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ABSTRACT

A new generation of satellite data has been emerged since the launch of the Moderate
Resolution Imaging Spectroradiometer (MODIS), in 1999, for monitoring land
resources and terrestrial environments. Agricultural land area of Egypt in 2005 was
estimated using MODIS data. Four scenes were utilized to extract the total country
area. MODIS vegetation Indices product (MOD13Q1) was the most suitable to
extract the total gross cultivated land area of Egypt. An unsupervised classification
algorithm was applied to estimate the cultivated land area, which approached
8.2 million feddans in 2005. The Nile Delta contains the majority of agricultural
lands (63.2%). The Nile Valley and El-Fayoum Depression possess 33.9% and
the remaining little percent (~3%) represents the scattered agricultural land along
the Suez Canal, Sinai and the Western Desert. The classification accuracy of
agricultural land reached 84%, revealing higher confidence of assessment. The
present study asserts on the importance of using remote sensing in monitoring
agricultural land resources.
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INTRODUCTION

MODIS is one of the sensors onboard the NASA Earth Observing System
(EOS) Terra satellite platform, which was launched successfully on Dec. 1999.
MODIS offers several enhancements over the older Advanced Very High
Resolution Radiometer (AVHRR) sensor. For example MODIS has a finer spatial
resolution, higher radiometric resolution and improved geometric rectification
(Aronoft, 2005). MODIS is a scanning instrument viewing the entire earth each
1-2 days with 36 spectral bands ranging from the visible to the thermal infrared
wavelengths with a spatial resolution of 250 m, 500 m and 1000 m (Cheng, 2006).
The first seven bands are designed primarily for remote sensing of vegetation
and land surface across 2330 km swath (Xiao et al, 2006). A number of MODIS
products have been developed to characterize atmosphere, ocean, and land surface
properties (Justice and Townshend, 2002). Among the very useful products of
the MODIS data are the Normalized Difference Vegetation Index (NDVI) and
the Enhanced Vegetation Index (EVI). Both indices were calculated from the red
and near infrared portions of the spectrum. However, EVI is much complicated
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than NDVI. The NDVI is calculated as: NDVI = (NIR-R)/(NIR+R) (Rouse et
al, 1974), whereas the EVI is given by the equation: EVI = (1+L)*(NIR-R)/
(NIR+C R-C,B+L), where NIR, R and B are reflectances in the near infrared, red
and the blue bands respectively, C and C, are aerosol resistance coefficients, and
L is the vegetation canopy background factor (Huete et al, 2002). MODIS data
have been widely used worldwide for land cover mapping and land cover change
detection (e.g. Bagan et al, 2005 and Zhan et al., 2002).

Due to the regional setting in the arid belt of the world, Egypt depends entirely
on irrigated agriculture. The main exclusive surface water resource of the
country is the River Nile. Desert represents more than 95% of Egypt’s area. It
depends mainly on the groundwater reserves. Cultivated lands of the country are
mainly restricted along the narrow tract of the River Nile Valley and its Delta.
Some scattered irrigated agriculture is extended along the Suez Canal and along
the coastal zone of the Mediterranean Sea and Sinai. Soil properties and the
availability of irrigation water as well as regional topography are the controlling
factors for the distribution of agricultural lands in Egypt. For these reasons,
cultivated lands of the country are restricted to the Nile Valley and its Delta. Urban
encroachment represents a significant threat to the fertile agricultural land. The
primary objective of the present study is to utilize MODIS data for mapping and
inventory of the entire agricultural land cover of Egypt in the year 2005.

MATERIALS AND METHODS

MODIS Data

Egypt is covered by 63 scenes from the Multi-Spectral Scanner (MSS) and 60
images from the Thematic Mapper (TM) sensors (Abu El-Ennan et al., 1990),
giving the advantage to the MODIS images which cover the entire Egypt by
just four images, as the regional coverage of MODIS extends for 2330 km?.
Consequently, four images of MODIS/Terra Vegetation Indices 16-Day L3 Global
250 m composite product (MOD13Q1) covering Egypt and a part of the Arabian
Peninsula (Tiles: H20V5, H20V6, H21V5 and H21V6) were acquired from the
United States Geological Survey (USGS). The images represent the Julian day
225 of the year 2005 (the second week of August). At this time of the year all
cultivated land in Egypt becomes mostly covered by green vegetation. Estimation
of agricultural land is based upon assessment of the area of green vegetation. The
major crops grown during image acquisition are rice, maize, cotton, sugarcane,
and vegetables. The acquired vegetation indices product uses surface reflectance
data (MODO09) corrected for atmospheric interferences. Each image consists of
eleven bands (Table 1) in a HDF-EOS format. The pixel size is 250 m and the
images are georeferenced to the Sinusoidal (SIN Grid) Projection.
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Table 1: The Vegetation Indices (MOD13Q1) product of MODIS. (Source: NASA
Land Processes Distributed Active Archive Center).

Band Units Data Type
250m 16 days NDVI NDIV 16-bit signed integer
250m 16 days EVI EVI 16-bit signed integer
250m 16 days NDVI Quality Bit field 16-bit signed integer
250m 16 days EVI Quality Bit field 16-bit signed integer

250m 16 days red reflectance

(MODIS band # 1, 620-670 nm)

250m 16 days NIR reflectance (MODIS band # 2, 841-
876 nm)

250m 16 days blue reflectance (MODIS band # 3, 459-
479 nm)

250m 16 days MIR reflectance (MODIS band # 7,
2105-2155 nm)

Reflectance 16-bit signed integer

Reflectance 16-bit signed integer

Reflectance 16-bit signed integer

Reflectance 16-bit signed integer

250m 16 days average view zenith angle Degree 16-bit signed integer
250m 16 days average sun zenith angle Degree 16-bit signed integer
250m 16 days average relative azimuth angle Degree 16-bit signed integer

Image Processing

Image processing techniques were carried out using ERDAS Imagine 9.0 Software.
The first step was mosaicking the four contiguous scenes (eleven bands) into
just one image covering the entire Egypt and a part of the Arabian Peninsula.
The boundaries of the country were then extracted using the “area of interest”
(AOQ]) built-in function in ERDAS Imagine Software. Since the NDVI correlates
significantly with green biomass; i.e. green vegetation (Tucker, 1979) and the
EVI is a new version of the NDVI enhancing the vegetation signal and avoiding
the canopy background and atmospheric effect (Liu and Huete, 1995), hence it
was chosen to increase the vegetation signature in the classification process and
consequently facilitating the clustering of pixels representing vegetation. Five
bands out of eleven were stacked together (EVI, Red, NIR, Blue and MIR) for
image classification. An unsupervised image classification algorithm was applied
to the five-band image of Egypt requesting 100 clusters. The Iterative Self-
Organizing Data Analysis (ISODATA) algorithms in ERDAS Imagine were used
in the clustering process as it is most suitable. After complete classification, we
started careful recoding pixels representing cultivated lands. Other classes were left
without recoding to show the different geomorphological features of the country.
The total area of agricultural land was estimated from the number of pixels recoded
vegetation. Agricultural land of the different regions of the country, e.g. the Nile
Delta; the Nile Valley; Suez Canal and Sinai; and the Western Desert were obtained
by creating subscene images representing each region. Agricultural land at each
region was extracted. Finally, an accuracy assessment was applied to the classified
image using the corresponding five-band false-color image in order to get the sense
of accuracy of recoding vegetation pixels only. A total of 2000 points were chosen
randomly based on a stratified random approach. Points falling in the cultivated
land of the reference image were compared with the corresponding pixels in the
classified image. The classification accuracy was then estimated.
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RESULTS AND DISCUSSION

MODIS image of Egypt is classified into 100 clusters depending on the spectral
characteristics of each class. Cultivated land clusters were recoded together and
represented in green color (Fig. 1). As the present study focuses on agricultural land,
the accuracy assessment was applied only to this class. Accuracy of cultivated land
classification is estimated at 84% (44 pixels out of 52 were identified correctly),
which indicates a precise and a truthful estimation. According to the unsupervised
classification scheme, cultivated land of the country is estimated at 8,227,776 feddans
in 2005. Cultivated land in each region of the country is shown in Table (2).

The Mediterranean Sea

':'.'.' '.' »: a o Q.‘l&.
Figure 1: The spectral signatures of MODIS 2005 mosaic reflecting the features
of cultivated and bare landscapes.

Table 2: The areas (in acres and feddans) of the cultivated land of Egypt as
obtained from MODIS data.

Location Area (acres) Area (feddans) %
‘Western Desert 77,735 74,626 00.91
Along Suez Canal 164,395 157,819 01.92
Nile Valley and El-Fayoum Depression 2,911,460 2,795,002 33.97
Nile Delta 5,417,010 5,200,330 63.20
Total 8,570,600 8,227,776 100.00
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Agricultural land assessment by this study agrees with a previous estimation
using finer spatial resolution data from the Thematic Mapper sensor (Hereher,
2006). According to Biswas (1993), based on government reports, the cultivated
lands in the Nile Delta represents 62% of the total cultivated land in Egypt. This
estimation agrees with the percent of cultivated land of the Nile Delta as obtained
by the present study (~63%). Agricultural land in the Nile Valley and El-Fayoum
Depression represents ~34% of the total cultivated area. As mentioned earlier,
variations of soil quality and availability of irrigation water are among the primary
factors controlling the distribution of the country’s agricultural land. In addition,
the topography and geomorphology play another role. The Nile Delta is flat and
wide with very gentle slope. The Nile Valley is also flat but is restricted by terraced
alluvium and rocky structure. Egypt started ambitious plans to reclaim many desert
areas, such as the Southern Valley Development Project (SVDP) and Northern
Sinai Development Project (NSDP). Agricultural lands in these projects have been
detected by MODIS images and have been recoded in the classified image.

CONCLUSIONS

MODIS data provide high quality at no cost data for mapping spatial extent of
cultivated lands of Egypt. The wide swath of this sensor (2330 km) provides a large
regional coverage allowing a little number of images (4 images) to cover the entire
Egypt. Egypt’s cultivated land approached 8. 22 million feddans in 2005. About 63%
of'this area is cultivated in the Nile Delta. MODIS products afford an indispensable
source of remotely sensed data for mapping irrigated agricultural land.

REFERENCES

Abu El-Ennan, S.; Dalsted, K. and Salem, M., 1990. Dunes encroachment on
cultivated land in Egypt. Desertification Control Bulletin, 18, pp. 1 - 5.

Abu Zeid, M., 1993. Egypt’s water resources management and policies. In
Sustainable Agriculture of Egypt, edited by Faris, M. and Khan, M. Lynne Rienner
Publishers, Inc, Boulders, Colorado, pp. 71 - 79.

Aronoff, S. 2005. Remote sensing for GIS managers. ESRI Press, Ca.

Bagan, H.; Wang, Q.; Watanabe, M.; Yang, Y. and Ma, J., 2005. Land cover
classification from MODIS EVI times-series data using SOM neural network.
International Journal of Remote Sensing, 26, pp. 4999 — 5012.

Biswas, A., 1993. Land resources for sustainable agriculture development in Egypt.
Ambio, 22, pp. 556 - 560.

Cheng, Q., 2006. Multisensor comparisons for validation of MODIS vegetation
Indices. Pedosphere 16, pp. 362 - 370.

Hereher, M., 2006. Monitoring spatial and temporal changes of agricultural lands
in the Nile Delta and their implications on soil characteristics using remote sensing.
A Ph.D. Dissertation, Department of Soil, Water and Environmental Science, the
University of Arizona, Tucson-Arizona, USA.

183



M. E. Hereher

Huete, A.; Didan, K.; Miura, T.; Rodriguez, E. P.; Gao, X. and Ferreira, L.
G., 2002. Overview of the radiometric and biophysical performance of the MODIS
vegetation indices. Remote Sensing of Environment, 83, pp. 195 — 213.

Justice, C. and Townshend, J., 2002. Special issue on the moderate resolution
imaging spectroradiometer (MODIS): A new generation of land surface monitoring.
Remote Sensing of Environment, 83, pp. 1 - 2.

Liu, H. Q. and Huete, A. R., 1995. A feedback based modification of the NDVI
to minimize canopy background and atmospheric noise. |IEEE Transactions on
Geoscence and Remote Sensing, 33, pp. 457 - 465.

Rouse, J.; Has, R.; Schell, J. and Deering, D., 1974. Monitoring vegetation
systems in the Great Plains with ERTS. Proceedings, Third Earth Resources
Technology Satellite-1 Symposium, Greenbelt: NASA SP-351, pp. 3010 - 3017.
Tucker, C., 1979. Red and photographic infrared linear combination for
monitoring green vegetation. Remote Sensing of Environment, 8, pp. 127 - 150.
Xiao, X.; Stephen B.; Steve F.; Changsheng, L; Jagadeesh Y; Babu, W. and
Berrien M., 2006. Mapping paddy rice agriculture in South and Southeast Asia
using multi-temporal MODIS images. Remote Sensing of Environment, 100, pp. 95
- 113.

Zhan, X; Sohlberg R.; Townshend J.; DiMiceli C.; Carroll, M.; Eastman, J.;
Hansen, M. and DeFries. R., 2002. Detection of land cover changes using MODIS
250 m data. Remote Sensing of Environment, 83, pp. 336 — 350.

Received February 25, 2008, Revised May 4, 2008.
"o gatt Sliall jabl) Cliby aladiuly paa de) 3 pal Y Aabua paa

BYEy' gﬁyﬁ\w
an — Laliad g i — 5 geaiall dasla — suaall Bbads o slall LIS Al o le and

Lol )l el HY) Aalis a5 32550 (MODIS) (2 50 (550 30Y) s biall il iy aladin o

Aplaaty any Las Ll 8 paall (gaall pludly s audall (gaal) aasty Halll 1 ) em 3aai5 2005 ple DS juaes

s e Jgeand) o) pall Jualdill (5 sise JlicV) (8 28V ae b )slate ) gem dra)) Goob e JalSlL juas

any Ao 3l al )Y dalus Glis &5 dasall e i) 3ok e s maell il § ) gea G

Osle 8.2 (M sma i) yemny e )l oaal SV dalisa o il s M5 ey A jaa i) JS 3l

a5 A il 83 sad | 1a3 (%34) 31 51 5 (%63) Wall dilaies Lo )y 311 al ) alina &3S 5352005 dle olad
ol

184



