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Abstract:



This paper discusses the driving forces (DFs) of informal urbanization (IU) in the greater Cairo metropolitan region (GCMR) using the Analytic Hierarchy Process (AHP). The IU patterns in the GCMR have been extremely influenced by seven DFs: geographical characteristics, availability of life facilities, economic incentives, land demand and supply, population increase, administrative function, and development plans. This research found that these forces vary significantly in how they influence urban growth in the three study sectors, namely, the middle, north, and south areas in the western part of the GCMR. The forces with the highest influence were economic incentives in the middle sector, population increase in the north sector, and the administrative function in the south sector. Due to the lower availability of buildable land in the middle sector, the land demand and supply force had a lesser influence in this sector compared to in the north and south sectors. The development plans force had medium influence in all sectors. The geographical characteristics force had little influence in both the middle and the north sectors, but higher influence than economic incentives, availability of life facilities, and development plans in the south sector. Because of the spatial variances in life facilities organizations in the GCMR, the life facilities availability force had little effect on IU in the south sector.
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1. Introduction


More than 50% of the world’s population is expected to live in urban areas by 2020 [1,2]. In addition, the world population is expected to rise from 3.6 billion in 2011 to 6.3 billion in 2050. Presently, there are 23 megacities globally hosting 9.9% of the world’s urban population, and they will increase to 37 by 2050, hosting 13.6% of the world’s urban population [1,2]. As urban surfaces cover 3%–5% of Earth’s total land surface [3], the environmental impacts of urbanization have become a major concern around the world [2]. Urbanization is a widespread anthropogenic cause of loss of arable land [4], habitat destruction [5], and decline in natural vegetation cover. It has severe effects on local ecosystems [6], causes the urban heat island phenomenon [7], consumes valuable productive arable land [4], results in loss of habitat and biodiversity [8], and also causes global effects such as climate change [9,10,11].



Urbanization is often characterized by severe changes that directly affect the human environment and are accompanied by highly negative influences on the global carbon cycle, such as an increase in atmospheric CO2 [12,13]. Moreover, the absence of proper urban plans in developing countries to deal with this dilemma has caused several additional problems such as inadequate housing supply, haphazard development, urban poverty, and inequity of land supply, which lead to the rapid emergence of slums and unplanned urban areas [13].



In Egypt, rapid urbanization had been witnessed over the past three decades, notwithstanding governmental attempts to reduce it. The urban population in Egypt had increased from less than 10% at the onset of the 20th century to more than 45% by the end of the 20th century. The annual growth rate of the urban population is estimated to be 2.2% until 2050—surpassing the existing 1.8% annual growth rate of the rural and urban population [14,15]. The current population of the greater Cairo metropolitan region (GCMR) is estimated at 17 million inhabitants, which corresponds to nearly a quarter of Egypt’s population of 72,798 million inhabitants in 2006, and about half of the country’s population lives in cities. Currently, the population of the GCMR (Figure 1) is estimated to grow at nearly 2.0% per annum. However, the labor force will grow by over 3.0% annually, because 33% of the total population in the GCMR is under 15 years old and expected to reach working age during the current decade. The sex ratio for Cairo is precisely the same as that of the entire country (48.8% of inhabitants are female).


Figure 1. Location of study area. (A) Location of Cairo within Egypt; (B) location of study sectors within Cairo; and (C) study sectors.
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The population of today’s GCMR has grown since 1950 to be 2.4 million in 1975, 6.4 million in 1986, 12.5 million in 1996, and 17 million in 2006 [16]. The metropolis’s informal urbanization (IU) is supported by a natural increase and the amalgamation of rural populations. In the GCMR, more than seven million inhabitants dwell in informal areas; 80% are living on privately owned arable land [14,15,16,17]. The informal urbanized areas have expanded particularly on private arable land and, less customarily, on publicly owned desert land. By 2025, around 50% of Egypt’s urban population is anticipated to dwell in informal areas [14,15,16,17]. During the mid-1980s, the region’s population grew at a rate of 2.6% annually [18]. A study using satellite images detected that the surface area covered by IU in the GCMR between 1991 and 1998 grew by 3.4% per annum, while the population living in the informal areas grew by 3.2% per annum (200,000 people per annum). On the other hand, between 1986 and 1996, the population growth rate of IU areas was 3.4% per year compared to the official estimate of 0.3% annually [19,20]. Moreover, it has been estimated that more than 1.5 million acres of arable lands have been wasted in Egypt because of the IU activities over the last 30 years [19,20].



In order to mitigate the detrimental effects of informal urbanization on the environment and to maintain the ecosystem functioning [21], it is essential to identify the factors influencing IU in order to support urban planners, resource managers, economists, and environmentalists in solving the problems associated with this phenomenon [2,22,23,24]. Therefore, this paper seeks to investigate the driving forces (DFs) of IU in the western part of the GCMR from 2004 to 2013 using the Analytic Hierarchy Process (AHP). It is crucial to study and understand the nature of the IU phenomenon to stop its negative consequences on land resources and on quality of life in the GCMR, which shelters half of Egypt’s urban population. The GCMR greatly needs precautions against IU to maintain its role as a capital, major political center, tourist attraction point, and major economic hub [16,25].



Modeling DFs, which comprise urban planners’ observations, and deriving a structural concept of IU procedures have been difficult for many years [26], as various forces execute various functions at various scales in a specific place. DFs are usually integrated, and it is reasonable that one force can influence diverse forces in the IU process [27], while these forces are working as indicators to grasp and quantify the nature of relationships between the IU phenomenon and its causes, which physically alter land use over urban areas. Although various methods, from probabilistic to econometric, are used to grasp the driving forces in different major highly urbanized regions such as Kathmandu, Nepal [26,28,29], the AHP method [28,30] was applied in this research to grasp the process of IU as it can be used to model municipal planners’ observations identified through a questionnaire, and it identifies accurate indices to describe the correlations amongst forces.



Urban sprawl is considered the physical outcome of the IU phenomenon, and is often the commonly used term. The IU phenomenon represents the expansion of urban areas occurring outside of the authorized urban plans [31,32]. This outgrowth, seen along the periphery of cities, along highways, and along roads connecting a city, lacks basic amenities like sewage, potable water supply, and major health services [2].



A comprehensive literature review carried out for this paper found that previous researchers have categorized DFs into two main classes, physical and socioeconomic. Physical DFs are determined by biophysical characteristics of the environment such as topography, spatial configuration, climate, soil type, and natural disturbances [33,34]. Socioeconomic DFs can be determined by the human utilization of land resources to meet life needs [33], which could be divided into four categories: political, economic, cultural, and technological DFs [34]. Typically these DF categories are not clearly separable; for example, political and economic DFs are closely interrelated with political steering of economic mechanisms. However, previous studies have identified the main DFs of IU in developing countries based on several case studies [22,35]. Several DFs such as land market and landholder speculation, local government’s willingness to lease land as a result of new tax revenue regulations, decentralization process after economic reforms in developing countries, population growth, increase in demand for housing space, construction demand for new development zones, demographic changes, foreign direct investment, transition of land-use regulations, rise in urban residents’ income, the gradual monetization of housing distribution, rapid economic development, and shortcomings of land management system [35,36,37,38] can be observed in multiple studies.



On the other hand, AHP is widely used in the area of urban planning studies; for example, AHP is widely applied in landscape planning and assessment research [39,40], and site suitability analysis research [41,42,43,44]. In recent studies, AHP was applied to identify land-use suitability and to deal with the problems of preference acquisition [45], synthesis, and inconsistent diagnosis that were not completely solved by the Saaty’s AHP method. AHP has also been used in the following studies: a demonstration of the use of a PLUS method for a greenway suitability analysis in central Arizona was performed by AHP [46], applying AHP in developing a multi-criteria decision-making method to define parameter values for CA simulation empirically [47], applying AHP methodology as a combined cost-benefits analysis and environmental assessment for a petroleum pipeline project [48], and creating a development-suitability map for the geo-environment around megacities [49,50]. Therefore, we applied the AHP method in this research to identify the weights of DFs in the GCMR.




2. Informal Urbanization in the Greater Cairo Region


As shown in Figure 2 which was prepared by the authors using Landsat satellite data, the urban area influenced by IU in our study area has increased by 135.34% between 1984 and 2013. During the period 2004–2013, the IU-influenced area increased by 44.47% while the rate of formal urbanization in the GCMR was only 13%. Informal areas, as a physical outcome of IU, were manifested in the GCMR and other major Egyptian cities during the 1960s. Land development has been out of control and the land used for construction has kept growing rapidly, particularly in peripheral areas. In the past three decades, IU has had serious impacts on agricultural lands. Scattered development and sprawling growth were persistent during that period, which hindered the Egyptian development process, and it was difficult to keep urbanization under control [14,17,51,52]. Lately, the unfavorable influences of informal areas have become more visible, and the concerned government has started to research solutions to IU. The estimated amount of arable land lost to IU since 1980 is around 1.5 million acres [15,52]. This is equal to an annual decline of 0.6% of Egypt’s total arable lands, which are considered among the world’s most productive lands. This tendency is estimated to continue for the next 50 years. Between 1980 and 2025, around 50% of Egypt’s arable lands will be converted into informal urban areas [53]. The value of arable land converted to informal areas was estimated at $46.2 billion, in addition to $63.1 billion as costs for the informal buildings [53].


Figure 2. Informal urbanization in the study area, 1984–2013.
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3. Methods


3.1. Research Area


Cairo is surrounded by desert hills to both the east and west, and agricultural lands to the north and south (Figure 1). Historic Cairo (i.e., pre-1860) was limited to the higher ground near the eastern hills. The GCMR consists of the entire Cairo Governorate and the urban areas of Giza Governorate (west of the Nile) and Qaliubia Governorate (north of Cairo Governorate). Governorates are the major areas of municipal administration in Egypt, and there are no macro-administrative divisions in the GCMR administrative structure. There are public service authorities (e.g., public transport, water, and wastewater) that cover the whole GCMR. For urban planning purposes, the “Cairo region” has been placed in the national-level General Organization for Physical Planning (GOPP). The GCMR is not only the political capital of Egypt but also its service, social, economic, and administrative hub. For most business and day-to-day governance, administration in the GCMR is controlled by the three governorates and their executive districts accordingly: Cairo is the urban governorate with 26 districts, Giza is the rural governorate with five districts in addition to outer administrative villages, and Qaliubia is the rural governorate with two districts in the Shubra El Kheima area, in addition to outer administrative villages. In this paper, the western part of the GCMR is selected as a case study due to its sub-spatial sprawl in the last three decades (Figure 2). To improve the analysis outputs, we divided the study area into more specific sub-sectors based on their unique internal and homogenous characteristics. Based on urban density, population numbers, connectivity to the GCMR metropolitan transportation network, and rate of IU during the last 30 years, we used three urban sectors (north, middle, and south) in this study, as shown in Figure 1.




3.2. Identifying Driving Forces (DF)


Generally, IU that leads to land-use alterations is an outcome of the synthesis of structural forces related to the needs, technological assimilation, social interactions influencing needs and assimilation, and eventually depletion of the environment. There is no global set of DFs for consideration. Although identical DFs have been identified in diverse studies, the degree to which they share in terrain change varies [27].



Residents, government plans, land patterns, terrain, and availability often cause variances in the DFs’ influence on IU. In the study area, similarity between these DFs was observed. Residents’ attitudes and interactions with the neighboring environment over time have led to prominent alterations in the region’s terrain. Consequently, the researcher interviewed local residents, researchers, urban and regional planners, and academics working in various knowledge backgrounds as they may be familiar with the changing urban environment and be able to provide reasons for the change from various perspectives. Discussion groups, interviews, and investigation of previous studies conducted during the fieldwork (April–August 2012) provided the key data for understanding the DFs of IU in the previous decade. The structure of these data was studied for the extraction of seven exemplary forces, extending from physical to socioeconomic DFs (Table 1).



Table 1. Sample of responses to the informal urbanization driving forces in Cairo.







	
Driving Factors

	
Descrition






	
Administrative function

	
Cairo, as a capital of Egypt, is the head of the administrative and political system in Egypt. In previously socialist countries like Egypt, high administrative function means more facilities, jobs, business opportunities, and an easier life. A higher administrative rank leads to more facilities, so the capital is the best place to live, the city is more attractive than native villages, and small villages are the worst place to live.




	
Population increase

	
High population growth (2.2%/year) in the region puts more pressure on finite potentials by asking for more life facilities, eventually resulting in land use alterations.




	
Economic incentives

	
Cairo, as a prime economic center of Egypt, identifies diverse high-paying business and job opportunities in the medical, educational, tourism, financial, manufacture, and commercial sectors.




	
Availability of life facilities

	
The facilities and services obtainable in the region are potable water, medical services, electricity, transportation, entertainment facilities, commercial, waste disposal, and education. The concentration of these facilities may vary by place.




	
Development plans

	
The efficaciousness of zoning, land improvements, land integration, pilot land projects, economic and exploitation plans of the government was investigated.




	
Geographical characteristics

	
Geographical location characteristics as nearest to centers, regional roads, the Nile river, etc.; soils and topography are executing a role in IU and land use alterations.




	
Land demand and supply

	
Land speculators, real estate contractors, and local residents in Cairo are very active in acquiring undeveloped land, then developing the land and offering it on the real estate market.










A group of questionnaires within the AHP settings was developed. In that questionnaire, the respondents assigned the relative significance of each force with regard to the others; for instance, the significance of geographical characteristics with respect to the availability of facilities, economic incentives, land demand and supply, population increase, the administrative function in Egypt, and development plans. An extra choice (other) was included in the questionnaires to allow respondents to enter an additional DF that may be significant. Three sets of the same questionnaires were distributed to each respondent, so as to obtain answers for each study area. The three study areas were introduced to the participating residents by maps. The participating residents were requested to assess the DFs for each sector.



The potential respondents were identified based on several criteria: have at least a bachelor’s degree, be a long-term resident with interactions in the region, and have awareness about land-use changes. A large number of interviewees from various localities in the study area with a wide range of expertise and academic backgrounds responded to the questionnaires (Figure 3 and Figure 4).


Figure 3. Respondents’ specializations.
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Figure 4. Respondents’ academic degrees.
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Educated people represent 22% of the total population in our study area [54], belonging to all strata of society. The original citizens of the area were all less educated than the newer inhabitants. Immigrants are mostly educated people who are searching for a good job suitable to their competitive skills in the capital city. Less educated people cannot be permanent residents because they cannot get permanent jobs. They mainly come to the city as temporary workers and they leave their families in their original urban areas. Thus, this questionnaire is focusing mainly on educated residents. By applying a similar study method to [28,55], we investigated 94 respondents in each study sector. As shown in Figure 4, 18% of the investigated residents had a master’s degree, while the others had a PhD (6%) or a bachelor’s degree (76%). The information identified by these residents who have various specializations is analyzed to identify DFs. This method has enabled us to identify hidden and real DFs of IU with their accurate weights, as judged by local experts, who have enough experience of living in such informal urbanized areas and specialized knowledge of a discipline.



The following provides samples of the answers received to our questionnaire: How did you know about this place? (relatives, friends, land broker, the media, others), Why did you choose this place? (inherited land, urban facilities, business, employment, land value, public safety, other), current land-use (residential, commercial, industrial, other), state of the land before the present use was built (agricultural land, desert, old house, other), and Please choose one or more from the following indicators as land-use change forces and then write between brackets the strength of each selected force (equal, moderate, strong, very strong, extreme): (administrative Function, population increase, economic incentives, availability of facilities, development plans, geographical characteristics, land demand and supply, other).




3.3. Modeling the Driving Forces: The AHP Framework


3.3.1. Analytic Hierarchy Process (AHP)


The AHP is a resilient yet organized methodology for examining and resolving complex issues by organizing criteria into a hierarchical framework [30]. The AHP procedure is applied for rating a set of choices or for identifying the best in a set of choices. The rating is carried out with regard to an inclusive aim, which was distributed into a set of standards. The AHP procedure includes four major steps: evolving the AHP hierarchy, specifying pairwise differentiation module, counting consistency ratio, and calculating the definitive significance.




3.3.2. Evolving the AHP Hierarchy


The first step in the AHP system is to analyze the set of choices into a hierarchy that comprises the most significant components among the choices. In evolving a hierarchy, the top scale is the definitive aim of the resolution at hand. The hierarchy then inclines from the common aim to the most specific components of the problem until a scale of attributes is extended. Despite the fact that a hierarchical structure usually comprises aim, objectives, attributes, and choices, a set of components related to a specific problem and various synthesis of these components can be utilized to understand the problem [30]. In this research, an exemplary four-level hierarchy of aim, objectives, attributes, and choices has been investigated to depict the spatial AHP system.



The set of m choices is indicated here by Ai for I = 1, 2, …, m. The choices are to be assessed with regard to a set of p goals Ok for q = 1, 2, …, p. The goals are gauged in terms of the attributes. Consequently, there is a set of n features, Cj for j = 1, 2, …, n, related to the p goals. A subset of features related to q, the objective, is indicated by Ck(q) for k = 1, 2, ……, l; l ≤ n. To refer to the significance of the standards, two sets of significance, Wq = (w1, w2, wp) and Wk(q) ¼ (w1(q), w2(q), ……, wi(q)), are allocated to the goals and features, respectively.




3.3.3. Specifying the Pairwise Differentiation Module


In AHP, the significance of the standards is gauged severally for each hierarchical scale. The AHP specifies a pairwise differentiation module for each hierarchical scale. Rating the standards of the identical scales over each other outlines these differentiation modules. Experts define the rating for standards by evaluating each standard over the other after investigating their significance to the problem [30,56]. First, the research developed a method to summarize unstructured verbal responses into categories to help decision-makers in determining the rates of the standards (Table 1). The assessment extends from equality to extreme significance of one force over another. These rates are identical to the odd-numbered numerical assessments between 1 and 9 with some moderate even-numbered rates in between [57]. If the components of the pairwise differentiation ratios are identified with aij, which refers to the significance of ith force over jth, then aji can be gauged as 1 = aij [58].




3.3.4. Counting Consistency Ratio


In order to identify the consistency of the subjective rating, a consistency ratio is counted for each pairwise differentiation module. A module is called consistent if and only if aik × akj = aij, where aij is the ij th element of the module [59]. In problems with a considerable number of criteria, introducing subjective assessments commonly leads to modules that are not perfectly consistent. A gauge of the consistency of a module is calculated by the consistency ratio (CR). The definitive consistency ratio is evaluated by matching the CI with a random index (RI) relying on the number of components being assessed, CR = CI/RI (Table 2). RI is the consistency index of an indiscriminately produced pairwise differentiation module [43]. The proportion refers to a sensible scale of consistency in the pairwise differentiation if CR < 0.10. If CR ≥ 0.10, the rates of the ratio refer to incompatible assessments.



Table 2. Scales in pairwise differentiations [30].







	
Intensity of Significance

	
Verbal Assessment of Preference






	
1

	
Equal significance




	
3

	
Moderate significance




	
5

	
Strong significance




	
7

	
Very strong significance




	
9

	
Extreme significance




	
2, 4, 6, 8

	
Moderate rates between adjacent scale rates











3.3.5. Calculating the Definitive Weights


A large set of methods could be applied to compute the definitive correlative significance of each criterion. In this study, we applied the lambda max and the geometric mean mechanisms due to their high efficiency in such case studies [60]. In order to obtain the definitive significance by the lambda max mechanism, a vector of significance is outlined as the standardized eigenvector identical to the greatest eigenvalue. To facilitate computing eigenvectors in the lambda max mechanism, and evolving the approximation of the eigenvector related to the maximum eigenvalue [60]. In this system, standardized pairwise significance is gauged by separating each pairwise weight by the sum of pairwise significance in each column. Then the arithmetic average of each row of the standardized module submits the correlative weight of the identical standard or choice. The accuracy of this approximation is escalated when the pairwise differentiation module has a small consistency ratio.



In the geometric mean mechanism, the geometric average of each row of the pairwise differentiation module is first calculated as:
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where aij are the differentiation ratios and n is a number of the standards. Then, by using the subsequent formula, the significance of each standard is gauged:
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Previous related papers [61] have contained some studies about the advantages of utilizing the lambda max or the geometric mean mechanisms. Moreover, measuring the eigenvector is problematic every so often in the lambda max method, and a solution cannot be made by choosing one criterion over another. Crawford & Williams, 1985 [62] prioritized utilizing the geometric mean instead of the lambda max, while J. Barzilai, 1997 [63] believed that the geometric mean is the only reasonable method for the problem of deriving significance from pairwise differentiations in the AHP. In the case of a consistent pairwise differentiation module, the geometric mean method consistently generates the same significance as the lambda max mechanism. Also, if n = 3 (n is a number of standards), then both processes produce the same significance; and when n > 3 the outcomes for the significance in both processes are relative [59].



AHP-based fieldwork data modeling settings (Figure 5) were evolved to assess the DFs of IU in the region for the previous decade.


Figure 5. Model of the driving forces in the AHP method.
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A total of 94 samples were evolved for each study sector. The samples from each urban area were linearly integrated using a geometric mean. The geometric mean is utilized for the data in this stage, which are obtained from correlative assessments. As per the AHP model, mutual calculation, rate equalization, major vector significance calculation, and consistency assessments were implemented for each study sector. The forecasting outputs in all study structural sectors are accomplished by a consistency ratio (CR) of 0.007–0.009, which is better than the maximum reasonable (≤0.1) domain [30]. The definitive scores of the DFs were scaled to 0–100 for simpler preformation. The outputs are explained by structural urban areas. Moreover, the DFs are sorted from 1st to 7th (from the lowest to the highest influence) and submitted in a radar chart to explain the correlations among the forces for IU in the Cairo region.






4. Results


4.1. Driving Forces in Middle Sector


Figure 6 presents the weight of each driving force influencing IU in the middle sector. The economic incentives force, with a weight of 28.2, has the highest influence on the IU process in the area because major commercial and governmental foundations are restricted to the middle sector [20,64]. Therefore, most of the land in this area is usually converted into these types of uses. These foundations have generated various types of jobs that attract considerable population numbers, which is indirectly related to the population increase force, which is the second major force in the sector (2.17). Nearly equal functions are observed in availability of life facilities (18.4) and the administrative function (14.1). Roads, hospitals, parks, educational institutions, and head offices of the major governmental establishments are established in this sector. The middle sector is congested and the land is comparatively expensive. Land for development is only available for businesspeople or for commercial organizations. Consequently, in the middle sector, the land demand and supply force (8.5) is not as significant in altering the terrain as the aforesaid forces. The development plans force has a weight of (5.7) for the previous decade because the terrain in the middle sector is already well developed or limited to renovation schemes. The geographical characteristics of the land showed a feeble effect compared to all other forces. This is because most of the land in the middle sector is flat and was transformed into built-up surfaces previously or by other DFs.


Figure 6. Driving forces influences in the study sectors.
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4.2. Driving Forces in the North Sector


Figure 6 shows the quantified outputs of the DFs for alteration in terrain in the north sector. Interestingly, the population increase force has a weight of 22.1, which is the highest in all the study sectors. The north sector has both urban and rural lifestyles. Consequently, it might be a good place for residents from both groups. Firstly, the north sector comprises a plurality of residents who have transformed their land. Secondly, the land is relatively moderate compared to that in the middle sector [64,65]. Diverse investors and workers choose the north sector area to host their business sites [25,65]. That has promoted a significant population increase by accelerating the demand for urban services that eventually change the terrain.



The land demand and supply force, with a weight of 14.5, is the second major IU force in this area. The fieldwork detected that local residents, land speculators, and real estate developers are very active in the land development process. First, real estate contractors acquire the land from one or more local residents based on the land plot size and availability for sale, and construct housing or sell the land to clients at a relatively higher price. The administrative function recorded 16.7 points and economic incentives recorded 16.5 points, making them the third and fourth major functions, with only a small variance in their significance, while the availability of life facilities achieved only 14.4 points. Correlatively few educational institutions and economic incentives, and small medical centers and shops are found in the north sector. The development plans and geographical characteristics of the land received fewer than 10 points.




4.3. Driving Forces in the South Sector


Figure 6 presents the importance of the DFs in altering the rural terrain in the south sector. The administrative function scored 21.3 points, which indicates that it has a higher influence on altering the terrain than the other forces. Diverse residents who had migrated from rural areas were identified as living in the area [65]. Population increase with 17.8 points and land demand and supply with 16.2 points are the second and third most effective forces. Because of cheaper land prices in this sector compared to the north sector and middle sector, new residents have identified that there is more low-cost land in the area.



The geographical characteristics force with 14.3 points is the fourth most significant DF of rural terrain alteration in the sector. The lush soils and availability of water have attracted numerous mercantile producers, and are helpful for brick manufacture. These features may explain why the geographical characteristics force is higher than the following three forces. The economic incentives, availableness of life facilities, and development plans forces rated badly as compared with the other two sectors. Besides mining and brick-making, few major economic activities have been established in the south sector. Residents living in the south sector have minimal access to education, public transportation, and other facilities [25,65]. To use these facilities, most residents would need to go to the middle sector. There are low numbers of facilities with influence on the alteration of urbanization procedures in the sector. Currently, some planned residential zones are being evolved as private projects of local contractors, but their impact is small. Consequently, the residents who participated in this study felt that the development plans force has a low influence on land use changes.





5. Discussion


The alterations in the spatial patterns due to IU in the study area during the last three decades were supported by improvements in transportation networks and the accomplishment of several governmental development plans [66,67]. With the growth in residents’ knowledge and public culture, diverse DF has led to alterations to the terrain in the previous decades. Many of these forces, in various proportions, have been identified as significant in other studies. For instance, economic incentives and population growth were identified as significant DFs by [68]. Moreover, public community issues, diversity of transportation modes, neighborhood relations, municipal plans, and political, economic, cultural, technological, and structural affairs were identified to be DFs with various influences in similar studies [27,69]. Comparing our findings with similar developing countries case studies such as in the Dhaka region in Bangladesh, we noticed that the main driving forces for urbanization procedures in Dhaka were land speculation, land prices, growing demand for housing, topography, land use, transportation, economic activities, and population growth [10,11]. These drivers are similar to our findings in the GCMR, with small differences in the order of drivers’ importance.



5.1. Comparing the Driving Forces by Structural Areas


When comparing the DF outcomes by study sector in Figure 7, it is clear that the influence of the geographical characteristics force is higher in the south sector than other sectors. Considerable numbers of brick manufacturers are located in the south sector because of the suitable soil properties [25]. The geographical characteristics force is not that significant in the middle sector because of the high rate of yield. Businesspeople and investors are progressively interested in exploiting the land despite physiographic restrictions. Furthermore, other effective forces often disguise this force. For instance, due to the higher availability of facilities and the functional intricacy, the availability of facilities force had the highest influence on the south sector compared to other sectors, where most of the services are limited. Moreover, the setting up of new commercial projects was observed in neighborhoods closer to the facilities, which is a new tendency.


Figure 7. Driving forces impact ranking.
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The impact of economic incentives in the south sector is less than half that in the middle sector. The land demand and supply force has the highest influence in the south sector, closely followed by the north sector. Land in the south sector is obtained at a lesser cost for new developments or land trades, while land speculators and local people are very active in land trade in the north sector. These characteristics may describe why the land demand and supply force is relatively higher in these areas than in the middle sector.



The population increase force is more influential in altering the north sector terrain than in the middle and south sectors. Some of the native residents are active in maintaining their ancestral land. Consequently, population increase persists. Moreover, investors are attracted to the north sector areas in the GCMR for developing residential buildings. Some of the new top-class residential areas are in these north sector areas. As the population increases, demand for housing escalates. The population increase force was rated lower in the middle and south sectors.



The administrative function force in the south sector has a higher function in altering the rural terrain than in the middle and north sectors. The development plans force has the least influence in the south sector, due to the poor accomplishment of government development plans in the last three decades, as has been asserted by other studies [15,17,20].




5.2. Rating of Driving Forces by Study Sector


Figure 7 shows the DFs ranked from 1st order to 7th order. Administrative function force is the highest-ranked DF in the south sector, but it was only 5th and 4th in the north and middle sectors, respectively. This has been a significant theme for a few decades in Egypt. Through the previous three decades, considerable numbers of people in Egypt moved to the Cairo region, as it was found to be the most affordable place to work and live in Egypt. Some of the newcomers became the source of labor for the manufacturing and real estate sectors. The influence of population increase force is the 2nd most crucial DF in both the middle and south sectors with a rating of 6, and is rated 7th in the north sector. This indicates that population increase has a higher influence on terrain alteration in the north sector. The land demand and supply force looks to have the lowest rating, at 6th, 5th, and 3rd in the north, south, and middle sectors, respectively.



The geographical characteristics force had the smallest influence in the middle and north sectors, but it was rated 4th in the south sector. The economic incentives force had the top rate in the middle sector, but it was 4th and 3rd in the north and south sectors, respectively. This is because there are more business and employment opportunities in the middle sector as diverse classical residential areas in the middle sector are being converted to businesses. In contrast, this force has a lesser function in rural areas because there are fewer opportunities for investment and work.



The function of development plans is not as considerable in the study area. It is the 2nd least influential force in all of the three sectors in the study area. Residents state that government development plans have been implemented imperfectly, with no effect in altering the terrain. Because of the lack of availability of facilities in the south sector, it ranked the lowest in this sector, and with growing accessibility to the middle sector, its influence decreased, from the 3rd order in the north sector to the 5th in the middle sector.



Ultimately, economic incentives, population increase, and administrative function forces are the highest-rated forces influencing IU in the middle, north, and south sectors, respectively. As shown in Figure 7, two forces, population increase and land demand and supply, extended the 6th order. The geographical characteristics force seems to be the least influential force in the middle and north sectors, while the availability of facilities force is the least influential in the south sector.





6. Conclusions


The most important result in this paper is finding the variations in DF influences over the three study sectors of the western part of the GCMR terrain. These variations proved the need for local and separate development plans to decrease the rates of IU for each study sector. Moreover, the finding concerning the low importance of development plans over all the study sectors is significant because this force should have a highly important role in directing urbanization and hindering IU in such case studies. This might explain how IU continued at high rates between 1984 and 2013, even with the existence of several authorized development plans to manage urbanization in the GCMR. This result is not only important for the Cairo context but also for such cases in developing countries, which witness rapid IU rates although several studies and development policies work to address this dilemma. The urban policies force has lost its major role in managing urban growth by managing and directing related tools such as life facilities, economic incentives, population growth, land market, and the administration role. Based on this study’s results, the development policies force has lost its role as a tool that directs other growth forces, and has become useless since there is no relationship between the real needs of the community and the suggested governmental urban plans.



Taking into consideration municipal planners’ notes over the involvement of the local community in the procedure of assessing DFs reduced the likelihood of faults. The estimation of DFs’ functions in directing IU is a significant part of the information that will share in modeling IU to understand the likely IU process. This experimental analysis detected DFs of IU in the western part of the GCMR, which is significant for regional and urban planners in Egypt and other developing countries.



For future research, the findings of this paper about DF order will be useful in building detailed indicators for measuring and assessing the driving forces that will help decision-makers to enforce urban development plans in the GCMR.
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