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1. Introduction aquifer (see Figure 1.1).

This research was conducted within the frame-
work of a multi-disciplinary bi-lateral project sup-
ported by the Turkish Scientific and Technologicall|
Research Council (TUBITAK) and the Research
Institute for Humanity and Nature-Japan (RIHN).
A total of 8 subgroups conducted their researct
independently but in coordination of the "Impact
of Climate Change on Agricultural Production in
Arid Areas” ICCAP. For several reasons, the Sey-
han River Basin was selected as the pilot researc
area for the project. The water resources of the
basin were studied by the International Researc
Center For Karst Water Resources (UKAM) of
the Hacettepe University (Ankara) in cooperation
with the DSI, University of Cukurova in Adana
and Mustafa Kemal University in Antakya.

The Seyhan River Basin, located at a semi-aric
part of Turkey-having significant water and land

D Lower Basin

resources potential- was selected as a pilot stud 5% Lake
area, to inspect the vulnerable components of wa __ ! Basin
ter resources (surface water and groundwater) sy: Dem .
tems, and define and quantify their vulnerabil- =

ity to climate change. The Seyhan River Basin

1]

(SRB), one of the major water resources basins

in Turkey is located in the Eastern MediterranearFigure 1.10 Geographical location and division of
geographical region of Turkey (Figure 1.1). The Seyhan River Basin according to type of water
drainage area of the SRB is more than 21006 km resources

extending between 313'-40°12'N and 3503'-

37°56’E. Highland makes large parts of the basin2. Theoretical Conceptualization

particularly in the northern areas. The basin is sub-

divided into two major parts with regard to water Interactions between hydrological and biogeo-
resources: the whole Seyhan River Basin (SRBthemical systems, involves climatic conditions
which was studied for the surface water resourcesepresented by meteorological parameters like
of the basin and the Adana Plain (AP) that com-recipitation and evapotranspiration, infiltration
prises the groundwater resources in the alluviahs the excess precipitation from interception and



evaporation from surface storage, deep percolatioand field capacity are known to control the evap-
to groundwater system and the factors controllingptranspiration. However, the rate of evapotranspi-
the biomass including nutrient uptake, decomposation depends on the type of vegetation because
sition and leaching and weathering. As depictedf different wilting point and the soil moisture al-
in Figure 2.1, the soil moisture seems to have nolbw maximum evapotranspiration vary among dif-
only the more linkages than other componentsferent types of vegetation. Evapotranspiration in
but also linkages with both surface and subsurfacérested area is quite different from an area cov-
environment, implying that the soil zone plays aered by herbaceous vegetation even when climatic
key role in the climate-soil-vegetation dynamics.conditions and soil environments are similar. The
This dynamics can be interrelated within a differ-last term, deep percolation is apparently under
ential equation that describes the volumetric watethe control of the saturated hydraulic conductivity,
change in the soil zone (Rodriguez-lturbe, 2000).soil water and soil characteristics. This relation
is generally given a#(,0., whereK is the satu-
do rated hydraulic conductivity] is the soil moisture

nZy =100,t) = E(0,t) = D(0,t) (1)  and the exponentis a constant dependent on the
type of soil. Although the nature of equation (1)
may be regarded as stochastic differential equation
(e.g. Rodiguez-lturbe, 2000) because of the fact
the precipitation which controls the water content
in the subcutaneous zone is a random process, it
can be solved by for a certain basin by combining
separate solutions for each term.

where, n: porosity, Z: depth of soil zoneg:
soil moisture content] (¢, ¢): infiltration into soil,
E(0,t): evapotranspiration, and(6,t): deep
percolation to groundwater system.

T TN 3. Technical Approach and Methodology

R e __ The approach followed in assessing the impacts

of climate change on the water resources of the
SRB is based on geographical information system
(ArcGIS) based modeling studies and comprises
three major steps. The overall approach is schema-
tized in Figure 3.1.

Following a comprehensive development of
conceptual models, the water systems are simu-
lated by numerically solved mathematical mod-
els. Although a holistic approach will be applied
Figure 2.10 Simplified representation of the in defining the hydrological interactions between
interaction of hydrological and biochemical processes g\ rface and subsurface water resources, the con-
operating in a drainage basin [from Webb and Walling, .

1996: Rodriguez-Iturbe, 2000] ceptual models were developed for interconnected
surface and subsurface water systems separately.

The terms on the right hand side of Equation 1, The interactions then will be defined within the
are all functions off, the soil moisture content. boundary conditions of each system. The con-
Infiltration depends on the saturation degree of theeptual models were developed based upon all
soil. In other words, infiltration does not exceedgeological, hydrogeological, hydrometeorological
the available void volume in the soil during a par-data including the spatial distribution of surface
ticular storm. Surface runoff is assumed to takecover. The second step was the transfer of the con-
place only when the substrate is saturated with waeeptual models to appropriate mathematical mod-
ter, relating the surface runoff with the availability els. The selected mathematical models were used
of water in the subcutaneous zone. for both informative and predictive purposes.

Vegetation and soil characteristics control the
evapotranspiration to a large extent. Wilting point
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| Construction of Conceptual Model| lution of the 2-D and 1-D Saint-Venant equation,

Hydro-Geological . respectively. The unsaturated flow is simulated by
e o . |
(Boundary Conditions) (Conservation of Mass) the finite difference solution of the 1-D Richards
Geological /Physio- drological Model 1 i i
esogical/Physio gqyathn. Groundwa’Fer flow is simulated py the
finite difference solution of the 3-D Boussinesq

|
Hydrogeological/Hydrological
Model

equation (Abbott et al, 2000). The MIKE-SHE
software was used to simulate the surface hydrol-
ogy of the mountainous Upper Seyhan Basin.
P v—— The Plain section, called the Adana Plain, is
O g Fo rather flat and has no significant surface flow.
Therefore, another code that embodies the MOD-
Figure 3.10 Schematic representation of the approachFLOW and MT3DMS in SEAWAT-2000 which
applied in the project studies also capable of simulating the variable density
JIOW and solute transport, enabling simulation of
Sea water intrusion.

| Revise if not calibm‘radl | Mathematical Model
(prediction at x,y,z,1)

Present Conditions

The conceptual models were defined on a gri
by the initial and boundary conditions. They were
calibrated to define the current situation of the sys-
tems and then will be run to specify the vulnera-4- Characterization of the Water Resources
ble components of the systems to climate changes. SYStems
Regarding the aim of the project, the models will
be run for vulnerability of parameters to climate Two major water resources systems exist in the
changes. In this context, not only the input pa-Seyhan River Basin. The Seyhan Dam located at
rameters, such as recharge regime but also tH&€ northern edge of Adana city can be regarded as
changes of boundary conditions as a consequenége approximate divide between the groundwater
of climate change were reflected within the mod-System and the surface water system. The ground-
els. Therefore, the boundaries of the systems, pawater system occurs in the alluvial plain extending
ticularly those of the groundwater system (aquifer)from the Seyhan Dam site to the Mediterranean in
were set on site so as to control the changes rathéfe south (see Fig. 1.1).
than estimating the groundwater potential to be
managed. That is, the models were run for a pur4,1 Surface Water Resources in the Upper
pose of the effects of climate changes on the be-  Seyhan River Basin
havior of the water resources systems rather than The surface water resources of the Upper Sey-
providing a base for a management strategy. han River Basin was conceptualized based on the
After calibrating the models, at the last stagemain factors such as basin characteristics, soil
the models were run to predict the response of wagover and type, vegetation type and cover, geolog-
ter systems to climate changes scenarios. The ifeal and hydrogeological structure and hydromete-
puts at this stage were obtained from the downorological properties. The approach was based on
scaled GCM by the model output of the MRI andthe mass-conservation law which was reflected in
CCSR at this specific region by Dr. Kimura the the basin scale hydrologic cycle. Precipitation oc-
head of the Climate sub-group of the ICCAP. curs mainly as rain and snow onto the basin. Some
MIKE-SHE (Systeme Hydrologique Europeen), portion of the precipitation is evaporated and in-
a software combining climate-soil-vegetation andtercepted by vegetation while the rest reaches the
groundwater systems was used to assess the iground surface. Once it is on the surface, a small
terrelations between these systems in the Seysart of the water is infiltrated into the soil to form
han River Basin. The code has six moduleshe vadose zone storage. The rest forms the sur-
for snowmelt, evapotranspiration, surface runoffface runoff that reaches the channel flow in the
flow in the subcutaneous zone, channel flow andtreams and rivers. The groundwater is recharged
groundwater flow. The first two are calculated byby deep percolation of some of the infiltrated water
analytical methods, while the surface runoff andwithin the vadose zone. This approach is schema-
channel flow are simulated by finite difference so-tized in Figure 4.1.



[Frecrator ansson)] upon the physiographical and meteorological con-

== ditions of the basin. In addition to the type and
oo} - spatial and temporal distribution of precipitation,

3 vegetation, land-use, soil type, underlying lithol-

Infiltration

ogy, slope, and basin characteristics such as area,
shape, drainage patterns and density etc. controls
the occurrence of the runoff and the storage ca-
pacity of the basin (Maidment, 1993). Upstream
of the Seyhan Dam was considered as the study
area where the impact of climate change on sur-
face hydrology was investigated. This part of the
basin covers about 21750 KmThree main trib-
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Figure 4.10 Schematic conceptualization of the utaries make the Seyhan River; namely, Cakit,
surface hydrology system in the Upper Seyhan River  zamanti and Goksu. The physiography and oro-
Basin hydrography of the basin varies from south to

The surface water resources in the Seyhan Rivdiorth; the lowlands characterizing the south while
Basin originate from the runoff of the hydrologic the north is represented by harsh topography. The

cycle. This potential depends to great extenfamanti subbasin, being the largest, requires a

Figure 4.30 Simplified geological a) fence and b) block diagrams of the Adana Plain conceptualizing the
hydrogeological structure



special attention due to its relatively complex hy-ers. On the other hand, because the lithological

drological structure. The average elevation of thidayer covering the upper aquifer is not homoge-

subbasin is about 1250 m. asl., and karstic disnous, the aquifer is confined in some areas. That

charges supply the main contribution to the riveris the groundwater system is a multilayered sys-

flow. tem partly unconfined in the north and confined
Geologically the upper basin comprises litho-in the southern part. The general hydrogeological

logical units representing a time span from Palestructure is depicted Figure 4.3.

ozoic to Quaternary (Figure 4.2). The Paleozoic is

represented by carbonates and schists. Mesozoit \jodeling of the Water Resources in the

units are made up of mainly carbonates and ophi-  geyhan River Basin

olitic rocks while the extensive clastics, carbon-

ates and evaporitic lithologies represent the Cenqs 1 Selected Mathematical Models

Zoic units. Volcanic rocks are of Neogene age. Al- The surface hydrology of the Upper Seyhan
luvium, morain and slope wash are of Quaternary,; ... Basin was modeled by MIKE- Systeme Hy-

age. The pervious lithological units are genera”ydrologique Europeen (MIKE-SHE) a modular dis-

made of car.t?onate rocks most of which are exten‘fributed parameter model combining all flow pro-
sively karstified. The carbonate rocks that formCesses at the surface. in the vadose zone and the

karst aquifers constitute 6758.3 kroorrespond- saturated zone. The model simulates the snow

i 0 i - . . . .

‘N9 t.o ab"‘%t 30 % of th.e. wh.ole basu.]. The 9% melt (analytical), evapotranspiration (analytical),
ological units arre classified into 8 units with re- flow in the vadose zone (1-D Richards equation)
spect to their relative permeabilities. In Figure 4.2, - -4 flow (2-D Saint-Venant equation), chan-
these 8 units are presented, where class 1 indicatgs, ¢ (1-D Saint Venant equation) and ground-
the most permeable unit, and class 8 represents the . . ¢\ (3-D Boussinesq equation). The model

less permeable unit.

In the higher elevations of the basin, the pre

cipitation falls in the form of snow. In addi-

uses the finite difference techniques in solving
he partial differential equations. Structure of the
modular model is depicted in Figure 5.1.

tion to its contribution to the runoff, the impor-
tance of the snowmelt stems from the fact that
karst groundwater system contributes in signifi-
cant amounts to the streamflow through numer
ous huge karstic springs. The karstic groundwate
systems (aquifers) are recharged by the snowme
as well as rainfall. Therefore, the change in type
of precipitation should change the recharge condi
tions of karst aquifers which in turn will alter the
stream flow regime of the Seyhan River.

[cancpy intsrcaption
nodel ¥
Net precipitation

[Erow melt model
nfitration
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4.2 Groundwater Resources in the Adana
Plain

The Adana Plain geologically is composed of
alluylum deposited mainly in deltalc and fluvial igure 5.10 Modular structure of the MIKE-SHE
environments. Clearly, the tectonic developmenﬁ100|e|
of the country is reflected in the deposition, be-
cause the thickness of the alluvium exceeds 1000 Following the hydrogeological characterization
m. in some places. The surface area of the alluef the Adana alluvial plain, the conceptual model
vial plain is 2211.9 krh corresponding to about was transferred to the mathematical models. Sea
10 % of the total area of the basin. Owing to thewater intrusion was also considered in the concep-
heterogeneity that is evident from the boreholestual model. Therefore, in addition to the ground-
the groundwater reservoir is constituted by morewater flow model, the seawater intrusion was also
than one aquifer separated by less permeable layransferred to a mathematical model and run to-




gether with the groundwater flow model. MOD-
FLOW (McDonald & Harbaugh, 1998) was used
to simulate the groundwater flow while the sea
water intrusion was simulated by SEAWAT-2000
(Langevin, et al., 2003), integrated with MOD-
FLOW.
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Figure 5.20 Sections where measurements were
made for channel flow simulation

Figure 5.30 The land class units used for evaporation
estimations
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Figure 5.40 The monthly average LAl values
depicted from MODIS images

5.2 Preparation and Processing Relevant
Data
5.2.1 Seyhan River Basin

The available data were designated, digitized
and transferred to a geographical information sys-
tem. The basin boundaries were defined accord-
ing to the topographical divide. Topographical,
geological and soil maps were digitized and input
as separate layers. At the first phase the model
was run to simulate the present conditions. Me-
teorological data estimated for the period between
1994-2003 by the RCM (Kimura, 2007) were used
as input to the model in this simulation phase. All
simulations were made on daily basis. The model
was calibrated using the flow rates recorded at the
gauging stations in the basin (Figure 5.2). The
evapotranspiration was calculated by using the es-
timated parameters required for Penman-Monteith
equation, and the root depth and the leaf area
index (LAI). The LAI values are extracted from
monthly MODIS satellite images for the period of
2000 - 2006. The MODIS images are obtained
from the Boston University, Department of Ge-
ography, Climate and Vegetation research groups
ftp site (ftp://primavera.bu.edu/pub/datasets). The
monthly values for each year are averaged for each
land class units given in Figure 5.3. The inter-
annual change of the LAl is not taken into account.
The monthly LAI distribution for each land units
is given in Figure 5.4.

The basin was discretized into 216 x 299 finite
difference grids of 1 krheach. The boundary of
the basin was defined in the model by assigning
the value indicating impervious unit in cells that
fall on the divide. The southern boundary of the
basin is Mediterranean Sea, where the boundary is



defined by fixed head and attributed with a headhe vadose zone parameters are attributed for each
value of O for present conditions. For the warm-upclass. The distribution of the classes is given in
conditions the fixed head value is taken as 80 cmFigure 5.5. The saturated hydraulic conductivities
for the vadose zone are within the range of 10-5 to
10-9 m/s. The Van Genuchten parameters for soll
moisture - conductivity and retention relations are
given from the literature values considering the av-
erage grain size for each class.

The groundwater zone is divided into two lay-
ers. In the upper layer, the impervious units are
defined as confining units for the lower layer. The
ophiolite, schist and clay units are defined as im-
permeable, and groundwater circulation is not al-
lowed within these units (Figure 5.6). The thick-
ness of the upper layer is taken as 200 m, where as
it is taken as 1200 m for the lower layer.

Figure 5.50 The classes of the vadose zone
parameters

Because the subsurface water is among the ma-
jor factors that control evapo-transpiration rate
and the infiltration, the vadose zone is taken into
account in the model. The soil map was re-
arranged so as to define the soil type and some
model parameters like effective porosity, specific
retention, saturated hydraulic conductivity, and
Van Genuchten (1980) parameters that are used
in solving the Richards equation were defined for
two major types of soil in the basin. The verti-
cal dimension of the vadose zone was taken as
maximum 500 m. The depth to the groundwaterFigure 5.6 The distribution of the upper impervious
level is taken as the lower boundary of the vados&°nfining units for groundwater circulation
zone, and the thickness of the vadose zone is cal- The surface runoff was simulated by finite dif-

culated in each model time step according 10 thgerence solution of the Saint Venant equation.
groundwater level. The vadose zone divided intQz noff occurs whenever the overland storage ex-
80 finite-difference layers of thickness varying be-cee s 4 certain threshold. Overland storage starts
tween 0.1 to 10 m. The horizontal distribution of y, jeyelop when precipitation rate exceeds the in-
the vadose zone parameters are distributed to thration capacity. The model parameters required
basin by considering the shallow soil and underlyy, thjs calculation are the detention storage (Fig-
ing lithologic properties. The vertical zone is di- .o 5.7) and Manning number (Figure 5.8) which

vided into three parameter layers. The upper zong,aq gistributed to the basin by considering the soil
is characterized by the soil thickness and structure; jand use classes.

the lower layers are based on the lithological struc-  ~hannel flow component was simulated using
tures. A total of 37 distinct classes are defined angh,o geometry of the river bed defined by finite




difference nodes. This required measurement of
width and depth of the river at sections where flow
rate was observed. The distance between river
nodes ranges between 200 and 1500 m depend-
ing on the river morphology. More frequent nodes
were defined where the river bends in shorter dis-

tances.
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Figure 5.70 The spatial distribution of the detention
storage values for overland flow
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Figure 5.80 The spatial distribution of the Manning
Numbers for overland flow

Figure 5.90 Grid mesh and boundary conditions in
the Adana Plain

5.2.2 Adana Plain Aquifer

The Berdan-Tarsus river and Ceyhan River bor-
ders the study area from the west and east respec-
tively. The plain aquifer covers an area of about
2271 kn?, extending between these borders. Wa-
ter demand for irrigation in the plain is supplied to
a great extent from the Seyhan Dam Lake that bor-
ders the study area from the north. Therefore, only
a certain number of boreholes were drilled, most
of which are located in the northern part of the
plain to supply water to the Adana Metropolitan
city. However, after drip-irrigation system became
attractive to the farmers in the plain, a few bore-
holes are drilled in the southern part of the plain.
The data of these boreholes were used in concep-
tualizing the groundwater system. The geohydro-
logic characterization of the plain aquifer system
was based upon the 203 well logs. Depth of bore-
holes drilled at the northern part does not exceed
100 m., whereas the boreholes at the south are
deeper; 363 m. the deepest. The Tarsus-Berdan
river that borders the area from the west, flows
over a thick clay (impervious) layer. Similarly the
Ceyhan River flows over a thin sandy layer un-
derlain by another thick clayey layer. The north-
ern part of the plain is covered by a succession
of gravel-clay-gravel. Detailed study of the well
logs suggests that it is difficult to distinguish more
than one aquifer, but instead, it is more realistic
to consider one heterogeneous aquifer with verti-
cal and horizontal interfingering layers of pervious
and impervious deposits; which is also supported
by the type of the depositional environment. The



3-D distribution of the clay, sand and gravel lay-it is assumed as 80 cm at the end of 2079. The
ers (Figure 4.3) was transferred to the mathematgroundwater utilization is also increased within
ical model assigning a distinctive hydraulic coef-these stress periods. The increase rate is taken as
ficient for each. The conceptual model outlined20 % for the first 20 years, and 50 % for the rest.
above was transferred to a finite difference grid ofThe locations of the new wells are attributed ran-
500x 500 m composing 250860 cells in total (Fig- domly.
ure 5.9). The third dimension was taken between
elevations of 20 m. above and 320 m below sea
level. 20 model layers of 20 m thickness each
were defined to represent the vertical dimension.
The model is run continuously from 1993 to 2079.
The aquifer is recharged through direct rainfall
onto the areas where coarse deposits are exposed.
from seepage from the Seyhan River where the
bed is composed of pervious material and through
inflow the northern boundary. The recharge from
the northern boundary is identified by stable iso-

Legend

tope analysis in deep wells in the plain. The |- o
isotope content of the groundwater clearly indi- | = e~ M~
cates the recharge from higher elevations. Because | s wasiei

the amount of the inflow through the northern

boundary is ,d'ﬁ'C‘?" t_o_ predict and gny prediction Figure 5.100 The steady state head distribution in the
would associate significant uncertainty, the boundadana Plain

ary condition was defined based upon the ground-
water level measurements in the boreholes close tg
this boundary. This provided that recharge through

this boundary is computed by the model based on

h [ h . The h I i : .
the gradient changes e head values obtained The impacts of the climate change on the wa-

by MIKE-SHE simulation for present and warm- .
ter resources are assessed by comparing the re-

up conditions are given for the northern boundary .
) : . sults of the hydrologic model run under present
for each time step. Discharge of the aquifer oc-

. and warm up conditions. The daily values of the

curs as the outflow into the sea, effluent flow to S .
. ) ... temperature, precipitation, and the potential evap-
the Seyhan River where hydrogeologic conditions o : .
. ._otranspiration estimated by the data provided by
are appropriate, and as groundwater abstractiof : . .
through wells and drainage canals. The boundthe Dr. Kimura's Climate Subgroup for the peri-
" ... ods of 1993 to 2004 and 2070 to 2080 are used

ary condition at the south where the aquifer is in

contact with the sea was taken as "constant heaé(-) reflect the water circulation under present and

concentration boundary” for the first 10 years;gIOba.I warmlng condmons: Thg m.ean values of

) ~_ . the climate variables are given in Figure 6.1. The

whereas this boundary was changed to "variable ~ . .
patial averages of these parameters are given in

head-concentration boundary” during the secon L . . .
. : ] able 6.1. The grid size of the climate input given
and third periods where the system is affected b X :
. : o the hydrologic model is about 8 km, whereas
the climate change. The concentration of the se

. ﬁ'ne model cell dimension is 1 km.
water was taken as 19200 mg/l of Cl from chemi- The results of the MIKE-SHE simulations for

cal analysis of the sea water. The initial head val- " L
. . . resent and warm up conditions are summarized in
ues were obtained by steady state simulations un- : .
. : . able 6.2. The figures in Table 6.2 reflect the per-

der natural conditions. The head is attributed as .
. . cent decrease of the water budget elements with

0 for present conditions. Two different rates for . )

respect to present conditions. The CCSR climate

the sea level increase are given to the model for
" 9 . data results more decrease than the MRI data. The
warm up conditions. For the first 20 years, the

) decrease in the actual evapotranspiration is limited
sea level is assumed to reach to 40 cm, whereas

Climate Change Impacts on the Water Re-
sources of the Seyhan River Basin



Present Condition | 1993-2004) Warm Up Condition (2070-2080% | Warm Up Condsteon (2070-2080)
MEI CCER

Figure 6.1 0 The distribution of the mean annual temperature, mean annual total potential evapotranspiration and
mean annual total precipitation for present (1993-2004) and for warm up (2070-2080) periods estimated by MRI
and CCSR data

because of the decrease in the precipitation. Th{ o
decrease in the precipitation in warm up period|
is 29.4 % and 34.7 %, which causes 37.5 % an( S\
46.4 % decrease in the river flow. The groundwa:
ter recharge in whole Seyhan Basin decreases 24
% - 27.4 %. The majority of the springs in the | ~ « \aﬁ
basin become dry due to decline of the groundwa| =
ter level below the spring level. 0
The temporal change of the river flow is de- Morin
picted on Figure 6.2, at 18-18 gauging site on Sey e
han River. The peal_< d|§charge decreases in botll—:igure 6.20 Change in mean monthly discharge of
MRI and CCSR projections. The month for the o Seyhan River at 18-18 gauging station
peak flow is same in present and warm up period,
but the volume decreases radically. The change in evapotranspiration depends on
the available water. The decrease in the precipita-
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Table 6.10 The Spatial Average Values of the Annual Temperature, Precipitation and Potential Evapotranspiration
in Seyhan River Basin

Present (1993-2004) MRI (2070-2080) COSR (2070-2080)

Mean  Min Max | Mean Min Max | Mean Min  Max

Temperature (°C) 123 6.2 2003 143 8.3 21.8 153 93 227
Precipitation (mm) G813 4516 131355149 3249 [004.9 4559 3037 96849
Pot. Evapotranspiration (mm) 4331 3284 6699 4698 3505 6970 | 4958 3679 7501

Table 6.20 The Percent Decrease of the Water Budget Elements in Warm up Period with Respect to Present
Conditions

MRI COSR
Precipitation 294 347
Actual Evapotranspiration 16.9 169
River Flow 375 46.4
Discharge to the Mediterranean Sea 50.0 542
Recharge 247 274
Spring Discharge 50.0 S0.0

Figure 6.30 Change of the actual evapotranspiration, soil evaporation, and transpiration, positive values indicate
increase, negative values indicate decrease with respect to present conditions

tion causes the decrease in the evapotranspiratiorequirement will be greater in the future. Maxi-
In Figure 6.3, the spatial distributions of the differ- mum increases occur over the branches of the Sey-
ences between the CCSR projection and presehan River, and lagoons at the coastal zone. The
conditions of the actual evapotranspiration, soilchange of the average water content in root zone
evaporation, and transpiration are given. In thds shown in Figure 6.4. The root zone water con-
north of the basin, the evapotranspiration valuesent decreases in agricultural areas in Lower Sey-
are increasing in the warm up period, whereas thefian Plain, and in low level zones at the north.
are decreasing in the south, especially in the areaEhe decrease of the snow storage is also signifi-
of crop production, and natural vegetation. Thecant (Figure 6.5). The decrease in the mean an-
decrease is due to the lack of the available watenual snow storage is 14.56 Krim warm up period.

to evaporate. In these zones, the irrigation watelhe major decrease occurs in Aladaglar, southeast



slopes of the Erciyes and in the north of Goksu The groundwater resources in Adana Plain will
Basin. The decrease in snow storage will influ-be influenced by climate change drastically. The
ence the discharge of the springs in Zamanti andecrease in the recharge in Seyhan Basin will

Goksu basins, feeding the Seyhan River.

Average Waler Combert %
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Figure 6.40 The change of the Average Water

Content in root zone in warm up conditions
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Figure 6.50 The decrease of the snow storage in

warm up conditions

cause the decrease in the subsurface recharge to
the Adana Plain from north, and infiltration over
the plain. Additional loss will occur due to in-
crease in the abstraction in warm up period to
comply the irrigation water requirement. The wa-
ter budget for the groundwater system in Adana
Plain is given in Figure 6.6, whereas the change in
the groundwater storage is given in Figure 6.7.

The groundwater resources in the Adana Plain
are highly susceptible to the climate change. The
most important impacts are the decrease in the
recharge in higher elevations, and increase in the
abstraction due to the limitations in surface wa-
ter resources. The decline in the head will also
cause saline water intrusion. The simulations in-
dicate that the intrusion length is controlled by the
groundwater level in the plain. In case of % 50
increase of the groundwater abstraction in warm
up conditions, the length of the sea water intrusion
will reach 10 km inland (Figure 6.8) at the end of
2080.

The decline in the storage will be accompanied
with the quality degradation in the groundwater re-
sources. Inthe coastal zone of the Adana Plain, the
groundwater salinity will reach 25 % of sea water
composition.
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Figure 6.6 0 Components of the water budget
calculated by the model (Qb: inflow from the northern
border, Qp: recharge from precipitation, Qw:
abstraction by wells, Qs: outflow to the sea, Qd:
drainage by drainage canal, Qa:



narios of the GCM would occur.
\ The management of the water resources in the
\ warm up conditions will require more precise and
N extensive data. The continuous observations of the
\ hydrologic cycle are essential for sustainable uti-
N\ lization of the water resources.
\\__ The climate change will result the reduction of
the input to the basin, and all types of the water
x resources will be influenced by these reduction.
- The surface water resources, the snow storage, and
Figure 6.70 The impact of the climate change on the groundwater resources will decr.ease drastically.
ground water storage in Adana Plain The water requirement for the agricultural produc-
tion and natural vegetation will increase. There-
fore efficient utilization of the water resources in
all sectors, water saving, control of the water us-
age, extension of the observation network, en-
largement of the artificial storage potential in the
basin are high priority management issues to be
prepared for warm up conditions.
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