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The objective of this study is to monitor and analyze the meandering and changes in land use/land cover (LULC) 
caused by the large reduction of water flow of the lower Jordan River (LJR), resulting from climatic conditions 
and conflict over water resources between Syria, Jordan, Israel and the Palestinian Authority in the upper part 
of the Jordan River Basin. These circumstances have led to dramatic decline in the Dead Sea level by a vertical 
distance of −39 m during the monitoring period. This has resulted in the scarcity of water resources, changes 
affecting the geomorphology of the river as well as the vegetated area and the spatial distribution of riparian 
vegetation in the LJR. These changes were examined using Landsat TM, ETM, all images acquired in August 
1984, 2000, and 2016, and a topographic map (TM) was used as a base map. The multi-temporal images were 
geometrically and radio metrically calibrated to each other and used as input for an automatic change detection 
procedure. The results of the interpretation showed that there was an elongation in the active channel length 
of about 741.8 m within the monitoring period as a result of the Dead Sea shoreline retreat, and about 2.65 km 
caused by meandering. The direction of the migration rates varied towards the west and the east, with the 
dominant direction towards the west and the annual average migration rate for the west and the east was 0.325 
m, with a total lateral migration during the study period about only 17.875m in both directions the west and the 
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east.  River meandering increased from 1.8 m to 2.1 m in the period. With respect to LULC, the difference image 
indicated that significant positive changes in green vegetation occurred between 1984 and 2016; this is due to 
the expansion of water storage by canals and dams in all riparian countries, with an increase in water ponds. 
The normalized difference vegetation index showed that the riparian vegetation area increased by 36.9% during 
the monitoring period, indicating the stability of the valley floor.

Keywords: meandering, land use/cover, Landsat TM, migration, supervised classification.

Introduction
River meandering dynamics is an important indicator 
of environmental change related to climate chang-
es and the scarcity of water resources in the lower 
Jordan River Basin. This seems to be dictated by the 
water conflict in the area, as water is a political issue 
within the riparian basin of the Jordan River (Beau-
mont, 1997; Barinava, et al., 2010; UN-ESCWA and 
BGR, 2013; Comair et al., 2012). 

This has  effects on water resources in the Dead Sea 
basin, and has caused a dramatic reduction in the 
Dead Sea water level by −39 meters since the 1950s 
(Al-Husban, 2014). Concomitantly, the surface water 
level of the Dead Sea areas has decreased from 1,050 
km² to 625 km², and the volume has declined from 
155 km³ to about 130 km³ (Klein, 1998; Magaritz et 
al., 1985; Al-Jayyousi, 2001; Jordan Valley Author-
ity, 2016; Joan et al., 2001). The northern Dead Sea 
shoreline also retreated during the monitoring peri-
od by an 959.3 m up until 2016 (measured by ETM, 
2016). The annual discharge of the lower Jordan Riv-
er (LJR) has decreased from about 1,250 × 106 m3 
y−1 to ca. 300 × 106 m3 y−1 due to water exploitation 
(Comair et al., 2012). Evidence from TM, ETM images 
and a topographic map from 1961 (base map) up until 
2016 showed that the river was adjusting by two cat-
egories: (1) channel length and meandering; and (2) 
centreline migration. Many geomorphologic studies 
have been focused on changes in river characteris-
tics of the channel patterns of adjustment over time, 
which are caused by changes in the river flow regime 
as a response to changes in flow reduction by dam 
construction and drought conditions (Brandt, 2000; 
Hooke, 1995; Hooke, 2006; Jiongxin et al., 2002; Mag-
daleno and Fernández-Yuste, 2011; Musselman, 2011; 
Nicoll and Hickin, 2010; Saleh et al., 2016; Brandt, 
2000). With respect to land use/land cover (LULC) 

change monitored in this study as a result of lack of 
water resources on the one hand and the vertical ero-
sion of the Jordan River channel on the other, the nor-
malized difference vegetation index (NDVI) was used 
to detect and investigate the changes that occurred in 
the study area affected by the morphological changes. 
The NDVI technique is widely used for monitoring en-
vironmental changes (USGS, 2010; Chavez and MacK-
innon, 1994; Edward and Hicklin, 1984).

Study Area
The Lower Jordan River Basin (LJRB) has a total area 
of 18,500 km ², of which 40% is located in Jordan, 37% 
in Israel, 10% in Syrian, 9% in the West Bank, and 4% 
in Lebanon.  The total length of the lower Jordan Riv-
er from Lebanon to its outlet (the Dead Sea) is some 
250 km (Schattner, 1962). The length of the Lower Jor-
dan Valley (LJV) from Tiberias Lake in the north to the 
Dead Sea in the south is 105 km. The LJV varies in 
width from more than 20 km near the northern shore 
of the Dead Sea to ca. 10 km along the northern course 
of the LJR, with a minimum of 4–5 km in its central 
part (Schattner, 1962). The LJR with the outflow from 
Tiberias Lake receives water from its main tributary, 
the Yarmouk River. The river then continues flowing 
south, forming the border between Israel and the West 
Bank to the west and Jordan to the east, and finally 
ends in the Dead Sea (FAO, 2009, Jordan River Basin). 
The Jordan Rift Valley is divided into three major parts: 
from its main sources at the foot of the Hermon up to 
Lake Hula; from Lake Hula to Lake Tiberias; and the 
LJV, from Tiberias lake to the Dead Sea, which is the 
section dealt with in this study (with an exclusion of 
about 17.3 km from the river exit from Tiberias Lake 
to the south because of the difficulty of distinguishing 
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and digitizing of the LJR in this region from the sat-
ellite images). The interest area lies between °31 ‘30 
0’’ N -°31 ‹50 00›› N latitude and °35 ‹30 00›› E -°35 
‹40 00›› E longitude (Fig. 1), with a total surface area 
of 2,792 km. The average annual precipitation in the 
basin is estimated to be 380 mm, although it varies all 
along the basin area. The Upper Basin, north of Tiberi-
as Lake, has an annual precipitation of up to 400 mm, 
while the Lower Jordan Basin has an average annual 
precipitation rate of 100 mm only at its southern part. 
The largest part of the fertile land in the basin is lo-
cated in Jordan and the West Bank, along the eastern 
and western banks of the Jordan River and the side 
wadies, in an area with an annual rainfall of less than 
350 mm. The total area equipped for irrigation in the 
Jordan River Basin is estimated to be 32% in Jordan, 
31% in Israel, 30% in Syria, 5% in the West Bank, and 
2% in Lebanon. The Jordan River meanders along 215 
km down to the Dead Sea (Schattner, 1962). Most of 

the study area comprising 2,133.27 km² (76%) consists 
of the exposed area, and 584.6 km² (21%) is used for 
agriculture (according to the results of ETM analysis, 
2016). Historically, the lower part of the Jordan Riv-
er received about 1,070 MCM/year from Tiberias Lake 
(Sea of Galilee) and the Yarmouk River, and the LJR 
had an outflow into the Dead Sea of about 1,200–1,300 
MCM/year (Jordan Valley Authority, 2016). But since 
the 1950s, the water has been diverted mainly by Is-
rael, and the construction of many dams in Syria, in 
addition to existing dams (Unity Wahda, Wadi Arab, 
Shurabil Bin Hasna, King Talal, Karamah, Shueib, and 
Kafrein) constructed in the last 50 years in Jordan. The 
outflow into the Dead Sea is about 70–100 MCM/year 
(Hassan and Klein, 2002), which led to a decline in the 
Dead Sea level by −39m (Ministry of Water and Irriga-
tion, 2016). The study area is covered with Holocene 
and Pleistocene non-cohesive geological formations. It 
consists mainly of a Zor unit in the narrow flood plain of 

Fig. 1 
The extent of the Lower Jordan River, from the mosaic of four topographic maps with a scale of 25,000, and the extracted LJR from the 
topographic map
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The Lower Jordan River Basin (LJRB) has a total area of 18,500 km ², of which 40% is located in Jordan, 1 
37% in Israel, 10% in Syrian, 9% in the West Bank, and 4% in Lebanon.  The total length of the lower Jordan 2 
River from Lebanon to its outlet (the Dead Sea) is some 250 km (Schattner, 1962). The length of the Lower Jordan 3 
Valley (LJV) from Tiberias Lake in the north to the Dead Sea in the south is 105 km. The LJV varies in width 4 
from more than 20 km near the northern shore of the Dead Sea to ca. 10 km along the northern course of the LJR, 5 
with a minimum of 4–5 km in its central part (Schattner, 1962). The LJR with the outflow from Tiberias Lake 6 
receives water from its main tributary, the Yarmouk River. The river then continues flowing south, forming the 7 
border between Israel and the West Bank to the west and Jordan to the east, and finally ends in the Dead Sea (FAO, 8 
2009, Jordan River Basin). The Jordan Rift Valley is divided into three major parts: from its main sources at the 9 
foot of the Hermon up to Lake Hula; from Lake Hula to Lake Tiberias; and the LJV, from Tiberias lake to the 10 
Dead Sea, which is the section dealt with in this study (with an exclusion of about 17.3 km from the river exit from 11 
Tiberias Lake to the south because of the difficulty of distinguishing and digitizing of the LJR in this region from 12 
the satellite images). The interest area lies between °31 '30 0'' N -°31 '50 00'' N latitude and °35 '30 00'' E -°35 '40 13 
00'' E longitude (Fig. 1), with a total surface area of 2,792 km. The average annual precipitation in the basin is 14 
estimated to be 380 mm, although it varies all along the basin area. The Upper Basin, north of Tiberias Lake, has 15 
an annual precipitation of up to 400 mm, while the Lower Jordan Basin has an average annual precipitation rate 16 
of 100 mm only at its southern part. The largest part of the fertile land in the basin is located in Jordan and the 17 
West Bank, along the eastern and western banks of the Jordan River and the side wadies, in an area with an annual 18 
rainfall of less than 350 mm. The total area equipped for irrigation in the Jordan River Basin is estimated to be 19 
32% in Jordan, 31% in Israel, 30% in Syria, 5% in the West Bank, and 2% in Lebanon. The Jordan River meanders 20 
along 215 km down to the Dead Sea (Schattner, 1962). Most of the study area comprising 2,133.27 km² (76%) 21 
consists of the exposed area, and 584.6 km² (21%) is used for agriculture (according to the results of ETM analysis, 22 
2016). Historically, the lower part of the Jordan River received about 1,070 MCM/year from Tiberias Lake (Sea 23 
of Galilee) and the Yarmouk River, and the LJR had an outflow into the Dead Sea of about 1,200–1,300 MCM/year 24 
(Jordan Valley Authority, 2016). But since the 1950s, the water has been diverted mainly by Israel, and the 25 
construction of many dams in Syria, in addition to existing dams (Unity Wahda, Wadi Arab, Shurabil Bin Hasna, 26 
King Talal, Karamah, Shueib, and Kafrein) constructed in the last 50 years in Jordan. The outflow into the Dead 27 
Sea is about 70–100 MCM/year (Hassan and Klein, 2002), which led to a decline in the Dead Sea level by −39m 28 
(Ministry of Water and Irrigation, 2016). The study area is covered with Holocene and Pleistocene non-cohesive 29 
geological formations. It consists mainly of a Zor unit in the narrow flood plain of the Jordan River, which extends 30 
from the junction of Yarmouk River–Jordan River in the north to the Dead Sea in the south (Ramadan and Auda, 31 
1986; Bender, 1974), and a Katar or badland unit (Fig. 2). The dominant soil type is classified as fine, mixed, 32 
hyperthermic, with a deep family of brown to strong brown silty clay loam and alluvial gravels (Ministry of 33 
Agriculture, Jordan, 1995). 34 
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Fig. 2 
Distribution of Katar and Zor along the LJR 
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scanned, merged and mosaicked to have the same cell resolution 7.8 m and the coordinate system (Arc Toolbox, 12 
Data Management, Raster, and Mosaic; Al-husban, 2017). They were georectified using the Ge-referencing tools 13 
available in ARCGIS, and extracted by mask using  Arc Toolbox and cartography tools (masking tools) (Table 1). 14 
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Jordanian Geographical Center (RJGC) covering the study 
area (Fig. 1). This map is considering the base map of the 
study area showing the dimensions of the meandering 
belt and the location of the channel. The TM maps were 
scanned, merged and mosaicked to have the same cell 
resolution 7.8 m and the coordinate system (Arc Toolbox, 
Data Management, Raster, and Mosaic; Al-husban, 2017). 
They were georectified using the Ge-referencing tools 
available in ARCGIS, and extracted by mask using  Arc 
Toolbox and cartography tools (masking tools) (Table 1).

The digital elevation model (DEM) was derived from the 
shuttle radar topographic mission (SRTM) with a 30-me-
ter ground resolution. The digital elevation model was 
used to analyze the topography of the channel and valley.

Satellite images TM and ETM: three images were 

Table 2 
Information of satellite images used in this paper

Satellite data Acquisition date Spatial resolution Path and row  Pre-processing from the source

1 2 3 4 5

Landsat (5) TM April/ 1984 30*30m Path 174 Row 38 
Georeferenced to UTM map projection, 
Zone 37 WGS 84ellepsoid

Landsat (7) ETM April/ 2000 30*30m  Path 174 Row 38
Georeferenced to UTM map projection, 
Zone 37 WGS 84ellepsoid

Landsat (8) (OLI) April/ 2016 30*30m Path 174 Row 38
Georeferenced to UTM map projection, 
Zone 37 WGS 84ellepsoid

acquired in April 1984, 2000 and 2016 (Table 2), avail-
able at the website http://glovis.usgs.gov. These im-
ages were georeferenced and rectified to the Jordan 
Transverse Mercator (JTM) Coordinate System using 
1: 25,000 topographic maps.

Methodology
To achieve the study goals we applied two main meth-
odologies as illustrated in Fig. 3. The flowchart of the 
methodology is as follows.

Changes in the channel morphology. We assessed 
changes in channel length and meandering of the LJR 

Fig. 3 
Flowchart of the methodology
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sections in order to evaluate each of the variables (Table 4), the river polylines were overlaid (1961 (TM); 1984; 13 
2000; 2016) to identify overall river channel changes (ARCGIS.V.10.4. using snapping tools). 14 

Land Use/Cover assessment. The land-cover data for the monitoring period 1984−2016 were obtained from 15 
Landsat-5,7, and 8 multispectral imagery; spectral bands of all TM digital data (with the thermal bands excluded) 16 
were individually used as input for supervised classification purposes, with a spatial resolution of 30*30 m; all 17 
images were collected in April. ENVI5.8 was used for layer stacking. In total, four land use/cover classes were 18 
identified: 1) water bodies, 2) bare soil, 3) built-up area, and 4) irrigated area. Detailed definitions for these five 19 
categories and the relative percentage of each category are given in Table 5. 20 

NDVI and image-differencing-generated image for the riparian vegetation. For monitoring the normalized 21 
difference vegetation index, it was calculated during the monitoring period using Eq. 1: NDVI = [(NIR – Red) / 22 
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Red is band 5 and Red is band 4 for 2016, while for land degradation monitoring and changes in riparian vegetation, 25 
an image-differencing method was adopted for pixel-by-pixel comparison and was performed on the NDVI-26 
generated images of all dates. Image differencing was calculated using Eq. 2, later Image-Former Image, using 27 
GIS tools (Raster calculator). 28 
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for each respective year by digitizing the river channel 
on screen. Then the study area was divided into four 
main sections in order to evaluate each of the varia-
bles (Table 4), the river polylines were overlaid (1961 
(TM); 1984; 2000; 2016) to identify overall river chan-
nel changes (ARCGIS.V.10.4. using snapping tools).

Land Use/Cover assessment. The land-cover data for 
the monitoring period 1984−2016 were obtained from 
Landsat-5,7, and 8 multispectral imagery; spectral 
bands of all TM digital data (with the thermal bands 
excluded) were individually used as input for super-
vised classification purposes, with a spatial resolution 
of 30*30 m; all images were collected in April. ENVI5.8 
was used for layer stacking. In total, four land use/
cover classes were identified: 1) water bodies, 2) bare 
soil, 3) built-up area, and 4) irrigated area. Detailed 
definitions for these five categories and the relative 
percentage of each category are given in Table 5.

NDVI and image-differencing-generated image for the 
riparian vegetation. For monitoring the normalized dif-
ference vegetation index, it was calculated during the 
monitoring period using Eq. 1: NDVI = [(NIR – Red) / 
(NIR + Red)], (AUG Signals, 2012; Al-Bakri et al., 2013; 
John et al., 1998), where Near Infra Red (NIR) is the 
band 4 for both 1984 TM and 2002 ETM images, and 
Red is the band 3 for both images 1984 and 2000. Near 
Infra Red is band 5 and Red is band 4 for 2016, while for 
land degradation monitoring and changes in riparian 
vegetation, an image-differencing method was adopt-
ed for pixel-by-pixel comparison and was performed 
on the NDVI-generated images of all dates. Image dif-
ferencing was calculated using Eq. 2, later Image-For-
mer Image, using GIS tools (Raster calculator).

Discussion and Results
Discussion

The changes in the study area due to the decrease of 
water discharge and the decline of the ultimate base 
level are as follows.

Active channel length (ACL) and elongation

The active channel length measured in 1961 from 
the TM, which is the base year, was 198.7 km, and it 
increased by 134 m between 1961–1984 and 300 m 

between 1961–2000 and up to 959.3 m during the 
monitoring period 1961–2016 (Fig. 4). The reason for 
this change is the decrease discharge and the de-
creasing of the river power in both vertical and lateral 
erosion. This led to an increase in the channel mean-
dering from 1.8 to 2 and 2.04, respectively. The area of 
the active channel has decreased by 42% during the 
monitoring period. These changes in length and area 
form a type of channel adjustment (O’Connora et al., 
2003; Yang, 1971; Chen and Duan, 2006).

Changes in channel meandering

The channel meandering explains the relationship 
between the length of the channel and the length of 
the valley (Eq. 3), (P (sinuosity) =LC/LV) (Nicholas et 
al., 2014). The channel could be considered as mean-
dering if the length of meandering streams is about 
1.5 times the valley length (Hooke, 1995). Meandering 
changes over time in different ways and directions. 
Over the last century, freely meandering channels 
have attracted a great deal of attention from mor-
phologists (Schattner, 1962; Mehran et al., 2017; Mus-
selman, 2011). The meandering channel was calculat-
ed in 51 channel segments and is presented in Table 4. 
The purpose is to determine the changes in the me-
andering level from 1961 to 2016. The measurements 
showed that there were changes in the mean channel 
meandering from 1.8 in 1961 to more than 2 in 2016. 
The meandering changes are classified as irregular 
patterns and the curved shape was common among 
the river meandering (Kolla, 2007). Fig. 4 and Table 
4 show the river channel meandering and meander 
belt width, with insignificant changes during the study 
period. The meandering shows a pattern of adjust-
ment for the reduction of water discharge, geological 
structure, and increasing the valley bed height due to 
sediment accumulation. Slope is key Factor that af-
fect the meandering in different river basins (Leopold 
and Wolman, 1960; Yang, 1971). Meandering channels 
are sinuous single-thread channels that are typically 
found on low slopes and in fine-textured floodplain 
soils, silt and clay (Hassan and Micha, 2002). The rate 
of reduction in bank-full width depends on the geolog-
ical controls surrounding the banks and represented 
by Holocene deposits. This covers all the study area 
including the ruggedness and high salinity badlands. 
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Fig. 4 
LJR channel digitized on screen from a topographic map and for years 1984, 2000, and 2016 from the satellite imagery
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In addition, there is a reduction of flow, which caus-
es a reduction in stream power and security of peak 
flood. The river terraces develop as the Dead Sea lev-
el drops, the land around the Dead Sea is raised, and 
then the LJR has more work to do by vertical erosion 
to return to its equilibrium profile. In this case, the riv-
er returns to the youth stage (rejuvenation). The main 
causes of rejuvenation are uplift of the ground, lower-
ing of the base level, and decrease in sediment load. 
Various landforms are formed by a reactivated chan-
nel process. A rejuvenated river will cut down into its 
original alluvial flood plain, which is then left as flat 
side terraces above the new level of the river. The new 
valley widens in time, forming a second flood plain 
within the first one, but at a lower level. If more uplift 
and rejuvenation occur, then a second set of terraces 
may form. Bended course is typical for areas with lit-
tle slope, in lowland (Fig. 5) (Fan et al., 2006).

Active channel migration (centreline)

Many studies have been focused on the effect of 
changing water discharge, slope, and bed sediment on 
the mobility of channel by migration (Schattner, 1962; 

Nicholas et al., 2014). Active channel centreline mi-
gration is related to the base map, and the site of the 
river mouth changing during the study period. Chan-
nel activity is measured by the rate and direction of 
migration towards the east and the west. In order to 
determine the channel migration rate and direction, 51 
test locations were examined for the base topographic 
map for the year 1961. The results showed that the 
direction of active channel migration was concentrat-
ed towards the west, with the mean rate of channel 
centreline migration about 0.325 m/year. The position 
of the channel centreline fluctuated between the west 
and the east; but there is a general trend for the centre 
channel in 1984 towards the west, compared with the 
active channel in 2000. The measurement showed that 
the total migration towards the west is ca. 1,042 m, 
and 450 m east, while  approximately 43 km represent 
a stable active channel. In 2016, the total channel mi-
gration was towards the eastern direction with a value 
of 463 m, and 1,616 m towards the north. The general 
trend of channel river migration in 2016 was towards 
the west. Fig. 3 shows the location of the active chan-
nel in relation to the base year of 1961.

Fig. 5 
(A) The slope map of the study area, extracted from ASTER DEM with 30-m ground resolution. (B) The river mouth and the only cut-off of 
a meander labelled number (1) and the Dead Sea retreat during the monitoring period. (C) Distribution of the historical abandoned channel 
formations from Pleistocene to Holocene
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Fig. 5 (A) The slope map of the study area, extracted from ASTER DEM with 30-m ground resolution. (B) The 3 
river mouth and the only cut-off of a meander labelled number (1) and the Dead Sea retreat during the 4 
monitoring period. (C) Distribution of the historical abandoned channel formations from Pleistocene 5 
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Table 3 
Channel meandering and migration within the meandering belt

Control 
points  

Meander 
(1984)

Description
Meander 

(2000)
Description Meander (2016) Description

1 2 3 4 5 6 7

1 1.6 Lateral movement (west) 1.5 Lateral movement (west) 1.5 Lateral movement (west)

2 1.6 No change 1.7 Lateral movement (west) No change Lateral movement (east)

3 1.4 No change 1.5 No change 1.5 No change

4 1.6 Lateral movement (west) 1.7 Lateral movement (west) 1.8 Lateral movement (west)

5 1.6 Lateral movement (west) 1.6 Lateral movement (west) No change Lateral movement (east)

6 1.5 No change 1.7 No change 1.7 No change

7 1.6 Lateral movement (west) 1.6 Lateral movement (west) 1.7 Lateral movement (west)

8 1.5 No change 1.6 Lateral movement (west) 1.7 Lateral movement (west)

9 1.6 Lateral movement (west) 1.7 Lateral movement (west) 1.8 Lateral movement (west)

10 1.6 No change 1.7 Lateral movement (west) 1.7 No change

11 1.5 No change 1.7 Lateral movement (west) No change Lateral movement (west)

12 1.7 Lateral movement (east) No change Lateral movement (east) No change Lateral movement (east)

13 1.8 No change 1.8 No change No change Lateral movement (west)

14 1.6 No change 1.8 Lateral movement (west) No change No change

15 1.7 No change 1.8 Lateral movement (west) No change Lateral movement (east)

16 1.6 No change 1.6 No change 1.7 Lateral movement (west)

17 1.7 No change 1.7 Lateral movement (east) 1.7 Lateral movement (east)

18 1.6 No change 1.6 Lateral movement (west) 1.7 Lateral movement (west)

19 1.6 No change 1.7 Lateral movement (east) 1.7 Lateral movement (east)

20 1.5 No change 1.7 Lateral movement (west) No change Lateral movement (west)

21 1.6 No change 1.6 No change 1.6 No change

22 1.5 Lateral movement (west) 1.6 Lateral movement (west) No change No change

23 1.5 No change 1.6 Lateral movement (west) 1.7 Lateral movement (east)

24 1.5 No change 1.5 No change No change No change

25 1.6 No change 1.7 Lateral movement (west) No change
Lateral movement 

(west)

26 1.5 No change No change No change No change No change
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Control 
points  

Meander 
(1984)

Description
Meander 

(2000)
Description Meander (2016) Description

1 2 3 4 5 6 7

27 1.6 No change 1.6 Lateral movement (west) 1.7 Lateral movement (west)

28 1.5 No change No change No change No change No change

29 1.5 No change No change No change No change No change

30 1.5 No change 1.6 Lateral movement (west) 1.6 Lateral movement (west)

31 1.5 No change 1.6 Lateral movement (west) 1.6 No change

32 1.5 No change No change No change No change No change

33 1.4 No change 1.7 Lateral movement (west) No change No change

34 1.5 No change 1.6 Lateral movement (east) 1.7 Lateral movement (east)

35 1.6 No change 1.6 Lateral movement (east) 1.6 Lateral movement (east)

36 1.5 No change 1.6 Lateral movement (east) 1.6 Lateral movement (east)

37 1.5 No change No change No change No change No change

38 1.5 No change 1.6 Lateral movement (east) 1.7 Lateral movement (east)

39 1.6 No change No change No change No change No change

40 1.5 No change 1.6 Lateral movement (west) 1.6 Lateral movement (east)

41 1.5 No change 1.7 Lateral movement (east) No change Lateral movement (west)

42 1.5 No change 1.6 Lateral movement (east) No change No change

43 1.4 No change 1.6 Lateral movement (west) No change No change

44 1.6 No change 1.6 No change No change Lateral movement (east)

45 1.5 No change 1.6 Lateral movement (west)
Lateral movement 

(west)
Lateral movement (west)

46 1.5 No change 1.6 Lateral movement (east) No change Lateral movement (east)

47 1.6 No change 1.6 Lateral movement (west) No change Lateral movement (west)

48 1.5 No change 1.6 Lateral movement (east) No change No change

49 1.6 No change No change Lateral movement (east) No change No change

50 1.6 No change No change No change No change No change

51 1.5 No change 1.5 Lateral movement (east) No change No change
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Centreline location in relation to the meander belt

In order to determine the position of the active chan-
nel centreline in relation to the meander belt centre, 
51 points were chosen for the analysis. The measure-
ments showed that there were significant changes 
and shifting (migration) in the active channel centre-
line towards the west and the east from the meander 
belt centre. In 1984, about 3.802 km of the total active 
channel located towards the west of the meander belt 
was mapped, while 1.432 km towards the east of the 
meander belt was measured. This means that the 
general trend for the active channel position was to-
wards the west. In comparison with the year 2000, we 
found that 1.780 km were located in an easterly direc-
tion from the meander belt, and 2.947 km towards the 
western direction. Finally, in 2016, the total migration 
direction towards the west was 4.399 km, while the 
amount of migration direction towards the east was 
1.242 km. This means that the general trend for the 
active channel heading position and migration was 
westward, the rest maintained relative stability. These 
dynamics of channel were due to the changes in water 

discharge, and the retreat of the northern shoreline of 
the base level (Malik, 2005; Jiongxin et al., 2002).

Abandoned channel

One of the most common historical landscape de-
velopments in the flood plain of the LJR was the 
abandoned channel as a progressive increase in the 
number and area of mid-channel bars, accumula-
tion of sediment, and neck cut-off. In comparison 
with 1984 and 2000, and 2016 with 1961 as a base 
year level, there were insignificant changes. But 
the phenomenon of abandoned channels caused by 
river meandering and the sedimentary formations 
was due to sedimentations from the Pleistocene to 
Holocene. Historical segments were measured with 
a total length of 33.48 km (see Table 4). During the 
monitoring period, the climate of the study area was 
characterized by decreasing rainfall and rarity of 
flood events (with the exception of 1991/1992) in the 
twentieth century. While the first section (Figs. 4 ,6 
and 7), especially near the river mouth, is within a 
distance of some 3 km from the northern Dead Sea 

Table 4 
Summary of the main variables of the LJR from the four sources north to south

Variables First section Second section Third section Fourth section

1 2 3 4 5

River length (km) 42.6708 46.814 55.67 53.54

Valley length (km) 23.8 27.531 27.212 26.212

Meandering 1.79 1.7 2.04 2.05

Mean meander belt width (m) 983 1024 1732 2.234

Number of islands in its course 5 7 13 3

Number of historical abandoned channels 6 13 11 15

Length of the historical abandoned channel (km) 6.98 13.76 8.45 4.29

Length of the abandoned channel during the 
study period (m)

No abandoned 
channel 

726
No abandoned 

channel
No abandoned 

channel

Migration rate (m/per/y) 0.1 0.1 0.50 0.6

Dominant migration direction towards east towards east towards west towards west
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shoreline cut-off of a meander, the only cutoff of a 
meander numbered 1 in Fig. 6 turned to an aban-
doned channel, with a length of 726 m during the 
monitoring period.

LULC changes

To map changes that occurred between the three 
dates, 6 spectral bands of both TM digital data were 
individually used as input for a supervised classifica-
tion purpose. Supervised classification was applied. 
Maximum likelihood algorithm used for land use/
cover mapping from Landsat images, depending 
upon 50 training points used  as signature file for the  

the (LULC) from google earth. (Fig. 6). Fieldwork in 
the study area is not possible practically in the valley 
floor because the river course forms the border be-
tween Jordan and Israel. The images were acquired 
in the same season in order to minimize the impacts 
of seasonal differences of vegetation. A maximum 
likelihood algorithm was used for land use/cover 
mapping from Landsat images (Menzel et al., 2009; 
Wood et al., 1992; Hossain et al., 2016). In this study, 
four land-cover classes could be identified. These are 
built-up area, agricultural area, water, and exposed 
area (Fig. 6). Definitions of these four categories of 
land use/cover are summarized in Table 5.
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Fig. 6 (A, B) Colour composite image of Landsat TM 5 1984 and 2000 bands 3, 2, and 1 exposed through the 4 
blue, green and red filters and the LULC, respectively. (C) Colour composite image of Landsat 8 2016 5 
bands 4, 3, and 2 exposed through the blue, green and red filters, respectively, and the LULC 6 
classification map. 7 
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NDVI for riparian vegetation and image-differencing generated image 11 

NDVI for riparian vegetation was generated for the three dates using Eq.1. Analysis of the NDVI images 12 
showed that the mean values of this index were low, reflecting water scarcity in the study area. The mean NDVI 13 
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Table 5 
Land use and land cover classes and definitions

Land/Use/Cover Definitions

1 2

Built-up area
Construction materials, asphalt, commercial and industrial buildings, residential single/multiple houses, 

parking lots, highways, local roads.

Agricultural area Irrigated area, rain fed area, riparian vegetation

Water bodies The Dead Sea, Jordan River channel, irrigated ponds, and fishponds, farms and dams. 

Exposed area Newly exposed area (salty area), bare rock areas, gravels, stones and boulder areas, badlands, bare soils areas.

NDVI for riparian vegetation and image-
differencing generated image

NDVI for riparian vegetation was generated for the 
three dates using Eq.1. Analysis of the NDVI imag-
es showed that the mean values of this index were 
low, reflecting water scarcity in the study area. The 
mean NDVI value 0.54. (Fig. 7) showed that most of 
the study area was characterized by high NDVI val-
ues ranging from 0.4 to 0.7, and 0.3. These results 
due to the stability of the channel and low amounts of 
the river discharge are the basic factors (Edward and 
Hicklin, 1984; Muller, 1995). 

Monitoring NDVI image differencing

An image-differencing method was adopted for pix-
el-by-pixel comparison and was performed on the 

Table 6 
Land use and land cover classes and definitions

Year 1948 2000 2016 Changes (%)

Class Area (km²) Percentage (%) Area (km²) Percentage (%) Area (km²) Percentage (%) 1984–2000 2000–2016

1 2 3 4 5 6 7 8 9

Built Up area 24 0.859 28 1.001 35.68 1.28 +0.142 +0.279

Agricultural area 189 6.76 202 7.25 584.6 20.94 +0.49 +13.69

Water 43 1.54 42 1.51 38.02 1.36 −0.03 –0.15

Exposed area 2,536 90.83 2519 90.23 2,133.27 76.40 −0.6 −13.83

Total 2,792 100 2791 1000 2,791.57 100%

NDVI-generated images of the three dates. The statis-
tical results of the difference image results (refer to Ta-
bles 3 and 4) showed that NDVI values increased. NDVI 
value variations are presented in Fig. 7. The lowest val-
ues were found on the less vegetated soils, presuma-
bly because of reflection of the high salty area near the 
LJR mouth. Within the study area (upstream) along the 
entire bank, it was found that river banks with NDVI 
values of 0.45 or less were mostly eroded and banks 
with NDVI values of more than 0.45 were not eroded or 
almost stable. This means that the river is migrated at 
low biomass vegetated areas but not at high biomass 
vegetated areas, as high NDVI value represents vegeta-
tion of high biomass both above and below the ground. 
This study used only one vegetation index NDVI and a 
pixel of Landsat image that covers 30 m x 30 m ground 
area and represents one NDVI value (Paul and Schmidt, 
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Fig. 7 
(A) NDVI at threshold values 0.2 for 1984, 2000 and 2016, respectively. (B) NDVI images differencing for 1984, 2000 and 2016, respectively
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represents vegetation of high biomass both above and below the ground. This study used only one vegetation index 13 
NDVI and a pixel of Landsat image that covers 30 m x 30 m ground area and represents one NDVI value (Paul 14 
and Schmidt, 2002). Consequently, vegetation of a high NDVI will give comparatively high bank stability through 15 
dense root networks under the ground that affects bank migration as well as morph-dynamic activity. 16 
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Fig. 7 (A) NDVI at threshold values 0.2 for 1984, 2000 and 2016, respectively. (B) NDVI images differencing 20 
for 1984, 2000 and 2016, respectively. 21 
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2000−2016 

Riparian 
vegetation 
changed 
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1984–2016 

1984 −0.48 0.68 13.4 +16.8 +20.1 +36.9 

2000 −0.45 0.60 30.2    

2016 −0.48 0.61 50.3    

 24 

(A)
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1984 −0.48 0.68 13.4 +16.8 +20.1 +36.9 

2000 −0.45 0.60 30.2    
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(B)

2002). Consequently, vegetation of a high NDVI will give 
comparatively high bank stability through dense root 
networks under the ground that affects bank migration 
as well as morph-dynamic activity.

Accuracy Assessment

Accuracy assessment is necessary for testing the 
accuracy of the result classes from the classification 
images. There are several methods of performing an 
accuracy assessment, such as the overall accuracy 
and the Kappa coefficient (Congalton, 1991). In order 
to obtain the confusion matrix, a random sampling 
was carried out. The columns of the matrix represent 

the reference data, while the rows indicate the classes 
generated from the classification process. The Kappa 
coefficient is one of the most popular measures for 
addressing the difference between actual agreement 
and chance agreement (Congalton and Green, 1999; 
Booth and Oldfield, 1989). The Kappa coefficient of 
agreement was computed as Eq. 4
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classification process. The Kappa coefficient is one of the most popular measures for addressing the difference 6 
between actual agreement and chance agreement (Congalton and Green, 1999; Booth and Oldfield, 1989). The 7 
Kappa coefficient of agreement was computed as Eq. 4 8 

 9 

 10 
Where: 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟; 11 
 Xii𝑟is𝑟the𝑟number𝑟of𝑟observation𝑟in𝑟row𝑟and𝑟column𝑟I; 12 
    X � i𝑟is𝑟the𝑟total𝑟number𝑟of𝑟observation𝑟in𝑟row𝑟I; 13 
 Xi+ is the total number of observation in column I; 14 

N is the total number of observations included in the matrix. 15 
 16 

Accuracy assessment is presented in Table 4. Both user and producer accuracies were found to be between 17 
percentages 81.25 and 89.96 for the 2016 image. Also, overall classification accuracy and Kappa coefficient 18 
statistics were found to be at a percentage of 85.605. 19 
 20 
Table 8 Confusion matrix of the signatures derived from supervised training, ETM 2016. 21 

Reference data 

Classified data Built-up area Agricultural 
area Exposed area Water bodies Row total User accuracy 

(%) 

Built-up area 3 1 0 0 4 0.75 

Agricultural area 1 10 1 0 12 0.91 

Exposed area 0 0 31 0 31 0.94 

Water bodies 0 0 1 2 3 1.00 

Column total 4 11 33 2 50 
89.96 

Producer 
Accuracy (%) 0.75 0.83 1.00 0.67 81.25 

      Overall 
Kappa 

Accuracy (%) 
 

85.605 

Producer 
Accuracy (%) 81.25     

 22 
Results 23 

The LJR changes that were recorded over the monitoring period caused by the low reduction of water flow, 24 
rare flood events and the ultimate base level decline by −39 m resulted in decreasing the active channel by 42% 25 
during the monitoring period. The active channel length measured in 1961 from the TM, which is the base year, 26 
was 198.7 km, and it was increased by 134 m in the period 1961–1984 and by 300 m in the period 1961–2000 and 27 
up to 959.3 m during the monitoring period 1961–2016. The only cut-off of a meander numbered (1) in Fig. 5 28 
turned to an abandoned channel, with a length of 726 m during the monitoring period. The width of the meander 29 
belt decreased in mean from 11.6 km in historical time to 935.3085 m during the study period. The direction of 30 
active channel migration is concentrated towards the west, with the mean rate of channel centreline migration of 31 
0.325 m/year. There was expansion of the land use for the built-up area by +0.279 and agricultural area by +13.69, 32 
while there was a decrease in water by −0.15 and −13.83 for the exposed area. Riparian vegetation increased by 33 
+36.9% as a result of active channel stability. 34 

Where: r is the number of rows in the confusion matrix;
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Xii is the number of observation in row and column I; 
Xi – is the total number of observation in column I;

N is the total number of observations included in the 
matrix.

Accuracy assessment is presented in Table 4. Both 
user and producer accuracies were found to be be-
tween percentages 81.25 and 89.96 for the 2016 im-
age. Also, overall classification accuracy and Kappa 
coefficient statistics were found to be at a percentage 
of 85.605.

Table 7 
NDVI value and image differencing according to the monitoring period

Year
Minim 
value

Maximum 
value

Riparian vegeta-
tion (%)

Riparian vegetation 
changed between

1984–2000

Riparian vegetation 
changed between

2000−2016

Riparian vegetation 
changed between

1984–2016

1 2 3 4 5 6 7

1984 −0.48 0.68 13.4 +16.8 +20.1 +36.9

2000 −0.45 0.60 30.2

2016 −0.48 0.61 50.3

Table 8 
Confusion matrix of the signatures derived from supervised training, ETM 2016

Reference data

Classified data Built-up area Agricultural area Exposed area Water bodies Row total User accuracy (%)

1 2 3 4 5 6 7

Built-up area 3 1 0 0 4 0.75

Agricultural area 1 10 1 0 12 0.91

Exposed area 0 0 31 0 31 0.94

Water bodies 0 0 1 2 3 1.00

Column total 4 11 33 2 50
89.96

Producer Accuracy (%) 0.75 0.83 1.00 0.67 81.25

Producer Accuracy (%) 81.25
Overall Kappa 
Accuracy (%)

85.605

Results
The LJR changes that were recorded over the mon-
itoring period caused by the low reduction of water 
flow, rare flood events and the ultimate base level 
decline by −39 m resulted in decreasing the active 
channel by 42% during the monitoring period. The 
active channel length measured in 1961 from the 
TM, which is the base year, was 198.7 km, and it was 
increased by 134 m in the period 1961–1984 and by 



49Environmental Research, Engineering and Management 2018/74/2

300 m in the period 1961–2000 and up to 959.3 m 
during the monitoring period 1961–2016. The only 
cut-off of a meander numbered (1) in Fig. 5 turned to 
an abandoned channel, with a length of 726 m during 
the monitoring period. The width of the meander belt 
decreased in mean from 11.6 km in historical time 
to 935.3085 m during the study period. The direction 
of active channel migration is concentrated towards 
the west, with the mean rate of channel centreline 
migration of 0.325 m/year. There was expansion of 
the land use for the built-up area by +0.279 and ag-
ricultural area by +13.69, while there was a decrease 
in water by −0.15 and −13.83 for the exposed area. 

Riparian vegetation increased by +36.9% as a result 
of active channel stability.

Conclusions
The main findings of the analysis showed that most of 
the Lower Jordan River is characterized by stability due 
to the shortage of water discharge by controlling the 
water in dams and canals and expansion of the land 
use; this stability is evidenced by increased riparian 
vegetation, while the most dynamic and changing part 
is the river mouth, where the Dead Sea is retreating.
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Gauta: 
 2018 m. birželis

Priimta spaudai: 
 2018 m. rugsėjis

Žemės dangos pokyčių aptikimas Žemutinėje  
Jordano upėje, 1984-2016 m., naudojant GIS ir RS
Yusra Al-husban
Jordanijos universitetas, Amanas, Jordanija

Šio tyrimo tikslas - stebėti ir analizuoti žemės dangos pasikeitimus (LULC), kuriuos sukelia didelis 
mažesnio Jordano upės (LJR) vandens srauto sumažėjimas dėl klimato sąlygų Jordanijoje viršutinėje 
Jordano upės baseino dalyje. Dėl šių aplinkybių monitoringo laikotarpiu Negyvosios jūros lygis išaugo 
vertikaliu atstumu -39 m. Tai lėmė vandens išteklių trūkumą, pokyčius, darančius įtaką upės geomor-
fologijai, taip pat vegetatyvinei teritorijai ir pakrančių augmenijos erdviniam pasiskirstymui LJR. Šie 
pokyčiai buvo išnagrinėti naudojant Landsat TM, ETM, visus vaizdus, kurie buvo gauti 1984 m., 2000 m. 
Ir 2016 m. Rugpjūtį, o bazinis žemėlapis buvo naudojamas topografinis žemėlapis (TM). Daugiasluoks-
niai vaizdai buvo geometriniai ir radijo ryšio metrinis kalibravimas vienas kitam ir naudojami kaip 
įvedimo automatinio keitimo nustatymo procedūra. Išaiškinimo rezultatai parodė, kad per stebėsenos 
laikotarpį aktyviojo kanalo ilgis buvo apie 741,8 m, nes Negyvosios jūros pakrančių atkūrimas ir apie 
2,65 km, kuriuos sukėlė bangavimas. Migracijos lygių kryptis nukreipta į vakarus ir rytus, dominuojanti 
kryptimi į vakarus, o metinė vidutinė migracija į vakarus ir rytus buvo 0,325 m, o tyrimo laikotarpiu 
bendra šoninė migracija siekė tik 17,875 m abiem kryptimis - vakarai ir rytai. Upių srovė išaugo nuo 1,8 
m iki 2,1 m. Atsižvelgiant į LULC, skirtumų vaizdas parodė, kad nuo 1984 iki 2016 m. pastebimi teigiami 
žalios vegetacijos pokyčiai; tai yra dėl vandens kanalų ir užtvankų išplėtimo visose pakrančių šalyse, 
padidinus vandens tvenkinius. Normalizuoto skirtumo vegetacijos indeksas parodė, kad stebėjimo lai-
kotarpiu pakrančių augmenijos plotas padidėjo 36,9%, o tai rodo slėnio žemės  stabilumą.

Raktiniai žodžiai: žemės naudojimas / danga, “Landsat TM”, migracija.




