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Abstract:  

Flooding is a major threat to people and the environment all over the world. Ranya 

city has experienced an increase in flooding as a result of demographic shifts, 

variations in land use land cover (LULC), and urban development. The objective 

of this research is to assess the effects of urban growth on flooding in Ranya over 

a 23-year period. The nine factors used to evaluate flood risk maps were elevation, 

rainfall, topographic wetness index (TWI), stream power index (SPI), LULC, 

slope, aspect, drainage density, and distance to roads. Flood hazard and LULC 

maps were created and analysed using The Analytic Hierarchy Process (AHP), 

geographic information system (GIS), and satellite remote sensing data for the 

years 2000 and 2023. The result revealed from 2000 to 2023, the settlement and 

agricultural area increased by approximately 25 and 9.6%, respectively, while 

barren land decreased by 34.8%. The 0.09% annual growth in the built-up area 

was a major factor in the expansion of Ranya's high flood-risk areas. Low, 

moderate, high, and very high categories were used to define the flood risk areas 

in Ranya. In zones with a very high flood risk, the extent of the flood hazard area 

in 2023 increased by 1.9% compared to 2000, while it decreased by 11.4% in 

zones with a low flood risk. Urban areas, and especially city centres, are 

significantly more likely to experience flooding. Ranya has seen an enormous 

increase in the amount of flood-prone areas in the last 23 years due to the city's 

urbanisation. This study used AHP technique that enables researchers to 

efficiently monitor the urban environment, which may then be used to 

substantially reduce damages in Ranya City's flood-prone zones. It also assists 

decision-makers and state officials in understanding how urban growth affects the 

environment. 
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1. Introduction 

Flooding causes major damage around the globe to people's houses, the environment, the economy, 

human activities, crops, biodiversity, buildings, public transit, and transferring toxic waste [1-6]. Flood 

damage has been rising despite major improvements in the detection and prevention of floods, and this 

trends may continue as flood-prone regions become more urbanized [7, 8]. Flooding accounted for 

49% of all catastrophe events in 2019 and was the most hazardous type of natural threat [9, 10], and 

around a million people were killed by floods in the twentieth century [11]. The flooding had both 

environmental and manmade causes [5], but human interference with the environment can lead to more 

floods [12-15], resulting in tragic deaths and economic damages [16, 17]. Urban flooding is a leading 

cause of natural disaster casualties and property loss [18]. Changes in LULC, demographic change, 

poor governance, food insecurity, rural-to-urban migration, industrialization, and climatological 

conditions, along with significant rainfall events, all increase the risk of flooding [17, 19-23]. Flooding 
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is a result of changes in hydrological factors caused by urbanisation [24-26]. Sudden shifts in LULC 

and urbanisation typically increase the risk of flooding [27, 24], which can result in fatalities as well 

as significant damage to buildings [18]. The study of land-use transitions is significant due to its 

profound impact on urban hydrological processes [28].  

Iraq is particularly at high risk for flooding [29, 30]. Consequently, it has become crucial to identify 

the dangers, vulnerabilities, and risks related to flooding [31]. To predict flood risks and improve 

planning and preparation, it is important to find out and measure how changes in land use influence 

stream flow [32, 33]. To reduce the amount of damage that caused by floods, flood control systems are 

strictly necessary [18, 34]. Safe and effective precautions are needed to reduce urban flooding resulting 

from changes in land use [18].  Improved flood risk assessments are achievable through the aid of GIS 

and remote sensing [35, 36]. A few of the phases of sufficient flood risk management and prevention 

include the creation of a vulnerability map [37, 38].   

Despite the availability of a variety of approaches to assess the flood risk [39, 40], each has both 

benefits and drawbacks [41]. Furthermore, because underdeveloped countries have limited data 

availability [42], the usage of publicly available remotely sensed datasets in a GIS system has become 

increasingly common [5]. Technological developments have enabled the use of satellite data for the 

accurate forecast of areas vulnerable to floods [7], which can be achieved by integrating flood 

vulnerability modelling with GIS and satellite remote sensing data [43, 44]. Several research have been 

carried out to examine the effect of LULC on flooding. [24, 26, 45, 46] assessed how urban growth 

affected flooding. Sissakian [47] and Askar [48] used a number of methods to analyse the flood risk in 

the northern parts of Iraq. The flood prone areas in this study were created using the analytical 

hierarchy process (AHP) and GIS tools. The combination of GIS and multi-criteria decision making 

(MCDM) is successfully being used to solve problems in a wide range of fields [22, 23, 49-51], 

including flood risk assessment [52-58]. The merging of AHP with GIS is the most extensively utilized 

approach to creating flood hazard maps [59]. The AHP approach to evaluating flood damages is 

economical and time-efficient [56, 60-64]. 

The reason Ranya City is the subject of this study is that it has experienced significant flooding 

recently. Ranya, like many other cities in Iraq's Kurdistan Region, has experienced floods in the past, 

especially during the winter months. Rainstorms recently caused flash floods in several areas of Ranya, 

including the city centre and nearby villages. The floods damaged main streets, bridges, infrastructure, 

and crops, and some homes were partially or completely submerged [65, 66]. Only in Raparin's 

independent administration in 2018, floods caused over a million USD in damage; 415 families were 

affected, and 9 houses were completely destroyed [65, 67-69]. In addition to disrupting school, the 

rain's landslides near and on roads made travel between cities impossible [70]. Government entities 

and decision-makers can use the hazard analysis method outlined in this research, along with its results 

for flood hazard zones in Ranya, as a guide to improve emergency preparedness and strategic planning. 

2. Methods 

2.1 Study Area 

 

Ranya is a city located in the Kurdistan Region of Iraq. It is situated in the southeastern part of the 

region, about 124 kilometres east of the capital city of Erbil. Ranya is the second-largest city in the 

Sulaymaniyah Governorate, after the city of Sulaymaniyah. Ranya is located at 36° 15' 15" north and 

44° 52' 57" east (Fig. 1). New housing complexes, shopping malls, and other infrastructure projects 

have contributed to Ranya's rapid expansion in recent years. In addition to being home to the University 

of Raparin, the city also features a number of secondary educational facilities. The rapid urbanisation 

and development of Ranya can be contributed to the city's transition to autonomous administration 
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from the Sulaymaniyah Governorate in 2012. It is nearly 695 metres above mean sea level and has an 

area of nearly 27 km2. It has 753 millimetres of precipitation per year [71]. Ranya is situated in a 

mountainous region and is known for its natural beauty. The city is bounded by beautiful mountains, 

and the tourist areas of Dokan Lake, Plingan, Qurago, and Sarashkawtan are all nearby. It is also well-

known for its farming, particularly for its fruit and vegetable crops. The pressure that population 

growth is placing on limited resources like land in urban centres is increasing as more people leave 

rural areas. There isn't much room for the city to expand horizontally and accommodate more people 

because there are lakes and mountains all around Ranya. 

 

Figure 1: Study area (Ranya city). 

2.2 Data and Flood Vulnerability Factors 

There are different factors that have relevant combination to flood hazards. The main and secondary 

factors were defined in this research which had the significant influence on flooding events in the 

Ranya city. Precipitation, drainage density, elevation, and slope were considered as the main criteria 

which had the significant effect on the hydrological processes in the city. Moreover, parameters like 

LULC, aspect, SPI, TWI, and distance to roads were assigned as the secondary factors which have the 

impact on the flood hazards in Ranya city. For this study, a digital elevation model (DEM) and Landsat 

OLI images from 2000 and 2023 were acquired from the United States Geological Survey website 

[27]. The spatial resolution of the OLI/TIRS data bands was 30 m. Data on annual rainfall for the years 

1998–2021 were gathered from earlier studies [71, 72].  

Elevation, topographic wetness index (TWI), drainage density, rainfall, land use and land cover 

(LULC), slope, aspect, distance to roads, and stream power index (SPI) were the nine factors (Fig. 2) 

that were used to evaluate flood risk maps (Fig. 3). We also intended to include soil and geology as 

parameters, but we decided not to include them because there is only one type of soil and geology in 

the study and these variables had no significant impact on the research results. Using a pairwise 

comparison matrix [73-75] and information from expert consultants, we mapped flood susceptibility 

for the years 2000 and 2023 using the AHP method from the MCDM technique (Table 2). The Analytic 

Hierarchy Process (AHP) is one of the common used methods of decision-making which offers 

effective solutions for complex problems by considering multiple criteria.  

The method assigns weights to different factors based on their influence. The pairwise compression 

determines the weights and compares each criteria to others. The AHP calculates the relative 
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(a)                                          (b)                                            (c)                                           (d) 

(e)                                          (f)                                            (g)                                           (h) 

(i)                                                  (j)                                                     (k)       

importance of the factors which will help in decision making process [49]. Using ArcGIS 10.8 software 

[76], thematic layers, flood-prone maps, LULC classifications, the AHP method, a weighted overlay 

(Table 3), and a result analysis were carried out. Fig. 4 shows a detailed illustration of the study's 

methodology. Rainfall map were created from the collected data and distance to roads were generated 

from digitizing the roads from satellite images between 2000 and 2023 using ArcGIS 10.8 software. 

Elevation, TWI (Eq. 1), SPI (Eq. 2), slope, aspect, and drainage density maps are extract from DEM 

data. With the help of ISO cluster unsupervised classification, LULC maps with three classes were 

produced for the years 2000 and 2023. Using the Kappa coefficient and Google Earth Pro, the LULC 

classification's accuracy was assessed for the years 2000 and 2023 with a total of 100 random points, 

obtaining accurate results of 88% and 91%, respectively.  

(1)                                        𝑇𝑊𝐼 = 𝑙𝑛(
𝐴𝑠

𝑡𝑎𝑛(𝑠𝑙𝑜𝑝𝑒)
)      

  
Where the slope is represented in degrees, TWI = the topographic wetness index, and As = the 

catchment area (m2 m1) [5]. 

(2)                               𝑆𝑃𝐼 = 𝐴𝑠 ∗ 𝑡𝑎𝑛𝛽  

Where SPI represents the stream power index, 𝐴𝑠 = basin area in (m2), and 𝛽 = the slope (in degrees) 

[77]. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 2: Flood hazard factors used in AHP method: (a) aspect, (b) drainage density, (c) distance to 

road 2000, (d) distance to road 2023, (e) elevation, (f) TWI, (g) Ranya LULC 2000, (h) Ranya LULC 

2023, (i) SPI, (j) rainfall, (k) slope. 
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Figure 3: Flood risk areas in Ranya: (a) 2000, (b) 2023. 

3. Results and Discussions:  

3.1 Change in LULC 

The LULC classification results demonstrate an enormous expansion in urban areas as well as a 

transition in Land use patterns. Over a 23-year period, there were approximately 25% and 9.6% 

increases in settlement features and agriculture, respectively, and a 34.8% reduction in the barren land 

(Table 1). The growth rate in Land use and land cover is calculated between 2000 and 2023. The annual 

growth rate in the residential area was 1.09%, demonstrating significant urban growth in Ranya during 

the last twenty-three years. 

 
 

Figure 4: The methodology of the research. 

(a)                                                                                               (b)     
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Table 2: Pairwise comparison matrix for flood risk factors. 

Factors Rainfall 
Drainage 

Density 
Elevation Slope LULC Aspect TWI SPI 

Distance 

to Road 

Rainfall 1.00 0.25 1.00 0.50 1.00 1.50 0.50 1.50 0.50 

Drainage 

Density 
2.00 1.00 2.00 2.00 2.00 2.00 2.00 2.00 0.50 

Elevation 1.00 0.50 1.00 1.00 1.00 1.00 1.00 1.00 0.50 

Slope 2.00 0.50 1.00 1.00 1.50 1.50 1.50 1.50 0.50 

LULC 1.00 0.50 1.00 0.67 1.00 1.50 1.50 1.50 0.50 

Aspect 0.67 0.50 1.00 0.67 0.67 1.00 1.00 1.00 0.33 

TWI 2.00 0.50 1.00 0.67 0.67 1.00 1.00 2.00 0.50 

SPI 0.67 0.50 1.00 0.67 0.67 1.00 1.00 1.00 0.50 

Distance 

to Road 
2.00 2.00 2.00 1.00 2.00 3.00 3.00 2.00 1.00 

 
3.2 The Influences of Urban growth on Flooding 

The present research utilised the AHP method with GIS to investigate the effects of urbanisation on 

the risk of flooding for the years 2000 and 2023. Taking into account the nine factors, the AHP method 

generated flood risk maps for the years 2000 and 2023 (Fig. 3). Four categories of flood risk have been 

identified (low, moderate, high and very high). In the year 2000, the area of flood hazard in the low 

hazard category was 22.5 km2 (84.4%), and in the very high hazard category was 0.23 km2 (0.9%). In 

addition, for the year 2023, 3.2 km2 was found to be in the low-hazard category, and 0.6 km2 was 

found to be in the very high-hazard category. When comparing 2023 to 2000, we see a 1.9% rise in 

very vulnerable regions and an 11.4% decline in low-hazard zones that were at risk of flooding (Table 

4). High-risk flood zones tend to be in densely populated areas, especially in the city center. Low-risk 

flood zones, on the other hand, tend to be on barren land. The results demonstrated that the number of 

sites at very high risk of flooding has increased substantially because of road construction and new 

settlements. Identification of flood-prone zones during wet seasons is valuable for preventing floods, 

specifically in susceptible areas. 

During heavy rainstorms, the water flowing into the sewers can exceed their capacity. This can cause 

sewers to become overloaded, resulting in flooding. Inadequate drainage channel design, poor 

maintenance of drainage infrastructure, and obstruction by waste carried by flood waters are additional 

causes of floods [47]. These wastes can block the flow of water through the sewer lines, causing it to 

back up and flood streets and homes. The flood protection system may reduce flood-related hazards 

and save individuals and assets in flood-prone areas [78]. In response to these flood incidents, local 

governments could implemented flood mitigation measures such as improving drainage systems and 

constructing new flood protection structures. However, given the unpredictability of weather patterns, 

fully preventing floods in Ranya and other parts of Iraq's Kurdistan Region remains a challenge. In 

addition, to reduce the impact of sewerage problems on flooding, it is recommended to implement 

measures such as regular sewer system maintenance and cleaning sewerage lines regularly, especially 

before rainy seasons. Furthermore, public education campaigns that inform the public about proper 
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waste disposal methods can help to prevent blockages. Government entities and decision-makers can 

use the hazard analysis method outlined in this research, along with its results for vulnerable flood 

zones in Ranya, as a guide to improve emergency preparedness and strategic planning. 

Table 3: Ranking and weight of each flood risk factors. 

Factors Class 
Weight 

(%) 
ranking Factors Class 

Weight 

(%) 
ranking 

Elevation 

533 to 569 

8 

1 

Slope 

0 to 2 

12 

5 

570 to 602 2 2to 5 4 

603 to 649 3 5 to 8 3 

650 to 720 4 8 to 15 2 

721 to 861 5 >30 0 

Distance 

to Road 

(m) 

<30 

19 

5 

LULC 

Built-up area 

10 

5 

30 to 60 4 Vegetation 2 

60 to 90 3 Barren land 1 

90 to 150 2 

SPI 

0.000000556 to 

0.000001 

8 

1 

>2930 1 
0.000001001 to 

0.00001 
2 

TWI 

-6.84 to -3.87 

10 

1 
0.000010001 to 

0.0001 
3 

-3.87 to -2.57 2 
0.000100001 to 

0.001 
4 

-2.57 to -0.127 3 
0.001000001 to 

0.020469133 
5 

-0.127 to  1 4 

Aspect 

flat 

7 

5 

0 to 4.26 5 north 4 

Drainage 

Density 

4.26 to 400 

17 

5 northeast 3 

400 to 900 5 east 1 

900 to 1400 5 southeast 1 

1400 to 1700 2 south 1 

>1911 1 southwest 1 

Rainfall  

540 to 560 

8 

1 west 1 

560 to 570 2 northwest 3 

570 to 580 3 north 4 

580 to 590 4     

590 to 606 5     

 

Table 4: The flood risk areas and percentages of Ranya city for 2000 and 2023. 

 2000 2023 2000 – 2023 

Risk Area (km2) % Area (km2) % Area (km2) % 

Low 22.5 84.4 19.3 73 - 3.2 - 11.4 

Moderate 2.74 11.2 4.32 16.4 + 1.58 + 5.2 

High 0.97 3.5 2.21 8.4 + 1.24 + 4.9 

Very high 0.23 0.9 0.6 2.2 + 0.23 + 1.9 
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4. Conclusions 

Variations in LULC and immediate urban development contributed to an increase of floods in Ranya 

city due to demographic shifts and urban development. The primary purpose of this study was to 

evaluate the effect of urbanisation on floods over 23 years by looking at 9 key factors related to floods. 

Flood hazard maps for the years 2000 and 2023 were generated and analysed using AHP, GIS, and 

satellite remote sensing data. Based on classified LULC maps, between 2000 and 2023, built-up area 

and agriculture increased by about 25% and 9.6%, respectively, while open spaces decreased by 34.8%. 

The annual increase in built-up area was very high (1.09%), which played a central role in increasing 

the high vulnerable areas of flood in Ranya. The MCDM approach and a GIS were used to categorise 

flood risk maps (low, moderate, high and very high). According to the findings, compared to the year 

2000, the potential flood areas increased by 1.9% in very highly vulnerable regions in 2023, while 

reduced by 11.4% in low vulnerable areas. Furthermore, the majority of places with a very high chance 

of flooding are in urban areas, particularly in city centres. Over 23 years in Ranya, road construction 

and new settlements have immensely raised the total areas in Ranya that are at high risk of flooding. 

The resulting flood hazard maps can be used to effectively mitigate damage in flood-prone areas of 

Ranya City. The method employed by this study allows researchers to efficiently monitor the urban 

environment. It also helps policymakers and government officials understand how urban development 

affects ecosystems. 
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