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Abstract Urban sprawl is one of the major problems that evolved in the Nile Delta as a result of the
deficiency in the security system after the 25" of January revolution in Egypt in 2011. This problem
not only threatens the limited fertile lands but also influences the water distribution regime in these
areas. For this purpose, three types of satellite images were employed; i.e. Landsat Thematic
Mapper (TM) 1990, Egyptsat-1 2010 and SPOT 5i 2011, to study the urban sprawl and its impact on
the agricultural land and water distribution management in Gharbia Governorate. Maximum
likelihood supervised classification and post classification change detection techniques were applied
for monitoring the urban sprawl in this study area. The accuracy of the classification results was
assessed using a 1992 topographic map. Using ancillary data, visual interpretation and expert
knowledge of this area through GIS further refined the classification results. Combining the soil and
land capability maps, on one hand, and the urban thematic layers, on the other hand, using GIS,
made it possible to point out the risk of urban expansion on the expense of the highly capability
class. During the period of (19901 2011), the highly capable soils decreased from 1710.75 km? in
1990 to 1610.22 km? in 2011. A total of 1.5 km® of urban areas was recently constructed after 2010
inside the 500 m buffer zone around the (107 25 m) width canals. A water management index is
calculated which decreased as a result of the urban sprawl on a 500 m buffer zone around the
irrigation canals.
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1. Introduction

In one of their most recent reports, the United Nations Population Division projects the world
population to reach 9.3 billion persons by 2050, that is, 2.3 billion more than in 2011. In the same
report, the population of Egypt is expected to reach 100,909 million for the year 2025 and 123,452
million for 2050 (United Nations, 2011). According to the population clock device, the number of
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Egypt's population at home arrived 84 million people at the first of March 2013 (Al-Ahram Gate,
2013).

Desert and uninhabited lands represent about 95% of the total area of Egypt. However, the majority
of the population is concentrated around the River Nile. This unbalanced distribution causes serious
social and economic problems. Accurate and up-to-date land cover change information and irrigation
distribution networks are necessary to understand both human causes and environmental
consequences of such changes. Therefore, determining the trend and the rate of land cover
conversion and water distribution are necessary for the development planner in order to establish
rational land use policy.

Urban Sprawl is an unplanned outgrowth which may have negative impacts on the land resources
and economy. It can be defined as the scattering of new development areas on isolated tracts,
separated from other areas by vacant land (Ottensmann, 1977). Over a specific geographic area,
water-efficient land development can save significant quantities of water while less efficient land
development sprawl often results in wasteful use. Urban sprawl clearly affects water consumption.

Urban sprawl on the agricultural lands is one of the negative outcomes that happened due to lack of
the security regime during and after the Egyptian revolution that began on the 25" of January 2011.
During the 18 days of the revolution thousands of feddans of highly fertile and cultivated lands were
illegally converted to built-up areas. During this period, monitoring reports, issued by the Directorate
of Land Protection Department of Agriculture in Gharbia Governorate Egypt, showed high evidence
of urban encroachment on the agricultural centers. This urban encroachment was more than 12,000
cases during the period from 25" of January to 31% of March 2011. This phenomenon is very
obvious in Gharbia Governorate and according to this report; Zifta center was ranked as the first
followed by Santa and Qotour (Ahram Masaii, 2011).

This practice will not only decrease the areas of the fertile lands b ut wi || al so
exports from vegetables and fruits and hence add a lot of burden on the Egyptian economy. In
addition, building on some agricultural lands will hinder the fair water distribution to the rest of the
agricultural lands due to the presence of a concrete obstacle in the path of the water way to the
neighboring lands. One of the negative outcomes of building on cultivated lands is that the area
negatively influenced by this built-up area is 4 to 6 times the area of the actual area of the building.
That is because the building forms a shadow around it which is reflected on the productivity of the
cultivated plants. Also this unofficial building represents a stealing to the government properties in
part of the road and land and hence influences the safety of the inhabitants.

According to (Belal and Moghanm, 2011), the main type of human induced land degradation in
Gharbia Governorate is urbanization during the period from 1972 to 2005. In the year 2005, extra
urbanized area covered 5639.57 feddans as 7.15% of the total area, while the cultivated area
decreased by 5659.4 feddans as 7.17 % of the total area (Belal and Moghanm, 2011). In Qalubiya
Governorate, a considerable increase in urban settlements has taken place at the expense of the
most fertile land. The built-up areas in the governorate increased from 89.96 km? in the year 1992 to
124.54 km? in 2001 and to 241.86 km? in the year 2009. During the study period the total urban area
increased by 151.9 km? with a rate of 8.9 km? per year (Shalaby et al., 2011).

Gharbia Governorate represents the highest in the urban sprawl on the agricultural lands but at the
same time the least in the number of buildings failure. That is attributed to the family nature of these
buildings (that is not for investment purposes) and the less number of floors compared to other main
governorates according to H. Allam (Personal communication).
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The temporal dynamics of remote sensing data can play an important role in monitoring and
analyzing land cover and land use changes. Supervised classification and post-classification change
detection techniques will be applied to map land cover and land use changes in the study area. The
objectives of this study are to: investigate the urban sprawl and its impact on agricultural land
through integrating remote sensing and GIS, and study the negative impacts of these new buildings
on the water distribution system to the neighboring lands. These two objectives mainly focus on the
conditions after the 25™ of January revolution in Gharbia Governorate.

2. Study Area

Gharbia Governorate is chosen for investigation due to the availability of some governmental
information and reports on the urban sprawl over the agricultural lands during the 25" of January
revolution in 2011. Gharbia Governorate is located between latitudes 30 45; and 31 18; East and
longitudes 30 34j and 31 09; North in the middle of the Nile Delta between Damietta and Rosetta
branches, (Figure 1). The total area of Gharbia Governorate is 1951.1 km2, 82 % of which are
cultivated lands (CAPMUS 2012). The population of Gharbia was 4.09 million inhabitants in 2007
(IDSC 2009). The governorate is subdivided into eight administrative districts: Tanta, EI-Mahala El-
Kobra, Zefta, Kafr El Zayat, Alsanta, Samanoud, Kotor and Basioun (Figure 1). The main economic
activity in the governorate is cultivation in addition to textile, oil and soap industries. Tanta (the
capital of the governorate) and Eli Mahalla Eli Kobra (the main center for textile industry) are taken
as two examples for the land cover / land use and water management studies in this research.

Gharbia Governorate is characterized by the climate of the Mediterranean Sea with hot arid summer
and little rainy winter. The mean temperatures are especially high in the dry season where they
range between 24 and 31 C with an average temperature of 22°C and the difference between the
average temperature in summer and winter is 6°C (Climatological Normal for Egypt, 2011). Based
on the USDA (2010), the soil temperature regime of the studied area is defined as Thermic and soill
moisture regime as Torric.

The main irrigation canals in the governorate are: Bahr Shibin, Tirat Al T Bajuriyyah, Tirat Al T Qasid,
Tirat Al 1 Jafariyyah, Bahr Nashart, Tirat Al i Atf, Tirat As i Sahil, Tirat Al T Ninaiyyah, Ar - Rayyah
Al'T Abbasi and Al - Rayyah Al i Menoufi. The irrigation canals of more than 25 m width exhibit a
total length of 212.8 km, while those of 10-25 m width attain a total length of 350.7 km.

Concerning the dominant geologic units, the Quaternary Nile Silt is the dominant unit in the whole
governorate.

Only two sub-great soil groups exist in Gharbia Governorate (i.e. Vertic Torrifluvents and Typic
Torrifluvents). Most of the governorate soils are exhibited by the Vertic Torrifluvents sub-great group
that have cracks and slickensides or wedge-shaped aggregates, as they cover an area of 1889.1
km? representing 96.9% of arable land. The Typic Torrifluvents sub-great group covers 60.6 km?,
representing 3.1% of the soils aligned along the eastern and western borders of the governorate.

3. Materials and Methods
3.1. Data Sets
The materials used in this research are:
- Three Egyptsat-1 images acquired on the 31% of May and 2" of July 2010;

- Two SPOT 5 images (Path 110-111/Row 288) acquired on the 16" and 17" of March 2011;
- Two Landsat TM images (Path 176-177/Row 39) acquired in 1990;
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- Soil map of Egypt (1982) scale 1:100,000;

- Topographic maps (1992) scale 1: 50,000;

- The detailed irrigation network of the governorate obtained from the 1992 topographic map;
- The 2012 administrative boundary of Gharbia Governorate.
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Figure 1: Location Map of the Gharbia Governorate on Egypt Map (left), Landsat ETM+ Image of Gharbia
Governorate (FCC 1, 2, 3) to the Right

Table 1 shows the specifications and details of the used satellite images.

Table 1: Specifications of Landsat TM, Egyptsat-1 and SPOT 5 Images

Band Spatial Resolution (m) Spectral Resolution (mm)

Landsat TM Egyptsat-1 SPOT 5 Landsat TM Egyptsat-1 SPOT 5
1 30 7.8 25 0.457 0.52 0.51-0.59 0.51-0.73
2 30 7.8 10 0.527 0.60 0.61-0.68 0.51 0.59
3 30 7.8 10 0.637 0.69 0.80-0.89 0.611 0.68
4 30 7.8 10 0.76 7 0.90 0.50-0.89 0.791 0.89
5 30 39.5 1.55t01.75 1.1-1.70
6 120 10.40to 12.5
7 30 2.09t0 2.35

These satellite images were used to calculate the changes in the urban areas that occurred between
the years 1990 and 2011. The two consecutive dates of 2010 and 2011, where chosen based on
several governmental reports after the 25" of January 2011 revolution emphasizing the presence of
severe urban encroachments on the fertile lands in the governorate.

3.2. Methodology

The methodology applied in the present study is composed of the following steps: (1) conversion of
raster data to vector format, (2) generation of thematic layers, (3) supervised image classification, (4)
production of digital soil maps, (5) urban sprawl detection and (6) creation of buffer area around
irrigation canals.
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3.2.1. Conversion of Data to a Vector Format

Topographic maps and soil maps were converted to a vector format by digitization of the existing
hard copy maps into the required classes compatible with the present study objectives.
3.2.2. Generation of the Thematic Layers

Generation of the thematic layers of information involves digital image processing of remote sensing
data and further processing of existing maps for extraction of the required information.

- Various standard digital processing image processing techniques have been adapted to the
three image sets (Table 1). These processes are applied to enhance the information in the
images and to facilitate the extraction of information and involve:

a. Geometric correction of each image using a shape file that includes the main intersecting
linear features in the images.

b. Contrast stretching of individual bands to improve the interpretability of different features

c. Generating a False color composite (FCC): bands (3, 4, 7) for Landsat TM, bands (1, 2, 3)
for Egyptsat-1 and bands (2, 3, 4) for SPOT 5. This process highlights the land use,
vegetation cover, soil types and irrigation network.

d. SPOT 5 2.5 m resolution image obtained from the fusion of the 2.5 m panchromatic image
and the three 10 m multispectral images.

e. The two Landsat TM images have been mosaiced and a subset of the governorate has been
obtained. The subset of Landsat TM (bands 3, 4, 5) was further rectified to a UTM map
projection using image to image registration method and was resembled to a pixel size of 10
m, using nearest neighborhood.

3.2.3. Creation of Urban Areas Thematic Layer

That is the backbone for this research; that is the creation of urban areas thematic layer using the
supervised image classification technique. A thematic map shows the spatial distribution of
identifiable earth surface features where it provides an informational description over a given area
rather than a data description (Schowengerdt, 2007). This step involves the following secondary
steps:

- A number of target classes required to be delineated from the scene must be put in mind.
Such a set is called a classification scheme (or a classification system).

- Training the classifier: In order to classify an image into categories of interest, the
classification algorithm needs to be trained to distinguish those categories from each other.
Representative category samples known as training samples are used for this purpose. After
the classifier is trained to recognize the differ
during training are used to label all pixels in the image as one or more of the training
categories. In this research, the training of a classification algorithm is supervised in which
the prototype pixel samples are already labeled by virtue of ground truth, existing maps or
photo interpretation (Schowengerdt, 2007). From the training samples, three signatures are
obtained from the whole scene; urban areas, cultivated lands and water bodies. Table 2
shows the number of pixels assigned to each signature with its corresponding color.
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Table 2: Signatures Names, Color and Count of Each Class

Class No. Signature Name Color Count
1 Urban Areas 87
2 Cultivated lands 93

4 Water Bodies ! 17

- Next, was the supervised classification of each image based on the collected signatures
into: urban areas, water bodies and, cultivated lands using Envi 4.8 software.

- Conversion of all raster data to a vector format using Envi 4.8.

- Post classification process involves:

a- Editing of the output urban features to match with the actual features in the study area.
In other words, this step mainly depends on the visual interpretation by assigning each
feature its correct class (urban-water-cultivated).

b- Topology building for the urban areas features for the years 2010 and 2011 with the two
following rules:

A Each feature of 2010 must be covered by a 2011 feature with an exception where
an urban area or a building in 2010 is removed (exception).

A Each urban area from each year must not intersect with another urban area from
the same year.

A The final thematic maps for the urban areas for the years: 1990, 2010 and 2011
were produced as shown in Figure 2.

c- Accuracy assessment using 100 points from existing land use maps. To increase the
accuracy of land use classification, ancillary data and results of visual interpretation
were integrated with the classification result using GIS.

3.2.4. Production of the Digital Soil Map

The soil map of the study area was extracted from the available soil map of Egypt produced by the
Academy of Scientific Research and Technology (ASRT 1982). The original nomenclature of soil
order, suborders and sub-great groups has been updated according to the latest American Soil
Taxonomy of USDA (2010). The transformation of the soil map (produced in 1982) into a digital
format was done. On-screen digitizing was used to convert hardcopy into vector formats ArcGIS 9.2.

3.2.5. Urban Sprawl Detection

The success of the change detection especially between the two close dates of 2010 and 2011
depends on both the amount and nature of change and success of the image preprocessing and
classification procedure. If the nature of the change within a particular scene is either abrupt or at a
scale appropriate to the imagery collected then change should be relatively easy to detect; problems
occur only if spatial change is subtly distributed and hence not obvious within any image pixel (Milne
1988). In the case of the study area and its conditions with respect to the abrupt changes that
happened during the 2011 revolution, changes in urban areas were easily detected. This urban
sprawl between 1990 and 2011 was normal compared to that between 2010 and 2011.

3.2.6. Water Management
Based on the irrigation network of the governorate, canals are categorized according to their width;

i.e. more than 25 m, 10 to 25 m and 5 to 10 m (Figure 3). This step was used for the evaluation of
the water management and distribution in the study area.
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The water distribution was negatively influenced by the unplanned (spontaneous) buildings
especially in a buffer zone of a chosen distance of 500 m around the (10 to 25 m width) canals.
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Figure 2: Urban Areas in 1990, 2010 and 2011 of Gharbia Governorate
4. Results and Discussion
4.1. Urban Sprawl

The population of Gharbia Governorate has increased from 3.93 million to 4.38 inhabitants between
2004 and 2011 at an annual rate of 75,593 inhabitants per year (CAPMUS 2012). From the present
study, it was found that the total loss in arable land between 1990 and 2011 was 107.95 km? due to
urbanization, that is, with a rate of 5.15 km?® per year. With this rate of population growth it is
expected that the population of the governorate will reach about 7336684.57 by the year 2050,
consequently urban expansion may increase by about 200.05 km?® To overcome this serious
problem, the rate of population growth must be decreased and new urban areas must be established
outside the Nile Delta to accommodate the expected population growth.

Change detection results between 1990 and 2011 showed that the built-up areas of the governorate
increased from 102.67 km? in 1990 to 202.18 km? in May 2010 to 210.63 km? in March 2011 (Figure
2). During this period the total urban area increased by 107.95 km?® with an average rate of 5.15
km?/year (Table 3). Between May 2010 and March 2011 the increase in urban areas was 8.45
km?/year (Figure 4) which is more than the yearly average rate and this could be due to the absence
of security authorities during the 25" of January revolution.
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Figure 3: The Irrigation Network of Gharbia Governorate

According to a report published by the central directorate for land protection (Ministry of Agriculture
and Land Reclamation) in April 2013, the number of encroachments on agricultural lands in Gharbia
Governorate from 25/1/2011 to 1/4/2013 is 70752 cases with a total area 13.43 Km? that is about 6.2
szlyear. These cases are classified into simple (4.41 sz), medium (3.22 sz) and severe (4.56
sz) cases. From the 70752 cases, 4156 cases were removed with a total area of 1.22 Km? and the
rest 66596 cases with a total area of (12.21 sz) still unremoved.

Districts most influenced by this increase are Al-Mahalla and Tanta which are the main economic
districts in the governorate. Integrating remote sensing and GIS provided valuable opportunities for
analysis of the output spatial data. In these two districts, during the period from 1990 to 2011, the
total urban expansion was estimated to be 36.9 km” at a rate of 1.76 km?®/year (Table 4). Figure 5
shows the change in urban settlements in Mahalla and Tanta from 1990 to 2011.

4.2. Soil

The soil map of Gharbia Governorate demonstrates that only two sub-great groups are presented in
the whole area. The Vertic Torrifluvents sub-great group dominates the soil types, covering an area
of 1710.75 km? (87.7% of the governorate). The Typic Torrifluvents sub-great group covers limited
patches within the alluvial landscape, exhibiting 109.57 km? (5.6%).
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Figure 4: Difference in Urban Settlements between 2010 and 2011

The visual interpretation gave a general idea about the forms of land cover changes over the
investigated period. Many urban areas were erected recently, especially near the main cities such as
Al-Mahalla and Tanta, at the expense of the most fertile soils. The overlaying of the visual
interpretation over the classification result led to the increase in the overall accuracies by about 10%.
A standard overall accuracy for land cover and land use maps is set between 85% (Anderson et al.,
1976) and 90% (Lins and Kleckner, 1996). In this study the overall classification accuracy was found
to be 93% for 1990, 94.3% for 2010 and 96.4% for 2011. The differences in the accuracies of the
classification of the three different images could be attributed to the specification of Landsat TM,
Egyptsat-1 and SPOT 5 where the SPOT 5 images have the highest spatial resolution.

The urban areas are overlaid on top of the soil capability map to show the extent of urban areas on
the expense of agricultural land (Figures 6 to 8).

Remote sensing data and GIS provide opportunities for integrated analysis of spatial data. Cross-
tabulation performs image cross-tabulation in which the categories of one image are compared with
those of a second image and tabulation is kept for the number of cells in each combination.

Urban sprawl between 1990 and 2011 was mapped and overlaid on the soil map of the study area
(Figure 2). The statistical data about the spatial urban changes from 1990 to 2011 are illustrated in
Tables 3 and 4 and Figure 9.
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Figure 5: Urban areas of Tanta and Mahalla between 1990 and 2011

Table 3: Urban Settlement Changes of Gharbia Governorate from 1990 to 2011, Areas in Km?

Taxonomic Changes Changes Changes
Unit 1990 2010 2011 between 1990 between 1990 between 2010
and 2010 and 2011 and 2011
Built Up Areas 102.67 202.18 210.63 99.50 107.95 8.45
Water 27.55 27.55 27.55 0.00 0.00 0.00
Vertic
Torrifluvents 1710.76 1618.00 1610.22 -92.76 -100.53 -1.77
Typic
Torrifluvents 109.5683 103.0557 102.3816 -6.51 -7.19 -0.67

Table 4: Urban Settlement Changes of Tanta and Al-Mahalla Districts from 1990 to 2011, Areas in km?

Taxonomic Unit 1990 2011 Change between 1990 and 2011
Built Up Areas 33.29 70.19 36.9
Vertic Torrifluvents 699.3 653.72 -45.58
Typic Torrifluvents 25.51 24.26 -1.25
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In terms of land capability classification, the high capable soils (Class I), which are the best in nearly
all respects for both agricultural production and nonagricultural uses, decreased from 1710.75 km?in
1990 to 1618.0 km? in 2010 and to 1610.22 km” in 2011. The moderate capable soils, that have
some limitations that reduce the choice of plants or require moderate conservation practices,
decreased from 109.57 km? in 1990 to 103.06 km? in 2010 and to 102.38 km? in 2011.

Urbanization had spread in the whole governorate especially near Al-Mahalla and Tanta. In these
two districts, during the period 19907 2011, the total urban expansion was estimated to be 36.9 km?,
with most of this expansion being at the expense of the most fertile soil (Vertic Torrifluvents).

The existence of a law that forbids construction on agricultural land did not prevent the unplanned
urban invasion over the fertile land. This kind of unplanned urban expansion has severe
consequences causing many social and health problems. This is caused by inappropriate
infrastructure including roads and sewage systems as well as clean water unavailability.

Fragmentation and dispersal of the agricultural land is a major characteristic of the Egyptian
agriculture. Fragmentation indicates a small size of the production unit. Dispersal means the
distribution of holding into scattered plots within the same village or in other villages within the same
district. (Kruseman and Vullings, 2007) reported that more than 80% of the landholdings in Egypt are
currently less than six acres and it is expected to be less than four acres by 2025. Fragmentation
and dispersal of landholdings are caused by overpopulation and the system of inheritance with a
relatively constant area of the agricultural land which lead to a sequential partition of the land.
Fragmentation and dispersal of the agricultural landholding have a negative impact on the rate of
growth in the agricultural sector. This is evident by the difficulty in implementing modern agricultural
techniques leading to the high cost of agronomic practices and the low efficiency of agricultural
labour (Farah, 1967). Therefore, fragmentation led to the loss in the cultivable land due to the fact
that part of it is used for building, irrigation, drainage and passages around and inside small
holdings. Land fragmentation affects the land ownership where there is a loss of about 20% of land
use in irrigation canals and partition between the farms (Kruseman and Vullings, 2007).
Fragmentation of the farm size reduces the potential financial returns and increases the value of
land for non-agriculture purposes.

4.3. Water Management and Irrigation

Surface water management in the governorate and how it is negatively influenced by the urban
sprawl especially after the 2011 revolution is studied. A buffer zone of 500 m was chosen around the
secondary canals (107 25 m width). This buffer distance was chosen for studying how the buildings
in this buffer area will represent an obstacle for water to reach the distant lands. Examples of these
canals are: Tirat Umar, Tirat Shirshabah, Tirat Manyal Ati Tawil, Tirat Bahr Sayf and Tirat Al-
Hayatim.

Figure 10 shows the total urban area in the 500 m buffer zone around the secondary canals which is
estimated to be: 16.08, 35.99 and 37.7 km? for the years 1990, 2010 and 2011 respectively. This
means that this area has increased due to the unplanned urbanization and hence is subject to poor
water management. These buildings represent an obstruction that will delay (interrupt) the water
distribution to the farmers especially those at the end of the canals.
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Figure 6: Urban Settlements, Extracted from TM Image of 1990, Overlaid on Soil Capability Map

In order to evaluate the efficiency of the water distribution system to the cultivated lands, an index is
set. This index is defined as the ratio between the total length of secondary canals (107 25 m width)
in km (estimated to be 320.35 km) and the total area of cultivated areas in km? within the 500 meter
buffer zone. The increase in the urban areas reflects a decrease in the cultivated land and hence the
higher the value of this index, the lower the water management is. Accordingly, it was found that in
1990 the agricultural lands in Gharbia Governorate were managed better compared to those in 2010
and 2011 (Table 5). Similarly, for Tanta and Mahalla districts, the total urban area in the 500 m
buffer zone around the secondary canals is estimated to be: 5.41, 11.05 and 11.47 km? for the years
1990, 2010 and 2011 respectively. Also, the water management index values reflect similar
conditions to those found in the governorate as a whole (Table 6).
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Figure 7: Urban Settlements, Extracted from Egyptsat-1 Image of 2010, Overlaid on Soil Capability Map

Table 5: Water Management Index in Gharbia Governorate in 1990, 2010 and 2011

Year Urban Area in the 500 M Water Management Water Management
Buffer Zone (sz) Index Value

2011 37.74 8.49 Low management

2010 35.99 8.89 Low management

1990 16.08 19.92 High management

Table 6: Water Management Index in Tanta and Al-Mahalla districts in 1990, 2010 and 2011

Year Urban Area in the 500 M Water Management Water Management
Buffer Zone (Km?) Index Value

2011 11.47 7.67 Low management

2010 11.05 7.96 Low management

1990 541 16.26 High management
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Figure 8: Urban Settlements, Extracted from SPOT 5 Images of 2011, Overlaid on Soil Capability Map
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Figure 9: Trends of Soil Types and Built Up Areas Changes in the Governorate

International Journal of Advanced Remote Sensing and GIS 256



