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ABSTRACT

Climate is one of the key .prhersadyd theeimpactsioh t
climate change on groundwater is a major fathat affects theleveloping strategic plans.
The Gaza strip coastal aquifarea as one dfhe semi-arid area is affected by climate
changesand that absolutely affestall kinds of water resources including groundwater
resourceThe purpose of this study is to study the impacts of climate change on groundwater
of the Gaza coastal aquifer aitslimpacts on general hydrological cycle of the Gaza coastal
aquifer. Baseline period magsave beemreparedor temperature and precipitatidor mean
values from 1972 t@®002. Fossil energy intensiveA(LF1) with high sensitivity is the
emission scenarithat was used fothe prediction procesby SImCLIM climatemodel The
median assembly approach was used to get theesentative results from multi General
Circulation Model GCM) outputs The predictedneanannual temperaturdsr years2020,
2050 and 208 were20.66°C, 22.48°C and25.08°C respectively While 0.85°C, 2.67°C and
5.28°C were themeanannual changes from baseliperiod foryears 2@0, 2050and 2080
respectively The predictedneanannual precipitatiorfor years2020, 2050 and 2080 were
294.68mmfkyear,243.0 mmiearand170.8& mm/yearrespectivelyHence-7.48,23.98and-
46.37 mm/year were the predictattanannual precipitation changes from baseline period
for years2020, 2050and2080 respectivelyThe meansea level risdor baselire periodwas
1.097cm, in the otherhand9.04 cm, 28.84cm and59.85 cm were the predictedeansea
level rise values for yea2920,2050and2080respectively.

The water balance&omputer model(WetSpask integratedwith the GIS was used for
simulatng the hydrological cycle for the Gazati$p coastal aquifer in this studyrhe mean
annual simulated evapotranspiratiware157.34mmyear, 156.46mm/year, 151.85mm/year
and131.44 mnyear forbaseling year 2020, year 2050 and year 2080 respectivelyWhile
34.88mm J/year 32.35mm /year 26.73mm /yearand18.71 mm /year were theeanannual
simulated surface runoff for baselingar 2020, year 2050 and year 2G88pectively The
meanannual simulated groundwater rechavgere 125.33mm/year 105.07mm/yea, 64.44
mm/yearand20.14 mm/yeafor baselineyear 2020, year 2050 and year 2080 respectively
The meansimulated interception valsevere 8.31 mm/year 7.71 mm/year 6.41 mm/year
and4.56 mm/year for baselin@020, 2050and 2080 respectivelyThe mean simulated soill
evaporation wer@2.08 mm/year 91.41 mm/year 89.66 mm/yearand 85.49 mm/year for
baseling year 2020, year 2050 and year 2080 respectively, Whil&7.72 mm/year 57.52
mm/year 54.78 mm/yearand 40.34 mm/year were themeanannual simulate transpiration
for baselineyear2020 ,year2050andyear2080 respectively .

Regional groundwater flow simulationsere made by means ofthe threedimensional
numericalVISUAL MODFLOW model The model domaienclosesanarea of50 Km x 35
Km. The modelwas calibrated by adjusting model input parameters until a best fit was
achievedbetween simulated and observed water levels. Simulated water twelsared
favorably with observemean water levels measured in observatioells in year 2Q0.
Seawa grourdwater transient model witeimulatedclimate change data input without any
adaption pumpingscenario was developeid order to determine the imgas of climate
change on groundater of the Gaza coastal aquifdihe measure@aza strip shorelinmean
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chloride concentration was 23364.26 mgthis concentration was used as constant
concentration boundary in Seawat groundwater madet.results of groundwater model to
predict the impacts of climate change on groundwater vead -3.48m, -4.05m, -7.8 m,
-7.9m, -8.08 m and-10.71m below sea levelor years 2015, 2020, 2023030, 2050and
2080 respectivelyThe meanpredicted chloride concentratiomere 1034.23mg/l, 1445.05
mg/l, 2109.8mg/l, 2734.52mg/l, 4594.51mg/l and7737.87 mg/l for year2015,2020,2025,
2030, 2050and 2080 respectivelyFromall generated chloride concentration profilasthe
Gaza coastal aquifethe concentratiordecreasg by the increase of the distamdrom
shoreline.

An effective management scenario was developed aadhiexd by the same groundwater
transientmodel. The scenario was generated to adapthwelimate change conditions by
developng newwater resources and managing pumping rate.

Seawater revers@smosis DesalinatioRlant, of 55 Million cubic metersper yearis one of
the proposed newwater resourcesby this quantity of highwater quality could suggest
closing numbeof municipal pumping wells whichavehigh salinitymore tharl000 mg/lof
chlorideconcentration.
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Chaplientroducti on

1.1 General Introduction

Gaza Strip is a very narrow and higopulated area along the coa$tMediterranearSea

The Area of Gaza strip is About 365 square kilometer. Palestinian people depend on the
coastal aquifer to meet there different water ne@tgiculture, demotic, industriaktc.).This

coastal aquiferin the Gaza strip represents about 20% of a regional coastal aquifer that its
natural boundary extends beyond Gaza $taardersThe Gaza castal aquifer at the present

time suffers from watedeficit. This water deftest is reflected negative in the wagdinity
because of over pumping of the aquifer which is results in sea water intrusion phenomena and
upward movement of saline wat@WA, 2012)

Climate is one of the key parameters in the
themeanweaher and in broadensejt is the statistical description in terms of the mean and
variability of relevant quantities over a period of time ranging from months to thousands
millions of years (IPCC, 2008Ms a result of emission of gases in the atmosphieeduman
activities that could possibly change the climate include, industrial activities, development of
extensive cities, pollution of water ways and cities, creation of thousands of dams and lakes,
conversion of grassland or forest to croplaadg agricultural activities (IPCC, 2008].he
Intergovernmental Paristth Assessment Report (AR4) (20060 Climate Change (IPCC)
provided a global context for climate change, and included the outputs from a number of
Global Climate Models (GCMs) under diffent greenhouse gas emission scenarios. Global
climate change is interrupting the water circulation balance by changing rates of
precipitation, recharge, discharge, and evapotranspiration. The Intergovernmental Panel on
Cli mate Change ( lh&h@e€in raiaféll@attérn dnaté dirmateftclanges and
consequent shortage Afailablewat er resourceodo a high priorit
the effects of human environment caused by future climate changes. Groundwater, which
occupies a considerablop t i on of the worl déds freshwater
change via surface water such as rivers, lakes, and marshes, and direct interactions, being
indirectly affecte through recharge (Lee, 2009).

Climate change is of most concern where aquideeseither havily allocated or particularly
vulnerable to changes in recharge. In th@s#emsthe reduction in watesvailability due to

climate change majnfluence groundwater use and entittements. The impacts of climate
change are also likely to bmore profound for unconfined aquifer systems, which may
respond rapidly to changes in the recharge regime. The relationship between climate and
confined aquifer systems is often muted. In addition to consumptive use in many regions, a
rich biodiversity of both national and international significance is associated with
groundwaterdependent ecosystems, which may also be impacted by changes to groundwater
resources because of a changihmate (PCC, 2008).

Climate change is already beginning to transfafendn earth. Around the globe, seasons are
shifting, rainfalls are decreasing, temperatures are climbing so water demamdseasing,

and sea levels are raising causing seawater intrusion. tfowetact now, climate change

will permanently alter té lands and waters we all depend upon darvival (PCC,



2008).Seawater intrusion is a common contamination problem in coastal areas. It affects,
mainly, arid and serrrid zones, where dense population groundwater (Elina, 2006).

1.2 Problem statement

Increagng numbers of scientific communities observing the global climate show a collective
picture of a changing climate and a warming woBadth of the mtural andthe human
systems are expected to be exposed to direct effects of climatic variations suahgesch
temperature and precipitation variability, as well as frequency and magnitude of extreme
weather events. Similarly, there are indirect effects of climate change such as sea level rise,
soil moisture changes, changes in land and water conditibasges in the frequency of fire

and changes in the distribution of t@eborne diseases (IPCC, 2001)

The hydrologic system, which consists of the circulation of water from oceans to air and back
to the oceans, is an integral part of the global climateesy$Critchfield, 2002)Therefore,

any changes in the climate system not ardyseshanges in the hydrologic system but also
further modification of the climate itself due to these newngea in the hydrologic system.

The global mean sea level hasrgmsed at a rate of 1 to 2 mm/year during the 20th century
due to thermal expansion of sea water and the melting of glaciers and ice sheets (ibid). Such a
projected sedevel rise may threaten the existence of coastal zones and their ecosystems.

(IPCC, 20Q).
The estimated quantity of kmn&bueoalyabduti2E%isot al
fresh water. About 97 % of the worl ddéos water

suitable for direct consumption (Singh and Singh, 2001).Ouh@f@wailable fresh water,

about 77% (30x106 kijis frozen in the polar ice caps and in the glaciers of the world and
the remainder is contained in the lakes, reservoirs, rivers, atmosphere and in the aquifers
under the groundRCC, 2001).

The sensitiviy of a hydrologic system to climate change is a function of several physical
features and societal characteristics. Some of the physical features most sensitive to climate
change are agriculture and livestock, regions with seasonal precipitation or sh@mohel
topography and landse patterns that promote soil erostonl flash floods (IPCC, 2001).

Studies show that developing countries such as Palestine are more vulnerable to climate
change and are expected to suffer more from the adverse climatic snipactthe developed
countries [PCC, 2001).

1.3 Justification

(IPCC,2008) illustrated than the semarid, ahumid climate like that of the Gaza strip, there

will be changes in the spatial and temporal distribution of temperature and precipitation due
to dimate change. Reduced infiltration rates caused by increased surface runoff will also
reduce aquifer recharge. With the added effect of aquifer Stalinization due to

1 Sea level rise pushing the freshwaseawater interface east
1 The accelerated use of gmod-water
1 Seawater intrusion



In addition,for that Gaza strip is very poor in water resouyreesually there is only one fresh
water resourcdt is the groundwater coastal aqujfandbecause of that is very important
to evaluatestudies likethis anein order to setup the solution foretbebig problems.

1.4 Objectives

This research aims to study and investigate the risks and effects of climate change on the
groundwater of the Gaza coastal aquifer under possible future conditions and projections. The
main objectives of this research are:
1 Toinvestigate meteorologicdhta and hydrological cycle properties in the Gstzg.
1 To obtain projections of future climate change based on the output of one or more
global climate model (GCM In addition,to downgale projections from the coarse
grid scale of a GCM to a finer scale to be applicable for the Gaza coastal Axqader
1 To constructa groundwater model to predict watevels, seawateintrusion,and its
transport time with input of projected futurénchte changes and recharge time series.

1.5 Research Questions

All of that generated a number of research questions that this study atleéonatiElress. For,
instance:
1 What is the future climate changensideringhe global varming phenomenomnthe
Gaza stip area?
1 What is the impact of climate change on groundwater recharge in the Gaza coastal
aquifer?
1 What is the impact of climate change on groundwater resources in the Gaza coastal
aquifer?
1 What is the impact of climate change on seawatewsian in theGaza coastal
aquifer?

1.6 The structure of dissertation

The thesis is organized in seven chapterfelé®vs:

1 Chapter 1
It offersan introduction along with backgroumaformation withan overview of the
groundwateiinvestigationspbjectivesandresearch gestions

1 Chapter 2
It providesthe literaturereview, discussions of the models that will be used in the
research with general literature review abadyt discussion ofthe groundwater
modeling, computationdbols,andgroundwater flowequations. It higlghts theGIS
and its use in hydrologic modeling environment, and discusses methods of integration
GIS and WetSpass with distributed hydrologic modeling and discusses the methods of
integration GIS andSmClim in order to predict the Gaza stripfature dimate
changes.

1 Chapter 3
Describes the research methodology for this study.



1 Chapter 4
Describes the study area, disesthe soil and hydrogeology of the Gaza coastal
aquifer. Also in this chaptethere isa brief description of the groundwater quakby
the Gazastrip.

1 Chapter5

A DiscuseLlimate change modelingsults, scenarigsea level rise projection
and the Futurelimate changefor the Gaza strip.

A Water balancenodel,in this chapter we will Discuss and illustrate the output
of Wetspass mitel and the impacts of all the projection climate change on the
hydrologica cycle.

A Also in this chapter we willllustrates the analytical &aion of groundwater
modelingand numerical modelingfdhe Gaza coastal aquifer apdovidea
modeling approeh for the Gaza coastal aquifét also illustrates the seawater
intrusion andprovides modelingapproach ofSeawat forthe Gazacoastal
aquifer.

1 Chapter 6
Gives conclusions and recommendations about the research work described in this
dissertation and outies of future work in similar research direction.
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2.1 Climate change
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mate i s Uusuaimdaywedd fhiemr eddpreecsely asiihe sdtistical
description of the weather in terms of the ngeand variability of réevant quantities over
periods of several decades (typically three decades as defined by WMO). These quantities are
most often surface variables such as temperature, precipitation, and wind, but in a wider
senset he ficl i mat eo i s tdaolfitee clinate systeamplPGTCH9.
Climate ha a profound influence on life on Earth. It is a daily experience of human beings
and is essential for health, fogmoduction,and weltbeing. Any change in the climate,
especiallythat induced by humans @asmatter of concern. There has been scientific evidence
that human activities may already be influencing the climate (IPCC, 1996).
According to (IPCC 1997)theclimate system consists of the following major components:
The atmosphere
The oceans

The terrastrial
Marine biospheres
The cryosphere (sea ice, seasonal snow cover, mountain glaciers and continental
scale ice sheets)
The land surface

theydet er mi ne

of

t he st

These components interact with each other, and through this collective interaction,
tfalceeclintata. rThebednseradians occur through flows of

energy in various forms, through exchanges of water, through flows of various other

radioactively important trace gases, including &€Q@carbon dioxide) and CH

(methane), and through the cycling aftments. The climate system is powered by the

nput of solar energy, whi ch i s

bal

anced

back to space. Solar energy is the ultimate driving force for the motion of the

atmosphere and ocean, the fluxes of heatveaiteér, and of biological activity (IPGC

1997).
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Figure 2. 1: Schematic picture of the climate system (IPCC1997
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Figure 2.1presents a schematic picture of the climate system, showing the key interactions
between the variousomponents and the compongmbperties, whichcan changgIPCC,

1997)

The components of the climate system influence global and regional climate in a number of
distinct ways:

T By influencing the composition of hgad he Ea
absorption and transmission of solar energy and the emission of infrared energy back
to space.

1 Through alterations in surface properties anthemamount and nature of cloadver
which hasboth regional and global effects on climate.

1 By redistributing heat horizontally and vertically from one region to another through
atmospheric motions and ocean currents.

Climate changecaused by human activities, such as the emission of greenhouse gases or
land-use change, may be partly predictable, particulamlyh@ larger, continental and global,
spatial scales. However, there are limitations on accurately predicting population change,
economic change, technological development, and other relevant characteristics of future
human activities. Thus, climate projemns should be made based on carefully constructed
human beblvior scenarios. Climate is determined by the atmospheric circulation and by its
interactions with the largscale ocean currents and the lanthviis features such as albedo,
vegetationand sd moisture. To understand the climate of the Earth and its variations, and to
understand and possibly predict the changes of the climate brought about by human
activities, one should consider factors that influence rddhoactivebalance, such as the
atmospheric composition, solar radiation or volcanic eruptions.

2.1.1 Anthropogenic perturbation of the atmospheric composition

The amount of greenhouse gases in the atmosphere remained relatively constant for about a
thousand years before the Industrial RevolutiSince then, the concentration of various
greenhouse gases has increased (Miller, 1990).

The amount of carbon dioxide, for example, has increased by more than 30% sice pre
industrial times and is still increasing atmeanrate of 0.4% per year, majndue to the
combustion of fossil fuels and deforestation. The fact that this increase is anthropogenic can
be verified by the changing isotopic composition of the atmospheric @ich betrays the

fossil origin of the increase. The concentration of otimatural radioactively active
atmospheric components, such as methane and nitrous oxide, is incremsidge to
agricultural, industrial and other activities (IPCC, 2001a).

The changes in greenhouse gases are expected to result in warming of the exenosphat

the moment their effects are being countered by the effect of aerosols, which tend to cool
down the atmospheregspecially in the northern hemisphere. Thus, global changes in
temperature, precipitation and other climatic variables are expextathyy about change in

the soil moisture, increase in global mean sea level, and there is a prospect of floods and
droughts in some places (IPCC, 1997).



2.1.2 Emission scenarios

The Intergovernmental Panel on Climate Change (IPCC) developeddaongemissions
scenarios in 1990 and 1992. These scendn@s beenwidely used in the analysis of
possible climate change, its impacts, and options to mitigiatate change. After evaluation

of a decision by the IPCC Plenary in 1996 to develop a new set of emsssnarios|PCC,

2000).

Future greenhouse gas (GHG) emissions are the product of very complex dynamic systems,
determined by driving forces such as demographic development, -escm@mic
development, and technological change. Their future evolution dyhimcertain. Scenarios

are alternative images of how theéure might unfold and are appropriate tool with which to
analyzehow driving forces may influence future emission outcomes and to assess the
associated uncertainties. They assist in climate ahanglysis, including climate modeling

and the assessment of impacts, adaptation, and mitigation. The possibility that any single
emissions path will occur as described in scenarios is highly uncgRag, 2000.
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Figure 2.2: Schematic framework representing impacts of and responses to climate
change, and their linkages (IPCC, 2000).

Four different narrative storylines were developed to desaunsistently the relationships
between emission driving forcesnd their evolubn and add context for the scenario
guantification. Each storyline represents different demograplsiogial, economic,
technological, and environmentdevelopments, which may be viewed positively by some
people and negatively by othgtBCC, 2000.



The <enarios cover a wide range of the main demogragdenomic, and technological
driving forces of GHG and sulfuremissions2 and are representative of the literature. Each
scenario represents a specific quantitative interpretation ofobrieur storylines.All the
scenarios based on the same stortimen st i t ut e a (IBGCEL608.r i o Afamily
The scenarios do not include additional climate initiatives, whiehans that no scenarios are
included explicitly assumel an implementation of the United NationsFramework
Conventionon Climate Change (UNFCCC) or the emissions targets oKyto¢o Protocol.
However, GHG emissions are directly affecteg nonclimate changeolicies, whichare
designed for a wide range other purposes. Furthermorgovernmentpolicies, tovarying
degrees, camfluence theGHG emission driversuch asdemographic change, social and
economic development, technologicdlange, resource use, and pollution manageriéis.
influence is broadly reflected in the storylir®dresultantscenariogIlPCC, 2000.

SRES

Al A2 / Bl B2
Storyline Storyline | Storyline Storyline

(: ___a\]l-'l_:)f: :_,-'\11‘_::)(:__;\13_:) { A2 D ( Bl _J) C m _)

Figure 2. 3: Illustration of SRES scenarios(IPCC, 2000.

Figure 2.3illustrate of SRES scenarios. Four qualitative storylines yield four sets of scenarios
call ed Afamil i es orhe séine offe@ch scéhdrip farailp desciBb2s. one
possible demographic, politieeconomic,societal,and technological future. Within each
family, one or more scenarios explore the global energy industry and other developments and
their implications for greerduse gas emissions and other pollutdG®BRA, 2009.

2.1.2.1 Al family

The Al storyline and scenario family describe a future world of very rapid economic growth,
global population that peaks in the nridst century and declines thereafter, and the rapid
introdudion of new and more efficient technologies. Major underlying themes are
convergence among regions, capabiyiding, and increased cultural and social interactions,
with a substantial reduction in regional differences in per capita income. The Al scenari
family has three groups that describe alternative directions of technological change in the
energy system:
1 AZLFI: fossil energy intensive
1 ALT: nonfossil energy sources
1 AlB: is a balance across all sources, a future world of very rapid economic
growth, low population growth, and rapid introduction of new and more
efficient technology.



Major underlying themes are economic and cultural convergence and capacity building, with
a substantial reduction in regional differences in per capita income. In thid, ypeople
pursue personal wealth rather than environmental quality. Energy supply is balanced among
fossil fuel and no+fossil energysourceSCARA, 2006.

2.1.2.2 A2 family

The A2 storyline and scenario family describe a very heterogeneous world. The uigderlyin
theme is selfeliance and preservation of local identities. Fertility patterns across regions
converge very slowly, which results in continuously increasing population. Economic
development is primarily regionally oriented and peapita, economic growt and
technological change are more fragmented slower than othestorylines(CARA, 2006.

2.1.2.3 B1 family

The B1 storyline and scenario family describe a convergent woithl tive same global
populationthat peaks in migentury and declines thereafter, aghe Al storyline, but with
rapid change in economic structures toward a service and information ecaaodnyith
reductions in material intensity and the introduction of clean and resetficient
technologies. The emphasis is on global solutionsctm@mic, social and environmental
sustainability, including improved equity, but withcadditional climatenitiatives (CARA,
2006.

2.1.2.4 B2 family

The B2 storyline and scenario family describe a world in which the emphasis is on local
solutions to economic, osial and environmental sustainability. It is a world with
continuously increasing global population, at a rate lower than A2, and with intermediate
levels of economic development, and less rapid and more diverse technological change than
in the B1 and Alstorylines. While the secario is orienteciroundenvironmentajprotection

and social equity, it focuseon local and region#vels(CARA, 2006.

AALFI leads to the highest atmospheric C@®ncentratons, while B1 gives the lowest

i CARA, 20089.

The SRESscenarios do not include additional climate initiatives, which mearns nba
scenarios ar@ncludedexplicitly assume implementation of the United Nations Framework
Convention on Climate Change or the emissidargets of the Kyoto ProtocdCARA,

2006).

2.1.3 Climate sensitivity

The equilibrium climate sensitivity is a measure of the climate system response to sustained
radioactiveforcing. It is defined as the equilibrium globakansurface warming following a
doubling of CQ concentration Direct emission bwatervapor(a greenhouse gas) by human
activities makes a negligible contribution rfadioactiveforcing. However, as globahean
temperature increases, tropospheric weaggror concentrations increase and this represents a
key positive feedback but natforcing of climate change. Wateaporchanges represent the
largest feedback affecting equilibrium climate sensitivity. Warming reduces terrestrial and
ocean uptake of atmospheric gQncreasing the fraction of anthropogenic emissions



remaining in theatmosphere. This positive carbon cycle feedback leads to larger atmospheric
CO; increases and greater climate change for a given emissions scenario, but the strength of
this feedback effect varies markedly among mo(gisisystem 2017).

The low and hig climate sensitivities for the climate variables correspond to tfie 2
(standard deviation) values, covering 95% of the range of the G€liMsystem 2011).

The SRES emission scenarios and the climate sensitivity represent two sources of uncertainty
thatcan be manipulated independently to assess their impact on the range of the projections
of future climate change. In a typical approach, Atigh would be selected as the scenario
combination to assess the highest possible impacts. Frequentlymil B selected as the
Abusiasuesusal 6 scenari o, al t houghclimate resppnsdsonger
(global main sea level, global matemperature, atmospheric CO2 concentrations) point to
the world following the ALFI mid to higpath €limsysem, 2011), as shown in figur.4.
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Figure 2.4: Total global cumulative CO2 emissions (GtC) from 1990 to 2100 and
histogram of their distribution by scenario groups (source: IPCC, 2000).
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2.1.4 Global climate Models (GCM)

Numericalmodels (General Circulation Models or GCMSs), representing physical processes in
the atmosphere, ocean, cryosphere and land surface, are the most advanced tools currently
Available for simulating the response of the global climate system to incgegse®house

gas concentrations; ke simpler modelshave also been used to provide globallgr
regionallymeard estimates of the climate respon@xly GCMs, possibly in conjunction

with nested regional modeltave the potential to provide geographically aptysically
consistent estimates of regional climate change whicheaygred in impact analysis (IPCC

201]). GCMs depict the climate using a three dimensional grid over the gigeré 2.5,
typically having a horizontal resolution of between 250 &@d km, 10 to 20 vertical layers

in the atmosphere and sometimes as many as 30 layers in the oceans. Theiomésdhuis

quite coarse in relatioto the scale of exposurenis in most impact assessmeitBCC,

2011). Moreover, many physicglrocesseslso occur at smallescalessuch as those related

to clouds, andccannot be properlynodeled Instead, their known prapties must benean

over alarger scale in a technigue known as parameterization. This is one source of
uncertainty in GCMbased simwtions of future climate. Others relate to the simulation of
various feedback mechanisms in models concerning, for example, wag@rand warming,

clouds and radiation, ocean circulation and ice and snow albedo. For this reason, GCMs may
simulate quite ifferent responses to the same forcing, simply because of the way certain
processes and feedbacks aredeled (IPCC2011J).
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Figure 2.5: GCMs a three dimensional grid over the globe.
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2.1.5 Baseline Period

Changes in climate are calated in reference to a baseline period and this reference baseline
period is a necessity in developing climate scenarios. It serves to characterize the sensitivity
of the exposure unit to presedaty climate and usually serves as the base on which elgta s

that represent climate change are constructed. According to (IPCC,, b834¢)ine period
should be representative of the presg#sny or recentneanclimate in the study region and of

a sufficient duration to encompass a range of climatic variatioolsiding several significant
weather anomalies (e.g., severe droughts or cool seasons). The WMO defines a very popular
climatological baseline period of 30 years that encompasses the period of 1960 as a
'normal’ period. This period provides a stamigeference for many impact studies. However,
observations during this time period in some regions may exhibit anthropogenic climate
changes relative to earlier periods. Sources of baseline data include a wide variety of
observed data, a combination ofsebved and modaimulated data (reanalysis data), control
runs of GCM simulations, and time series generated by stochastic weather generators.

2.1.6 SImCLIM As climate Change model

SImMCLIM is a flexible software package that links data and models in ordemtdate the

impacts of climatic variations and change, including extreme climatic events, on sectors such

as agriculture, healthcoasts,or water resources. SIMCLIM is a uder i endl-vy Aop
frameworko system that can beltnans motsifare d an
importing and analyzing both spatial (monthly, seasonal) anddenes (hourly, daily or

monthly) datg(Climsystem 2011).

SimCLIM-for-ArcGIS addin enables ArcGIS users to produce spatial images of climate
change in a very easyuick, straightforward process. The add is based on 20 years of
development of the standalone SimCLIM tool, marketed by Cis\dtems, uses outputs

from global climate models, produced for the IPCC (Intergovernmental Panel for Climate
Change), more spdically for the 4th assessment reportl. The-addllows for evaluating
uncertainties stemming from different emission scenarios, different cliseatgtivities,and

different climate change models. Projections of future climate, and changes compared w

the baseline climate can be produ¢etimsystem 2017).

In our study we will use SimClim foArcGIS with the included(GCM) and the following

Annexes ables A-5, A-6 List of GCMs providing patterns for SimCLINbr-ARCGIS,

Available from the CMIP3 dataasewhich is managed by the Program for Climate Model
Diagnosisand Intercomparison (PCMP(Climsystem, 20111
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2.2 Water Balance Model(WetSpas$

WetSpass stands fWvater andEnergy Transfer betweeoil, Plants andAtmosphere under
guasiSteady State (Baelaan and De Smedt, 2001). It is a physically based model for the
estimation of longerm meanspatial patterns of groundwater recharge, surface runoff and
evapotranspiration employing physical and empirical relationships. Regional groundwater
models usedior analyzing rechargdischarge relations are often quasady and need long

term meanrecharge input that accounts for the spatial variability of the recharge. Thus, they
can use the recharge output from WetSpass for their computations. WetSpassalys
suited for studying longerm effects of landise changes on the water regime in a watershed.
It is handy in that it allows easy new definition of climatic as well as land use types.
WetSpass wasuilt on the foundations of the time dependenttigig distributed water
balance model called "WetSpa" (Batelaan et al., 1996; Wang et al., 1997)

WetSpass was completely integrated in GQI® View as a raster model, coded anenue.
Inputs for this model include grids ¢dnd use groundwater depth, pegitation, potential
evapotranspiration, windpeed, temperature, soil, and slope where by parameters such as
land-use and soil types are connected to the model as attribide tdliheir respective grids.

The spatially distributed recharge output okMpass model can improve the prediction of
simulated groundwatdevel and the locations of discharge and recharge areas teadys
state groundwatanodels(Kassaat al 2001).

2.3 Water Balance components

Since the model is a distributed one, the watdaitice computation is performed at a raster
cell level. Individual raster water balance is obtained by summing up independent water
balance for vegetated area, bare soil area,-opater bodies, and impervious area (4.7

2.3). The total water balanad a given area is thus calculated as the summation of the water
balance of each raster cell.

2.3.1 Water Balance calculation per raster cell

The water balance components of vegetated,-&aite openwater, and impervious surfaces
are used to calculate thedabwater balance of a raster cdtigure 2.6) as briefly mentioned
earlier,

ETrastem alETy+ asEs + aoEo + aiE; (2-1)
Saster= &S + asS + 2SS + &S (2-2)
Raster = &Ry + asRs + R + aiR (2.3)

Where ETastes SasterRrasterare the totakvapotranspiration, surface runoff, and groundwater
recharge of a raster cell respectively eaeirlg a vegetated, baisil, openwater and
impervious area component denoted &yasa,, and arespectively. The computation of each
component's wateratance is discusses in the preceding sections.

Precipitation event is taken as a starting point for the computation of the water balance of
each of the abovementioned components of a raster cell, the rest of the processes (runoff,
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interception, Evapotransption, & recharge) follow in an orderly manner. This order
becomes a prerequisite for the seasonal time scale with which the processes will be
guantified. The water balance for the different componiergs’en as follows.

2.3.2 Vegetated area

The water balare for a vegetated area depends on rtrean seasonal precipitatioP),
interception fraction(l), surface runoff(S,)), actual transpiration(T,), and groundwater
recharggRe) all with the unit of [LTY], with the relation given below:

P=I+S+T,+R, (2.4)

I nterception

Depending on the type of vegetation, the interception fraction represents a constant
percentage of the annual precipitation value. Thus, the fraction decreases with an increase in
an annual total rainfall amount (since the vegetatrower is assumed to be constant
throughout the simulation period).

Surfacerunoff

Surface runoff is calculated in relation to precipitation amount, precipitation intensity,
interception and soil infiltration capacities. Initially the potential surfaceffufS.,o) is
calculated by the following formula:

Sipot= CsuP-1) (25)

Where,Cs, is a surface runoff coefficient for vegetated infiltration areas, based on the rational
formula, and is a function of vegetation type, soil type and slope. Satwatieate runoff
occurs in groundwater discharge areas giving rise to a very high surface runoff coefficient.
This is due to the reduced dependency on soil, vegetation type and the vicinity of the area to
the river, and is usually assumed to be constant.

In the second step, actual surface runoff is calculated from \the I8 considering the
differences in precipitation intensities in relation to soil infiltration capacities.

S~ CHorS\/-pot (2 6)
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Impervious
evaporation

Figure 2.6: Schematic representation of water balance of a hypothetical raster cell.
Batelaan and De Smedt (2000).

Where Cyor is a coefficient for parameterizing that part of a seasonal precipitation
contributing to the Hortonian overland flovCyo, for groundwater discharge areas is equal to
one since all intensities of precipitation contribute to surface runoff. Only high intensity
storms can generate surface runoff in infiltration areas.

Evapotranspiration

For the calculation of seasor&apotanspirationvalue, a reference value of transpiration is
obtained from opefwater evaporation value and a vegetation coefficient as outlined in the
Penman equation:

Tv=c E 2.7)

T = the reference transpiration of a vegetated surfacesPpotential evaporation of open
water and ¢ = vegetation coefficieurther, the vegetation coefficient can be calculated as
the ratio of reference vegetation transpiration (PenManth) to the potential opewater
evaporation (Penmar@ivenby:

= —1+%§£+fcg (2.8)

Whereg = psychrometric constanD = slopeof the first derivative of the saturated vapor
pressure curve (slope of saturation vapor pressure at the prevailing air temperatare),
canopy resistance ang= aerodynamic resistance given by thédwing formula
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Where K is the Von Karman constant (0.4),isithe wind speed at measurement leyet z
2m, d is the zerplane displacement length anglig the roughness length for the vegetation
or soil. The Penman coefficientyD) varies with temperature and can be obtained from the
following table:

Table 2.1: g/ DVariation with temperature.

T(C) -20 -10 0 5 10 15 20 25 30 35 40

gD 5.864 2.829 1.456 1.067 0.763 0.597 0.445 0.351 0.273 0.251 0.171

For vegetated groundwatelischarge areas, the actual transpiratiop) (§ equal to the
reference transpiration as there is no soil or watailability limitation as given by:

Ty=Tyif (Gd'l' ht) <Ry (210)

Where Gghi& Ry are the groundwater depth, tension saturated heightrooting depth
respectively all in [L]. For vegetated areas where the groundwater level is below the root
zone the actual transpiration is given by:

Tv=f(@Tw if (Gai ht) > Ry (2.11)
Wheref(q) is a function of the water content and for a timeasairisituation it is defined as
follows:
f(g)=1-a" ™ (2.12)
Given,
W =P+ (G- GupRe (2.13)

where ais a calibrated parameter related to the sand content of a soil type, wAigilable
water for transpiration, anglc - gowps the plantAvailablewater content.

Recharge

The last component, which is the groundwater recharge, is then calculated as a residual term
of the water balance, i.e,

R=P-S-ET | (2.14)

Where &Et, is the actual evapotranspiration given as the sum of trangpiratiand E (the
evaporation from base soil found in between the vegetatibng spatially distributed
recharge is therefore estimated from the vegetation type, soil type, slope, groundwater depth,
and climatic variables of precipitation, potential evagospiration, temperature, and wind

speed. In addition, rechargell be associated with discharge areas owing to the concept that
there is a thin unsaturated zone present even in discharge areas, though this may not be the
case in summer season. In thensner season, there ashigh potential transpiration due to
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vegetation andhese resultén negative recharge values in discharge areas. In some cases,
high winter recharge will compensate the negative recharge values.

There are two ways of incorporaticgange in storage to the model on a seasonal basis. The
first instance is by using different groundwater depth values for winter and summer, while in
the second case, the plahtailable soil moisture reservoir in the winter is assumed filled up
and it can be depleted in the summer.

2.3.3 Bare-soil, Openwater, and Impervious surfaces

Similar procedure as that of the vegetated surfaces is followed for the calculation of water
balance for barsoil, openrwater, and impervious surfaces. The only difference isttiee

is no vegetation in these casardthus thereareno interception and transpiration terms. The
ET, in this case becomes E

2.4 Ground Water Modelling

The use of groundwater models is prevalent in the field of environmseitaice. Models
havebeenapplied to investigate a wide variety lofdro geologicconditions. Morerecently,
groundwater models are being applied to predict the transport of contaminants for risk
evaluation. In general, models are conceptual descriptions that describe physieaissyst
using mathematical equatiaonBy mathematically representing a simplified version of a
hydro geologicalsystem, reasonable alternative scenarios can be predicted, tested, and
compared. The applicability or usefulness of a model depends on how cldeely t
mathematical equations approximate the physical system being modeled. In order to evaluate
the applicability or usefulness of a model, it is necessamnawea thorough understanding of

the physical system and the assumptions embedded in the derightiba mathematical
equations. Groundwater models describe the groundwater flow and transport processes using
mathematical equations based on certain simplifying assumptions. These assumptions
typically involve the direction of flow, geometry of the aauif the heterogeneity,or
anisotropy of sediments or bedrock within the aquifer, the contamitwmsport
mechanismsand chemical reactions. Because of the simplifying assumptions embedded in
the mathematical equations and the many uncertainties irathesvof data required by the
model Groundwater models, however, even as approximations, are a useful investigation
tool that groundwater hydrologists may use for a number of applicgtiamsar, 2002.

A groundwater model is a representation of realitg,af properly constructedit can be a
valuable predictive tool used for managemaerit groundwaterresources (Wang and
Anderson, 1982). A mathematicadodel simulategroundwater flow indirectly by means of
governing equation thoughb represent the pkical processes that occur in the system,
together withequations that describe heads or flows along the boundaries of the fadel.
time-dependent problems, an equation describing the initial distributioheafls in the
system is also needed (Andersomd aWoessner, 1992)he groundwater flow model is
always a part of any model concerned with the movement efreaht water interface and/or
solute transport, whereas the solute transport model is necessary for solving most of the
groundwater quality prdbms (Thuan2004.
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2.4.1 General groundwater flow equations

Differential equations that govern the flow of groundwater flow can essentially represent the
groundwater flow system derived from the basic principles of groundwater flow hydraulics.
The main flow egation for saturated groundwater flow is derived by combining a water

bal ance equation with Darcyoés | Dwroundwhterc h | e
flow governing equation:
o ~ é 6 o ~
Mg wg, 1 ymg+£gé<zm8: s W (2.15)
IX¢ KX+ Wy¢ "W+ Hze M2+

Where Kx ,Ky and Kz, are theytraulic conductivity components in theyxand z direction

(LT™), his the hydraulic head (L), R is the local source or sink of water per unit voluthe (T

Ss is the specific storage coefficient'fland t is the time ( T).

Darcyods | aw

In differentid f or m, Darcybés |l aw is expressed as:
g=-K.grad (h) (2.16)

Whereq is the groundwater flux (LP, K is the conductivity tensor (L¥) and grad (h) is the
gradient operator. This equation cleashyows that the cause of groundwater movement is the
difference in the hydraulic potential. The potential is a function of all thppaee coordinates,

that is h = h(xy, z), the rate of change of head with position giving the gradient, which
multiplied by the conductivity yields the groundwater flux (Wang and Anderson, 1982).

The hydraulic conductivity is represented by a second order tensor that takes into account
anisotropic conditions. Usually, anisotropy is only considered in the vertical and mtatizo
direction, hence

_ ph
=-K =
o} Shy
_ ph
=-K,— 2.17
q, " iy (2.17)
_ ph
=-K.. &=
q ZZuz

Where @, q, g are the three components of the flux, and Ky, K, the hydraulic
conductivity values in the horizontal (x,y) and vertical (z) direction. In case tbEo

conditions, K = K, = K, each component of q is the samsealar multiple K of the
corresponding component ajrad (h), such that the vectors q agoad (h) both point in the
same direction.

2.4.2 Groundwater modeling software

Groundwater flow equationssually are noeasy to solve analytically. This is because either

the flow is described by a partial differential equation or usually the medium properties are
heterogeneous. In such cases, numerical solution techniques can be used to obtain
approximatios. Two major classes of numerical methbdsebeen accepted for solving the
groundwater flow equation. These are finite difference methods and finite element methods.
Each of these includes a variety of subclasses and implementation alternatives2@j§aur
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2.4.2.1 Modflow tools

Modflow is a finitedifference groundwater flow modeling program, written by the United
States Geological Survey (USGS). Modflow is the name that has beentgitlesm USGS
Modular ThreeDimensional Groundwater Flow Model. Because sfability to simulate a
wide variety of systems, its extensive publidyailable documentation, and its rigorous
USGS peer review, Modflow has become the worldwide standard groundwater flow model.
Modflow is used to simulate systems for water supply, @antent remediation and mine
dewatering. When properly applied, Modflow is the recognized standard model used by
courts, regulatory agencies, universities, consultants and indédgtnyr(2012.

Threedimensional numerical model MODFLOW (Harbaugh and Mec&ld 1999 is
appliedwith the interface a commercial preand postprocessor softwapeograms (Aish
2004).MODFLOW numerically evaluates the partial differential equations for groundwater
flow (McDonald and Harbaugh, 1988).

2.4.2.2 MODPATH

MODPATH is an exterien of Modflow to calculate flow paths andatel times of water
particles. The model was also developed by USGS. Simulation results obtained with
Modflow are used as input to MODPATH. The streamlines aanttimes of water particles

can be calculatedasting from the groundwater flow velocities usiDgrcy'slaw (De Smedt

2003.

2.4.2.3 MT3D
MT3D is a model for the simulation of poll ut
in 3 Dimensionso. The model was devencpped b

(EPA) as an extension of Modflow. Using simulation results of Modflow, MT3D will predict
the fate of chemicals dissolved in the groundwater in function of advection, dispersion,
absorption,and decay. Hence, the model uses output files from Modflovinpst for
obtaining the groundwater flows. Boundary conditions for transport can be added together
with dispersive and absorptive properties of the ground layers, as well as chemical reaction
characteristics. There are several extensions and improveofelt$3D Available as for
instance: RT3D: a pollutant transport model for specific pollutants as hydrocarbons that
transform into other chemicals or are subjected to more complicated decay processes as in
MT3D.

MT3DMS is an extension of MT3D for the solomi of simultaneous transport of different
interacting chemicals. The code also allows for kinetic absorption processtsad of
instantaneous equilibrium as described by absorption isotherms (De Smedt, 2003).

2.4.2.4 SEAWAT

SEAWAT was designed to simulate thw@ienensional, variabldensitygroundwater flow in
porous media coupled with mukpeciessolute transport. The program has been used for a
wide variety ofgroundwater studies related to seawater intrusion. SEAWAT is relagasly

to apply because it es the familiar MODFLOW structure. SEAWAT is a public domain
computer program distributed free of charge by the U.S. Geological Survey (Langevin,
2009).
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SEAWAT reads and writes standard MODFLOW and MT3DMS data sets, although some
extra input may be requidefor some SEAWAT simulations (Gaod Langevin, 2002).
SEAWAT is based on the concept of freshwater head, or equivalent

fresh water head, in a saline groundwater environment. A thorough understanding of this
concept is required in developing the equatiohgariabledensity groundwater flow as used

in the SEAWAT program and in interpreting calculated results, @@dbangevin, 2002).

The source code for SEAWAT was developed by combining MODFLOW and MT3DMS
into a single program that solves the coupled flovd soluteéransport equations (Gaaod
Langevin, 2002). MODFLOW solves groundwater flow equation by solving for each time
step, cell by cell flow is calculated from the fresh water head gradients and relative density
difference terms, and results will giweelocities and heads. While MT3DMS solves the
solute transporéquation,by using solutdéransportequation based on previous MODFLOW
results and repeated until stress period and simulation is complete. The numerical methods
used by the MT3DMS program ®mulate solute transport in a constant density flow field
are directly used in SEAWAT to simulate solute transport in a varddaesity flow field
(GuaandLangevin, 2002).

2.5 GIS (Geographic Information System)

2.5.1 Arc-View

Arc View is the entry level licensingevel of ArcGIS Desktop, a geographic information
system software product produced by Esri. It is intended by Esri to be the logical migration
path fromArc View 3.x. The use of (GIS) provides a powerful and efficient means of data
preparation and visuatation of simulation results. Ar¢iew was used for basic spatial data
management tasks (data storage, manipulation, preparation, extraction, etc.) and spatial data
processing (Batelaan et. £007)

2.5.2 ArcGIS
ArcGIS is a system for working with maps andogephic information. It is used for the
following:
1 Creating and using maps.
1 Compiling geographic data.
1 Analyzing mapped information.
1 Sharing, discovering, and usingaggaphic information everywhetgehind firewalls
within an organization, with selectedogips and the public using ArcGIS Online
1 Using maps and geographic information in a range of web and mobile applications,
custom desktops, and embedded hardware
1 Managing geographic information in a database

The system provides an infrastructure for kmg maps and geographic information
Available throughout an organization, across community, and openly onvéie(ESRI,
2012.
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2.6 Previous Studiesand applications

There are no previous studies in Gaza strip about climate change prediction using IPCC
scenaios but there are two previous studies try to assume climate change scenarios and using
linear regression assumption without any climate change modeling in order to check the
impacts of this assumption on groundwater for north governorate. Ajjour, 20%2ate that

a minor decrease in temperature and decreasing trend of the rainfall after 1995 which implied
the climate change, and consequently influenced the recharge values. The temporal relation
between the most sensitivity parameter (rainfall) and rdeharge was studied in three
presented locations in Gaza Strip: Beit lahia, Gaza City and Rafah rainfall stations with high
correlation between the rainfall and recharge trends ranges betweem@®89. It's noticed

that after year 1995 rainfall deased by 63.8% in Beit lahia station that caused deficit in
recharge values with 87.64%, and lastly decrease in groundwater storage. Then, recharge
values were input to calibrated transient groundwater model (Modflow software) for the
northern part of Gaz&trip. Two scenarios were considered; the recharge of year 2010 was
assumed to still remain and recharge rate decreases at the same trend. Output showed a large
decreasing in the water table freBm at the start date t6, -7.5,-8 and-8.5m at the middi

and from 2m t63.31,-6, -7 and-7.5m for years 2015, 2020, 2025 and 2030 respectively with
clear expansion in the deficit region over time. The same trend observed for the second
scenario with larger valuegjjour, 2012)

Sarsak, 201lhas illustrated that various assumed scenarios were simulated to study the
impacts of climate change into seawater intrusion at the study area due to sea level rise,
recharge and pumping rates variability. The results show that tlednmovement for
seawater intrusiofor the reference scenario (Scenario 1) which reflects the continuation of
the current situation is about 4,200 m with a rate of 65 m/yr. The most critical extent of
salinity was found in Scenario 4 (Rechar§6%) which causes iland intrusion movement

of about 4,500m with a rate of 80 m/yr. While theland intrusion movement due to
increasing pumping rates as in Scenario 2 (pumping +30%) was about 4,300 m with a rate of
70 m/yr. The best results for theland intrusion were found in Scenario 6 whadnsidered

as a management scenario since it is dealing with the progbsgdgic plans that were
prepared by PWA to solve the high salinity problems and water deficit in Gaza aquifer, the
in-land intrusion movement for this scenario was about 2,900th avirate of 35 m/yr
(Sarsak, 2011).

Aish (2010) descrilze the concept of the Wetspassodel and gives an example of a
developed WetSpass recharge map for the Gaza Strip, Palestine. Aish (28libgatset
regional groundwater models used for analyzirmugdwater systems (infiltratiddischarge
relations) areoften steadystate,andtherefore need longerm meanrecharge input. On the
other hand, the spatial variation the rechargedue to distributed landse, soil type or
texture, slope, groundwateevel, meteorological conditions, etc., can be significant and
therefore should béakeninto account. Hence, WetSpass was developed as a physically
based methodology for estimation of leteym meanspatial patterns of surface runoff, actual
evapotranspir#on, andgroundwater recharge. The model is especially suitable for studying
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effects of landuse changes on theater regimein a basin. The computer model was
integrated in the GIS ArcView. Its sap is extremely flexible; iallows easynew definition
of natural omanufacturedanduse types.

Praveena and Aris (2009) presentedcase study of groundwater responses towards the
climate change and human pressures in Manukan Island, Malaysia. SEAWAT was used for
the simulations of six scenarios repreggptclimate change and human pressures showed
changes in hydraulic heads and chloride concentrations. In general, reduction in pumping rate
and an increase in recharge rate are capable to restore and protect the groundwater resources
in Manukan Island. Thgj for groundwater management options in Manukan Island, scenario

2 is capable to lessen the seawater intrusion into the aquifer and sustain water resources on a
long-term basis.

Langevin and Mausman (2008) used SEAWAT to predict the extent rate of tealtwa
intrusion at Biscayne aquifer of Broward County, Florida, in response to various sea level rise
scenarios using SEAWAT. Until the date of their study (2008), thezee no reported
guantitative evaluationsf seawater intrusion in southern Florida @sponse to sea level rise.
Three simulations were performed with varying rates of sea level rise. For the first
simulation, the slowest sea level rise was specified at a rate of 0.9 mm/yr, estimated by IPCC.
After 100 years, the 250 mg/L chloride movedaimdl by about 40 m. For the next simulation,

sea level rise was specified at 4.8 mm/yr. For this moderate rate of sea level rise, the 250
mg/L moved inland by about 740 m after 100 years. For the fastest rate of sea level rise
estimated by IPCC (8.8 mm/ythe 250 mg/L moved inlaniy about 1800 m after 100 years

(Saleh,2007) This study is an attempt to find out the impact of pumping on the hydraulic
head at the coastline of Gaza Strip. To do so, a groundwater flow model was developed for
GCA using MODFLQV-2000 based on data from the Palestinian Water Authority (PWA).
The model was calibrated based on head observations obtained form PWA and contour maps
from literature. The calibrated model was used to simulate the effects of pumping, recharge,
and injecton on water table elevation. The results show that GCA is sensitive to the above
mentioned parameters.

Qahman and Larab{2005) assessed numerically the seawater intrusion in Gaza Strip,
applying SEAWAT. Simulation results indicate that the proposed sebesnccessfully
simulate the intrusion mechanism. Two pumping schemes were designed to use the model for
prediction of the future changes in groundwater levels swoidte concentrationsver a
planning period of 17 years. The results show that seawatasion would worsen in the
aquifer if the current rates of groundwater pumping continue. The alternatives are to
moderate pumping rates from water supply wellsffam the sea shore and to increase the
aquifer replenishment by encouraging the implemesnatif suitable solutions like artificial
recharge in order to control seawater intrusion and reduce the current rate of decline of the
water leves.
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Qahman (2004) analyzed the majecent and (desired) future trends in waeailability in

Gaza Strip wh a special focus on seawater intrusion and groundwater recovery for Gaza
coastal aquifer. He applied MODFLOW to quantify tlevailability of groundwater
consideringheir regional aquifer system and ultimately to predict the {targh groundwater
behavior and the corresponding perennial yield under various strategies. The main objectives
of his studywereto determine a perennial yield pumping and to determine the movement of
fresh/saline water interface and the corresponding threat to both freshwataye stond
deterioration of water quality.

The study of Qahman (2004) used MODFLOW to set steady and transient multiple aquifer
simulation models that can be used for the assessment of groundwaitxbility and
simulation of groundwater development sa@rs A three dimensional modeling approach is
selected to represent the conceptual model of the Gaza Strip. Qahman (2004) Model results
indicate thatmost of the seawater intrusidrappenedo the north of Gaza citand near
KhanYounis city in the southlt is estimated that seawater intrusion near Jabalia at year
2003 may extend about 2 Km inland in sub aquifer B, and up to 3 Km iacgufer C.

Aish (2003) Regional groundwater flow simulations are masiag the threedimensional
numerical model MODFLOW. The groundwater mounding has been simulated with a
constant recharge @0000m3/d, and an infiltration rate of 0.75 m/d, while all other hydro
geological conditions are assumed as present conditiomes. simulation shows that the
groundwater mound beneath the center of the recharge basin can be expected to rise to about
15 m above the present water table addition, after about 2 yeatberewill be a slight
increment in the groundwater mound. Theive groundwater downstream of the recharge

area will gradually be influenced by the water originating from the infiltrated water and the
cone of depression will diminish substantially due to the infiltration.

WetSpass was used for the analysis of theceféf land usechanges on the groundwater
discharge areas for Grote Nete basin, Belgium (Batelaan et al, 2000; Asefa et al., 2000).
WetSpass recharge outputs for the Dijile, Demer and Nete river basins was used as an input
for the groundwater model. Totdischarge and surface runoff and b#less, were used for

the calibration of the WetSpass water balance components. The associated groundwater
model was also calibrated along with the WetSpass calibration. Lastly, the resulting
groundwater discharge areasre verified by phreatophytes of the Grote Nete Basin.

WetSpass was also used in the analysis of the hydrological characteristics of the Kikbeek
subbasin and the Border Meuse River, Belgium (Van Rossum et al, 2001). In the study, fast
and slow dischargecoefficients were calculated from WetSpass input data as these discharge
coefficients are related to the total surface runoff and groundwater recharge respectively. By
using the WetSpass model of the actual hydrological situation in the Kikbedtasinas a
starting point, the sensitivity of the discharge coefficients of the Kikbeelbasin towards
climate andand usechanges was analyzed. Numerous climate land usescenarios were

used and the geographical input data of the present situation dyastea for their
simulations by WetSpass.
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ChaptBRes&arch Met hodol ogy
3.1 Methodology

As shown in figure3.1 the methodology startwith collection of needed data from all
Available sources such as documents, reports and maps for the Gaza strip.eBa¢a n
includes aquifer parameters such as hydraulic conductivity, total and effective porosity,
speci fic storage, changes in rainfaldl patter
The population forecast was determined to estimate the water demand and the expected
guantity oftreated wastewatef.he key data will be obtained from MOA regarding to rainfall
patterns at the study area and from PWA, which is the hydrologic data for pumpingtwells
includes pumping rates and water quality data for the need years Gatzewellsas well

asthe basic need®ngoing development and proposed projects in the PWA strategic plans
such as desalination plants and wastewaéatment plants at Gaza Strip.

After preparation and processing, the data was analyzed using EXQiBtat€ change

model with GIS will run fo the Gaza coastal aquifer ayélenit will recharge estimation

model (water balance model ) with GISIS will run to estimate the recharge anmb to the

Gaza coastal aquifeiAfter that groundwater model will blgi and calibrate in order to
determine the impacts of climate change on the groundwater of the Gaza coastal aquifer.

The SEAWAT code (a three dimensional model of coupled dedspgndent flow and
miscible salt transport), was selected to simulate sdhatesport in order to predict and
assess the impacts of climate change on seawater intplsgmomenon in the Gaza aquifer.

Numerical modeling for seawater
intrusion

Figure 3. 1: Flow chart for the research methodology.
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3.1.1 Climate Change Modeling SimCLIM)
3.1.1.1 Preparing Bagline Period Maps

3.1.1.1.1 Baseline Climatologies

Any climate scenario must adopt aeednce baseline period from which to calculate changes

in climate. This baseline data set serves to characterize the sensitivity of the exposure unit to
presemtday climate and usually serves as the base on which data sets that represent climate
change areonrstructed(IPCC, 1994 .

A popular climatological baseline period is a-yB€ar "normal" period, as defined by the
WMO. The current WMO normal period is 198990, which provides a standard reference

for many impact studiedn this Study, the Baseline priod is 1972002 because of the
Availability of Climatological data.

3.1.1.2 Emission Scenario and Sensitivity

Thelnternational Energy AgendyEA) has releasednpublished estimates of 2010 global
carbon dioxidgCQO,). Between 2003 and 2008, emissions hadliesing at a rate faster than
the IPCC worst casecenario However, the global recession slowed the emissions growth
considerably, and in fact they actually declined slightly from 29.4 billion tons (gigatons,
or Gt) CO, in 2008, to 29Gtin 2009.However despite the slow global economic recovery,
2010 saw the largest single year increase in global h@@@amemissions from energy (fossil
fuels), growing a whopping 1@ from 2009, to 30.65t (the previous record annual increase
was 1.2Gt from 2003 to 208). As illustrated in Figur&.2, in 2009, we had dropped into the
middle of thelPCC Special Report on Emissiosenaris (SRES scenarig, but the 2010
increase has pushed us back up toward the worsscasari@ once again.
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Figure 3.2: IEA global human CO2 annual emissions from fossil fuels estimate vs.
IPCC SRES scenario projections. The IPCC Scenarios are based on observed CO2
emissions until 2000, at which point the projections take effect.
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Figure 3. 3: Emission scenario sensitivity.

According to all of that A1F1, the scenario with high sensitiistynuch closer to what the
world is doing That is whyA1FI-high will be used in the climate future projection processes
in this study.

3.1.1.3 Selecing GCM

Many equilibrium and transient climate change experimdérage been performed with
GCMs (Kattenbergt al, 1996). Several research centers now serve as repositories of GCM
information (PCC, 200).

Four criteria for selecting GCM outputs from bua large sample of experiments are
suggested by Smith and Hulme (1998):

1. Vintage Recent model simulations are likely to be more reliable than those of an
earlier vintagednce they are based on recent knowledge, incorpanate processes,
and feedbacks.

2. Resolution In general, increased spatial resolution of models has leal detter
representation of climate.

3. Validation: Selection of GCMs that simulate the presgay climate most faithfully
is preferred, on the premise that these GCMs are more ta yelreliable
representation of future climate.

4. Representativenessf results Alternative GCMs can display large differences in
estimates of regional climate change, especially for variables such as precipitation.
One option is to choose models that shomarge of changes in a key variable in the
study region.
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In the Gaza striptaking the output of jusbne GCM is not very close to what we want
because it is the first time that a future projectvon | | be made for this
accurate to takany GCM instead of other on@utputs from different GCM vary widely,
especially for precipitationVe onlycan judge the performance of a GCM in relation to other
GCM's. The accepted approafdr our areas to use an ensemble of multiple GCM'sdan
whenthe median approach is us@dking the median of the GCM outputs, instead of the
mear), theall used21 Available GCM's is the way to go. SImCLIM software can do thad

provide a precalculated ensembler ArcGlS-toolbar.

3.1.1.4 Projectionof Future Climate

The precise modeling of the impacts of climate change is limitedyiirstody, we will use
SmCLIM model over three time interval (2020, 2050, and 2080) and AlF1 emission
scenario with high sensitivity in order to project the future climate for the Gapaaad the
process will be conducted as shown in figBré.

Prepare Baseline Period Maps

Tempeture Precipitation Sea Level Rise

¥
AlF1 Seinario
high seinsitivity

Chossing All available GCMs
Using the median approach For all GCMs Outputs

A4
Climate Projection Fat020, 2050, 2080

Figure 3.4: SimCLIM projection process.

3.1.2 Water BalanceModeling (WetSpass)

All of climate change model resulésd projectionwill be as input for water balaranodel
WetSpass in order tstudy the hydrological cycle for every projected yedie following
flow chart figure 3.5 illustrates the solution steps in WetSpA#er that all of WetSpass
model Results and SIimCLIM results will be as in put in groundwatodel to study the
impacts of climate change on groundwater of the Gaza coastal aquifer.



Data layers

SPATIALLY
DISTRIBUTED
WATER BALANCE
MODEL

y Y V. v

A
<& -m
Bl

GROUNDWATER
MODEL

Figure 3.5: Schematic representation of the process between WetSpass and a
groundwater model (Batelaan& De Smedt 2007).

3.1.3 Groundwater Modeling

Studying the groundwater state usiigdular Groundwater Flow ModglVisual Modflow)

by seting up a groundwater level model. Calibration of this elodith head data and
discharge ,Simulation of the groundwater head distribution as well astifieation of
groundwater discharges (location and fluxeBetermining of groundwater fles and
shallow table conditiongnput the observed head wells data and calibrate the model for years
2010,Simulate rechargeseawater intrusiorand studying thgroundwater state fall years
which projected in SImCLIM and WetSpass model in order to study the impacts of climate
change on groundwater of the Gaza coastal aquifer.
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Chap4er Generalo®Pesdyi Ate @&n
4.1 Geography

The Gaza Strip is locatedn the soutkeastern coast of thBlediterranean Seabetween
|l ongitudes 34A 20 and 34A 250 east, and | ati
365 km2 and its length is approximately 45 &hang the coast line. The location of the Gaza

Strip isshown in Figuret.1.
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Figure 4. 1: Location map of the Gaza strip(Data source: PWA,2003)

4.2 Demography

Gaza Strip is considered as one of the most densely populated areas all over the world.
According to the Ministry of Intear (Mol) records in September 201the number of
inhabitants of the Gaza Strip in 2012 is 1.8 million pe@deseen in figurel.2, including

more than 200 thousand new babgrn during the past four year$he natural rate of
population growth in the GazStrip is estimated at 3% per year (Mol, 201150 that
2150000people arexpected in 202@sseen in figurel.3.
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Figure 4. 2: Historical population in Gaza Strip (Data source: PCBS)
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Figure 4. 3: Estimated projected population in Gaza Strip (Data source: PCBS).

4.3 Climate

The Gaza Strip is located in the transitional zone between the arid desert offrtreeSinai
Peninsula and the semi humid Mediterranean climate alongpds(EMCC, 2012).

4.3.1 Temperature

Figures 4.4 presents the maximum, minimum, and meaaonthly air temperatures as
observed in the meteorological station of Gaza city forpéeod lasting from 1970 until
2006. The eémperature changegradually throughout the year, reachéss maximum in
August (summer) and itsninimum in January (winter)meanof the monthly maximum
temperaturgange from about 17.6 C° for January to 29.4 C° for August. méanof the
monthly minimum temperature for January is about 9.6 C° and 22Aufqug (Aish, 2009.
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