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ABSTRACT 

The State of Kuwait seeks sustainable development through implementation of clear and specific 

urban plans, some of which suffer from a severe lack of geomorphological and spatially-based 

environmental planning, such as the use of geographic information systems (GIS). Choosing the 

optimal location for a city based on sound environmental planning is of the utmost importance to 

achieving environmental sustainability, as it can spare the State and other decision-making entities 

a great deal of stress in the long run. GIS, in particular, offers great potential for the environmental 

planner and decision-maker to choose the most appropriate places for the cities of the future, 

especially when coupled with geomorphological analyses. To achieve the Vision of Kuwait 2035, 

one of the State’s planning objectives focuses on Urban Planning for the Establishment of 

Environmental Cities that Achieve (UPEECA) environmental sustainability criteria. To gain a 

more holistic analysis related to the Vision, this study aims to: 1) Conduct suitability modelling 

for establishing new cities in Kuwait, 2) Assess the current 2005-2030 urban plan, and 3) Propose 

possible recommendations and solutions for potential urban problems. The study relies on 

integrating several methods to devise a framework that will aid researchers and decision-makers 

in selecting optimal locations for built structures based on analysis and modelling (e.g., digital 

elevation model, geologic mapping, geomorphology, natural hazards, heritage/archaeological 

sites, military areas, oil fields, soils). 

 KEYWORDS: Environmental geomorphology, Urban Geomorphology, GIS- Suitability 

modeling, RS  
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1. INTRODUCTION   

     Global urban population exceeded the rural population for the first time in human history in 

2007. Since then, the proportion of people living in urban areas has continued growing and 

projections show that by 2050 almost two-thirds of the global population will be urban [1]. 

Consequently, planning requires scrutiny when selecting optimal sites for (new) construction of 

cities. Urban geomorphology provides a variety of methodologies to assist decision-makers and 

researchers to address such issues related to the future of urbanization in the State of Kuwait. 

Specifically, geomorphology represents a key facet when seeking to achieve goals such as 

reduction in natural disasters and improvement in life’s quality [2]. Indeed, geomorphology is a 

complex science that requires multiple levels of understanding across a wide array of features and 

processes operating at a range of spatial and temporal scales [3]. These characteristics make 

geomorphology an important and effective tool to aid planners and decision-makers in low-cost 

environmental planning and environmental sustainability. For example, the sabkhas on Failaka 

Island in Kuwait constitute about 50% of the landmass [4,5] therefore, building a city or extending 

a road on the sabkhas areas would cost a significant amount (let alone the potential upkeep of 

such roads). In this case, geomorphology becomes an effective tool to choose the most appropriate 

and cost-effective route through the sabkhas, as well as the best location for a city. Consequently, 

more and more urban planning endeavors are incorporating geomorphology into their overall 

schemes [2,4,6,7,8,9]. 

Still, many environmental problems have arisen due to selection of city sites in Kuwait 

lacking any geomorphological analysis. For example, the city of Sabah Al-Ahmad was declared a 

disaster area due to the floods that resulted from large amounts of rain in November 2018 (about 

250 mm), and a landslide that devastated the city of Al-Mutlaa in February 2020  [20]. Both 

instances could have been avoided (or at the very least, lessened considerably) by incorporating 

geomorphological data and other environmental data into a GIS. Utilizing such tools and 

information in the planning process will likely lead to the most appropriate sites for cities based 

on sound environmental criteria so geomorphological hazards can be avoided. Doing so, however, 

leads to several questions: Are future cities of Kuwait chosen suitable locations? What are the 
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environmental problems of Kuwait cities and how can they be solved? What are the best 

construction areas to avoid geomorphological hazards?  

Kuwait seeks, through a serious and rational vision of the political leadership, to achieve 

the best rates of development and progress based on the Vision 2035 framework. Implementing a 

multi-faceted research approach in terms of city site location and development will go a long way 

to help attain the Vision 2035 goals. More specifically, combining geomorphological analyses with 

land-use analysis could enhance attainment of these goals. A complementary technique to 

geomorphological and GIS-themed analysis, land-use suitability analysis has been applied to the 

assessment of agricultural land  [11], used to determine land habitats for animal and plant species 

[12], revitalize landscape evaluation and planning  [13], and aid in regional planning and 

environmental impact assessment [14,15]. Carr and Zwick [16] also employed suitability 

modelling to identify potential future land use conflicts in North Central Florida. Several recent 

studies have been used suitability modeling e.g. [17,18,19] 

Site suitability analysis is the process of determining the fitness of a given tract of land for 

a defined use [21], and to find an appropriate site for construction of an amenity or urban area, 

sophisticated analyses are required that consider critical components such as technical, 

environmental, physical, social, and economic factors [4]. Tools for identification, comparison, 

and analyzing multi-criterion decisions for an urban site development require proper planning and 

management, and often incorporate vital geospatial tools such as remote sensing, GIS, GPS, and 

AHP (Analytical Hierarchical Process) [22,23].  

 Given the above facets, this study suggests building an Environmental Analytical 

Hierarchical Process (EAHP) and using the weigh sum and Model Builder functions in ArcGIS, 

centered on an integrated technique of the AHP and GIS, to support the assessment and the 

selection of suitable areas for cities in the state of Kuwait. Utilizing field-based research and 

advanced computer modelling during 2018-2021, this paper showcases multi-criteria suitability 

analysis that identifies optimal locations for new cities in the State of Kuwait using a GIS-based 

model to delineate the most suitable sites while also taking into account the national physical plan 

strategy 2005-2030. Our findings can support decision-making processes in the sustainable 

development sector and aid in protecting the state of Kuwait from further natural risks/hazards. 
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2. STUDY SITE 

 

2.1. Climate, geology, and geomorphology 

With an approximate area of 17,818 km2  the state of Kuwait is in the northwestern corner 

of the Arabian Gulf, between longitudes 46º 30` and 48º 30` east and latitudes 28º 30` and 30º 08` 

north [24, 25],. It is bordered by the Arabian Gulf on the east, Iraq on the north and west, and by 

Saudi Arabia on the south. Kuwait is an arid region mainly characterized by a dry, long, and very 

hot summer which runs from the end of March to the end of October. The temperature varies in 

summer between 30 °C to 45 °C, reaching 54 °C during daytime in August. The winter in Kuwait, 

from early December to middle February, is short, cold, and moderately wet. The temperature in 

winter varies between 7 °C to 17 °C. The mean total rainfall is less than 125 mm/year,  and limited 

from November to April [24, 25, 26]. 

In general, the surface topography of Kuwait is a rather monotonously flat to gently rolling 

desert plain, broken by occasional low hills, scarps, valleys of ephemeral streams and shallow but 

wide inland depressions. The ground slopes generally from about 293 m above sea level in the 

extreme southwestern corner of the country towards the lowlands of Iraq and the Khor Al-Subiya 

in the Northeast (fig. 1). The major topographical features in Kuwait are Jal-Az-Zor escarpment, 

Wadi A1-Batin, and the Ahmadi Ridge [25,26,27].  
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Figure 1. Study area location. 

 

The location of anthropogenic settlements and other facilities is fully influenced by natural 

factors, and in particular by Kuwait’s geomorphology and geology. Geologically speaking, Kuwait 

hosts extensive Quaternary deposits, such as beach sands welded together with calcium carbonate, 

and deltaic and tidal mudflats at places like Boubyan Island and in the northeast. In addition to 

windblown sand. The Dibdibba Formation from the Miocene to the Pleistocene overlies the fossil-

bearing Lower Fars Formation with gypsum bearing sandy clay beds and coarse igneous and 

metamorphic gravels [26]. Surface sediments can be divided into nine formations (Aeolian Sand, 

Coastal Deposits, Dammam Formation, Desert Floor Deposits, Lower Dibdibah Formation, 

Marine Sand, Sabkha Deposits, Fars and Ghar Formations, Upper Dibdibah Formation, see Fig 

2a) with each constituting a percentage of (22.9%, 1% , 0.02%, 6%, 22%, 0.08%, 10%, 19%, and 

20%, respectively).  Similarly, the geomorphological landscapes in Kuwait remain straightforward 
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and can be divided into 12 units, including such regions as sand sheets, desert floor, coastal plain, 

urban area, sabkhas, and ridges (fig 2b). 

In general, a better understanding of the geological and geomorphological maps, could aid 

in solving many problems related to urban planning in the State of Kuwait, as geomorphology (and 

by extension, geology) remain an important and effective tool to aid planners and decision-makers 

in environmental planning and environmental sustainability. The gap between officials and 

researchers, however, remains a constant barrier in new planning efforts. But, working towards 

mutual understanding, and taking such natural components into account when creating new urban 

planning initiatives for selecting new city sites would greatly aid in reducing the overall 

environmental risks that have occurred around Kuwait. 
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   Figure 2. The geology and geomorphology map of Kuwait 
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2.2. Population and urbanization 

In the second half of the twentieth century, Kuwait witnessed rapid development in 

population growth, and since then the problem has been continuously exacerbated. The population 

has grown from 467,339 people in 1965 [30] to 4,464,521 people in 2019 [31]. If overpopulation 

is not examined and studied carefully, Kuwait will face many problems and negative effects 

associated with continued population increases, making the rates of urban development unable to 

meet the needs of the burgeoning population. The exponential mathematical equation, which have 

been used in many population studies [32,33] was chosen to make Table (1) with three assumptions 

used for the annual population growth rates: 1) the annual growth rate is constant, 2) an annual 

increase of 0.1%, and 3) the annual rate decreases by 0.1%. These figures are used to reach a 

prediction as close as possible to the future reality of Kuwait’s population in light of one of the 

proposed hypotheses for population growth. The equation takes the following form: 

P2 = P1× {(R /100) + 1}^  t  

Whereas : 

P2 = The population in the year to be forecast. 

P1 = the population at the last census. 

R = annual growth rate. 

t = the number of years between the last census and the target year of the forecast. 

^ = Exponential power (0.24407292). 

 

Table 1. Predicting the population of Kuwait. The population is expected to increase to 5,238,942 
people in 2035, and to 6,086,539 people by 2050. This expected increase depends on the stability of 

the population growth rate, while these expected numbers are subject to increase or decrease 
according to the growth rate as shown below [30,31]. 

The expected 
population 

Annual 
growth rate 

decreasing by 
)0.1 (  

 
The expected 

population 

Annual 
growth rate 
in increase 

of  )0.1 (  

 
The expected 

population 
 

The annual 
growth rate 
is constant 

Years 

4420110  4420110  4420110 1.0 2018 
4464521 1.0 4464521 1.0 4464521 2019 
4504914 0.9 4513843 1.1 4509378 2020 
4642765 0.4 4839893 1.6 4740516 2025 
4667109 -0.1 5318704 2.1 4983501 2030 
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4575578 -0.6 5989688 2.6 5238942 2035 
4374376 -1.1 6911610 3.1 5507475 2040 
4077585 -1.6 8171083 3.6 5789772 2045 
3705535 -2.1 9895884 4.1 6086539 2050 

 

Of the noted population (Table 1), the State of Kuwait includes six governorates whose populations 

vary, but are summed up in Table 2 [34,35]. 

Table 2. Some characteristics of the population and urbanization in the State of Kuwait [30,31] 

Governorate The area, km2 
Number of 

residential areas 
Population, 2017 

Population 
density, 

people / km2. 
Al Asimah 175 34 572638 3272 

Hawalli 85 14 946452 11135 
Al-Ahmadi 4500 19 985117 219 

Jahra 12750 20 555626 44 
Farwaniyah 204 17 1174088 5755 

Mubarak Al-Kabeer 104 11 261542 2515 
Total 17818 115 4495463 - 

 

From the above analysis, we can conclude that the governorates of Al-Jahra and Al-

Ahmadi are the two main candidates for establishing new cities, owing to their population to area 

ratio. Generally, about 99% of Kuwait’s population (4.5 million people in 2019) is concentrated 

along the coastal area – representative of only approximately 10% (1782 km2) of Kuwait’s total 

area. On the other hand, as a whole, population density of the State of Kuwait is estimated at 25 

inhabitants/km2 which, generally speaking is considered a low density. Yet, the population density 

in urban areas of Kuwait is 2,505 individuals/km2 which, for the limited area, represents a high 

density that requires more urban development than appeared in the third structural plan for the 

State of Kuwait. In a related context, the demographics of Kuwait is characterized by a striking 

imbalance, with the (local) Kuwaiti population accounting for 30.5% of the total population, while 

the expatriate population constitutes 69.5%. These groupings consist of more than 140 different 

nationalities, and their number exceeded 3 million in 2019 [36]. 

3. DATA AND METHODS 

Computer modeling has become one of the most important tools in the field of land use and 

land cover, as GIS and remote sensing are utilized with increasing frequency to investigate 
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landscape changes such as urban expansion [37, 4]. However, planners and decision-makers often 

use only socio-economic parameters in urban planning, and rarely consider environmental aspects 

[4]. The first step of suitability modeling is data preparation, it is an important step in the analysis 

of land use and land cover (Table 3). Commonly, GIS applications in multi-criteria suitability 

analysis apply several models for analysis including, for example, Boolean overlay analysis, 

ranked overlay analysis, weighted overlay analysis, fuzzy overlay analysis and suitability 

composite indices  [38].  To perform multi-criteria suitability analysis for urban development in 

Kuwait, a method utilizing three main steps was selected: data preparation, developing a composite 

suitability index, and selecting a suitable site (Fig. 3). 

a. Data preparation 

Several factors such as physical, social, and economic elements may affect the land-use 

suitability in Kuwait, but usually, planners use social-economics parameters/factors in urban 

planning [39]. In a related context, data preparation represents an important step in land suitability 

analysis [40,41,4]. Upon identifying analysis criteria, datasets of various indicators were collected 

(Tables 3 and 4). 

 

Table 3. List of data sets used in this study. 

Criteria Data Source and Setup 

1. DEM (digital 
elevation model) 

 

ALOS PALSAR RTC, 12.5-m [42], To understand and analyse the 
Earth's surface in the State of Kuwait, some analyses were 

performed such as, Slope, Aspect, and contour map, Kuwait was 
divided into 3 zones according to the digital elevation model fig 4-c. 2. Slope 

3. Soil productivity (Soil 
classes) 

Areas not suitable for agriculture were given priority as suitable 
places for building cities, and vice versa, Kuwait was divided into 4 

zones according to the soil types fig 4-e [43,44]. 

4. Geology 
 

The geological formations were divided into 4 types according to 
the degree of their suitability for building future cities, fig 4-b [24, 

25,29]. 

5. Geomorphology   
Fieldwork, the geomorphological unites were divided into 4 types, 

fig 4-a [24, 25,29].  
6. Air Quality 

(pollution) 
The country was divided into four zones according to the degree of 

pollution. 

7. Oil fields 
Oil fields have been added buffer zone to protect it from urbanism. 
This is to keep urbanization away from oil and pollution areas. Fig 

4-f [29]. 
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8.  Flash Floods 
Drainage basins & networks were analysed in ArcGIS 10.8., Basins 
were classified according to their degree of risk to 3 zones based on 

their proximity to roads and urban areas [29, 42]. 

9. Military areas 
Military areas have been added buffer zone to protect it from 

urbanism [29]. 

10. Archeological areas 
Archaeological areas have been added buffer zone to protect it from 

urbanism [45]. 

11. Sand movements 
Areas of sand movement are given a low rating for cities and areas 
that are safe from sand movement are rated high for urban area, Fig 

4-d [29]. 

12. Earthquakes 
Kuwait was divided into 3 sectors according to the strength of the 

earthquake [46]s.  
 

b. Developing a composite suitability index  

 

Composite indices are usually used in supporting the decision-making process through 

summarizing multi-dimensional realities and reducing the visible size of a set of indicators [47]. 

For this study, a composite suitability index was developed that considered 12 factors/criteria 

(Table 4). To establish the weighting matrix, all 12 criteria were included, with higher values given 

to environmental criteria, such as geomorphology, soil productivity, air quality, and geology. The 

relative weighted values of each factor/criteria were then discussed and reviewed by both the 

authors and experts from different disciplines in the geosciences, as in many studies [4, 47,48]. 

Factors were determined from the authors and relative weights were determined from experts by 

taking an average value (see Table 4 for full description).  

 

Table 4. List of criteria and relevant indicators 

No Criteria 
Weight 

(%) 

Range 
High 

9 
Moderate 

6 
Low 

3 
Unsittable 

0 
S. 1 Dem 

 
7 0-60 60.3-176.6 176.7 - 293 - 

S. 2 Slope 5 0-0.44 0.45-1.1 1.2-2.9 3-6.4 
S. 3 Soil productivity 15 Zone 4 Zone 3 Zone 2 Zone 1 
S. 4 Geology  15 4 3 2 1 
S. 5 Geomorphology  

 
15 Gravel lag, Desert 

floor, Barchanoid, 
coastal plain 

Smooth sand Fall dunes Deflated rugges, 
active sand 

sheets, barchan 
sand, Playa 

S. 6 Air Quality (pollution) 8 Zone 3 Zone 2 Zone 1 - 
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S. 7 Oil fields 5 The rest of the 
country 

Oil fields 
Buffer Zone 

6km 

Oil fields 
Buffer Zone 

3km 

Oil fields 

S. 8 Valley streams (flood) 8 Zone 3 Zone 2 Zone 1 - 
S. 9  Military areas 5 The rest of the 

country 
Military Areas 
Buffer Zone 

10km 

Military Areas 
Buffer Zone 5 

km 

Military areas 

S. 10 Archeological areas 5 The rest of the 
country 

- Archeological 
Buffer Zone 
areas 4km 

Archeological 
Buffer Zone 
areas 2km - 

Archeological 
areas 

S. 11 Sand movements  10 Stable 
 

relatively 
stable 

Sand movement 
area 

- 

S. 12 Earthquakes 2 0-1.4 1.51-3 3.01-4.49 - 
 

 

Figure 3. Methodological framework, with the three steps involved (A, B, and C). 

 

c. Selecting suitable sites for urban development 

 

This step involved calculating a composite suitability index through aggregating various 

favorable  indicators according to their weights. Based on these results, and with little modification 

(Figure 4),  the 12 suitability criteria for the proposed urban plan were divided into four categories: 

unsuitable, low, medium, and high. 
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Figure 4. Some layouts of criteria reclassification: (a) geomorphology, (b) geology, (c) DEM, 

(d) sand movement, (e) soil productivity, (f) oil fields. 
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4. RESULT AND DISCUSSIONS 

This section discusses proposing an urban plan for the State of Kuwait based on data in 

Table 3 and 4. It also discusses potential problems of Kuwait’s new/current urban plan 2005-2030, 

in order to try and adapt to the current situation and urban problems so that appropriate and 

practical solutions can be devised. 

4.1. Assessment of the 2005-2030 urban plan.  

Based on projected population increases [49], the State of Kuwait has developed a plan to 

establish ~12 cities and new urban communities by 2030 to meet the growth [50]. The plan aims 

to contain the population increase, which will reach ~4.9 million by the year 2025, ~5.4 million in 

the year 2030 [49], and ~7.5 million by the year 2050. Since the current metropolitan area has 

already reached its population capacity, the State of Kuwait has begun planning cities in three new 

areas that will host 2.5 million people by 2030 [50]. In accordance with the policy of 

accommodating short, medium, and long urban growth in an urban system, the growth rates and 

absorptive capacity of each urban cluster have been determined (Fig. 5) [50,51]. The urban 

development areas are distributed across the State: six cities in the northern region, two cities in 

the western region, four cities in the southern region, and the islands of Failaka and Boubyan. The 

current plan also suggests establishing a network of new roads and a network of railways along 

roads to connect new cities and urban communities to each other (Fig. 5). It is noted that the third 

plan of the State of Kuwait considers several criteria for determining the sites of new cities 

[49,50,51], namely: 

 Staying away from sources of pollution that could affect the proposed new housing 

sites. 

 Proximity to other urban areas. 

 A balanced distribution of the population’s social and economic characteristics. 

 Keeping distance from natural resource areas such as oil fields. 

 Distribution of cities throughout the country. 
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Fig 5: National physical plan strategy 2005-2030. Source: [49,50,51]  

 

Looking at the previous criteria taken into account for selecting the sites for new cities, we find 

that they do not include geological, geomorphological, and environmental criteria, which could 

lead to the emergence of many urban problems (Fig. 6), including: 

 The city of Ali Sabah Al-Salem (Umm Al-Hayman) in southeast Kuwait has been exposed 

to a great deal of environmental and air pollution as a result of Kuwait’s northwestern-

prevailing winds that transport pollutants from industrial areas located up to 3 km away, 

and oil refineries and fields located 8 km away. 

 Al-Dhahr area, which is an elevated area in the north of Ahmadi city, which has been 

subjected to landslides and subsidence because of the lack of attention to the geological 

and natural parameters [10]. 

 The city of Sabah Al-Ahmad located in the south of the country in a low sabkha area 

covered by wadis from west to east, which lead to its exposure and inundation of potentially 
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catastrophic rainfall events such as the 2018 torrents where twice the average (~300mm) 

precipitation was brought to the valleys from the western high areas. 

 Protecting new cities from geomorphological hazards such as: sand movement, flash 

floods, and land subsidence (see Figure 6). 

 The rains, which amounted to more than twice the natural rate, revealed the fragility of 

infrastructure in the roads (Fig. 6), as there was a complete stop of traffic flow at multiple 

sites after the 2018 rains (Fig. 6e), and the destruction that befell new and modern cities 

alike requires a plan to protect future cities. 

 Some cities suffer from occasional, but not predictable sandstorms that affect 

infrastructure, and therefore require a clear plan and vision to protect cities from potential 

future deterioration and destruction. 
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Figure 6. Some natural hazard in Kuwait.  A)  Impact of flash flood on road 40 on 17 November 2018. 

B)  Sand movement on Soubiya Road, in March 2018. C) A sinkhole on the 6th Ring Road. D) Impact 

of flash flood on roads and infrastructure on 15 November 2018. E) Roads stopped/closed after a 

rainstorm, Source: Live traffic, google maps, 15 November 2018.  
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4.2. Proposed sites for cities 

The preliminary results of studies that dealt with modeling and simulation of urban 

development indicate delayed implementation of urban plans and occurrence of multiple urban 

problems  [50].  The simulations have shown that delays will indeed have detrimental effects on 

traffic congestion and housing availability. In fact, delays in development of one new major city 

were associated with the worst outcomes in regard to traffic congestion and housing shortages. 

Specifically, assuming that construction of new cities is completed without delays and according 

to the initial master plan, results indicate a 60% reduction in traffic congestion compared to 2015 

levels, and no housing shortage before 2050 [53]. It should be noted that, according to the master 

plan, these predictions require establishing a modern train transportation system with good 

connectivity to all parts of the State of Kuwait, to facilitate movement and accelerate development 

processes. However, even with construction delays, the traffic congestion and housing shortage 

issues will be better compared to the business-as-usual scenario of infilling and expansion of the 

existing urban areas  [52,53]. In fact, while the urban plan has identified 12 cities in the period from 

2005-2030 (Figs. 5 and 7), some site selection criteria appear ambiguous, or rather the problems 

that occur in the cities of Al-Mutlaa and Sabah Al-Ahmad suggest that there are major 

shortcomings in current urban planning strategies. 

This study’s proposed urban plan is based on 12 criteria (Tables 3 and 4), and within each 

criterion, the country is divided into four sectors (unsuitable - low suitable - moderate suitable – 

high suitable), with some criteria given high values because of their proven impact (e.g., 

geomorphology, geology, soil productivity, air quality, and runoff). This is due to the importance 

of these factors in the State of Kuwait’s urban planning efforts for the year 2050, so that the State 

can better avoid many potential future problems brought on by poor urban planning that would 

negatively affect both the State’s and people’s futures. Establishing new cities as urban growth 

form in Kuwait. Specifically, assuming that the construction of new cities is completed without 

delays and according to the initial master plan, the results indicate a reduction of 60% in traffic 

congestion compared to 2015 levels and no housing shortage before 2050 [53]. 
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                      Fig 7. Proposed cities and urban settlements 2005-2030 

 

On top of socioeconomic characteristics usually prioritized by decision makers, physical 

and environmental factors should also play a fundamental role in the site selection of a 

development plan. The State of Kuwait, with no exception, has environmental inputs that cannot 

be ignored in the site selection processes [4]. Urban planning based on engineering without 

considering environmental implications/biodiversity, geomorphology, and spatial modeling are no 

longer as suitable as they were in the past. Through multi-criteria spatial modeling, producing 

urban plans that achieve the goal of sustainable development – inclusive of any factors that 

influence and ensure the preservation of environmental diversity – remains possible. Additionally, 

numerous environmental changes have occurred in Kuwait cities over the last two decades, and 

these should be considered when moving forward with any type of plan [4]. Tables 3 and 4 show 

the data source and setting that leads to environmental geomorphology modeling, while figure 8 

displays the results: areas suitable for building future cities with high and moderate potential 

constitute 9837 km2 (57.6%) of Kuwait’s total land area. Moreover, the results of applying the 

model to city sites in Kuwait indicate that: 
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 Some cities have a good location, and some need adjustment (see fig 7 and 8). For example, 

the city of Sabah Al-Ahmad faces various environmental problems resulting from poor 

geomorphologic information. It was built on an area of sabkha and lies at the end of the 

range of fine sand deposits, and in winter, it is exposed to the dangers of flash flooding. 

 The cities located in the north represent stable areas because they the least exposed to 

geomorphological-environmental problems due to the availability of several factors such 

as air quality, sediments, elevation/topography, and distance from the dangers of sand 

encroachment and flash flooding.  

 Failaka Island represents a more appropriate building site compared to Boubyan Island, as 

Boubyan hosts a large spread of sabkha, and would require multiple soil treatments and 

further environmental improvements before a city could be safely built. 

 The city of Al-Mutlaa faces many problems due to the sediments of the dry valleys located 

in it and the instability of the soil, as it is bordered on the west by a valley of the fifth rank, 

which poses a threat to it. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 8. The most suitable areas for the proposed urban plan.             
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5. Conclusion and Recommendations  

Based on the framework put forth in this study, the future of urbanization in the State of 

Kuwait should include a geomorphological and environmental perspective, because urban 

environmental quality is one of the key factors determining the quality of life of urban residents 

[54]. Thus, developing tools to help decision-makers prioritize environmental improvement efforts 

is crucial for promoting more equitable and sustainable cities [55]. Integrating  Environmental 

Analytical Hierarchical Process (EAHP) and GIS- Suitability modeling offers a new vision for 

urban planning. Out of Kuwait’s 17,818 km² of total land area, only 57  %, was found as “suitable” 

area for development (“High” and “Moderate”, Fig. 8).  Based on the EAHP and GIS data then, 

this study offers several recommendations: 

 The sites of Sabah Al-Ahmad and Al-Mutlaa are not adequate according to environmental 

standards. Specifically, we recommend at least two separate systems to drain storm water 

– one surficial and one underground – so when the infrastructure faces increased rain, as 

happened in the winter of 2018 and 2020, it will not inundate the city or wreak havoc on 

construction, roads, and traffic. Thus, there is an urgent need to manage and store rainwater 

in desert and urban area. 

 The soil map in Kuwait indicates 28% of its land area is suitable for agriculture if water is 

available. Owing to this, finding a way to adequately capture rainwater and/or treat sewage 

to provide water for agriculture should be a consideration in future development of those 

potential agricultural regions. 

 The metropolitan area and some new cities suffer from the danger of sea level rise in some 

of their areas, where 58% are threatened by flooding operations during the current century 

[56], which requires setting a clear vision and practical solutions to confront the problem. 

 Sand encroachment problems resulted from construction projects occurring in the pathway 

of migrating sands. Therefore, planning for future projects should consider the nature of 

aeolian sediment transport, avoiding as much as possible areas of creeping sands, and 

utilizing passive control measures. If active control measures are required, it should be 

preceded by a thorough impact assessment [57].  

 Creation of an early warning system to deal with natural disasters and urban problems, as 

the city of Al-Jahra declared a natural disaster area in 1997 and the city of Sabah Al-

Ahmad did the same in 2018. 
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Given that changes in regional and global climate regimes remain inevitable, hazards such 

as those previously experienced will only continue to occur, revealing (current) infrastructure 

shortcomings in the State of Kuwait. Such devastating natural occurrences are only exacerbated 

by Kuwait’s increasing (urban) population, small areal extent, and susceptibility to phenomena 

like sea level rise, flooding from extreme precipitation events, sinkholes, and other hazards (cf., 

Fig 6). Yet these types of traumatic and costly events can be alleviated by conducting more 

thorough assessments of the environment and land use. Utilization of an integrated yet multi-

pronged spatial analyses that take into account various geomorphological characteristics, such as 

EAHP modelling via GIS outlined in this paper, can be one straightforward way to enhance the 

Vision 2035 goals while also helping potentially mitigate future threats and vulnerabilities.  
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