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Abstract

Many studies and researches have been condutteekbalthe world in order to analyze
and study the impact of climate change on the aljui@al sector specially the rainfed
agriculture. Moreover, the potential impacts ofridie change have not been quantified
at local level yet. Based on this fact, this stadgiys to evaluate and study the potential

impact of climate change on rainfed agriculturdenin district.

Jenin has been chosen because it is consideredfahe largest agricultural areas in
West Bank and it has large agricultural activiti#ge district contributes with about

16.2% of the agricultural production in the Palaisin market.

The analysis has been conducted using computergmoging (CropWat) to estimate the
change in yield reduction with increasing tempemat(l, 2 and 3° Celsius) and
decreasing precipitation (10, 20 and 30 %).

The resultshow that with increasing temperature by 1 °C foeat (as example) yield
reduction changes by (35.7%), and for T+2 °C an8 TC the changes rate were (36.6

%) and (37.3 %) respectively taking into consitierano changes in the precipitation.

But if all the climate parameter has changed il W more significant; (41.7 %) the
changes will be, if combined the increase in terapee (+3 °C) and reduction in
precipitation (-30%).

Also, the impact of temperature increase was examnon irrigation requirement; from
analyzing the results it was shown that the maiwirdy factor to increase irrigation
requirement is the increase in temperature. A seitgianalysis on wheat (for example)
was prepared for temperature increase by (+1, #2+8n°C), the analysis was based on
the result obtained for the last ten years. Thalregs; (499.41 mm), (514.61 mm) and
(530.13 mm) which indicate to the amount of waeguired by wheat crops to have the
optimum vyield. But for decreasing precipitation 9%, 20% and 30%) the amount of
water required were (506.54 mm), (517.38 mm), (B8Inm) respectivelyThe results



clearly show that the scenario of increasing tempee gets worse when combined with

the scenario of decreasing precipitation; where3(TP-30%) being the worst scenario.

There have been significant changes in rainfallgpatin Jenin district over the last ten
years. These changes resulted from the climate gehamhich affect the rainfall
distribution, all the available data was analyzed drawn for the last ten years. The
results obviously show that there are variationgamfall in the following months;
January : has a very little increase, February: dnaggnificant increase, April: has an
increase and November; has a significant increAtsn the following months have
variations in the amount of rainfall, March: hassignificant decrease, May: little
decrease, September and October: little decreasssniber: significant decrease. During

June, July and August there were no precipitatsmond ever in the district.

It is clear that Winter season is shifted a litiletoward November in the beginning of

the season and toward April in the end of the seaso

Finally, the economical loss is increased accordnghe increase in temperature and
decrease the precipitation; for example, the lossearred in wheat crops during the last
ten year was expected to be about 1,461,606 ($hdftemperature is expected to
increase by 1°C with no decrease in precipitatitimen a loss is about 1,495,110 ($)
which will be achieved in wheat crops, as welllzes decrease in precipitation which has
more effect of losses. If temperature doesn’'t ckaagd the amount of precipitation
decrease by 10 %, the losses will be 1,557,930s(bthe impact will be doubled or
tripled if combined with changes in temperature pretipitation.
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Chapter One: Introduction

1.1 Background
Climate summarizes the average, range and vatialoifi weather elements, e.g. rain,
wind, temperature, fog, thunder, and sunshine,rebdeover many years at a location or

across an area (IPCC, 2007a).

Climate has profound effects on vegetation and ahlife, including humans. It plays
statistically significant roles in many physiologicprocesses, from conception and
growth to health and disease. Humans, in turn,aftact climate through alterations of
earth's surface and introduction of pollutants enemicals such as carbon dioxide into
the atmosphere . From this point of view, the cphad global warming and climate

change appears (Obese, 2001).

Climate change refers to the variation in the éadlobal climate or in regional climates
over time. It describes changes in the variaboityaverage state of the atmosphere over
time scales ranging from decades to millions ofrye&hese changes can be caused by
internal processes to the earth, external forces (@riations in sunlight intensity) or

more recently human activities (IPCC, 2007,a).

In recent usage, especially in the context of emrrental policy, the term "climate
change" often refers only to changes in modern atlmnincluding the rise in average
surface temperature known as global warming. Init@edto increase in the average

temperature of the atmosphere, oceans, and landsassarth (UNEP, UNFCC 2002).

The average surface temperature of earth is al®WCL Over the last century, this
average has risen by about 0.6 °C. Scientists @rédiher warming of 1.4 to 5.8 °C by
the year 2100 (Joseph...etal, 2003). This temperaiseeis expected to melt polar ice
caps and glaciers as well as warm the oceansf athich will expand ocean volume and

raise sea level by an estimated 9 to 100 cm, flapdome coastal regions and even entire
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islands. Some regions in warmer climates will reeenore rainfall than before, but soil

will dry out faster between storms. (Obese, 2001).

Palestine is located to the east of the Mediteaarteea. It has arid to semi arid climate.
In the same time, it has one of the lowest pertaaghare of water in the world (ARIJ,

1998). Figure (1.1) shows the details classificatibthe climate in West Bank.

Palestinians have been suffering from many problesteted to food security, among
them the continuing population growth, limited lamdd water resources. Climatic
change is predicted to occur as a part of theeeotimate change in the region. This is
expected to appear as reduced precipitation anerfexense rainfall events. This change
in climate together with the above mentioned pagaagrowth and continuous increase
in the demand on food will intensify the problermafiRet al, 2003a).
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Figure (1.1) Climate classification in West Bank
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Currently about 30% of the total area of the WeshIBis cultivated and there are two
predominant types of agricultural (land use) systenthe West Bank: rain-fed and
irrigated one. About 6% of the total (30%) culteatland area of the West Bank is
currently under cultivation, 6% of the total cu#tted lands in the West Bank is under
irrigation and 9.6% of the total cultivated lands under the rain-(B€BS, 206). The
actual contribution of rain-fed agriculture to tta#al plant product varies according to
the amount and distribution of the precipitationsinly the growing season (ARIJ, 2007).

Due to increase water scarcity, the irrigated @&eamlikely to expand in the West Bank.
Palestinian Jordan valley, Jenin and Tulkarm ditstrcontain most of the cultivated and
fertilized lands in the West Bank. It has been ol that the percentage of crops
suffering from water shortage is 25% in Jenin dist(Faten and Isaac, 2000). The
climate change in the Mediterranean region (inclgdhe WB), is like the rest of world.
It is expected to undergo changes in rainfall patteand temperature over the next
several decades (Houghton, et al., 2001). Tempers expected to increase from 0.8-
2.1 °C in all seasons in the Middle East (El-Faue Bou-Zied, 2001).

Global warming is expected to have significant istpaon conditions affecting
agriculture, including temperature and precipitatfi®’CC, 2007,b). According to climate
models for the region, there would be an increaseinter temperature combined with
changes in rainfall amount and distribution (Ben-&aal., 1998). These climate changes
are likely to affect the agricultural productioni@&@y et al., 2001). In the WB, there has
been an average of 4.1% decrease in annual raoviatithe past 35 years and there has
already been an increase in the frequency of hagtfall intensity and a decrease in the
mean annual rainfall (PWA, 2006). According to tbheal metrological stations in the
West Bank, more than 1/4 of the precipitations hadn fallen during two days of the
rainy season of 2007. In 1998/99, the rainfall rdda Winter was the minimum in the

past 100 year long history of rainfall record (PF2B06).
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So, the great challenge for the coming decades hwllthe task of increasing food

production with water shortage and climate changeker the restricted cultivated lands.

1.2 Resear ch problem

Recently, concern about the increase in all overwiorld temperature caused by the
global warming is increased dramatically, basedhennotion that there are many doubts
about the effect of climate change on agricultditee study will concentrate on rainfed

crops in order to examine the potential problemsnfa the agriculture in Palestine;

whereas 91.6 % of the agriculture in the Palestitéaritory is unirrigated (PCBS, 2006).

Within this context, it has become necessary toduooted this research on the
vulnerability and adaptation of the rainfed agrioté due to the effects of climate

change, This will clarify to decision makers in erdo deal with the problem in the

future by answering the following question: Whathe impact of climatic change on rain

fed agriculture in Jenin district?

1.3 Study hypothesis

» There is a large effect of climate change on ted&yieduction.

There is a large effect of climate change on theunt of water required for the

plants.

There is a reduction in crops yield due to shoriaghe amount of rainfall.

There is a reduction in crops yield due to theease in temperature.

There is a delay in the rainfall season duringléisé ten years due to the climate

change.

1.4 Aim and Objectives
The main goal of the research is to study and asdesimpact of climate change on
rainfed agriculture in jenin district. The specifibjectives are:
- To study the current situation associated with feginagriculture in Jenin
governorate.
« To find the yield reduction associated with inceshsemperature and reduced
precipitation.
« To find the irrigation requirements to compensatetiie shortage in precipitation.

4
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« To assess and evaluate the economical losses the ¢banges in the climate.

1.5 Approach and Methodology

The following steps illustrate the methodology whiwill be explained in detail in
Chapter 5:

The required data was collected from many sourites) they were arranged and
retabulated in away in order to get benefit of éhdata. The study has been based on
many scenarios based on the previous studies,tif@dasand Israelis expectations
about the climate change in the next years.

Rainfall data was analyzed in order to find if #hnerere shifts and changes in rainfall
amount and distribution through the last ten y¢stisdy period).

A computer model (CropWat) was used in order tocuate the irrigation
requirements (IR) and the yield reduction for s@akected crops in Jenin district.
Rainfall during the last ten years was sketchedpayed with the actual yield of the
selected crops in Jenin district in order to fihd telationship between the amount of
rainfall and the yield response.

Sample calculation was tabulated.

1.6 Thesisoutline

This thesis contains six chapters: Chapter onewtepresent an introduction about the

climate change and the study, chapter two is destic® literature review, chapter three

describes the study area, chapter four focusesethasiology and the approach adopted

in the study, chapter five clarify results as dssmd based on the outcomes, and the last

chapter summarizes conclusions and recommendations.
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Chapter Two: Literature Review

2.1 Global climate changetrends

Global climate change refers to, alterations in thweafeatures which occur across the
earth as a whole, such as temperature, wind pattprecipitation, and storms. Global

temperatures are modulated by naturally occurritmyospheric gases, such as water
vapor, carbon dioxide, methane, and nitrous oXldese gases allow sunlight to earth’s
atmosphere, but prevent radiative heat from esgapito outer space. Thus altering the
earth’s energy balance is a phenomenon calledréenbouse effect (EPA, 2009).

Global surface temperatures have risen by 0.740C18°C as estimated by a linear trend
over the last 100 years (1906-2005) (IPCC, 200Fgure (2.1) shows the global

temperature, for shorter recent periods, the sligpgreater, indicating accelerated

warming.
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Precipitation Patterns are more changeable spat@itl seasonally than temperature
change; global precipitation averages over landnatevery meaningful and make large
regional variations (IPCC, 2007a).

Figure (2.2) shows the trend of annual land préafijein amounts; the figure shows the
trend as (%) per century for the"2gentury.

Annual precipitation trends in 20th century
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Figure (2.2) Trend of annual precipitation amount8d" century,(source: IPCC)

2.2 Mediterranean and Palestinian climate change trends

Palestine, along with its neighboring countries tbe Mediterranean region, has
experienced tumultuous rains and flooding. Sucmesvweere not frequent in the past.

An increase in rain intensity, combined with a @éase in the overall precipitation, will
certainly increase the surface runoff, and, tha#,esosion and salinization income will

also increase.

Palestine Academy for Science and Technology pedr an analysis of the data

obtained, the simulation indicated an increasevefage temperature over the simulation
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period (2007-2045) that reaches 6G5ARIJ in 2007, indicated that the increase in
temperature over the past 20th century in the aedupalestinian territory was obvious.
The precipitation simulation showed expected dessréa rainfall mainly in the northern

part of the domain.

2.3 Observed temperature trends over the Mediterranean

Giorgi (2002) analyzed the surface air temperatargability and trends over the larger
Mediterranean land-area for the 20th century basegridded data of New et al. (2000).
He found a significant warming trend of 0.75°C pentury, mostly from contributions in
the early and late decades of the century. Thectsiel of climate series differ
considerably across regions showing variabilityaatange of scales in response to
changes in the direct radiative forcing and vaorati in internal modes of the climate
system (New et al. 2001; Hansen et al. 2001; Gi2092).

2.4 Observed precipitation trends over the M editerranean

Recent studies revealed that the 20th century waaracterized by significant
precipitation trends at different time and spacalesc (New et al. 2001, Folland et al.
2001). Giorgi (2002) found negative Winter pre@pon trends over the larger

Mediterranean land-area for the 20th century.

2.5 Impacts of climate change on agriculture

Agriculture is often considered the most vulneraddetor to climate change. Agriculture
is affected by the vagaries of climate, and contgb to increasing climate variability and
change, directly and indirectly, through the enaissbf greenhouse gases. Potential
impacts of climate change on agricultural productitepends not only on climate, but
also on the internal dynamics of agricultural syseincluding their ability to adapt to

the changes.

The impacts of climate change on agriculture widl Biscussed under biophysical

impacts, and socio-economic impacts (Nyong, 2008).
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2.5.1 Biophysical impacts
* In Mid- to high altitude regions, moderate warmibenefits cereal crop and pasture

yields, but even slight warming decreases yieldseasonally dry and tropical regions.

In mid- to high-latitude regions, temperature imses between 4C to 3°C across a

range of CO2 concentrations and rainfall changdsas Will likely have small but

beneficial impacts on the main cereal crops — mdeeat and maize. Further, warming
beyond this range will likely have an increased atig impacts. In the low-latitude

regions, where most developing countries are fouenen moderate temperature
increases which is likely to result in decliningelgs for the major cereals. This could
increase the risk of hunger in many parts of theldvaSimulations for sub-Saharan
Africa estimate that countries such as Sudan, Nig&omalia, Ethiopia, Zimbabwe and
Chad, could lose cereal-production potential by ®@&ross all emission scenarios
(Fischer et al., 2005). These are countries whéaega portion of the population depend
on agriculture, and where capacities (e.g. teclgiedo finances, investments, etc.), both
at national and farm level adapt to climate charge,the lowest. In addition, most of
these countries are currently experiencing cosflisat would further hamper agricultural
production. However, global warming will also presepportunities for some countries

to expand their agricultural potentials.

* Increases in frequency of climate change extremes/ decrease agricultural

productivity beyond the impacts of mean climatengea

More frequent extreme events such as floods anaptite may decrease long-term yields
by directly damaging crops at specific developmlestages. Heavy rainfall could

precipitate soil erosion resulting in substantgdieultural loss.

» Changes in land availability for agriculture.

Agricultural crop distribution and production arardely dependent on the geographical
distribution of thermal and moisture regimes. Glolvarming will likely increase the area

that is conducive to growth and production of agfticral crops, as well as extend the length
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of growing periods in some countries. On the othand, a significant decrease in land
suitable for rainfed agriculture is projected fdiriéa by 2080, where it is estimated that the
area of arid and semi-arid land could increasei®y/ tb eight percent. For southern Africa,
the area that will likely be unsuitable for agricwé could increase by 11 percent in 2080
because of climate change (Fisher et al., 2005nkly2008).

2.5.2 Socioeconomic impacts

* Global cereal production and agricultural GDP

Most models generally agree that global cereal ygthdn would increase by as much as
200 percent by 2080 due to global warming becati€eQ® fertilization (Fischer et al.,

2005). More disaggregated regional models; howehaare shown the disparity in cereal
production at more localized levels. These detadedlies show an increasing gap in
cereal production between developed and developzmipns especially after 2020.

Whereas semi-arid developing countries, notablgub-Saharan Africa, and in some
areas in South Asia where suitable arable landuress are limited, which see reductions
in production in the range of 5-10 percent. Soraéases are projected for North America,

Europe and the Russian Federation and parts ofAS#st

Several models project that climate change couldea modest increase between 2 and
20 percent in the price agricultural products ie #hort to medium term at the global
level. While temperature increase is up tb G, global mean temperature beyond that
point could lead to a substantial increase in fpodes (Easterling et al., 2007; Fisher et
al, 2005). With regard to agricultural GDP, climateange could lead to an increase of
about 2.6 percent in some areas, particularly tgle latitude in developed countries and
a reduction of about 1.5 percent in others, pddity around the tropics by 2080
(Fischer et al., 2005; Nyong, 2008).

Recent studies have shown that some parts of dudr&a Africa will experience a
reduction in magnitude greater than what is prediatith global models. For instance,
most of Africa’s agriculture is practiced on drytisnand the area of semi-arid and arid

lands in Africa could increase by about 60 — 90liaml hectares (Boko et al, 2007).

10
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Model results show that dryland crop revenue falisaverage of $27 per hectare pér 1
C increase in temperature. Whereas irrigated cropmas increases an average of $30
per hectare per®lC (Kurukulasuriya, et al., 2006). In South Afriéhjs estimated that
crop net revenues will likely fall by 90 percent B$00, without effective adaptation
(Benhin, 2006). Considering the importance of agtice to the economy of most
African countries, climate change poses a realathte development in the continent
(Nyong, 2008).

Regardless of the expected rainfall and runoff goa8f, the number of dry days is
conjectured to increase everywhere in the regiath the exception of some central-
Saharan areas. The number of frost days shoul@asereverywhere, while heat waves
could increase in the region’s of more contineatalas. The length of growing seasons
(LGSs) should decrease. Apparent contradictionsh(as decreasing LGS when runoff is

predicted to increase) are an indicator of the tac#ies affecting the projections.

In all scenarios, the highest impacts are in Afridaddle East, India and Southeast Asia.
Once temperature increase by 3°C, 250 to 550 mikidditional people may be at risk
worldwide — more than half in Africa and WesternaAs particularly where the declines
in yield are the greatest. However this dependsagniculture highest and purchasing
power which is the most limited. Yields of the kaypps across Africa and Western Asia
may fall 15 to 35 percent or 5 to 20 percent, ddpenon whether there is weak or high
carbon fertilization respectively, once temperaurancreases reach 3 or 4°C
(Implications for Agriculture in the Near East, 3)0
In the long run, the climatic change could affegti@lture in several ways:
« productivity, in terms of quantity and quality abps.
« Agricultural practices, through changes of wateg (igrigation) and agricultural
inputs such as herbicides, insecticides and fasti.
- Environmental effects, in particular in relationftequency and intensity of soil
drainage (leading to nitrogen leaching), soil esnsiand reduction of crop
diversity.

11
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« Rural space, through the loss and gain of culttdvdéds, land speculation and
land renunciation.

- Adaptation, organisms may become more or less ctitipe as well as humans
may develop urgency to develop more competitiveamigms, such as flood

resistant or salt resistant varieties of rice.

Most agronomists believe that agricultural productwill be mostly affected by the

severity and pace of climate change, not so muctragual trends in climate. If change
is gradual, there may be enough time for biota sidjent. Rapid climate change,
however, could harm agriculture in many countriespecially those that are already
suffering from rather poor soil and climate corwh, because there is less time for

optimum natural selection and adaption.

The earth's average temperature has been risiog #ie late 1970s, with nine of the ten
warmest years on record occurring since 1995 (NO2@Q6). In 2002, India and the
United States suffered sharp harvest reductionsusec of record temperatures and
drought. In 2003, Europe suffered very low raintAloughout Spring and Summer, and
a record level of heat damaged most crops in thigetrKingdom and France in the
Western Europe through Ukraine in the East. Theeeforead prices have been rising in

several countries in the region.

2.6 Climate change scenarios

Scenarios are used in order to estimate climatagdsaeffects on crop development and
yield. Each scenario is defined as a set of melegical variables, based generally on
accepted projections. For example, many modelsramaing simulations based on

doubled carbon dioxide projections, temperaturese neanging from 1°C up to 5°C, and

with rainfall levels an increase or decrease of 2@iher parameters may include
humidity, wind, and solar activity. Scenarios obgrmodels are testing farm-level

adaptation, such as sowing date shift and clim@épted species (Karki).
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To assess the impacts of climate change, it i$ fiexessary to obtain quantitative
representation of the changes in climate themselVas methods available do not
provide a confident prediction of future climatestead, it is customary to specify a
number of plausible future climates. Two typeglohate scenarios used 1) Synthetic or
incremental scenarios and 2) Scenarios from Gen€madulation Models (GCMs)
(Tarekegn and Tadege, 2009).

2.6.1 Synthetic scenarios

Synthetic scenarios describe techniques wherecphaticlimatic elements are changed
by a realistic but arbitrary amount, according tmlgative interpretation of climate
model prediction for a region (IPCC,1994). Synthetcenarios are used to assess the
sensitivity of the basin to climate change. Forstbtudy, a different set of possible
climate changes in temperature and rainfall havenbeonsidered: an increase in
temperature of 1°C, 2°C and 3°C, and changes imathm@unt of rainfall by -10%, -20%,
and -30%.

2.6.2 GCM scenarios

GCMs produce estimates of climatic variables foegular network of grid points across
the globe. There are a number of GCMs worldwidectvhévaluate the equilibrium
response of the global climate to an abrupt ine&eesmmonly doubling of atmospheric
concentration of CO2, by 2075 (equilibrium respon&ecently, simulations have been
made of climate response to a time dependent isergagreenhouse gases (transient
response), (IPCC,1994). Although various GCMs aistjame available, their predictions

of the amount climate change differ.

In this study, two scenarios will be discussed;Rakestinian and the Israeli scenarios.

2.7 The Palestinian climate change scenarios
The Palestine Academy for Science and Technologegstigate the regional climate
change scenarios and produce climate data on ptepwroral interval and spatial grid

size describing the climate change. The methodolgy outcomes show a regional
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statistical downscaling model has been used farutating the future climate change
based on the meteorological observed data maiudtasmethe (Potsdam Institute for
Climate Impact Research) PIK. The domain used estérom 29 -34° and from 34 -
36° Latitude and Longitude respectively on a fine hason of 8 x 8 kmi. The
downscaling model was configured to run simulatitlesed on GCM - ECHAM4.0
model run that used the balanced SRES A1B scerasio.runs were done for two time
slices, the first trend “control” run, which wasrgad out with climate observation
parameters that cover the period from 1958 — 1886, the second run simulates the
climate trend for the period from 2007 — 2045. @uthe two runs, two sets of data are
produced; observation climate data for the perrothf1958-1996 , which includen
Tmin, Tav . The daily precipitation and simulation climatatal for the period 2007-2045,
which include Thax Tmin» Tav @nd the daily precipitation. The analysis of thepats
indicate an increase of average temperature oeesithulation period (2007 — 2045) that
reaches an average of 0.%5 over the whole domain. The precipitation distrialiover
the domain showed a decrease in the annual aveedges that may reache 100 — 200

mm on the northern part of the domain; i.e. abol€ Batitude, and a shift in rainfall

towards March and April. Scenario output showednarease in frequent occurrences in

climate extreme events (Khatib, 2009).

2.8 Thelsradi climate change scenarios

The presented information and assessments are lmased survey of literature and
interviews with Israeli scientists and policymakéerte following climate scenarios are
projected for Israel by the year 2100 (Israel Mnyi®f Environmental Protection, 2008).

2.8.1 Climate changes
« Mean temperature increase of 1.6° t01.8°C.
« Reduction in precipitation by (-8)% to (-4)%.
+ Increase in evapotranspiration by 10%.
« Delayed winter rains.
« Increased rain intensity and shortened rainy season
« Greater seasonal temperature variability.
« Increased frequency and severity of extreme cliraagats.
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Greater spatial and temporal climatic uncertainty.

Related environmental changes:

Sea level rise of 12-88cm.
560ppmv of atmospheric G@oncentration by the year 2040-2065.

These scenarios have low reliability due to thenglexity of climatic factors affecting
the region(Pe’er et al ,2000).

2.8.2 Anintegrated scenario for climate changein Israel

Based on the climate scenario of Dayan and Koc®9jl%he following scenario for

Israel is the current and most likely one:

1.

Models (Palutikof and Wigley, 1996; Dayan and Kod®99) reinforced by
observations project the following warming (Dayaud &och 1999):

0.3-0.4 C by 2020

0.7-0.8 C by 2050

1.6-1.8 C by 2100

Models (Segal et al. 1994; Dayan and Koch 1999)lypaeinforced by recent
observations (Steinberger and Gazit-Yaari 1996;-Banet al. 1998a; Paz et al.
1998b; Alpert et al. 2000) project the followingcdeases in precipitation (Dayan
and Koch 1999):

-2 to -1% by 2020

-4 to -2% by 2050

-8 to -4% by 2100

A 10% increase in evapotranspiration with an insegatemperature of PG
anticipated around 2100, in contrast to observat{deftic, 1993; Dayan & Koch,
1999).

Delayed winter rains, based on observed data (K20€0).

5. Increased climatic variations and frequency of eaxi events, expressed in the

following increases:
Seasonal variability in temperature, as observeddwide (IPCC, 1996) and
confirmed by data from Israel (Ben-Gai et al. 189B8399)
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- Climatic uncertainty due to increase in spatial &mporal uncertainty (Kutiel,
2000)

« Frequency and severity of extreme climatic condgidBen-Gai et al., 1998a,
1999)

« Frequency of high intensity rainstorms (Alpert ef, a&2000), based on

observations.

2.9 Environmental impacts

2.9.1 Hydrology

Increased rain intensity combined with a reductiooverall precipitation will diminish
vegetation cover and increase surface runoff, teath desertification, especially in the
Negev. The resulting soil erosion, salinizationd &ss of vegetation will further increase
surface runoff. Agricultural fields—mainly rainfexhes—will become more saline from

increased evapotranspiration (Israel Ministry ofiEanmental Protection, 2008).

2.9.2 Agriculture

Increases in seasonal temperature variabilitynstass and frequency of temperature
extremes may endanger cold- and heat-sensitivescrGpeater rain intensities and

resulting floods may damage crops in the coastainplDrought damages are also

expected increase with the anticipated decreasear availability, hotter temperatures

and shorter winters. More pests and pathogensnetllonly increase crop diseases but
also their sensitivity to drought, and loss of Invedsity may reduce the natural control of

agricultural pests. A delayed growing season valise Israel to lose its advantage over
countries in colder climates in early exports ajwiers, fruits and vegetables.(Israel

Ministry of environmental protection, 2008).

2.10 Future climate changein I srael

A global-scale scenario cannot be reliably appt@dsrael, because of the small size of
the country, the coarse resolution of current n®oa@deld the great spatial inaccuracy of
global models. When projecting local scenarios figlobal trends, climatic models tend

to display spatial inaccuracy of certain climati@ahanisms, especially precipitation
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(Wigley, 1992; Mirza et al., 1998). Although incorpting the effect of sulfate aerosols
on solar radiation has somewhat improved the mo&alsent studies show that the effect
of urban-pollution aerosols also compromises theauracy. These aerosols were found
to suppress rain, thereby affecting spatial préafijpin patterns and, indirectly, spatial
temperature changes (Rosenfeld, 2000; RosenfeldVématlley, 2000). The pollution
particles act as moisture condensers, increasiegntimber of water particles and
decreasing their size to such an extent that #eg to float in the air instead of colliding,
joining and precipitating (Rosenfeld, 2000). Thésg particles can remain liquid even
under a supercooled temperature of abouiG4and are thus no longer available for rain
production (Rosenfeld and Woodley, 2000). In additito its direct impact on
precipitation, rain suppression changes the sph@at distribution by suppressing the
release of potential energy within water droplats ithe upper atmospheric levels. Thus,
rain suppression affects upper atmosphere process$els by humans, changing regional

water and temperature distribution and the dynawificepressions and highs.

In order to assess the implications of global ctanehange for Israel's coastal region,
Dayan & Koch (1999) developed a GCM-derived scenarsing procedures developed
by the Climate Research Unit of the University aSEANnglia for the Intergovernmental
Panel on Climate Change (IPCC, 1996), the 1S92aase The four GCMs of the 1S92a
scenario were interpolated for stations, and agitbanalysis was done for each model,
in order to develop scenarios for temperature aratipitation change. Their results
predicted 80% to 90% sensitivity to the global @tenchange. That is, for every €
change in the global mean, warming of °0t8 0.9° C is anticipated in Israel, with a
consequent reduction in precipitation. These resaleé similar to those of Palutikof &
Wigley (1996) for the Middle East. However, the 0$&CM-derived scenarios is highly

problematic in a region that is highly sensitivédcal- and regional-scale effects.

Segal et al. (1994) constructed a model of winy@lone movement and overall water
balance in the Eastern Mediterranean region fohatd rise in temperature will lead to
decreased precipitation due to redistribution ofinfell and an increase in

evapotranspiration of up to 13% in Summer and sdmaéwnore in the winter. These
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results suggest an overall trend towards a greedéer deficit. Dayan and Koch (1999)
assessed a possible increase in storminess sujdisseveral authors and did not find
conclusive evidence for increased frequency ofnssoor increased rain intensity. The
scenario presented by Dayan and Koch (1999) forctastal region of Israel pertains
only to the country’s coastline, which is severdbiketers wide. Nevertheless, it is
consistent with previous models (Palutikof and \&§gl1996; Segal et al., 1994), and
probably applies to a wider area due to the red§ticoarse resolution of the model used.
Furthermore, since the coastal region is inhalted0% of the population, this scenario

is valid for most of the Israeli population.

2.11 Observed climate changein theregion and in | srael
Changes in climate already detected in the regmhia Israel may be instructive in
assessing the exposure to those changes predigtde labove scenarios. Following a

review of information on presented changes.

2.11.1 Regional war ming

Price et al. (1999) observed an approximd@100yr rise in annual mean temperature in
Cyprus. Alpert et al. (unpublished data) obsenfeldame warming trend in Cyprus, as
well as in ltaly and Spain. A relatively moderatecrease in air temperature was
measured in cities of the Mediterranean basin, gmilgnin Winter and less in the Autumn
and Spring (Maheras and Kutiel, 1999; Kutiel andchktas, 1998). Most of the increase;
however, was measured in cities undergoing urbtaizéKutiel and Maheras, 1998).

A spatial analysis of temperature changes in Israeiring the last 40 years shows
warming mainly in the center and north (Ben-Gabkt 1998a, 1999), with a cooling
trend in the south and around Hadera (the site wfapr power station). Thus, there
appears to be a general warming trend, with logakgtions related to anthropogenic

factors (e.g. pollution particles around Hadera @ostation) (Ben Gai et al, 1999).

2.11.2 Cooling trend
Some models and measurements taken in the Meditamabasin—especially in the

eastern Mediterranean—do not show warming trendgyl@) 1992). Ben-Gai et al.,
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(1999) found no changes in annual mean temperatuseael between 1964 and1994, at
40 stations. A cooling trend in the autumn of ab@u§°C/100yr was detected in most
regions of the Mediterranean (Kutiel and Maher&88). Nasrallah and Balling (1996)
found a slight but non-significant cooling trendthe Arabian Peninsula over the last 40
years. A cooling trend is also evident from meas@mts of sea surface temperature
(SST). Several authors (Kutiel and Bar-Tuv 1992z Bt al. 1998b) have detected a
decrease in SST in the Eastern Mediterranean. Becagawater absorbs large
proportions of the incident solar energy, a de@aasSST reduces energy release into
the atmosphere and affects heat distribution instlveounding. Furthermore, reduced
evaporation rates occur due to lowered SST affaetsipitation in the coastal region.

To explain the cooling trend observed in the EasMediterranean basin, Conte et al.
(1989) hypothesized a spatial Mediterranean osiafidbetween the Eastern and Western
Mediterranean basins (similar to a small-scale BleNohenomenon). According to this
theory, there is a warm winter in the Western hasiere is a cold Winter in the Eastern
basin and vise versa. Although such an oscillatras never proved (Kutiel 2000), some
authors found opposite trends in the Western arsteBa sides of the Mediterranean,
where the Western region tends to warm and theesEastgion is cooled (Wigley, 1992;
Kutiel and Paz, 1998; Maheras and Kutiel, 1999) o&xarall warming trend from 1873 to
1989 observed by Kutiel and Maheras (1998) was nenelent in the Western
(+0.4°C/100 yr) than in the Eastern basin (@200 yr).

2.11.3 Precipitation

- Decreased precipitation

Several authors detected a decrease in precipitatithe last decades, primarily in the
center and North of the country (Steinberger anditS@ari, 1996; Ben-Gai et al.,
1998a). Paz et al. (1998b) detected a decreaseedipjiation in most stations in Israel
during 1950 t01990. Alpert et al. (2000) suggestsosaerall trend of a decrease in
precipitation over the last decades. The declinpretipitation may be explained by a
decrease in the frequency of mid-latitude cyclomethe East-Mediterranean (Druyan
and Rind, 1993; G& et al., 1992). A simulation model (Segal et al94Pshows that

increasing temperature may shift the cyclone pattthward, reducing precipitation in
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the Southeastern Mediterranean. This model; howevsr somewhat of an
oversimplification of climatic processes, as itwames that cyclone generation is not

affected by climate change.

Some authors ascribe the changes in precipitatiomaply to intra-seasonal changes in
rain distribution. Paz et al. (1998b) found thanfall decreased in Winter at most of the
15 stations studied around the Mediterranean (mamthe eastern Mediterranean) but
increased slightly in Spring and Summer, with ngngicant change in total rainfall

during the period 1970-1990. Sharon (1993), onadtfer hand, found that changes in
annual rainfall varied distinctly among regions Igrael, and only the coastal region
showed a constant decline. This suggests that fepeegional factors might play an

important role in the local climatic trend.

Rainfall measurements at different stations in hhediterranean basin show similar
declines in most regions of the basin (Paz et1898a). High correlation between
changes in vegetation and changes in sea leveigithe last 10,000 years in the Middle
East suggests that the trend of decreasing pratgit in the Middle East may be
attributed to global warming (Issar, 1995).

-Shortened rainy season

Kutiel (2000), analyzed changes in the yearly distion of rains in Israel from 1976 to
2000 and found that the Winter rainy season shedeaver this period, particularly in
the last decade. The length of period during whgd cumulative amount of rainfall
reached 20% and 50% of the annual rainfall wasnebe® by 6 days and 4 days per
decade respectively, due to lower rainfall in Oetobnd NovemberThis observation
contrasts with former reports of increased rain®atober (Steinberger and Gazit-Yaari
1996). A delay in Winter rains, with no extensidntloe rainy period, may explain the

decrease in Israel 's total annual rainfall.

-Increased frequency of extreme weather events
The temporal and spatial distribution of rains Ire tMediterranean basin is highly

changeable, with rainfall varying greatly both fromear to year and within the year
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(Kutiel, 2000). Even greater variability due tonaéite change will likely be as important
or more important than changes in mean climate itond for determining climate
change impacts and vulnerability (IPCC, 1996). As@l of spatial and temporal long-
term trends in climate in Israel showed increagas$aenal variability due to a decrease in
the maximal and minimal temperatures (Tmax and Traispectively) in the cool season,
and an increase in Tmin and Tmax in the warm se@@en-Gai et al., 1999). These two
opposite tendencies, observed at 40 stations dvgedrs (1964 t01994), may explain the
absence of change in mean temperature. Howevdysanaf the same data did show

increased temperatures in the center and in tht@.nor

Ben-Gai et al. (1998a, 1999), studied the frequgrattern of Tmin and Tmax from 1964
to 1994, divided the years into two sub-periods641% 1979 and 1980 to 1994- and
compared the two. They found increased seasondbilgly as well as increased

frequency of extreme temperature events, demoadtiat the upper and lower tail of the

temperature distributions.

Rains also markedly increased in intensity. Algerl. (2000) showed that high-intensity
rains increased in frequency, with fewer rains obderate and weak intensity.

Interestingly, former analyses of rain intensityédailed to show this trend (Dayan and
Koch 1999). Alpert’s analysis supports a prevailhmaion of an increased incidence of
extreme weather, particularly in the last decade figh incidence of extreme weather
events in Israel during the 1990s is apparent fiteerfollowing:

« 1991/2 - Wettest year recorded in Israel over déstury, with annual mean
precipitation above 200% in most areas.

« 1995, 1998 - While most spring and fall hamsin ¢és€hot, dry cyclone) occur in
May-June and in September-October, respectivedyfitht ever recorded hamsin
as late as July (accompanied by a severe foresinfithe Judean mountains) and
as early as April in 1998 (causing severe agricaltdamage) occurred in 1995
and 1998, respectively.

« 1998 - Hottest summer recorded in Israel.

« 1999 — First hamsin ever recorded in December,apanied by severe forest
fires on Mt. Carmel.
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« 1998/9 and 1999/2000 - two consecutive years gémé drought and the longest
drought ever recorded in the south (leading to spdead mortality of trees in the
Jewish National Fund [JNF] afforestation projects).

« 2000 - Heaviest snowfall in the northern Negev.

« 2000 - Hottest July in Israel in the last 50 yeavith a mean temperaturéG
higher than average. Highest recorded tempera#t¥C) in Jerusalem since
1888.

2.12 Adaptation

The concept of “adaptation” and the related ternt®pihg”, “resilience” and
“vulnerability” are used in different ways by difent disciplines and policy
communities (IPCC 2001; Fussel and Klein 2002; @Br2004; Easterling 2004;
Moench and Dixit 2004; Adger et al. 2004; Wisneale2004).

‘Adaptation’ is meant the responses to both theeesby and the beneficial effects of
climate change. The term refers to any adjustmeritether passive, reactive or
anticipatory, that can respond to anticipated duacconsequences associated with
climate change. Reactive adaptation means resppndinlimate change after it occurs
while anticipatory adaptation means taking stepsadvance of climate change to

minimize any potentially negative effects.

2.12.1 Adaptation options
The technological, economic and policy adaptatevelable differ greatly depending on
the hydro-climatic zone. The level of economic depment and the relative sensitivity
of the water resource system to potential climatange (IPCC,1994). The IPCC
Technical Guidelines (IPCC,1994) list six geneyigets of behavioral adaptation strategy
for coping with the negative impacts of climate:

* Prevention of loss: involving anticipatory actidnseduce the susceptibility of an

exposure unit to the impacts of climate.
» Tolerating loss: where adverse impacts are acceptdgte short term because the

exposure unit can absorb them without long-termaigen
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» Spreading or sharing loss: where actions distritbéeburden of impact over a
larger region or population beyond those directigaed by the climate event.

» Changing use or activity, involving a switch ofigity or resource use from one
that is no longer viable following a climatic paftation to another that is, so as
to preserve a community in a region.

» Changing location: where preservation of activéyconsidered more important
than its location, and migration occurs to aread t#te more suitable under the
changed climate.

* Restoration: it aims to restore a system to itgioal condition following damage
or modification to climate. This is not strictly aatation to climate, as the system

remains susceptible to subsequent comparable atiexagnts.

Another way to adapt is to modify the threat, iceattempt to control the environmental
phenomenon itself. For example, a flood may berotiatl by flood control structures
and a drought may be alleviated by cloud seedihg. main way to modify long-term
climate change is to slow its rate by reducing gheeise gas emissions and eventually

stabilizing the concentration of these gases irath@sphere.

2.12.2 Barriersto adaptation

Willingness and ability to adapt are often affectad real and perceived barriers or

constraints. This can lead to questioning the niedadaptation or may limit the

effectiveness of a particular option. Constraimtbarriers include the following:

+ Limited understanding of climate risks and vulndrads — current and projected.

« Lack of supportive policies, standards, regulati@ml design guidance, encouraging
status quo and/or presenting impediments to pregres

 Existing legal or regulatory restrictions.

« Lack of availability or restricted access to apprate technologies.

+ Costs of identified adaptation options when budgetdimited.

 Lack of availability of resources such as in-hoespertise.

« Social/cultural/financial rigidity and conflicts.

« Short-term nature of planning horizons — necessitgalizing return on investment.
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« There are also barriers associated with perceptibnacertainty.

+ Confidence for the long-term — mismatch betweenin®ss planning horizons and
timeframe of projections of climate change.

« Not seen as a big problem yet. So the temptatitmwsit for the impact then react.

« Belief that the uncertainty is too great to warraking adaptation action now.

+ Lack of useful precedents or evidence of adaptatations — what are others doing?

« Lack of acceptance/understanding of risks assatiaith implementation — what if
the decision is wrong?

To help overcome these barriers, it can be heljpfiduild adaptive capacity improving

the understanding of climate change, associatés asd vulnerabilities, along with

actions related to understanding and updatingrsggtutional and legal frameworks (i.e.
those constraining or enhancing adaptive capaciifese are useful strategies for
eliminating these barriers.

2.12.3 Principle of good adaptation

Despite the difficulties associated with definingaticular adaptation measure as being
good, acceptable, or successful. There are prexipl good adaptation that can be used
to inform the selection process.

Such set of principles have evolved through practiad identification the following
aspects of the adaptation process as being chaséctef those processes that have led
to good adaptation:

» Work in partnership — identify and engage your camity and ensure they are
well informed.

» Understand risks and thresholds, including assed¢iancertainties.

* Frame and communicate (objectives/outcomes) bstaréng out.

» Manage climate and non-climate risks using a baldrepproach — assess and
implement your approach to adaptation in the cardéwverall sustainability and
development objectives that includes managing ¢éraad non-climate risks.

* Focus on actions to manage priority climate riskdentify key climate risks and

opportunities and focus on actions to manage these.

24



Assessing the Impact of Potential Climate Change on Rainfed Agriculturein Jenin District

» Address risks associated with today’s climate \mlitg and extremes as a
starting point towards taking anticipatory actions address risks and
opportunities associated with longer-term climdtarge.

* Use adaptive management to cope with uncertaintgcegnize the value of a
phased approach to cope with uncertainty.

» Recognize the value of no/low regrets and win-vdaation options in terms of
cost-effectiveness and multiple benefits.

* Avoid actions that foreclose or limit future addpmias or restrict adaptive actions
of others.

 Review the continued effectiveness of adaptatiogistens by adopting a
continuous improvement approach that also includesnitoring and re-

evaluations of risks.

2.13 Mitigation

Mitigation refers to actions that reduce our cdnittion to the causes of climate change.
This means reducing emissions of greenhouse gaseh, as carbon dioxide (CO2),
through energy efficiency and using alternativerferof transport and energy (Tarekegn
and Tadege, 2009).

Mitigation is important in the long term as it islp by reducing our greenhouse gas
emissions that we can hope to minimize human-indlwtenate change. Many of the

measures to help reduce emissions may also haee logimefits such as saving money
and encouraging a more sustainable society. Mitigatnd adaptation are closely related
and ideally should be considered together rathan tbeparately. This is not always
possible but it is important that any adaptatiotoas take account of mitigation and any

mitigation takes account of the need for adaptation

El-Fadel and Bou-Zeid (2001) found that the mosparant constraints on the

assessment of vulnerability and adaptation were:
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» The lack of capacities to conduct the type of vidbdity and adaptation assessments
that would generate reliable results for incorporatinto national development
planning processes.

* The lack of data arises because of inadequaciegatancollection and monitoring, and
access to existing databases.

» The lack of capacity to analyze, manipulate andraw quality assurance in some

data sets.

2.14 Previous studies

Many studies and research have been conductedellitbe world in order to analyze
and study the impact of climate change on the aljui@al sector specially the rainfed
agriculture. Most of the studied concentrate atithpact of CC on agricultural yield

reduction and Production.

Abu-Jamous (2008) evaluated the agricultural wdeanand under different suggested
climate change scenarios for Jericho district. CR@F computer model was used as a
tools. The results show that crop water requirem@NVR) is very sensitive to
temperature increase; CWR increases by an aver&ge.7€o, 5.4% and 8% as
temperature increases by 1°C, 2°C and 3°C, resedgtio compensate the water lost in
evapotranspiration. Scenarios of changing precipitasshow an increase in IWR by an
average of 1.47 % and 5.53% for a decrease in ptaton by 10% and 20%
respectively. The other scenario of increasing ipi&tion shows a decrease by an
average of 1.44% and 2.84% in the IWR for an irseday 10% and 20% in precipitation

respectively.

Amien et al (1996) studied the effects of interainclimate variability and climate
change on rice yield in Java, Indonesia. The redesaifficiency that has been attained
and maintained since 1984 has been affected byatimariability effects of the El-
Nino/Southern Oscillation phenomenon and couldhbeatened by changing climate. To
aid policy-makers and planners to formulate stiatgglicy options. The effects of

recurring droughts and possible climate changaamyields were studied using climate
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and crop models. Three models were used to simulatete change: those of the
Goddard Institute for Space Studies; GeophysicaidADynamics Laboratory; and the
United Kingdom Meteorological Office. Several cliimascenarios were generated for
Ngawi in East Java, and Sukamandi in West Javasélh@dels indicate that doubling
GHG would increase solar radiation by a minimum%d-21%, and transient climate
change scenarios indicate that maximum and minirremperatures would increase by
3.5% and 4.9%, in 2010, 6% and 9.8%, in 2030, and% and 15.7% respectively in
2050. The rainfall increase varies from 7% for Wizsta in 2010 to 8.7% for East Java in
2050.

Changes in climate in the decades of 2010, 20312850 could drastically reduce rice
yields: the rice yield is estimated to decreasalyut one per cent annually in East Java
and less in West Java. Currently, the rice yiehddry years are about one-half those of

normal years.

Amien et al (1999) studied the simulated rice \8e&$ affected by interannual climate
variability and possible climate change in Javaou#tb60% of the rice produced in
Indonesia is grown in the fertile soil of the isflanf Java. Introduction of the high-
yielding rice varieties and improvement of cultutgchnique have increased rice
production, However, increasing population and easing land for rice cultivation could
threaten the food supply in the country. Rice pobida is also threatened by interannual
climate variability and possible climate change.ddis predicted lower rice yields for
different management options, compared with expaminplots, but predicted yields
similar to or slightly higher than the farmers'lgie

The results show that higher yield losses wereiptedl because of interannual climate
variability. Since the dry spell threat is more iment and frequent, to improve
preparedness a short-term climate prediction fertrtbpical region is urgently needed.
Alexandrov, Vesselin (1997) studied the vulner&pitif agronomic systems in Bulgaria.
In the study, the influence of climate change oteptial crop growing season above a
base of 5° and 10 °C in Bulgaria was investigatedreases in temperature can be

expected to lengthen the potential growing seassulting in a shift of thermal limits of
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agriculture in Bulgaria. The Decision Support Sgsteor Agro Technology Transfer
(DSSAT) Version 2.1 was used to assess the infri@ficlimate change on grain yield
of maize and winter wheat. The results show thaiz&and winter wheat yields

decreased with increasing temperatures and decgepiecipitation.

Another study conducted by Alexandrov, Vesselin9@9about vulnerability and

adaptation of agronomic systems in Bulgaria. Thedystshows that the annual
temperature in the country are projected to rigsvéen 2.9 (HCGS model) and 5.8°C
(UK89 model) under effective doubling of CO2. PpaEtion is expected to increase
during the winter and to decrease during the waaithdi the year. Under equilibrium 2 x
CO2, the GCM climate change scenarios project arase in the agroclimatic potential;
however, warming would cause decreases in grald giewinter wheat.

Baethgen, and Walter studied (1997) the vulnetgholi the agricultural sector of Latin
America to climate change. The vulnerability of #mgricultural sector in any region to
future possible climate-change scenarios is detexthito a great extent by the
vulnerability of the sector to current climatic, oeomic and policy scenarios.
Agricultural systems which currently subject torexte climatic interannual variability
(drought, flood, storms, etc.) are likely to becoewen more vulnerable under the most
commonly expected scenarios of climate change ificeased temperatures, increased
rainfall variability). The agricultural sector ofatin America has been subjected to
important variations in economical conditions andligees. These conditions have
affected the structure of agricultural productiand resulted in a large reduction of the
number of small farmers, who have migrated to poetropolitan areas. Even for larger,
commercial farmers, unstable and often inconsisagntultural policies have increased
the vulnerability of the sector. The few studiesauacted in the region to specifically
assess the impact of climate change on agricutiave revealed expected reductions and
increased variability in crop productivity. Prepayithe agricultural sector to mitigate the
potential negative effects of climate change walijuire strong and consistent efforts in
both the scientific and policy sectors of the regio
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Cuculeanu et al studied (1999) the climate chamgeact on agricultural crops and
adaptation options in Romania. The aim of this ptwds to assess the potential effects of
climate change on development, grain yield, ancembalance for the main agricultural
crops at 5 typical sites located in one of the magherable zones of Romania. In
addition, the study evaluates possible adaptatieasures of crop management to future
climate changes. The vulnerability assessmentségton winter wheat and maize crops
due to the particular importance of these cropthéncultivated areas and the difference
in the genetic type of these crops reflected inrtbistinct physiological responses to
CO2 concentration level.

The results of crop simulations under climate cleasgenarios indicated that Winter
wheat benefits from the interaction of double CO@naentrations and higher

temperatures, while irrigated maize in southern R shows negative responses to
climate change.

Erda (1996), studied the agricultural vulnerabibiiyd adaptation to global warming in
China. The study discussed the vulnerability anaptation of the agricultural sector of
China to global warming. Based on a summarizatio@lonese agricultural and general
circulation model trends, adverse impacts on Céiagriculture caused by a warming
and drying climate were identified. Because of tediirrigation potential, the sustainable
development of Chinese agriculture will be difficuDn the basis of an estimation of the
potential supply of agricultural products and dechdéor food, the annual incremental
costs for adaptation to climate change would bes0.8-3.48 billion, without adaptation,

the annual agricultural loss due to global warmimyld be US $1.37-79.98 billion from

2000 to 2050. Adaptive measures discussed inclatensive management and the
possibility of a tripartite structure of plantinigat would entail coordinated development

of grain crops, feed crops, and cash crops.

El-Shaer et al (1997), studied the impact of clanahange on possible scenarios for
Egyptian agriculture in the future. The study rdsdhat if no timely measures are taken

to adapt Egyptian agriculture to possible climatming, the effects may be negative
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and serious. Egypt appears to be particularly valnle to climate change because of its
dependence on the Nile River as the primary waterrce. A simulation study
characterized potential yield and water use efficyedecreases on two reference crops in
the main agricultural regions with possible futugenatic variation, even when the
beneficial effects of increase CO2 were taken iatcount. On-farm adaptation
technigues which imply no additional cost to theé@gdtural system did not compensate

for the yield losses with the warmer climate or roye the crop water-use efficiency.

Ghaffari et al (2002) studied the climate changd avinter wheat management: A
Modelling Scenario for South-Eastern England. Tie\sused crop models as a tool for
assessing the impact of climate change on cropugtimsh. The dynamic crop-growth

model, CERES-Wheat is used to examine crop managemgponses, including yield,

under six climate change scenarios for the yea?$ 20d 2050 on the Estate of Imperial
College at Wye, Kent, U.K.

Sensitivity analysis shows a dry matter yield daseein response to increases in
temperature alone. CERES-Wheat was then constrénadsess the crop performance
under water-limited production scenarios with diéi® soils, and the results show that
crop grain yield actually increases, largely dueCt?2 fertilization leading to increased
rates of photosynthesis. Different management jexct(planting dates and nitrogen
application) were applied to find the best adaptastrategies. In general, "early' sowing
(10th September) had the highest simulated yield, fate' sowing (10th November) the
lowest. For the soils tested, the highest and sustacrop production was obtained from
Hamble soils (silt loam) compared with either thdiéld (sandy) or Denchworth (clay).
Adding nitrogen and other fertilizers would likdie necessary to take full advantage of
the CO2 fertilization effect and to compensatesome cases, for yield losses caused by

climate change where water shortage becomes serious

Jinghua and Erda (1996), studied the impacts oérpatl climate change and climate
variability on simulated maize production in Chifdis study assessed the impacts of

potential climate change on maize yields in Chusang the CERES-Maize model under

30



Assessing the Impact of Potential Climate Change on Rainfed Agriculturein Jenin District

rainfed and irrigated conditions, the study shohat,tsimulated yields of both rainfed
and irrigated maize decreased under climate chaegearios, primarily because of
increases in temperature, which shorten maize ¢ralutation, particularly the grain-
filling period. Decreases of simulated yields vdraeross the GCM scenarios. Simulated
yields increased at only a few northern sites, gbbpbecause maize growth is currently
temperature-limited at these relatively high latés. To analyze the possible impacts of
climate variability on maize yield, the researclspecified incremental changes to
variabilities of temperature and precipitation asgplied these changes to the GCM
scenarios to create sensitivity scenarios. Arhitrelimate variability sensitivity tests
were conducted at three sites in the North ChiaanRb test maize model response to a
range of changes (0, +10, and +20) in the montiallydard deviations of temperature and
monthly variation coefficients of precipitation. @hesults from the three sites showed
the incremental climate variability caused simudayeeld decreases, and the decreases in

rainfed yield were greater than those of irrigatesid.

Jones et al (2003), studied the potential impaictéimate change on maize production in
Africa and Latin America in 2055. The study showe fpossible impacts on maize
production in Africa and Latin America to 2055, ni high-resolution methods to
generate characteristic daily weather data forimigiva detailed simulation model of the
maize crop. The results indicate an overall reductif only 10% in maize production to

2055, equivalent to losses of $2 billion per year.

Kapetanaki and Rosenzweig (1997), studied the itnpfadimate change on maize yield
in central and northern Greece: A simulation stwith CERES-Maize. The potential

impacts of climate change on the phenology andlyoéltwo maize varieties in Greece
were studied. Three sites representing the ceatrdlnorthern agricultural regions were
selected, many scenarios were studied. These saepaedict consistent increases in air
temperature, small increases in solar radiation pretipitation changes that vary
considerably over the study regions in Greece. iBlogical effects of CO2 on crop

growth and vyield were simulated. Under present mament practices, the climate
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change scenarios generally resulted in decreasesiire yield due to reduced duration

of the growing period at all sites.

Karing et al (1999), studied the adaptation prilespof agriculture to climate change.
The study had conducted in Estonia. An analysiglinfate change impacts on the level
of agricultural production is presented based aorgiterm experimental data on yields of
crops grown in different soils and climatic zoné&gathematical models combining
available data on the biology of agricultural crogsd their response to climatic
conditions have been used. The potential and nwtepcally possible yields under
existing environmental conditions were calculatéde analyses were completed under
different climate change scenarios which shows tihatin potato yields will increase by
about 6 to 8%. The yield increase is larger (10686) on coastal islands and in North

Estonia.

Luo et al (1999), studied the agricultural vulnéiigb and adaptation in developing
countries: The Asia-Pacific Region. Many studiegehbeen conducted; qualitatively and
guantitatively show changes in average climate itmmg. Climate variability will have a
significant consequence on crop yields in manyspafithe Asia-Pacific. Crop yield and
productivity changes which vary considerably acithgsregion. Vulnerability to climate
change depends not only on physical and biologesponse but also on socioeconomic
characteristics. Adaptation strategies that comsiti@nges in crop varieties or in the
timing of agricultural activities imply low costsnd, if readily undertaken, can
compensate for some of the yield loss simulatedi tie climate change scenarios. The
study reviewed and suggested that the regions @pidal Asia appear to be among the

more vulnerable; some areas of Temperate Asiaagipear to be vulnerable.

Mearns et al (1996) studied the effect of changeslaily and interannual climatic
variability on CERES-Wheat. The study investigates effect of changes in daily and
interannual variability of temperature and preapdn on yields simulated by the
CERES-Wheat model at two locations in the centr@aGPlains. Changes in daily (and

interannual) variability of temperature result inbstantial changes in the mean and
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variability of simulated wheat yields. With a doing of temperature variability, large
reductions in mean yield and increases in varighdf yield result primarily from crop
failures due to winter kill at both locations. Redd temperature variability has little
effect. Changes in daily precipitation variabil@yso resulted in substantial changes in
mean and variability of yield. This study demoatds the importance of taking into
account change in daily (and interannual) varigbdf climate when analyzing the effect

of climate change on crop yields.

Magrin et al (1997), studied the vulnerability betagricultural systems of Argentina to
climate change. The researchers addressed climatege impact on the production of
the main crops of the Argentinean Pampean regiomrmiewans of crop growth and
development simulation models for wheat, maize soybean. The weather data used
includes temperature, global solar radiation aretipitation values from 23 sites within
the region (current climate conditions) and theresponding GISS general circulation
model projections for the year 2050 (future climat@gh CO2 concentrations of 330 and
550 ppm respectively. According to the results ioletd, a generalized increase in
soybean yield and a decrease in maize yield woglthro Wheat vyield is likely to
increase in the southern and the western partheotdégion and decrease towards the
north. Wheat and soybean production in the Pampsgion would increase by 3.6 and

20.7% respectively, while maize production wouldé&guced by 16.5%.

Murdiyarso (2000), studied the adaptation to climatariability and change: Asian
perspectives on agriculture and food securityhkgtudy the impacts of climate change
on potential rice production in Asia are reviewedhe light of the adaptation to climatic
variability and change. Collaborative studies weomducted by IRRI and US-EPA
reported that using process-based crop simulatiodeis increasing temperature may
decrease rice potential yield up to 7.4% per degneeement of temperature. When
climate scenarios predicted by GCMs were applitdwas demonstrated that rice
production in Asia may decline by 3.8% under thenates of the next century.
Moreover, changes in rainfall pattern and distidoutwere also found suggesting the

possible shift of agricultural lands in the region.
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Molua et al (2007), studied the economic impactiohate change on agriculture in
Cameroon. The study examines the impact of clindtange on crop farming in
Cameroon. Based on a farm-level survey of more 8tdhfarms, the study employed a
Ricardian cross-sectional approach to measureefhéanship between climate and the
net revenue from crops. Net revenue is regressedliorate, water flow, soil, and
economic variables. Further, uniform scenarios mssthat only one aspect of climate
changes and the change is uniform across the vdooletry. The analysis found that net
revenues fall as precipitation decreases or termpemincrease across all the surveyed
farms.

Parry et al. (1999), studied the climate changeveordd food security. The study reveals
that climate change is expected to increase yigldegh and mid-latitudes, and lead to
decreases at lower latitudes. This pattern beconwmee pronounced as time progresses.
The food system may be expected to accommodatersegmnal variations at the global
level, with production, prices and the risk of handeing relatively unaffected by the
additional stress of climate change. However, sgeg®ns (particularly the arid and sub-
humid tropics) will be adversely affected. A pantar example is Africa, which is
expected to experience marked reductions in ydgdreases in production, and increases

in the risk of hunger as a result of climate change

Rosenzweig et al (1996) studied the potential irtpa€ climate change on citrus and
potato production in the US agricultural systemsteRtial impacts of global climate
change on fruit and vegetable yield in the US wewestigated through simulations of
citrus and potato. Simulated treatments includednioations of three increased
temperature regimes (+1.5, +2.5, and 5.0°C), atichates of the impact of three levels
of atmospheric carbon dioxide (440, 530, and 666h)pdn addition to control runs
representing current climatic conditions. Adapianting dates of -28, -14, +14 and +28
dayes were included in the potato simulations famrent and increased temperature
regimes. Twenty-two sites were simulated for cityiedds and 12 sites for potato, using
climate records for 1951 to 1980.
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Results of citrus simulations without CO2-induceildy improvement indicate that

production may shift slightly Northward in the Sbeitn states, but yields may decline in
Southern Florida and Texas due to excessive heaigdine Winter. CO2 effects tended
to counteract the decline in simulated citrus \selBall potato production under current
management practices appears vulnerable to anaser@ temperature in the northern
states; increased CO2 and changes in planting wlate estimated to have minimal

compensating impacts on simulated potato yields.

Rosenzweig, and Tubiello (1997) studied the impaxtsglobal climate change on
Mediterranean agriculture: Current methodologies fature directions. The study shows
that current trends in Mediterranean agricultunea¢ differences between the Northern
and Southern Mediterranean countries as relatggbpallation growth, land and water
use, and food supply and demand. The changes petature and precipitation predicted
by general circulation models for the Mediterraneagion will affect water availability

and resource management, critically shaping thepest of future crop production.

Reilly and Schimmelpfennig (1999), aimed to fine thgricultural impact assessment,
vulnerability, and the scope for adaptation. Cliemahange assessments, have found
small impacts on overall production, but largerioagl changes. Production shifts
among regions can be considered one mechanisnuémtation. Adaptation at the farm
level, through changes in crops, cultivars, anaipotion practices, is another adaptation
mechanism. Studies have considered yield effecspextific sites have found very wide
ranges of impacts. A useful way to evaluate theaictp of climate change, given the
uncertainty about future impacts, is to consideinerability. The result of the study
shows that: Vulnerability and climate impacts, tigatarly in terms of higher order
effects on profitability and sustainability, wilegend on how society and the economy
develop. Lower income populations and marginalcaggural regions, particularly arid or
flood prone areas, are most vulnerable to climhtange.

Schulze et al (1993), studied the global climatang/e and agricultural productivity in

southern Africa. An analysis tool was developedsitaulate primary productivity and
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crop yields for both present and possible futuimatie conditions. The results of this
preliminary study show a large dependence of pricailu@and crop yield on the intra-
seasonal and inter-annual variation of rainfalle Thost important conclusion from the
study is the readiness of the developed tool amstcested infrastructure for future
analysis into social, technological and politicabponses to food security in southern

Africa.

Singh et al (1998), studied the impacts of a Gluyoed climate change on crop yields.
The presented study involved used the Canadiana®i@entre (CCC) and the climate
change scenario to evaluate the impacts of a C@2:ed climate change on agriculture
in Québec and vicinity. data are fed into a cropleddFAO) so as to gauge the changes
in agro climatic factors such as growing seasomtrerand growing degree days, and
subsequently potential yield changes for a varddtgereal (C3 and C4), leguminous,
oleaginous, vegetable and special crops, for twedagr agricultural regions in southern

Québec.

Results show that depending upon the agricultuclezand crop type, yields may
increase (ex. corn and sorghum by 20%) or decr@asewheat and soybean by 20 to
30%). Also, these crop yield changes appear teeladed to acceleration in maturation
rates, mainly to change in moisture stress andhifissin optimal thermal growth

conditions. These possible shifts in agriculturedduction potentials would solicit the

formulation of appropriate adaptation strategies.

Southworth et al (2002) studied the changes in Saylyields in the Midwestern United
States as a result of future changes in climateaté variability, and CO2 fertilization.
This modeling study addresses the potential impattslimate change and changing
climate variability due to increased atmospheric2G®Oncentration on soybean yields in
the Midwestern Great Lakes Region. Nine represestdarm locations and six future
climate scenarios were analyzed using the crop thranodel SOYGRO. Under the
future climate scenarios earlier planting datesipeed Soybean yield increases of up to

120% above current levels in the central and Nontlageas of the study region. In the
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Southern areas, comparatively small increasestd®@0%) and small decreases (-0.1 to -
25%) in yield are found. The decreases in yielduoezl under the Hadley Center
greenhouse gas run (HadCM2-GHG), representing ategrevarming, and the doubled
climate variability scenario - a more extreme amdiable climate. Optimum planting
dates become later in the Southern regions. CQRiZation effects (555 ppmv) are
found to be significant for Soybean, increasinddgearound 20% under future climate
scenarios. For the study region as a whole theatdrchanges modeled in this research
would have an overall beneficial effect, with me&&wybean yield increases of 40% over

current levels.

Weber et al (2003), studied the regional analyEidimate change impacts on Canadian
agriculture. Climate change is expected to alteodpction opportunities facing
agricultural producers. Global studies of climat@armmge impacts on agriculture suggest
positive benefits for Canada. The study find thtpaovinces benefit from climate

change and that previous estimates may be oveslimpestic.
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Chapter Three: Description of the Study Area

3.1 Location and population

The West Bank and the Gaza Strip are located ondast of Mediterranean Sea between
29° and 33° North Latitude and between 35° andB2bngitude. The West Bank and
Gaza Strip are two geographically separated areas,they are geo-politically an
integrated unit. The two territories border Isriem almost all directions except for the
West Bank, which borders Jordan on the east ana Gagp borders the Mediterranean
Sea on the west. The total land area of Palessimbaout 6,245 kMm(365 knf in Gaza
Strip), of which, 1,660 kfare under cultivation (Dudeen, 2006).

According to the Palestinian Central Bureau of iStias 2007 survey, the population of
the country is approximately 3,719 millions, 2,328lions in the West Bank and 1,395
millions in the Gaza Strip. The Gross Domestic Bobdvas estimated at around 4,173

million dollars, and the income per capita is estieal at 1,200 $ per person.

Jenin district is located in the Northern part oé8¥Bank. The area is estimated about
583 Knf containing about 76 towns figure (3.1) shows goweate of Jenin. The
population in the year 2005 is estimated about 748l capita with density 449 person /
Km? (PCBS, 2006). Jenin district is considered on¢hefpoorest governorates in the
West Bank (ECHO and USAID reports, 2005, 2006).
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Figure (3.1) Governorate of Jenin (Information Ba2®07)

3.2 Topography

The percentage of form of land use and land cavéne West Bank and Gaza Strip are
presented as the following; the Palestinian hupltareas (3.67), Israeli colonies (1.34),
closed military areas (20.23), Military bases (0,.28ft as state land (24.23), nature
reserves (5.68), forests (1.1), Palestinian cukidareas (28.90), Israeli cultivated area is
(1.09), Dead Sea (3.05), and others (i.e. dumpiteg,sindustrialized zones, etc) cover
about 10.43 percent (PCBS,2006).

The Land Research Centre, within the land systeasstication study, presented
estimations for the agricultural and urban aredse Estimations were as follows:
cultivated hills (46%), uncultivated hills (34%)aale plains (12%) and the rest are made
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of other minor forms of land use. These data amragmate and depending on the
general use of the land unit in each land systenthé context of the land system study
for the Gaza Strip, the following is estimation the land use: periodically irrigated land
(17%), discontinuous urban fabrics (15%), non-ategl land (42%), citrus plantations
(9%), Sclerophyllous vegetation (8%) and continuotmn fabric (9%), (Land Research
Centre, 2000). There are variations in land elewatiom the sea level in Jenin district,
for example village Al- Mgeblah which is located tae lowest part 90 msl, and the
highest part 750 msl located at Al- Horsh Mountabout 3.5 Km east of Jaba' town
(ARI1J,2006).

3.3 Meteorology

Palestine belongs to the sub-tropical zone. Oncthest of (Gaza Strip) and on the
highlands (West Bank), the climate is of Mediteeam type with a long hot and dry

Summer, and short cool and rainy winter. Accordinghe climate of Palestine is

classified as an Eastern Mediterranean one. Thpdeture increases toward the South
and towards the Jordan Valley (east). The rainfallanging from 100 to 700 mm

annually depending on the location. In the Souththef West Bank, in the area of

Jerusalem Desert and Jordan Valley, prevail andiitions (Dudeen, 2006).

Other classifications for the climate of Palestimere prepared as well. In 1953, Meige
classified Palestine into three climatic regionsd,asemi-arid and Mediterranean. Arid
climate has comparatively low amount of preciptat{<200mm) with temperate Winter
and very hot Summer. Semi-arid has medium amouptegfipitation (200-500 mm) with
temperate Winter and hot Summer. Mediterraneanatéinhas the highest amount of
precipitation (>500) with cool Winters and hot Suer{Dudeen, 2006).

Rosenan in 1970 prepared a rainfall map and clozathe map of Israel and included in
here also the Palestinian territories. He dividedgrevious classifications defined as arid
zone, into extremely arid (including the southeartpof the Jordan Valley); arid and

semi-desert (including part of the Eastern heiglegresented mainly in Jerusalem
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desert); mildly arid (including a strip adjacent tbe Eastern heights); semi-arid
(including the central heights); and humid and bulrid (including the Western heights
and the semi-coastal area).

The climate in Jenin district is governed by itsition on the Mediterranean Sea, which
is rainy moderate in Winter, hot dry in Summer, dhd average rain in the district is
about 528 mm. The average is decrease from 778 tmdmaAl Rehan village in the
West to 286 mm in Raba village at the east, theeause the Western part is exposed to
the wind comes from the sea, figure (3.2) illugtridite distribution (ARIJ, 2006).
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Figure (3.2) Rainfall distribution map for JenirH®8, 2005)

The rainy season start in the district in mid otdéder and last to the end of April, 3.2%
of the rainfall in Oct, 80 % fall till the end ofbruary, and in March fall about 12 % of
the annual (ARIJ, 2006).
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The amount and distribution of rainfall are the onajactors influencing agricultural
productivity. Figure (3.3) shows the instability tife average annual rainfall between
1984 and 2000 for Jenin, underscoring the neethfaners to have additional sources of

water to sustain cultivation.

‘Average Annual rainfall for Jenin Gvernorate between 1984 and 2000 in MM
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Figure (3.3) Average annual rainfall for Jenin gonagate between 1984 and 2000 (mm) (ARIJ, 2002)

Jenin district divided accor ding to rainfall to:

1- Eastern Part:
The average amount of rain fall is about 400 - 4%@ yearly, and it cultivated with
unirrigated agriculture, the towns that locatedthat part are: Araneh, Der-Ghazaleh,
Der-Abu Deef, Um Al Toot, Al-Jalameh and Bat Qad.

2- The South East Part:
The average amount of rain fall is about 350 - B#0, it cultivated with cereal and olive
trees in Qabateah, Methloon, Sanoor, and Al-Zaldabde

3- The Northern Part and the North West:
The average amount of rain fall is about 550 - &@®, it cultivated with rain fed
agriculture, vegetables. The agricultural wells amnsidered the main sources for
irrigation, the villages like Kofradan, Romaneh, ek al Harthea, and Al Eamoon
located in this part.

4- The Western Part and the South West:
The average amount of rain fall is about 600 - #@, it cultivated with almonds,
unirrigated field crop, vegetables, tobacco, amdedrees. Villages like Selat Al Daheer,
Arabeh, Ya'bad, Al-Fondogomeah, Al-Rameh, and Agahted in this part.
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The maximum average of temperature in Jenin distrigbout 27.4° C, while the average
lowest temperature is about 13.4 °© C (PCBS, 20D5¢. dominant direction of wind is
Western Southern and Western Northern, at Summmer tthe blowing of khamsin wind
is possible which cause to increase the temperangeeduce the humidity. The average
wind speed in Winter is about 9.2 Km/hour and abaut Km/hour in Summer (ARIJ,
2006). The relative humidity in Jenin district imrBmer is about 63.7% and 67.2% in
Winter, the humidity reach the maximum in Winteratmout 84.5% and the minimum in
May (period of khamsin wind), which is about 39%R(4, 2006).

The four target communities mainly depend on agiucet as a main source for their
income, especially after closing the Israeli lafmisthe Palestinian employees after the
Intifada. These different locations represent ddifeé rainfall gradients in Jenin

governorate and they are connected by road netwdtes main source of water is the
ground water which represented by the wells anthggrin the district, and they are

mainly depend on the rain water of the precipitatimring Winter months. 80% of the

total consumed water is used for irrigation and rédmaaining 20% are for the domestic
used. As a part of the West Bank it has one ofdivest per-capita world water viability

worldwide. The total cultivated area fluctuatednfirgear to another and the main factor
affecting on the size of the cultivated lands i thmount, the intensity and the
distribution of the rainfall.

3.4 Soil

Soll, like other agro-biodiversity components ie fhalestinian territory are distinguished
for the high range of variety in type and natureil $n the Palestinian territory are
formed due to several condition including climgtlysical weathering from wind and

water, and other topographic materials, geologgl,\agetation (ARIJ, 2007).

Climate and geology have major influence on thentdron of soil. Climate has two
major factors for soil formation. The first is tteemperature and the second is rainfall. As

43



Assessing the Impact of Potential Climate Change on Rainfed Agriculturein Jenin District

the two factor increase, the weathering of rock$ mmerals will be faster. For every©10
C rise in the temperature, the rate of biochenrigattion doubles. Thus, the weathering
process of soil is withessed to be the highesthen Eastern parts of the West Bank,
followed by the Eastern — Southern parts of mandratiestine, and decreased to the
minimum in the middle parts of West Bank (Govermesaof Ramallah, Bethlehem,
Hebron, and patrtially of Nablus). As important amperature is the factor of rainfall.
The cool- wet areas hosts more considerable peecbiainfall amounts than the hot-wet
areas, where water may evaporates back to the jphmies before leaching can occur.
With an arid to hyper- arid area along the Easpamts and semiarid to sub-humid area
along the Western parts of the West Bank (all thg 'wvom North to South), there are a
great variety of different soil (ARIJ, 2007).

3.4.1 Characteristics of major soil types

The most common soil associations in the Palestitgritory are Terra Rossa and
Brown Rendzinas, dominating in the central hightaraf West Bank figure (3.4)
illustrate major soil type in the West Bank. BroRendzinas and Pale Rendzinas are
found to the North and South of mountain ridgethe Tubas, Qalqgilyia and Hebron
governorates, and also in the eastern slope re@ammosolo are also found in the far
North and far West of the West Bank, coincidinghwdw — lying areas that enjoy a more
temperature climate than other parts of the higddgARIJ, 2007).
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Figure (3.4) Soil map of the West Bank

3.4.2 Soil degradation

Soil is degraded as a result of many factors, dioly erosion, acidification and
salinization. Two categories of soil deterioratpmocess are recognized in the Palestinian
territory. These are displacement of soil mate(ead).; soil erosion by water and wind),
and in-situsoil deterioration, covering chemical and phys&ail degradation. Incorrect
agriculture management, such as scarcity of wateontrolled domestic and industrial
dumping sites, and the heavy usage of fertilizer the main in-situ soil degradation
causes in the West Bank area (ARIJ, 2007).
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3.5 Agriculturein Jenin area

Solar radiation, temperature, and precipitation #w@ main drivers of crop growth;
therefore agriculture has always been highly dependon climate patterns and
variations. Since the industrial revolution, humaase been changing the global climate
by emitting high amounts of greenhouse gases mcatmosphere, resulting in higher
global temperatures, affecting hydrological reginaesl increasing climatic variability.
Climate change is projected to have significantaotp on agricultural conditions, food
supply, and food security (Climate Institute, 2007)

Overall, climate change could result in a varigtyngpacts on agriculture. Some of these

effects are biophysical, some are ecological, @mtesare economic, including:

1 - Changes in production patterns due to highmpézatures.
2 - Changing precipitation patterns.

3 - Increased vulnerability of the landless.

Despite the constraints and distortions inflectethe Palestinian economy in general and
the productive sectors; (Industry and agriculturearticular) the agricultural activities
remain dominant in the area of Jenin. The contidoubf the agricultural share to GDP is
about 74,128,000 ($) or (16.2%) (Palestinian Chamb&Commerce, 2009).

The value of plant production in the Palestiniamitiry during the agricultural year
2005/2006 totaled approximately US($) 600.6 milliofi which 34.3% came from the
value of fruit trees’ production, 52.8% from ved#é&s including cut flowers, and 13%
from field crops. 70.9% of plant production valuassfrom the West Bank. The highest
value of fruit trees’ was in Hebron amounting ta624, followed by Nablus at 16.3%.
The highest value of vegetables including cut fleveras in Jenin and amounted to
14.7%, followed by Rafah at 13.8% and 11.7% incheriand Al-Aghwar. The value of
field crops increased in Jenin at 30.9%, then Kiamis and Rafah governorates

amounted 16.5% and 10.5% respectively.

The cost of intermediate consumption in the Pai&stiterritory during the agricultural
year 2005/2006 was about US$ 507.7 million (of Wh26.2% of plant production and

73.8% for animal production). The value added oficadfural production of the
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Palestinian territory during the agricultural ye®05/2006 was about US$ 556.9 million,
which includes 84% from value of plant productié®.6% for the West Bank and 30.5%
for Gaza Strip) (PCBS, 2007).

3.6 Water resourcesin Jenin district

Palestine enjoys typical Mediterranean climate dants. It has two distinctive seasons;
a wet Winter, which lasts 5 months (November-Matm) a dry Summer, which nearly

lasts for seven months (May-October). Rabi (1999nanstrated that the number of
rainy days is limited and rarely exceeds 60 daysa. Rainfall depth has a non-uniform
distribution and exhibits high spatial and tempaaiability.

Currently, 31% of the Palestinian communities avé connected to water networks. In

general, local springs and rainfall collection eiss are the major sources of water
supply for domestic and agricultural use in mankegtmian communities. Therefore, the
livelihood of these communities is always threatesence these sources are directly
affected by rainfall and drought incidence. Rairevdtarvesting supplies approximately
6.6 MCM per year. In most cases, cisterns colleatewfrom rooftops during the rainy

season, which is then stored in subsurface comtainsually ranging in size from 60-100

cubic meters. A large percentage of water colledtedisterns is used for domestic

purposes. In addition, there are 297 natural springthe West Bank. However, it is

estimated that there are actually more than 4001 smd large springs throughout the
West Bank. Given that recharge levels of the waibite are dependent on rainfall

guantities, the yield from springs varies acrossytbars. In terms of usage, the majority
of springs meet agricultural needs. However, ivigth noting that springs, particularly

given the severity of the current water situatwiten serve a dual purpose (PHG, 2005).

Table (3.1) represent the water resources in tHesf#a@an territory which restricted
mainly to ground water that extracted from wellsirsgs and water purchased from the
Israeli water company (Mekorot). The total waterawfity obtained from these two
sources in 2007 was 335.4 million meter cube. Weaksconsidered the most important
source, 241.2 million meter cube of water were pednfrom water wells and that
represents 71.9% of water resources. The quaritityater purchased from the Israeli
water company (Mekorot) totaled 49.4 million cubieter represented 14.7% of water
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resources, finally springs represent the third mogtortant source with an annual
discharge of 44.8 million cubic meter representit84% of water resources in the

Palestinian territory. Table (3.3) illustrate themaunt of water discharged from the

springs in Jenin district (PWA,2007).

Table (3.1) The annual available water quantitthim Palestinian territory by region and source

Source
Region Water pumped from Springs Water purchased from I sradli Total
Palestinian wells discharge water company (M ekor ot)
(1,000 m*/year) (1,000 m*year)
Palestinian Territory 241,182 44,806.4 49,447 335.4
Remaining West Bank 68,682 44,806.4 44,848 1584336.
Gaza Strip 172,500 4,599 177,099

(Source: Palestinian Water Authority, 2007)

Number of wells and its annual pumping quantityJenin district are tabulated as

follows:
Table (3.2) Number of water wells in Jenin andhiteual pumping quantity
Number of wells Pumping quantity (1,000 m*/year)
Domestic | Agricultural | Total Domestic Agricultural  ofal
4 51 55 3,630.1 3,237.9 6,868
(Source: Palestinian Water Authority, 2007)
Table (3.3) Springs discharge in Jenin and its ahpumping quantity (Myear)
Amount per years ( m’/y)

L ocation USE 2000 2001 2002 2003 | 2004 2005 2006 2007 2008
Silat al Daher Domestic 168 1128 2846 3445 2850 7256 2954,1 2108 176
Silat al Daher Domestic 25194 16534 23838 26684 0025 22389 23858 23480 1736

Al-Fandaqumiya| Agricultural 2326 5064 1103B 13362 1215 10170 11582 8687 2443
Al-Fandaqumiya| Agricultural 2058 777 9169 15726 ®85 8130,5 10236 6552 816
Jaba' Agricultural 18098 17096 34821 55798 45500 3088| 46534 34181 1795]
Jaba' Agricultural 11752 3937 2057p 24891 16500 7564 19289 16325 4134
Barta'a Domestic 124058 109993 107737 126481 100@13553| 116678 11383F 10984

(Source: Palestinian Water Authority, 2007)
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Chapter Four: Methodology

4.1 General

The aim of this research is to analyze the potemtipact of climate change on rainfed
agriculture in Jenin district, Jenin was choserabse it is considered one of the largest
agricultural area in West Bank and it has largeicagural activities. The district
contributes with about 16.2% of the agriculturabguction in the Palestinian market
(PCBS, 2005). The success of agriculture in théeridisis related to the diversity of
locations and the warm weather relatively with othigstrict. The study take into

consideration two variables increase the tempegatnd reduce the precipitation.

4.2 Data collection

All the required data was based primarily on adstrative records of various
institutions; the Meteorological station (the irgliors are the following; Mean of
Maximum Air Temperatures, Mean of Minimum Air Tennatires, Number of Rainfall
Days, Mean Relative Humidity, Evaporation QuantMgan Wind Speed, Mean of Air
Temperatures).

The Ministry of agriculture,(the indicators are the following; soil moisturegirr
Infiltration rate, root depth, Length of growingrjms etc.).

The Palestine Academy for Science and Technologg, Falestinian Water Authority
and the Palestinian Central Bureau of Statistite dvailable data in the ministries was
from the year 1998 to 2008, these data was reatamgclassified and tabulated in away
to be used in the CROPWAT computer model to caleulde potential yield reduction
for the main crops in Jenin district, and to fihe frrigation requirement for the crops in

order to compensate for the shortage in rainfall.

The selected crops for the analysis was chosernrdingoto the area planted and the

economical returns, so that seven field crops wessen (Chick-peas, Wheat, Clover,

49



Assessing the Impact of Potential Climate Change on Rainfed Agriculturein Jenin District

Barely, Lentil, Sesame and Onion), four fruit (@jvAlmond, Plums and Grape), and
four vegetables (Tomato, Okra, Squash and Snakeduer).

4.3 Study scenarios

Three scenarios were used in this study, increasirigmperature by (+1, +2, +3) and
decrease in rainfall by (-10%, -20%, -30%). Thesenarios was taken based on the
previous studies which illustrate these change<limate, a study prepared by the
Palestine Academy for Science and Technology stibaisthere will be an increase in
temperature by about 0.75°C and reduction in pitatipn by (16) % to (30) % in the
next 45 years. Another study prepared by Israelistiyn of Environmental Protection
shows that there will be an increase in temperdiyrabout (1.6° t01.8°C) and reduction
in precipitation by (8)% to (4)% in the next 10Cayg

4.4 Rainfall data analysis (seasonal shift)

The study focuses on extracting the trends andosehpatterns of rainfall in Jenin

district. The work was carried out based on mon#mg annual rainfall data recorded in
Jenin district within a time span of 1998 to 20@®lxshed by Palestinian central Bureau
of Statistics (PCBS) based on the data records teiaed by the Department of

Meteorology. Emphasis is given to find out whetth@re is any significant change in the

rainfall time series records over the years.

In order to analyze the data; every month was édun comparison with other months in
the same years. For example to find the changesinfall pattern during September, the
amount of rainfall during September in the year889divided on the summation of the
amount of rainfall for all the months during theayd 998 in order to find the percentage

of variations during the last ten years.

4.5 CROPWAT computer model
CROPWAT computer model was used in this study foutate the yield reduction as
well as irrigation requirements (IR) for differestops in the area under consideration.

CROPWAT is a decision support system developedhéy aind and Water Development
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Division of FAO; it uses the Penman-Monteith methd&AO, 1998), It allows the
development of recommendations for improved iri@atpractices, the planning of
irrigation schedules under varying water supply dibons, and the assessment of

production under rainfed conditions or deficitgation.

4.5.1 Calculating irrigation requirements (IR)

The irrigation requirement of a crop is the totaloant of water that must be supplied by
irrigation to a disease free crop, growing in aéafield with adequate soil water and
fertility, and achieving full production potentiahder the given growing environment
(FAO, 1998b).

The irrigation requirement (IR) basically represeaihie difference between the crop water
requirement and effective rain, where the effectai@ is defined as the portion of the
rainfall that is effectively used by the crop aftain. The amount of effective rainfall

depends on the precipitation rate and soil moistaralitions.

4.5.2 Datarequired for CROPWAT
Three types of data are required in order to cateuhe yield reduction and the irrigation

requirement as mentioned before; these data are:

Soil data, including:

* Total available soil moisture (mm/m depth)
*Max rain Infiltration rate (mm/day)

» Maximum root depth (m)

* Total available moisture (%)

Crop data, including:

* Length of growing period of crops
* Crop coefficient (Kc)

* Crop yield response factor (ky)

* Root depth (m)
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* Depletion factor (p)

* Planting date (Day/Month)
Metrological data, including:

» Mean maximum temperature (°C)

* Mean minimum temperature(°C)

» Mean monthly relative humidity (%)
* Daily sunshine hours (hours)

» Wind speed at two meter (km/day)
* Precipitation (mm)

4.5.3 Crop data

Crops considered in this study are rainfed agucaltrops only; and irrigated crops are
excluded from this study because the dominant bfegriculture in Jenin district is the

rainfed. A summary of the main crops grown in Jatistrict and their respective areas
were obtained from the Palestinian Ministry of Agiture and the Palestinian Central

Bureau of Statistics. Table (4.1) summarized tlopgused in the study.

Table(4.1) Area, yield and production of main crapdenin governorate2@05/2006).
Area: Dunums, Yield: Kg\Dunum, Production: metons.(PCBS,2006)

Crops Rainfed Production
Area Yidd | (Metricton)
Wheat 40,755 280 11,411
Chick-peas 12,271 130 1,595
Clover 21,500 550 11,825
Barely 10,235 240 2,456
Lentil 2,418 60 145
Sesame 3,070 70 215
Dry Onion 6,867 1700 11,674
Fruit Trees Rainfed Production
Area Yield
Olive 175,803 195 33,536
Hard/soft Almond 8,647 120 306
Plums 1,382 300 365
Grape 1,522 1,000 1,522
Open Cultivated vegetables Rainfed Production
Area Yield
Tomato 1,119 1,700 1,902
Okra 3,505 700 2,454
Squash 2,477 1,500 3,716
Snake cucumber 1,720 700 1,204
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4.6 Calculating yield reduction

After obtaining data from the required sourceswas entered to the computer model
(CropWat) in order to calculate the required yiaidl the irrigation requirements.

The calculation was carried out for all the seléateops in Jenin district for the last ten
years. The result was tabulated in away where ¢iv@ p 0 temperature and 0 % rainfall)
considered as the base point where the percergagensidered as the yield reduction
occurred in the crops due to the change in clindatéeng the last ten years. Another
analysis was prepared by considering that the teatyre will increase by (1, 2 and 3°C)
and the precipitation will decrease by (10, 20 30%b).

The actual yield (Kg/Dunum) for all the selectedps in Jenin district was drown in
comparison with the amount of rainfall (mm). Thisasvdone in order to find the
relationship between the amount of precipitationl d@me crop yield response to the

change in the amount of precipitation.

4.7 Economics (sample calculation)
In order to find the losses in the agriculturalures for the wheat crops for the years

(2005/2006) as an example, the following procedvas carried out.
Table (4.2) Yield reduction for wheat crop(%)

Rain reduction T(+)
§ | (30% | ()20% | ()10% | 0%
S | 392 38.2 372 | 349 | 0
8 | 401 39 38 |37 1
= | 40.9 39.8 383 | 36.6 | 2
> | 417 40.6 396 | 37.3| 3

After obtaining the percentage of yield reductiooni the computer model as shown in

table (4.2), the actual yield (280 Kg/Dunum) wastafrom the ministry of agriculture.

% of yield reduction) r Kg _ i .
( o0 ) * Actual yield {D:mm) = (yield due to increase T° C) & reduce P (%))
349 Kg
[ )u 280 = 97.72 ( )
100 Dunum
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Table (4.3) Yield due to change climate parameatewheat crop(Kg/Dunum)

Yield differences(280) T(+)
(-)30% | (-)20% | (-)10% | 0%
109.76 | 106.96 | 104.16 | 97.72 0
112.28 | 109.2 106.4 | 99.96 1
114,52 | 111.44 | 107.24 | 102.5 2
116.76 | 113.68 | 110.88 | 104.4 3

The losses occurred due to the reduction in yieldutated as the following; The area
planted with wheat = 40,755 (Dunum) and the praredach kilo gram which obtained
from dividing the price of the product (thousandl@) over the production (metric ton)
= 0.367 ($/Kg) so that,

97.72 ( 5 )_ 40,755(Dunum) * 0.367(-) = 1,461,606 ($)

Do e
Where; 1,461,606 ($) represent the economical $osseurred in wheat crop in the last

ten years due to increase temperature and redacpipation.
Table (4.4) Cost for wheat crop( $)

Cost (%) T (4)

(-)30%

(-)20%

(-)10%

0%

1,641,690

1,599,810

1,557,930

1,461,606

1,679,382

1,633,314

1,591,434

1,495,110

1,712,885

1,666,818

1,603,998

1,532,802

1,746,389

1,700,321

1,658,442

1,562,118

w [N |k O

In order to make a reference point; (0 T & 0% Rpswhosen to be the reference cost to

comparison with.
Table (4.5) The economical loss for wheat crop §22006)

Final loss ($) TH)

(-)30%

(-)20%

(1)10%

0%

180,083.3

138,203.5

96,323.63

0

217,775.2

171,707.3

129,827.5

33,503.87

251,279

205,211.2

142,391.4

71,195.72

284,782.9

238,715.1

196,835.2

100,511.6

w [N~ (O
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Chapter Five: Results and Discussion

5.1 General
The changes in climatic parameters affect the alju@al yield, production and the
irrigation requirement for the plants. This stucgmines the potential impact of climate

change on the rainfied agriculture in Jenin distric

The data collected in Jenin district doesn’t cotlex entire district due to the lack of

records and the available data cover the lasteéansyonly (1998-2008).

5.2 Impacts of climate change

5.2.1 Impact of increasing temperature and decreasing precipitation on yield
reduction

Many crops had been analyzed using Cropwat progmasmder to investigate the impact
of yield reduction, each crop has its own chargstier with respect to changing
temperature and Precipitation. Table (5.1), showsexample of how yield reduction

changed for wheat crop.
Table (5.1) Yield reduction for wheat crop (%)

Rain reduction T (+)
&5 | ()30% | (120% | ()10% | 0%
8| 30.2 38.2 372 | 349 | o
Bl 401 39 38 |37 1
T | 40.9 39.8 38.3 | 366 | 2
> [ 417 40.6 396 | 37.3 | 3

The analysis was conducted to estimate the changéeld reduction with increasing
temperature (1, 2 and €elsius) and decreasing precipitation (10, 203hé&6), also the

current situation is analyzed without changes ecypitation or temperature.

The results show that with increasing T by 1°CJdreat (as example) yield reduction
changed by (35.7%), and for T+2 °C and T+3 °C thanges rate were (36.6 %) and
(37.3 %) respectively, taking into considerationchanges in the precipitation.

55



Assessing the Impact of Potential Climate Change on Rainfed Agriculturein Jenin District

This result is very close to what is presented byls et al (1998). He indicated a
decrease of (20 — 30 %) in yield reduction, buatllithe climatic parameters (T & P) have
changed the results will be more severe; (41.7 Bé) dhanges will be, if combined
increase in temperature (+3) and reduction in pittion (-30%), the total yield

reduction for the selected crops in Jenin distsitbulated in table (A.3)-Annexes.

It is clear from table (5.1) that the effect of degsing precipitation is more significant
than increasing temperature for wheat crop, thdiesause wheat is cultivated in the
rainy season (Oct & Nov).

Figure (5.1) shows how the yield reduction for soseected crops changed with
increasing temperature and decreasing precipitadtol0 %). Although crops have
different yield reduction but the increasing treasl shown in the graph is almost the
same. Also the trend of yield reduction is gre&erdecreasing precipitation at 20% and

30%, the change rates for all crops are showigurd (A.4) in Annexes.

Yield Reduction VS Temp at 10% Rain Reduction
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Figure (5.1) Yield reduction versus temperaturgl@826) rain reduction.
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It should be noticed that the yield reduction i&@kated using climatic data input only
using reference crop (FAO, 1998). The variatioriha yield reduction values for each
crop results from the variation in the characterigif each crop (amount of water
required), variation in the planting date and atgple duration.

Table (5.2) Yield reduction equations

R-Squared value (approximately=1) for all value
Field Crop Line Equation at 10 % Line Equation at 20 % Rainfall Line Equation at 30 %
Rainfall Reduction Reduction Rainfall Reduction
Wheat y =0.83x + 38.4 y=0.8x + 37.4 y =0.75x + 36.4

Y : amount of yield reduction (%) , X : Temperat(t€)

Table (5.2) represent the yield reduction tabula@g@dquations derived from figure (5.1)
in order to generalize the results, so if the terafpee is exceeded the expectations (+3
°C) or less than the minimum (+1°C), it will be ga® find the yield reduction by
substituting the estimated temperature in the éopmitn the appropriate percentage of

rainfall reduction.

The results also shows that crops vary in yieldsiseity to temperature increase and
precipitation decrease; all crops are very sergstivtemperature increase except Clover
which has no effect due to increase temperaturée,fdouprecipitation decrease the
situation is different because some crop doeswelzay changes in yield reduction with
respect to change the amount of precipitation dufe time of cultivation like; Sesame
which is planted in June. Chick-peas, Tomato, O8reke-cucumber which is planted in

April.

Another analysis was prepared by drawing the amo@imtinfall in comparison with

crops yield as shown in figures (5.2 and 5.3).

57



Assessing the Impact of Potential Climate Change on Rainfed Agriculturein Jenin District
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Figure (5.3) The relationship between Snake Cucuryilet and amount of rainfall

As shown in figure (5.2), it is clear that wheatlgliis affected by the amount of rainfall
because there is harmony between the two graphfeosther hand there is no harmony

between the amount of rainfall and Snake-cucumietd ys shown in figure (5.3).

Some crops have relationship between the amouméiofall and the yield response;
Grape, Olive, Plums, Wheat, Barely, Dry-Onion. @e pther hands some crops have
less relationship with the amount of rainfall; Alnth Squash, Tomato, Okra, Snake

Cucumber, Chick-peas, Clover, Lentil, Sesame.
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5.2.2 Impact of increasing temperature and decreasing precipitation on irrigation
requirement

The impact of temperature increase on irrigatioquiement was examined; from
analyzing the results it was shown that the maiwirdy factor to increase irrigation

requirement is the increase in temperature. Tahl® (epresent the sensitivity analysis
on wheat.

Table (5.3) Irrigation requirement (IR) for wheatri/Dunum).

T (+) IR (mm)

0% (-)10% (-)20% (-)30%
484.39 491.05 501.89 514.9
499.41 506.54 517.38 531.7
514.61 522.16 533.4 548.5
530.13 538.15 550.54 565.8

w N |~k O
03—

As shown in table (5.3), the number 484.39 (mmjesgnt the amount of water required
for wheat crop for each dunum; which means to leptenum yield in wheat crops the
plants should take an amount equal to 484.39 (rmm)f the precipitation equal to 400

(mm) as an example; the deficit or the amount deweequired equal to 84.39 (mm).

For increasing temperature by (+1, +2 and +3 €C)omparison with the current
climatic condition shows an amount of (499.41 m{k)4.61 mm) and (530.13 mm), but
for decreasing precipitation by (10%), (20%) an@%3 the amount were (506.54 mm),
(517.38 mm), (531.74 mm) respectiveljhe results clearly show that the scenario of
increasing temperature gets worse when combinetl Wi¢ scenario of decreasing
precipitation; where (T +3, P -30%) being the wastnario.

Figure (5.4) shows how the irrigation requiremdm) for some selected crops changes
with increasing temperature and decreasing pretipit at 10 %. Although crops have
different irrigation requirements but the incregstrend as shown in the graph is almost
the same. Also the trend of irrigation requiremeastgreater for decreasing precipitation
by 20 and 30%. The change rates for all cropsteyess in table (A.5) in Annexes.
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Irrigation Requirement VS Temp at 10% Rain Reduction
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Figure (5.4) Irrigation requirements for differecrops with different temperature at (10%) precipita

decrease.

Because all the previous studies based on expatsaéibout the climatic conditions. In
order to make the irrigation requirements more p@hensive for the different
temperatures, an equations were derived from fig6ré) in order to calculate the
irrigation requirements even if the temperaturecexied the expected increase (+3 °C) or
less than the minimum increase (+1°C). Table (Bldgtrate the equations derived for

calculating irrigation requirement (IR).

Table (5.4) Irrigation requirement equations
Y : Amount of irrigation requirement (mm/dunum) : Remperature (°C)

Field Crop Line Equation at 10 % Line Equation at 20 % Line Equation at 30 %
Rainfall Reduction Rainfall Reduction Rainfall Reduction
Wheat y = 15,60 + 475.2 y = 16.19x + 485.3 y = 16.96x + 497.8
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The impacts of temperature increase and precipitatecrease on irrigation requirement
for the selected crops in Jenin district are taledlan Table (A.3) in Annexes. For
example, Okra has the highest irrigation requirdn@n(833.9 mm/dunum) next is
Tomato (784.15 mm/dunum) next is Olive (768.11 munidm) finally is Snake-
cucumber (689.54 mm/dunum). The lowest irrigatiequirements was for Clover with
amount equal to (34.18 mm/dunum) next is Lentil.@6mm/dunum) next is Onion
(201.4 mm/dunum) next is Barely (241.06 mm/dunummally is Plums (293.59
mm/dunum).

The benefit from calculating the irrigation requirents is to find the amount of water
required by the plants (crops) in order to comptngar the shortage in the amount of
rainfall, for each (mm) calculated it is represent (1.0 m) for each Dunum, for

example at the current situation IR = 484.39 (mor) Wheat crop; which is means a

(484.39 m) of water required to compensate for the shorilageecipitation.

The results also shows that crops vary in theigation sensitivity to temperature

increase and precipitation decrease; all cropsvang sensitive to temperature increase
except Clover which has no effect due to incre&eperature, but for precipitation

decrease the situation is different because sormp doesn’t have any changes in
irrigation requirements with respect to changeahmunt of precipitation due to the time
of cultivation like; Sesame.

5.3 Impactson the seasonal shift

There is a significant change in rainfall pattemnJenin district over the last ten years,
this change resulted from the climate change whibbct the rainfall distribution. It is
obvious from the graphs (Annexes A.l) that there wariations in rainfall in the
following months; January: has a very little in@eaFebruary: has a significant increase,
April: has an increase, November; has a significacitease. Also the following months
have a variations in the amount of rainfall; Marbas a significant decrease, May: little

decrease, September and October: little decreasmniber: significant decrease. During
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June, July and August there were no precipitatiecorded ever in the district. The

following two figures illustrate the changes oceadrin September and April.

1.20
1.00 7 y

1888 1983 2000 2001 2002 2003 2004 2006 2007 2008

= January B Febroary M arch

O April W hay = September

B Movember O Decemhber B Cctober
Linear (September)

Figure (5.5) Changing in rainfall pattern duringp&smber in the last ten years
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Figure (5.6) Changing in rainfall pattern duringri\in the last ten years

It is clear that Winter season is shifted a litiletoward November in the beginning of
the season and toward April in the end of the seaSo that most of the agricultural
activities will be shifted (delayed) in order tonedit from the precipitation. For example,
Wheat, Clover, Barely, Lentil and Onion planted Nmvember. While Chick-peas,

62



Assessing the Impact of Potential Climate Change on Rainfed Agriculturein Jenin District

Tomato, Okra, and Snake-cucumber planted in A@ilapes and Squash planted in
March finally Sesame planted in June.

Based on the analysis of all the selected crops,dliear that some crops have less effect
of decreasing precipitation on the amount of itiga requirements for the plants. For
example, Tomato, Okra, Snake-cucumber, Chick-pedsSguash.

5.4 The economical loss according to changesin precipitation and temperature

Table (5.5) The reference economical loss for whezt (2005/2006)

Final loss ($) TH
(-)30% (-)20% (-)10% 0%
180,083.3| 138,203.5| 96,323.63 0
217,775.2| 171,707.3| 129,827.5| 33,503.87
251,279 | 205,211.2| 142,391.4| 71,195.72
284,782.9| 238,715.1| 196,835.2| 100,511.6

w [N [k O

As shown in Table (5.5), the economical loss iga@ased according to the increase in
temperature and decrease the precipitation. Thertam of such results is that when
policymakers and planners set the projection of@benomical losses for the coming
years the risk of climate change impact shouldb®otgnored anymore; for example, if
the temperature is expected to increase by 1°Q dhless of about 33,503.87 ($) will

achieved, as well as the decrease in precipitdiiam more effect of losses, if the
temperature doesn’t change and the precipitatiaccredse (10%) the losses will be
96,323.63 ($), so the impact will be doubled oplé&dl if there will be combined in the

changes in the temperature and precipitation, famgple if precipitation decreased by
(30%) and temperature increased by (3 °C) the sossdl be 284,782.9 ($). The

economical losses are shown in the Annexes (A.6).

Table (5.6), which represent the economical losk®s wheat crop in the year
(1993/1994), it is clear that there are a significdifference between the economical
losses in the year (2006) and the year (1994); vmeans the economical losses are

more occurred in the recent years.
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Table (5.6) The reference economical loss for whegt (1993/1994).

Final loss ($) T(+)
(-)30% (-)20% (-)10% 0%
28,062.88| 21,536.63| 15,010.38 0 0
33,936.5 | 26,757.63| 20,231.38| 5,221 1
39,157.5 | 31,978.63| 22,189.25| 11,094.63 2
44,378.5 | 37,199.63| 30,673.38| 15,663 3

The study shows that the most vulnerable cropghHereconomical losses in the year
(2005/2006) is Olive, with a loss equal to 16,740,2$) when temperature increased by
(3 °C) and rainfall decreased by (30%), the sedsnfiomato with total loss of about
10,282,890 (%), the third is Squash with total lo§,246,406 ($), the forth is Wheat
with total loss of 1,746,389 ($) and the fifth i&kr@ with total loss of 1,566,383 ($).

The least vulnerable crops for the economical wssehe year (2005/2006) is Clover
with no losses at all, the second is Lentil wittoss equal to 6,681.37 ($), the third is
Plums with total loss of 105,281.5 ($), the fodiBarely with total loss of 125,401.7 ($)
and the fifth is Almond with total loss of 232,389$).

The most vulnerable crops for the climate change $esame, the second is Tomato, the
third is Chick-peas. The least vulnerable cropgtierclimate change are; Clover, Lentil,

Barely, the last is Onion. The vulnerability rardsiare tabulated in annexes table (A.4.4).

The most economical returns crops are ; Tomato%X§), Sesame (1.787 $/Kg), Okra
and Squash (1.057 $/Kg) finally Olive (0.828 $/Kg).

5.5 Commentary on previous studies

If we go through all the previous studies it isacléhat some of the studies are agree with
my study and others have some differences, thbeisause the climate all over the world
is different so some countries have advantagehefctimate while the others have
disadvantages.
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Thefollowing studies agree:

Abu-Jamous (2008) evaluated the agricultural watemand under different
suggested climate change scenarios for JerichoictisCEROPWAT computer
model was used as a tools. The results show tbptwater requirement (CWR)
is very sensitive to temperature increase; CWRemses by an average of 2.7%,
5.4% and 8% as temperature increases by 1°C, 28C3a@, respectively, to
compensate the water lost in evapotranspirationen&ws of changing
precipitation show an increase in IWR by an avemafgé.47 % and 5.53% for a
decrease in precipitation by 10% and 20% respdgtiithe other scenario of
increasing precipitation shows a decrease by aragegeof 1.44% and 2.84% in
the IWR for an increase by 10% and 20% in predijpitarespectively. This study
completely agree with my study which indicate aoréase in amount of water
requirements for plants with increasing temperature

Amien et al (1999) studied the simulated rice \geé$ affected by interannual
climate variability and possible climate changdava. The study predicted lower
rice yields for different management options whicbnfirm my results of
decreasing yields for all the selected crops.

Alexandrov, Vesselin (1997) studied the vulner&pibf agronomic systems in
Bulgaria. The results show that maize and winteeathyields decreased with
increasing temperatures and decreasing precipitatioich is completely agree
with my results.

Kapetanaki, and Rosenzweig (1997) studied the imp&climate change on
maize yield in central and Northern Greece: A satioh study with CERES-
Maize. The climate change scenarios resulted imedses in maize yield due to
reduced duration of the growing period which agwéh my results.

Jinghua and Erda (1996) studied the impacts ofnpi@leclimate change and
climate variability on simulated maize productionGhina. The study shows that,
simulated vyields of both rainfed and irrigated readecreased under climate
change scenarios, primarily because of increase¢sniperature, which shorten

maize growth duration, particularly the grain-fillj period. the decreases in
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rainfed yield were greater than those of irrigayeeld which completely agree
with my results.

El-Shaer et al (1997) studied the impact of climgtange on possible scenarios
for Egyptian agriculture in the future. The studharacterized potential yield and
water use efficiency decreases on two referencpscio the main agricultural

regions with possible future climatic variation.eTtesult agree with my study.

The studies comply with my study which indicatetttiee climate change are really

affect the crops yield.

Thefollowing studies agree for some points of view and disagree for other:

Magrin et al (1997) studied the vulnerability ofettagricultural systems of
Argentina to climate change. According to the resswlbtained, a generalized
increase in Soybean yield and a decrease in Mae would occur. Wheat yield
is likely to increase in the Southern and the Wesfmarts of the region and
decrease towards the North. Wheat and Soybean groduin the Pampean
region would increase by 3.6 and 20.7% respectivehjile Maize production
would be reduced by 16.5%. the study agree withstagly in decreasing Maize
production while disagree in increasing Wheat aogh8an yields.

Singh et al (1998) studied the impacts of a Ghagied climate change on crop
yields. Results show that depending upon the atwi@l zone and crop type,
yields may increase (ex. Corn and Sorghum by 20%leorease (ex. Wheat and
Soybean by 20 to 30%). the study agree with myysindiecreasing Wheat and

Soybean yields while disagree in increasing Coth@orghum yields.

Thefollowing study disagree with my study:

Southworth et al (2002) studied the changes irb8ay yields in the Midwestern
United States as a result of future changes inatépclimate variability, and CO2
fertilization. For the study region as a whole, thenate changes modeled in this
research would have an overall beneficial effecithwnean Soybean yield
increases of 40% over current levels. The resdagtee completely with my

study where my study reveals an overall declineraps yield.
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Chapter Six: Conclusion and Recommendation

6.1 Conclusion

Any change in the climate variables will have an#igant impact on the yield reduction

and the irrigation requirement for the selectecpsrand subsequently a profound effect

on the economical losses. This research studies dlmmatic variables, specifically

temperature and precipitation, affect the rainfgdcalture. The study takes Jenin district

as a case study and examining different climatenghascenarios including increasing

temperature, and decreasing precipitation.

The main conclusions of this research thesis afellasvs:

It is obvious that the actual yield of the seleateaps are changing based on the
changes in the amount of rainfall specially for tilants cultivated in the rainy
season.

Under increasing temperature and decreasing ptatgi, the yield reduction
will be greater and the amount of water requir@) br compensating the deficit
in rainfall will be greater.

The rainy season in our country shifting toward iAand May with a delay in
September and October.

The results also show that the impact of the soemédincreasing temperature on
the yield reduction and the irrigation requiremémt Jenin district gets worse
when combine with the scenario of decreasing pitatipn; the worst scenario
examined is when temperature increases by 3°C esdpgiation decreases by
30% .

The economical losses for the selected crops ishigh in the present, and it will
be greater in the future with combining the incesmstemperature and decreasing

the precipitation.
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6.2 Recommendation

In response to the previous results and conclusitims following measures are

recommended:

This study should be conducted in all Palestinietridts, in order to make an
integration between these district. So, each digptant the most useful crop and
the best economical revenues.

There should be comparative studies between thesftabn district in order to
find the most vulnerable and affected districtlirttze Palestinian territory.

It is time for planners to think in terms of expettchange in yield reduction and
irrigation requirement due to climate change.

The ministry of agriculture should use the studgcsally the calculated irrigation
requirements in order to irrigate the plants wita tequired amount of water.
Adaptation measure should be considered to copewitip climate change
potential impacts on yield reduction and irrigati@guirement, and it should be
noted that most of the adaptation measures are no-
regret options, in other words, they would be bierafregardless of climate
change impacts especially that Palestine is alréacipng water shortage due to
natural water resources scarcity and other politestrictions.

Simulated adaptation measures--such as changingtinga dates, altering
varieties, changing optimum value and dates oflifext application,using a
longer maturing hybrid and irrigation--were consetkas potential responses that
may modify any effects of climate change on cropdpction. Adaptation
analyses showed that mitigation of climate chanffeces may be achieved
through arrear sowing dates and the use of newscrapeties.

The government should act immediatly to raise fr@m@wvareness , also training
is needed for farmers and extended farms.

It is very important to have agricultural polici#zat promote certain crops in
specific areas of Palestine.

Further research is needed on the appropriatefomierigating and planting the
crops to compensate the shortage of rainfall. bhtech, the research study only
the largest crops in Jenin district so other csipsuld be studied.
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Annexes (A.1 — A.6)

Annex (A.1): Trend Of Rainfall Over The Years
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Figure (A.1.1): Rainfall trends during Januarytie tast ten years
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Figure (A.1.2): Rainfall trends during Februaritlie last ten years
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Figure (A.1.3): Rainfall trends during March in tlast ten years
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Figure (A.1.4): Rainfall trends during April in thast ten years
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Figure (A.1.5): Rainfall trends during May in trest ten years
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Figure (A.1.6): Rainfall trends during Septembethia last ten years
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Figure (A.1.7): Rainfall trends during Octobertl last ten years
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Figure (A.1.8): Rainfall trends during Novemberthie last ten years
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Figure (A.1.9): Rainfall trends during Decemberthie last ten years
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Annex (A.2): Crop Data

Table (A.2.1): Area, Yield and Production of Maino@s in Jenin Governorate, (1993/1994)
Area: Dunums, Yield: Kg\ dunum, production: metaas. (PCBS, 1993/1994)

Field Crops Rainfed Production
Area Yield
Wheat 28,750 100 2,875
Chick-peas 18,340 70 1,284
Clover
Barely 19,100 120 2,292
Lentil 6,690 20 134
Sesame 7,465 30 224
Dry Onion 10,950 922 10,096
Fruit Trees Rainfed Production
Area Yield
Olive 140,930 113 15,925
Hard Almond 24,332 60 1,460
Plums 4,150 38 158
Grape 3,705 800 2,964
Open Cultivated Rainfed Production
vegetables Area Yield
Tomato 10,390 300 3,117
Okra 10,680 500 5,340
Squash 6,420 400 2,568
Snake cucumber 5,355 400 2,142

Table (A.2.2): Area, Yield and Production of Mainos in Jenin Governorate,(05/2006).
(Source: PCBS, 2005/2006)

Crops Rainfed Production
Area Yield
Wheat 40,755 280 11,411
Chick-peas 12,271 130 1,595
Clover 21,500 550 11,825
Barely 10,235 240 2,456
Lentil 2,418 60 145
Sesame 3,070 70 215
Dry Onion 6,867 1,700 11,674
Fruit Trees Rainfed Production
Area Yield
Olive 175,803 195 33,536
Hard/soft Almond 8,647 120 306
Plums 1,382 300 365
Grape 1,522 1,000 1,522
Open Cultivated Rainfed Production
vegetables Area Yield
Tomato 1,119 1,700 1,902
Okra 3,505 700 2,454
Squash 2,477 1,500 3,716
Snake cucumber 1,720 700 1,204
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Annex (A.3):Yield Reduction (%) and Irrigation Requirements (mm)

Table (A.3.1): Yield Reduction (%) and Irrigatior&uirements (mm) for the selected crops.

Rain reduction IR (mm)
Main Crops T (+) T (4)
Chick-peas 0% (-)10% | (-)20%| (-)30% '1-'5, 0% (-)10% (-)20% (-)30pb
0 74.5 77.6 77.6 77.6 3 533.66 533.Y4 534/04 334.3
1 75.5 78.5 78.5 78.5 & 546.42 5465 546.8  547.09
2 76.3 79.3 79.3 79.3 E 559.8 559.88 559|68 559.97
3 77.2 80.1 80.1 80.1 3 572.51| 572.6 572.9 573.19

Rain reduction IR (mm)
T T(#)
Wheat 0% (-)10% | (-)20%| (-)30% -é 0% (-)10% (-)20% (-)30ps6
0 34.9 37.2 38.2 39.2 3 484.39 491.05 50189 ®14.9
1 35.7 38 39 40.1 i 499.41 506.54 51738 531.74
2 36.6 38.3 39.8 40.9 E 514.61 522.16 533.4 548.58
3 37.3 39.6 40.6 41.7 3 530.13| 538.15| 550.54 565.99

Rain reduction IR (mm)
T() T(+)
Clover 0% (:)10% | (1)20%| (-)30% '*;E, 0% (-)10% (9)20%  (-)30p6
0 0 0 0 3 34.18] 40.52 50.18 61.17
1 0 0 0 0 % 1 37.63 44.2 54.24 65.83
2 0 0 0 0 .g 2 41.01 48.25 58.48 70.36
3 0 0 0 0 3 44.59 52.5 63.25 75.18

Rain reduction IR (mm)
T(*) T(*)
Barely 0% (-)10% | (-)20%| (-)30% -é 0% (-)10% (-)20% (-)30pb
0 11.1 14.7 16.3 18 3 241.06 24571 253|11 263.16
1 12.4 16.1 17.7 19.4 % 249.47 254,12 26152 2715
2 13.8 17.4 19 20.8 .g 258.06 262.71 270/51 281.07
3 15.1 18.7 20.3 22.1 3 266.69| 271.34| 279.9 290.47



Rain reduction IR (mm)
T() T(+)
0% (-)10% | (-)20%]| (-)30% g 0% (-)10% (-)20%  (-)30pb
0.4 1.3 2.3 3.6 3 96.07 101.21 10952 11977
1 0.7 1.8 3 4.5 E 100.8f 106.29 114|6 12625
2 1.3 2.4 3.7 5.4 .g 105.92 11145 120416 13283
3 1.8 3.1 4.5 6.3 3 111.14] 116.66] 126.18 139.99

Rain reduction IR (mm)
T T()
0% (-)10% | (9)20%| (-)30% g 0% (-)10%  (-)20%  (-)30ps6
0 83.7 83.7 83.7 83.7 3 513.91 51391 51391 3139
1 84.4 84.4 84.4 84.4 E 526.01 526.01 526/01 326.0
2 85.1 85.1 85.1 85.1 .g 538.12 538.12 53812 32381
3 85.8 85.8 85.8 85.8 3 550.79| 550.79] 550.79 550.19

Rain reduction IR (mm)
T() T(+)
Onion 0% (-)10% | (1)20%| (-)30% -g 0% (-)10% (-)20% (-)30pb
19.7 23.2 24.8 26.7 3 0 201.4 209.06 220{38 23B.1
20,6 24,1 25,7 27,6 % 209.73 217.y5 229,67 242.6
21,5 25 26,7 28,5 .g 21843 226.45 2389 254.52
3 22,4 25,9 27,6 29,5 3 227.41| 235.92| 248.49 262.8

Rain reduction IR (mm)
T() T(*)
Olive 0% (-)10% | (-)20%]| (-)30% % 0% (-)10% (-)20%  (-)30ps6
0 53.6 55.2 55.2 56.6 3 768.11 772)/4  780|57 78B.8
1 54.4 56 56.7 57.4 & 788.89 7936  801[77 810
2 55.2 56.8 57.5 58.2 E 809.73 814.82 822129 8314
3 56 57.6 58.3 59 3 831.53| 836.96] 845.18 854.12
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Rain reduction IR (mm)
T() T()
Almond 0% | (910% | ()20%| (930%| < 0%| ()10%  (-)20%  (-)30p6
0 | 385 40.4 41 416 | S 467.47 46839 47269  474.98
1 | 394 41.2 as| 44| 8 479.47 480.91 4852  489.49
2 | 402 42 426 | 432| 491.95 493.62 49791  50p.2
3 41 42.8 43.4 a6 |~ 3 | 504.86] 506.53 510.82 515.11

Rain reduction IR (mm)
T() T(+)
0% ()10% | ()20%| ()30%| g 0% (-)10% (-)20% (-)30pb
311 34.4 35.6 37.1 g 293.59 295.53 301|198 308.4
32.3 35.5 36.8 38.2 E 302.p 304.79 311{24 317.72
33.5 36.7 38 39.4 % 310.99 314.26 320/71 321.19
3 34.6 37.7 39.1 40.5 g 3 320.03| 323.77| 330.22 336.49

Rain reduction IR (mm)
T() T()
0% ()10% | ()20%| ()30%| ¢ 0% (-)10% (-)20%  (-)30pb
0 43.4 45.2 45.9 46.9 ‘g’ 611.64 6145 620|23 62§.33
1 44.1 45.9 46.6 47.6 E 628.33 631.19 637,76 ®45.
2 44.8 46.5 47.3 48.3 % 644.93 647.y8 655,15 &63.2
3 45.5 47.2 48 49.1 > 3 662.45| 665.45| 673.54 681.44

Rain reduction IR (mm)
T T()
0% (1)10% | ()20%| ()30%| ¢ 0% (-)10% (-)20%  (-)30ps6
0 79.7 81.7 81.7 81.7 ‘g 784.15 784.23 784/53 784.8
1 80.3 82.2 82.2 82.2 E 802.81  802)9 803.2  803.49
2 80.9 82.7 82.7 82.7 k= 821.61 821.69 82199 &2.2
3 81.4 83.2 83.2 83.2 > 3 841.03| 841.11] 84141 8417




Rain reduction IR (mm)
T() T()
0% (-)10% | (-)20%| (-)30% s 0% (-)10% (-)20% (-)30pb
0 58 59.3 59.3 59.3 ‘g‘ 0 833.9 833.98 834[28 834.57
1 58.4 59.7 59.7 59.7 E 1 853.76 853.84 854(14 &54.4
2 58.8 60 60 60 % 2 873.76 873.83 874[13 87482
3 59.2 60.4 60.4 60.4 > 3 894.42| 894.5 894.8 895.09

Rain reduction IR (mm)
T TH®)
Squash 0% | ()10% | ()20%| ()30%| S 0%| ()10% (920% (-)30p6
0 49.5 525 53.2 539 | S 0| 36956 369.69 372(39 3r%.0
1 50.7 53.6 54.2 55 E 1| 3798 37944 382]14 384.92
2 51.7 54.6 55.3 56.1| 2| 38922 389.85 392005 395.2
3 52.8 55.7 56.3 572 > 3 | 399.25| 399.39 402.00 405.46
Rain reduction IR (mm)
TH T
_ 0% | (910% | ()20%| (930%| < 0%| ()10% (920% (-)30p6
0 73.6 75.9 75.9 759| B 0| 68954 689.62 68992 @9(.2
1 74.4 76.5 76.5 76.5 E 1| 70598 706.06 70636 0.6
2 75.1 77.2 77.2 72| T 2| 72285 72263 722093 3.2
3 75.7 77.8 77.8 778| ~ 3 | 739.62| 739.7| 740| 740.2P
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Annex (A.4): Yield Reduction
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Figure (A.4.1): Yield reduction versus temperatatr¢10%) rain reduction
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Yield Reduction VS Temp at 20% Rain Reduction
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Figure (A.4.2): Yield reduction versus temperatair¢20%) rain reduction
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Yield Reduction VS Temp at 30% Rain Reduction
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Figure (A.4.3): Yield reduction versus temperatair¢30%) rain reduction
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y : amount of yield reduction (%) , x : Temperat(ft€)

Table (A.4.4):Yield Reduction Equations

R-Squared (=1) for all value
Field Crops Line Equation at Line Equation at Line Equation at Vulnerability Vulnerable
10 % Rainfall 20 % Rainfall 30 % Rainfall Rank
Reduction Reduction Reduction
Chick-peas y=0.83x + 76.8 y=083x+76.8 y=0.83x+768 3 Sesame
Wheat y = 0.75x + 36.4 y =0.8x + 37.4 y = 0.83x + 38.4 01 Tomato
Clover y=0 y=0 y=0 15(Least) Chick-peas
Barely Snake-
y=133x+13.4 y=133x+ 15 y=1.37x + 16.65 31 cucumber
Lentil y = 0.6x + 0.65 y=0.73x + 1.55 y=0.9x +2.7 14 Okra
Sesame y =0.7x + 83 y=0.7x + 83 y=0.7x + 83 1 (Most) Olive
Onion y=0.9x+22.3 y=0.94x +23.85  y=0.93x +25.75 12 Squash
Fruit Grape
Olive y = 0.8x + 54.4 y=101x+544|  y=0.8x+558 Almond
Almond y = 0.8x + 39.6 y = 0.8x + 40.2 y=0.8x +40.8 Wheat
Plums y=1.11x+333 | y=117x+3445 y=1.14x+ 3.9 11 Plums
Grape y = 0.66X + 44.55 y=0.7x + 45.2 y =0.73x + 46.15 8 Onion
Vegetables Barely
Tomato Lentil
y =0.5x +81.2 y =0.5x +81,2 y =0.5x + 81,2 2
Okra y=0.36x+5895| y=036x+5895 y=0.36x +FB. 5 Clover
Squash y=1.06x+51.45 | y=1.04x+52.15 y = 1.1x + 52.9
Snake-cucumber |y - gax+ 7525 | y=0.64x+7525 v =0.64x +75. 4
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Annex (A.5): Irrigation Requirements
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Figure (A.5.1): Irrigation requirements versus tengure at (10%) rain reduction
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Figure (A.5.2): Irrigation requirements versus temgpure at (20%) rain reduction
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Irrigation Requirement VS Temp at 30% Rain Reduction
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Figure (A.5.3): Irrigation requirements versus temgure at (30%) rain reduction
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Table (A.5.4): Irrigation Requirements Equations

y : amount of irrigation requirement (mm) x: Tezngture (°C)

R-Squared value

(=1) for all value

Field Crops Line Equation at 10 % Line Equation at 20 % Line Equation at 30 %
Rainfall Reduction Rainfall Reduction Rainfall Reduction
Chick-peas
y = 12.94x + 520.6 y = 12.94x + 520.9 y =12.94521.2
Wheat y = 15.69x + 475.2 y = 16.19x + 485.3 y = 16.96497.8
Clover y = 3.999x + 36.37 y = 4.355x + 45.62 y = 4.636%6.49
Barely y = 8.548x + 237.1 y = 8.936x + 243.9 y = 9.58852.5
Lentil y = 5.151x + 96.02 y = 5.539x + 103.7 y = 6.724%12.9
Sesame y =12.27x + 501.5 y =12.27x + 501.5 y =12.27%01.5
Onion y = 8.928x + 199.9 y = 9.356x + 210.9 y = 9.981%23.0
Fruit
Olive y = 21.49x + 750.7 y = 18.94x + 765.4 y = 21.#4%66.7
Almond y = 12.71x + 455.5 y = 12.71x + 459.8 y = 12.#1464.1
Plums y = 9.419x + 286.0 y = 9.419x + 292.4 y = 9.419%98.9
Grape y = 16.94x + 597.3 y =17.73x + 602.3 y=17.#3§10.4
Vegetables
Tomato y = 18.94x + 765.1 y = 18.94x + 765.4 y = 18.94%66.7
Okra y = 20.15x + 813.6 y = 20.15x + 813.9 y = 20.19814.2
Squash y = 9.901x + 359.7 y = 9.901x + 362.4 y = 10.20364.7
Snake-cucumber y = 16.68x + 672.8 y = 16.68x + 673.1 y = 16.68678.3
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Annex (A.6): The Economical Losses for all the Selected Crops denin District

Table (A.6.1):Economical losses for the year (22066)

Main Crops

TH)

COST $

Chick-peas

0%

(-)10%

(-)20%

(-)30%

778,432.4

810,823.5

810,823.5

810,823.5

788,881.1

820,227.4

820,227.4

820,227.4

797,240.1

828,586.4

828,586.4

828,586.4

w [N |+ |O

TH)

806,644

836,945.4

836,945.4

COST $

836,945.4

Wheat

0%

(-)10%

(-)20%

(-)30%

1,461,606

1,557,930

1,599,810

1,641,690

1,495,110

1,591,434

1,633,314

1,679,382

1,532,802

1,603,998

1,666,818

1,712,885

w [N |k |O

TH)

1,562,118

1,658,442

1,700,321

COST $

1,746,389

Barely

0%

(-)10%

(-)20%

(-)30%

62,984.55

83,411.97

92,490.83

102,137.1

70,361.12

91,355.97

100,434.8

110,081.1

78,305.12

98,732.54

107,811.4

118,025.1

w [N |k O

85,681.69

106,109.1

115,188

125,401.7

T (+) COST $
0% (-)10% (-)20% (1)30%
0 42421 | 1,378.69 | 2,439.23 | 3,817.92
1 742.37 | 1,908.96 | 3,181.60 | 4,772.41
2 1,378.70 | 2,545.28 | 3,923.80 | 5,726.88
3 1,908.96 | 3,287.66 | 4,772.41 | 6,681.37

COST $

0%

(-)10%

(-)20%

(-)30%

321,430

321,430

321,430

321,430

324,118.2

324,118.2

324,118.2

324,118.2

326,806.4

326,806.4

326,806.4

326,806.4

w [N |k |O

329,494.6
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T

COST $

Onion

0%

(-)10%

(1)20%

(-)30%

1,004,994

1,183,547

1,265,171

1,362,099

1,050,908

1,229,460

1,311,084

1,408,012

1,096,821

1,275,374

1,362,099

1,453,926

w [N |k |O

T

1,142,735

1,321,287

1,408,012

COST $

1,504,941

Olive

0%

(-)10%

(-1)20%

(-)30%

15,214,442

15,668,604

15,668,604

16,065,996

15,441,523

15,895,685

16,094,381

16,293,077

15,668,604

16,122,767

16,321,463

16,520,159

w [N |k |O

TH)

15,895,685

16,349,848

16,548,544

COST $

16,747,240

Almond

0%

(-)10%

(-)20%

(-)30%

203,341.1

213,376.1

216,545.1

219,714

208,094.6

217,601.4

220,770.4

223,939.3

212,319.8

221,826.7

224,995.6

228,164.6

w [N |k |O

TH)

216,545.1

226,051.9

229,220.9

COST $

232,389.9

0%

(-)10%

(-1)20%

(-)30%

80,845.76

89,424.24

92,543.7

96,443.01

83,965.21

92,283.74

95,663.15

99,302.5

87,084.66

95,403.19

98,782.6

102,422

w [N |k |O

T

89,944.15

98,002.73

101,642.1

COST $

105,281.5

0%

(-)10%

(1)20%

(-)30%

344,145.5

358,418.8

363,969.6

371,899.2

349,696.2

363,969.6

369,520.3

377,449.9

355,247

368,727.3

375,071

383,000.6

w [N |k |O

T

360,797.7

374,278.1

380,621.8

COST $

389,344.3

0%

(-)10%

(-)20%

(-)30%

9,850,317

10,097,502

10,097,502

10,097,502

9,924,472

10,159,298

10,159,298

10,159,298

9,998,628

10,221,094

10,221,094

10,221,094
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COST $

0%

(-)10%

(-)20%

(-)30%

1,504,143

1,537,856

1,537,856

1,537,856

1,514,516

1,548,230

1,548,230

1,548,230

1,524,890

1,556,010

1,556,010

1,556,010

w [N |k |O

T

1,535,263

1,566,383

1,566,383

COST $

1,566,383

Squash

0%

(-)10%

(-)20%

(-)30%

1,944,005

2,061,824

2,089,315

2,116,806

1,991,133

2,105,024

2,128,588

2,160,006

2,030,406

2,144,297

2,171,788

2,203,206

w [N |k O

2,073,606

2,187,497

2,211,061

2,246,406

TH)

COST $

0%

(-)10%

(1)20%

(-)30%

448,388.9

462,401

462,401

462,401

453,262.7

466,056.4

466,056.4

466,056.4

457,527.2

470,320.9

470,320.9

470,320.9

w [N |k |O

461,182.6

473,976.3

473,976.3

473,976.3
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Table (A.6.2):Economical losses for the year (12994)

Main Crops T(+) COST $
Chick-peas 0% (-)10% (-)20% (-)30%
0 639,852.3| 666,477.1 666,477{1 666,477.1
1 648,441 674,206.9 674,206/8 674,206.8
2 655,311.9| 681,077.1 681,077{7 681,077.7
3 663,041.6| 687,948.6 687,948[6 687,948.6
T (+) COST $
Wheat 0% (-)10% (1)20% (-)30%
0 227,766.1| 242,776.5 249,302(8 255,849
1 232,987.1| 247,997.5 254,523{8 261,702.6
2 238,860.8| 249,955.4  259,744{8 266,928.6
3 243,429.1| 258,439.5 264,965(8 272,144.6
T (+) COST $
Barely 0% (-)10% (-)20% (-)30%
0 47,575.04| 63,004.79 69,862.45 77,148]72
1 53,146.9 69,005.24 75,862.91  83,149[18
2 59,147.35 74,577.1 81,434.76  89,149/63
3 64,719.2 80,148.95 87,006.61 94,72148
T (+) COST $
0% (-)10% (-)20% (-)30%
0 535.74 1741.14 3080.48 4821.6p
1 937.54 2410.81 4018.01 6027.0p
2 1741.14 3214.41 4955.55 7232.4B
3 2410.81 4151.95 6027.02 8437.83
T (+) COST $
0% (-)10% (-)20% (-)30%
0 269,547.6| 269,547.6 269,547(6  269,547.6
1 271,801.8| 271,801.9 271,801{8 271,801.8
2 274,056.1| 274,056.1 274,056{1 274,056.1
3 276,310.4| 276,310.4 276,310{4 276,310.4
T (+) COST $
Onion 0% (-)10% (1)20% (-)30%
0 610,589.9| 719,070.4 768,661{4 827,55(,8
1 638,484.9| 746,965.4 796,556/4  855,44%.8
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2 | 666,379.9| 774,860.3 827,550/8 883,340.8
3 | 694,274.9| 802,755.3 8554458 914,335.2
T (+) COST $
Olive 0% (-)10% (-)20% (1)30%
0 | 9,995478| 10,293,851 10,293,851 10,554,027
1 | 10,144,665 10,443,037 10,573,575 10,704[113
2 | 10,293,851 10,592,223 10,722,761 10,853,299
3 | 10,443,037 10,741,410 10,871,947 11,0024485
T (+) COST $
Almond 0% (-)10% (-)20% (-)30%
0 | 563,755.4| 591,577.1 600,362/9 609,148.7
1 | 576,934.1| 603,291.5 612,077|3 620,863.1
2 | 588,6485| 6150059 623791|7 632,57].5
3 | 600,362.9| 626,720.3 635,506|1 644,29].9
T (+) COST $
0% (-)10% (-)20% (-)30%
0 | 17,410.87| 19,258.32 19,930.13 20,769)88
1 | 18,082.67| 19,874.14 20,601.93 21,385[70
2 | 18,754.47| 2054594 21273.73 22,057)50
3 | 19,370.29| 21,105.74 21,889.95 22,673[32
T (+) COST $
0% (-)10% (-)20% (-)30%
0 | 460,522.6| 479,622.6 487,050/4 497,66].5
1 | 467,950.4| 487,050.4 4944782 505,089.3
2 | 475378.2| 4934171 501,906 512,517.1
3 482,806 | 500,844.9 509,333)8 521,006
T (+) COST $
0% (-)10% (-)20% (-)30%
0 | 1,224735| 1255468 1255468 1,255468
1 | 1,233,955| 1,263,152 1,263,152 1,263,152
2 | 1,243175| 1,270,833 1,270,835 1,270,835
3 | 1,250,858 1,278,519 1,278,519 1,278,519
T (+) COST $
0% | (-)10% \ (-)20% \ (-)30%
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0 | 3,106,492| 3,176,120 3,176,120 3,176,120
1 | 3,127,916 3,197,544 3,197,544 3,197,544
2 | 3,149340| 3213612 3213612 3,213,412
3 | 3,170,764| 3,235,036 3,235,036 3,235,036
T (+) COST $
Squash 0% (-)10% (-)20% (-)30%
0 | 588,547.1| 624,216.6 632,539/5 640,860.4
1 | 602,814.9| 637,295.4 644,429|3 653,94].2
2 | 614,704.7| 649,185.3 657,508]2 667,040
3 | 627,783.6] 662,264.1 669,398  680,098.8
T (+) COST $
0% (-)10% (-)20% (-)30%
0 | 227,017.7| 234,112| 234,117 234,11p
1 | 229,485.3| 2350962.7 2350962|7 235,96p.7
2 | 231,644.4] 238,121.9 238,121|9 238,121.9
3 | 233,495.1] 2399725 239,972]5 239,979.5

The End...
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