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Abstract

Converting green areas and agricultural land into built-up areas is one of the
most significant effects of urbanization in Iraqi cities. Greenery spaces are a
fundamental requirement for any city because they promote a healthy lifestyle and
preserve urban areas' aesthetic and ecological beauty. The current study examines
urbanization's effect on Baghdad city vegetation and land surface temperature. The
Normalized Difference Built-Up Index (NDBI), Normalized Difference Vegetation
Index (NDVI), Normalized Difference Water Index (NDWI), and Land Surface
Temperature (LST) over Baghdad were used to determine the relationship among
urban areas, vegetation areas, water bodies, and land temperature. The Baghdad-
vector-data from the General Survey Authority was used along with Landsat
Thematic Mapper for 2004 and 2008 and Landsat Operational Land Imager for
2013, 2017, and 2021. In order to understand the correlation between urban areas,
water bodies, and green areas with LST, a correlation was carried out using ArcGIS
software, and a scatter diagram was made to evaluate the relationship among the
elements. The results showed that the temperature increased on Baghdad's land
surface between 2004 and 2021. Moreover, built-up areas increased from 17% in
2004 to 53.2% in 2021; in contrast, the green areas drastically declined by 39.7%.
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1. Introduction

Understanding environmental and human health effects depends on the relationship
between a region's land use, land cover patterns, and the corresponding spatial and temporal
temperature distribution [1]. Because of vegetation and water surface reduction brought on by
urbanization, the earth's surface temperature rose due to anthropogenic heat emissions.
Therefore, the increased land surface temperature is caused by increased artificial material
coverage with high heat conductivities and capacities [2]. The severity of extreme climate
events (heat waves, dust storms, drought, and desertification) and climate change are two of
humanity's most significant environmental threats. Since rapid urbanization is nowadays an
essential factor in global warming, the Urban Heat Island (UHI) impact undoubtedly impacts
regional climate, environment, and socioeconomic development [3]. The hydrologic and
vitality cycles are predicted to undergo significant changes as global surface temperatures
keep rising due to the vulnerability of ecosystems to temperature increases brought on by
climate change [4]. Green cover and exterior landscape are essential for walking, comfort, and
relaxation and provide a diverse range of colors, shadings, linings, and natural shading from
plants, which was preferred over artificial shading [5].

For scientists, environmentalists, planners, economists, policymakers, and anyone
concerned about the sustainability of natural resources, it is crucial to identify changes in land
use/cover (LULC) using remote sensing and Geographic Information Systems (GIS). One of
the critical factors behind recent years' hotly contested global environmental change is LULC
[6], where land use is the human inputs, utilization, and levels of management on the earth's
surface, driven by the dynamic of consumption closely related to political, social, and
economic actions, resulting in the modification of land cover. Land cover is the biophysical
state of the earth's surface and upper subsurface [7]. Soil distribution and topography are
uniquely impacted by the land cover change, leading to natural resource changes [8]. One of
the factors causing LULC alterations is human activity [9]. Urbanization, or the conversion of
non-agricultural land to urban, correlating to the population and economic expansion, caused
a significant effect on macroclimate. Economic growth and population concentration have
expanded densely populated areas on the outskirts of cities [10]. Urbanization areas have
unplanted, impermeable surfaces with a large cover that reduces enormous amounts of solar
energy. In addition, population growth, rising land prices within cities, the expansion of road
systems, and people's reliance on automobiles caused people to move from urban centers to
suburbs and rural areas, transforming broad agricultural into unplanned residential areas. As a
result, on the outskirts, the percentage at which land turned from planted to unplanted was
more than the percentage of inhabitants expansion; the cities and towns frequently spread in
an unplanned manner on a metropolitan scale [4] and [11].
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There is a growing literature that investigates urbanization's effect; for example, Kumari et
al. (2018) [12] examined the NDBI, NDVI indices, and LST over Delhi, plus the Indian
Survey toposheet (SOI). Landsat ETM+, TM, and OLI for 2003, 2010, and 2017,
respectively, were adopted to calculate indicators such as NDBI, NDVI, and LST for 2003,
2010, and 2017. According to the study, the NDVI and land temperature have a negative
correlation, whereas NDBI and land temperature have a positive correlation. All three
temporal analysis algorithms of land surface temperature reveal an increase in Delhi's land
surface temperature between 2003 and 2017. Hassoon and Ali 2021[13] studied the random
urbanization growth in Baghdad during 2000-2015 and determined its impact on air
temperature. It was found that Baghdad's surface temperature rose by 8 C° between 2000 and
2015. Surface temperature increases resulted in an increase in air temperature where the
minimum temperature increased more than the maximum temperature (1.44 C °and 0.76 C °,
respectively). It was due to the growing expansion of urban areas as land use, particularly
after 2003. The tracking of urban areas was achieved through supervised classification
associated with the surface temperature records from Landsat TM and ETM+ satellite images.

The relationship between relative humidity and urbanization was investigated using data
downloaded from the European Center for Medium-range Weather Forecasting (ECMWF)
and remote sensing images for Baghdad [14]. They studied the consequences of land
use/cover changes by monitoring how Baghdad's urbanization progressed quickly to
understand the extent of its effects on the environment. Relative humidity (RH), temperature
(T), and evaporation were used to support the process and analyze the Landsat 5 and Landsat
8 images for 2010 to 2020 using ArcGIS to confirm the changes seen in urban areas. The final
results illustrated a direct correlation between rising urbanization and relative humidity levels
and between the size of built-up areas and the rate at which local temperatures rise. Ali and
Al-Ramahi 2020 [15] stated that there was a positive relationship between expanding
urbanization and evapotranspiration rates by studying the urbanization expansion and
vegetation decline using NDVI data in Baghdad during 2008-2018 from Landsat TM, and
OLI for 2008, 2013, and 2018, in addition to evaporation rate data European Center for
Medium-range Weather Forecasting (ECMWF) for the same period. The analysis process was
done using two different methods; the first was supervised classification, while the second
(NDI, NDVI) was used to obtain results that revealed that urban areas expanded by 4.4%, and
water bodies fluctuated between decreasing in 2013 and increasing in 2018. Indicating that
2018 suffered from the highest evaporation rate and urbanization as well, referring to the
positive correlation between them.

This study aims to use multitemporal satellite imagery and GIS techniques to generate
Baghdad's LST and NDVI maps. In addition to assessing the relationship among LST and
(NDVI, NDBI, and NDWI) to monitor the surface temperature with land cover change over
the past 17 years, 2004-2021.

2. Study area and Datasets

Baghdad province (the capital of Iraq) was chosen as a study area between Latitude 32
48'00" N - 33 46'00" N and Longitude 43 51'00" E - 44 56'00" E. The total area of the study
area is 5095.0 km? from 2018 to the present, while it was 5096.0 km? in 2004 and had
expanded to 5196.0 km? from 2008 to 2017. The vector data from the General Authority of
Surveying showed the area and shape differences with the neighboring provinces, especially
in the East of Diyala and Wasit and a little bit in the South with Babil province. Baghdad has
a semi-desert climate, hot and dry in summer, with some dust storms and rainy cold in winter.
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The study area was subjected to many changes in land cover, land uses, average temperatures,
and shape of the administrative borders from 2004 to 2021, Figure 1.
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Figurel:The geographical location of the study area and the changes during the study period.

Satellite images were downloaded from the United States Geological Survey (USGS) Earth
Explorer website. Landsat-TM satellites were downloaded for the period (July (2004 and
2008)), while (July (2013, 2017, and 2021)) were chosen from OLI/TIRS satellites with zero
cloud coverage. The images were all level 2, a collection of two products that had been terrain
corrected to level 1 (L1T). The L1T uses a Digital Elevation Model (DEM) for topographic
accuracy and incorporates ground control points to provide systematic radiometric and
geometric accuracy. All images were corrected for atmospheric, geometric, and radiometric
effects [16]. All the images were downloaded in a (GeoTIFF) format with a resolution of
30x30 m on the World Geodetic datum System 1984 (UTM) projection, Zone 38 N path (168
and 169), and row 037.
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3. Methodology

The main aim is to investigate the expansion of the built-up areas in Baghdad province
during the study period 2004-2021 and find the correlation between NDVI, NDWI, and NDBI
indices and LST. The following sections explain in detail the methods of land cover indices
processing.
3.1. Normalized Difference Vegetation Index: According to equation 1 presented by [17],
NDVI can be calculated using satellite images' red and near-infrared bands. These two bands
were used in the calculation because NIR and red band electromagnetic spectrum absorption
by chlorophyll is the highest. Plants absorb red and reflect only a tiny amount while reflecting
a high amount of NIR [18].
NDVI = ( NIRband — Redband) / ( NIR band + Red band) +...uvvenenen. (1)
3.2.Normalized Difference Water Index: McFeeters 1996 [19] proposed the NDW!I index to
improve water-related landscape features. It is employed to identify and keep track of changes
in the water bodies' content. Utilizing the green and near-infrared (NIR) spectral bands of
satellite images. The following equation can calculate this index:
NDWI = (Greenband - NIR band) / (Greenband + NIR band) ............... (2)
3.3.Normalized Difference Built-up Index: This method was proposed by [20], based on using
the Short-Wave Infrared (SWIR) and near-infrared bands (NIR). The following equation can
calculate this index:
NDBI = (SWIR band - NIR band ) / (SWIR band + NIR band ) «vvvvvvevinnnnnnnn. 3)

3.4. Land Surface Temperature (LST):
3.4.1. Landsat Thematic Mapper (TM)

Three techniques,” the single channel method, split-window technique, and multi-angle
method,” were developed to derive surface temperature (Ts) from at-sensor satellite and
auxiliary data [21].

Firstly, the image's digital number of thermal band 6 is transformed into spectral radiance
using Eq. (4)

LA = ( LmaxA — Lmin})/( Qcal max—Qcal min) X ( Qcal — Qcal min) + LminA ............ 4)
Where: L is the spectral radiation detected at Lmax, the satellite sensor's aperture. The
radiation was measured by a satellite sensor and scaled to Qcalmax, Lmin. The satellite sensor
picked up the radiation and scaled to Qcalmin, where Qcal is the maximum pixel value in DN
that_can be measured quantitatively. Lmax is the highest pixel value that can be accurately
measured in DN. Qcalmin is the lowest pixel value that can be quantitatively measured in DN
(given in the header file of the images).

Secondly, converting spectral radiance to satellite brightness temperature in kelvin (K), from
which, under the assumption of uniform emissivity, one can derive the effective at-satellite
temperature of the observed Earth-atmosphere system using Eq. (5).

TK)=K2/Ln [(K1/LA) + 1] ceeeeveeeiinnn, 5)

Where: (K) standardization calibration

T(K) is the efficient at-sensor brightness temperature, K1 = 667.76 (watts/(meter?xsterxum))
and K2 = 1260.56 (Kelvin) is standardization constants and given from metadata, and LA is
the spectral radiance in watts /(meter?xsterxpm).

Thirdly, the temperature was converted using Eg. (6) from Kelvin to Celsius in the final step.
T(C)=TK)—273.15 ccovveeeernnn.... (6)

The previous process is illustrated in Figure 2, which shows the model builder of land surface

temperature calculation. The model builder was performed using ArcGIS software, creating a
new toolbox inside a new folder and then connecting the raster calculator with the model

6652



Waleed and AL-Bakri Iraqi Journal of Science, 2023, Vol. 64, No. 12, pp: 6648- 6661

through the parameters. Finally, the calculation was achieved automatically after giving an
order of (Run); see Figure 2 for Landsat TM.

Figure 2: The model builder for Landsat TM.

3.4.2. Landsat operational land imager (OLI) and (TIRS) parameters:

The surface temperature recuperation from Landsat (OLI/TIRS) images, which was used to
calculate LST, were described by the Landsat 8 handbook [22] as follows:
A. First, radiance rescaling factors from the metadata file were used to convert OLI and
TIRS band data to radiance using Eq. (7).
LA=ML*Qcal + AL-Ot .................. (7
Where: LA is the spectral radiance of the top atmosphere's temperature (TOA), ML: a
multiplicative rescaling factor derived from the metadata that is band-specific (RADIANCE
MULTI-BAND), AL: The band-specific additive rescaling factor (RADIANCE ADD BAND)
from the metadata, Qcal: standard product pixels that have been quantized and calibrated
(DN), Oi: correction value (for Band#10 its = 0.29).
B. The second involved converting the spectral radiance TOA to the efficient at-satellite
brightness temperature (BT) using the thermal steady provided in the image's MTL file using
Eqg. (8).
BT=K2/Ln[(KVLA) + 1] ceeeevieneeinnn, (8)
Where: K1 = 774.885 (watts/ (meter? x ster x pum)) and K2 = 1321.0789 (Kelvin) are
calibration constants and given by metadata.
C. The normalized difference vegetation index (NDVI) was computed using the visible and
near-infrared bands of Landsat (Eg. 1). Because the amount of vegetation present is a critical
variable for LST estimation, the proportion of vegetation (Pv) was calculated by (Eg. 9) using
the estimated NDVI [22].

Pv=(NDVI—-NDVIMIN) / (NDVIMAX = NDVIMIN) .................. 9)
D. Land Surface Emissivity(g) is crucial in estimating LST. € can be calculated using Eq. (10)
€=0.004Pv+0986.................. (10)

E. Malik et al. (2019) assert that Equation Eq. (11) can be used to translate satellite brightness
temperature into land surface temperature (LST)

LST=BT/{1 + W*BT/C2)* Lng} .................. (11

Where: LST the Land Surface Temperature in Celsius (°C), BT brightness temperature, A
wavelength of emitted radiance (11.5 um), C2 = 14,380 (constant), € emissivity. C2 = (h*c/s),
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where h: Planck‘s Constant=6.626*103*mk, s:Boltzmann constant =1.38*10723, c: Velocity of
light = 2.998*10° m/sec.

The process of land surface temperature calculation was performed using a model builder,

as shown in Figure 3
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Figure 3: The model builder for calculating the land surface temperature.

4. Results and Discussion

The NDVI, NDWI, NDBI, and LST were calculated, and statistics_graphs were generated
to evaluate the relationship among indices. The LULC maps were compiled for 2004, 2008,
2013, 2017, and 2021. The final results illustrated that the built-up area has increased; urban
areas have dramatically increased in size over the past 17 years, going from 865.5 km? to
2693.3 km? with an increase of 1827.8 km?, Table 1.

Table 1: Demonstrates the green area, built-up area, water area, and open land over Baghdad.

Years Green area (km?) Built-up (km?) Water area (km?) Open land (km?)
2004 3390 865.5 60 780.5
2008 2488.6 1687 46 974.4
2013 22125 1854.5 73 1056
2017 1640.6 2610.6 74.4 870.4
2021 1354.8 2693.3 78.6 932.3

Urban sprawl covered 989 km? between 2004 and 2013 and decreased to 838.8 km? between
2013 and 2021. This suggests that after 2004, urban expansion increased intensively. Figure 4
presents urbanization rates in the Baghdad province between 2004 and 2021.
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Figure 4: The built-up expansion during the research period.

The green area declined from 3390 km? to 1354.8 km? with a decrease of 2036 km? from
2004 to 2021. The green area climbs down 1177.5 km? from 2004 to 2013 and 857.7 km?
between 2013 to 2021. The severity of the decrease in green areas was in the period between
2004 to 2013, Figures 5 and 6.
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Figure 5: The deformation of the green area over Baghdad province.
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Figure 6: The declination of the green area during the research period.

The water area in Baghdad fluctuated from time to time depending on several factors,
including the seasons, amount of rainfall, evaporation, and the amount of water released from
the upstream countries. Figure 7 shows the results of the water area according to NDWI.
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Figure 7: The fluctuation of the water area in Baghdad province.
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The open land contains salty land, fertile and uncultivated soil, barren lands, and former

military areas. This category increased noticeably after 2004.

The results of the surface temperature calculations indicated that the minimum surface
temperature had risen about 1° C (from 46° C in 2004 to 47° C in 2021), while the maximum
surface temperature had risen 2° C (from 58° C in 2004 to 60° C in 2021). Figure 8 clearly
shows the land surface temperature distribution over Baghdad below. .
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The final results showed that the water areas have the lowest LST while the open lands
have the highest peak of LST. The LST in built-up areas varied between 52.2° C and 53.3° C
in 2004, and it increased to 54° to 55° C in 2021, while the lowest peak was observed over the
water area. The LST in open lands ranged from 53.4 to 57° C in 2004 and increased from 56°
to 60° C in 2021. In contrast to the north-south geographic model, which has a low thermal
gradient, the east-west geographic model has a high thermal gradient because more green area
Is towards the west and southwest of the city center than to the east. Figure 9 shows the
relation between LST and (NDVI, NDBI, and NDWI).

Correlation graph of LST and NDVI
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Figure 9: The negative relationship between LST and (NDVI, NDWI), and the positive
relationship between LST and NDBI.

The physical factors, such as topography, land use, and vegetation in city/urban areas,
determine the land surface temperature of any location. The distribution of vegetative cover,
human habitation, open space, bodies of water, and other features affects surface temperature
[23]. A region with a high concentration of vegetation and water features is generally more
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remarkable than a region with fewer greenery areas and water bodies because vegetation and
water features regulate temperature. Figure 9 demonstrates the relationship between LST,
NDVI, NDWI, and NDBI. The scatterplot shows an affirmative relationship between LST and
NDBI, whereas the relationship between LST, NDVI, and NDWI was negative.

5. Conclusion

The study demonstrates the rapid urbanization process's effects that result in changing land
use patterns, causing constant changes in greenery distribution and constructed land. The
clearing of vegetative cover for the building of residential complexes and commercial and
industrial centers has resulted in the land surface temperature rises, which in turn affects the
urban heat island (UHI). The study has effectively illustrated the deriving of LST, NDVI, and
NDBI from the Landsat satellite images series to comprehend the environmental scenario in
cities and identify the correlation between LST and built-up and vegetative cover over
Baghdad. Thermal sensor data is essential for determining a land surface temperature from the
Landsat satellite. All algorithms used for the temporal analysis of land surface temperature
showed that Baghdad's land surface temperature increased between 2004 and 2021. The range
of land surface temperatures increased from 45.9 to 57.8°C in 2004 to 47 to 60°C in 2021.
The extracted data for LST, NDBI, NDWI, and NDVI are well-suited for understanding their
correlation. It is visible that the average percentage of green area in Baghdad was 66.5 % in
2004 but drastically declined to 26.8 % at the district level in 2021. The LST and NDBI have
a positive correlation; while a region with a high NDBI, in addition, to open land, exhibited a
high LST, a district with a low NDVI exhibited a high LST and vice versa. Therefore, the
current study demonstrated a significant correlation between a high density of built-up areas
and a higher surface temperature, in addition to a high density of vegetation and a minimal
surface temperature, demonstrates that the LST and NDWI have a negative correlation
because vegetation and water bodies both have a cooling effect on the surface.
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