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Abstract. Within the GLOWA Jordan River project, a first-
time overview of the current and possible future land and wa-
ter conditions of a major part of the Eastern Mediterranean
region (ca. 100 000 km2) is given. First, we applied the hy-
drological model TRAIN to simulate current water avail-
ability (runoff and groundwater recharge) and irrigation wa-
ter demand on a 1 km×1 km spatial resolution. The results
demonstrate the scarcity of water resources in the study re-
gion, with extremely low values of water availability in the
semi-arid and arid parts. Then, a set of four divergent scenar-
ios on the future of water has been developed using a stake-
holder driven approach. Relevant drivers for land-use/land-
cover change were fed into the LandSHIFT.R model to pro-
duce land-use and land-cover maps for the different scenar-
ios. These maps were used as input to TRAIN in order to
generate scenarios of water availability and irrigation water
demand for the region. For this study, two intermediate sce-
narios were selected, with projected developments ranging
between optimistic and pessimistic futures (with regard to
social and economic conditions in the region). Given that
climate conditions remain unchanged, the simulations show
both increases and decreases in water availability, depending
on the future pattern of natural and agricultural vegetation
and the related dominance of hydrological processes.

1 Introduction

In the framework of the “GLOWA Jordan River” project
(www.glowa-jordan-river.de), an interdisciplinary and multi-
national group of researchers investigates the impact of cli-
mate and land-use/land-cover change on the water resources
of the Jordan River region. The area investigated in the hy-
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drological sub-project includes the sub-humid, semi-arid and
arid parts of the Jordan River and Dead Sea basins and their
broader environs. Thus, it is stretching from the upper north
of the Jordan River basin to the Gulf of Aqaba in the south,
and from the Mediterranean coast to the Jordanian highlands
(Fig. 1), including Israel, parts of Jordan, the Palestinian Au-
thority, as well as parts of Lebanon, Syria and Egypt. It cov-
ers a land area of approximately 96 000 km2.

The Jordan River region is ranking among the most wa-
ter poor regions of the world. Over a distance of only 300–
400 km a pronounced climate gradient occurs, with climate
conditions changing from sub-humid in the north of the re-
gion (mean annual precipitation ca. 800–1000 mm) (Fig. 1)
to hyper-arid at the Red Sea (mean annual precipitation less
than 100 mm, potential evaporation>2000 mm). The scarce
water resources are competitively shared among several na-
tions and different water use sectors, with irrigation agricul-
ture as one of the major water users. The 250 mm rainfall line
(isohyet) is usually defined as the boundary between rain-fed
and irrigated agriculture in the Middle East. Since no rain-
fall occurs during summer (Fig. 4), the cultivation of crops
is typically limited to the winter season. Double cropping,
i.e. the additional cultivation of summer crops, requires irri-
gation even in the more humid, northern parts of the region.
Today, around 66% of the current water use in the region is
for irrigation purposes, and about 30% is used in the domes-
tic sector (EXACT, 1998). These numbers are however un-
evenly distributed over the different countries. An increasing
population with a current number of 16 million, rising wa-
ter demands and an expected reduction in precipitation totals
make the region susceptible to frequent droughts and future
water conflicts.

Our investigations aim at assessing the impact of both
land-use/land-cover and climate change (Menzel et al., 2007)
on the water resources of the project region. The present
study focuses on land-use/land-cover scenarios which were
elaborated for Israel, Jordan and the Palestinian Authority.
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Fig. 1. Overview of the study region (left) and map of mean annual
precipitation (right), generated with the interpolation procedure de-
scribed in Sect. 2.4. The south-eastern corner of the region has been
excluded from the investigations, due to the lack of available mete-
orological data.

The computation of the individual water balance components
through hydrological modelling includes the water demand
and water use (actual evapotranspiration) of both natural and
agricultural vegetation. Therefore, we consider irrigation
water requirements in our analysis, while human water de-
mands and uses in the domestic and industrial sectors are not
taken into account (which would require the application of a
water use model). The investigations consider two time peri-
ods: The reference period covers the years 1961–1990, while
the scenario conditions refer to the year 2050.

2 Material and methods

2.1 The GLOWA Jordan River scenarios of regional de-
velopment under global change

Four scenarios on the future of water in the Jordan River re-
gion were developed together with experts from Israel, Jor-
dan, and the Palestinian Authority by applying the so called
Story and Simulation (SAS) approach (Alcamo, 2008). The
aim of the iterative scenario exercise was to integrate narra-
tive information (the storylines) provided by the regional ex-
perts and the derived quantitative estimates of scenario driv-
ing forces in a way that the scenarios can serve as a basis for
the development of sustainable water management strategies
for the future (for details on the scenario process see Onigkeit
et al., 2009). For the scenarios, regional as well as global dy-
namics as for example climate change have been taken into
account for a time horizon up to 2050. For this study, we
consider quantitative information on population growth and
related numbers of grazing livestock from two intermediate
(i.e., less drastic) scenarios:

(1) The “Poverty & Peace” scenario is characterized by a
combination of peaceful development in the region without

Fig. 2. Population scenarios for Jordan (left) and the Palestinian
Authority (right) up to the year 2050.

economic prosperity. Despite peace and although water re-
sources are being shared, water-stress problems, caused by
climatic changes that occur over the coming decades, can-
not be solved because of constrained economic growth. The
overall population in the region grows by a factor of 2.3 up
to the year 2050 with highest growth rates in the Palestinian
Authority due to the peaceful conditions (see Fig. 2).

(2) The “Modest Hopes” scenario assumes that no peace
agreement can be reached in the future but that economic
prosperity prevails, kindled by international donors. This
results in fairly stable conditions in the region. Education,
capacity building and environmental awareness make up for
some of the lack of co-operation. The overall regional pop-
ulation growth under this scenario is similar to that of the
“Poverty & Peace” scenario. However, for Israel and espe-
cially for Jordan population growth rates are higher under
this scenario, whereas in the Palestinian Authority popula-
tion growth is assumed to be much slower than under the
“Poverty & Peace” scenario.

2.2 LandSHIFT.R model

Based on a quantification of the scenario drivers, such as
agricultural activity, number of livestock and population
growth, we simulated land-use and land-cover distributions
for Israel, Jordan and the Palestinian Authority up to the
year 2050. This was done with LandSHIFT.R1 (Koch et al.,
2008), the regional model version of the integrated model
system LandSHIFT (Alcamo and Schaldach, 2006; Schal-
dach and Alcamo, 2006). LandSHIFT has been developed
to generate spatially explicit, mid- to long-term scenarios
of land-use and land-cover change. The exogenous driving
forces of LandSHIFT are time series on domestic production
of agricultural commodities as well as socio-economic infor-
mation. The output of LandSHIFT consists, amongst oth-
ers, of gridded maps displaying one dominant land-use/land-
cover type per grid cell.

LandSHIFT.R includes three functional components: a
module for crop productivity under irrigated and rain-fed
conditions, a module for productivity of (semi-)natural veg-
etation and a land-use change module, in the following

1Land Simulation toHarmonize andIntegrateFreshwater Avail-
ability and theTerrestrial Environment –Regional Version

Adv. Geosci., 21, 73–80, 2009 www.adv-geosci.net/21/73/2009/



L. Menzel et al.: Modelling the effects of land-use and land-cover change on water availability 75

Fig. 3. Annual development of the model parameters Leaf Area
Index (LAI), interception capacity and albedo in the study region,
simulated by TRAIN. The example refers to the representation of
winter crops/bare soil (summer period) in the model.

referred to as LUC-module. The module for crop produc-
tivity is based on a modified version of the ecosystem model
DayCent (Parton et al., 1998). The main task of this module
is to provide crop yield maps to the LUC-module (Stehfest
et al., 2007). The module for productivity of (semi-)natural
vegetation is based on the WADISCAPE model (Köchy,
2007; Köchy et al., 2008), which delivers information on cur-
rent and future stocking capacity and landscape productivity
to the LUC-module. In the LUC-module, the demand for
area intensive activities (e.g., agricultural production, graz-
ing) is regionalized to a grid with a spatial resolution of
30 arc s (approx. 1 km×1 km). This module is structured into
three sub-modules covering the dynamics of the most impor-
tant land-use activities of the study region which are “urban”,
“crop cultivation” (i.e., cereals, fruits, vegetables and other
crops) and “grazing”. Each sub-module includes routines to
assess the suitability of each grid cell for the respective land-
use activity and to allocate the corresponding demands to the
most suitable grid cells.

2.3 TRAIN model

TRAIN is a physically-based, spatially distributed hydrolog-
ical model which includes information from comprehensive
field studies of the water and energy balance of different
surface types, including natural vegetation and agricultural
land (Menzel, 1997, 2007). It has been designed to simu-
late the spatial pattern of the individual water budget com-
ponents at different spatial and temporal scales. Typical ap-
plications are at the point and the regional scale, with tem-
poral resolutions of one hour or one day. For an areal sim-
ulation of the water budget, the investigated spatial unit is
subdivided into a regular grid, with square sizes dependent
on the available input data and their spatial resolution (typi-
cally in the range of 1 km×1 km). Special focus in TRAIN
is on the vertical exchange of water at the soil-vegetation-
atmosphere interface, with evapotranspiration as one of the
principal mechanisms. The simulation of transpiration is
based on the Penman-Monteith equation (Monteith, 1965). It
depends on the calculation of canopy resistances, which are

Fig. 4. Mean seasonal development of precipitation (derived from
station data), water availability (runoff and groundwater recharge;
simulated) and actual evapotranspiration (simulated). Data refer
to the period 1961–1990 (land-use/land-cover base year 2000) and
represent areal means over the entire study region. Simulations
were carried out with TRAIN and are based on daily simulation
intervals. Further explanations in the text.

modified by the state of growth of the vegetation, soil mois-
ture status and weather conditions (Menzel, 1996). Intercep-
tion and interception evaporation are simulated according to
Menzel, 1997. The maximum amount of water that can be
stored in the canopy (the interception capacity) is dependent
on the seasonal development of the Leaf Area Index (LAI)
of the respective vegetation type (Fig. 3). Interception evap-
oration is modelled to occur with different intensities, as a
function of the actual amount of water accumulated in the
canopy and the present weather conditions. The calculation
of the soil water status and of percolation follows the concep-
tual approach from the HBV-model (Bergström, 1995). The
simulated amounts of deep percolation and of infiltration ex-
cess (which leads to runoff) are aggregated for each pixel and
termed as water availability, i.e., the amount of water theo-
retically disposable for certain uses.

The application of TRAIN to agricultural land implies the
consideration of the same crop types as included in the Land-
SHIFT.R model (see Sect. 2.2). Their proper parameterisa-
tion, such as LAI or albedo (Fig. 3), the respective growing
stage and possible irrigation water requirements are simu-
lated by the model for each time step. As soon as the simu-
lated soil water content drops below a critical limit (usually
in the range of 30% of the plant available water capacity),
the model assumes irrigation until a sufficient soil water sta-
tus (usually field capacity) is reached. The amount of water
needed to compensate soil water stress is supposed to equal
irrigation water requirement. Note that this approach as-
sumes that irrigation water requirements can always be met,
which would lead to optimal crop growth. However, actual
irrigation water use may be lower than the simulated require-
ment, since water supply for irrigation might be limited.
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2.4 Study setup

In this study, the hydrological model TRAIN was run on a
1 km×1 km grid with daily time steps. Due to limited data
availability, a 1 km spatial resolution is currently the highest
possible degree of detail for the study region. For an areal
analysis of the water balance, a number of spatial data was
required as input to TRAIN. Meteorological data (precipita-
tion, air temperature, relative humidity, wind speed and solar
radiation) were taken from daily observations over the period
1961–1990 (after 1990, data availability has been poor). The
spatially uneven distribution of the stations and the varying
meteorological conditions over short distances required the
application of a sophisticated interpolation method. For each
day of the 30-year period, a multiple regression analysis was
performed to select significant predictor variables for the in-
terpolation. Elevation, distance to the coast, but also the x-
and y-coordinates of the stations were considered as possible
regressors. The interpolation procedure, described in more
detail in Wimmer et al. (2009), consists of a number of in-
terpolation methods which are selected with respect to the
regression model and the climate variable. In order to assess
the validity of the model, cross validations were performed
for each day and climate variable. All interpolations were
carried out using the R package gstat (Pebesma, 2004), with
a final resolution of 1 km. An exemplary result of the inter-
polation procedure is given in Fig. 1: mean annual precip-
itation was aggregated from daily interpolation fields. The
map shows a close relationship with elevation; however, this
is not always the case when considering daily interpolated
precipitation fields.

Information regarding topography was taken from the
global Digital Elevation Model (DEM) GTOPO30 (USGS,
2009a) with a horizontal grid spacing of 30 arc s (approxi-
mately 1 km×1 km). No consistent soil and land-use/land-
cover data base was available for the study region. There-
fore, information from different data sources had to be in-
tegrated and joined to individual maps covering the whole
region. A detailed, digital soil map of Israel was elaborated
at the University of Bochum, Germany (Marschner, personal
communication, 2008) which is based on Singer (2007) and
the soil associations map of Israel. For the rest of the study
region, the global map of soil properties ISRIC-WISE (Bat-
jes, 2006) was available. For both data sources, soil depth,
profile available water capacity and basic hydraulic proper-
ties were derived using as far as possible the same methodol-
ogy. The LandSHIFT.R results were geographically mapped
to the 1 km×1 km grid required by the TRAIN model. For
the grid cells where no LandSHIFT.R simulation results are
available (Lebanon, Syria, Egypt), information was derived
from the IGBP Global Land Cover Characterization GLCC
(Loveland et al., 2000; USGS, 2009b) which is available on
a 1 km grid size. The DEM as well as the individual soil
and land-use/land-cover layers were re-projected to congru-

ent grids and aggregated to a common spatial resolution of
1 km×1 km.

In this study, three land-use/land-cover maps were pre-
pared to serve as input for the hydrological model TRAIN:
one for the year 2000 and two for the year 2050 under the
scenarios “Poverty & Peace” and “Modest Hopes”, respec-
tively. Note that no land-use/land-cover scenarios were gen-
erated for the regions outside the actual scenario exercise,
i.e., Lebanon, Syria and Egypt. However, parts of these coun-
tries are included in the TRAIN analysis (Fig. 1). Therefore,
land-use/land-cover remains unchanged for these regions on
the scenario maps. The individual TRAIN runs were driven
with the same climate data set which refers to the period
1961–1990, i.e., no combination of land-use/land-cover sce-
narios and climate change scenarios was applied (which is
outside the scope of this study).

Applications of TRAIN for the land-use classes represent-
ing cropland were carried out assuming one growing season,
with the cultivation of winter crops. This might lead to an un-
derestimation of irrigation water requirements for those agri-
cultural areas on which summer crops are grown. However,
no information about criteria for the cultivation of summer
crops were available. Also, no spatially explicit data set on
the agricultural areas equipped for irrigation exists on the re-
quired spatial resolution. Therefore, irrigation was assumed
to be possible on any of the pixels allocated as agricultural
land, unless the criteria described in Sect. 2.3 are fulfilled. So
far, the growing seasons of the individual crops as well as of
natural vegetation were held static, i.e., no year-to-year vari-
ations due to differing meteorological conditions were taken
into account. TRAIN was iteratively run on those grid cells
which are expected to contain a high degree of sub-grid vari-
ability, such as heterogeneous soil and land-use/land-cover
combinations. For example, the land-use class “urban” was
divided into two sub-classes representing sealed surfaces and
park areas.

3 Results

3.1 Water resources distribution under current condi-
tions

Figure 4 shows the mean seasonal development of precipita-
tion (based on interpolated, daily observations), water avail-
ability and actual evapotranspiration (simulated by TRAIN;
daily model data were aggregated to long-term averages)
over the entire study region. Note that this is an aggregated
view over the (large) area investigated, including both sub-
humid, semi-arid and arid conditions, with the latter domi-
nating in their areal extent. Remember also that our defini-
tion of water availability includes the amount of water theo-
retically accessible to humans (i.e., runoff and groundwater
recharge) but excludes water stored in the soil; yet, the latter
is considered in the simulation of actual evapotranspiration.
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Fig. 5. Simulated, mean water availability (runoff and groundwater
recharge; left) and simulated irrigation water requirement (right) for
current conditions (climate base period 1961–1990, land-use/land-
cover base year 2000). Note that irrigation water requirement was
only computed for agricultural land.

According to the simulations, water availability shows – like
precipitation – a marked seasonal behaviour, with highest
values at the beginning of a year, and a subsequent, con-
tinuous decrease towards summer. It is only in autumn that
water availability rises again. The respective curve in Fig. 4
shows a retarded onset with regard to the precipitation in-
crease. This is caused by the dry soils which first need to be
wetted in order to generate excess water. Simulated actual
evapotranspiration shows a different behaviour. It rises from
the beginning of the year until it peaks during late spring,
when soil moisture remains at relatively high levels and plant
development is at its maximum (see for example the LAI de-
velopment represented for winter crops in Fig. 3). Later in
the year then, actual evapotranspiration first remains on a
plateau before it slowly decreases during late summer and
autumn, when water availability in the soils is low and plants
are not well developed.

The map of simulated mean water availability (Fig. 5;
based on daily simulation steps) gives a spatially detailed
view on the water resources of the region. It is obvious that
the sharp precipitation gradient is reflected in the distribution
of the water availability. However, there is an increasing gap
between mean precipitation and mean water availability from
the northern to the southern and eastern parts of the region,
i.e., from the sub-humid to the arid and hyper-arid climate
zones, where low and extremely low values (<10 mm/a) of
water availability occur. It is clear that in the respective
desert zones, there is – on an average – nearly no water
available for groundwater recharge or surface runoff. Ac-
cording to the simulations with TRAIN, actual evapotranspi-
ration in this regions amounts to 85–90% of precipitation,
or even more. The central and northern parts of the study
region which are not too far away from the coastline show

Fig. 6. Current (year 2000) and future (year 2050) land-use/land-
cover distribution in the region, simulated with LandSHIFT.R. Fu-
ture conditions are given for the scenarios “Modest Hopes” and
“Poverty & Peace”. Note that the simulation of land-use/land-cover
change is restricted to Israel, Jordan and the Palestinian Authority.

clearly higher amounts of water availability, in the range of
200–500 mm/a. The highest values occur along the Israeli-
Lebanese border and peak in the Mount Hermon region and
in the Anti-Lebanon. Beside precipitation, the distribution of
soils with their varying soil water capacities as well as the
land-use and land-cover conditions play a role in the distri-
bution of the water resources. This is indicated by a large
number of small-scale patterns in the distribution of water
availability which do not clearly follow the precipitation dis-
tribution.

The right graph in Fig. 5 shows the simulated, mean irriga-
tion water requirements of the region. Note that by definition
the spatial extent of the irrigated areas follows the areal dis-
tribution of agricultural land (Fig. 6). It is obvious that the
prevailing values lie in the range of 0–100 mm/a and that ex-
traordinary high values are absent. This might be ascribed to
one of the boundary conditions of the application of TRAIN,
namely that only one growing season occurs, during the rel-
atively wet winter. The highest irrigation water requirements
(between 500 and 600 mm/a) are unevenly distributed over
a larger part of the region – this emphasises that there is a
number of factors which determines irrigation water require-
ments. Apart from atmospheric conditions, differing soil wa-
ter capacities and variable land-use (i.e., different crop types)
have a clear impact on the simulated irrigation amounts.

3.2 Impact of land-use and land-cover change on the
water resources

Current land-use/land-cover conditions as well as the two
scenarios applied in this study are shown in Fig. 6. The per-
centages of the individual land-use/land-cover classes at the
total area as well as their changes under the two scenarios
are listed in Table 1. The mapping of land-use/land-cover
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Table 1. Overview of the current (reference year 2000) and future (year 2050) land-use/land-cover in the region, expressed by the number
of grid cells allocated by the particular classes. Numbers in brackets for current conditions are the respective percentages of the individual
classes at the total area. Numbers in brackets for future conditions are percentage changes of the classes by comparison with the current
state. Minor percentages are discarded.

land-use/land-cover class current modest hopes poverty & peace

shrubland 39 641 (41.1%) 27 981 (−29.4%) 32 547 (−17.9%)
barren/sparsely vegetated 30 542 (31.7%) 30 541 30 541
nat. vegetation/cropland mosaic 9877 (10.3%) 8400 (−15.0%) 8765 (−11.3%)
cropland (undifferentiated) 8748 (9.1%) 8751 8748
cereals 2513 (2.6%) 2702 (+7.5%) 2544 (+1.2%)
grazing land 1243 (1.3%) 12 927 (+940%) 8204 (+560%)
grassland 1177 (1.2%) 1162 (−1.3%) 1165 (−1.0%)
urban 974 (1.0%) 1546 (+58.7%) 1406 (+44.4%)
fruits 814 (0.9%) 1199 (+47.3%) 1226 (+50.6%)
vegetables 732 (0.8%) 951 (+29.9%) 992 (+35.5%)
woody savannas 36 32 35
forest 19 12 12
wetlands 2 2 2
Total 96318 (100%) 96318 96318

shows that the majority of the region (more than 70%) is cur-
rently covered by natural vegetation, mainly shrubland and
barren (the sparsely covered and non-vegetated areas in the
deserts). According to the scenarios, natural vegetation is
projected to strongly decrease, while the demand for graz-
ing shows an enormous rise in both scenarios, as a result of
population growth and a related increase in livestock num-
bers. Since the storyline for the scenario “Modest Hopes”
indicates a high awareness of environmental issues, the sim-
ulations for this scenario were carried out under the assump-
tion of sustainable grazing management. This generally leads
to a larger spatial extent of grazing area (Koch et al., 2008)
(Fig. 6). Note that the highest increase of grazing land oc-
curs in Jordan. This is a consequence of the predicted, strong
population growth in this country (Fig. 2) and a low degree
of competing demands between different land-use activities.

Further effects of the projected population development
can be seen in an increase of urban sprawl in the vicinity of
already existing urban centres (Fig. 6), however, with clear
differences between the two scenarios (remember that the
“Poverty & Peace” scenario shows a relatively low popula-
tion growth rate – see Fig. 2). Currently, about 10% of the
region is used as cropland, while fruits and vegetables are
grown on comparatively small areas. These areal shares are
projected to change, with a small rise of the land area culti-
vated with cereals and clear increases in areas dedicated for
the cultivation of fruits and vegetables (with minor differ-
ences between the two scenarios).

The possible hydrological effects of the two land-use/land-
cover scenarios are shown in Fig. 7. Projected changes in
water availability show a spotty pattern over the study re-
gion, with both increases and decreases in water availabil-

Fig. 7. Simulated, mean changes in water availability (runoff and
groundwater recharge) for the two land-use/land-cover change sce-
narios “Modest Hopes” (left) and “Poverty & Peace” (right). Note
that changes from small absolute numbers might result in high per-
centages.

ity. For both scenarios, a notable increase in water avail-
ability occurs in major parts of Jordan. This is correlated
with the projected increase in grazing land. In TRAIN, the
category grazing land is similarly treated as shrubland, but
with a lower LAI. This results in lower transpiration rates
which lead to higher amounts of water availability simulated
by the model. An average increase in simulated water avail-
ability also occurs on areas which are assumed to be affected
by urban expansion. In this case, the increasing share of
sealed surfaces leads to higher volumes of simulated surface
runoff. Projected decreases in water availability appear in

Adv. Geosci., 21, 73–80, 2009 www.adv-geosci.net/21/73/2009/



L. Menzel et al.: Modelling the effects of land-use and land-cover change on water availability 79

those areas where natural vegetation was converted into agri-
cultural land, which leads to higher water demands for tran-
spiration and biomass production. This also affects irrigation
water requirements. With respect to current conditions, the
“Modest Hopes” scenario results in an increase of 11% in
water required for irrigation. For the “Poverty & Peace” sce-
nario however, no change in average irrigation water require-
ments arises. This might be related to the smaller increase of
land cultivated with cereals in the “Poverty & Peace” sce-
nario (Table 1), as a consequence of the relatively low popu-
lation growth rates and lower per capita food demands in this
scenario.

4 Discussion and conclusions

This study gives for the first time a coherent overview of the
land-use/land-cover and water conditions of a major part of
the Eastern Mediterranean region, with the highest possible
spatial detail. Our model results for the current state (period
1961–1990) demonstrate the scarcity of water resources in
major parts of the study region, with extremely low values
of water availability in the semi-arid and arid parts of the re-
gion. Our investigations show that actual evapotranspiration
(in clear contrast to potential evapotranspiration) is low in the
region – its upper limit is controlled by precipitation – but it
reaches high values under irrigated conditions. Irrigation has
been confirmed to be a prerequisite for most agricultural ac-
tivities in the region, but its required amount is very much
dependent on the cropping pattern. In comparison with the
few available, large-scale water balance analyses of the study
region (e.g., Baumgartner and Reichel, 1975) we think that
our data for current conditions are reliable and might be ap-
plied to further analyses. However, we consider our investi-
gations as preliminary since major processes in both applied
models need to be refined and adapted to the specific con-
ditions of the region. For example, the land-use/land-cover
types considered in Land.SHIFT.R need better parameteri-
sation in TRAIN, with a seasonal behaviour dependent on
actual atmospheric conditions. Furthermore, the effects of
grazing require better reproduction in TRAIN, for example
with a description and quantification of the susceptibility of
grazing land against erosion. Since data availability was not
sufficient to continue our analysis for the period after 1990,
possible recent trends, such as rising temperatures or an in-
crease in rainfall variability, could not be considered in this
study.

Another result of this work is that our land-water investi-
gations could be achieved through a one-way coupling of two
very different models, LandSHIFT.R and TRAIN. So far, a
harmonization of data requirements of the two models and
data exchange between them was successfully implemented.
Coming work will include a feedback between the two mod-
els, so that the generation of land-use/land-cover scenarios
will be carried out in an iterative process through continuous

information exchange between LandSHIFT.R and TRAIN.
Finally, it is envisaged to include climate change scenarios
in our analysis, so that projected, climate related reductions
in water availability can be used as a criterion to modify the
land-use/land-cover scenarios in such a way that they take
into account options to mitigate the adverse impacts of cli-
mate change. This last option requires however close co-
operation with the stakeholder driven SAS approach in order
to match the different interests and motivations between pol-
icy makers and scientists.

Apart from the shortcomings described above, we have
shown that the impact of land-use and land-cover changes
on water resources is obvious. Given similar mean precip-
itation, water availability is simulated to increase in those
parts of the region where urban areas and/or grazing land are
projected to increase, due to higher surface runoff and re-
duced actual evapotranspiration. However, this result does
not allow a statement about the usability of higher surface
runoff and groundwater recharge rates although its knowl-
edge would be important regarding the expected increase in
human water demands. Therefore, it is planned to include the
representation of water harvesting techniques, such as man-
aged aquifer recharge, as well as an assessment of current
and future human water demands in our investigations within
the GLOWA Jordan River project.
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