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Abstract

Yazid commend area, in Kafr Al-Shikh and Al-Gharbia

governorates during the period from summer 2013 to winter
2015 using remote sensing and GIS techniques. In this study,
RapidEye images, dynamic GPS and IMAGINE objective feature
extraction module were used. The results showed an increase of
cultivated areas of rice from 30.06 % to 31.57 %, while wheat
increased in the year 2014 and 2015 from 27.3 % to 37.9 % of the
total area respectively. On the other hand, there was a decrease of
cultivated areas of maize and cotton in years 2013 and 2014 from
24.64 % to 23.29 % and from 15.26 % to 14.68 % of the total area,
respectively. Clover cultivated areas decreased in years 2014 and
2015 from 21.5 % to 18.5 % of the total area, respectively. The
changes of the crops in these areas may be due to the change in the
social and agricultural economics. The results also showed that the
rate of urban encroachment increased during the study periods
where results recorded increasing in urban areas from 13.64 % of
total areas in summer 2013 to 14.85 % of total area in winter 2015.
The study cleared that increasing in total cultivated area of crops
throughout the period from summer 2013 to winter 2015 except the
period summer 2014 where occurred decreasing in total cultivated
areas of crops for the previous sessions. The changes in cultivated
area was accompanied by changes in the areas of fish ponds in the
same period, which is due to transformation in the pattern of land
use from crop cultivation to aquaculture, in some areas. The results
also show the ability of RapidEye images of high differentiation for
land use classes as well as obtained results with high accuracy more
than 90 % for all studied seasons.

INTRODUCTION

T his study aimed to detect the changes of land use of Meet

Remote sensing and Geographical Information Systems (GIS) are powerful tools to
derive accurate and timely information on the spatial distribution of land use/land cover
changes over large areas. Past and present studies conducted by different organizations
and institutions around the world, mostly, has concentrated on the application of land
use/land cover (LU/LC) changes. GIS provides a flexible environment for collecting,
storing, displaying and analysing digital data necessary for change detection. Remote
sensing imagery is the most important data resources of GIS. Satellite imagery used for
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recognition of synoptic data of earth’s surface. The rich archive and spectral resolution
of satellite images are the most important reasons for their use.

Land use/land cover change, as one of the main driving forces of global
environmental change, is central to the sustainable development debate. Land use/land
cover change reviewed from different perspectives in order to identify the drivers of
land use/land cover change, their process and consequences. The rapid changes of land
use/land cover than ever before, particularly in developing nations are characterized by
rampant urban sprawling, land degradation, or the transformation of agricultural land
to shrimp farming ensuing enormous cost to the environment (Sankhala and Singh,
2014). This kind of changes profoundly affects local and/or regional environment, which
would eventually affect the global environment. Human induced changes in land cover
for instance, influence the global carbon cycle, and contribute to the increase in
atmospheric CO: (Alves and Skole, 1996). It is therefore indispensable to examine the
changes in land use/cover, so that its effect on terrestrial ecosystem can be discerned
and sustainable land use planning can be formulated (Muttitanon and Tripathi, 2005).

Attempts have been made in improving agricultural statistics using area frame
sampling techniques with the consideration that the classical methods for generating
agricultural statistics are time consuming, costly and subject to a variety of errors
(Pradhan, 2001). Due to the enormous problems related to crop identification using
remote sensing imagery, many researchers have attempted to estimate land use area
using an integration of sampling techniques and satellite sensor images (Loveland et.
al., 2002). In fact, the estimation based on the ratio between the numbers of pixels
classified into the specific crop and the total number of classified pixels known is
strongly biased. Similar problems arise when photo-interpretation of satellite images
used for land use area, since photo-interpretation errors tend to be systematic (Ayala-
Silva et. al, 2009). Errors of the area estimation with coarse resolution sensors result
from aggregation effects, whose magnitude and scale-dependence, are related to the
proportions of the classes and their landscape pattern (Moody and Woodcock, 1994).
The aggregation effects lead to changes in the size and shape of land cover patches
and to the disappearance of small objects at critical thresholds of resolution (Mayaux
and Lambin, 1995 and 1997).

Jambally (2013) illustrated in a study in Dohuk City, Kurdistan, Iraq that spatial
patterns of land use/land cover (LU/LC) change were identified through LU/LC
classification and change detection analyses conducted on multi-temporal Landsat
Thematic Mapper (TM) data. The results show a remarkable increase in the urban/built-
up area with corresponding decreases in the barren land and vegetation areas during
1998 to 2011.

El Ghonamey et.al., (2014) estimated land use classes such as crop areas in some
villages in Al-Gharbia governorate — Egypt in winter season using high resolution
satellite data (worldview-2) and powerful classification method (IMAGINE Objective
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Feature classification) where the obtained results have overall accuracy about 91% and
wheat estimate accuracy have 92%.

In general, land use detection using remote sensing technique always face the
following problems: (1) Some methods that have great precision at small area become
invalid at country level; (2) Some methods that successfully are applied in small area
cannot be applied because of their high-cost.

Therefore, land use study methodology, at country level, must have the following
properties:

e Accurate enough to support decision.

e Speedy enough to meet the time that application section required.

e Frugal enough not to go beyond the ability that application section could
bear.

e Having unified criterion and can be operated easily.

e Finally, choosing the suitable date to acquire the satellite data for more
differentiation between various land use/ land cover features.

Mid-resolution satellite images from RapidEye sensors classified, usually with the
help of the information obtained from the ground survey, into different land use
categories. In the early years of remote sensing, the term “Spectral Signature” became
common to indicate the reflectance behavior of a land cover type in different wavelength
intervals (channels of the sensor). The choice of this term indicated that there was a
belief that, someday it would be possible to identify land use classes by its reflectance
with a negligible rate of error. Today we are still very far from reaching this goal, but
we can classify, reasonably well, satellite images. A careful image classification often
gives an average accuracy of 80-90% when the region is not too complex and the
classification nomenclature is not too detailed.

The utility of RapidEye data for developing data in land use class's area statistics
was demonstrated. Generally, such studies had proof of concept in a research and
development mode as their primary objective. Obtaining timely results for consumption
by agricultural data users have been a secondary importance in most research and
development studies.

The objective of this work is detecting changes of some main classes of land use
(winter and summer seasons) of Meet Yazid commend area using Mid-resolution
satellite data, dynamic GPS and powerful classification methods for obtaining high
accuracy results.

MATERIALS AND METHODS

1. Study area:
Meet Yazid command area is located and extended between longitudes 30° 46’
10.28" to 31° 8’ 0.97" East and latitudes 30° 52’ 45.94" to 31° 22' 2.46" North along

two governorates Kafr Al-Shikh and Al-Gharbia (Figure 1). This command area include
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nine districts namely Al-Mahalla Al-Kubra, Qotour and Tanta (Al-Gharbia Governorate)
Al-Reyad, Al-Hamoul, Sidi Salem, Desouq, Beyela and Kafr Al-Shikh (Kafr Al-Shikh
Governorate). The study area covers about 209751Feddans (about 88095Hectares).
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Figure 1. Location of Meet Yazid command area.

2. Materials:

2.1 Remote sensing data:
Multi temporal of RapiedEye images acquired in Aug. 2013, April 2014, July 2014 and
April 2015. (Table 1 and Figure 2), were used to provide up to date land use information
for better production management and monitoring of agricultural areas. The benefits of
using RapidEye are cost effective, daily revisit capability. With 5 satellites in the
RapidEye constellation capture is rapid and reliable used (Haboudane et. al., 2002, Vinal
and Gitelson, 2005).
Table 1. RapidEye satellite imagery specification

Product Attribute Description

Orbit Altitude 630 km in Sun-synchronous orbit

Global Revisit Time 1 Day

Ground sampling distance (nadir) 6.5m

Pixel size (orthorectified) 5m

Swath Width 77 km

Spectral Bands 400 nm 500 nm 600 nm 700 nm 800 nm

440 — 510 nm (Blue)

520 — 590 nm (Green)
630 — 685 nm (Red)

690 — 730 nm (Red Edge)
760 — 850 nm (Near IR)
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2.2 Topographic maps

Seven topographic maps of the study area with a scale of 1:50,000 produced

by the Egyptian General Survey Authority (EGSA, 1990) were used to collect
information about the study area and geo-reference the RabidEye satellite
images. The topographic maps name: Idfina, Sidi Salim, Al-Hamoul, Disouq, Kafr
El-Shiekh, Biyala and Tanta West

2.3 Remote sensing and GIS software:

ERDAS IMAGINE 2014 software (ERDAS, 2014) for geospatial applications with
IMAGINE objective feature extraction module which, enabling geospatial data
layers to be created and maintained using remotely sensed imagery.

ArcGIS V. 10.4.1 software (ESRI, 2016) as GIS software.

3. Methods:
3.1 Field Work

About 150 observation areas were collected each season by Global Positioning

System (GPS) devices from the study area divided in two groups; the first group about

100 training areas used as training samples for classification, while the remaining

training areas used in accuracy assessment process. The training samples represent the

selected land use classes such as cultivated areas (wheat, clover and onion in winter

season and rice, cotton and maize in summer season and other crops) in addition to

urban areas, Bare soils, main Infrastructures (roads, Canals, drains and airport) and

fish ponds.

3.2 Image Possessing

Geometry Correction: Geometric correction process depends on using
ground control points (GCPs) collected from topographic maps done to register
the satellite images. Images defined as Egyptian Transverse Mercator, with
Datum: Old Egyptian 1907, Central Meridian: 31E, Origin Latitude: 30N, False
Easting: 615000 m, and False Northing: 810000 m.

Subset image: Subset image used to extract the study area of each satellite
images.

Objective Feature classification (ERDAS, 2014): The IMAGINE Objective
framework was used to produce the feature classification from imagery
automatically. Three steps were used to classify the satellite images (Figure 3)
started by object-based feature extraction and classification, then texture
analysis and ended by feature classification. Also, attribute database was

created. (ERDAS, 2014).

Apply raster object creators (segmentation) using the minimum value
difference and applying edge detection technique prior to segmentation function
with one time pre smoothing with threshold equals to 30% and minimum length
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equals to 3 pixels then eliminating all segments less than 100 meter square.
Following that, extracted land use parcels were converted (pixel groups) into
closed polygons in (vector format) to measure areas in square Km, or acres
using polygon trace.

¢« Detect and calculate the areas of land use classes from year 2013 to
year 2015: The results of land use pattern of different seasons used to detect
the changes of land use occurred in Meet Yazid commend area of years 2013,
2014 and 2015.
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Figure 2. Multi temporal of RapidEye images of Meet Yazid command area
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Figure 3. IMAGINE Objective Process Flow Diagram

RESULTS AND DESCUSSION
1. Land use area estimations:

Four land use maps were created for August 2013 and July 2014 (summer
seasons), April 2014 and April 2015 (winter seasons) and used to monitor the changes
in land use classes in the Meet Yazid command area. Some land use classes were in
one class, i.e. Main Infrastructures contains roads, canals and drain lines (Figure 4 and
Table 2).
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Fig. 4. Land use maps of the studied area
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Table 2. Land use map classes of Meet Yazid command area in summer 2013, winter
2014, summer 2014 and winter 2015

Summer 2013 Summer 2014 Winter 2014 Winter 2015
Land use Classes
Land use Classes Area Area Area Area

Fed. % Fed. % Fed. % Fed. %
1 | Rice 63044 30.1 66214 316 |1 | Wheat 57248 23 79540 379
2 | Maize 51691 24.6 48855 33 |2 | Clover 45184 2.5 38723 185
3 | Cotton 32011 153 30783 147 | 3 | OtherCrops 63717 304 | 48422 3.1
4 | Other Crops 14091 6.7 12992 6.2
C(‘;':E’jt:i:)reas 160857 | 767 | 1saee4 | 757 C(‘;':E’jt:i:)reas 166149 | 72 | 166685 | 795
Bare Soils 9850 47 9339 4.5 Bare Soils 4102 2.0 1918 0.9
Urban Areas 28606 136 30764 14.7 | Urban Areas 29086 139 31249 14.9
Main Infrastructures 1439 0.7 1468 0.7 Main Infrastructures 1586 0.8 1521 0.7
Fish Ponds 9019 43 9336 4.5 Fish Ponds 8829 42 8379 4.0
Total Area 209751 | 100.0 | 209751 | 100.0 | Total Area 209751 | 100.0 | 209751 | 100.0

The results showed that in the summer seasons there was an increase in the
cultivated areas of rice from 30.1 % in 2013 to 31.6 % of in 2014, of the total area. On
the other hand, there was a decrease in the cultivated areas of maize from 24.6 % in
2013 to 23.3 % in 2014 and cotton from 15.3 % in 2013 to 14.7 % in 2014, of the total
cultivated area.

As for the winter seasons, there was an increase in the cultivated areas of wheat
from 27.3 % in 2014 to 37.9 % in 2015, of the total cultivated area. In addition, there
was a decrease in the cultivated areas of clover from 21.5 % in 2014 to 18.5 % in
2015, of the total area (Fig 7).

The results showed that urban areas had an increase trend during the study
period where they were 13.6% in summer 2013, 13.9% in winter 2014, 13.9% in winter
2014, 14.7% in summer 2014 and 14.9% in winter 2015, of the total area (Figure 5).

Regarding the bare soils, their areas were very high in summer seasons
compared with winter seasons (Table 2). This was the same in the areas of fishponds,
with relatively less variation,

In general, total areas of cultivated crops are increasing throughout the studied
seasons where their percentages was 76.7%, 79.2% and 79.5% in summer 2013,
summer 2014 and winter 2015, of the total area, respectively. Except in summer 2014
total areas of cultivated crops were 75.7%. This decrease was accompanied by

increasing in fish pond areas in the to 4.5%.
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2. Accuracy assessment
Accuracy assessments done by a confusion matrix (Kohavi and Provost, 1998)
which contains information about actual and predicted classifications done by IMAGINE
Objective module (ERDAS, 2014). Performance of such systems evaluated using the
data in the matrix. About 50 training areas used in accuracy assessment process as a

check samples (Tables 3-6).

Table 3. Confusion matrix with checkpoints for IMAGINE Objective classification

(Summer 2013).
Producer
Classified Satellite Image
Accuracy
Other Bare Main
Rice | Maize | Cotton Urban Total
Crops Soils | Infrastructures
Rice 12 1 - - - - - 13 92.3
Maize - 6 - - - - - 6 100.0
Cotton - - 9 - - - - 9 100.0
- Other Crops - - - 5 - - - 5 100.0
=
5
§ Urban - - - - 6 - - 6 100.0
G}
Bare Soils - - - - - 5 - 5 100.0
Main
- - - - - - 6 6 100.0
Infrastructures
Total 12 7 9 5 6 5 6 50
User Accuracy 1000 | 857 | 100.0 | 100.0 | 100.0 | 100.0 100.0
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Table 4. Confusion matrix with checkpoints for IMAGINE Objective classification (Winter 2014).

Classified Satellite Image /I:roducer
ceuracy
Wheat Clover Other Urban Fish Farms | Total
Crops
Wheat 14 - 2 16 87.5
- Clover 24 1 25 9.0
5| Other Crops 8 8 100.0
§ Urban 0 0.0
(&)
Fish Farms 1 1 100.0
Total 14 24 8 3 1 50
User Accuracy 100.0 100.0 100.0 0.0 100.0

Table 5. Confusion matrix with checkpoints for IMAGINE Objective classification (Summer 2014).

Classified satellite image /I:roducer
ccuracy
Rice Maize | Cotton | Citrus | Urban Bar ¢ Fish Total
soils farm
Rice 28 1 1 30 93.3
Maize 1 4 5 80.0
- Cotton 1 12 13 92.3
E Other Crops 1 1 100.0
3| urban 0 0 0.0
(&)
Bare soils 1 1 100.0
Fish farm 0 0 0.0
Total 30 5 13 1 0 1 0 50
User Accuracy 93.3 80.0 923 | 100.0 0.0 100.0 0.0

Table 6. Confusion matrix with checkpoints for IMAGINE Objective classification (Winter 2015).

Produ
Classified Satellite Image A cer
ccura
cy
Wheat Clover Other Urban Fish Tot
Crops Farms al
Wheat 17 - - - - 18 | 96.0
S Clover 1 17 - - - 18 | 94.1
=)
5|  Other 2 1 8 - - 11| 73.7
° Crops
§ Urban - - - 3 - 3 | 100.0
O| Fish Farms - - - - 1 1 100.0
Total 20 18 8 3 1 50
User Accuracy | 100.0 | 85.0 | 94.4 | 1000 | 88.9 01%
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The results (Tables 3-6) showed that in summer seasons rice, maize and cotton
crops recorded 92.3 %, 100.0 % and 100.0 % respectively and the overall accuracy is
98.0 % in year 2013, while the same crops recorded 93.3%, 96.0% and 92.3%
respectively and the overall accuracy is 92.0 % in year 2014. As for the winter seasons
wheat and clover crops recorded 87.5% and 96.0% respectively and the overall
accuracy is 94.0 % in year 2014, while the same crops recorded 96.0% and 94.1%

respectively and the overall accuracy is 92.0 % in year 2015.
CONCLUSION

The obtained results indicated that the high differentiation of RapidEye Satellite images
as a mid-resolution data give high accurate results close to the field results especially
with data acquired in suitable time and powerful classification method for the
differentiation for varies crops. In addition, results cleared significant changes in land

use in the studied area due to changing farming pattern and agricultural policy.
RECOMMENDATION

It is recommended to continue follow up of changes of land cover/land use, whether
these changes are due to changes in agricultural policy of farmers or governments
because these changes have negative or positive effects on agricultural productivity.

It is also recommended that using modern techniques such as remote sensing and
geographic information system in monitoring these changes because they have great

credibility in obtaining accurate results that are near to realistic results.
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