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ABSTRACT 

This study aims to determine the impact of general 
changes in climate on landcover/ landuse in the Jordan 
valley including vegetation, green houses, rocks, soil, 
water and urban areas and then focus on the reasons 
behind these changes over the study period. Maximum 
likelihood supervised classification and post-
classification change detection techniques were applied 
to Landsat images acquired in 1986 and 2016. During 
the study period, a very severe land cover change has 
taking place as a result of new agricultural projects and 
as a result of climate change in the area. These changes 
in land cover led to vegetation degradation and highly 
water demand in parts of the study area, it was proved 
that there is a correlation between total rainfall of the 
past 30 years and vegetation cover with (R2 =0.72). 

 

Introduction 

For the investigation of this work a study area was 
selected which is located in the lower Jordan Valley in 
Jordan and extends approximately from the Dead Sea 
90 km to the north and 15 km to the east of the Dead 
Sea covering most of the southern parts of the lower 
Jordan valley as shown in Figure 1, The Jordan Valley 
follows a main geosutur, which is caused by a leftlateral 
transform fault, which extends from the Red Sea up to 
the Taurus mountain chain in Turkey and along which 
the Arabian Plate has been shifted 107 km to the north 
compared with the Levantine and African Plate in the 

west since the Upper-Miocene (Niocal and Rayan, 1999; 
Kesten, 2004). 

The floor of the Lower Jordan Valley slopes from Lake 
Tiberias (Sea of Galilee) gradually from 210m below MSL  
to about 414m below MSL (the current level of the Dead 
Sea), extending from  the North to the Dead Sea, with a 
length of 105 km ,width a width varies from 10 km on 
the north, to 4–5 km in Wadi Malih area and  to 25 km 
in the area of the northern shore of the Dead Sea; it is 
surrounded in the east and west by high mountains 
(Belitzky, 2002). 

Figure.1, Location of the study area  

The Jordan Valley is several degrees warmer than 
adjacent areas, and it's a year-round agricultural 
climate, fertile soils and water supply made it a site for 
agriculture dating to about 10,000 years ago. By about 
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3000 BCE, productions from the valley were being 
exported to neighboring regions. The area's fertile lands 
were chronicled in the Old Testament. Modern methods 
of farming have vastly expanded the agricultural output 
of the area.  The construction of the East Ghor Canal by 
Jordan in 1950s (now known as the King Abdullah 
Canal), which runs down the east bank of the Jordan 
Valley for 69 kilometers, has brought new areas under 
irrigation. The introduction of portable greenhouses has 
brought about a sevenfold increase in productivity, 
allowing Jordan to export large amounts of fruit and 
vegetables year-round. Change in rainfall amount and 
patterns: Changes in rainfall can affect soil erosion rates 
and soil moisture, both of which are important for crop 
yields. The IPCC predicts that precipitation will increase 
in high latitudes, and decrease in most subtropical land 
regions - some by as much as about 20% - While regional 
precipitation will vary the number of extreme 
precipitation events is predicted to increase (IPCC, 
2007).  

 

Previous studies 

(Smadi et al., 2006) examined changes, trends and 
fluctuations in the total rainfall and number of rainy 
days at Amman Airport Meteorological station in Jordan 
during the period 1922-2003, they pointed out that 
Jordan is indeed being affected by the global warming. 
(Moshrik R. Hamdi et al., 2009) analyzed the data from 
six meteorological stations distributed around Jordan 
using several parametric and nonparametric statistical 
approaches including Mann-Kendall, Linear Regression, 
Cusum, Rank Sum, Student's t-test, Rank Difference, 
Auto Correlation and Skewness-Kurtosis Normality test 
and the results indicated that there are no visible trends 
indicating an increase or decrease in the annual 
precipitation and maximum temperature.  

(Benewinde J.-B et al., 2015) performed a correlation 
analysis to measure the relationship between 
vegetation indices and rainfall indicators, the results 
indicate some similarities between NDVI and EVI, both 
indices, for all land use/covers, showed significant and 
strong positive correlation with the rainfall indicators. In 
general, NDVI was more sensitive to rainfall than EVI in 
the study area, but the difference between the 
Pearson’s coefficient values of both vegetation indices 
was insignificant.  (J.Wang et al., 2003) found that the 
temperature was positively correlated with NDVI early 
and late in the growing season in the central Great 
Plains, USA, and there was a weak negative correlation 

between temperature and NDVI in the mid growing 
season. Precipitation has the primary effect on NDVI 
and, by inference, on productivity. The relationship 
between precipitation and NDVI is strong and 
predictable when viewed at the appropriate spatial 
scale. 

Methodology 

The Methodology of this work consists mainly of two 
parts; one part deals with the construction of the data 
base including the preparation of GIS and remote 
sensing maps, the other part includes the computation 
of main related parameters using satellite images and 
studying the correlation between change of rainfall and 
vegetation cover. 

In order to achieve the objectives of this study the 
following general methodology is applied as shown in 
Figure 2, this methodology consists of four main steps: 
Database construction, generation of NDVI images and 
land cover/land maps, Generation of Isohyetal Maps 
and investigation of the correlation between the 
parameters and the vegetation cover.  

 

 

 

 

Figure.2, General Methodology of the work 

Image Classification is the use of spectral information in 
a multispectral image to classify each pixel in order to 
produce thematic maps that represent different kinds 
of land cover (Lillesand & Kiefer, 2004). Remotely 
sensed imagery can be digitally classified through two 
means: the unsupervised and the supervised. 
Unsupervised classification is useful for preliminary 
spectral class discrimination. It is considered to be an 
exploratory procedure where the classification 
algorithm determines the spectral categories without 
supervision by the user. A supervised classification 
utilizes user inputted training sites to classify each pixel 
in the image into the various corresponding training 
sites (Gaber et al., 2010; Gercek, 2002). 

 In this study supervised classification is used to 
generate land cover /land use thematic map of the 

https://en.wikipedia.org/wiki/Old_Testament
https://en.wikipedia.org/wiki/King_Abdullah_Canal
https://en.wikipedia.org/wiki/King_Abdullah_Canal
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study area using LANDSAT-5 TM and LANDSAT-8 OLI 
images from the year 1986 & 2016, as shown in Table 1. 

Table 1: Used LANDSAT data in image classification 

No 
LANDSAT 

Sensor 
Path Row 

Aquision 

Date 

1 L-5 TM 174 38 5 April 1986 

2 L-8 OLI 174 38 7 April 2016 

 

Supervised classification which is used in this study is 
unlike unsupervised classification involves the user 
creating training samples from land use/land cover 
classes that are determined to be present in the 
imagery, which is achieved by calculating a statistical 
distance based on mean values and the covariance 
matrix of the classes. The statistical distance expresses 
a probability value: an unknown pixel is assigned to a 
class to which it has the highest probability (Meijerink 
et al., 2007; Biediger, 2012). 

Normalized difference vegetation index (NDVI) 
approach is based on the fact that healthy vegetation 
has low reflectance in the visible portion of 
Electromagnetic Sprctrum (EMS) due to chlorophyll and 
other pigment absorption and has high reflectance in 
the near infrared because of the internal reflectance by 
the mesophell spongy tissue of green leaf (Campbell, 
1987)  

The algorithm of NDVI is computed as follows:  

NDVI = (NIR - RED) / (NIR + RED) 

Resulting values change between -1 and +1  regarding 
to the vegetated area, if the NDVI is 0.1 and below it 
corresponds to an area of rock, id it is between 0.2 and 
0.3 it indicates an area of shrubs or grasslands, if it is 
between 0.6 and 0.8 it corresponds to an area of 
tropical rainforests. (Akkartal A  et al., 2004 )  

 

Results and Discussion  

Image classification of the 1986 satellite images was 
carried out with high results as the average accuracy = 
88.09 % and the overall accuracy = 85.96 % with KAPPA 
coefficient of  0.87 , while it is for the image of the year 

2016 was as follows: average accuracy = 89.80 % ,overall 
accuracy = 92.31 % and KAPPA coefficient of  0.90 , 
Figure 3 shows the classification results of the two 
images which revealed a clear change in many different 
classes during the last 30 years. 

 

Figure 3; classification results of the study area 

Change detection process is applied on the classification 
results images of the study area to determine the 
changes that happened during the last 30 years. Table 2 
shows the results of change detection of each class in 
the area: 
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Table 2: Change detection results between 1986 & 2016 

 

Land Cover Class 
Change in 

Area (%) 

Change in 

Area (Km2) 

Vegetation type 1 -2.92 58.02 

Vegetation type 2 1.18 23.44 

Vegetation type 3 13.27 263.32 

Greenhouses 3.45 68.43 

Soil type 1 7.92 157.2 

Soil type 2 0.52 10.35 

Soil type 3 5.78 114.7 

Soil type 4 12.04 239.06 

Soil type 5 2.69 53.31 

Soil type 6 -10.52 208.86 

Soil type 7 4.17 82.81 

Soil type 8 27.21 540.13 

Urban Area 5.52 109.56 

Forest 0.67 13.33 

Shallow Water 0.46 9.07 

 

In order to study the effect of rainfall change on the 
agricultural patterns in the study area, an isohyetal map 
was prepared for normal years from 1986/2005 to 
2006/2015 as shown in figure 4 and figure 5. 

 

Figure 4; Long term average rainfall distribution as isohyets in 
the study area for normal water years (2006/2015 mm/year). 
(Ministry of water and irrigation MWI, 2016). 

 

 

Figure 5; Long term average rainfall distribution as isohyets in 
the study area for normal water years (1986/2005 mm/year). 
(Ministry of water and irrigation MWI, 2016) 
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The climate of the lower Jordan valley area is 
characterized by two well-defined seasons, hot 
summer, relatively wet and warm winter. Most of the 
study area is forms a narrow strip that is situated below 
the mean sea level. The coldest month of the year is 
January while the hottest months are July and August.  

The mean annual maximum temperature produces a 
great spatial variability in Jordan depending on the 
topographic nature of the country. Winter maximum 
temperature has a characteristic increasing gradient 
from 19–22 °C in Jordan Valley. In the Jordan Valley, 
annual maximum temperature increases southward 
and varies from 29 to 31 °C. In summer, high averages 
of maximum temperature prevail and reach 38–39 °C in 
Jordan Valley, 35–37 °C in desert region and decrease to 
26–29 °C in the mountainous region, causing a large 
spatial variation from west to east and south. Minimum 
temperature is an important climatic element due to its 
deterministic relation to agricultural activities. The 
warmest region in the country is Jordan Valley where 
the mean annual minimum temperature ranges 
between 15.7 °C in the north and 19.5 °C in the southern 
part of the Valley (Freiwan and Kadioglu, 2008). During 
summer the Jordan Valley is very hot, and the mean 
daily maximum is 39 °C. The highest observed 
temperature is 51.2 ºC near the Dead Sea. During winter 
the mean minimum temperature is about 9°C, the 
temperature is pleasant and frost is rare. 

For all land cover classes a correlation was calculated 
between the average annual rainfall and NDVI. 
Pearson's correlation coefficient which is a measure of 
the strength and direction of the linear relationship 
between two parameters is used for the analysis, it is 
clear that there is a correlation between total rainfall of 
the past 30 years and vegetation cover (R2 =0.72). 

Conclusions: 

The NDVI value in the study area generally rises from 
east to west (high lands to Jordan valley). This 
distribution corresponds to the precipitation pattern, 
which typically reflects the high relationship between 
vegetation and precipitation from 1986 to 2015.The 
reduction of precipitations during the study period 
directly affected the values of NDVI especially in lower 
Jordan valley, which also apparently affected the 
agricultural patterns in the Jordan valley , for example 
Greenhouses used to be built in random orders in the 
Jordan valley, but due to the climate change and less 
amount of rainfall they have been arranged in bigger 
agriculture areas and farmers, farmers tended to switch 

to solar cultivation because of the increase in 
Greenhouse's costs, which caused a decrease of 
Greenhouses in the middle valleys. Whereas regarding 
to the north valleys there was an increment of using the 
greenhouses because of the low temperature and the 
farmers tend to cultivate greenhouse plants. Overall, 
there was an increase in greenhouses in the study area 
about 3.45% which is equal to 68.43 km2 

Vegetation 1: Plantation areas with very high trees 
having big but few leaf, and are usually high in moisture. 
(for example: palm trees). The decreasing and 
increasing of the river is cause by many human and 
natural factors, which lead to the change of the water 
percentage on the river beds therefore the increasing of 
the Vegetation 1 percentage. Due to the exposure of the 
river bed which has high fertility and the change in 
agricultural periods; there are newly grown plantations 
and seasonal vegetation at the end of their growing 
periods. 

Vegetation 2: Are plantation areas with Citrus, Olive 
trees and thick, interlocked trees that are dense, having 
many and average size leaves. According to our studies, 
it's noticeable that farmers are increasingly growing 
Citrus and Olive trees, due to their more productive 
crops and less tenderly for caring. This change made the 
difference easier to be seen in the Satellite images, due 
to the change in reflectance from the leaves in the 
vegetation seasons. 

Vegetation 3: This consisted of shrubberies and bushes, 
like vegetables and commonly vegetation of small twigs. 
Highly changing due to the kind of plantations that 
consist of bushes and vegetation, that differ in seasons 
and may be affected by rainfall and the soil plowing.  

Soil types: It's challenging to follow up on the changes 
occurring on soil coverage due to weathering and 
erosion in the past 30 years, being supported only by 
Satellite images for the period 1986-2015. Because 
most likely the change is caused by human interference 
with soil, for example through fertilization, tilling and 
plowing the soil or the amount of water used in 
irrigation.  

Shallow waters: Agricultural pools affect the change of 
shallow water due to extensive use of it, which is less 
expensive than importing water sources due to rain 
droughts. 

Urban areas: Are very developed, meaning there is a 
density of human structures such as houses, 
commercial buildings, roads, bridges, railways and other 
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cemented constructions. The expansion of urban areas 
in the northern and middle parts are increasing due to 
the political situation  from neighboring countries. 
Whereas the expansion of urban areas in the southern 
parts are due to the tourism activities in means of 
hotels, spas, and tourism service.  
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