Sum of df Mean Square  F Sig.
Squares
140 Regression 5.24 5 1.048 54.80 0.000
4 Residual 4.02 211 0.019
Total 9.26 216

a. Dependent Variable: UH11404
b. Predictors: (Constant), NDV11404, NDBI1404, LST1404, RH1404, AQ11404
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Table 10: Regression Coefficients for the Period 1404 (Source: Author, 1405)

Coefficients?

Model1404 Unstandardized Coefficients Standardized t Sig.  VIF
Coefficients
B Std. Error Beta

1 (Constant)  3.85 0.76 - 5.07 0.000 -
NDVI1404 -0.58 0.09 -0.38 -6.44 0.000 2.1
NDBI11404  1.02 0.12 0.70 8.50 0.000 2.8
LST1404 1.18 0.08 0.80 14.75 0.000 2.2
RH1404 -0.16 0.06 -0.14 -2.67 0.008 1.7
AQI1404 0.48 0.06 0.33 8.00 0.000 24

a. Dependent Variable: UH11404
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