
 

 

Merit Research Journal of Agricultural Science and Soil Sciences (ISSN: 2350
Available online http://meritresearchjournals.org/asss/index.htm
Copyright © 2018 Merit Research Journals 

 
 

Original Research Article 
 

Integrating Remote Sensing, GPS, and GIS to Monitor 
Land Use Change

Ahmed M. S. Kheir1*, Medhat
Rashed H. Sahar

1
Soil, Water and Environment 

Research Institute, ARC, 9 Cairo 
University Street, Giza, Egypt. 

 
2
Soil and Water Department, Faculty 

of Agriculture, Tanta University, Egypt. 
 

3
Institute of African Research and 

Studies, Cairo University, P. O. Box 
12613, Giza, Egypt. 

 
*Corresponding Author’s E-mail: 
drahmedkheir2015@gmail.com 

 
 
 
 
 
 
 

Urbanization
agricultural land including crop area estimation. The goal of the paper is to 
improve the estimation of main crop areas using high resolution 
images, image classification, and dynamic GPS to produce land use map of 
year 2013, and to detect the changes of land use between 1991, 2007 and 
2013. In this study, a suitable methodology is developed for estimating crop 
area and land use by int
in the agricultural field to provide up to date crop information for better 
production management and monitoring the agricultural areas. Different 
observation points cover Meet Yazeed command area were col
field using dynamic GPS, these points present as the sampling area of 
cultivated crops and other features in the study area. Three land use maps 
dated in 1991, 2007 and 2013 were used to monitor the changes in land use 
classes in the command 
agricultural areas increased from old date (1991) to the modern date (2013) 
due to increasing the urban areas.
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INTRODUCTION 
 
Land use represents an important factor in geographical 
analysis, from physical geography studies to 
environmental analysis and spatial planning approaches. 
It is a dynamic variable because it reflects the interaction 
between socio-economic activities and 
environmental changes, and for this reason, it is 
necessary to be updated frequently. Egypt has a total 
area of 1,001,450 km2, with a land area of 995,450 km
the vast majority of which is desert. Egypt has a total 
population of 100 million individuals that is growing at 
rate of 1.9% per year. About 97% of its population lives in 
the Nile Valley and Delta. This yields an average 
population density of 1,435 persons per km
percent of the population resides in rural areas, and 29% 
of the total labor force is agricultural. Total Gross 
Domestic Product (GDP) in 2016 was US$
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Abstract 

 

Urbanization-associated land use changes lead to modifications of 
agricultural land including crop area estimation. The goal of the paper is to 
improve the estimation of main crop areas using high resolution 
images, image classification, and dynamic GPS to produce land use map of 
year 2013, and to detect the changes of land use between 1991, 2007 and 
2013. In this study, a suitable methodology is developed for estimating crop 
area and land use by integrating remote sensing with GIS. RapidEye is used 
in the agricultural field to provide up to date crop information for better 
production management and monitoring the agricultural areas. Different 
observation points cover Meet Yazeed command area were col
field using dynamic GPS, these points present as the sampling area of 
cultivated crops and other features in the study area. Three land use maps 
dated in 1991, 2007 and 2013 were used to monitor the changes in land use 
classes in the command area. The results indicated that the loss of 
agricultural areas increased from old date (1991) to the modern date (2013) 
due to increasing the urban areas. 
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Land use represents an important factor in geographical 
analysis, from physical geography studies to 
environmental analysis and spatial planning approaches. 
It is a dynamic variable because it reflects the interaction 

economic activities and regional 
environmental changes, and for this reason, it is 

Egypt has a total 
area of 1,001,450 km2, with a land area of 995,450 km

2
, 

the vast majority of which is desert. Egypt has a total 
iduals that is growing at 

rate of 1.9% per year. About 97% of its population lives in 
the Nile Valley and Delta. This yields an average 
population density of 1,435 persons per km

2
. Fifty-seven 

percent of the population resides in rural areas, and 29% 
e total labor force is agricultural. Total Gross 

was US$332.35 billion 

and agriculture comprises 14% of the total GDP
(https://www.statista.com/statistics/377349/
domestic-product-gdp-in-egypt/).

The Nile Delta includes an agricultural area of 
approximately 5.604 million acres, representing 60% of 
the agricultural land in Egypt. The highly fertile and 
productive agricultural land of the Nile Delta is subject t
major threats to its sustainable production. Recycling of 
the agricultural drainage water, lacking of an efficient 
drainage system, and inappropriate in
of applied water contribute to salt stuffing of the system 
that has noteworthy negative impacts on its productivity 
(Becerra-Castro. et al., 2015, Singh et al., 2012). 
Meanwhile, the limited agricultural land in the Nile Valley 
and Delta is being lost at a rate of nearly 30,000 acres 
per year due to urbanization (SHALABY and MOGHANM, 
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associated land use changes lead to modifications of 
agricultural land including crop area estimation. The goal of the paper is to 
improve the estimation of main crop areas using high resolution satellite 
images, image classification, and dynamic GPS to produce land use map of 
year 2013, and to detect the changes of land use between 1991, 2007 and 
2013. In this study, a suitable methodology is developed for estimating crop 

egrating remote sensing with GIS. RapidEye is used 
in the agricultural field to provide up to date crop information for better 
production management and monitoring the agricultural areas. Different 
observation points cover Meet Yazeed command area were collected in the 
field using dynamic GPS, these points present as the sampling area of 
cultivated crops and other features in the study area. Three land use maps 
dated in 1991, 2007 and 2013 were used to monitor the changes in land use 

area. The results indicated that the loss of 
agricultural areas increased from old date (1991) to the modern date (2013) 

RapidEye 

and agriculture comprises 14% of the total GDP 
https://www.statista.com/statistics/377349/ gross-

egypt/). 
The Nile Delta includes an agricultural area of 

approximately 5.604 million acres, representing 60% of 
the agricultural land in Egypt. The highly fertile and 
productive agricultural land of the Nile Delta is subject to 
major threats to its sustainable production. Recycling of 
the agricultural drainage water, lacking of an efficient 
drainage system, and inappropriate in-field management 
of applied water contribute to salt stuffing of the system 
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and Delta is being lost at a rate of nearly 30,000 acres 
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Fig.1. Location of Meet Yazid Command (left) outlined in red and it nine districts (right) 

 
 
2015). Soil degradation due to salinization and 
agricultural land-loss from desertification are also major 
challenges (Saied et al., 2017). Nearly 2000.071 in the 
northern part of the delta alone have already been lost 
due to rising groundwater levels, unsound drainage 
practices, and encroaching sand dunes. As much as  
35%  of  the  agricultural  lands  in Egypt may suffer from 
salinity(Sohair, 2013). Most of the salt-affected land is in 
the lower portion of the delta. Indeed, the current 
situation is serious and threatens not only agricultural 
sustainability but also the whole ecological system. 

The land use resource is one of the most precious 
resources for human beings. Since, most of land use 
changes are not reversible (Mertens and Lambin, 2000). 
Assessments of such changes are necessary for decision 
makers and land managers (Lambin, 2001). Land use 
change detection is one of the most methods to expand 
our knowledge about the impact of human activities on 
environmental change (Srivastava et al., 2012).  

Considering the large areas in the Nile Delta that are 
salt-affected and in view of the limited available cultivable 
land, it becomes necessary to find out alternative ways 
and means of utilizing and maintaining that vulnerable 
natural resource. Such means can be attained through 
identifying physical and institutional interventions to 
improve water management in the Nile Delta using 
remote sensing and Geographical Information System 
(GIS) technologies. 

Crop area estimation throughout the crop season is 
typically accomplished via traditional survey methods, 
which takes lots of time and effort. Remote sensing 
approaches have become very popular in crop area 
estimation over the past few decades, as the technology 

and methodology have matured proposing procedures for 
crop area estimation in which visual interpretation of high 
resolution imageries of a sample of grid points is 
substituted for ground observations (Shueb and Atkins, 
1991, Gonzalez-Alonso et al., 1997, Pradhan, 2001, 
Martinez, 2001, Singh et al., 2002, Ferencz, 2004, 
Carfagna and Gallego, 2006, Prasad et al., 2006, 
Rembold and Maselli, 2006, Gallego et al., 2008, Kussul 
et al., 2012). 

The main objective of current study is to improve the 
accuracy of estimation of the main crop fields using 
satellite images of very high spatial resolution supported 
by ground survey Geographic Position System (GPS) to 
produce a new land use map and to detect and measure 
land use changes between 1991, 2007, and 2013 in the 
study area. 
 
 
DATA AND METHODS 
 
Study area 
 
Meet Yazid Command is located in the northern part of 
the Nile Delta Fig. 1. It is located in two governorates and 
includes nine districts (six districts in Kafr El-Shiekh 
Governorate and three districts in El-Garbia Governo-
rate). The total area of the Meet Yazid command area is 
approximately 209751 acres. 
 
 
Satellite Images and Topographic Maps 
 
Two RapidEye images acquired in the first half of  August 
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Fig. 2. RapidEye mosaic (left) and subset (right) imagery of Meet Yazid Command 

 
 
2013, with a total area about 9433.8 km

2
. RapidEye is a 

German satellite with five satellite constellation consists 
of five multispectral bands including blue, green, red, red 
edge and near-infrared at 5 m resolutions pixel size 
(orthorectified, level 3A) and 16-bit unsigned integers bit 
depth with daily revisit capability (Roslani et al., 2014). 
Land   use   maps  from   Soil  Water  Research  Institute, 
(SWERI) 1991 produced by ALIS research Phase I, with 
a scale of 1: 100,000, using Spot images (P+XS) 
acquired in summer 1991. Eight topographic maps of the 
research area with a scale of 1:50,000 produced by the 
Egyptian General Survey Authority are named: Idfina, 
Sidi Salim, Al-Hamoul, Disouq, Kafr El-Shiekh, Biyala, 
Tanta West and Tanta East were used to study local 
topography and to geo-reference the RabidEye satellite 
images. 
 
 
Digital Image Processing 
 
The RapidEye standard image products are 
radiometrically, geometrically corrected and co-registered 
to the topographic map of the study area. The image was 
projected and rectified to WGS 84, UTM Zone 36N. Five 
multispectral bands were stacked and subset was 
created using a vector layer of Meet Yazid Command Fig. 
2. The digital numbers of the RapidEye image were 
converted to radiance using the radiometric scale factor 

that is available in the metadata. The radiance values 
were then converted to top of atmosphere reflectance 
using the sensor parameters of the RapidEye satellite. A 
typical spectral response of green vegetation (green line), 
the Red edge band covers the portion of the spectrum 
where reflectance drastically increases from the red 
portion towards the near infrared NIR plateau. The 
supervised classification is strictly controlled by the 
analyst, thus knowledge of the data and of the classes 
desired is required before the conducting the analysis. 
115 Global Positioning System (GPS) measurements 
covering the study area were conducted in the field work 
to define and determine the location of the training 
samples. During geometric correction, the values of 
corrected pixels are re-sampled to fit into a new grid of 
pixels. Although, some of the algorithms for calculating 
these values are highly reliable, some spectral integrity of 
the data can be lost during rectification. In conclusion, 
geometric correction is the process of transforming the 
data from one grid system into another grid system using 
a geometric transformation. 
 
 
Object-based Feature Extraction and Texture 
Analysis 
 
The concept of object-oriented approach is developed to 
overcome complications in the pixel-based classification 
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Fig. 3. Imagine objective process flow diagram 

 
 
that are increasing with the very high resolution of 
satellite images (Blaschke et al., 2008, Blaschke, 2010). 
Recently, this approach has evolved toward object-based 
image analysis to delineate readily usable objects from 
satellite imageries and to combine image processing and 
GIS functionalities to employ spectral and contextual 
information  in  an integrative way (Congalton and Green, 
2009). This is accomplished by quantifying the all the 
salient visual image interpretation cues for a feature, 
training machine learning components with these cues, 
then processing the imagery in a manner that these 
learned cues can be applied. The field of image 
interpretation is determined by the color tone, texture, 
size, shape, shadow, site situation, pattern, and, 
association. This quantification is achieved with 
algorithms that yield cue metrics that make them usable 
in this context. The flow diagram of the object-                        
based process is shown in Fig. 3 (ERDAS, 2009). Image 
texture measurements used to segment an image and 
classify its segments. Texture analysis is useful for               
urban harvest field distinguished where the reflectance of 
each is the same and the ordinary classification                
methods that depend on the pixel digital number are not 
able to do that, the variance algorithm was                            
used when applying the texture analysis Roslani et al,. 
2014. 
 
 
Feature Classification 
 
The  most  important  crops   in  our  study  area are rice, 

cotton, maize, and citrus. The raster object creator is 
applied using a minimum value difference equals to 25 
and variation factor of 3.5. The edge detection technique 
is applied prior to image segmentation with a smoothing 
threshold equals to 30% and a minimum length equals to 
3  pixels,  and  then all segments smaller than 100 m

2
 are 

eliminated and ultimately the attribute database is 
created. 
 
 
RESULTS AND DISCUSSION 
 
Land Use Map of 2013 
 
The Objective Module in ERDAS Imagine is used to 
produce the 2013 land use map of Meet Yazid 
Command. Fig. 4 and Table. 1 show the distinguished 
land use classes. Many summer crops such as rice, 
maize, cotton, and citrus areidentified and their areas are 
estimated along with other classes such as urban, bare 
soils, fish farms, canals, and water bodies Tables. 1a, b, 
c. Results indicate that about 75% of the study area are 
classified as cultivated areas and about 15% are 
classified as urban areas. Some land use classes can be 
sub-classified such as urban areas.  Results indicate that 
about 75% of the study area is classified as cultivated 
areas and about 15% are classified as urban areas. 
Some land use classes can be sub-classified such as 
urban areas. To assess the classification accuracy, 36 
sample points representing all classes are used to 
establish   the  confusion   matrix.  The   total   calculated  
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Fig. 4. Land use map of the study area in 2013 

 
 

Table 1a. Land use map classes of 2013 
 

Land use classes 
 

Area 

Acre % 

Rice  56043 26.72 
Maize 55191 26.31 
Cotton 31911 15.21 
Citrus 15065 7.18 
Canals 806 0.38 
Bare soil (harvest area) 11336 5.40 
Urban  29011 13.83 
Airport  1632 0.78 
Fish farm 8755 4.17 
Total 209751 100 
Land use Classes Area  
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Table 1(b). Land use map classes of 2007 
 

Land use classes Area 

Acre % 

Rice, Cotton, Maize (S), Clover, Wheat (W), SUGAR BEET 140255 66.87 
Rice, Cotton, Maize (S), Clover, Wheat (W), Fruits, Vegetables (SEC) 5713 2.72 
Areas in the early stages of reclamation  258 0.12 
Reclaimed areas with starting cultivation  1113 0.53 
Reclaimed areas fully cultivated  39135 18.66 
Bare soils  75 0.04 
Urban areas  11270 5.37 
Airport, harbour  1118 0.53 
Fish ponds  10814 5.16 
Total  209751 100 

 
 

Table 1(c). Land use map classes of 1991 
 

Land use classes Area 

Acre % 

Rice, Cotton, Maize (S), Clover, Wheat (W), Fruits, Vegetables (SEC)  142821 
 

68.09 

Rice, Cotton, Maize (S), Clover, Wheat (W), Sugar Beet  5790 2.76 
Areas in the early stages of reclamation (leaching, installation of irrigation and drainage 
networks, no cultivation)  

15302 7.30 

Areas in the very early stages of reclamation 524 0.25 
Reclaimed areas with starting cultivation 25799 12.30 
Reclaimed areas fully cultivated 4655 2.22 
Urban areas 160 0.08 
Airport, harbour 1118 0.53 
Bare soils  2108 1.01 
Fish ponds  11474 5.47 
Total  209751 100 

 
 
accuracy is 97.2%. The producer accuracy of rice is 90.9 
% as there is an overlap between rice and maize that has 
different stages of growth. Similarly, there is a slight 
overlap between urban and bare soils and between fish 
farms and water bodies as well. 
 
 
Land Use Change Detection 
 
Three land use maps dated 1991, 2007, and 2013 are 
used to monitor land use change in the study area. The 
oldest land use map of 1991 (Fig. 5a, Table 2) is product 
from Spot image, acquired by SPOT-2 satellite in 1991, 
and topographic maps of scale 1:100,000 SWERI 1991. 
The second land use map of 2007 Fig. 5b, is                   
product from satellite images acquired in 2007 by                
SPOT-4 and Landsat TM satellites SWERI 1991with the 
same scale 1: 100,000. The third land use map of 2013 
Fig. 5 is the one created from RapidEye satellite                 
images. 

The 1991 map shows that about 93% of the total area 
is classified as cultivated areas, about 0.61% are 
classified as urban areas, and only 5.47% are classified 
as fish farms. The 2007 map demonstrates that about 

89% of the study area are classified as cultivated areas, 
about 6% are classified as urban areas, and only 5.16 % 
are classified as fish farms. The 2013 map indicates that 
about 75% of the study area is classified as cultivated 
areas, about 14% are classified as urban areas and only 
4.42% are classified as fish farms. Urbanization 
increased in El Gharbiah Governorate causing 
considerable loss of agricultural land. There is excessive 
loss of agricultural areas in Kafr El Shiekh Governorate 
as well, but reclamation in the coastal area by drying 
some parts from El Brualls Lake compensated somehow 
the urbanization activity. The oldest land use map of 
1991 Figure. 6a, Table 2 is product from Spot image, 
acquired by SPOT-2 satellite in 1991, and topographic 
maps of scale 1:100,000 SWERI 1991. The second land 
use map of 2007 Figure 6b, is product from satellite 
images acquired in 2007 by SPOT-4 and Landsat TM 
satellites SWERI 1991. 

For comparing the three land use maps of the study 
area, the identified land use classes of years 1991, 2007, 
and 2013 are grouped into three main classes; namely 
cultivated areas, urban areas, and fish farms. Figs. 7(a), 
(b), and (c) shows the results of land use grouped 
classes. Table   2  shows   the  land  use   changes   after  
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Fig. 5(a). Land use map of the study area in 1991 

 
 

Table 2. Land use changes in three periods (1991-2007, 2007-2013, and 1991-2013) 
 

Land use 
classes 

Areas (Feddans*) / year Differences 

1991 2007 2013 2007 to 1991 2013 to 2007 2013 to 1991 

Cultivated 
areas 

195061 186531 168854 - 
530 

- 
7677 

-26207 

Fish farms 11421 9825 8755 - 
596 

- 
070 

-2666 

Urban areas 1278 11388 30129 10110 18741 28851 
*Feddan = Acre 

 
 
 
 
 
 



 

 

090 Merit Res. J. Agric. Sci. Soil Sci. 
 
 
 

 
 

Fig. 5(b). Land use map of the study area in 2007 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Kheir et al. 091 
 
 
 

 
 

Fig. 6(a). Grouped land use map of the study area in 1991 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

092 Merit Res. J. Agric. Sci. Soil Sci. 
 
 
 

 
 

Fig. 6(b). Grouped Land use map of the study area in 2007 
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Fig. 6(c) Grouped land use map of the study area in 2013 
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Fig. 7(a). Land use changes between 1991 and 2007 
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Fig. 7(b). Land use changes between 2017 and 2013 

 
 

 
 

Fig. 7(c). Land use changes between 1991 and 2013 

 
 
grouping in the three periods: 1991-2007, 2007-2013, 
and 1991-2013. Results of first (1991-2007) and second 
(2007-2013) periods illustrate that the loss in culti-                    
vated areas and fish farms are changed into urban areas. 

The result  of  entire  period  (1991-2013)  shows  that the 
cultivated areas were changed into fish farms and urban 
areas. 

To identify locations and characterize  changes  in  the 



 

 

096 Merit Res. J. Agric. Sci. Soil Sci. 
 
 
 

 
 

Fig. 8. Land use changes in different periods 

 
 
land use (between 1991 and 2007, between 2007 and 
2013, and between 1991 and 2013), the crossing 
operation   is   applied.   Fig. 7(a)   shows   the  results of  
crossing operation between years 1991 and 2007. About 
88% of the study area are still cultivated in both years, 
while about 4% are changed from cultivated areas to 
urban areas. Fig. 7(b) shows the results of crossing 
operation between years 2007 and 2013. Approximately 
79% of the study area are still cultivated in both years 
and about 11% are changed from cultivated areas to 
urban areas. Fig. 7 (c) displays the results of crossing 
operation between years 1991 and 2013. About 80% of 
the study area are still cultivated in both years, however 
approximately 12% are changed from cultivated areas to 
urban areas. Fig. 8 summarizes the changes in land uses 
in different periods. 
 
 
CONCLUSIONS 
 
Two RapidEye images acquired in the first half of August 
2013, with total area about 9433.8 km

2
 provide up to date 

crop information for better production management and 
monitoring of agricultural areas. ERDAS Imagine and 
ArcGIS Desktop software are the main software’s used in 
image classification and vector processing. Dynamic 
Data Collector system (SDC) was used to define and 
determine the location of the samples of training area in 
the field work. 115 observation points cover Meet Yazid 
command area were collected in the field using dynamic 
GPS, these points present as the sampling areas of 
cultivated crops and other features in the study area. 
Color/tone, texture, size, shape, shadow, site/situation, 
and pattern were used through the Objective Module in 
ERDAS Imagine to produce the land use map of Meet 
Yazid command area. The results show that about 75% 
of the studied area was classified as cultivated areas in 
year 2013. And about 14% from the studied area was 
classified as urban areas. Only 4.42% of the studied area 

was classified as fish farms. On the other hand, in year 
1991 about 88% from the studied area were still 
cultivated areas. And about 4% from the studied areas 
the land use change from cultivated areas to urban 
areas. Due to the differences of the classification system 
of the land use maps of years 1991 and 2007 with the 
classified land use map of year 2013 and according to 
the result of ALMA project which indicated that the urban 
increased in El Gharbiah governorate through the loss of 
agricultural areas because there are no desert or bare 
soils can be reduced the loss in the agricultural areas. In 
other hand, the project indicated that there is high loss of 
agricultural areas in Kafr El Shiekh governorate, but due 
to the reclamation processing in the coastal areas by 
drying some parts from El Brualls Lake, the loss of 
agricultural areas was less than the loss in agricultural 
areas in El Gharbiah governorate. Therefore, the action 
needs to do it before making the comparison in the Meet 
Yazid command area. The land use classes of years 
1991, 2007, and 2013were grouped the land use classes 
to main classes which are cultivated areas, urban areas, 
fish farm areas, and, lake. 
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