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Abstract 
Landscape segmentation and classification is fundamental to landscape re-
search because it provides an important frame of reference for researchers to 
communicate and compare their work. Anthropogenic human activities mainly 
lead to landscape changes. The present study aims to assess the impact of 
anthropogenic activities on landscape classification of the Nile Delta using 
remote sensing and GIS techniques. Field survey, digital databases and GIS 
capabilities are applied for landscapes classification. Vector data using a lot of 
maps and raster data using satellite image have the ability to give obvious 
classification about landscape. Results showed that the anthropogenic im-
pacts affect negatively on the landscape classification. Using GF2, landscapes 
are classified into major eight classes: cultivated land, garden land, woodland, 
grassland, bare land, urban land, water bodies and mining land. It was showed 
that the urban occupies the highest percentage of the study area. Urban con-
struction and development areas centered on the capital Cairo city and the 
city of Giza are dumbbell-shaped to the east. Bare lands occupy the second 
percentage of the study area, and it may be distributed on around the Nile 
Delta, southeast of Cairo City and southwest of Giza City. According to vege-
tation cover, three classes were applied as the sequence: Cultivated land > 
Garden land > Grass land. These classes depend mainly on the River Nile. 
Vegetation cover may be based mainly on the water from the Nile River. In 
addition, mining land occupies the least percentage of the study area. The 
main distribution of mines and mineral exploration is also very small, but it is 
distributed on the edge of the city. Landscape metric as Fractal Dimension 
(Frac) and the Square Pixel (SqP) was applied to validate the segmentation 
and classification. These metrics indicated that the landscape classification is 
related to natural and human changes. These changes were related to unplanned 
management of new projects and some anthropogenic activities. 
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1. Introduction 

Modern technology and negative human activities affect adversely on the nature 
of the earth surface causing major and minor changes in landscapes. Jackman in 
1988 classified the value and importance of landscape into three classes: envi-
ronmental, ethical and economic. These changes have altered the ecology of the 
environment and caused environmental degradation, such as desertification, 
urbanization, salinization, flooding and drought. Previous studies have proven 
that there has a large relation between human activities and landscape changes 
in the environment. These changes achieve the increase of the urbanization 
problem and biodiversity damage. Recently, the landscape of the Nile Delta has 
been affected by environmental problems especially, urbanization. Rapid 
changes have occurred abundantly in the area of the Delta Nile in recent years 
with speed of urbanization and remarkable landscapes changes. It’s considered 
that the Nile Delta is one of the oldest cultivated lands in the surface earth. 
El-Ramady et al. (2013) stated that the density of population in the sector of Nile 
Delta is up to 1600 inhabitants per square kilometer. This overpopulation causes 
severe socioeconomic problems such as high unemployment, undermining ris-
ing living standards and crime rate (Shalaby & Tateishi, 2007). Landscape fea-
tures may be affected by the changing in the area of every land use in the earth 
surface. To achieve sustainable development, landscape management should be 
organized and studied by many stakeholders with the cooperation with the gov-
ernment (Reed et al., 2015). The northern part of the Nile Delta has been care-
fully cultivated by agriculture crops and some fruits depending on the water of 
the Nile River, and the southern part of this study typically includes some 
mountains and bare lands. Currently, this area has become the ideal solution 
for the development of major cities in Cairo, modern technology and high 
populations. To achieve sustainable development in Nile Delta, landscape in-
vestigation should be studied using various methods. Visual interpretation and 
digitization of the landscape classes according to the defined nomenclature 
may be classified into four classes: vegetation, water, urban and wetlands (To-
paloglu et al., 2016). Remote sensing using GF2 satellite imagery offers inter-
esting potentials for monitoring and assessing changes in land cover and land 
use. Environmental studies such as landscape changes may be correctly ana-
lyzed and interpreted using new techniques of remote sensing and GIS. Spatial 
distributions of landscape may explain the unique change in biodiversity of 
any study area (Rocchini et al., 2006). Visual interpretation of maps with seg-
mentation of images has the potentiality of using remote sensing and GIS 
techniques for carefully assessing the landscape changes and achieves sustain-
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able development in the future. 

2. Materials and Methods 
2.1. Study Area 

The study area is typically ranged from longitude 30˚43'18.83"E - 31˚31'40.82"E 
and Latitude 29˚46'30.49"N - 30˚21'53.84"N. It is conveniently located in the 
center of Egypt capital (Cairo). It is about 66 km long from north to south and 
78 km wide from east to west, with a total area of more than 5000 km2 as shown 
in Figure 1. It typically includes Qalyubia and Giza cities. The suitable terrain is 
low, the soil is fertile and the river network is vertical and horizontal. It is the 
birthplace of ancient Egyptian civilization. It is occupied by the most populated 
governorates in Egypt, whereas around 50% of the populations live in the Nile 
Delta (Haars et al., 2016). In the south, the cultivated land on both sides of the 
Nile River canyon is sufficiently developed. The rest of the area is mostly de-
serted and low mountain areas with hot climate. The climatic condition of this 
area is almost the climate of the Mediterranean Sea. The climate is hot and dry, 
the light is strong, and the water source is sufficient. The temperature in winter 
ranged from 9˚C to 19˚C, and the average temperature in summer is 22˚C - 
34˚C. The average annual precipitation is 50 - 200 mm. 

2.2. Data Source Selection and Preprocessing 

GF2 satellite data was arbitrarily selected as the main data source and the  
 

 
Figure 1. Location map of the study area with raster data (grids).  
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non-coverage area was supplemented by the high score GF1 satellite data. Gao-
fen (GF) is a series of Chinese civilian remote sensing satellites.GF series satel-
lites range from panchromatic, multispectral hyperspectral to optical radar formed 
an observation system with high spatial resolution, time resolution and spectral 
resolution, as shown in Table 1. Satellite data was typically acquired in 2016 and 
2017. Firstly, radiometric and atmospheric corrections were properly applied. 
Geometric correction was typically performed for the images with taking the 
pre-ortho-rectified points using ground control points (GCPs). Then, layer stacked 
in order to analyze the impact of different seasons on LC/accurate LU classifica-
tion simultaneously. For further interpretation of landscapes, topographic map 
with scale 1:100,000 and the National Land Use Survey Classification Standard 
were applied. According to the regional characteristics of the Nile River Basin in 
Egypt, the marked degree of interpretation of the surface environmental classes 
in the work area is carefully analyzed. Landscapes classes of the study area were 
classified using GF2 into eight classes: cultivated land, garden land, woodland, 
grassland, bare land, urban land, water bodies and mining land as shown in Ta-
ble 2. 

2.3. Landscape Analysis 

Typically based on visual interpretation using ARCGIS 10.5 software, standard 
classification and social segmentation of classes was performed for landscape 
analysis. The purpose of the segmentation is to typically create image objects by 
grouping similar pixels. The best prevalent and widely used segmentation tech-
nique is multi-resolution subdivision. In this algorithm, each pixel is considered  
 
Table 1. Characteristics of GF series satellites. 

Satellite name GF1 GF2 

Spatial resolution 16 m 2 m/8 m 1 m/4 m 

Sensor WFV PMS PMS 

Width 800 km 70 km 45 km 

 
Table 2. Landscapes categories delineated for the classification. 

Class Description 

Cultivated land farmland, ploughland, plowland, tillage and tilled land 

Garden land 
Land used for the cultivation of flowers, vegetables, herbs, or fruit for food fungus 
garden maintained by ants 

Wood land Forest covers including tree cover along the creeks 

Grass land Natural grasslands are areas with herbaceous vegetation 

Bare land land that has no buildings on it and is not being used 

Urban area 
Commercial, and residential areas, and other areas with manmade structure; 
roads, railway lines 

Water bodies Farm dams, sewage ponds 

Mining land extraction of valuable minerals or other geological materials from the earth 
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as an image object at first and homogeneous image objects are created by typi-
cally combining them with their neighbors in an iterative approach. In this 
process, five model parameters called size; shape, shadow, color, pattern texture 
and local association are defined by the user, based on the spatial resolution and 
spectral characteristics of the data and desired object size. The most important 
parameter is scale, which directly affects the size of the object (Belgiu et al., 
2014). Visual interpretation using correctly these elements is often a part of our 
daily lives, whether we are conscious of it or not. Examining satellite images on 
the weather report or following high speed chases by views from a helicopter are 
all familiar examples of visual image interpretation. Identifying targets in re-
motely sensed images based on these visual elements allows us to further interp-
ret and analyze. During the social segmentation and classification processes, 
thematic layers were used as ancillary vector data in order to properly obtain 
better results for some of the LC/LU classes. As a direct result, obtaining land 
use information using only satellite image data was not as easy as determining 
the land cover. However, historic boundaries of these chief objects were de-
ducted from satellite images; therefore, compatibility of thematic layers with sa-
tellite image was carefully evaluated. 

2.4. Landscape Interpretation 

In order to typically make a classification of the landscapes within the study 
areas, the classified images were first geometrically corrected using a nearest 
neighbour algorithm. Seven elements were tested for further interpretation of 
landscape in the study area. These elements were applied and tested by interna-
tional classification standard of the landscapes. 

2.5. Landscape Metrics 

Qualitative and quantitative changes in landscapes depend on shape length and 
protected area of the landscape (Turner et al., 2001). In order to quantify and 
carefully monitor landscape characteristics, landscape complexity must be de-
fined and measured using landscape metrics. Patch shape complexity has been 
measured using Fractal Dimension (Frac). Its value varies between one and two. 
Man-made and natural interferences can be applied and examined by lower and 
higher values of this index. Squared or more structured shape (usually man-made), 
and higher values cautiously approaching two indicate more complex shapes 
(natural). 

( ) ( )Frac 2 ln 4 lnP A= ∗                        (1) 

where: Frac is the fractal dimension (patch shape complexity measure), P is the 
patch perimeter, A is the patch area. Frac measures the standard deviation of the 
patch shape from an area of some reference geometry. In order for perimeter to 
naturally increase in proportion to area, the shape of the modern boundary of a 
unique feature must become more complex as area increases. The improved me-
tric, on the other hand, considers the perimeter area relationship for raster data 
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structures and normalizes the ratio of the perimeter and area to a value between 
zero for squares and 1 (maximum perimeter, edge, deviation from that of a per-
fect square). The Square Pixel index (SqP) can be precisely calculated by the fol-
lowing formula: 

( )SqP 1 4 A P= − ∗                         (2) 

2.6. Spatial Distribution of Urban Area (Cities) 

For effective spatial distribution of urban area in the Nile Delta, two interpola-
tion methods were applied indiscriminately. It merely provides a critical esti-
mate at an unobserved location of variable z, based on the weighted average of 
adjacent observed sites within a given area. Inverse Distance Weighting (IDW) is 
expected substantially that the degree of associations and relationships between 
neighbors is relative to the unidentified distance between them that can be 
well-defined as a distance reverse function of every sore point from neighboring 
points. 

3. Results and Discussion 
3.1. Visual Interpretation of Landscape in the Study Area 

Modern interpretation of landscapes in the study area may be carefully observed 
using selected elements that prominently mentioned in the methodology. Culti-
vated land, garden land, woodland and grassland were shown in Figure 2(a). 
The climate of the Nile delta is suitable for most cultivated land as grain and 
cotton. Wheat, cotton, date palm, orange, sugar beet and other agricultural land 
were also cultivated with the irrigation water from the River Nile. By way of the 
high-resolution satellite imagery after the true color synthesis, the agricultural 
land and construction land, wasteland resources and other land boundaries are 
clear, but it is more difficult to carefully differentiate among the cultivated land, 
garden land and woodland. In the study area, bare land may be shown in Figure 
2(b). According to the Second National Land Use Survey Classification, bare 
land includes free land, sand, bare rock gravel and other land types. The bare 
land surfaces in the study area mainly include sandy land and unused land. 
These land types have clear boundaries and clear types, and belong to a specific 
type with high degree of interpretation. Bare land in the study area is mostly dis-
tributed in the southeast and southwest of the Nile River. There is basically no 
obvious vegetation cover on the bare land. Now, the bare land surfaces and fea-
tures in the study area are gradually used for the gradual development and 
unique construction of the new river irrigated agriculture, urban residential and 
industrial uses. The study area also contains large area of urban land that occu-
pies by people as shown in Figure 2(c). According to the Second National Land 
Use Survey Classification Standards, the urban land contains the residential 
land, transportation land, commercial land, public management and public ser-
vice land, urban villages, transportation public facilities, airports, tourist sites  
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Figure 2. (a) Visual interpretation of cultivated land, garden land, woodland and grass-
land; (b) Visual interpretation of bare land; (c) Visual interpretation of urban area; (d) 
Visual interpretation of water bodies; (e) Visual interpretation of mining land. 
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and construction land. The boundaries and the types of attributes of urban land 
types are clear, and they are easy to identify and interpret. The fundamental 
problem of urban land may be shown in the interpretation of some construction 
land. The construction land is complex and scattered, and some construction 
land is under construction, with obvious construction traces and more construc-
tion activities. The surface water in the study area is mainly distributed along 
Nile River and its grassy ditches, pits and reservoirs in the irrigated area as 
shown in Figure 2(d). The image features are obvious, the boundary and the 
attribute type are clear also, the degree of interpretation is high. Finally, small 
area of the Nile Delta contains some mining industries as shown in Figure 2(e). 
It is carefully noted through the classification; the proper interpretation of the 
mining industries in these areas is clearly visible and also erases some of the or-
ganic impurities caused by mining operations.  

3.2. Overall Interpretation of Landscapes 

In the present study, eight different landscapes were properly applied using visu-
al interpretation of ARCGIS 10.5 As shown in Figure 3. Area, number of maps 
and length of landscapes also examined for further interpretation as shown in 
Table 3 and Figure 4. Interpretation was applied using 7517 maps and about 
510,102.80 hectares of landscapes in the Nile Delta. It was showed that the urban 
area occupies the largest numbers of maps and the largest area from the study 
area. The number of maps is about 2766 with area 181,653.23 hectares, with a 
percentage 35.61% of the total area of the study area. Urban area is more than 
one third of the total area of the study area. according to visual interpretation of 
remote sensing and qualitative density of building, urban area were correctly 
classified into dense residential areas mainly in cities, new residential areas, villas 
and new town development areas, and towns and villages. In practical terms of 
the spatial distribution of construction land, urban and rural construction land 
is scattered in the agricultural area of the Nile Delta from the south to the north, 
while the two urban construction and development areas centered on the capital 
Cairo city and the city of Giza are dumbbell-shaped to the east. The results 
agreed with Hegazy and Kaloop (2015) that the urban sprawl as a result of rapid 
population growth as well as the internal migration on the expense of the highest 
fertile and productive agricultural soil in the Nile Delta. With the construction of  
 

 
Figure 3. Landscapes distribution with area (hectare) in the study area. 
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Table 3. Quantitative evaluation of landscapes of the Nile Delta. 

No Class No. Maps Class Length Area (hectare) % 

01 Cultivated land 2331 3125.053 127,790.76 25.05% 

02 Garden land 884 2531.421 17,041.19 3.34% 

03 Wood land 705 5552.258 17,925.60 3.51% 

04 Grass land 48 5076.507 386.32 0.08% 

05 Bare land 474 3946.403 154,031.73 30.20% 

06 Urban area 2766 3608.612 181,653.23 35.61% 

07 Water bodies 291 8254.2105 8479.53 1.66% 

08 Mining land 18 10,268.005 2794.43 0.55% 

Total 7517 42,362.47 510,102.80 100.00% 

 

 
Figure 4. Distribution of maps for landscapes in the study area. 

 
infrastructure such as roads, railways and airports in cities and towns, the ex-
pansion of the capital city of Egypt and the city of Giza gradually develops from 
the coast of the Nile to the development of wasteland resources from east to west 
and expands eastward. The scale is larger than the westward expansion. The ur-
ban living environment has instantly changed from the low-dense intensive to 
the new loose and comfortable and elegant. Shalaby (2012) prominently men-
tioned that expansion of urban area amounted to 2536.3 km2 during the study 
period from 1984 to 2006. Urban sprawl is mainly associated with human activi-
ties and unorganized management (El-Kawy et al., 2011). Effective efforts should 
be applied from the Egyptian government for the urbanization problem and the 
loss of agricultural land in Nile Delta through new reclamation of bare lands 
around the deserts near to the Nile Delta (Hegazy et al., 2008). Elhag et al. (2013) 
proposed a good plan for water conservation by preventing the urban sprawl 
over the fertile lands. Bare lands occupy about 154,031.73 hectares, which is 
close to one-third of the total area of the study area. It is about 30.20% of the to-
tal area of the study area, with 474 maps. Bare lands are mainly distributed on 
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both sides of the Nile Delta, southeast of Cairo City and southwest of Giza City. 
Bare lands surfaces have gradually become the main reserve for agricultural and 
urban land. Now, bare lands are closely occupies by urban land, industry, min-
ing and new technology irrigation. The distribution characteristics are typically 
characterized by the greater fluctuation of the geomorphology and the wider the 
standard distribution with the water network of the Nile River. Vegetation cover 
of the study area may be classified into cultivated, garden, wood and grass land. 
These classes are similar to those used in Raunkiaer’s life form classification 
(Tansley, 1946). The plant taxonomy used by Botanists and Ecologists has not 
been used because it is based on plant evolution rather than outward appear-
ance. Cultivated land naturally occupies the largest area of vegetation cover in 
the study area about 127,790.76 hectares with a percentage 25.05% of the total 
area of the study area and 2331 maps. Wood land typically occupies 17,925.60 
hectares with a percentage 3.51% of the total area of the study area and 705 
maps. Garden land includes about 17,041.19 hectares, accounting for 3.34% of 
the total area of the study area and 884 maps. On the other hand, grass land oc-
cupies the smallest are with being 386.32 hectares, accounting for 0.08% of the 
total area of the study area. Finally, the total area of vegetation covers in the 
study area about 127,790.76 hectares, accounting for about one-third of the en-
tire study area. The agriculture lands that distributed around the Nile River are 
fan-shaped through visual interpretation and remote sensing tools. Ali and 
El-Magd (2016) stated that the marked decrease in vegetation cover in the Nile 
Delta typically have a negative impact on the agriculture productivity and its 
important contribution to the national food security. Deteriorating the produc-
tivity of the agriculture cover is mainly due to salinization and salt water intru-
sion from the sea and shallow ground water level. In the present study, vegeta-
tion cover is mostly demonstrated in two unique aspects. It may be equitably 
distributed around the Nile River Basin. The grassland is sporadic and distri-
buted in the agricultural irrigation land area of the study area, which is mainly 
formed during the transition period of partial construction land and agricultural 
land degradation and successful conversion. Surface water area is occupies about 
8475.53 hectares, accounting for 1.66% of the total area of the social study and 
the number of maps is 291. The Nile Basin is the only chief source of water for 
agriculture and cultivation. There are sporadic reservoirs and water surface of 
the pond. The entire delta is nourished by the Nile River. Its distribution is 
properly distributed in a fishnet shape from south to north. The excessive en-
largements of the fish farms and other aquaculture activities affect negatively on 
the area of water bodies and cause more degradation to civilized human. Hereh-
er et al. (2010) said carefully that urban sprawl in the Nile Delta also included 
with the economic expansions of sandy soil. The mining land covers about 
2794.43 hectares, accounting for 0.55% of the total area of the study area, with 18 
maps. The main distribution of mines is also very small, but it is distributed on 
the edge of the city. The development methods are mostly open-air operations, 
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which have a great impact on the urban environment, the Nile water environ-
ment and the health of surrounding residents. The mines in the study area are 
mainly distributed in Cairo City and the leading edge of the active construction 
site on the south side of the chief city of Giza. 

3.3. Landscape Metrics 

Two metrics models were carefully proposed for landscape evaluation; Square 
Pixel (SqP) and Fractal Dimension (Frac). Fractal Dimension revealed that all 
the social values were more than one and majority of these cautiously approach-
ing to two values which indicates a marked tendency of more natural forms and 
get obvious indication about the nature of landscape in the Nile Delta (Table 4). 
Studies proven that SqP values were lower than 0.5 is very critical for landscape 
assessment and investigation. These methods give high indication of urban de-
tection.  

3.4. Spatial Distributions 

The remarkable accuracy of spatial distribution of cities around the Nile Delta of 
both Kriging and IDW is almost the same. IDW has more simple procedure and 
fewer steps in direct comparison to Kriging. According to Figure 5, more data 
may be carefully extracted from IDW giving an accurate data about cities distri-
bution in the Nile Delta. IDW is efficient than Kriging.  

On the other hand, reliable information may be developed and applied using 
Kriging method. The overall accuracy of Kriging method depends on sample 
points examination. Also, only used for estimating around that particular point, 
rather than typically assigning a universal distance power value. Moreover, in-
terpolated cells of the boundaries may show using Kriging the as show in Figure 
6. Two metrics show the impact of anthropogenic activities on the Nile Delta. El 
Banna and Frihy (2009) reported that both natural and anthropogenic factors 
have influenced the Nile Delta coastal area. Among these factors are: change in 
the Nile sediment supply, coastal processes, land subsidence and deterioration of 
natural habitats. 

 
Table 4. Landscape metrics in the study area. 

Class/Landscape Fractal Dimension Index Square Pixel Index 

Cultivated land 1.123842 −27.3799 

Garden land 1.132986 −24.5789 

Wood land 1.154343 −23.9899 

Grass land 1.477573 −6.18724 

Bare land 1.687526 −3.05423 

Urban area 2.399353 −0.10345 

Water bodies 1.978605 −1.08672 

Mining land 1.324024 −9.37834 
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Figure 5. Main cities and major landscapes of the study area. 

 

 
Figure 6. Kriging (left) and IDW (right). 

4. Conclusion 

Visual interpretation and statistical equations using remote sensing and GIS 
have carefully classified landscapes features of the Nile Delta. The present study 
had successfully calcified landscapes into: cultivated land, garden land, wood 
land, grassland, bare land resources, surface water, mine land and urban land in 
the study area. The urban area occupies the largest, and the mining occupies the 
smallest area from the study area. The vegetation cover concerned around the 
Nile Basin depends on the water availability. The soil fertility is a mature irri-
gated agricultural cultivation area. The expansion of the city toward the desert 
highlights the relation between the intensity of cultivated land in Egypt and the 
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pressure of population growth. The urban expansion model needs to increase 
the attention and effective prevention of geological disasters such as land deser-
tification and soil erosion.  
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