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Abstract: Quantifying crop production is one of the most im-
portant applications of remote sensing in which the temporal 
and up-to-date data can play very important role in avoiding 
any immediate insufficiency in agricultural production. A 
combination of climatic data and biophysical parameters de-
rived from Landsat7 ETM+ was used to develop a mathemati-
cal model for wheat yield forecast in different geographically 
wide Wheat growing districts in Egypt. Leaf Area Index (LAI) 
and fraction of Absorbed Photosynthetically Active Radiation 
(fAPAR) with temperature were used in the modeling. The 
model includes three sub-models representing the correlation 
between the reported yield and each individual variable. Simu-
lation results using district statistics showed high accuracy of 
the derived correlations to estimate wheat production with a 
percentage standard error (%S.E.) of 1.5%  in El- Qualyobia 
dis trict and average (%S.E.) of 7% for the whole wheat areas.   
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1. Introduction 
 

Estimation of agricultural production is a key element 
of rural development and an indicator for national food 
security. Crop yield forecasts a few months before har-
vest can be of a paramount importance for timely initia-
tion of food trade to secure the national demand and 
timely organization of food transport within countries [3].     
Wheat is one of the most important stable foods in both 
local and regional scales. In Egypt, Wheat represents 
approximately 1.01 Million Hectare (about 30% from the 
whole agricultural areas during winter season). There-
fore, there is a high need to develop an early warning 
system to help the strategists and decision makers to 
keep away from   any unexpected lack in the final crop 
production. Basically, estimation of the total agricultural 
production could be done through yield estimation and 
crop area determination. In the aspect of yield estimation, 
statistical relationships between Biophysical factors de-
rived from remote sensing data and crop yield have 

been frequently used as the main component of yield 
modeling approach. Also, meteorological conditions 
have been considered as a limit factor for the crop yield 
because of the strong influence of climate on the gro w-
ing cycle and physiological conditions.  
Many research works have been done in order to figure 
out the most suitable method to predict crop production 
with maximum level of accuracy. [4]Combined Perpen-
dicular Vegetation Index (PVI) with meteorological data 
to establish wheat yield prediction model using NOAA-
AVHRR data. In many cases , LAI was used as a key 
factor in crop growth and yield prediction models that 
were built up using remote sensing. Among these efforts, 
[1], developed a statistical correlation between LAI de-
rived from Landsat TM data and dry biomass of Corn 
crop in the upper Rhine valley. Satellite derived LAI; 
meteorological and agronomic variables with statistical 
regression analysis and analytical capabilities of GIS 
were used to develop a model for Tea yield estimation 
[8]. [5] Suggested a linear relation between the yield of 
Corn and Wheat and various weighted and summed 
spectral quantities. Absorbed Photosynthetically Active 
Radiation (APAR) was also used worldwide as a main 
element in yield modeling. Lobell et el., 2003 inserted 
fraction of Absorbed Photsynthetically Active Radiation 
(fAPAR) to create a simple model based on crop light-
use efficiency to predict yield and planting dates of 
Wheat. 
In this study, both LAI, fAPAR derived from Landsat 
ETM+ data and air temperature as a climatic factor to-
gether with GIS approach were utilized to make simple 
models representing the relation between Wheat yield 
and each individual factor. Different combinations be-
tween these sub-models were tested in order to find the 
most suitable model form estimating Wheat yield pro-
duction.         
 

 



2. Materials and Methods  
1- Study area 

East of Nile Delta is one of the centers of Wheat pro-
duction in Egypt. Wheat yield has increased gradually in 
this area in the last few years. As a test area, a region in 
Eastern Nile Delta south of Zagazig city was selected to 
analyze the potential of yield prediction for Wheat with 
remote sensing data. Figure (1) shows the location of the 
study area, situated in the north east of Egypt. The culti-
vation is very intensive in this area. The average Wheat 
farms areas varied between 4.6 and 21 Hectares. Due to 
low winter rainfall of Egypt, Wheat farms have to be 
irrigated for optimal production. 
 
2- Meteorological data 

Climatic stations of the Ministry of Agriculture in 
Egypt were used for information on the mean monthly 
temperature. Interpolation process according to [9] was 
carried out to convert monthly climatic data to ten-day 
composite data.  

 
Where D2 is the average of air temperature in the second dec-
ade of the month, M1 is average of air temperature in the pre-
vious month, M2 is the average of air temperature in the target 
month and M3 is the average of air temperature in the next 
month 
Since the cultivation in this area depends mainly on a net 
of irrigation canals as the only resource of irrigation wa-
ter, the precipitation data are not a necessary input for 
the applied yield formation model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
 
 
 
Figure (1): A map of Egypt explaining the study area 

3- Satellite data processing 
A time series of Satellite images acquired by Landsat 

ETM+ was used to determine plant development of the 
Wheat fields under investigation in order to use this in-
formation as input in an agrometeorological model for 
yield prediction. For the 2001 scenario, two ETM+ 
scenes with cloud free conditions were available during 
the vegetation period of Wheat (January 30 and March 
19). 

The geometric correction using ground control points 
enables the overlay of multi temporal images and com-
binations with map of GIS information [1]. The digital 
images were geo-referenced by nearest neighbor resam-
pling algorithm with RMS error less than 0.5 pixel using 
digital 1:50,000 digital topographic maps. In this data set, 
the locations of 35 wheat fields were determined in the 
images. 

Among the various spectral vegetation indices, the 
NDVI is the most common one. Many results can al-
ready be found in the literature relating NDVI and plant 
parameters for various agricultural species [10], [11], [1]. 
NDVI was calculated for each scene. LAI was calculated 
from NDVI based on a methodology created by [7]. 
Fraction of Absorbed Photosynthetically Active Radia-
tion was also generated from NDVI using a methodology 
created by [2]. Generation of LAI and fAPAR was car-
ried out in two different ways: using the real values of 
NDVI extracted from 35 Wheat points to calculate LAI 
and fAPAR. The second way is using GIS and the reflec-
tance values from Wheat plants at the different spectral 
bands together with the real NDVI values to create 
Wheat LAI and fAPAR maps.  

The temperature data collected from different climatic 
stations in all wheat production centers in Egypt, LAI, 
fAPAR and reported yield were used as main inputs for 
Wheat Yield prediction.    
 

3. Results and Discussion 
 

The modeling process was carried out in two main 
steps; generating simple relationships between reported 
yield and each individual factor and combining the mo d-
els in more complicated model.  
 
1- The relationship between Temperature and yield 

The temperature of second decade of March was ex-
tracted from monthly temperature data and used with 
reported Wheat yield as two factors. Exponential Asso-
ciation was found to be the best formula to present the 
relationship between temperature and reported yield with 
(0.9) correlation coefficient  
 

)7.21(46.6 35.0 TempYield −−=         (2) 
 
The validation of this model was performed using the 
reported Wheat yield in 2002. (7.2%) was  the percentage 
standard error (%S.E.) of the derived correlation.  
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2- The relationship between LAI and yield 
LAI could be defined as the leaf area per unit ground 

area. LAI is a factor that indicates how many leaf (or 
photosynthetically active) surfaces are in column ex-
tended form, the ground area under the canopy diameter, 
up through the canopy. It was found that Exponential 
association is the best formula describing the relation-
ship between LAI and Wheat yield. The form of the for-
mula is as follows: 
 

    )7.21(01.8 32.1 LAIYield −−=              (3) 
 
The correlation coefficient of this relationship was (0.7).  
The validation of this formula was carried out using the 
reported yield by generating (8%) as the % of standard 
error.  
 

3- The relationship between fAPAR and yield 
Rational Function was found to be the best formula 

describing the relationship between fAPAR and Wheat 
yield with (0.68) correlation coefficient.  
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The validation approach generated (7%) standard error 
 
4- Combining sub-models 

There are many forms of combined models using the 
three derived sub-models. The percentages of standard 
error were around (7%) for all cases. Among these com-
bined models, the best model showed relative high accu-
racy is the combination between temperature and frac-
tion of Absorbed Photosynthetically Active Radiation as 
follows: 
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4. Summary 
 

Air temperature, fraction of Absorbed Photosyntheti-
cally Active Radiation and Leaf Area Index  together 
with the reported yield of the years 2001 and 2002 were 
used to develop a mathematical model for Wheat yield 
prediction, which could be applied in large Wheat areas 
in Egypt. NDVI values of 35 Wheat points were used to 
calculate both LAI and fAPAR based on reviewed ex-
perimental equations. These two sub-models were vali-
dated using other points collected from LAI and fAPAR 

 
 
 
 
 

 
 

 
maps. Climatic data from different climatic stations in 
the year 2001 were used to create a sub-model between 
air temperatures and yield. This sub-model was validated 
using the climatic data of the year 2002. The model 
could be applied in almost all over the country. The dif-
ferent sub-models showed around 7% as average per-
centage of standard error. A trial to combine the three 
sub-models showed almost the same level of accuracy. 
The relative low accuracy in Wheat estimation may be 
due to the difference in climatic conditions and soil 
characteristics between the different parts of Egypt. Fur-
ther work is necessary to increase the accuracy of the 
derived model by inserting other factors related to the 
final crop yield.     
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