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Abstract: Based on the provinces as the spatial nodes of population migration, a “Source-Flow-Sink”
analysis framework of population migration flow in Egypt was established by “Source-Sink” Theory
and Flow Field Theory to study the migration population in Egypt. It reveals the spatial pattern of
the migration population in Egypt and its flow field characteristics and provides theoretical basis
for the formulation of population development policies and regional spatial governance planning.
The results show that: (1) there are significant spatial differences in the size and rate of migration in
Egypt. In 2017, the migration population in Egypt exceeded 2.2 million in total, with a migration
rate of 2.33%, and the extreme multiple reached 80 and 12. (2) According to the spatial pattern of
geographical distribution, the Source System is divided into five types: axis type, layer type, fan
type, oblique symmetry type, and scattered jump type. There are only three types in Sink System,
namely wide area coverage type, local development type, and scattered jump type. Source Places lie
in the middle, Sink Places are symmetrical from east to west, and Exchange Places are concentrated
along the Mediterranean coast in the north of Cairo on the whole, with the initial formation of
a “core-periphery” spatial pattern. (3) The interprovincial population migration flow in Egypt is
dominated by neighborhood penetration and polarization of high-rank nodes (capitals or regional
economic centers), giving rise to 7 modes of central system spatial structures and 3 modes of pole-core
interaction. The central system of flow fields with clear priorities and the streamline channel network
with layered trunks and branches basically take shape, overall characterized by stepped runoff from
east to west, and local convection from south to north.

Keywords: source-sink; flow field; migration population; space distribution; Egypt

1. Introduction

As an important representation and carrier of regional social and economic activities,
population flow has become very common with the improvement of the level of economic
and social development and the improvement of transportation infrastructure conditions,
and it promotes the fast flow and optimization of material, capital, information, technology,
and other factors in the regional production network. Scholars at home and abroad have
paid great attention to the research on the spatial behavior of population mobility and
have made a lot of achievements in the macro pattern and micro location characteristics of
population flow and the reasons for their appearance.

The first is the tracking study of the spatial characteristics of population flow and
migration in spatial units or cities at different levels in all countries, especially China.
Yingyi Cao analyzed the Evolution Characteristics of Spatial Concentration Patterns of
Interprovincial Population Migration in China from 1985 to 2015 [1]. Cindy and Kuninori
Otsubo analyzed the spatial characteristics of interprovincial population flow in China
from 1990 to 2000 and its relationship with regional development [2,3]. Liang Zai analyzed
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the geographic pattern of the floating population in 2000 and the reasons for their migra-
tion [4,5]. Qiao Luyin analyzed the characteristics of the temporal and spatial changes of
the net floating population in counties in China from 2000 to 2010, arguing that population
mobility and agglomeration have increased significantly, and the west has already ushered
in a small-scale net inflow due to the benefit of the western development strategy as a net
outflow region for a long time [6]. Wu Jiawei studied the changes in the distribution of the
floating population in Chinese cities from 2010 to 2016 and their influencing factors, finding
that the spatial agglomeration of population mobility reached its peak in 2010, and inland
provincial capital cities and coastal cities with relatively backward economic development
have become the new concentration of floating population [7]. Wang Lucang analyzed
the temporal and spatial characteristics of the floating population in different cities and
their influencing factors, believing that the imbalances in areas of population mobility are
further intensifying, and the mobility is positively correlated with the size of the city [8].
Shenghe Liu established a method for identifying the regional types of floating population
and analyzed the spatial pattern of floating population in China [9]. Hiroto Kuninaka
analyzed the rank-size characteristics of the floating population in Japan based on Zipf’s
law [10]. Ruliang Liu built a population flow model and simulated the population flow in
Jiangxi Province based on the system dynamics [11].

The second is the empirical analysis of the interaction between the floating population
and multiple factors. According to Meifeng Zhao, the urban bus system is an important fac-
tor affecting the space distribution of the urban population, and the expansion of the urban
subway system has a greater impact on the floating population in the Beijing metropolitan
area than local residents [12]. Bayona-i-Carrasco Jordi analyzed the characteristics of com-
muting population flow in the Barcelona metropolitan area and found the obvious spatial
agglomeration effect in population mobility [13]. According to Wang Xuming, the GDP per
capita is related to the size of the floating population by a linear or power law relationship,
and the distribution of relative migration intensity is controlled by a shifted power law
relationship [14]. Shi Guang found that air pollution is transferred along with the spatial
movement of floating population [15]. Based on the example of Ukraine, Levytska Olha
analyzed the impact of the factors such as public health, education, and employment on
population migration in Eastern Europe [16].

The third is the study of the spatial and social effects of population mobility. Shi
Qiujie and Duanjun Gao analyzed the spatial pattern of the floating population in China,
believing that a new regional development model and a spatial combination with Chinese
characteristics have emerged under the influence of the floating population, which has an
great impact on the future urbanization process and regional planning in China [17,18].
Luo Jiaojiao, from the perspective of land for production and land for living, analyzed
the relationship between floating population and urban land expansion based on the
Structural Equation Model [19]. Based on the geospatial network analysis, Ruoxin Zhu
made a quantitative analysis of the population migration network in China before and
after the Spring Festival, revealing the imbalance of urban and regional development
and social perception in China [20]. Jeanty P Wilner established a spatial simultaneous
equation model between population migration and housing prices based on the data from
the Michigan census, and the analysis concluded that there is a complex spatial dependence
between the floating population and the housing prices [21].

The fourth is the analysis of the spatial dispersion characteristics of international
migration. According to Gou Wensha, the global population migration network showed
the characteristics of clustering and dispersion from 1960 to 2015, and a “core-peripheral”
hierarchical structure has come into being [22]. Jaesun Wang, based on the samples of
refugees from Africa and the Middle East having flooded into Europe, analyzed how
interpersonal relationships and life satisfaction affect immigration’s acceptance of social
policies [23]. Huete Garcia Maria Angeles analyzed the community integration policy of
Seville’s international immigrant population and developed four models of the neighbor-
hood [24].
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From the perspective of social development, the population migrates when individ-
uals or families seek a new residence place to meet their particular needs, which will
change their income and lifestyle [25], and migrants constitute an important part of the
floating population. Compared with the temporary population flow, the “flow” formed by
population migration has a higher temporal and spatial stability, and the migration is often
subject to the influence of social and political factors, such as residence, settlement, and
the schooling of children. From the perspective of geographic space, population migration
refers to the movement of people’s living location in space across the boundary of a certain
region. The spatial differentiation of population migration is an intuitive social expression
of spatial interaction between source and destination, showing regional differences in
economic levels, investment intensity, and related employment opportunities. Therefore,
population migration flow mainly refers to the geographical movement of population
across different spatial units under the positive and negative action of “potential” differ-
ence and distance resistance in economic and employment opportunities between regions,
which is the most representative population flow.

Compared with temporary population flow, the population migration flow has a space
distribution that can reflect characteristics of social and economic relations most directly
between administrative areas at different levels, and better reflect the comprehensive influ-
ence of social, economic and political factors on regional relations and the relatively stable
spatial relations developed under the long-term action. Scholars at home and abroad have
also developed a strong interest in the spatial behavior of population migration and made a
number of high-level research achievements in the field of space distribution characteristics
of the population migration and residential intention of the population migration and their
influencing factors. Taking Bari and its surrounding towns in Italy as an example, Aquilino
Mariella monitored and analyzed the space distribution of the migration population [26].
Nayef conducted a spatial simulation of population migration in Kuwait, revealing the
preference of the floating population for new cities [27]. Raymer James analyzed the source
and changes of the immigration population in Australia from 1981 to 2016 [28,29]. Liliana
Perez simulated the decision-making of new immigrants to resettle new families in Mon-
treal Island, Canada, analyzed the spatial pattern of population distribution, and applied
it to urban planning [30]. Liang Zai analyzed the changes of migration patterns in China
from 1987 to 1995 and from 2000 to 2010 and their influence [31]. Shukui Tan focused on
the urban residential intention of the floating population and its influencing factors [32].
Taking Jiangsu Province as an example, Tang Shuangshuang found that small cities have
become the second most popular destination of floating population between urban and
rural areas second following big cities [33]. According to Wang Ning, cities above the
prefecture level in China, especially large cities and megacities, have obvious advantages
in the total agglomeration of floating population, and small towns have played an active
role in agglomeration of floating population from the surrounding countryside [34]. Joan
studied the evolution characteristics of the space distribution of the migration population
in the Barcelona metropolitan area and according to the analysis based on the spatial lag
model and the spatial error model, found that family income, small-scale housing and
migrant diversity were the most important factors affecting the growth of the migration
population [35]. Carles Martori Joan analyzed the spatial segregation patterns of the mi-
gration population in the metropolitan area of Barcelona and calculated five segregation
indexes [36]. Now, the research on the distribution dynamics of population movement and
migration in Egypt has attracted much attention with a number of exploratory research
results achieved. Based on the GIS tool, Stewart quantitatively evaluated the population
density change patterns in Greater Cairo from 1986 to 1996 and analyzed the urban and
population spatial structure of Greater Cairo [37]. Barry McCormick and Jackline Wahba
analyzed the geographical inequality of return international migration in Egypt [38]. Based
on expert interviews, questionnaire survey on the migration population and statistical data
analysis of the Central Agency for Public Mobilization and Statistics, Tamer Afifi tried to
establish the relationship between Egyptian international migration and desertification
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(including soil degradation, soil salinity, soil erosion and sand dunes) [39]. With a view
that migration is a major living strategy of a family, Arouri Mohamed analyzed the push as
well as pull effects of wealth inequality on Egyptian migrants based on gravity models [40].
Dalia M. Ibrahiem analyzed the causal relationship between road energy consumption,
economic growth, urbanization and population growth in Egypt from 1980 to 2011 through
Johansen Co-Integration Method [41]. Ghada Gomaa A. Mohamed analyzed the dynamic
relationship between Egyptian population growth and economic development from 1981
to 2007 and suggested taking different measures to achieve resource balance rather than
to suppress the population growth [42]. Mohamed R. Ibrahim analyzed the selection of
the place of residence of Egyptian immigrants and its influencing factors based on the
example of Alexandria [43]. Siham Gourida took Egypt as an example to analyze the
reasons, policies and aspects of Arab immigration [44]. Ayman Zohry, from the perspective
of the immigrating country, analyzed the migrants in Egypt, mainly refugee communities,
and their social, economic, and political conditions [45]. In general, the domestic and inter-
national migration and population mobility studies in Egypt have attracted the attention
of scholars, and they have analyzed the economic and social characteristics, reasons for
migration, choice of residence, and economic and spatial effects of migrants based on a
variety of methods. However, the study on the spatial pattern and flow field characteristics
of the migration population in Egypt is still blank. Scholars and policy makers also have
little knowledge of the geographical characteristics and spatial differences of the “source-
flow-sink” of the migrant population in Egypt and its provinces, leading to the lack of
sufficient basis in making the Egyptian population development policy and regional spatial
governance planning.

Population migration is a typical spatial behavior, which plays an important role in
social and economic activities. The research on the spatial characteristics and regional
differences of population migration and the analysis of its “source-flow-sink” system in
different regions are helpful to reveal the interaction between population resources and
different economic and social spaces, and to provide scientific reference for the optimal
allocation of national population resources, to achieve the sustainable development of
population and space. Academics have now carried out exploratory analysis on the regional
population source and sink system, including Ai Tinghua’s analysis on the migration size,
migration direction and migration preference index of interprovincial floating population
in China based on the OD diagram [46]. KUMO analyzed the spatial characteristics of
interregional population migration in Russia using an origin to destination matrix [47]. To
sum up, the research on the population migration in Egypt is in the ascendant. There have
been a number of valuable research results now, but there are still some deficiencies in
these studies, such as the lack of special research on the spatial pattern of the “source-flow-
sink” system of the population migration in Egypt, and they have a weak support for the
formulation of Egypt’s population development strategic planning and spatial governance
policies. What are the characteristics of the space distribution of interprovincial migration
population in Egypt? What differences are there in the migration population flow field
between different provinces? What differences are there in the spatial pattern and regional
structure of “source-flow-sink” of population migration in different provinces? To answer
the above questions, this paper conducted an empirical research on Egypt and analyzed
the spatial characteristics of the “source-flow-sink” of the migration population in Egypt at
the provincial and economic region spatial scales based on the government census data,
which is helpful to deepen the understanding of the space distribution law of the migration
and floating population in Egypt.

2. Research Methods and Data Sources
2.1. “Source-Sink” Theory

The “Source-Sink” theory originated from environmental science and matured in the
study of landscape ecology. It asserts that there are two systems of “source” and “sink”
during the temporal and spatial change in matter and landscape. Here, “source” refers
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to the starting point and head stream of a process, and “sink” refers to the place where a
process disappears. The essence of the “Source-Sink” theory is to give a process meaning to
the landscape in the conventional sense from the perspective of spatial pattern analysis, that
is, to analyze the process law of material diffusion, evolution and digestion by analyzing
the space distribution balance of “source” and “sink” landscape or elements, to further
explore the ways and methods conducive to the regulation and control of ecological or
social processes. The “Source-Sink” theory is an important theoretical method to identify
the law of the spatial development process of matters, and now it has been widely used
in multidisciplinary study. In terms of biological sciences, Matthieu Paquet analyzed the
habitat source-sink dynamic characteristics of the farmland passerine population [48];
Kokko analyzed the impact of source-sink dynamics on the habitat use strategy of regional
organisms [49]; Sample Christine proposed a generalized modeling method to quantify the
spatial structure of the population source sink habitat system [50]. In terms of landscape
ecology science, Nicola Zaccarelli analyzed the Source/Sink Patterns of Disturbance and
Cross-Scale Mismatches in a Panarchy of Social-Ecological Landscapes [51]; Ruiming Ma
and Pramanik evaluated the urban heat island landscape patterns of Shenzhen, China
and Delhi, India based on the “Source-Sink” theory respectively [52,53]. In terms of
environmental science, Zhang X, Jiang Mengzhen and Xin Zhang analyzed the source-sink
landscape pattern of non-point source pollution [54–56]. In terms of resource science, Wei
Huang analyzed the grain source-sink system of prefecture level cities in China [57]; Wu
X D analyzed the source-sink system of the world’s arable land [58]; Wu X F analyzed
the source and sink systems of world crude oil and coal supply chain [59,60]. In terms
of transportation and tourism science, Wu Tong evaluated the landscape pattern of the
area around Xiamen’s main roads (within 1 km) based on the source-sink landscape
influence [61]; Liu Yuliu conducted an identification analysis of the taxi traffic source-sink
regions in Shanghai [62]; Qiushi Gu analyzed and mapped the source and sink of the
regional tourist flow [63]. In terms of land use science, Felzer Benjamin S. analyzed the
source-sink patterns of land use and land cover changes in the United States since 1700 [64];
Qin Menglin analyzed changes in the spatial structure of carbon sources and carbon sinks
in the urban fringe [65]. In terms of climate change, Sakalli A identified carbon sinks
and carbon sources in Europe and their impact on climate change [66]; Johnston Craig
analyzed the carbon sequestration model of global forestry sectors and its source and sink
system changes [67]. In terms of floating population and population migration, there have
been a small number of exploratory studies based on the Source-Sink theory, although
the empirical analysis is still not deep and broad enough. Kawecki Tadeusz J, Brawn
Jeffrey D, and Gundersen G analyzed the impact of source-sink dynamics on population
statistics [68–70]; Wang Yuxia [71] studied the spatial pattern of the sources and sinks of
the migration population during the Spring Festival in China.

According to Haggett, spatial structure pattern and order analysis can be decomposed
into six geometric elements, that is, motion mode, path, node, nodal level, domain and
diffusion [72]. Based on the “Source-Sink” theory and the decomposition concept of
six elements proposed by Haggett, this article establishes a spatial analysis framework
of the “source-flow-sink” of the migration population and tries to use it to explore the
regular characteristics of the space distribution and development process of population
migration. Administrative units at different levels of cities, provinces, and economic regions
are the spatial nodes of population flow and migration; population inflow and outflow
constitute the spatial movement mode of population, and the infrastructure corridors
such as roads and rivers carrying the population flow constitute the spatial constitute
the path of population migration. Floating population and migrant population interact
and disperse in space, and gradually form nodal levels and domains in geographical
distribution. In the “source-flow-sink” spatial analysis framework, “source” and “sink”
are spatial nodes with opposite population flow characteristics. According to the direction
and intensity of the population flow, spatial nodes are divided into three types: source
places, sink places, and exchange places. “Source place” refers to a geographical spatial
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unit where population outflow is greater than population inflow, which is a spatial type
of “source” promoting the development of population migration. “Sink place” refers to
a geographical spatial unit where population inflow is greater than population outflow.
It is a gathering place for accepting the floating and migration population, and a spatial
type that prevents and retards the development of population flow and migration process.
“Exchange place” specifically refers to a spatial unit with large-scale population inflow
and outflow, where the two are relatively balanced. “Flow” refers to the channel and
its network for diffusion and convergence of floating and migration population between
“source places” and “sink places”. By analyzing the game between the expansion “source
place” and the resistance “sink” and the characteristics of “flow” network by classifying
source places, sink places and exchange places based on different administrative units at
the levels of cities, provinces and economic regions as nodes, it can reveal the process of
competitive control and coverage of space by floating and migration populations, and can
couple the distribution pattern of migration population with the dynamic process, thus
providing a scientific basis for proposing effective population flow and migration control
policies, and a reference for the establishment of national and regional spatial governance
strategies and development plans.

Based on the quantitative determination of the property of Egyptian provincial nodes
according to the ratio of population immigration to emigration, the provincial nodes are
divided into three types in this paper, that is, “source places”, “sink places” and “exchange
places”. The equation for calculating the ratio of population immigration to emigration is
as follows:

Ri =
Opi
Ipi

(1)

where Ri represents the ratio of population immigration to emigration, Opi represents the
immigrant population size, and Ipi represents the emigrant population size. In an ideal
setting, Ri > 1 indicates that emigration population is larger than immigration population
in the space i (city, province, economic region), and it can be determined that i is a “source
place”, where it is more of “source” with the value of Ri growing; on the contrary, if Ri < 1,
it is determined that i is a “sink place”; Ri = 1 indicates that the emigrant population size is
equal to the immigrant population size in the space i, and it can be determined that i is an
“exchange place”; if Ri = 0, that is, Opi = 0 and Ipi 6= 0, it indicates that the population in
the space i only moves in unidirectionally with no population moving out, and it can be
determined that i is a “one-way sink place”; when Ri tends to ∞, that is, Ipi = 0 and Ipi 6=
0, it indicates that the population in the space i only moves out unidirectionally with no
population moving in, and it can be determined that i is a “one-way source place”. There
is rarely a clear distinction between “source places” and “sink places” during the actual
development, that is, it’s a rare case when Ri = 1. For the determination of an exchange
place, it is not practical to use Ri = 1 directly, so an interval value instead of a certain value
should be depended on for analysis. To improve the accuracy and applicability of the
analysis, the interval value of the index Ri for the exchange place determination should
be determined based on the actual analysis and trial calculation results of interprovincial
population migration network in Egypt. The median of Ri is 0.81 in the overall network
analysis of interprovincial population migration in Egypt, and the median of Ri in the
analysis of interprovincial population migration network is 1.36 and 1.59, respectively, in
Cairo and Alexandria, with a large migration population. To sum up, detailed criteria for
determining “source places”, “sink places”, “exchange places” and other node attributes of
the migration population in Egypt based on Ri in this paper are shown in Table 1.
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Table 1. Standards for determining the attributes of spatial nodes.

Ri Spatial Attributes Explanation

1 =0 Pure-Sink Places Population in space i only moves in
unidirectionally with no population moving out

2 <0.5 Sink Places Immigrant population size is larger than
emigrant population size in space i

3 0.5–1.5 Exchange Places
Immigrant population size is in a relative
balance with the emigrant population size in
space i

4 ≥1.5 Source Places Emigrant population size is larger than
immigrant population size in space i

5 ∞ Pure-Source Places Population in space i only moves out
unidirectionally with no population moving in

2.2. Flow Field Theory

As a physical concept originally, “field” refers to the spatial flow and distribution law
of the migration population, including the flow and direction of migration population,
and the space distribution pattern of population migration flow, when applied to the area
of population migration. The flow, that is, the total migration population, is represented
by the sum of the current and original population of a province and calculated based on
the equation Ti = Opi + Ipi. A larger flow suggests more active population migration
with a greater influence. Flow direction indicates where the migrant population moves.
It is represented by the net value of immigrants and emigrants in a province, calculated
based on the equation Ti = Opi + Ipi. Ni > 0 indicates dominance by outflow and Ni < 0
indicates by inflow. Ni = 0 indicates that the outflow and inflow are equivalent (convection)
or there is no population migration (no flow), which is a special case, extremely rare in
reality. In the flow field analysis, outflow, inflow and convection in the flow direction
correspond to source places, sink places and exchange places respectively. In space, the
movement track of the migration population from the source to the sink can be regarded as
the “path line” of the flow field, and the flow size represents the spatial influence of the
flow field.

2.3. Research Steps

The main research steps are as follows:
The first step is to download the census statistics on migration in Egypt from the

website of Central Agency for Public Mobilization and Statistics, and to carry on communi-
cation exchanges on data collection and its indexical meaning for abnormal or missing data
by email and phone. The second step is to calculate the immigrant population size and
the emigrant population size of 27 provinces and calculate the interprovincial immigrant
and emigration population sizes in Egypt at the national level by summation. The third
step is to calculate Ri of 27 provinces and in the state of Egypt based on the equation in
Section 2.1, and determine the spatial attributes of the provinces in accordance with the
parameters in Table 1, to define the source, sink, and exchange places of the migration
population. The fourth step is to project the results of the third step to the map of Egypt and
analyze the spatial pattern characteristics of the “source-sink” of the migration population
in Egypt. The fifth step is to calculate the interprovincial population migration flow in
Egypt, draw Sankey diagram and pyramid diagram, and analyze the flow direction and
flow field characteristics, to reveal the spatial pattern of population migration flow in Egypt
based on the spatial pattern of source and sink in the fourth step.

2.4. Data Sources

The data in this paper are mainly from the Statistical Yearbook-Housing, Statistical
Yearbook-Population and General Indicators, Egypt in Figures-Population published by
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the Central Agency for Public Mobilization and Statistics, and collection of migration
population and total population of all provinces in Egypt in 2017.

3. Results
3.1. Overall Analysis

There are significant differences in the migration population size and rate of migration
in Egypt. Table 2 shows that the total interprovincial migration population size in Egypt
is 2.2091 million. Cairo has the largest migration flow at over 600,000, followed by Giza,
Kalyubia, Alexandria, and Sharkia with more than 100,000, and South Sinai has the small-
est, less than 8000, with an extreme multiple (maximum/minimum) of 80. The overall
migration rate (migration population/total population) is 2.33% in Egypt. Suez and the
Red Sea have the largest value at about 9%, followed by more than 6% in South Sinai, Port
Said and Cairo, and Luxor has the smallest, only 0.72%, with an extreme multiple of 12. In
terms of the immigrant population size, Giza is the largest (about 350,000), followed by
Kalyubia and Cairo (about 200,000), and Luxor is the smallest, about 4000, with an extreme
multiple of 82. In terms of immigration rate, Red Sea is the largest (over 8%), followed
by South Sinai (over 6%) and Giza (less than 5%, mainly because of the large population
base), and Qena is the smallest, only 0.21%, with an extreme multiple of 40. In terms of the
emigrant population size, Cairo is the largest (over 400,000), followed by Alexandria, Suez,
Sharkia and Damietta (50,000–100,000), and El Wadi El Gidid is the smallest, less than 1000,
with an extreme multiple of 463. In terms of emigration rate, Suez is the largest (about 8%),
followed by Port Said and Cairo (about 5%), and Giza is the smallest, only 0.28%, with an
extreme multiple of 28.

Table 2. General analysis of population migration in Egypt.

Outflow Inflow Total Flow Total
Population

Inflow
Rate

Outflow
Rate

Migration
Rate Net Flow

Cairo 170,854 429,762 600,616 9,539,673 1.79 4.50 6.30 258,908
Alexandria 60,054 77,410 137,464 5,163,750 1.16 1.50 2.66 17,356
Port Said 7878 43,836 51,714 749,371 1.05 5.85 6.90 35,958

Suez 8841 56,817 65,658 728,180 1.21 7.80 9.02 47,976
Damietta 7658 49,805 57,463 1,496,765 0.51 3.33 3.84 42,147
Dakahlia 23,718 27,544 51,262 6,492,381 0.37 0.42 0.79 3826
Sharkia 45,591 55,238 100,829 7,163,824 0.64 0.77 1.41 9647

Kalyubia 195,685 21,660 217,345 5,627,420 3.48 0.38 3.86 −174,025
Kafr El
Sheikh 12,296 27,263 39,559 3,362,185 0.37 0.81 1.18 14,967

Gharbia 17,762 21,505 39,267 4,999,633 0.36 0.43 0.79 3743
Menoufia 19,759 25,910 45,669 4,301,601 0.46 0.60 1.06 6151

Behera 25,983 32,238 58,221 6,171,613 0.42 0.52 0.94 6255
Ismailia 24,771 9250 34,021 1,303,993 1.90 0.71 2.61 −15,521

Giza 345,874 24,243 370,117 8,632,021 4.01 0.28 4.29 −321,631
Beni-Suef 8571 22,696 31,267 3,154,100 0.27 0.72 0.99 14,125
Fayoum 11,374 30,248 41,622 3,596,954 0.32 0.84 1.16 18,874
Menia 13,187 33,208 46,395 5,497,095 0.24 0.60 0.84 20,021
Asyout 12,992 32,425 45,417 4,383,289 0.30 0.74 1.04 19,433
Suhag 14,133 35,444 49,577 4,967,409 0.28 0.71 1.00 21,311
Qena 6560 21,591 28,151 3,164,281 0.21 0.68 0.89 15,031

Aswan 7714 8505 16,219 1,473,975 0.52 0.58 1.10 791
Luxor 4207 4785 8992 1,250,209 0.34 0.38 0.72 578

Red Sea 29,422 2229 31,651 359,888 8.18 0.62 8.79 −27,193
El Wadi El

Gidid 7783 929 8712 241,247 3.23 0.39 3.61 −6854

Matrouh 7268 2070 9338 425,624 1.71 0.49 2.19 −5198
North Sinai 8491 6581 15,072 450,328 1.89 1.46 3.35 −1910
South Sinai 6140 1374 7514 102,018 6.02 1.35 7.37 −4766



Sustainability 2021, 13, 350 9 of 27

The interprovincial migration flow in Egypt is complex. The flow network composed
of multi center flow field and multi-channel streamline begins to take shape. Figure 1
shows that the interprovincial population migration is directional. The migration pairs (the
connection line between the two provinces) reflects coverage and exchange density of the
population migration flow field and provides perspective into the complexity of migration
flow network. Ideally, there should be 702 exchange pairs in 27 provinces of Egypt, but
in fact there are 658, accounting for more than 90%. The development of a migration
network is already complicated at present. The interprovincial population migration space
in Egypt has given rise to a flow field system with 3 gathering fields and 2 diffusion fields
as the center, and a migration flow network with 2 trunk streams and 8 tributaries as the
framework. The gathering field with Giza as the core and the diffusion field with Cairo as
the core constitute the first-order center of the flow field system. The gathering field with
Cairo and Kalyubia as the core and the diffusion field with Alexandria as the core constitute
the second-order center of the flow field system. The gathering field with Alexandria and
Sharkia as the core and the diffusion field with Suez, Sharkia, and Damietta as the core are
still in the process of development, only constituting a rudiment of the third-order center
of the flow field. Cairo-Kalyubia and Cairo-Giza are the “trunk streams” of interprovincial
migration in Egypt, while Cairo-Alexandria, Giza-Alexandria, Giza-Fayoum, Cairo-Suez,
Giza-Suez, Giza-Fayoum, Cairo-Sharkia, and Behera-Alexandria constitute tributaries.
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Figure 1. Analysis of population flow field in Egypt.

The “Source-Exchange-Sink” system of Egypt has taken shape, and the communities
are concentrated and contiguous in the form of cluster. Figure 2 shows that Cairo, Port
Said, Suez, Damietta, Kafr El Sheikh, Beni-Suef, Fayoum, Menia, Asyout, Suhag, and Qena
are Source Places; Kalyubia, Ismailia, Giza, Red Sea, El Wadi El Gidid, Matrouh, and South
Sinai are Sink Places; Alexandria, Dakahlia, Sharkia, Gharbia, Menoufia, Behera, Aswan,
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Luxor, and North Sinai are Exchange Places. There are no Pure-Sink Places or Pure-Source
Places. From the perspective of the quantity of regions, Source Places > Exchange Places
> Sink Places. Source Places lie in the middle, Sink Places are symmetrical from east to
west, and Exchange Places are concentrated along the Mediterranean coast in the north
of Cairo, with the initial formation of a “core-periphery” spatial pattern. Basically, with
Cairo and Suez as the sources, Source Places extend southward along the Nile River, with
the formation of continuous distribution of the source space clusters. Sink Places are
mainly in the western desert region of Egypt and in North Sinai and South Sinai that are
less developed along the Red Sea coast. They are symmetrical from east to west with
Source Places as the axis. Exchange Places are concentrated in the Cairo-Alexandria urban
corridor, excluding Cairo. It is worth noting that, limited by the total population size and
the administrative area, Aswan, North Sinai, and Luxor are small in size of both immigrant
and emigrant populations. They are Exchange Places, but far from mature development.
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3.2. Source System: Source Places and Pure-Source Places

The development level of Source System varies greatly in the provinces of Egypt. The
spatial patterns of geographical distribution can be divided into five types, that is, axis
type, layer type, fan type, oblique symmetry type and scattered jump type. Figure 3 shows
that Port Said, Suez, Damietta, and Suhag have a very narrow geographic distribution
range for the Source System with population migration limited to a few regions, immature
in development. Red Sea, El Wadi, El Gidid, Matrouh, North Sinai, and South Sinai have a
very wide geographical distribution range for the Source System with a large population
moving to the hinterland, mature in development. The rest provinces have moderate
geographic coverage for the Source System with striking spatial distribution characteristics,
and they are also in a good state of development, especially Kalyubia, Ismailia, and Giza.
The axis type covers Cairo, Dakahlia, Gharbia, and Luxor, and they extend southward along
the Nile coastal provinces with the North Sinai-Suez-North Upper Egypt corridor as the
principal axis. The layer type covers Kalyubia, Ismailia and Giza, and they overflow around
with themselves as the center and extend southward along the Nile coastal provinces, in
a shape of “tadpole”. According to the development level, the fan type pattern can be
divided into two subgroups: single-side double-fan ring and north-south symmetrical
double sector. Alexandria and Behera have developed single-side double-fan ring, while
Sharkia and Menoufia have developed into north-south symmetrical double sector. Menia,
Beni-Suef, and Fayoum are also in the north-south symmetrical double sector pattern, but
low in the development level with discontinuous spatial distribution of Source Places. The
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oblique symmetry type covers Aswan, Red Sea, El Wadi El Gidid, Matrouh, North Sinai,
South Sinai, Source Places, and Pure-Source Places, and they penetrate into the neighboring
provinces and expand geographical coverage with the province at the longest distance
diagonally as the origin. Port Said, Suez, Damietta, Suhag, Qena, Asyout, and Kafr El
Sheikh are of the scattered jump type.Sustainability 2021, 13, x FOR PEER REVIEW 12 of 28 
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Pure-Source Places nodes are found in about 52% of the provinces in Egypt. Lagging
economic development, small population size (large desert provinces or small provinces
along the Nile River), and certain security risks (Sinai Peninsula region) are common
characteristics for judging provinces as Pure-Source Places. Figure 3 shows North Sinai
has become the Pure-Source Places common to Port Said, Suez, Damietta, Kalyubia, Beni-
Suef, Fayoum, Qena and Aswan. Luxor, Red Sea, El Wadi El Gidid, Matrouh, North
Sinai and South Sinai have multiple Pure-Source Places, and the geographical distribution
is characterized by oblique symmetry, which is closely related to spatial distance and
development level. Pure-Source Places of Luxor include Port Said, Kafr El Sheikh, and
North Sinai in northern Egypt, the provinces furthest from Luxor. Pure-Source Places
of El Wadi El Gidid have a larger geographic coverage compared with Red Sea, but
the two-share similar spatial patterns, as both of them are concentrated in the northeast
and northwest of Egypt, generally the provinces furthest away from them with lagging
economic development. Pure-Source Places of Matrouh are densely in the northeast and
southwest of Egypt, including Kafr El Sheikh, Menoufia, Behera, Beni-Suef, Fayoum,
Aswan, Luxor, Matrouh, North Sinai, and South Sinai. Pure-Source Places of North Sinai
are mainly in the southwest of Egypt, mainly in the desert provinces farthest from it or
provinces along the Nile River with a small administrative area, including all the provinces
in Central Upper Egypt and the regions along the Nile in South Upper Egypt. Pure-Source
Places of South Sinai have the largest coverage, including all provinces in Central Upper
Egypt and North Upper Egypt, as well as Matrouh province.

3.3. Sink System: Sink Places and Pure-Sink Places

The development level of Sink System also varies greatly in the provinces of Egypt.
The spatial patterns of geographical distribution can be divided into three types, that is,
wide area coverage type, local development type and scattered jump type. Figure 3 shows
that the wide area coverage type covers Alexandria, Port Said, Suez, Damietta, Kafr El
Sheikh, Gharbia, Menoufia, Behera, Beni-Suef, Fayoum, Dakahlia, Asyout, Suhag, and
Qena with more optional regions for the population to move out, mature in development.
The local development type covers Sharkia, Menia, Aswan, and Luxor. The emigration
places are mainly in the western desert region of Egypt and along the coast of the Red Sea
in the east, with more concentrated spatial distribution, and they are also in a good state of
development. The scattered jump type covers Cairo, Ismailia, Kalyubia, Giza, Matrouh,
North Sinai, and South Sinai, which are scattered about in space and poorly developed
with a small number of sinks. It is worth noting that there are no Sink Places in the Red Sea
or El Wadi El Gidid.

There are Pure-Sink Places nodes in about 48% of the provinces in Egypt, which are
mainly located outside the Nile Valley. Figure 3 shows that the Red Sea is a Pure-Sink Place
of Damietta and Matrouh at the same time; El Wadi El Gidid is a Pure-Sink Place of Kafr
El Sheikh, Menoufia and Behera at the same time; Pure-Sink Places of Asyout and Menia
are North Sinai and South Sinai, respectively. For provinces with many Pure-Sink Places,
Beni-Suef, Luxor, and Aswan have a small number and they are scattered. Port Said and
North Sinai have a similar spatial structure, and they are in a spatial pattern along the
northwest-southeast axis.

3.4. Exchange Places

Cairo and Menia have a large number of Exchange Places, which are concentrated
in the delta area, mature in development. Sharkia and Kalyubia take the second place
in the development level, and their space distribution is concentrated in Western Egypt.
Exchange Places of Dakahlia, Beni-Suef, Asyout, Suhag, Qena, Aswan, and Luxor are in
a geographical distribution pattern dominated by neighborhood penetration, and there
is local leaping expansion in a few provinces such as Suhag and Qena. Exchange Places
of Suez, Kafr El Sheikh, Gharbia, Menoufia, Behera, Fayoum, South Sinai, and El Wadi El
Gidid are scattered about; Alexandria, Damietta, Ismailia, and Giza have a small number
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of Exchange Places, in particular, Port Said, Matrouh and North Sinai have only one
respectively, while Red Sea has none. It is worth noting that there are “fake” Exchange
Places in some provinces, that is, either the immigrant or emigrant population size is less
than 50, such as Qena in Gharbia, Aswan and Luxor in Menoufia, and Red Sea in El Wadi
El Gidid.

3.5. Flow Field

There are huge differences in the migration population flow among the provinces of
Egypt. Figure 4 shows that the CVs of Inflow, Outflow, and Total flow in a province are all
greater than 1, except for Outflow in Cairo and Total flow in South Sinai. The overall level
is close to 3.5 with the highest found in Kalyubia. The overall level of Giza, Fayoum, Cairo,
Beni-Suef, and North Sinai is around 2.5, and few parameters of some provinces are also
close to 2.5, such as Inflow in Behera and Outflow in Damietta. According to the average,
they can be divided into four echelons. Cairo, Giza, Kalyubia are in the first echelon. Cairo
has the largest Inflow and Total flow, and Giza has the largest Outflow. The second echelon
includes Alexandria, Port Said, Suez, Damietta, Dakahlia and Sharkia. Alexandria is more
prominent. The fourth echelon includes Aswan, Luxor, El Wadi El Gidid, Matrouh, North
Sinai, and South Sinai, all of which have a small average in general. The rest provinces
are all in the third echelon. Population migration can be regarded as integration of spatial
cognition and decision-making in essence. According to the anchor point theory, people
always recognize a node before they gradually recognize others around it, and then start
to recognize others further from a new one [73], which provides a new perspective for
the spatial decision-making of population migration. The maximum value of the flow
parameters has a huge impact on the flow field of interprovincial migration in Egypt.
According to the analysis of Table 3 and Figure 5, three underlying modes of pole-core
interaction have been formed in Egypt, including Inflow-Total flow Leading Mode (ITLM),
Outflow-Total flow Leading Mode (OTLM), and Inflow-Outflow-Total flow Integration
Mode (IOTIM). According to the further analysis of the polar-core nodes involved in the
interaction, the spatial selection for the interprovincial migration in Egypt complies with
the “anchor point theory”, and most of the spatial nodes with strong correlations are the
star provinces or neighboring provinces, such as the national capital Cairo, regional centers
Alexandria and Sharkia, as well as Aswan-Luxor, Damietta-Dakahlia, and other adjacent
provinces where they grow up, and neighboring nodes or high-level nodes with high
perception and regional identity.
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Table 3. Maximum flow parameters of each province in Egypt.

Inflow Outflow Total Flow

Cairo 21,231 (Giza) 23,498 (Alexandria) 225,395 (Giza)
Alexandria 23,498 (Cairo) 15,737 (Behera) 32,198 (Cairo)
Port Said 10,669 (Cairo) 2093 (Dakahlia) 10,966 (Cairo)

Suez 14,609 (Cairo) 1446 (Sharkia) 15,862 (Cairo)
Damietta 11,799 (Giza) 3621 (Dakahlia) 11,809 (Giza)
Dakahlia 4435 (Sharkia) 5575 (Damietta) 9196 (Damietta)
Sharkia 16,238 (Cairo) 11,541 (Cairo) 27,779 (Cairo)

Kalyubia 9844 (Cairo) 134,142 (Cairo) 143,986 (Cairo)
Kafr El Sheikh 6731 (Alexandria) 2521 (Alexandria) 9252 (Alexandria)

Gharbia 4294 (Cairo) 5235 (Cairo) 9529 (Cairo)
Menoufia 6429 (Cairo) 6561 (Cairo) 12,990 (Cairo)

Behera 15,737 (Alexandria) 8815 (Alexandria) 24,552 (Alexandria)
Ismailia 2145 (Sharkia) 6638 (Sharkia) 8783 (Sharkia)

Giza 13,083 (Cairo) 212,312 (Cairo) 225,395 (Cairo)
Beni-Suef 8715 (Cairo) 4344 (Cairo) 13,059 (Cairo)
Fayoum 17,912 (Cairo) 5432 (Cairo) 18,712 (Cairo)
Menia 11,584 (Cairo) 6194 (Cairo) 17,778 (Cairo)
Asyout 9287 (Cairo) 5263 (Cairo) 14,550 (Cairo)
Suhag 8039 (Cairo) 4459 (Cairo) 12,498 (Cairo)
Qena 8839 (Cairo) 1962 (Cairo) 9287 (Cairo)

Aswan 1774 (Giza) 2110 (Qena) 2873 (Qena)
Luxor 1255 (Red Sea) 1090 (Aswan) 2254 (Aswan)

Red Sea 448 (Qena) 8839 (Qena) 9287 (Qena)
El Wadi El Gidid 256 (Cairo) 1555 (Kafr El Sheikh) 1555 (Kafr El Sheikh)

Matrouh 355 (Cairo) 1547 (Alexandria) 1889 (Alexandria)
North Sinai 2532 (Ismailia) 4124 (Sharkia) 5926 (Sharkia)
South Sinai 231 (Giza) 1031 (Cairo) 1144 (Cairo)

The interprovincial migration network in Egypt develops in a complex and diverse
manner. According to the threshold value of 3000 people as the center of the gathering field
and diffusion field, there are 7 modes in the migration flow network center system, that is,
Centerless Mode, Only Diffusion Center Field Mode, Only Gathering Center Field Mode,
One Diffusion and One Gathering Center Field Mode, One Diffusion and Two Gathering
Center Field Mode, One Diffusion and Multiple Gathering Center Field Mode, Multiple
Diffusion, and Multiple Gathering Center Field Mode. The first three models are immature
in development, because there is no trunk stream or only one-way trunk stream connecting
the center in the migration flow network, and the tributaries have not yet been developed.
Centerless Mode includes Matrouh, South Sinair, El Wadi El Gidid, Luxo and Aswan. They
have not yet developed a flow field center, but some streamlines have been developed
very prominently, such as Alexandria and Behera in Matrouh. Node provinces associated
with streamlines are likely to evolve into centers in the future (Figure 6). Only Diffusion
Center Field Mode includes the Red Sea, North Sinai, and Ismailia. Diffusion Center of
Red Sea is Qena. The Diffusion Center of both North Sinai and Ismailia is Sharkia. The
streamlines are all unidirectional outflows (Figure 7). Only Gathering Center Field Mode
includes Qena, Suez, Port Said and Kafr El Sheikh, and the number of centers increases
successively. The streamlines are all unidirectional inflows (Figure 8). One Diffusion and
One Gathering Center Field Mode includes Gharbia and Kalyubia, and their Center is Cairo.
Gharbia-Cairo and Kalyubia-Cairo are the trunk streams in the migration flow network.
Gharbia has no tributaries. Kalyubia has developed a tributary Kalyubia-Sharkia (Figure 9).
One Diffusion and Two Gathering Center Field Mode includes Fayoum, Beni-Suef and
Menia. Their Diffusion Center is Cairo. The two Gathering Centers are Cairo and Giza.
In the migration flow network, the streamlines between them and Cairo are bidirectional
trunk streams, while those with Giza are unidirectional trunk streams, and there are no
tributaries (Figure 10).
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According to the analysis in Figure 11, One Diffusion and Multiple Gathering Center
Field Mode includes Suhag, Asyout, Behera, and Damietta. Diffusion Center of Damietta is
Dakahlia, and the rest are Cairo. Gathering Center has developed a hierarchical system of
“one primary with multi-secondaries”. Suhag and Asyout have the same central structure,
both with Cairo as the primary center, and Giza, Kalyubia, and Alexandria as the secondary
centers. Behera takes Alexandria as the primary center, and Cairo, Menoufia and Giza
as the secondary centers. Damietta takes Giza and Cairo as the primary centers, and
Dakahlia, Sharkia, and Kalyubia as the secondary centers. Suhag-Cairo, Asyout-Cairo,
Behera-Alexandria and Damietta-Cairo constitute the trunk streams in the migration flow
network; Suhag-Alexandria, Suhag-Kalyubia, Suhag-Giza, Asyout-Giza, Asyout-Kalyubia,
Behera-Cairo, Behera-Menoufia, Damietta-Dakahlia, and Damietta-Kalyubia constitute the
first-order tributaries; Suhag-Red Sea, Asyout-Alexandria, Behera-Giza, Damietta-Sharkia,
Damietta-Asyout, and Damietta-Alexandria constitute the second-order tributaries.

According to the analysis in Figure 12, Multiple Diffusion and Multiple Gathering
Center Field Mode includes Cairo, Alexandria, Menoufia, Dakahlia, Sharkia, and Giza. The
central system and the streamline network are very complex. From the prospective of the
Diffusion Center, they generally develop into a center system of “one primary with multi-
secondaries”, and only Dakahlia develops into a double-primary center with no secondary
centers. From the prospective of the Gathering Center, Cairo and Alexandria develop into
a center system of “double primaries with multi-secondaries”, Menoufia and Giza develop
into a center system of “three primaries with multi-secondaries”, while Dakahlia and
Sharkia develop into a center system of “four primaries with multi-secondaries”. Cairo-
Giza, Cairo-Kalyubia, Alexandria-Giza, Alexandria-Behera, Alexandria-Cairo, Menoufia-
Alexandria, Dakahlia-Cairo, Dakahlia-Damietta, Dakahlia-Sharkia, Dakahlia-Giza, and
Sharkia-Cairo constitute the trunk streams in the migration flow network with a large
number of tributaries, including Sharkia-Kalyubia, Sharkia-Giza, Sharkia-Ismailia, and
Dakahlia-Port Said that have the potential to develop into trunk streams.
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Figure 12. Analysis of the Multiple Diffusion and Multiple Gathering Center Field Mode in Egypt.

4. Conclusions and Discussion

The current development of population migration flow network in Egypt is complex.
The flow network and the spatial system composed of multi-center flow fields and multi-
channel streamlines begin to take shape, which are characterized by stepped runoff from
east to west and local convection between the south and north on the whole. The “Source-
Exchange-Sink” system has attained mature development, and in terms of spatial coverage,
Source Places > Exchange Places > Sink Places. Source Places lie in the middle, Sink
Places are symmetrical from east to west, and Exchange Places are concentrated along the
Mediterranean coast in the north of Cairo, with the initial formation of a “core-periphery”
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spatial pattern. In summary, the spatial pattern and its flow field characteristics of the
migrant population in Egypt are concluded as follows:

(1) There are significant differences in the migration population size and rate of migration
in Egypt, which may be associated with the level of the economic development
and environmental carrying capacity of the provinces [40,46,47]. How to guide the
combination of provincial population migration and urbanization is a long-term
challenge for Egypt in the future. The total interprovincial migration population
size in Egypt is more than 2.2 million, and the overall migration rate is 2.33%, with
extreme multiples of 80, 82, 463, 12, 40 and 28 for the total migration population,
immigrant population size, emigrant population size, migration rate, immigration
rate and emigration rate, respectively. According to the provincial analysis, the CVs of
Inflow, Outflow, and Total flow in a province are all greater than 1, except for Outflow
in Cairo and Total flow in South Sinai. It is up to 3.5 in Kalyubia, compared with the
overall level of around 2.5 in Giza, Fayoum, Cairo, Beni-Suef, and North Sinai.

(2) There is a big difference in development level between Source System and Sink System.
According to the spatial pattern of geographical distribution, the Source System is
divided into five types: axis type, layer type, fan type, oblique symmetry type and
scattered jump type. There are only three types in Sink System, namely wide area
coverage type, local development type, and scattered jump type. About 52% of the
provinces in Egypt have Pure-Source Places nodes, which are generally characterized
by lagging economic development, small population size, and certain security risks.
There are Pure-Sink Places nodes in about 48% of the provinces in Egypt, which are
mainly located outside the Nile Valley. The population migration flow network and
space distribution patterns in Egypt are still in immature development compared
with China, which may be due to the great difference between China and Egypt
in economic development levels, population mobility policies, and management
systems [74].

(3) The interprovincial migration flow network in Egypt has developed into a variety
of models, and the center system of flow field with clear primary and secondary
points and the streamline network framework with layered trunks and branches
have been developed in most provinces. There are 7 modes in the migration flow
network center system, including Centerless Mode, Only Diffusion Center Field
Mode, Only Gathering Center Field Mode, One Diffusion and One Gathering Center
Field Mode, One Diffusion and Two Gathering Center Field Mode, One Diffusion and
Multiple Gathering Center Field Mode, Multiple Diffusion and Multiple Gathering
Center Field Mode. There are 3 modes of pole-core interaction, that is, ITLM, OTLM,
and IOTIM, in the interprovincial migration flow. The migration flow is based on
neighborhood penetration and polarization of high-level nodes (national capital or
regional economic centers). Water source is an important factor affecting population
migration, which agrees with the research results concluded by Ai Tinghua [46],
Ayman Zohry [75] and Lea Müller-Funk [76].

In the data of Central Agency for Public Mobilization and Statistics, classified statistics
were conducted for the relocation reasons of 1% of the migrants, including work, study,
marriage, divorce and widowhood, companion, and others. Marriage is the top reason
for migration, accounting for 32.66%; work and companion are about equal, accounting
for about 26%; the proportion of study is close to that of others, accounting for more than
6.6%; divorce and widowhood account for the lowest percentage, only 1.13%. From the
perspective of different provinces, the six reasons for population migration are generally
balanced in proportion in Giza, Kalyobiya, Cairo, Alexandria, Sharqeia, Dakahliya, El-
Beheira, Ismailia, Fayoum, and Assiut. But migration is dominated by work in Port-Said,
The Red Sea and Matrouh, dominated by companion in New Valley, North Sinai and
South Sinai, dominated by study in Suez, Menia and Sohag, while dominated by divorce
and widowhood in Damietta, Kafr El Shiekh, Al Gharbya, Monofiya, Bani Souwaif, Qena,
Aswan and Luxor. The reasons for population migration in Egypt are complex on the
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whole, and they vary greatly from province to province. Population migration is affected
by social factors such as marriage, companion, study, divorce and widowhood, besides
economic factors such as work, income, and wealth inequality. It is also in connection with
natural factors such as water resources and environmental carrying capacity. Driven by
these factors, the migration population in Egypt has formed a unique spatial pattern and
flow field mentioned above. Limited by the space and topic of this paper, we will analyze
the influencing factors and driving mechanism in the next paper, which will be the priority
of future study.

According to the experience of developed countries, Egypt in the future will usher in
an increasing scale of regional population flow and migration, and which will proceed at
a faster rate with the rapid development of economy and society, and the improvement
of transportation, especially the acceleration of industrialization and urbanization. By
studying the laws of the population migration flow, direction, and flow field in Egypt,
this paper analyzes the space distribution structure characteristics of the source, sink, and
exchange places of population migration, which is of great practical significance to gain
insight into the spatial pattern of Egyptian population flow and its development trend,
and to adjust the population development policies and spatial governance plans of Egypt
in time at the national and regional scales. Because it is restricted by many factors, there
are some shortcomings in this paper. For example, population flow and migration are the
dynamic balancing process of the relationship between regional population supply and
demand; the thrust of the source, the pull of the sink, the diversion and blocking facilities
between source and sink directly affect the flow pattern and spatial effects of the population
migration. There is no in-depth discussion on the formation mechanism and optimization
strategy of source and sink, and no further analysis of the characteristics of migration
flow field under different driving factor. In addition, there are certain limitations for the
analysis of spatial pattern and flow field characteristics of the migrant population flow in
Egypt, which is only based on the data of a time point in 2017. Therefore, when applied to
the formulation of regional population development policies or spatial governance plans,
the conclusions reached should be adjusted and optimized on the basis of more updated
census data.
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