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Abstract
The common Soil in Egypt is clay soil so common irrigation system is tradition surface irrigation
with 60% irrigation efficiency. Agricultural sector consumes more than 80% of water resources
under surface irrigation (tradition methods). In arid and semi-arid regions consumptive use is the
best index for irrigation requirements. A large part of the irrigation water applied to farm land is
consumed by Evapotranspiration (ET). Irrigation water consumption under each of the physical
and climatic conditions for large scale will be easier with remote sensing techniques. In Egypt,
Agricultural cycle is often tow agricultural seasons yearly; summer and winter. Common summer
crops are Maize, Rice and Cotton while common winter crops are Clover and Wheat. Landsat8
bands 4 and 5 provide Red (R) and Near Infra-Red (NIR) measurements and it used to calculate
Normalized Deference Vegetation Index (NDVI) and monitoring cultivated areas. The cultivated
land area was 3,277,311 ha in August 2013. In this paper Kc = 2 * NDVI − 0.2 represents the relation between crop coefficient (Kc) and NDVI. Kc and Reference evapotranspiration (ETo) used to
estimate ETc in Egypt. The main objective of this paper is studying the potential crop Evapotranspiration in Egypt using remote sensing techniques.
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1. Introduction
Limited water resources and scarcity of water in Egypt is the main challenge for agricultural horizontal expanding policies and strategies. At the same time over population is rapidly increasing and agricultural land decreased.
As a result, quantities and qualities of food decrease. To solve this problem adopted policies of horizontal and
vertical expanding in agricultural lands and activities had been considered based saving irrigation water to cultivate another area. Crop water requirements must be estimated accurately, improving irrigation efficiencies and
applying high efficiency irrigation method as localized irrigation (drip irrigation efficiency 85% - 95%), using
scheduling irrigation, cultivate tolerated crops to drought, and cultivate short period verities. Information about
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crop evapotranspiration (ETc) or consumptive water use is significant for water resources planning and irrigation
management. Crop water requirements have to estimate with high level of certainty to save water and to maximize water unit uses. Crop evapotranspiration represent crop water requirements in consideration water involved in plant tissue structure representing about 1% or less. Reference evapotranspiration (ETo) is a key
process in land surface studies. It mainly depends on water availability and incoming solar radiation and then reflects the interactions between surface water processes and climate [1]. ETc, which is the consumptive water use
of a field situation where the soil is not under moisture stress, can be estimated using FAO-Penman-Monteith
model.
Determination of ETc at farm level has traditionally been made on the basis of a so called two steps approach.
The evapotranspiration of a reference standard crop (ETo) is first estimated on the basis of a site meteorological
variables. A semi-empirical coefficient (crop coefficient, kc) is then applied to take into account all the other
crop and environmental factors [2]. The standardized FAO56 Penman-Monteith model, which has been the most
reasonable method in both humid and arid climatic conditions, provides ETo estimates for planning and efficient
use of agricultural water resources [3] [4] and [5]. To estimate crop evapotranspiration follow equation will be
used:-

ETc = ETo * K c

(1)

where; ETc is crop evapotranspiration (mm/day), ETo is reference evapotranspiration (mm/day), Kc is crop coefficient. ETo is defined as the rate of evapotranspiration from a hypothetical reference crop with an assumed crop
height of 0.12 m, a fixed surface resistance of 70 s/ m and albedo of 0.23 closely resembling the evapotranspiration from an extensive surface of green grass of uniform height, actively growing, well watered, and completely
shading the ground. A standardization of this method has been proposed by the Food and Agriculture Organization [6]. Numerous weather variables such as air temperature, relative humidity, wind speed and solar radiation
required to estimate ETo. Consequently, ETo is often estimated by means of empirical equations based on air
temperature, relative humidity, extraterrestrial radiation and/or precipitation [7]-[9].
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where; ETo, reference evapotranspiration [mm day−1], Rn, net radiation at the crop surface [MJ·m−2·day−1], G,
soil heat flux density [MJ·m−2·day−1], T, mean daily air temperature at 2 m height [˚C], u2, wind speed at 2 m
height [m·s−1], es, saturation vapour pressure [kPa], ea, actual vapour pressure [kPa], es - ea, saturation vapour
pressure deficit [kPa], slope vapour pressure curve [kPa·˚C−1], psychrometric constant [kPa·˚C −1].
The crop coefficient coefficient (Kc) is defined as the ratio of crop potential evapotranspiration (ETc) to a reference evapotranspiration (ETo). It is affected by the local climate conditions, crop characteristics, length of
growing season, soil moisture and the time of planting [10] and [6]. ETc can be obtained from ETo using a
stage-dependent crop coefficient.
Vegetation indices (VIs) were first developed in the 1970s to monitor terrestrial landscapes by satellite sensors and have been highly successful in assessing vegetation condition, foliage, cover, phenology, and processes
related to the fraction of photosynthetically active radiation absorbed by a canopy [11] and [12] [13] reported
that satellite-based remote sensing is a robust, economic and efficient tool for estimating actual ET and developing crop coefficient (Kc) curves. This technique can cover hundreds of sampled fields at a time so that large
populations of ETo and Kc can be used to develop representative mean values. They used empirical equation for
soil adjusted vegetation index (SAVI) to get crop coefficient through the regression analysis.

Kc =
a ∗ SAVI + b

(3)

where: SAVI, is soil adjusted vegetation index, a, and b, can be determined by regression analysis.
The NDVI transformation is computed as the ratio of the measured intensities in the red (R) and near infrared
(NIR) spectral bands using the following formula:

NDVI =
( NIR − R ) ( NIR + R )

(4)

The resulting index value is sensitive to the presence of vegetation on the Earth’s land surface and can be used
to address issues of vegetation type, amount, and condition. Many satellites have sensors that measure the red
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and near-infrared spectral bands, and many variations on the NDVI exist. The sensor that supplies one of the
most widely used NDVI products is on board the Landsat8 with channels in the red (Band 4) and near infrared
(Band 5).
[14] developed a temporal upscaling scheme using satellite-derived instantaneous estimates of ET to produce
a daily sum ET averaged over an 8-day interval.
[15] found that the sensitivity of NDVI to chlorophyll concentration varied depending on the choice of visible
band used in the calculations. The visible band chosen, therefore, significantly changed the correlation between
the NDVI and canopy properties. They also found that the NDVI tended to saturate as LAI increased. Satellite
maps of vegetation show the density of plant growth. The most common measurement is called the Normalized
Difference Vegetation Index (NDVI). Very low values of NDVI (0.1 and below) correspond to arid areas of
rock, sand, or snow. Moderate values represent shrub and grassland (0.2 to 0.3), while high values indicate temperate and tropical rainforests (0.6 to 0.8). The main objective of this study is studying the potential crop Evapotranspiration in Egypt using remote sensing techniques.

2. Materials and Methods
2.1. Study Area
Nile valley and Delta, from Aswan (in the South) to Mediterranean Sea (in the North) (Figure 1).

2.2. Remote Sensing Data Availability
Remote sensing provides spatial coverage by measurement of reflected and emitted electromagnetic radiations,
across a wide range of wavebands, from the earth’s surface and surrounding atmosphere. That is mean remote
sensing is the act of collecting data without physically contacting. Landsat8 data collected around 10 a.m. local
time with 30 meter ground resolution, during Aug. 2013 were used in the current study. Landsat8 satellite data
were used to calculate NDVI. The study area covered by 11 images (Table 1).

Figure 1. Study area location.
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Table 1. Used Landsat8 data to covering study area.
NO

Path

Rew

Date

NO

Path

Rew

Date

1

174

043

5 Aug 2013

7

176

041

03 Aug 2013

2

175

042

12 Aug 2013

8

177

038

10 Aug 2013

3

175

043

12 Aug 2013

9

177

039

10 Aug 2013

4

176

038

03 Aug 2013

10

177

040

10 Aug 2013

5

176

039

03 Aug 2013

11

178

039

01 Aug 2013

6

176

040

03 Aug 2013

2.3 NDVI and Kc
The relation between Kc and NDVI is clear. Landsat8 bands 4 and 5 provide R and NIR measurements and
therefore can be used to generate NDVI data with the following formula:
NDVI =−
( Band 5 Band 4 ) ( Band 5 + Band 4 )

(5)

Kc used with ETo to estimate ETc. Kc is a dimensionless number (usually between 0.1 and 1.2) that is multiplied by the ETo value to calculate (ETc). The resulting ETc can be used to help an irrigation manager schedule
when irrigation should occur and how much water should be put back into the soil. In this paper, the relation
between Kc and NDVI represented by Equation (6).

=
KC

1.2
( NDVI − 0.2 )
0.6

(6)

2.4. Classification
Landsat8 data were used to classify NDVI using unsupervised classification. Initial unsupervised classification
(K-means) was applied which is an automated cluster analysis technique that uses a minimum spectral distance
cluster algorithm to assign a pixel to a cluster of pixels with similar attribute [16].

2.5. Penman-Montieth Method
ETo was calculated from the meteorological data using the Penman-Montieth formula. This formula applied by
empirical method to calculate ETo, which adjusted by crop coefficient to estimate ETc. The meteorological parameters used in this equation were taken from Alex., Tanta, Wadi El-Natron, Cairo, Ismailia, Portsaid, El-Seuz,
Helwan, Minya, Asyut, South of valley, Luxor and Aswan stations (Figure 2) shows the distribution of stations.

3. Results and Discussion
3.1. Normalized Deference Vegetation Index (NDVI)
NDVI calculated from Red and NIR bands in the satellite data. The NDVI equation produces values in the range
of −1.0 to 1.0, where vegetated areas typically have values greater than 0.2 and less values indicate non-vegetated
surface features such as water, barren, ice, snow, or clouds. NDVI vary according to crop age, planting density
and chlorophyll activity. It seems like Kc varying from planting to senescence. NDVI used as input in Equation
(6) to estimate Kc from satellite data. Figure 3 and Figure 4 show NDVI and Kc of Nile valley and delta.

3.2 Reference Evapotranspiration (ETo)
To solve the problem of water limitation and scarcity in Egypt, adopted policies of horizontal and vertical expanding in agricultural lands and activities had been considered based saving irrigation water to cultivate another area. Agriculture is responsible for 70% of all water use globally and water use efficiency in this sector is
very low, not exceeding 45% [17]. ETo affected directly with climate and it depend completely on meteorological data (Temperature, Relative humidity, Wind speed and Solar radiation). When vegetation covers soil 100%,
all water losses are transpiration. ETo was estimated from meteorological data according to Penman-Montieth
method. Mean ETo was 8.3 (mm). Maximum ETo was 10.61 (mm) at Aswan. Minimum ETo was 6.1 (mm) at
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Figure 2. The distribution of meteorological stations.

Figure 3. NDVI distribution.
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Figure 4. Kc distribution..

Figure 4. Kc distribution..
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Alexandria. Comparison between monthly ETo (Alex.) and monthly ETo (Aswan) was shown in Table 2. Increase of ETo was observed in south of Egypt because of increasing of radiation and air temperature and decreasing of relative humidity.

3.3. Crop Evapotranspiration (ETc)
Kc used with ETo to estimate ETc according to Equation (1). From Figure 5, it has been observed to increase
ETo in the southern part of Egypt because radiation and air temperature were high and relative humidity was
low.
Table 2. ETo for Alex. at north and Aswan at south (mm/day).
Month

ETo (Alex.)

ETo (Aswan)

Jan. 2013

2.3

4.5

Feb. 2013

3.6

5.9

Mar. 2013

3.9

7.7

Apr. 2013

4.5

9.5

May 2013

5.1

10.5

Jun. 2013

6.2

11.7

Jul. 2013

6.3

11.1

Aug. 2013

6.1

10.61

Sep. 2013

4.9

10.1

Oct. 2013

3.9

8.4

Nov. 2013

2.8

6.1

Dec. 2013

2.1

4.7

Average

4.3

8.4

Figure 5. ETc distribution in nile valley and
delta (egypt).
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4. Conclusion

The cultivated areas in Nile valley and delta were about 3.3 Mha. Landsat8 bands 4 and 5 used to calculate
Normalized Deference Vegetation Index (NDVI). Kc = 2 * NDVI − 0.2 represent the relation between crop
coefficient (Kc) and NDVI. ETo was calculated from the meteorological data using the Penman-Montieth formula. Kc and ETo used to estimate ETc in Egypt. It has been observed to increase ETo in the southern part of
Egypt because of radiation and air temperature were high and relative humidity was low.
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