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Abstract of thesis presented to the Senate of the Universiti Putra Malaysia in 

fulfilment of the requirement for the degree of Doctor of Philosophy 

ABSTRACT 

SWAT BASED GIS MODELLING AND IMPACT ASSESSMENT OF DAM 

PROJECT IN KARKHEH RIVER BASIN AND WETLAND USING SPATIO-

TEMPORAL SATELLITE DATA 

 

By 

YASSER GHOBADI 

May 2015 

Chairman: Biswajeet Pradhan, PhD 

Faculty: Engineering 

 

Water shortages in the arid parts of the world are affecting the human welfare, 

economic activity, and political stability of these areas. Faced with overpopulation 

problems and demand for development of new agricultural lands to support 

increasing population, many countries of the arid world are adopting aggressive 

policies to develop new agricultural communities without careful analysis of the 

environmental and hydrologic impacts of these projects. Dust storms in the Middle 

East and south-west Asia are the major natural hazards and the Tigris-Euphrates 

alluvial plain has been recognized as the main dust source in this area. The dust 

originating from this area can be transported over large distances. Therefore, the 

dust storms from the Middle East also have important impacts on the neighbouring 

countries like Iran. The dust activities have intensified in the Mesopotamian areas in 

recent years, partly due to the development of the dam construction projects on 

Tigris and Euphrates rivers as well as Karkheh River. The main contribution of this 

thesis is to assess the hydrologic impact of engineering project in the Karkheh River 

Basin (KRB) and simulation of hydrologic process in the watershed and its wetland, 

Al Hawizeh.  

The first objective of this thesis is to analyse the changes in the landuse/landcover 

(LULC) over the study area due to the engineering project during 1985-2013 by use 

of multi-temporal satellite data. In this regard, four Landsat satellite images were 

selected and corrected prior to accomplishing the main analysis. In this part, the 

focus of study was to analyse the changes in vegetation and agricultural activities in 

the KRB. Therefore, a subset of study area in downstream of Karkheh dam which 

involved the agricultural field was selected for analysis. Supervised Classification 
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was applied on all images and change detection analysis was performed to detect the 

changes in the LULC. The second objective to study the effect of engineering 

project in the study area is assessment of land surface temperature (LST) over the 

study region. Therefore, two Landsat images in the before and after developing dam 

were selected. For that, Landsat TM5 for 1998 and Landsat ETM+7 for the year 

2002 were selected for the analysis of LST in the study area. The third objective of 

this study is evaluation of wetland shrinkage during 1985 to 2013. To do this, four 

Landsat Images for the years 1985, 1998, 2002, and 2013 were selected to analyse 

the shrinkage and change detection. Finally, as fourth objective, simulation of 

hydrologic process in the KRB and al Hawizeh wetland was performed by Soil and 

Water Assessment Tools (SWAT). In this regard, we constructed a catchment-based 

continuous (1987-2010) rainfall–runoff model for the entire KRB watershed (area 

~50,760 km2) using the SWAT model to understand the natural flow system, and to 

investigate the impacts of reduced overall flow and the related land cover and 

landuse change downstream in the wetland. Calibration, validation, and uncertainty 

analysis were performed using Sequential Uncertainty Fitting Ver. 2 (SUFI2). The 

calibration periods (1987-1990) and validation period (1991-1994) was selected. 

The results of calibration and validation are also used to simulate the two 

downstream flow gauge stations. For this purpose two scenarios were determined for 

this section, the flow with dam and without dam. Using the calibrated model the 

annual flow volume (AFV) was calculated for the Karkheh into the wetland 

throughout the modelled setup for Pay e Pol and Hamidiyeh Stations.  

The results show that, the LULC in the study area have changed and the agricultural 

activity in the study area have increased from 5900 ha to 71000 ha due to the 

construction of engineering project. As LST analysis results, after dam operation, 

and change LULC in the study area, the overall LST is increased especially near the 

Al Hawizeh wetland (Hoor al Azim) by 2-7 Kelvin. Additionally, the results 

obtained from the detection of desiccation in Al Hawizeh wetland shows that the 

area of wetland decreases dramatically from 3386 to 925 km2 in year 2002. It means 

that the wetland lost ~73% of its surface area from 1985 to 2002. Finally, by using 

SWAT model, the model shows that the flows during 1987 to 2000 (before dam 

construction) and 2001 to 2010 (after dam construction) were significantly reduced 

after the Karkheh dam construction. The corresponding AFVs for the Hamidiyeh 

and Pay e pol stations were 8.92×1011 and 1.04×1012 m3 in 1987–2000 and 

2.57×1011 to 3.94×1011 m3 in 2001–2010. Thus, the AFVs before and after dam 

construction were reduced to 6.34×1011 and 6.53×1011 m3 for the Hamidiyeh and Pay 

e Pol gauges, respectively. 

Consequently, it is concluded and founded that flow reduction and discharge to the 

wetland, affected the wetland area, in which the surface area of the wetland was 

reduced and the risk of dust storm is increased. Using a relationship that describes 

the impact of reduced AFV on the areal extent of the wetland, it evaluated the 

impact of additional reductions in flow that will result from the implementation of 

the planned engineering projects on the Tigris–Euphrates system and Karkheh River 

over the next few years.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Doktor Falsafah 

ABSTRAK 

PEMODELAN GIS BERASASKAN SWAT DAN PENILAIAN KESAN 

PROJEK EMPANGAN DI LEMBANGAN SUNGAI KARKHEH DAN 

TANAH LEMBABNYA MENGGUNAKAN DATA SATELIT SPATIO-

TEMPORAL 

 

Oleh 

YASSER GHOABDI 

Mei 2015 

Pengerusi: Biswajeet Pradhan, PhD 

Fakulti: Kejuruteraan 

 

Kekurangan air di bahagian gersang di dunia memberi kesan kepada kebajikan 

manusia, aktiviti ekonomi dan kestabilan politik kawasan-kawasan ini. Berhadapan 

dengan masalah lebihan penduduk dan permintaan bagi pembangunan tanah 

pertanian yang baru untuk menyokong penduduk yang semakin meningkat, banyak 

negara di dunia gersang yang mengguna pakai dasar-dasar yang agresif untuk 

membangunkan masyarakat pertanian baru tanpa analisis berhati-hati dengan kesan 

alam sekitar dan hidrologi projek-projek ini. Ribut debu di Timur Tengah dan 

selatan-barat Asia adalah bahaya alam dan Tigris-Euphrates dataran lanar telah 

diiktiraf sebagai sumber debu utama di kawasan ini. Debu yang berasal dari kawasan 

ini boleh dihantar melalui jarak yang jauh. 

Oleh itu, ribut debu dari Timur Tengah juga mempunyai kesan penting ke atas 

negara-negara jiran seperti Iran. Aktiviti debu telah dipergiatkan di kawasan 

Mesopotamia pada tahun-tahun kebelakangan ini, sebahagiannya disebabkan oleh 

pembangunan projek-projek pembinaan empangan di Sungai Tigris dan Euphrates 

dan juga Karkheh River. Sumbangan utama tesis ini adalah menilai kesan hidrologi 

projek kejuruteraan di Lembangan Sungai Karkheh (KRB) dan simulasi proses 

hidrologi di kawasan tadahan air dan tanah lembap, di Al Hawizeh. 

Objektif pertama karya ini adalah untuk analisis perubahan dalam guna tanah / 

landcover (LULC) di kawasan kajian dengan menyiasat projek kejuruteraan semasa 

1985-2013 dengan menggunakan data satelit berbilang duniawi. Dalam hal ini, 

empat imej satelit Landsat telah diperbetulkan geometri dan radiometrically sebelum 
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mencapai analisis utama. Di bahagian ini, kajian, fokus kajian adalah mengenai 

perubahan dalam tumbuhan dan aktiviti pertanian di KRB. Oleh itu, satu subset 

kawasan kajian di hilir empangan Karkheh yang melibatkan bidang pertanian telah 

dipilih untuk analisis. Klasifikasi diselia telah digunakan pada semua imej dan 

pengesanan perubahan analisis telah dijalankan untuk mengesan perubahan dalam 

LULC. Objektif kedua untuk mengkaji kesan projek kejuruteraan di kawasan kajian 

adalah penilaian suhu permukaan tanah (LST) dan perubahan dalam iklim. Oleh itu, 

kedua-dua imej Landsat dalam sebelum dan selepas membangunkan empangan telah 

dipilih. Untuk tujuan ini, Landsat TM5 untuk 1998 dan Landsat ETM + 7 bagi tahun 

2002 telah dipilih untuk analisis LST dan perubahan iklim di kawasan kajian. 

Objektif ketiga kajian ini adalah penilaian pengecutan tanah lembap sepanjang tahun 

1985 hingga 2013. Untuk melakukan ini, empat Imej Landsat bagi tahun-tahun 

1985, 1998, 2002, dan 2013 telah dipilih untuk menganalisis pengecutan dan 

perubahan pengesanan. Akhir sekali, sebagai objektif keempat, simulasi proses 

hidrologi dalam KRB dan al Hawizeh tanah lembap telah dilakukan oleh Tanah dan 

Alat Penilaian Air (SWAT). Dalam hal ini, telah membentuk satu model yang 

berterusan (1987-2010) hujan-air larian berdasarkan tadahan-untuk seluruh kawasan 

tadahan air yang KRB (kawasan ~ 50.760 km2) menggunakan model SWAT untuk 

memahami sistem aliran semulajadi, dan untuk menyiasat kesan aliran keseluruhan 

dikurangkan dan perlindungan tanah dan kegunaan tanah perubahan berkaitan 

hiliran dalam paya. Penentukuran, pengesahan, dan analisis ketidakpastian 

dijalankan menggunakan Ketidakpastian Sequential Pemasangan Ver. 2 (SUFI2). 

The tempoh penentukuran (1987-1990) dan tempoh sah (1991-1994) telah dipilih. 

Keputusan kalibrasi dan validasi juga digunakan untuk mensimulasikan dua stesen 

tolok aliran hiliran. Untuk tujuan ini dua senario telah ditentukan untuk bahagian ini, 

aliran dengan empangan dan tanpa empangan. Menggunakan model yang ditentukur 

jumlah aliran tahunan (AFV) telah dikira untuk Karkheh ke dalam tanah lembap 

sepanjang persediaan dimodelkan untuk Bayar e Pol dan Stesen Hamidiyeh.  

Hasil kajian menunjukkan bahawa, LULC di kawasan kajian yang telah berubah dan 

aktiviti pertanian di kawasan kajian meningkat dari 5900 kepada 71000 ha ha 

disebabkan pembinaan projek kejuruteraan. Sebagai LST dan berubah dalam hasil 

analisis iklim, selepas operasi empangan, dan menukar LULC di kawasan kajian, 

keseluruhan LST bertambah terutama berhampiran paya Al Hawizeh (Hoor al Azim) 

dengan 2-7 Kelvin. Selain itu, keputusan yang diperolehi daripada pengesanan 

kekeringan dalam Al Hawizeh tanah lembap menunjukkan bahawa kawasan tanah 

lembap berkurangan secara dramatik 3386-925 km2 pada tahun 2002. Ini bermakna 

bahawa tanah lembap yang hilang ~ 73% daripada kawasan permukaannya dari 

tahun 1985 hingga tahun 2002. Akhir sekali, dengan menggunakan model SWAT, 

model menunjukkan bahawa aliran semasa 1987-2000 (sebelum pembinaan 

empangan) dan 2001-2010 (selepas pembinaan empangan) adalah berkurangan 

selepas Karkheh pembinaan empangan. The AFVs sepadan untuk Hamidiyeh dan 

Bayar e stesen pol ialah 8.92 × 1011 dan 1.04 × 1012 m3 pada 1987-2000 dan 2.57 

× 1.011-3,94 × 1.011 m3 dalam 2001-2010. Oleh itu, AFVs sebelum dan selepas 

pembinaan empangan telah dikurangkan kepada 6.34 × 1011 dan 6.53 × 1011 m3 

untuk Hamidiyeh dan Bayar e tolok Pol, masing-masing. 

Oleh itu, ia membuat kesimpulan dan mengasaskan bahawa pengurangan aliran dan 

pelepasan kepada tanah lembap, terjejas kawasan tanah lembap, di mana kawasan 
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permukaan tanah lembap telah dikurangkan dan risiko ribut debu bertambah. 

Menggunakan hubungan yang menerangkan kesan dikurangkan AFV kepada sejauh 

areal tanah lembap, ia dinilai kesan pengurangan tambahan dalam aliran yang 

terhasil daripada pelaksanaan projek-projek kejuruteraan dirancang pada sistem 

Tigris-Euprates dan Karkheh Sungai lebih seterusnya beberapa tahun. 
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CHAPTER ONE 

1 INTRODUCTION 

1.1 Background 

One of the atmospheric phenomena in the arid and semi-arid part of the world is dust 

storm. In arid and semi-arid parts of the Asia dust storm occurs frequently (Miri et 

al., 2009). Asian dust storms have a major impact on the air quality of the densely 

populated areas of China, Korea and Japan, and are important to the global dust cycle 

(Shao and Dong, 2006; Xu et al., 2006). Material with particle size less than 1000 

µm are defined as powders, when particles have a diameter less than 76 µm, they are 

referred to as “dust”. Dust is any finely divided soiled, 420 µm or less in diameter 

(Abbasi and Abbasi, 2007). Dust particles are fine airborne soil and/or weathered or 

transported rock particles removed from the Earth’s surface as a result of wind 

erosion under certain climatic, meteorological and soil conditions. The Earth’s 

surface is composed of a large number of minerals, which occur in heterogeneous 

mixtures within rocks and weathering mantles (Rashki et al., 2013). Dust aerosols 

are naturally produced by wind erosion of the Earth’s crust, a complicated process 

affected by numerous meteorological and surface conditions including surface wind 

speed, friction velocity, soil temperature, soil moisture, soil texture, landuse type, 

and snow and vegetation cover (Ku and Park, 2011). Airborne dust can ascend from 

a wide variety of anthropogenic sources, are includes the following:  

 wind-blown dust from exposed surfaces such as bare land and construction 

sites 

 wind-blown dust from stockpiles of dusty materials such as sawdust, coal, 

fertilizer, sand and other minerals 

  dust caused by vehicle movements on sealed or unsealed roads 

  agriculture and forestry activities 

 mines and quarries 

 road works and road construction 

 housing developments 

  municipal landfills and other waste handling facilities 

 dry abrasive blasting 

 Numerous industrial operations, including grain drying and storage, timber 

mills, stonemasons, mineral processing, cement handling and batching, and 

fertiliser storage and processing. 

 Dry river 
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Dust storms have a number of impacts upon the environment including radiative 

obliging, and biogeochemical cycling. They transport substance over many 

thousands of kilometres. They also have a range of impacts on humans, not least on 

human health (Goudie, 2009). There were seven major sources of dust storm 

trajectories in the world including the west and south Sahara Desert, the east of 

Sahara Desert, east Sudan and Ethiopia, the northern Arabia, Gobi Desert, 

Taklimakan Desert, and Australian Desert (Najafi et al., 2013). The Middle East 

deserts are subjected often to dust, which reduces horizontal visibility to 5 km, and 

sometimes even to less than 100 m. The severe and prolong drought recently 

affecting the west Asia region has been suggested to be instrumental in producing an 

increased output of dust into the atmosphere from the region (Zoljoodi et al., 2013). 

Dust storm is one of the most important environmental problems in the west of Iran 

(Najafi et al., 2013). Iran is located in the mid-latitude belt of arid and semi-arid 

regions of the Earth therefore it frequently faced with dust storm (Modarres and de 

Paulo Rodrigues da Silva, 2007). To this issues west and south west part of Iran are 

affected by dust storms and as a results this is important to study this issue in 

different context.  

1.2 Dust phenomenon  

Natural mineral aerosol (dust) is an active component of the climate system and 

plays multiple roles in mediating physical and biogeochemical exchanges between 

the atmosphere, land surface and ocean. Changes in the amount of dust in the 

atmosphere are caused both by changes in climate precipitation, wind strength, 

regional moisture balance. And also, changes in the extent of dust sources caused by 

either anthropogenic or climatically induced changes in vegetation cover (Harrison et 

al., 2001). The dust cycle is an integral part of the Earth system. Annually, an 

estimated 2000 Mt dust is emitted into the atmosphere, 75% of which is deposited to 

the land and 25% to the ocean (Shao et al., 2011). The dust cycle involves dust 

emission, transport, transformation, deposition and stabilization (Figure 1.1). It 

involve a range of processes which occur on spatial scale from local to global and 

time scales from seconds to millions of years (Steffen et al., 2006). 
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Figure 1.1 An illustration of the dust cycle in the Earth system and the main 

processes in which dust plays an important role. Source: (Steffen et al., 2006). 

 

Saharan dust has four main trajectories: (i) southward transport over the Sahel and 

the Gulf of Guinea (60% of the Saharan dust emission, but <5% of the dust reaches 

5° N); (ii) westward transport to the Atlantic (25% of emissions); (iii) the northward 

transport to Europe (10%); and (iv) the eastward transport to the Middle East (5%) 

(Engelstaedter and Washington, 2007; Klose et al., 2010; Knippertz and Todd, 

2010). The emission and transport of dust from the Middle East and the Indian 

Subcontinent are associated with the Indian monsoon trough. The monsoon low 

located over the subcontinent and the high located to the northeast of the 

Mediterranean can generate strong northerly winds which produce dust storms and 

transport dust towards the Indian Ocean (Shao et al., 2011). The global pattern of 

dust transport is depicted in Figure 1.2.  
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Figure 1.2. Main routes of dust transport (arrows) and locations of the world’s 

major deserts, including: (1) Great Basin, (2) Sonoran, (3) Chihuahua, (4) 

Peruvian, (5) Atacama, (6) Monte, (7) Patagonia, (8) Sahara, (9) Somali-Chabli, 

(10) Namib, (11) Kalahari, (12) Karroo, (13) Arabian, (14) Rub al Khali, (15) 

Turkestan, (16) Iranian, (17) Thar, (18) Taklimakan, (19) Gobi, (20) Great 

Sandy, (21) Simpson, (22) Gibson, (23) Great Victoria and (24) Sturt. The 

magnitudes of dust emission from different regions are given in Mt and 

indicated using bars and the depositions to the oceans are also given in Mt and 

indicated by thick arrows. Source (Shao et al., 2011) 

 

In this decade, the frequent of dust storm has increased in Iran especially in west and 

southwest part of Iran. The dust often blows towards the southeast, spreading into 

Iran or traveling over the Persian Gulf. In early March 2011, the Moderate 

Resolution Imaging Spectroradiometer (MODIS) on NASA’s Aqua satellite captured 

the progression of one such storm (http://modis.gsfc.nasa.gov/). Figure 1.3 shows a 

one of the dust storm transported into Iran for two different dates. 
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Figure 1.3. (a) Early stage of dust storm over the Iraq on the 3rd march 2011 

and (b) transport and deposition in the south west of Iran and northern part of 

Persian Gulf on 4th march 2011 captured by Aqua MODIS. Source: 

http://modis.gsfc.nasa.gov/ 

 

As well as, Figure 1.4 shows the frequency and concentration of dust storm during 

2001 to 2011 over the south west of Iran.  
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Figure 1.4. (a) occurrence of dust storm and (b) concentration of dust storm 

during 2001-2011. Source (IDE) 

1.3  Wetlands 

Wetlands of the world occupied an area of approximately 5%-8% of the world’s land 

surface (7-10 million km2), and contain 10%-20% of the global terrestrial carbon 

(Mitsch, 2009; Song et al., 2012). Generally, wetlands are lands where saturation 

with water is the dominant factor determining the nature of soil development and the 

types of plant and animal communities living in the soil and on its surface (Cowardin 

et al., 1979; Lehner and Döll, 2004; Mwita et al., 2013). On the other hand, wetlands 

are lands transitional between terrestrial and aquatic systems where the water table is 

usually at or near the surface or the land is covered by shallow water. For purposes of 

this classification wetlands must have one or more of the following three attributes: 

(1) at least periodically, the land supports predominantly hydrophytes; (2) the 

substrate is predominantly un-drained hydric soil; and (3) the substrate is non-soil 
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and is saturated with water or covered by shallow water at some time during the 

growing season of each year (Lichvar and Kartesz, 2009).  

Wetlands vary widely because of regional and local differences in soils, topography, 

climate, hydrology, water chemistry, vegetation, and other factors, including human 

disturbance. Indeed, wetlands are found from the tundra to the tropics and on every 

continent except Antarctica (Lichvar and Kartesz, 2009). They have several echo-

environmental social and economic benefits. Wetlands play an important role in the 

global carbon cycle. Thus, they must be conserved for carbon cycling as well as for 

their importance as natural habitats (Rebelo et al., 2009b). Wetland ecosystems are 

associated with a diverse and complex array of direct and indirect uses depending on 

the type of wetlands, soil and water characteristics, and associated biotic influences. 

Direct uses include water supply source and harvesting of wetland products such as 

fish and plant resources. Indirect benefits are derived from environmental functions 

such as floodwater retention, ground- water recharge/discharge, climate mitigation, 

and nutrient abatement (Smith et al., 2009). 

Some global programs such as Ramsar Convention (adoption in 1971 in Iran), The 

United Nations Educational, Scientific and Cultural Organization (UNESCO), 

International Waterfowl and Wetlands Research Bureau (IWRB), and United Nation 

Environment Programme (UNEP) are an international treaty designed to address 

global concerns regarding wetland loss and degradation and international cooperation 

for the conservation of wetland habitats. IWRB is the only independent global 

organization concerned primarily with the conservation of wetland ecosystems. 

IWRB's goal is to promote the conservation of wetlands and wetland biodiversity, 

particularly water birds, by stimulating and coordinating international technical 

cooperation (Scott, 1995).The primary purposes of the treaty are to list wetlands of 

international importance and to promote their wise use, with the ultimate goal of 

preserving the world's wetlands. Methods include restricting access to the majority 

portion of wetland areas, as well as educating the public to combat the misconception 

that wetlands are wastelands (Rubec, 1996).  

Figure 1.5 illustrates the distributed areas covered by Wetland. According to this 

map, U.S department of Agriculture (USAD) wetland are divided into six classes 

including: upland, lowland, organic, salt affected, permafrost affected inland water 

bodies. 

 

http://en.wikipedia.org/wiki/Treaty
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Figure 1.5. The Distribution of different type of wetland in worldwide (source: U.S. department of Agriculture, USDA,)  
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1.4  Al Hawizeh Wetland 

The Al Hawizeh wetland is part of the Mesopotamian marshlands. Mesopotamian 

marshlands are part of a major international river system, the Tigris and Euphrates as 

largest river system in the southwest of Asia. The Mesopotamian mashes are covering an 

area between 15000-2000 square kilometres. The al Hawizeh wetland located in the 

border of Iran-Iraq. Eastern part of it is known as Hoor Al Azim wetland (Partow, 2001; 

Basgall, 2003). These wetlands eventually drain south-eastwards into the Persian Gulf 

via the Shatt al Arab waterway. Al Hawizeh is one of the most important wetlands the 

region for breeding and wintering waterfowl (Scott, 1995). This wetland is one of the 

biggest wetland in the world. This wetland prevents flooding by holding water. By doing 

so, Al Hawizeh wetland help keep Karkheh and Tigris River as well as filter and purify 

the surface water. Figure 1.6 shows a part of the al Hawizeh wetland. 

 

 

Figure 1.6. A typical Al Hawizeh wetland landscape 

 

1.5  Remote sensing and GIS studies on wetlands  

Extensive losses of wetlands have occurred in many countries throughout the world. As 

the value of wetland to society has become recognized, it is now important to conserve 

these valuable resources. To prevent further loss of wetlands, and conserve existing 
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wetland ecosystems for biodiversity and ecosystem services and goods, it is important to 

inventory and monitor wetlands and their adjacent uplands.  

For inventorying and monitoring of the wetlands, satellite remote sensing and GIS has 

many advantages. Satellite data has repeat coverage so that wetlands can be monitored 

seasonally or yearly. Satellite remote sensing can also provide information on 

surrounding land uses and their change over time. Satellite data are in digital format and 

relatively easy to integrate into a geographic information system (GIS). Satellite remote 

sensing can be especially appropriate for wetland inventories and monitoring in 

developing countries, where funds are limited and where little information is available 

on wetland areas, surrounding land uses, and wetland losses over time. Moreover, using 

satellite remote sensing data together with more detailed maps or aerial photography can 

give greater information than either source alone. To gather they can be used to monitor 

changes in water levels in wetlands and land cover change on adjacent uplands. Satellite 

data can be used to determine where more detailed maps should be update frequently. 

Satellite remote sensing has been used to study and map all types of wetlands.  

Satellite remote sensing sensors used in wetland identification, monitoring and 

classification are different. These sensors are: Landsat Multi-scanner sensor (MSS), 

Landsat Thematic mapper (TM), Landsat Enhanced Thematic Mapper (ETM+), System 

Pour l'Observation de la Terre (SPOT), Indian Remote Sensing satellite (IRS-1B), and 

Advance Very high Resolution Radiometer (AVHRR). Radar Systems, which transmit 

and receive radiation in the microwave portion of the electromagnetic spectrum, have 

also been used to study wetlands. 

In addition, currently, there are several satellites in polar and geostationary orbits that 

are capable of monitoring aerosols and dust storm over land from global to regional 

scales with moderate spatial and temporal resolution. Satellite sensors such as Moderate 

Resolution Imaging Spectrometer (MODIS) on Terra and Aqua satellites, Multi-angle 

Imaging Spectroradiometer (MISR), Polarization and Directionality of the Earth’s 

Reflectances (POLDER), and Ozone Monitoring Instrument (OMI) are examples of 

polar orbiting sensors, which provide Aerosol Optic Thickness (AOT) at 10 to 20 km 

spatial resolution. Geostationary satellites such as GOES and METEOSAT have also 

shown the potential of providing aerosol information on much higher temporal 

resolution (Prados et al., 2007). However, most studies use MODIS data, due to its good 

spatial resolution, excellent ability to mask clouds, and due to its near-daily global 

coverage. Although MISR derived AOT values proved to be better than MODIS over 

land (Abdou et al., 2005), MISR’s main limitation is its narrow swath (360 km), 

allowing for global coverage only every 8 to 9 days thereby limiting its use for air 

quality studies that require information on daily time scales. Although the MODIS has 

near daily global coverage, cloud cover and changes in surface properties with season 

limits the aerosol retrieval on a daily basis (Gupta and Christopher, 2008).  
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1.6  Water crisis 

Amongst global resources, water is emerging as the most critical and misused natural 

resource. Limited water supply is a major constraint on development and agricultural 

activities in many parts of the world. This is particularly relevant in arid and semi-arid 

regions where scarcity poses a severe constraint on food production (Rijsberman, 2006; 

Muthuwatta et al., 2010). It is an important input to agricultural production and an 

essential requirement for domestic, industrial and municipal activities. Increasing 

population and standards of living are contributing to a steep rise in demand for fresh 

water. The consequent wastage, over-exploitation, pollution and depletion of fresh water 

pose a serious threat to the food security of an increasing population. Recent studies 

indicate that one-third of the population of developing countries live in absolute water 

scarcity, in the sense that they will not have sufficient water resources to meet their 

agricultural, domestic, industrial and environmental requirements in the year 2025 

(Seckler et al., 1999). Irrigated agriculture has played an important role since the 1960s 

in feeding the growing world population and is expected to continue in the future as well 

(Cai and Rosegrant, 2003). However, water availability for irrigation in developing 

countries (over 90% of water resources are used for irrigation) has had to be reduced due 

to increasing demand of water from non-agricultural sectors (Qureshi et al., 2010).  

Iran is a land-abundant and water-short country. It has 1% of the world’s population and 

1.1% of its land, but less than 0.4% of the world’s freshwater. The country already uses 

74% of its annual total renewable freshwater, a figure placing it far into any definition of 

a water-scarce state (Ahmad and Giordano, 2010). 

1.7 Karkheh River Basin and Karkheh Dam 

Karkheh River Basin (KRB) is a part of Tigris-Euphrates River Basin (TERB). The 

TERB with their tributaries, from a major river system in western Asia from Sources in 

the Taurus Mountain of eastern Turkey they follow by Syria through Iraq and finally 

discharge into the Persian Gulf. The system is part pf the Palearctic Tigris-Euphrates 

ecoregion which includes Iraq and parts of Turkey, Syria, Iran, Saudi Arabia, Kuwait, 

and Jordan (Kavvas et al., 2011). Table 1.1 is summarized the area of TERB which 

occupied by each country. 
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Table 1.1. Area of the Tigris-Euphrates drainage basin in rapiran country (km2) 

Country 
Euphrates 

Basin 
% 

Tigris 

Basin 
% 

Iran* - - 175,386 47.2 

Iraq 282,532 48.8 142,175 38 

Saudi 

Arabia* 
77,090 13.3 - - 

Syria 95,405 16.5 948 0.3 

Turkey 121,787 21 53,052 14.0 

Total 579,314 100.0 371562 100.0 

(*The country included part of the catchment but the main river does not flow through it.) 

 

Figure 1.7 shows the geographically distributed of TERB and its watershed. As seen 

here KRB is located in the south-west part of the Iran. It is the third largest and most 

productive river basin and agricultural activities in Iran. It is one of the best endowed 

river basins in the Iran as well as, it has seen extensive development and further planned 

exploitation of its water resources, with major consequences unfolding for the core 

remnants of the renowned Mesopotamian marshes (Marjanizadeh et al., 2009). KRB 

covers an area of 51000 km2 (Shahram et al., 2004).  
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Figure 1.7. Sub basin of Tigris-Euphrates watershed and the location of KRB 

(catchment No.6). Source: (Partow, 2001) 

 

Accounting for 16% of the electricity production worldwide, hydropower is one of the 

most popular energy resources because of its low cost, near-zero greenhouse gas 

emissions, and the flexibility it provides in operations (Madani, 2011). In Iran, the 

second largest country in the Middle East hydropower production has a key role in 

supplying the peak power demand. Additionally, Irrigated agriculture has played an 

important role since 1960s in feeding the growing world population and is expected to 

continue in future as well. The Karkheh Dam constructed on the Karkheh River (third 

biggest river in terms of discharge in the country) is an embankment dam with a central 



© C
OPYRIG

HT U
PM

14 

clay core, a maximum height of 127 m, and a crest length of 3030 m (Figure 1.8). The 

Karkheh dam having a designed storage capacity of 7800 million m3 and live storage 

capacity of about 4.7 × 109m3. It is a multi-purpose dam aimed for providing irrigation 

water to about 350,000 hectares (ha) in the Khuzestan plains (in the Lower Karkheh 

region) besides the other objectives of hydropower generation and flood control 

(Soroush and Rayati, 2004; Masih et al., 2009; Pakbaz et al., 2009).  

 

 

Figure 1.8. Schematic view of the Karkheh Dam. Source: Iran Water Resource 

Management Company (IWRMC).  

 

1.8  Problem statement 

New finding of researches during 10 years show that dust particle in the atmosphere, 

more than what was thought are dangerous for public health. Dust storms and air 

pollution that recently had infected the most of Iran’s provinces particularly western and 

southwest provinces of Iran, and even extended to the capital of Iran, Tehran, has been 

created due to the influence of high- pressure system in southern Iraq and northern parts 

of Saudi Arabia. This phenomenon rise via recent drought in central and southern area of 

Iraq and north of Saudi Arabia which causes marshes and pastures field dried up and 

converted to desert. On the other hand the eight-year Iran-Iraq war led to many of the 

groves of Abadan and Khorramshahr in Iran and Basra province in Iraq (fifteen million 

palm trees) was removed that they have the role of windbreak and aerosols, and 

meetings such as the filter, dust size arose from the Sahara and Saudi Arabian neutral 
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zone will be reduced, to be served, eliminated. Of course, overlook of the Arab countries 

to the Convention of desertification, particularly the Iraqi government’s inability to deal 

with desertification and this phenomenon was not considered. Recently Turkey and 

Syria with the construction of 30 dams on the sources of Tigris and Euphrates rivers 

causing water shortage in two rivers inside the Iraq. And also causing the Mesopotamia 

wetland dried up and now formed an area with 500 hectare. It should be noted that part 

of dust storm in the region which it’s due to recently drought in this province (Karimi et 

al. 2010). And also this is important to identify the role of wetlands in prevent of dust 

emission and their efficiency as filter to do that. It has to assessment all area and factors 

that affected wetlands and also some engineering project which can affected wetlands. 

As well as, changes in land use from previous years till yet in upstream of wetlands have 

to assess. There are several studies have been carried out to assess the source detection 

of dust, simulation and mapping the dust storm as well as the dust containment. 

In this regard, this is a very important issue to know recognize the role of wetland, 

marsh and swamp in reducing the amount of dust storm, the impact of engineering 

project on the watershed system with simulation of stream flow as well. In addition, it is 

also important to study the impact of engineering project and its effects on landuse, 

wetland area, changing in temperature and finally the changes in hydrologic point of 

view. Several studies have attempted to monitoring, transport and sedimentation of dust, 

mineralogy of dust, and dust source detection. However it is important to identify the 

reason or reasons of producing and increasing of frequency and amount of dust storms. 

Therefore, this is necessary to assess the factors that provide a bed for this issue. 

Consequently, this study is an attempt to answer the following questions: 

 Does is the Engineering project affect the landuse/cover change?  

 Is there any affect by engineering project on changing in climate? 

 What is the role of engineering project in disappearing of wetland and marshland 

area and changing on them? 

 How engineering project affect the hydrology in the system?  

 Does engineering project have any effect on the increasing dust storm? 

 Can wetland area and marshland reduce the frequency and amount of dust storm? 

  



© C
OPYRIG

HT U
PM

16 

1.9  Objective of the thesis 

The first objective of this research is to evaluate the landuse/cover and vegetation 

change in the study area for assessment of changes in the agricultural and cropland 

before and after the constructions. To do this, multi-temporal satellite images, MSS, TM, 

ETM+, and OLI images, in different years of the period were chosen and analysed. This 

objective will clear the issue to identify the percentage and area of changes in the 

different classes due to dam construction.  

The other significant target of this study is to monitoring and mapping the Al Hawizeh 

wetland during 1985-2013. This is finding the shrinkage, degradation and disappears of 

the wetland by construction of engineering projects. To do this used remotely sensed 

data and ancillary data and also used GIS spatial analysis.  

The other goal of this research, estimate the land surface temperature variation. This 

analysis was done because of the role of engineering project on changing climate over 

the study area.  

The simulation hydrologic part of study area can become more clear the hydrologic of 

the study area before and after construction; therefore the fourth objective is that 

investigation and simulation of stream flow on the different gauge station. Particularly, 

for this research Soil and Water Assessment Tool (SWAT) were chosen to model the 

watershed and evaluate the hydrologic process.  

It is possible to summarize the above-mentioned four objectives of the thesis as follow.  

i. To identify the impact of LULC change in Karkheh catchment using multi-

temporal and multi-spectral Landsat images due to the construction of 

engineering projects. 

ii. To assess the change and distribution of Land Surface Temperature over the SKS 

using remotely sensed data. 

iii. To evaluate the shrinkage, fragmentation, and degradation of the wetland 

possibly due to the engineering projects using spatio-temporal satellite data. 

iv. To simulate and analyse the hydrological process of the Karkheh River Basin 

using GIS based SWAT model due to construction of the engineering projects.  
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1.10 Scope and limitation of the thesis 

The scope of this thesis is to identify the impact of engineering projects in the Karkheh 

watershed in order to find the reason of increasing of frequency and amount of dust 

storm. Therefore, role of wetland on the filtration and reduce the amount of dust storm 

assessing of different methods in order to identify the changes and mapping the wetland 

changes, as well as assess the impacts of engineering project on the downstream of 

watershed by hydrological modelling the Karkheh river basin. The studied area for the 

first phase is between 1985 and 2013 as well as for simulation the hydrologic process is 

between 1987 and 2010. In comparison with the scope of the thesis, some limitation are 

recognise the performed the thesis. One of these limitations is growth in population and 

urbanization during the past three decades. Therefore, it is more accurate in the future 

study to address this part and assess the impact of urbanization. Figure 1.9 shows the 

overall methodology of this thesis.  
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Figure 1.9. The overall methodology of the research 
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1.11 Thesis organization 

This thesis is divided into seven chapters, including;  

CHAPTER 1: A general introduction regarding the importance, problem statement, 

research objectives and contribution of the study. 

CHAPTER 2: An overview of background of research regarding dust storm and 

emission, vegetation and LULC change, climate change and land surface temperature, 

wetland lost and shrinkage, and hydrologic modelling in the study area. 

CHAPTER 3: This chapter describes the vegetation change in the study area during the 

1985-2013 using multi-temporal data throughout the subset of the study area. 

Chapter 4: In this chapter the climate change and land surface temperature assess to 

evaluate the effect of dam on the changing in climate. LSE and LST extracted using TIR 

Landsat images. And the relationship between LST and LULC determine. 

CHAPTER 5: In this chapter the shrinkage of wetland during 1985 to 2013 assesses 

and the effect of engineering project evaluate using multi-temporal satellite data.  

CHAPTER 6: In the last chapter, the hydrologic condition in the study area simulated 

using Soil and Water Assessment Tool. Calibration and validation for flow gauge station 

perform by SWAT-CUP and the discharge water to the wetland evaluated with two 

scenarios, with and without dam. 

CHAPTER 7: The conclusions and recommendations are presented. 
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