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Abstract

This paper studies the Upper Tigris River (UTR) drainage basin in Turkey for climate change impacted runoff estimations.
Statistical downscaling method (SDM) is used by taking into consideration spatial dependence function (SDF) for the scenario
precipitation projections at a set of available meteorology stations. Temporal adjustment between the climate scenarios and
precipitation record time series is achieved by the white Markov (WM) stochastic process. Although various climate research
center scenario data are considered, herein, only the general circulation model (GCM) A2 scenario data are adapted from the Hadley
Center, England. The precipitation and runoff results are presented in decadal groups starting from 2001 to 2050 as cumulative
monthly precipitation (CMP) and cumulative monthly runoff (CMR) graphs. It is observed that after 2021, precipitation decreases
at about 12.5% and after 2030, it is 26%. Runoff projections indicate that they may decrease at about 30% especial after 2040.

1 Introduction

International conflicts could arise over rights on shared
river and aquifer resources because of climate change, pop-
ulation and development pressures (Gleick 1993). Existing
regional agreements are bound to become more strained
with water availability declines or demand increases be-
cause of climate change. It is, therefore, necessary to con-
sider water resources management under the impact of pos-
sible climate change in future studies (Kundzewicz et al.
2008). In general, infrequent extreme rainfall occurrences
lead to occasional floods or flash floods and they provide
main water supply in semi-arid and arid regions provided
that proper surface (dams, ponds, bends, levees, ground-
water recharge locations) and subsurface (wells, galleries,
qanats) have systematic planning, operation and mainte-
nance applications. In these regions, rainfall varies tempo-
rally and spatially with infrequent high intensities and spo-
radic occurrences, making it impossible to systematically
record measurements as a proper time series, (Sen et al.
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2017). The study by Mohorji et al. (2017) indicated
through the application of innovative trend analysis (ITA)
(Sen 2012a, b) that various global temperature increments
lead to a set of verbal interpretations and numerical values
for each month including “low” (minimum), “high” (max-
imum), and “medium” (moderate) temperature amounts.
They showed finally that he ITA applications indicate the
global scale warming at about 0.75 °C, which was deter-
mined by some other approach as 0.76 °C £0.19 °C (IPCC
2007). Al-Amri and Subyani (2017) stated that the arid
climate features prevail many areas in the world including
the Middle East and the Arabian Peninsula, which are typ-
ically characterized by large temporal and spatial varia-
tions in sporadic rainfall distribution. For instance, as for
the Arabian Peninsula and the Euphrates-Tigris down-
stream parts, the Coupled Model Intercomparison Project
Phase 3 (CMIP3) presents uncertainty levels in the temper-
ature and precipitation simulations concerning the climate
change impact projections. The CMIP3 ensemble projec-
tions reveal a continuous increase in temperature over
these regions during the twenty-first century (Almazroui
et al. 2017a, b). Almazroui et al. 2017a, b mentioned about
the Saudi-KAU KAU Coupled Global Climate Model
(CGCM) climate change projection model with two atmo-
spheric dynamical cores, two land components, three
ocean components, and multiple physical parameterization
options. The application of this model for the arid regions
of the Middle East reasonably simulates the climate change
effects on different time scales.
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The General Circulation Models (GCMs) help to extrapo-
late from a large number of variables that describe different
variables (air pressure, temperature, density, water, land, and
ice) for future climate projections. They are theoretically
based climate prediction numerical models; they accept many
parameters and represent the relationship between these pa-
rameters using both physical laws and empirically derived
relationships. Recent GCMs are ocean-atmosphere coupled
models. Though GCMs are not very good for precipitation
predictions in a particular month, but on the decadal scales
give reliable ideas about future climate conditions and river
runoffs. They have presently coarse resolution (250-300 km),
and hence cannot be suitable for direct hydro-meteorological
applications, which require local and finer resolutions. There
are several downscaling models along two directions; those
based on dynamic features including regional climate model
(RCM or RegCM) and the statistical downscaling models
(SDMs). It must not be forgotten that each combination of
GCM outputs with local measurements through downscaling
techniques cannot produce identical results (Wilks 1992;
Wilby and Wigley 1997; Zorita and von Storch 1999;
Cavazos and Hewitson 2005; Wilby and Harris 2006;
Fowler et al. 2007; Kilsby et al. 2007; Jones et al. 2009; Sen
2009; Burton et al. 2010; Willems and Vrac 2011). On the
other hand, Kavvas et al. (2010) provided a model for corre-
lating historical hydrological data with river runoff. They tried
to derive a correlation between historical precipitation data
and observed river flow. The authors also used data on land
cover, vegetation, and soils; managed to achieve both monthly
and annual estimates that were very similar to measurement
data. Unfortunately, the authors did not utilize their model to
make future flow rate projections.

Transboundary problems are bound to escalate with further
disputes threatening the water and agricultural security of the
region with international concerns (McCaffrey 1993;
Shapland 1997). Natural climate mode of North Atlantic
Oscillation (NAO) plays dominant role in the climatic features
of the region (Hurrell 1995). It is the largest meridional oscil-
lation in the atmospheric mass movement in the northern
hemisphere between the high-pressure zone near Azores and
low-pressure center around Iceland, like the El-Nino Southern
Oscillator (ENSO) in the southern hemisphere. Coupled with
the climate change impacts, NAO still plays dominant role in
the region, but with weakening effect due to global warming.

Onol et al. (2007) used RegCM model software for precip-
itation estimations over areas at 30-km resolution based on A2
climate change scenario in the GAP region. Their results
showed increase in autumn precipitations over the southeast-
ern region of the UTR. The same model showed precipitation
decrease by 24% in winter seasons. In autumn season, precip-
itation increases by 48%. On the other hand, Kimura et al.
(2008) downscaled the A2 scenario precipitation generations
by GCMs and MRI-CGCM software over Turkey. They
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concluded that precipitation decreases in the Southeastern
Turkey including Euphrates-Tigris River basin. On seasonal
basis, the model showed the largest precipitation in the spring
months, when most of the region lost 50-100 mm in precip-
itation, which represents around 27-54% of the precipitation
listed for the Lower Tigris River (LTR). The summer months
indicate the smallest nominal decrease in precipitation, with
some parts of the region experiencing an increase, although
precipitation totals in the summer months are small. A report
from the Research and Policy Forum on Climate Change and
Environment examined various regional modeling studies,
and reports that the UTR basin area will experience around
7% drop in average annual precipitation.

None of the authors provide runoff estimations for the same
area. However, extensive climate change impacted river run-
off estimation is achieved by a detailed project for Turkey
including the Tigris River basin (Sen et al. 2010). It is the
main purpose of this paper to provide monthly runoff estima-
tions and their annual variations for the UTR basin due to the
expected climate change impact up to 2050. For the analysis,
the statistical downscaling model (SDM) and the white
Markov (WM) stochastic process are adapted. For future cli-
mate change projections, two scenarios families are common-
ly in use for future climate projections, which are the 2000
Special Report on Emission Scenarios (SRES) and the 2010
Representative Concentration Pathways (RCP). However, in
this paper, SRES scenario, HADCM3-A2, is used (Sen et al.
2010; Dabanli and Sen 2018).

2 Upper Tigris River basin

Upper Tigris River (UTR) has a part of large-scale regional
water project in Turkey, which is called as Southeast
Anatolian Project in English and Giineydogu Anadolu
Projesi (GAP) in Turkish. The Middle East including GAP
region is extremely vulnerable to natural and anthropogenic
reductions in the current water resources availability. Such a
situation may increase the value of Euphrates and Tigris
Rivers’ runoff volumes (Chenoweth et al. 2011).

The Tigris River is the second longest (about 1900 m) in
southwest Asia, upper Mesopotamia. In general, Tigris River
basin in Turkey can be thought as two parts, the UTR around
Diyarbakir, and the Lower Tigris River (LTR), after the con-
fluence of the tributaries at Cizre, which is the boundary town
in Turkey near Turkey-Iraq boundary. Tigris River runs
385 km in southeastern Anatolia before keeping to the side
of the Syrian border for 40 km, and finally, reaches the Iraq
border. It then continues through the Iraqi territory, joins the
Euphrates delta in the Shatt-el-Arab junction and ends in the
Arabian Gulf (Fig. 1).

Total contribution of Turkey to the overall Tigris discharge
covers a catchment area of 56,000 km?. The main Tigris



Climate change expectations in the upper Tigris River basin, Turkey

1571

Watersheds in the
Eastern Anatolian
Plateau
) 1 Upper Aras
. ‘ Drainage Basin o
0 100 km e mE——— ge N
== s 57 e Aras (Araxes)
Upper Euphrates 40
rainage Basin
s
4
7/
7/
/7
/
/
/
/ k30
/
/ »
Fupvates
Rrvor
7 &
\
MALATYA & N
ADIYAMAN - 38
UPPER TIGRIS
N DRAINAGE BASIN
T - <3
~
SANLIURFA & f
+37
N
Nicoll, 2010
A A 1 5
¢ 38 39 40 41 42 43 44

Fig. 1 The UTR basin (Nicoll 2010)

@ Springer



1572

Z.Sen

tributaries in Turkey are the Batman, Garzan, and Botan rivers
located at the upstream of Cizre. Beyond the Turkish border,
the Tigris River collects water from several important tribu-
taries. The most significant features of the river within the
Turkish territory are given in Table 1.

The area is governed by a semi-arid climate with steppe
vegetation characterized by significant annual precipitation
variations. In the northeastern part of the watershed, the sum-
mers are relatively hot and winters are cold with snow precip-
itation. In the southern part, the climate is dry with hot sum-
mers and moderately warm and rainy winters. The tempera-
tures range between — 9 and 48 °C in the northern part of the
catchment area, but the minimum temperatures increase to-
wards south. One of the reasons for hotter temperature in the
region is due to the possible shift of climate zones towards the
poles. The southeastern part of Turkey including the UTR
basin is close to semi-arid and arid climate zones in the south.
A simple calculation indicates that even 1 °C increase is ex-
pected to expand the Hadley cell (that functions between the
equator and the sub-tropical areas up to 30° N and 30° S
latitudes) about 250 to 300 km towards the Polar Regions
(Sen et al. 2010). This simple calculation indicates runoff
decrease expectations in the future. Such expansion situation
is expected to cause the winter storms to move northward and
the encroachment of the arid climate next to eastern
Mediterranean and southeastern Turkey, where the UTR basin
is.

In Syria, Euphrates river is shared in the up-stream with
Turkey and water resources are dependent on this water
course for possible water resources management. The north-
ern part of Syria is suitable for large dam constructions and
there are three of them as the Tabqa, Al-Baath, and Tishreen
dams. The Tigris River is a border between Syria and Turkey
for about 40 km in the north. On the average, the elevation in
Iraq is about 300 m, and hence, it is not possible to construct
large dams in the Euphrates-Tigris basin, because topography
and morphology limits impounding possibility of surface
waters. The critical scientific question of assessing the
relationship between morphometric features and the
hydrological factors that increase the risk of flooding in
basins is presented by Abdulkareem et al. (2018) It is well
known that runoff process after each rainfall occurrence is
influenced by topographic and morphometric characteristics.

Table 1 Characteristics of the Tigris River in Turkey

Batman, Garzan, Resan,
Kezer, Botan, Zarova

Main tributaries

Catchment area (km?) 41,000
Average annual inflow (m®) 15,450 x 10°
Average annual flow (m’/s) 490

Average catchment elevation (m) 1300
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The Thartar Canal in Iraq links the Euphrates with Tigris since
three decades, which helps to use Tigris water for irrigation.

As for the Middle East, in general, and the Tigris River
basin there are precipitation decrease expectations in the next
several decades. Sub-tropical country locations are among the
most severely climate change impact subjected regions.
Turkey and especially Euphrates-Tigris River basin will have
some exemptions due to mountainous topography in the up-
stream portion of the basins. Most of the precipitation falls in
winter and spring between December and April. Snow melt
extends from January to June with discharges especially in
March, April, and May. The annual precipitations are highly
variable in addition to significant inter-annual variations.

Especially, frontal (synoptic scale) and orographic precipi-
tation events are dominant in the Southeastern Anatolia, but
convective type of precipitation is partially effective in the
upstream parts of the UTR basin. Convective precipitation
types are among the least contributive occurrences to
Turkish runoff and their contribution may be less than 10%
depending on the annual circumstances. It is possible to state
that these precipitation mechanisms are bound to weaken with
the global warming effects, and hence, climate change impacts
must be taken into consideration in the management of nation-
al and trans-boundary river flows.

On the other hand, the historical annual runoff totals at
Cizre station are available from 1946 to 2006 as given by
Alashan (2010) and presented in Fig. 2. It is obvious that the
runoff phenomenon in this river basin is rather irregular with
significant changes from year to the next.

3 Methodology

River flow projections up to 2050 under the climate change
impact expectation require hydro-meteorological records in
and around the UTR basin in addition to the GCM output
scenario data. It is necessary to correlate hydro-
meteorological data and the runoff measurements right at the
border, Cizre runoff station. Once future precipitation projec-
tions are achieved through a proper downscaling procedure,
the rest is to convert the precipitation data into runoff by some
classical methodology, which is adapted in this work as the
Soil Conservation Service (SCS) algorithm. The scenario out-
puts from GCM are downloaded from the Hadley Centre for
Climate Prediction and Research, England, on monthly basis
at a set of regular grid nodes in and around Turkey. As stated
in the introduction section, GCM coarse scale is not suitable
for hydro-meteorology application, and therefore, the follow-
ing steps are executed in this study (Sen et al. 2010).

1) Monthly precipitation amounts and other meteorological
variables (temperature, humidity, irradiation, wind speed)
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are downloaded up to 2100 from GCM at the Hadley
Center for Climate Prediction and Research,

Historical monthly precipitation records are checked for
reliability by means of conventional methods (histo-
grams, double-mass curve, statistical association),
Spatial downscaling of the GCM monthly data is
achieved through the spatial dependence function (SDF)
concept, which provides the spatial relationship between
any two stations, and hence, the regional correlation var-
iation with distance is obtained (Sen 2009). SDF samples
for Diyarbakir and Cizre meteorology stations within the
UTR basin are given in Fig. 3. Such SDFs are available
for each month and each station and they are based on
255 reliable meteorology stations in Turkey.

2)

3)

1) SDFs help to transfer the GCM outputs to meteorology
stations and this is achieved through the optimization
technique (Sen and Habib 2000) and weighted average
procedure. The estimation results are updated until the
maximum relative error, between the transferred and
historical data becomes less than a certain limit, which
is taken here as +10%. The weights are the spatial
correlation values that are taken from the concerned
SDF based on the distance between the GCM nodes
and the station locations (Sen 2009).

2) Spatially downscaled series do not match the observation
series temporally, and hence, the final step is to adjust
them to available monthly observation series. This is
achieved through a white Markov (WM) stochastic pro-
cess (Sen 2009; Sen et al. 2010).

Briefly, to obtain future precipitation projections at each
meteorology station, the first step is the SDFs, which depict
the spatial dependence between the station concerned and the

YEARS

other stations. Logically, SDF indicates the change of regional
dependence with distances. Hence, the smaller is the distance
the more is the dependence. In many downscaling procedures,
the weighted average procedure is employed, where the word
‘weight’ is obtained from the spatial dependence coefficient in
this paper (see Fig. 3). The weighted average expression can
be written as,

(1)

where «;’s are the percentage weightings; Pp is the precipita-
tion prediction (predictand); P;’s are predictors; and n is the
number of nearby stations. Consideration of percentage prop-
erty of the weightings, this expression can be written in its
most explicit form as,

)

where W; is the weight attached to i-th data point and Wt
represents the total weight as the summation of all weights,

3)

Herein, W;’s are obtained from the relevant SDFs, as for
Cizre station in Fig. 3b.

On the other hand, the WM process is used for temporal
modeling to achieve the adjustment of the GCM scenario out-
puts with local empirical records as explained by Sen (2009)
and in more detail by Dabanli and Sen (2018). It is observed
that the statistical parameters of the downscaled scenario se-
quences are in good accord with the empirical counterparts at
every station.

Statistical downscaling model (SDM) software is written
for the execution of all these steps automatically with required
downscaling, estimation and optimization procedures (Sen

W;

Pp=3% W

i=1

(2)

Wr=W; +Wr + ...+ W,
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etal. 2010). Downscaled precipitation estimations do not pro-
vide river flows unless a proper hydrological modeling study
is performed through a proper rainfall-runoff modeling, which
is adopted in this paper as the Watershed Modeling System
(WMS) with SCS runoff estimation methodology.

4 Application

Topographic maps are the preliminary prerequisites for mete-
orology and hydrology studies in any area. They provide wa-
ter divide lines, and hence, drainage basin area definition,
which is necessary for the calculation of average areal precip-
itation amounts by some known classical techniques
(Thiessen 1911; Huff and Neill 1957; Sumner 1988). For av-
erage areal precipitation estimation percentage, weighted
polygon method is used (Sen 1998). On the other hand, as
for the hydrological study to estimate river runoffs, it is also
necessary to have a morphological (topographic) map of the
region. In addition to the drainage area main stream length,
slopes and few other morphological parameters are derived
from this map. Digital Elevation Model (DEM) values from
site www.mta.gov.tr are used and the final product is presented
in Fig. 4 for the UTR drainage basin part in Turkey.

The first part of the application includes the monthly pre-
cipitation projections up to 2050. According to the SDM, the
monthly precipitation maps are obtained on monthly basis for
the UTR basin. Available SDM is used to estimate the
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monthly precipitation values at a multitude of arbitrarily cho-
sen points and then the maps are prepared. GCM outputs are
employed herein for A2 scenario from the Hadley Centre for
Climate Prediction and Research, England. However, other
scenarios are also worked by Sen et al. (2010), but for the sake
of space saving only the results are presented based on A2
scenario, whereas others have similar graphs with approxi-
mate numerical yields. The reason for presentation of A2 sce-
nario is because it is the worst among all other alternatives.
Apart from the A2 scenario, many others from different cli-
mate change research centers are presented in Fig. 5 for 2001—
2050 periods. On the same figure, the 50-year observations
from 1946 to 1996 are also shown just for the sake of
comparison.

It is possible to see from this figure that the scenario results
and the historical observation series have the same average
values, but in all the scenarios, there are more frequent low
flows but less extreme annual values. This means that in the
future within the UTR basin frequent low flows are bound to
be expected with less frequent high flows. Furthermore, to
confirm this point Fig. 6 shows the ordered annual flow values
of 19601990 for the historical records on the horizontal axis
versus 2001-2030 annual A2 scenario values on the vertical
axis.

This figure separates the variation domain into two trian-
gles, upper and lower, with a common boundary of 45°
straight line (Sen 2012a, b). It is obvious that low flow
amounts are bound to increase during 2001-2030 period in
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The precipitation amounts are areal averages over the UTR
basin for each month. In the interpretation of such graphs, the
following general points must be taken into consideration.

1))

2)

3)

4)

Horizontal parts in any CMP graphs imply dry spells, and
hence, drought durations. These can be identified within
each year and the smaller the level of the horizontal lines
the more severe is the drought intensity,

Any sloppy part in the graphs shows wet periods and the
steeper the slope the more intensive is the wet spell
intensity,

The end products of each graph correspond to total annual
precipitation amount, and hence, one can state the driest
(wettest) year by comparison,

A vertical line at any desired month provides the oppor-
tunity for comparison of monthly precipitation values
during 10-year period.

The CMP graphs for the UTR basin help to deduce some of
the following qualitative and quantitative points about the
future possible precipitation expectations.

1)

Overall comparison indicates that the dry periods cor-
respond to summer (June, July, and August) months
with almost no precipitation amounts. The most severe
year within the 10-year (2011-2020) is expected during
the second half of this decade in 2019 followed by
2016. However, 2012 and 2020 play the average
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2)

3)

4)

behavior of expected annual precipitation in this decade
even though these years have the worst winter and early
spring precipitation amounts. There is a continuous de-
crease in the least annual precipitation during the next
three decades after 2020, because they all remain below
800 mm. For instance, total areal average precipitation
goes down to 800 mm, whereas it is on the average
700 mm. Hence, in the low precipitation occurrences,
there is about 12.5% decrease. The less critical dry
years (those with maximum horizontal level) during
2001-2030 periods have on the average 640 mm, but
after 2030, it reduces down to about 525 mm. This be-
comes even weaker after 2030 and the amount of de-
crease is on the average about 18%,

The rainiest periods start from autumn and continue
through winter season. On the average, the CMP amounts
in winter seasons have relatively steeper slope than au-
tumn seasons, which indicate the effect of the cold weath-
er penetration and frontal precipitation occurrences in
winter season,

As for the annual totals, there are decreases after 2030,
from about on the average 900 mm down to 750 mm with
almost 17% reduction. The worst annual totals are also
more frequent after 2030,

CMP graphs become closer to each other after 2030,
which implies that the number of extreme events
such as floods is bound to decrease over the UTR
drainage basin,
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5) After 2030, winter parts of the CMP graphs become clos-
er to each other with comparative reductions in the previ-
ous three decades’ precipitation amounts, which also im-
ply overall reduction in the precipitation amounts,

6) Consideration of 5 different 10-year precipitations chang-
es reveals that 15% of decline could be expected in the
period between 2041 and 2050. With the emergence of
such a decline, it could also be said that the amount of
hydroelectricity generation will also decline in the region.

River flow estimations are not possible through map in
Fig. 4 only, but additionally land-use, agriculture, vegeta-
tion, soil type (hydrological soil classification), and geol-
ogy maps are also necessary through a Geographical
Information System (GIS) for curve number (CN) deter-
mination as a preliminary work for SCS runoff prediction
methodology usage (Fig. 8).

The UTR drainage basin is very extensive and it con-
tains different land use options, geological structures,
slopes, and flora. In the runoff calculations, the geological
rock types, the agricultural land use capability, land slope,
and hydrologic soil classifications are considered in an
integrated way including expert views in the CN

determination. A CN is assigned for each field category
and an average CN value is calculated for the UTR basin
according to regional weighted average. The remote sens-
ing time index introduced by LANDSAT in 1973 is suf-
ficient to detect the important changes in the continental
flora and land use. Satellite images help to detect the
amount of geographical switch in the flora and time var-
iables including efficiency and wildfires. In this paper, the
information obtained via the classification of the images
on land use for the study area through the LANDSAT and
IKONOS satellites are available in the work by Sen et al.
(2010). Directly used maps include the geology map for
identification of the hydrologic soil classes as A, B, C,
and D, the agricultural land classification (I-VII) map for
the agricultural land use capability and the land use map
obtained by the remote sensing methods (2005 Landsat
TM based current land use).

The SCS method is preferred for rainfall-runoff transfor-
mation, as it allows homogenous distribution of the precipita-
tion amount for each pixel within the drainage basin and equal
amount of leakage in every spot. Like the CMR graphs, the
cumulative monthly runoff (CMR) graphs are given in Fig. 9
for A2 scenario case.
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As for the Hadley Centre for Climate Prediction and decline may significantly affect the regional agriculture,
Research one can deduce the following points. irrigation, and hydroelectricity power generation,

3) Dry period durations increase after 2030 and espe-

1) The CMR graphs have dry periods (horizontal segments cially after 2040 almost all the yearly CMRs become

in each year) that are longer than corresponding CMPs. close to each other except 2050. This is an evidence

This is also expected result, because in some months the that the runoff amounts are expected to decrease af-

precipitation may not be sufficient for surface flow due to ter 2030. On the average, CMRs up to summer sea-

evaporation and infiltration losses, son has about 2500 m>/s, but after 2030, it reduces

2) The least flow years in the decade (2011-2020) appear as to an average of 2000 m?®/s, which implies about

the consecutive years between 2018 and 2020 inclusive. In 20% runoff decrease,
addition, the flows between 2041 and 2050 are expectedto ~ 4) There are significant annual total runoff decreases af-
be in decline by 30% compared to the previous years. This ter 2041, when the averages of the two first decades
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Fig. 8 The upper Tigris River basin maps (a) agricultural land use capability class, (b) hydrologic earth classification, (¢) Land use, (d) curve number
categories (Sen et al. 2010)
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Fig. 8 (continued)

are compared with the last three decades. On the av-
erage, about 3000 m®/s goes down to almost
2500 m*/s with 17% decrease.

5 Conclusions

Climate change impact studies on river flows are rather rare
compared to precipitation estimations. Water resources plan-
ning, design, operation, management, and sustainability goals
are bound to take into consideration future climate change

impacts in runoff estimations. Precipitation estimations are
achieved through a convenient downscaling model to harmo-
nize the local historical records with future GCM outputs.
Although there are several downscaling methodologies either
in the form of dynamic behavior or statistical bases, in this
paper a special statistical downscaling method (SDM) is used.
It is based on the spatial dependence function (SDF) for re-
duction the coarse scale of GCM outputs into practically ap-
plicable scales by transferring GCM output data to a given set
of meteorology stations for precipitation estimations up to
2050. Another aspect in the SDM is the adjustment of the
scenario and measurement precipitation time series to each
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Fig. 9 The upper Tigris River drainage basin HADCM3-A2 scenario cumulative monthly runoff graphs
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Fig. 9 (continued)

other. For the temporal modeling, the white Markov (WM)
stochastic process is employed. In this paper, GCM outputs
are downloaded from the Hadley Centre for Climate
Prediction and Research, England, and about 255 meteorolo-
gy station records are used from all over Turkey. In the study,
only A2 scenario is presented, because it assumes that the
future conditions will remain as the present case so it is
“business as usual” case. The precipitation estimates with cli-
mate change impacts are presented in cumulative monthly
precipitation (CMP) graphs for successive non-overlapping
decades starting from 2001 and ending at 2050. The applica-
tion of the methodology is given for the Upper Tigris River
(UTR) drainage basin in the southeastern province of Turkey.
The most significant conclusions from the UTR basin is that
the CMP graphs indicate continuous decrease expectation in
the precipitation amounts after 2021 at 12.5%, which after
2030 becomes 26%. On annual basis, the climate change ef-
fective reduction is about 17% in the same drainage basin.
Based on the precipitation estimates until 2050, the UTR
drainage basin runoff values are estimated after a series of map
treatments (topographic, land-use, soil types, and geology and
satellite images) with the use of Soil Conservation Service
(SCS) rainfall-runoff methodology. The results are presented

@ Springer

like CMP graphs through cumulative monthly runoff (CMR)
graphs. There are also steady reductions in the runoff volumes
until 2050 and it reaches up to about 30% during, 2041-2050.
In the meantime, there are increases in the dry spell periods
and frequencies.
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