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Abstract

Urban land surface temperature (LST) is dependent on many factors, including land cover, 

building materials, urban density, and other human activities. The current study evaluated 

Baghdad’s LST and urban heat island (UHI) changes during 1984–2020, one of the world’s 

hottest capital cities. The study also examined the relationship between LST and various 

land use and land covers (LULC). The Landsat data (TM and OLI/TIRS) data were used to 

retrieve normalized difference vegetation index (NDVI) and normalized difference built-up 

index (NDBI). Results showed increases in LST in Baghdad between 1984 and 2020 due to 

increased urbanization, decreased green lands, and expansion of baren areas. The highest 

LST is associated with residential and barren areas, ranging from 46.7 to 52.7 °C, while 

lowest with water bodies and orchards areas, ranging between 25 and 30.4 °C. UHI effect 

appeared clearly in 2020 in different parts, particularly in suburban areas around Baghdad. 

Higher LST was observed in less vegetated areas and vice versa. The study revealed that 

the average maximum temperature in Baghdad increased from 40.2 °C in 1984 to 47 °C in 

2020 or about 6.8 °C during 36 years. The NDVI showed a negative correlation and NDBI 

a positive correlation with LST. The results improved the understanding of urban LST’s 

relation to LULC in developing an inclusive climate resilience policy and making Baghdad 

more sustainable to face the consequences of climate change.
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1 Introduction

Increased urbanization and global climate change are the leading cause of increasing urban 

land surface temperature (LST) (Sun et al. 2013). There has been an increase in urban LST 

due to the continuous increase in the built-up environment in most major cities world-

wide (Hussain et al. 2014; Fan et al. 2017). More than 50% of the global population lives 

in cities, which would reach up to 66% by 2050 (Ayanlade 2016). The extensive urban 

growth has challenged the pursuit of sustainable and prosperous cities globally (Sanikhani 

et al. 2018; Kemarau and Eboy 2020; Pour et al. 2020). The change in land use land cover 

(LULC) leads to loss of agricultural lands and forest cover, an increase in barren areas, and 

impermeable surface cover because of the built-up area (Kumar et al. 2012; Fu and Weng 

2016; AL-Shammari et al. 2021; Uddin et al. 2021).

The LST of an area is governed by various physical factors, i.e., topography, land use 

and vegetation, of the city/urban areas (Khan et al. 2021). Besides, the distribution of veg-

etation, built-up, open land, water bodies and other features determine the surface tem-

perature (Chen et al. 2006). One of the widely recorded and evident impacts of urbaniza-

tion is the increased temperature over the cities relative to the adjacent rural areas or the 

urban heat island (UHI) (Tran et al. 2006; Calice et al. 2017). UHI occurs due to land cover 

transformations, mainly replacing natural vegetation and agricultural lands with impervi-

ous surfaces, such as concrete, asphalt, rooftops and building walls (Buyantuyev and Wu 

2009). Besides, different factors determine the extent of UHI, such as LULC, seasonal vari-

ations, ecological context, city structure, city size, urban geometry, and study area loca-

tion (Lo and Quattrochi 2003; Singh et al. 2014). However, LST is mainly controlled by 

LULC (Kumar and Shekhar 2015). Some of the LULC, such as vegetation, is linked to the 

biophysical characteristics of the plants and affects the spatial patterns of surface energy, 

providing cooling and humidifying effects on the surrounding environments (Feng et  al. 

2018). The changes in LCLU and increase in the built-up area contribute to the rise of 

UHI, leading to the deterioration of the urban ecological and environmental quality (Mal-

lick et al. 2013; Bao et al. 2016).

The urban sprawl due to increased demands for land for housing, industry and infra-

structure cause the transformation of more agricultural land at the edges of cities (Waddu-

wage et al. 2017). The principle of urban–rural gradients was initially proposed to delineate 

the features of urbanization (McDonnell and Pickett 1990). These characteristics primarily 

involve land cover structures, the biota of the urban–rural area and socioeconomic dimen-

sions (Hahs and McDonnell 2006). Urban expansion in the cities of developing countries is 

often discrete and inconsistent with the local plans and policies. For example, Baghdad, the 

capital of Iraqi, is a fast-growing urban area, accompanied by rapid unplanned changes in 

LULC, which affected the city’s local climate (http:// www. unhab itat. org/). Baghdad suffers 

worsening housing crisis mainly due to rapid population growth and internal migration, 

which led to random housing (Qeisi 2012). Another problem is the high-density traffic in 

Baghdad, which negatively impacts the city’s environment through air pollution (Jassim 

et al. 2014).

One of the effective ways of retrieving regional and global LST is the remote sensing 

technique (Tran et  al. 2006; Prakash and Norouzi 2020). Landsat TM, ETM + and OLI/

TIRS have been widely used for retrieving LST at local, regional and global scales. This is 

because of their relative high resolution (Stathopoulou and Cartalis 2007; Cai et al. 2011), 

compared to other remote sensing sensors like MODIS and AVHRR. Many studies have 

used Landsat images to estimate LST and UHI and determine the LULC changes (e.g., 

http://www.unhabitat.org/
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(Sekertekin, Kutoglu, and Kaya; Lv and Zhou 2011; Rahman et  al. 2012; Fu and Weng 

2016; Faqe Ibrahim 2017). There are also contemporary real-life case studies of UHI using 

remote sensing techniques (Beyaztas et al. 2019; Faroughi et al. 2020; Terfa et al. 2020; 

Karimi Firozjaei et al. 2021).

In this study, the main objectives are (i) to employ multi-temporal Landsat images to 

calculate the LST of Baghdad and determine the UHI effects (Landsat 5 TM data for 1984, 

and Landsat 8 OLI data for 2020); (ii) to determine the relationship between different cate-

gories of LULC and LST; (iii) to identify the effects of LULC changes on the LST between 

1984 and 2020; and (iv) to determine the impact of climate changes on temperature, UHI 

and LST in Baghdad from 1984 to 2020; and (v) to analyze urban–rural gradient of Bagh-

dad City.

2  Materials and methods

2.1  Study area

Iraq is located in the Middle Eastern region bordered by Iran in the east, Syria and Turkey 

to the north, Saudi Arabia, Jordan, and Kuwait to the south and the Gulf to the southeast 

(Yaseen et al. 2019). Baghdad, the capital of Iraq, is located in the middle of Iraq and posi-

tioned on longitudes 44° 10′, 44° 33′ E and latitudes 33° 10′, 33° 27′ N, as shown in Fig. 1. 

Fig. 1  Location of Baghdad in Iraq
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The climate of Iraq region is varied from the north, middle and the south (Oleiwi et  al. 

2018). Currently, Iraq has about 40 million and close to 70% of the people in Iraq live in 

the cities. Nearly 8.34 million of 20% of the Iraqi population lives in Baghdad (Sarsam and 

Khafaji 2019). Iraq region has experienced much attention over the last decade on diverse 

aspects of climate and hydrology and more efforts are needed for the better understand-

ing of the climate influence over the past few decades (Salih et  al. 2020; Salman et  al. 

2021). Baghdad municipality has 14 administrative units, with 8 in Rusafa and 6 in Karkh, 

totaling about 900  km2. This area has a hot desert climate, characterized by extreme tem-

peratures, low relative humidity, little precipitation, and high solar radiation (Hashim et al. 

2020).

2.2  Available data

This study relied on the satellite images for Baghdad city, acquired during the dry season 

(August) with clear atmospheric conditions using Landsat 5 TM and Landsat 8 OLI. The 

images were downloaded from the United States Geological Survey (www. earth explo rer. 

usgs. gov). The first Landsat 5 TM image was acquired on August 27 1984, while the sec-

ond Landsat 8 OLI image was acquired on August 30, 2020. The images were corrected 

geometrically and radiometrically to enhance the image quality. The thermal bands used in 

this study were band 6 of Landsat 5 and bands 10 and 11 of Landsat 8. The multispectral 

bands of the Landsat 5 TM and Landsat 8 OLI data have 30 m spatial resolution, while 

the thermal band 6 of Landsat5 TM and thermal bands 10 and 11 of Landsat8 TIRS have 

120 m and 100 m spatial resolution, respectively. These images were resampled to 30 m 

resolution to comply with Landsat 8 images. Thermal bands data in the Landsat series pro-

vide important information about soil moisture and heat units in urban areas and are par-

ticularly useful for tracking how land is being used (https:// www. usgs. gov/ faqs/ what- are- 

band- desig natio ns- lands at- satel lites).

Table 1 presents the features of each satellite and the bands used for LST estimation 

(Masek et al. 2020). The Iraqi Meteorological Organization and Seismology (IMOAS) pro-

vided Baghdad’s monthly maximum average temperature data for August 1984 and 2020, 

which were used for validation (http:// meteo seism. gov. iq/). The availability of high-reso-

lution data combined with GIS and statistical models can provide a range of alternative 

approaches to defining rural and urban areas (Gajić et al. 2021).

2.3  Methodology

For monitoring LULC change and LST calculation, it is necessary to have at least the data 

of two periods. The remote sensing approach usually involves the usage of two or multiple 

dates for quantifying the land use and land cover changes in any area (Alam et al. 2020). 

The LULC information can be obtained from the multiband raster imageries through image 

interpretation and classification (Li et  al. 2014).  The study deals with the different pro-

cesses for analyzing Landsat images: (1) Landsat images classification; (2) NDVI and 

NDBI calculation; (3) LST calculation for Landsat 5 TM and Landsat 8 OLI images; (3) 

ArcGIS 10.4.1 used to perform all processes of Landsat images and NDVI, NDBI analysis, 

therefore, the methodology of current study as shown in Fig. 2.

http://www.earthexplorer.usgs.gov
http://www.earthexplorer.usgs.gov
https://www.usgs.gov/faqs/what-are-band-designations-landsat-satellites
https://www.usgs.gov/faqs/what-are-band-designations-landsat-satellites
http://meteoseism.gov.iq/
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2.3.1  Landsat images classification

The supervised classification of the Landsat images for Baghdad during 1984–2020 was 

used to assess how LULC changed during the study period. Besides, it was used to assess 

the influence of different LULC on LST. Landsat TM and OLI images were verified for 

geometric accuracy, and all images were processed using ArcGIS 10.4.1. These multispec-

tral images were atmospherically and geometrically corrected in the course of pre-process-

ing. The images were analyzed according to their spectral and spatial profiles. The statisti-

cal characteristics of the land cover categories were developed once the training sites were 

digitized. Many methods are being used to implement the supervised classification, such as 

parallelepiped classification, K-nearest neighbor, and minimum distance classification (Zhu 

et al. 2006). The maximum likelihood algorithm quantitatively evaluates both the variance 

and covariance of the spectral response patterns, and each pixel is assigned to the class for 

which it has the highest association (Shalaby and Tateishi 2007). The maximum likelihood 

algorithm was applied to classify the study area into seven classes: water, green lands, agri-

culture, streets, grass areas, residential areas and barren areas, as shown in Table 2. Classi-

fication accuracy assessment is very important in land use mapping and understanding map 

quality and reliability (Erasu 2017). With the development of the error-matrix important 

accuracy assessment elements, such as overall accuracy, omission error, commission error, 

and kappa coefficient, can be obtained (Lu and Weng 2007). The two classified maps were 

Table 1  The characteristics of Landsat 5 TM and Landsat 8 OLI (Masek et al. 2020)

Details of Landsat 5 TM Satellite Images

Band Number Spectral Range ( � m) Spatial Resolution (m) Band Name

1 0.45–0.52 30 Blue

2 0.525–0.605 30 Green

3 0.63-.069 30 Red

4 0.76–0.90 30 NIR

5 1.55–1.75 30 MIR

6 10.40–12.5 120 Thermal

7 2.080–2.35 30 MIR

Details of Landsat 8 OLI Satellite Images

Band Number Spectral Range ( � m) Spatial Resolution (m) Band Name

1 0.43–0.45 30 Coastal/Aerosol

2 0.45–0.51 30 Blue

3 0.53–0.59 30 Green

4 0.63–0.67 30 Red

5 0.85–0.87 30 NIR

6 1.56–1.65 30 SWIR1

7 2.10–2.29 30 SWIR2

8 0.50–0.67 15 Pan

9 1.36–1.38 30 Cirrus

10 10.60–11.19 100 TIR1

11 11.50–12.51 100 TIR2
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assessed on accuracy by stratified random sampling method. In this method, the complete 

study area was divided into small parts; each part is called strata and then samples were 

randomly chosen from each stratum. The advantage of this method is that the study area 

Fig. 2  Flowchart of research methodology used in this study

Table 2  Land cover classification 

of Baghdad
LULC Types Description

Water River, lake/pond, canal, reservoir

Orchards, palm groves

Wet and dry croplands

Inner streets and highways, parks, shrubs

Mainly grass field

Commercial areas, urban and rural settle-

ments, industrial areas, public service 

areas

Greenland

Agricultural areas

Streets and parks

Grass areas

Residential areas

Barren areas Sand area, river bank
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has predefined classes, and when samples are chosen, no class is ignored, whether small or 

big (Mishra and Pant 2020).

2.3.2  Normalized difference vegetation index calculation

The NDVI was calculated separately for each Landsat image. The NDVI is a commonly 

used method for monitoring and distinguishing LULC classes. It is a function of the 

relationship between the Red (R) and Near Infrared (NIR) spectral bands. Therefore, it 

provides the high and low plant reflectivity in the NIR and R band, respectively, for the 

visible (VIS) spectrum. The NDVI value ranges from − 1 to + 1, with values from − 1 

to 0 representing water and other types of surfaces, while values from 0 to + 1 are for 

plants. The Normalized Difference Built-Up Index (NDBI) used NIR, Mid IR (MIR) 

and Shortwave IR (SWIR) bands in Landsat 5 and 8 images for mapping the built-up 

and bare land in urban area (Zha et  al. 2003a, b; Salman et  al. 2020). The values of 

NDBI range from − 1 to + 1. A positive value indicates water bodies and highly built-

up areas, while negative values represent other land cover types (Hashim et al. 2021). 

(Hashim, Sultan, Attyia, Al Maliki and Al-Ansari) (Hashim, Sultan, Attyia, Al Maliki 

and Al-Ansari) (Hashim, Sultan, Attyia, Al Maliki and Al-Ansari) (Hashim, Sultan, 

Attyia, Al Maliki and Al-Ansari) [54]Eq. (1) used for NDVI calculation (Hashim et al. 

2019a, b):

Equations (1 and 2) were used to calculate NDBI from Landsat 5 and Landsat 8:

2.3.3  LST estimation using Landsat images

The normalized surface temperature is prepared using the following steps from thermal 

band 6 of Landsat 5 TM.

Step 1: Conversion of DN Values to Radiance.

The following Equation is used to convert the digital number (DN) of images to radi-

ance units, expressed as (Ibrahim 2017):

where  Lλ: Spectral radiance,  LMAX: 15.600 (spectral radiance of DN value 255),  LMIN: 

1.238 (spectral radiance of DN value 1), DN: Digital Number.

Step 2: Conversion from Radiance  (Lλ) to LST in °C.

Equation (5) used for conversion the  (Lλ) to at-satellite brightness temperature  (TB):

(1)NDVI =
NIR − R

NIR + R

(2)NDBI (Landsat 5) =
MIR − NIR

MIR + NIR

(3)NDBI(Landsat 8) =
SWIR1 − NIR

SWIR1 + NIR

(4)L
�
=
(

L
MAX

− L
MIN

)

∕255 × DN + L
MIN �



1230 Natural Hazards (2022) 112:1223–1246

1 3

where  TB in °C;  K2: Calibration constant 2 (1260.56);  K1: Calibration constant 1 (607.76).

The LST values are calculated using thermal bands (10 and 11) for Landsat 8 OLI (Feng 

et al. 2014).

Step 1: Conversion of DN values to Top of Atmosphere Radiance (TOA) is estimated 

using Eq. (6):

where  ML: Factor scale = 0.0003342, Qcal: DN of band 10 and 11,  AL: Added factor = 0.1

Step 2: Conversion to  TB in °C

where T
B
: at-satellite brightness temperature brightness temperature (°C);  K2: Calibration 

constants (1321.0789 for band 10, and 480.8883 for band 11);  K1: Calibration constants 

(774.8853 for band 10, and 1201.1442 for band 11).

Step 3: Conversion from  TB to LST in °C.

The LST values are obtained from brightness temperatures with Eq. (8) (Terfa et al. 

2020):

where: T
B
 = Brightness Temperature in °C;� = Wavelength of emitted radiance (10.8 μm), 

P = hc/k (1.438 ×  10–2 mk); h = Planck constant (6.626 ×  10–34  J   s−1); c = velocity of light 

(2.998 ×  108   ms−1); k = Boltzmann constant (1.38 ×  10–23  JK−1); � : Spectral emissivity 

value, using Eq. (9) (Hishe et al. 2017):

where PV: Proportion of vegetation, calculated using Eq. (10):

where NDVI min and NDVI max correspond to the NDVI min and NDVI max values in an 

image, respectively (Sobrino et al. 2004).

Step 4: Calculation of LST based on the above equations for band 11.

The mean LST of bands 10 and 11 was calculated for Landsat 8 OLI image.

2.3.4  Urban–rural gradient analysis

Urban–rural gradient analysis is one technique for analyzing spatial distributions 

and temporal variations of environmental variables, for instance, LST and landscape 

(5)
T

B
=

K
2

ln

(

K1

L
�

+ 1

) − 273.15

(6)L
�
= ML × Q

cal
+ AL

(7)
T

B
=

K
2

ln

(

K1

L
�

+ 1

) − 273.15

(8)
LST(◦C) =

T
B

[

1 + �

(

T
B

P

)

× ln (�)

]

(9)� = 0.004 × PV + 0.986

(10)PV =

(

NDVI − NDVI
min

NDVI
max

− NDVI
min

)2
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degradation. Urban–rural gradient analysis was used to analyze the spatiotemporal 

variation of LST, NDBI and NDVI in Baghdad city’s urban–rural gradient Zone. This 

analysis enables us to assess the spatial pattern of LST, NDVI, and NDBI and under-

stand how they change from urban center to sub-urban/rural parts of Baghdad.

There are many methods available for urban–rural analysis, such as Demographic 

dynamics, Economic and social indicators, Settlement structure, Distance and Hybrid 

(Cattivelli et al. 2008). Following (Balew and Korme 2020), this study used the circu-

lar ring method for urban–rural gradient analysis, where (i) the city center was identi-

fied based on the density of built-up; (ii) circular rings were developed using Multiple 

Ring Buffer analysis and ten zones were extracted with 2  km interval from the city 

center up to 20 km; (iii) LST, NDVI and NDBI values were extracted for each zone.

3  Results and analysis

3.1  LULC classification categories in Baghdad

Figure 3 shows the results of the supervised classification of Landsat images. It shows a 

clear variation in LULC of 1984 and 2020 in Baghdad. The water area in Fig. 3a was about 

15.6   km2, represented by the Tigris River and artificial lakes on the Karkh and Rusafa 

sides. The area of orchards, agricultural, and grass areas in Baghdad amounted to 42.7  km2, 

41.6  km2 and 208.5  km2, respectively, in 1984. The streets and parks covered 39  km2, the 

residential area, 227.8  km2 and barren lands, 315.6  km2 in 1984. Figure 3b shows that the 

Fig. 3  LULC categories classification in Baghdad; A Landsat 5 in 1984, and B Landsat 8 in 2020
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water area increased to 18.5  km2 in 2020 compared to 15.6  km2 in 1984. It was due to the 

excavation of industrial lakes in the west and south of Baghdad. In addition, the area of 

orchards and grass areas decreased from 193  km2 in 1984 to 33.5  km2 in 2020. In contrast, 

the agricultural area increased to 53.8  km2 due to the transformation of some barren areas 

in the west and northwest Baghdad to agricultural areas. The prominent feature of LULC 

in Baghdad is the increase in the residential areas at the expense of agricultural and barren 

areas. It was increased to 321.5  km2 in 2020 compared to 227.8  km2 in 1984. This explains 

the decrease in the barren area in 2020 to 242  km2, compared to 315.6  km2 in 1984.

Figure  4 shows the comparison of LULC of Baghdad city obtained using Landsat 5 

in 1984 and Landsat 8 images in 2020. The decreases in orchards, grass, parks and even 

barren areas conversely led to increased residential areas during 1984–2020. In contrast, 

Table  3 shows the percentage of the area changed under different LULC categories in 

Baghdad during 1984–2020. The great reduction in LULC in Baghdad was in the vegeta-

tion area, as the total area of green lands (orchards), streets, parks and grass areas about 

75% compared to other types of LULC, between 1984 and 2020. In contrast, the residential 

areas increased to 41%. It is also noted that the agricultural areas have increased to more 

than 29.3%, especially in the surrounding areas of Baghdad. The water area also increased 

Fig. 4  Comparison of LULC in Baghdad between 1984 and 2020

Table 3  The percentage of the 

areas under different LULC 

categories changed between 1984 

and 2020

LULC category Area (km2) Changes 

(%) in 

area1984 2020

Water 15.6 18.5 18.6

Greenland (Orchards) 42.7 33.5 − 21.5

Agricultural areas 41.6 53.8 29.3

Streets and parks 39.3 27.4 − 30.3

Grass areas 208.5 193 − 7.4

Residential areas 227.8 321.5 41

Barren areas 315.6 242 − 23.3
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to 18.6%, due to industrial lakes, especially in western and southern Baghdad. In addition, 

the barren areas decreased to 23.3% due to conversion to residential areas. Increased resi-

dential area indicates increasing population and the continuous urban expansion of Bagh-

dad. The results indicate urbanization is the most vital and active force of LULC changes 

(Hu et al. 2016; Mosammam et al. 2017).

3.2  Normalized difference vegetation index

Figure 5 shows the NDVI values of Baghdad city estimated from Landsat images in the 

years 1984 and 2020. The scale of NDVI values of Landsat 5 image (Fig. 5a) was in the 

range of -0.38 and 0.59 in 1984. The areas in northern Baghdad on both sides of the 

Tigris River in Karkh and Rusafa governorate and Al-Dora and Al-Zafaraniyah in the 

south of the river were covered by palm orchards and farms, which resulted in extensive 

vegetation cover, represented by a high NDVI of 0.59. Greenland areas were on the out-

skirts of Baghdad and the Karkh side in the west of Baghdad due to the lack of urban 

and residential areas and large agricultural lands.

On the other hand, the eastern side of Baghdad in Rusafa was distinguished by its 

large residential areas, especially in Al-Sadir City, New Baghdad and Al-Shaab. The 

NDVI values for Baghdad in 2020 were ranged between − 2.23 and 0.55, as shown in 

Fig. 5b. Many palm orchards scattered on both sides of the Tigris River have shrunk for 

several reasons, including drought, their transformation into residential or barren areas, 

and weak governance. These reasons helped the owners of the lands to manipulate and 

raze them in many cases. This caused a deterioration of the vegetation cover of Baghdad 

in 2020 and a significant decrease in green areas. On the other hand, non-green areas, 

such as urban areas, increased due to large urban expansion in Baghdad to accommo-

date the rising population.

Fig. 5  The NDVI values of Baghdad estimated from A Landsat 5 in 1984; and B Landsat 8 in 2020
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3.3  Normalized difference built‑up index

Figure 6 shows the NDBI values for Baghdad city in 1984 and 2020. The figure shows that 

the minimum value of Landsat 5 image was − 0.36 in 1984. These values recorded along 

the Tigris River, north and south Baghdad, and some areas in the city center and the west-

ern parts of Baghdad. The positive NDBI values demonstrated in the other parts of Bagh-

dad, especially in the Al-Rusafa region.

Fig. 6  The NDBI values of Baghdad estimated using A Landsat 5 in 1984; and B Landsat 8 in 2020

Fig. 7  The LST of Baghdad based on; A Landsat 5 in 1984, and B Landsat 8 in 2020
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In 2020, the NDBI values for Baghdad ranged between − 0.39 and 0.40, as shown in 

Fig.  6b. The LULC maps showed a spread of the suburbs of Baghdad, a large number 

of informal settlements, especially in agricultural and barren areas. These settlements 

were concentrated in eastern Baghdad on the Rusafa side, on the outskirts of Al-Sadir and 

New Baghdad. Besides, informal settlements spread was noticed in the north and south of 

Karkh, in Al-Kadhimiya and Al-Dora. In Baghdad, the informal settlement sector repre-

sents about 3.3 million or 26% of the total housing.

3.4  Land surface temperature of Baghdad

Figure  7 shows the LST extracted from thermal bands of Landsat images, obtained 

on August 27, 1984, and from Landsat 8 image on August 30, 2020. The LST values 

ranged between 25 and 46.7 °C in 1984, as shown in Fig. 7a. In contrast, it was ranged 

from 29 to 52.7  °C in 2020 (Fig.  7b). This large difference (nearly 6  °C) in the LST 

between 1984 and 2020 explains the evident rise in temperatures in Iraq in recent years. 

During the same period, the minimum LST increased by nearly 4 °C, as shown in Fig. 7.

The LST also correlated well with the LULC variations in Baghdad. Figure 8 shows 

that the lowest LST in 1984 was 25 °C, mostly over the green lands (orchards), water, 

and agricultural lands. It was more than 40 °C in the residential areas spread on both 

sides of the Tigris River. The highest LST was more than 46 °C in barren areas spread 

in the outskirts of Baghdad. The LST estimated in Baghdad was significantly differ-

ent in 2020 relative to the year 1984 due to the change in LULC, which was evident in 

Fig. 3 and the variation in the values of (NDVI and NDBI) in Figs. 5 and 6, respectively. 

The lowest LST recorded was 29 °C, over a narrow strip surrounding the Tigris River 

and some scattered locations in Baghdad.

The LST in the orchard and agricultural areas was 35 °C and 39.7 °C, respectively. 

The LST in parks and grass areas was higher, 42.5 °C and 44.3 °C, respectively, show-

ing a clear difference from 1984. The residential and barren areas recorded the highest 

LST in Baghdad in 2020, 46.7 °C and 52.7 °C, respectively. The changes in LULC in 

Baghdad in 2020 compared to 1984 led to an increase in LST, exceeded 50 °C.

Fig. 8  Correlation between the LST and LULC of Baghdad of 1984 and 2020



1236 Natural Hazards (2022) 112:1223–1246

1 3

The most pronounced observation was the occurrence of a significant UHI of 52 °C 

in different areas of Baghdad, such as Al-Dora in the vicinity of Al-Dora refinery in the 

south of Baghdad. There were also UHI in the west and south of Baghdad and north-

western Baghdad in Al-Kadhimiya and Al-Shula, which were among the areas where 

residential communities and industrial activities are widespread. In Rusafa, the UHI was 

concentrated in Al-Zafaraniya, southeast of Baghdad, one of the areas inhabited by pop-

ulation and industrial activities.

The high UHI was also noticed in the residential areas or barren lands without veg-

etation cover on the outskirts of Al-Sadir and Al-Shaab in northeastern Baghdad. The 

Fig. 9  The monthly maximum temperature average of August in Baghdad during 1984 − 2020
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spread of informal areas after 2003 is a major cause of LULC changes and an increase 

in LST in Baghdad (Hamza 2015). The municipality that suffers most from informal 

settlements in Baghdad is Al-Ghadeer municipality, followed by the new Baghdad, Al-

Kadhimiya and Al-Rusafa. The land surface temperature is governed by physical condi-

tions, i.e., topography, land use and vegetation, of the city/urban areas. The distribution 

of vegetation, built-up, open land, water bodies and other features determines the sur-

face temperature (Chen et al. 2006).

The above results were broadly consistent with the analysis of August’s monthly 

maximum temperature average in Baghdad for the period 1984 − 2020, based on IMOS 

Fig. 10  The relationship between the LST and the NDVI values in 1984 and 2020 for Baghdad
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data, as shown in Fig.  9. The average maximum temperature in Baghdad in August 

1984 was 40.2 °C, while it was 47 °C in August 2020. It indicates an increase of 6.8 °C 

or 17% during 1984–2020. The results revealed a strong relationship between LST 

and LULC in 1984 and 2020, which led to a clear rise in temperature in recent years. 

August’s high average maximum temperature also indicates the consequences of climate 

change. Figure 10 shows the relationship between the LST and NVDI in 1984 and 2020.

Fig. 11  The relationship between LST and NDBI for Baghdad in 1984 and 2020

Table 4  The mean of LST, NDVI and NDBI at different distances from the city center of Baghdad in 1984 

and 2020

Zone Distance (km) 1984 2020

Mean LST Mean NDVI Mean NDBI Mean LST Mean NDVI Mean NDBI

Center 0 39.7 0.01 0.21 45.4 0.06 0.5

Z1 2 37.5 0.03 0.15 43.6 0.09 0.12

Z2 4 36.4 0.02 0.14 42.8 0.07 0.14

Z3 6 36.7 0.026 0.143 42.5 0.073 0.12

Z4 8 36.5 0.026 0.147 42.7 0.08 0.13

Z5 10 37.8 0.027 0.16 43.4 0.051 0.4

Z6 12 38.5 0.033 0.17 42.6 0.1 0.3

Z7 14 39.2 0.031 0.173 44.2 0.08 0.18

Z8 16 37 0.048 0.164 44.4 0.05 0.2

Z9 18 34.4 0.062 0.15 43.5 0.14 0.15

Z10 20 38.8 0.04 0.164 44.2 0.12 0.4
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Figure 10 shows an inverse negative correlation between LST and NDVI in 1984, with s 

correlation coefficient (R2) of 0.9697. The figure also shows an inverse negative correlation 

between LST and NDVI in 2020, with R2 = 0.9639.

The correlations between LST and NDBI in 1984 and 2020 are presented in Fig. 11. 

The results of the linear correlation indicate a positive relationship between LST and NDBI 

in 1984 and 2020, with R2 = 0.9366 and 0.8884, respectively. The built-up and bare areas 

showed higher LST values in thermal bands of Landsat 5 and 8 compared to other LULC 

categories, such as vegetation and water. The literature studies also indicated a positive 

relationship between residential and bare areas with the thermal signatures of band 6 in 

Landsat 5 TM and bands 10 and 11 in Landsat 8 OLI (Zha et al. 2003a, b; Ibrahim 2017).

Fig. 12  Urban–rural gradient of LST, NDVI and NDBI in Baghdad in A 1984; and B 2020
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3.5  Analysis of urban–rural gradient

Table  4 and Fig.  12 show the urban–rural gradient of LST, NDVI and NDBI and their 

spatial pattern for Baghdad in 1984 and 2020. The mean of LST, NDVI and NDBI val-

ues at the center of Baghdad in 1984 were 39.7  °C, 0.01 and 0.21, respectively. Those 

were 37.5  °C, 0.03 and 0.15, respectively 2 km (Z1) away from the center of Baghdad. 

There was an inverse relationship between LST and NDVI, as shown in Fig. 12a. In con-

trast, there is a direct relationship between LST and NDBI. LST significantly decreased to 

34.4 °C at a distance more than 14 km from the city center, with a mean NDVI and NDBI 

of 0.062 and 0.15, respectively. Agricultural areas and orchards spread on the northern and 

southeastern edges of the Tigris River and western parts in Baghdad, which led to a rise in 

NDVI. Conversely, LST and NDBI decreased accordingly.

The rural areas in 1984 were concentrated along the Tigris River and in western Bagh-

dad. In 2020, LST in the center of Baghdad was 45.4 °C, with a mean NDVI and NDBI 

of 0.06 and 0.5, respectively (Fig. 12b). LST and NDBI decreased to 43.6  °C and 0.12, 

and NDVI increased to 0.09 at 2 km away from the city center. The LST and NDBI values 

increased in the areas between 8–10 km and 18–20 km from the city center due to large 

urbanization in 2020 at the expense of green and barren areas. The reason was the irregular 

and often random urban sprawl, especially in areas considered poor, densely populated and 

located on the outskirts of high-end neighborhoods.

At an 18 km distance from the city center, LST slightly decreased to 43.5 °C, with a 

mean NDVI of 0.12 and a mean NDBI of 0.15. The green and orchards areas decreased 

in 2020 after 18 km away from the city center compared to 14 km in 1984. The mean of 

LST NDBI also rose. In Baghdad, the informal settlement sector represents around 26% 

of the total housing. The majority of informal settlements are implemented on agricultural 

or suburban lands. The buildings are constructed either with concrete, blocks, or tin plates 

(Abouelmagd 2020).

The results showed that the areas surrounding Baghdad, which are mostly barren, have 

higher temperatures than the urban areas. The heat in the surroundings is directly absorbed 

by the bare ground, causing it to heat up faster than other covered ground. Besides, roads, 

sidewalks, buildings, concrete and other features that make up the urban surfaces tend to 

retain heat for a longer period. The randomly constructed built lands over the lack of green 

spaces in the outskirts of Baghdad retain heat for a longer period than the other land cover 

classes.

4  Discussion

Baghdad is Iraq’s capital and a major managerial center, and one of the largest urban cent-

ers in the middle east. It is also considered Iraq’s biggest economic and administrative 

center, which is almost covered by built-up areas. The Landsat 5 TM and Landsat 8 OLI 

thermal images were used to retrieve LST in this present study and analyze the spatial pat-

tern of LST and its variation with different LULC types in Baghdad. The results showed 

that the spatial extent of residential areas of Baghdad increased from 227.8  km2 in 1984 to 

321.5  km2 in 2020. The urban sprawl in Baghdad extended through the conversion of agri-

cultural and barren areas to meet the housing crisis of increased population and the lack of 

sustainable city planning to address it.



1241Natural Hazards (2022) 112:1223–1246 

1 3

Rural areas in Baghdad suffer from higher levels of deprivation. The more the agglom-

eration grows bigger, the less deprivation occurs and reaches its lowest levels in large cities 

(Al shouk et al. 2016). This caused random settlements on both Karkh and Rusafa in Bagh-

dad, affecting LULC and LST in 2020. The results showed that the spatial patterns of LST 

increased from south and southwest of Baghdad in 1984 toward north, east, southeast in 

2020, especially in random settlements. Barren and urban areas recorded the highest LST, 

52.7 °C and 46.7 °C, respectively. The LST for barren and urban areas recorded 46.7 °C 

and 40.6  °C in 1984, respectively. On the other hand, water and green lands categories 

recorded the lowest LST, at 25 °C and 30.4 °C, in 1984, respectively, and recorded 29 °C 

and 35 °C, respectively, in 2020. The results illustrated that the spatiotemporal variation 

of LST has been associated with urban expansion and its LULC alteration, which affected 

the presence and localization of UHI in Baghdad, especially in the suburbs regions. Some 

researchers found similar results during their studies in four African cities and Bihar Dar 

city, respectively (Simwanda et  al. 2019; Balew and Korme 2020). The study also eval-

uated the LST variation in urban–rural gradient zones in 1984 and 2020, as shown in 

Table 5. At the center of Baghdad, the mean LST increased 5.7 °C in 2020 from 1984. At 

2 km and 4 km away from the center of Baghdad, the mean LST increased by 6.1 °C and 

6.4 °C, respectively, in 2020 than 1984.

The largest increase in mean LST was recorded at 16 km and 18 km distance from the 

city center, 7.8  °C and 9.1  °C, respectively. Urban expansion and its associated LULC 

transformation increased LST and vegetation losses. The expansion of built-up areas has 

changed the local air quality natural environment (Mustafa and Szydłowski 2020). Besides, 

high UHI caused negative effects on landscape aesthetics, energy efficiency, human health 

and quality of living in urban environments (Yue et al. 2007).

5  Conclusion

Baghdad’s LST, NDVI and UHI changes during 1984 − 2020 were evaluated in this study 

using Landsat images. The LST values were calculated using thermal bands of Landsat 

5 TM on August 27, 1984, and Landsat 8 OLI on August 30, 2020. The study area was 

Table 5  Mean LST difference 

(℃) from the center of Baghdad 

in 1984 and 2020

Zone Distance (km) Mean LST Mean LST (Difference)

1984 2020 1984–2020

Center 0 39.7 45.4 5.7

Z1 2 37.5 43.6 6.1

Z2 4 36.4 42.8 6.4

Z3 6 36.7 42.5 5.8

Z4 8 36.5 42.7 6.2

Z5 10 37.8 43.4 5.6

Z6 12 38.5 42.6 4.1

Z7 14 39.2 44.2 5

Z8 16 37 44.4 7.8

Z9 18 34.4 43.5 9.1

Z10 20 38.8 44.2 5.4
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classified into seven LULC classes: water, orchards, agricultural areas, streets and parks, 

grass, residential and barren areas. The results showed an increase in residential areas 

from 1984 to 2020, about 94   km2, where a decrease in vegetation areas (orchards, parks 

and grass areas) by 35.6  km2. Water bodies and agricultural areas increased by 18.6% and 

29.3%, while the grass and barren areas decreased by 7.4% and 23.3%, respectively, during 

the study period. The study showed a strong relationship between LST and LULC. LST 

showed large variations for different LULC; for instance, the barren and residential areas 

exhibited higher radiant temperatures.

The observed higher temperatures in Baghdad’s residential and barren areas might 

negate the previous reports of higher LST values in urbanized areas as found in the existing 

literature. This led to the UHI effect in the west, south and northwestern of Baghdad and 

surrounding areas in the east, southeast, and northeast of Baghdad. Higher LST is seen in 

areas with less vegetated LULC and vice versa. Also, the study found that the average max-

imum temperature in Baghdad in August 1984 was 40.2 °C, while the temperature for the 

same month in 2020 was 47 °C. This indicates an increase of 6.8 °C or about 17% between 

1984 and 2020. Different land use/land cover classes have different LST, NDVI and NDBI 

(Yue et al. 2007). Areas with vegetation and water body showed lower temperatures than 

the built-up areas (Joshi and Bhatt 2012).

The results showed how the unplanned use of the different lands led adversely affects 

the city environment. This, however, calls for appropriate strategies to reduce the contribu-

tion of these factors to global warming and assist in promoting a sustainable economy to 

face the change. An analysis of urban and rural gradation in Baghdad shows the impact of 

urban areas in the city center and the surrounding areas. At the same time, the rural regions 

were spread in the suburbs, especially in the north and south of Baghdad. The results pre-

sented in this study would help urban planners and decision-makers for the future planning 

of Baghdad.
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