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ABSTRACT 

    Environmental resources are critical to the long-term development and provision of human needs; nonetheless, 

they continue to be threatened by negative changes as a result of human and natural challenges. One of the most 

pressing issues the world has faced today is climate change; this phenomenon has had severe impact on the natural 

environment and the whole ecosystem. It is thought to be the most essential determinant in land use/ land cover 

(LULC) change. However, LULC changes are important components of contemporary environmental monitoring and 

management systems, as well as a large and crucial element of research to emphasize the regional, local, and global 

climate change effects.  

This research's interest is on the Northern parts of Sulaimani province, in Iraq's Kurdistan Region, is located between 

longitudes (44° 33' 40.6" - 45° 23' 9.98") east and latitudes (35° 35' 11.45" - 36° 30' 6.28") north in the region's northern 

and north-eastern parts. It covers an area of 4012.92 square kilometers and is divided into three districts (Rania, 

Pshdar, and Dukan). The northern of Sulaimani, like any other regional and global area, is not immune to the effects 

of global warming and climate change, including annual droughts and climate fluctuations, the consequences of 

which are clearly seen in LULC change, especially in the change of vegetation cover, and the area of water bodies, as 

well as the cultivation patterns of the study area. 

KEY WORDS: Climate change, LULC change, RS& GIS, Northern of Sulaimani, OBIA. 

______________________________________________________________________________________

1. INTRODUCTION 

Large parts of the world are currently undergoing 

significant land use/cover (LULC) changes which are 

causing environmental, social, and economic challenges 

(Lamichhane, S. et al, 2019). Climate change and LULC 

changes are two major global ecological concerns that 

will have an impact on a significant percentage of the 

earth's crust in the future. The causes and consequences 

of human-caused climate change and land-use activities 

have mostly been studied independently until now. 

Climate change and LULC change, on the other hand, 

are interconnected (Dale, V. H. 1997). LULC change, 

which corresponds to the alteration or exchange of cover 

types, is a measure of major natural and anthropogenic 

ecological disturbance. It's crucial in the global changing 

process, especially when it comes to climate systems 

(Fasona, M. J. et al. 2014). On the other hand, the current 

climate's general increase in temperatures and decrease 

in rainfall are expected to have detrimental effects on 

land-cover. This raised the possibility that climate 

change will become a major driver of future ecological 

changes and biodiversity (Leary, N. et al. 2007). 

Generally, Changes in land use and land cover (LULC) 

are essential indicators of global ecological and 

environmental change, as well as a key component of 

comprehending human-natural system interactions 

(Chen, H. et al, 2018). LULC Change is triggered by a 

number of factors, many of which can be traced back to 

human activity, such as population growth, economic 

development, and globalization; it is also influenced by 

natural processes such as floods, landslides, droughts, 
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and climate change, though it is influenced to some 

extent by anthropogenic activity (Näschen, K. et al, 

2019). 

The term "global warming" refers to an increase in 

the Earth's average temperature. As the Earth warms, 

natural calamities such as storms, droughts, and floods 

become more common (Venkataramanan, M. (2011)). 

Changes in the lithosphere, hydrosphere, biosphere, and 

atmosphere, have sparked concern about the potential 

consequences of global warming (Aggarwal, S. P. et al. 

2012). Although, one of the main causes of long-term 

global warming is inappropriate use of natural resources 

and changes in land use in general. However, as one of 

the repercussions of climate change and global warming, 

changes in average annual climate factors may have an 

impact on current and long-term effects on LULC 

change (Diener, B. J., & Frank, W. P. 2010); As a result, 

we may conclude that climate change and land use 

change are linked in two ways. Therefore, 

understanding the effects of climate change is critical for 

forecasting future LULC and land management needs 

and vice versa (Li, C., Li, Z, et al. 2021). The northern 

part of Sulaimani in Iraq's Kurdistan Region, like any 

other regional or global area, is vulnerable to the effects 

of global warming and climate change, including annual 

drought and climate fluctuations. As we have seen in the 

past year, the area has experienced severe drought, the 

consequences of which are clearly visible in the change 

of LULC.  

There are two methods for capturing LULC 

dynamics: traditional ground-based methods and 

remote sensing-based methods. The first method is very 

labour intensive, time consuming, and difficult to 

capture data (Idowu, T. E. et al, 2020). Remote sensing 

and GIS techniques, on the other hand, are regarded as 

the most effective and efficient technologies for LULC 

changes (Goodin, D. G. et al, 2015). There are several 

techniques for extracting meaningful information about 

LULCs from remotely captured datasets. Object-based 

image analysis has recently become more popular for 

remote sensing image categorization (DeWitt, J. D. ET 

AL, 2017). OBIA classification classifies groups of pixels 

based on their spatial connection to neighbour pixels 

and the relevant properties of those pixels. The pixel-

based approach is based on the spectral characteristics of 

single pixels, whereas polygons are the building blocks 

of the object-based image analysis (OBIA). Polygons, 

also known as image objects, are groups of pixels that 

share common characteristics such as spectral signatures 

and contexts (Son, N. T. et al, 2014; Ma, L. et al, 2019). 

Finally, the primary goal of this study is to integrate and 

use several datasets from remote sensing (RS) and 

geographic information systems (GIS) methodologies to 

assess the impact of climate change on LULC change 

patterns in northern Sulaimani from 2013 to 2021, using 

Landsat sensor data (OLI) and object-based image 

analysis (OBIA). 

2-Study Area: 

The northern of Sulaimani province is a part the 

Kurdistan Region of Iraq, which is situated between 

longitude (44° 33' 40.6" - 45° 23' 9.98") east and latitude 

(35° 35' 11.45" - 36° 30' 6.28") north. It consists of the 

three districts (Rania, Pshdar, and Dukan), and has an 

area of (4012.92) square kilometers (Figure1). The study 

area is enriched with water resources, deferent climates, 

as well as differences in topography between the 

southern and northern parts, which reflect the region's 

natural resources. The Mediterranean climatic system 

has a strong influence on the study area. The hot and 

dry summer season, with an average temperature of 

(35.6°C), and the average temperature throughout the 

cold and rainy winter was (7.7 °C), while the annual 

average precipitation is about 622.2 mm/year (General 

directorate of meteorology and earthquake of KRG 

2019). The northern of Sulaimani, like any other regional 

and global area, is not immune to the effects of global 

warming and climate change, including droughts and 

climate fluctuations, the consequences of which are 

clearly seen in the change of LULC, especially in the 

change of vegetation cover, and water bodies, as well as 

the cultivation patterns of the study area.  

In terms of water resources, Dukan lake is located in 

the middle of the study area, which has an area of about 

278.52 km2, and there is a main river in the area known 

as lesser Zab. In terms of topography, the study area 

consists of a series of high and complex mountains, 

plains, valleys, and hills. The most famous mountains of 

the area are (Asos, Kewarash, Makok, Mamanda, and 

Qandil) with an average height of (1734) meters above 

sea level, the maximum point is (3112) meters, and the 

minimum point is (357) meters above sea level 

(Sulaymaniyah Statistical directorate, 2020). It also has 

very fertile plains such as (Pshdar, Bitwen, Marga, and 

Piramagrwn) (Figure2).  
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Figure 1: Location of study area. 
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Figure 2: Topography and water resources in the study area. 

3-Material and Methods: 

The research methodology has taken the following 

procedures as shown in figure (3), in order to get 

reliable and accurate results, as well as to achieve the 

main goal of the study. 

3-1 Datasets and preparation: 

In this study we have used various types of 

data. They were taken from different sources, as 

shown in Table (1). 9 raw satellite images with 15-m 

spatial resolution (Landsat8 Oli) (after Gram-Schmidt 

Pan sharpening) for July 2013 to 2021 were used to 

obtain the LULC map. A digital elevation model 

(DEM) with a spatial resolution of 15 m was also used, 

and a set of secondary variables were generated from 

the above data, including NDVI, NDBI, and NDWI 

images, as well as elevation and slope maps, which 

were used as an effective adjunct to the OBIA process. 

In addition, several statistical data sets such as 

hydrology and meteorology were employed to 

investigate the relationship between LULC Change 

and average climatic values in the study area. 
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Figure 3: Research methodology process 
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       In order to prepare the data for image 

processing (OBIA) and analysis of the link 

between LULC change and annual average 

change of climate factors in the study area, 

numerous pre-processing steps were done 

on all of the images utilized in this study. 

Although, the satellite images all have the 

same spatial resolution (30 m) and sensor 

(Landsat8 Oli), but the spatial resolution of 

the multi-spectral bands has been enhanced 

to 15 m by implementing the Gram-Schmidt 

Pan Sharpening (GSPS) technique and using 

the panchromatic band. Additionally, each 

image was radio-metrically corrected by 

converting raw digital numbers (DNs) to top 

of atmosphere (TOA) reflectance values to 

account for changing sun angles and surface 

reflectance variations, as well as using an 

atmospheric correction approach to reduce 

atmospheric effective. Finally, all of the 

images for each phase were clipped to the 

study area. Moreover, various indexes, such 

as NDVI, NDBI, and NDWI, were 

customized in this study using the equation 

(1,2,3), and these indices are commonly used 

to separate some specific categories (Bhatti, 

S. S., &Tripathi, N. K. 2014; Talukdar, S. et al, 

202; Ali, M. I. et al, 2019). 
1NDVI = (NIR– RED) / (NIR + RED) 
2 NDBI = (NIR – SWIR) / (NIR – SWIR) 
3NDWI = (GREEN – NIR) / (GREEN + NIR) 
 

          Also, several raw meteorological 

datasets, including daily precipitation data, 

temperature and humidity were gathered 

from official institutions in order to 

investigate and quantify the association 

between annual average change of climate 

elements and LULC change in the study 

area. 

3-2 Image segmentation: 

Image segmentation is the first step in 

most OBIA procedures, and it involves 

grouping pixels into image objects 

(Feizizadeh, B, et al. 2021), also it involves 

dividing an image into sections that are 

relatively homogeneous and utilizing the 

segments' spectral, spatial, and contextual 

features in order to achieve the best results 

for various categories (Johnson, B. A., & Ma, 

L. 2020; Ming, D. et al, 2015). Segmentation 

parameters and algorithms have a direct 

impact on the size and kind of image objects 

(Georganos, S. et al, 2018). There are 

numerous techniques and algorithms for 

image segmentation available. The multi-

resolution segmentation algorithm was 

chosen for the image segmentation process in 

this study, as it is an efficient and commonly 

used segmentation approach in OBIA (Tian, 

J., & Chen, D. M. 2007). However, to develop 

the most appropriate and final scale 

parameter, several scale parameters were 

analyzed and assessed before determining 

the most acceptable scale in this study. The 

segmentation was done on two scales (50 

and 70), both of which had the same form 

factor (0.6) and compactness factor (0.4). 

Applied Object based image classification 

and LULC mapping: 

The 9 LULC classes were created and 

developed the LULC maps using satellite 

images by object-based image analysis 

methods for nine phases between 2013 and 

2021.This is accomplished with the 



224              

  International Conference on Climate Change and their Environmental Risks from Geographical Perspective  
 

Original article  |  doi: 10.14500/2522-3259 

application of a novel effective technique 

known as Assign Class, which also separates 

the required categories utilizing spatial, 

spectral, and textual information from the 

objects (table 2). In addition, a standard 

nearest neighbor classifier with (min) 

operator was employed to classify the data in 

the eCognition Developer 9.0 software. The 

study area is separated into two components 

in the first step of the classification process: 

water body and land area. In the second step, 

Land areas are split into sub-zones 

depending on relief and slope values, such as 

mountainous areas, plain areas, and other 

areas. Each of these sub-zones was then 

reclassified, and the study's primary classes 

were split based on distinctions in spatial, 

spectral, and textural properties. For 

example, in high mountainous areas, snow 

areas, dense grass, moderate to poor grass, 

and bare land are separated, while in plain 

areas, agricultural use, dense grass, moderate 

to poor grass, Built-Up, and bare lands are 

separated. Finally, other areas classes such as 

forest area mixed with dense grass, moderate 

to poor grass, Built-Up, and bare lands are 

classified. 

Furthermore, to confirm the 

correctness of the results acquired, a full 

inspection of the produced results has been 

made feasible, as shown in Figure (4), by 

visiting the field and checking various values 

of items. All sub-classes with the same 

names in the study area's sub-zones are 

merged. Finally, after determining the effect 

of the assigned class values used to separate 

the specified classes, all of the classified 

classes are exported as vector files, and the 

GIS ready technique is implemented in Arc 

Map GIS 10.8 to build LULC maps for all 

stages and generated attribute tables. 
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3-3 Accuracy Assessment of LULC Maps: 

Any categorization procedure must include 

an accuracy assessment (Hossen, S. et al, 2019). It 

compares the categorized image to data from another 

source that is thought to be accurate or ground truth 

(Thakur, T. K. et al, 2020). The evaluation can be done 

in two ways: qualitatively or quantitatively (Dong, S. 

et al, 2020). The goal of accuracy assessment is to 

evaluate how well ground objects are mapped in 

terms of their shape, size, and position (Ye, S. et al, 

2018) as well as to estimate the error and uncertainty 

of the output classification in order to either choose 

the most appropriate mapping procedure or to inform 

interpretation of the output (Lyons, M. et al, 2018). 

The accuracy assessment of LULC maps created from 

remotely sensed data is critical because it provides 

map users with data quality information. Confusion 

matrix is a widely used technique for calculating a 

number of accuracy measures. (Dharani, M., 

&Sreenivasulu, G. 2021: Twisa, S., &Buchroithner, M. 

F. 2019). 

After generating the classified images in this 

study, the stratified random technique was used to 

assess the accuracy of LULC maps derived from 

satellite imagery, with each of nine LULC maps 

representing the different LULC classes in the study 

area. The accuracy was determined by employing (80 

to 100) Validation points per class and was based on 

the use of Google Earth Pro, SAS Planet open source, 

visual interpretation, and ground truth data gathered 

by GPS in the field. In this study, the overall accuracy 

(OA), kappa coefficient (KC), Producer Accuracy 

(PA), and User Accuracy (UA) of classified maps are 

calculated using the error matrices technique, 

according to the equations below (Vivekananda, G. N. 

et al, 2021): 
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Where N represents the total number of pixels, r 

represents the number of classes, xkk represents the 

total pixels in row “k” and column “k,” xk+ 

represents total samples in a row “k,” and x+k 

represents the total samples in column “k” in the error 

matrix. 

4-Results and discussion: 

4-1 Annual average change of climate elements: 

The average monthly and annual changes in 

the elements of climate in the study area, which 

include precipitation (Millimeter), temperature 

(Celsius), and humidity (percent), are presented in 

tables (3, 4, and 5) for all stages of the study. The total 

rainfall has varied greatly throughout the research, 

with the highest rainfall of 1038 mm recorded in the 

2019 rainy season and the lowest rainfall of 351.6 mm 

reported in the 2021 rainy season. Other 

characteristics of the climate have altered normally in 

relation to the average annual change.  

 

 

 

In 2021, the highest average temperature was 

21.88degrees Celsius, while the lowest average 

temperature was only 19.8 degrees Celsius in 

2019.As for the average humidity, it appears that 

the highest humidity rate was recorded in 2019 

with (50.03%), as well as, the lowest humidity in 

2021 with (39.99%). The table shows the 

variations in yearly and monthly elements across 

the study period. 
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4-2 LULC Change: 

In the study area, nine LULC types were extracted 

with different reference years, ranging from 2013 to 

2021. (Figure 5, 6, and 7). At the start of the study 

period (2013), the dominant LULC type was moderate 

to poor grass, accounting for 32.1 % of the study area, 

followed by forest Area with range land (29.7 %), 

harvested and cultivated farms (21.3 %), dense grass 

(9.21 %), and water body (4.61 %) (Table 6). Irrigated 

agriculture, built-up areas, bare lands, and snow 

areas, made up a small proportion of the total area, 

accounting for 1.52 %, 1.14 %, 0.42 %, and 0.01 %, 

respectively. Despite the fact that the LULC area 

changed in 2014, they remain listed in the same order. 

During the other stages (2015 to 2020) of the study 

period, forest Area with range land was the dominant 

LULC type, with snow area accounting for a small 

proportion of the total area. 
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Figure (5); OBI classification results: A) 2013, B) 2014, C) 2015, and D) 2016 
 

However, the dominant LULC type at the end 

of the study period (2021) was forest Area with range 

land, accounting for 37 % of the study area, followed 

by moderate to poor grass (25 %), harvested and 

cultivated farms (20%), dense grass (8.5 %), and water 

body (4.5 %). Irrigated agriculture, built-up areas, 

bare lands and snow areas each accounted for a small 

percentage of the total area, accounting for 1.9 %, 1.5 

%, 0.8 %, and 0.0006 %, respectively table (6). 

 
Figure (6); OBI classification results: A) 2017, B) 2018, C) 2019, and D) 2020 
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Table (7) summarizes the detail of the LULC change 

area (gains and losses) from 2013 to 2020. Throughout 

the study phases, the LULC categories area rate grows 

and decreases in an unstable manner, with the 

exception of the Built – Up area, which increases 

steadily from the first to the final phase of the study 

periods. In general, from the beginning to the end of 

the phase, each category of bare lands, built-up land, 

irrigated agriculture, and forest area with range land 

gains at a rate of (96.34%, 34.16%, 26.6%, and25.42%) 

respectively. During the same time period, each 

category of snow area, moderate to poor grass, dense 

grass, harvested and cultivated farms, and water body 

lost their area by (93.5%, 22.3%, 7.23%, 3.84%, and 

2.58%). Table (7) and figure (8). 

 

Figure (7); OBI classification results for the last stage of study periods (2021) 
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4-3 Accuracy Assessment: 
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Table (8) summarizes the object-based image 

classification accuracy discovered throughout the 

accuracy assessment process for the time period 

frames (2013-2021). The LULC classification levels' 

overall accuracy ranged from 91.7 to 92.35 percent, 

with Kappa coefficients of agreement ranging from 

0.906 to 0.9137. The accuracy of each LULC class (user 

accuracy (UA) and producer accuracy (PA)) is shown 

in same table. According to (Feizizadeh. B, et al., 2021) 

classification Accuracy scheme, these values of 

Accuracy Assessment for all classification stages 

findings for the study area are Very High Confidence 

in Classification (VHCC), because they are more than 

90% accurate. 

 

 
 

4-4 determining the impact of annual average 

change of climate elements on LULC change 

According to the discussion in the preceding 

paragraphs, there have been numerous variations in 

LULC as well as annual changes in climate factors 

across the study period. Looking at the data above, it's 

evident that there's a strong correlation between 

changes in LULC and changes in the average yearly 

climate in general. Annual variations in climate 

components, on the other hand, have had an impact 

on land cover shifts (water bodies, general surface 

vegetation, snow cover, and bare lands). As shown in 

figure (9), during the study period of 2013 to 2021, 

variations in the distribution of rainfall average and 

relative humidity were detected, while the area of 

water bodies, thick grass, and forest area mixed with 

dense grass fluctuated in the same direction. At the 

same time, the average rainfall and humidity, as well 

as the change in bare lands and the moderate to poor 

grass area, all point in the opposite direction.  

Although the average temperature has direct and 

indirect effects on all LULC types, the impact of these 

climate components is more obvious than the change 

in the snow area in the highlands, particularly the 

temperature change between the end of the spring 

season and the start of the summer season. On the 

other hand, it is either relevant or very weak in terms 

of the association between average yearly changes in 

climatic components and other land uses, particularly 

Built-Up. Regarding to Agricultural land uses 

(irrigated agriculture, harvested and cultivated farms) 

had very little impact during the study period, despite 

the fact that these climate characteristics are the most 

important factor in agricultural products. This is 

because the study area's major agricultural irrigation 

system was based on irrigated rain fodder, and the 

study area picked the rainfall area Confirmed in terms 

of agricultural production system at the same time 

and contains a variety of water sources as well. 

We return to Tables (3, 4, 5, 6, and 7) to 

further clarify the relationship between LULC change 

and annual changes in climate components in the 

study area. As it is shown year (2019) had the highest 

rainfall (1038 mm) and humidity (50.03 %), as well as 

the lowest temperature (19.8°). Simultaneously, the 
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area of snow, irrigated agriculture, forest area with 

range land, and water body classes have increased by 

a range of 278.4 %, 45.5 %, 35.4 %, and 29.6 %, 

respectively, while the area of moderate to poor grass, 

bare lands, dense grass*, and harvested and cultivated 

farms has decreased by a range of (41 %, %, 13 %, and 

9.4 %) compared to the previous stage. In contrast, the 

area of dense grass, water body, irrigated agriculture, 

forest area with range land, and snow classes have 

decreased by a range of 35.7 %, 20.5 %, 17.6 %, 17.2 %, 

and 10.5 %, respectively, while the area of moderate to 

poor grass, harvested and cultivated farms have 

expanded by a variety of rates (102%, and 8.21%) at 

the end of the study phase in 2021, which recorded 

the lowest rainfall (351.6mm) and humidity (39.99 %), 

as well as the highest temperature (21.88 °). This 

demonstrates that annual average climatic change has 

had a significant impact on LULC change in northern 

Sulaymaniyah during the research period, as well as it 

confirms the effective of the mythology. 

5- Conclusion and Prospects: 

      Land use and land cover change, as well as climate 

change and its consequences, are considered to be 

among the most pressing global, regional, and local 

concerns. Countries, academic institutions, and 

organizations involved in this subject, as well as 

academics, have made constant efforts in the past to 

determine the causes and consequences of these two 

issues. Although there are many and various reasons 

of change in LULC and climate change, each of them 

is a cause of change in the other, implying a bilateral 

relationship, or an exchange. In this study, statistical 

data and image satellite data were combined, and we 

developed a new and more efficient methodology 

based on the annual average of climate elements, 

OBIA methods, and several other new and more 

effective techniques, with the goal of detecting LULC 

changes over the last nine years (2013-2021), as well as 

identifying and analyzing the effect of the annual 

average change of climate elements on LULC changes. 

The accuracy evaluation results of this investigation, 

on the other hand, demonstrate the efficacy of the 

study approach and corroborate our findings. Finally, 

 
(*) The decrease in the area of dense grass in 2019 is due to the large 

number of fires that occurred in the study area especially in the rangeland 
of Qandil, Asos, and Qarasird area as we noted during the satellite 

imagery. 

the findings demonstrate that there has been a 

considerable shift in the composition of the climate, 

coinciding with the LULC, during the various stages 

of the study, indicating that climate change has had a 

significant impact on LULC change in the studied 

area, although the impact differed from one LULC 

type to another from one year to the next. Despite this, 

we must be aware that LULC changes are not solely 

due to climate change. However, various additional 

factors such as (population, city expansion, grassland 

burning, and natural resource management 

styles...etc.) have influenced the change in LULC 

during the study period in the study area. Finally, we 

believe that the findings of this effort will aid 

governmental institutions and experts in formulating 

the optimal strategy for the LULC's future direction 

and better anticipating future environmental 

problems. 
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