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Abstract: This study investigatethe impact of climate change and land use change on
water resources and food security in Jordan. The coisdiyminated by arid climateith

limited arablelandand wateresourceswhere theper capita sharef wateris less than 45
m>/year. The studyfocusedon crop production and water resources under trends of
anticipatedclimate change and population growth in the country. Remote sensing data
were used to determine land use/cover changes and rates of urbanizhittbriook place

at the cost of th cultivable landRecessiorof irrigated areased to lessefood production

and food security Outputs from crop production and water requirements models, in
addition to regression analysis, were used to estimatertiectedincrease in agricultural
water demand under the scenarios of increased air temperature and reduced rdheall by
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years 2030 and 2050. Resuftdicatedthat problems of water scarcity and food insecurity
would beexacerbatg by climate change anthcreagd population growth. To move from

the tragedy of the commons towards transcendence, the study emphasized the need for
adaptive measures to reduce the impacts of climate clangeter resources and food
security The challenge, however, would reméie developmentind the efficient usef

new water resourcessa mears for future sustainable development.

Keywords: climate change; land use/cover change; food secwétgr scarcity

1. Introduction

According to Har di n6 sC cmmansnaidopliation groavilp ardl yhe o f
freedom to uséand were seen asiajor threats to the fragile commojig. Although themetaphor of
the fragile commonsnay remain valid however, it may be considered simplistic in its focus on
population growth lane without considering the new ecological challenges camgsetimate change.

The adverse impacts ofimate changeand global warming arenainly threaening water andfood
security in developing countries. The vulnerability of agriculture and ity to both climate
change andclimate variability is well established. The general consensus is that changes in
temperature and precipitation will impact plant growth and crop wettl subsequentlyaffect food
security. In many developing countriep@te change is also expected to change farming systems and
to put more pressure on the rural community to cope with these changes and build up their adaptive
capacities. Theroblems resulting from climate change are alswsening by the rapid populatio
growth and the unplannetbnversion ofcultivable lands into urbanareas In West Asia and North
Africa (WANA), most countries have serious problems in agricultural production as a result of limited
economic resources, low levels of technology, limitegpping patternandenvironmental limitations
andstresse$?].

The link between adverse climate change and water and food security is related to changes in croy
yield and levels of water consumption by agriculture and other sectorgrojeetedtemperatures
increase and precipitation reduction would adversely affect crops and water availdisityjtically
influencing the patterns of future agricultural production. Crop yield is roughly proportional to
transpiration; more yields require motenspiration. It takes between 500 and 4,000 liters of
evapotranspiration (ET, the combined process of evaporationsoil surfaceand transpiratioirom
plant leavefsto produce just one kilogram of grain. When grain is fed to animals, producirageakil
of meat takes much more watéetweens and 15 thousand litef8]. The overall effect of climate
change on crop productivity can be predicted wvgitimelevels of uncertainty, partly because local
changes in radiation and evaporative demand anchatiens with changing technology are unknown.

For this purpose, computer crop simulation models can be used to predict yield changes caused b
climate changé4].

In countries with scarce water resources, the adverse impacts of climate change on awatiable
resources are increasing the problem of food security, as most of developed water resources are use
for agriculture The bottom line is that each individual needs 2 to 5 liters of drinking water, 20 to 400
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liters of water for daily household used about 2000 to 5000 liters of water for food production
depending on how productive their agriculture is and what kind of food they eat. On average, each of
us requires about one thousand cubic meters of water each year foorf@mbut 3 cubic meter
(3 tonsor 3,000 liters) of water per dagonsidering that about one liter of water is required per calorie
of food supply. These figures assume th&80Q to 3000 calories must reach the market in order for
each of us to consume abol@@0 calorieg5].

In Jordan, the challenge to meet population needs from food and water-isyowei at all levels.
Water availability is likely to be the most sensitive to climate change induced impacts. In terms of
water availability, Jordan is among the four driesuntries in the world, with a per capftashwater
share of 145 rhper year,which is far below the international water poverty line of 500 per
year p] . Due to t he c¢ odnntheynidiatitues, clamatée achange(isFekpgated ®
have significant impacts on water supplesd agricultural production in Jordan. The country has
limited water and land resourceshich increass the competitionfor water among the different
sectorsJordan suffered from a high rate of population grotivtt resulted from the waves of refugees
from the surrounding countriggVest Bank, Iraq and Syriagyfferingfrom the politicalinstability

The combined effects of climate change and population growth are expected to put more pressure
on the limitedlandresourcesn Jordan and to increase tbieallenge of sustainable development in the
country This study aims to assess the riskglimate change, population growdindland use change
on waterresourcesand food productivity in Jordan. The stuilyms a part of the efforts of the Food
and Agriculture Organization of the United NasdfkAO) t o support Jordanos
capacity buildingand adaptation to climate changel t hough t he st utagedyndy r ¢
co mmo nis car, however help in providing implications for building adaptive capacities to
minimize the adverse impacts of climate change on water and foodtgen Jordan.

2. Study Area

In this study, impacts of climate change, land use change and population growth were assessed i
relation to waterand food security in Jordan The country located about 80 km east of the
Mediterranean Sea (Figure, hps a total area &9.5 thousand krhand étitude thatranges from less
thani 400 m at the Dead Ssarface(lowest point on earth) up tq7b0 mat Jebel Rum. The country
has three distinguishdaloclimatic zones The first zone ishe Jordan Valley which forms a narrow
strip that issitugedbelow the mean sea lewsith warm winters and hot summeasdwhereirrigation
is practiced The second zone the western highlandsvhere precipitation is in the range &00to
600 mm. The third zone k nown a s indludesthefaBdaadd saendiarid areasthe eastern
parts of the countrywhere the annual rainfall is below 200 mBadia is an Arabic word describing
the open rangelanohhibited by Bedouins (nomads) [7)n this area, the fragile commons of land
suffer from ovegrazing of seasonal browsad overpumpng of groundwateto irrigate vegetable
and fruit trees.



Sustainability2013 5

727

Figure 1. The map of Jordan with surface water basins, rainfall isohyets and locations of

land use study sites.
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The climate of the country varies frorme ecological zone to another. A dry dulmid
Mediterranean climate dominatasmall areain the northwest of the countrwhere rainfall is more
than 600 mm, while an arid climate dominates the areas with rainfall B@ldmm. An extremely dry
hyperarid climate is found in the easthere rainfall is less than 50 mm. The rainy season is between
October and Maywith 80% of the annual rainfall occurring between December and March. The low
rainfall amounts in Jordan limit the rainfed agriculture toztwee of thevestern highlands, where fruit
trees and cereals aceltivatedandto parts of the steppe (area between western highlands and the
Badia) where barley is cultivated to support grazing herds of sheep and goats.

3. Methodology

The study was basl onintegration ofofficial recordsfrom the Department of Statistics (DoS)
(DoS official website,www.dos.gov.j9, climatic data, remote sensing images and geographic
information systems (GIS)ndpublished researdo assess the impact of climate aadd use change
on water resources and food securithe methodology is summarized time flow chartshown in
Figure 2. The main impacts of climate change on rainfed and irrigated agriculture were assessed
through data collection and analysiscobp prodation data lpaseline conditior)sand comparing them
with predicted production in the future

Figure 2. Flowchart of the methodology
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Land use/cover was derived from historical and current satellite imesgpeH0 extract precise
figures on the extent of cultivation of both rainfed and irrigated &lsa, records and reports were
obtained from the Ministry of Water and Irrigation (MWidh the amounts of available water from
conventional and neoonventional wh e r resources i n the country
water [6] was reviewed to identify water shamenongthe different sectors tilthe year 2022.

Future water demand, up to the year 2050, pvadictedusing climate change scenarios and the likely
changes in crop water requirements, land usdl@ngdrojectedncrease in population.

Identification of climate change rislkand their impacts on water and food security was carried out
through the analysis of climate change impacts on the available mgatairces and crop yield in
Jordan. In addition, the impact of temperature increase on crop water requirements was assessed «
varying daily climatic recordsased on th@ossible climate change (CC) scenarios. The output was
summarized to enable comparison and assessment of CC impacts on agricultural production and foo
security (Tables 5 and 6)The overall risk assessment was based on food hesdselated to
population growth, possible land use shifts and crop yield under the most probable climate change
scenarios. The following subsections provide detailed description of the methodology.

3.1.Trends and &nariosof Climate Giange

Several studies [&3] were carried out to characterize climate change in Jordan. A detailed analysis
of mean monthly air temperature and mean ann
national communication (SNC) report to the United Nations Framework ConvemioGlimate
Change (UNFCCC). The analysis was carried out for a time series of 45 years extending
from 1961 2005 using a parametric trend test (linear trend) andpacametric ManfKendall rank
trend test [14]. The data included the normal period of 12005, which complied with the
requirements of the World Metrological Organization (WMO) regulati@tating that the latest
onor mal periodd extends from 1920 decoease i@ fai@fall[ 1 0
occurring in most of the weathstations, with warming trends that showed an increase in the range of
1.0/ 1.8 € in six stations, 0.60.9 € in sevenstations and 0i®.0 € in ninestations [12].

The SNC report also presented results from three emaosphere general circulation models
(GCMs) for monthly temperature and precipitatidime three model¢CSIROMK3, ECHAM50M,
HADGEM1) predicted a reduction of the annual precipitatipn 0%, 10% and B% by 2050
and a maximum increase by 1.7 € in air temperature by the year 20p0Accordingly, climate
change scenarios in 2030 and 2050 were summarized for the different basins in Jordan (Table 1). The
most probable scenario would be an increasetemperature of £ and 2 € by 2030 and205Q
respectively On the other hand, most surface water basins would suffer decreased rainfall
amounts in the range of 120%. Only the basins of the eastern desert and theshafsthe Jordan
River north sile wadis would have incremental increase in rainfdlis increase in rainfglhowever,
would not compensate for the negative impacts of climate change at the country level, as the rainfall
amounts in these basins were low compared to other badiese rainfall was decreasing and air
temperature was increasing.
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Table 1.Climate change scenarios with expected changes in air temperature and rainfall in
theyears 2030 and 2050 for the different surface water basins in Jordan.

Basin Temperature change(°C) Precipitation change(%)
2030 2050 2030 2050
Yarmouk River +1 +2 710 20
Jordan River north side wadi +1 +2 +5 +10
Jordan River south side wadi +1 +2 710 20
Zarga River +1 +2 110 120
Dead Sea wadis +1 +2 i5 10
Wadi Mujib +1 +2 110 120
Wadi Hasa +1 +2 110 120
North Wadi Araba area +1 +2 710 20
South Wadi Araba area +1 +2 710 20
Wadi Yutum +1 +2 710 20
Azraq +1 +2 +5 +10
Jafir +1 +2 +5 +10
Hammad +1 +2 +10 +20
Sirhan +1 +2 +5 +10
Southern Desert (Disi) +1 +2 110 120

3.2.ClimateChange andCrop Productionin Jordan

The impact of climate change on the main cultivated crops in Jardsstudiedusing thefindings
from the first and t he second nati onal Comi
UNFCC [11,13, relevantstudies conducted in the country and frbirerature. The reduction ithe
crop yield was obtainedusing crop simulationprocessoriented orstatistical models The former
models were used to assess the impact of climate change on rainfed wheat and barley [4], while the
latter models were developed to assess the impact of climate chapgedantivity of other rainfed
crops and the main irrigated crops in Jorddrhe following equationprovides an example ona
statistical modelthat correlates olive production in the highlands with rainfall (mm) and
temperature®C):

Y= 11170 X, - 26.20 X2 + 23070 X5+ 18130 X,- 5310 X5+ 0.05 Xg D
t-value: 0.1 10.3 2.1 2.1 12.1 0.3
(p<0.05,R*=0.90
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Where:

Y = Olive production (ton),

X1 = Average temperature in the considered months,
X, = Rainfall in November,

X3 = Rainfall in December,

X4= Rainfall in January,

Xs= Accumulated rainfall in Marchnd

Xs= Cultivated area (16ha).

The impactof climate change on crop productianattributed to the fadhat each crop has a base
temperature for vegetative devpioent when growth commences well asan optimum temperature
rangeduring which the plant developgapidly [15]. An increase in temperature often accelerates crop
phenological phases that may lead to shorter lifecycles associated with small plalow gredds.
Higher temperatures at the reproductive stage may also affect pollen viability, fertilization, grain filling
andfruit development, thereby reducing crop yield potentié].[The impacts may become sexéor
rainfed crops such adarley andwheat [3,7]. A summary of climate change impacts on the main
rainfed and irrigated crops in Jordan is shown in Table 2.

Table 2. Expected changes in crop productivity under the different climate change
scenarios in Jordan.

Crop Climate Change Scenario Change in Reference
Temperature Rainfall Yield

Rainfed barley +1€C 110% 118% [4,111819
+2€C 120% 135%

Rainfed wheat +1C 1 10% 7% [4,11]18,19]
+2€C 120% 121%

Rainfed olives +1€C 7110% 15% [11,18,19]
+2€C 120% 110%

Irrigated

vegetables +1€C T 15% [11,18 24]
+2€C T 110%

Rangelands +1C +5% +10% [15,18]
+2€C +10% +10%

3.3.Mapping of Land Use anids Change

Land use mapping was carried out using a set of images of Advanced Spaceborne Thermal
Emission and ReflectioRadiometer ASTER) with a resolution of 15 etersand Landsat Thematic
Mapper (TM) with a resolution of 3fheters The approachvas basedn a combination of digital
classification and visual interpretation of the imagése images were geometrically corrected using
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an imageto-image approachwhile radiometric correction was carried ousing the histogram
matching method [&. A classification scheme (Table 3) was selected to represent all classes of land
use/cover in Joradabased on previous studiegZ6i 30]. The supervised classification method was
used to generate a land use/cover map of the country using training data for the different land
use/cover classes. To improve the piag accuracy, a GIS layer of han and agcultural areas was
created usin@n onscreen interpretation and digitizifigr the imags. A layer of protected areasd
grazingreserves was intersected with the mme finalland use/covemap Figure 4 wasverified by
available land use map4,26i 30] for different parts of the country and from the high resolution
images othe GoogleEarthwebsite

In order to estimate the available agricultural lands in the future, trends of ladedvwesehange
were identified by mapping current and historical land use and its cfanteee representative sites
(Figure 1) that would represent most of the land use/cover changes in the .caimetrirst site
extends from theapital Amman to ZargaCy¢y , wher e more than half of
living. The site suffers from intensive urbanizatiahthe cost of rainfed and irrigatedands [19].

The second site includes tlo#gy of Irbed and represents an area that suffered from urbanization,
desertification, deforestation and the change of land use from rainfed cereals into open
rangelands [29]. The third site is locatedtire Ajloun highlands where forests arehifted into
agricultural lands and land degradation is accelerated by miseraeatpf soils and crop$31,32).

The selection ofhreesitescanbe justified bythe factt hat 76 % of t heiskviogimt r y C
theseareaswhich extendedver the high rainfall zone and the Bad\s.for Jordan Valleyland uses
assumed to remain unchangedttesreclaimed agriculturdnds in this areareowned by the Jordan

Valley Authority (JVA), whichleases the units of lands for farmers to cultivate irrigated crops.

For the first and the second site, land use/cover magre prepared by visual interpretation of
medium resolution images of Landsat TM and ETM+ and ASTER, while colored and panchromatic
aerial photography with a scale of 1,280 was used to derive land use/cover maps for the third
site [29]. The time sergefor land use change were 188610, 19922010 and 1978002 for the first,
second and third sites, respectively. For each site, the historical and the current land use/cover map
were cross tabulated to calculate the rate of land use change, as déscAb&ahkri et al. [30].

3.4.ClimateChange andVater Deficit

The expected water consumpti on i n t he f uf
strategy [6], population growth and changes in crop water requirements. Since agriculture consumes
about 60% of available water resourcg33i37], the study focused on estimating crop water
requirements for the main irrigated crops in Jordan. To estimate the net irrigation requirements under
baseline conditions, it was important to use an accurate modakttdate the daily crop ET (ETc) and
the seasonal net requirements of water. This was carried out using th&@A®ethod which was
provedto give the most reasonable estimatesder various climatic conditions [38The approach
uses theModified PenmarMonteith equatiorfor calculating the grass reference ET, known as, ET
and converting this amount into a particularop ET (ET) by multiplying ET, with the crop
coefficient (K). The equation requires standard climatological records of solar radiatiion,
temperature, humidity, wind speed and other derived variaDk$/ records, for the period 1904
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2008 for10 meteorologicaktations (Figure 1), were used to calculate 6T the main irrigatedThe

same procedure was followed to calculate ETc fersgaame crops after modifying daily climatic data
according to climate change scenarios. Averages of ETc were calculated for eaadndrogsults

were summarized under present (baseline) and future conditions (Table 5). Other crop water
requirements for leaching salts and preparation of lands were assumed to be compensatec
by improvements in irrigation efficiencywhich was relativelylow and reached an average of
65% [39,40]. Future water demand for municipal use was based on projections of population without
possible improvements in the per capita share of water.aBsismptiorwas attributed to the limited

water resources of the watry, whichwould suffer from adverse climate changes. Water allocation for
the different sectors was also based on the ¢
change. Water deficit was estimated based on the gap between demand dyndtakipg into
consideration theountryplans to develop more water restes in the future.

3.5.ClimateChange and~ood S®curity

Food security is a flexible concepts reflected in the many attempts at definition in research and
policy usage [41]According toF A O, AFood security is a situatd.i
times, have physical, social and economic access to sufficient, safe and nutritious food that meets thei
dietary needs and food pr ef e[42p mdhé study, she baknce a c t
between food import and export was considered in assessing the impact of climate change on fooc
security. Theapproach considereitie household expenditures on food itestsown in Table 6and
the energy intake by indivithls Official figures showed thathe average daily per capita intake of
energy ranged between920 and 3100 calories[43,44] Since the energyntake was within the
accepted levels, without serious malnutritmmfood accesproblems, food security was assessed in
terms ofself-sufficiencydegree (SSD) for the main food items (Table 6). The SSD was based on the
ability to meet consumption needs from own food production ratheifitianfood imports

4. Results and Discussion
4.1.Population Growth and Land Useh@nge

Analysis of official records showed that Jordan had witnessed a rapid population growth during
the period 1952010 B5. The average growth rate of population was 3.7%, with three obvious
sharp increases inth@a nt r y 6 s p o pJd). [TketfiistantreageFnagy after 4967 and was
attributed to the refugees from the West Bank. The second increase was in 1990 and was attributed t
the return of Jordanian labor (0.5 millions) from the Gulf countries following 1990
Gulf War [3045], while the third increase was attributed to the settlement of 0.45 to 0.50 million Iraqi
refugees in Jordan after the year 2088].[ Without these three exceptional increases, the average
population growth rate woulde 2.4 % @5]. Currently, the refugees are living in the urban areas of
Amman, Zarga and Irbed or in camps close to these cities. All refugees have full access to water anc
food resources.They also share facilities of health, education, energy and transpaith
local communities
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Considering the <current rate of popul ati on
population would reach 10.6 and 17.0 million by years 2030 and 2050, respectively. These figures
were based on the population of 2Qitludingthe Iraqi refugees and with the assumption of no new
waves of refugees from theeighboringcountries. Excluding the number of refugees from these
calculations, the figures of populations woulgéach 8.9 and 14.4 by yea 2030 and
2050, respectively.

Figure 3. Populationgrowth in Jordan.
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The problem of the uncontrolled population growth in Jordan, accelerated by the political instability
in the neighboring countries, hadplaced additional burdens on thec o u n tlimited resources.
Analysis of he land uskover map(Figure 4)for the year 2010 shows that the total rainfed and
irrigated area in the counteyasabout 449000ha (4. 9% of t Omwiously thisdreagdd s a
decreasedvith time, as indicated by the results obtained ftand use/covemapping from the series
of satellite imagedn the site of IrbedFigure 5) themain land use/covethanges were the expansion
of urban areas and the recession of rainfed cultivatiothis site,recession of irrigated areags
obvious, as the totatrigated lands decreasédm 9.4% to 7.6%at a rate 0fl26 ha per year. This was
attributed to decline in irrigation water quality resulting from egwempingand the salinization of
soils [1929]. The sameause led tothe decrease in irrigated lanaigain AmmanZargabasinduring
1994 2010(Table3).
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Table 3.Summary of land use/cover changes in the selected study sites in Jordan.

Land use/cover Irbed Amman-Zarga Ajloun *
1992 2002 2010 1983 1994 2010 1978 2002

Urban 7.2 9.8 12.4 6.1 12.3 22.0 1.6 55

Mixed rainfed 42.4 39.8 294 354 39.4 36.9 29.7 50.0

areas

Irrigated areas 9.4 8.4 7.6 1.1 3.3 2.4 (] (]

Forests 0.6 0.6 0.6 2.0 1.8 1.8 37.6 34.6

Rangelands/ 40.0 41.2 49.9 55.3 43.0 36.7 31.1 9.9

noncultivated

Water bodies 0.4 0.2 0.1 0.1 0.2 0.2 [ [

* Source: Khresatt al., 2008 [31].

Results of land use/change in the site of AmiAarga (Figure 5) showed a higher growth in
urbanized areas than in the site of Irbed. In Amiziargasite, urban areas were nearly doubled every
20 years. This resulted monversion ofrainfed agricultural areas into urbanized arédss land use
change was enhanced by the laclatdnd use law in Jordamn the site of Irbed, rainfed areas were
either urlanized or changed into naultivated areas. This decline in rainfed areas would also reflect
the frequent drought and rainfall irrdgrity in thepasttwo decadedJnder climate change conditions,
the expected decrease in rainfall would also result énrédtession of rainfed areas. In the site of
Ajloun, rainfed areas incread at the expensd foress. This uncontrolled deforestation was the main
cause of land degradation in thigh rainfall zone imorthwest oflordan 81,32].

Considering the trendsf land use/cover change in the three study sites, the population growth, the
countrybés water strategy and the scenarios of
was predicted and summarized (Table 4). The main character of land nge @res the recessions of
irrigated areas by 20% in the highlands, the rainfed areasitig%dand the forests by B80%.
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Figure 4. The land use/cover map of Jordan in year 2010
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Figure 5. Land use/cover maps of Irbed in 1992 &nd in 2010K) and for AmmarZarga in 1983d) and 2010d).
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