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ABSTRACT

IMPACTS OF CLIMATE CHANGE ON WAER RESOURCES
ON EASTERN MOUNTAINOUS REGION OF TURKEY

G¢event or k, Abdul kadir
M.Sc., Department of Civil Engineering
SupervisorAs s o0 C . Prof . Dr . Ksmail Yg¢cel

January2013, 97 pages

Temperature and precipitation are the most important indicators of climate change. Especially for the
basins fed by snow, the shifts of melting to earlier times, affects the streamflow. Increase in
temperature causes to shifts of melting of snowhidt to earlier times so that hydrologic regime of

the river system changes, and leads to changes in climatic conditions of the region.

In this study the shifts of snow melting times are analyzed for the selected 15 streamflow stations
located in Euphrate§iigris, Aras, andt oruh basins in Eastern Anatolia of Turkey along with period
from 1970 to 2010. The shifts in snowmelt runoff are determined bye€C&mhe (CT) method
Meteorological stationsepresenting thetream gauge statiomsgarding the basin chateristicsare

also selected tbe usdl in the analyses. In order to relate CT shifts to temperature and precipitation
changes, trend analysis are applied to temperature, precipitation and streamflow data. In addition to
these, days with daily average teamgture less than freezing and wet days below freezing until CT for
each station pair between stream gauge and meteorological stations and each year are also analyzed.
These days till CT within a year for each station pair can be indirectly linked to sthaygyand
accumulated snow amount. Complete analyses show significant warming at each station in the region
and no important trends in annual precipitation. However at a few stations meaningful seasonal
changes in precipitation are observed. Regional wagrand associated changes in precipitation and
snowmelt runoff cause significant shifts to earlier times of snowmelt runoff. In the regiomeigiit

fifteen stream gauge stations in Euphratégris and Aras basins showed significant time shifts
accoding to statistical trend tests.

Keywords:Climate change, water resources, melting of snow, shifts in melting, center time, statistical
analysis, Euphrates basin, Tigris basin.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Hydrology is the study of the movement, distributioncurrenceand qualityand quantityof water

on Earth Water, which is the main element of hydrology, circulates througheuEarth through
different pathways and at different rates. This movement of water is named as "Water Cycle". The
most vivid image of this is in the evaporation of water, which forms clouds. These clouds drift over
the land and produce precipitation. Thater flows into lakes, rivers, or aquifers. The water in lakes,
rivers or aquifers then either evaporates back to the atmosphere or flows back to the ocean,
completing a cycle. Water changes its physical state several times throughout this cycle.

Observabnal and historical hydrologic data are used in planguhgseand constructin phaseof
water resources projects. Thgdrometeorologicabbservatios such as precipitation, temperature,
surface runoffand evaporatioshould be precise and should be periodically obtainedhdorling
future water resources projects usingydrologic prediction models.Testing and parameter
development of hydrological models are also carried out by tnsstarical observations.

Accordng to the Water Report of Turkey prepared by DXEIQ9, there is a large variation in annual
precipitation, evaporation and surface -affi parameterdrom basin to basin whose locations and
spatial distributions across the county is shown in Figufiefal of 26basins ardormedaccording to
their geomorphologic anthydrologidhydrometeorologicharacteristics Precipitation is not evenly
distributed in time and space throughout the country.

Figure 1. 26 basins locatedn Turkey

The annual average precipitation in Turkey is estimasétd mm, corresponding to a volume of 500

km?®. Considering the average surface water-affrwhich is 186 billion n¥year with the surface

runoff of 7 billion m*year coming from neighdring countries, the total surface raff within the

basinsof Turkey Figure 1 reaches to the amount of 193 billior’/year. 31% of the potential is
constituted by the Euphrates (Férat) and the Tig
the eastern part of the country (D8D09).However, not all the renewable water resources can be


http://en.wikipedia.org/wiki/Water

utilized due to economic and technical reasons. Exploitable portions of surfaodf inoluding
inflow from bordering countries, and groundwater are 98 &hdillion ni/year, respectively. Thus,
the total of economically exploitable water resources potential amount to 112 bifllpeam (DS)
2009)

Since the climate is the main factor affecting all hydrological terms, the changes in climate directly

affect the quantity and quality of water resourcéBe increases in concentrations of carbon dioxide

and other gases in atmosphere are expected to change the heat equilibrium of the earth and causes

global climate change. These gasses allow solar radiatmm fhe sun to travel through the

at mosphere but prevent the reflected heat from escaj
temperature to rise.

Observational records and climate projections provide abundant evidence that freshwater resources
are winerable and have the potential to be strongly impacted by climate change, witrangiey
consequences for human societies and ecosystems. Because much of the solar energy received by the
Earth is used to drive the hydrological cycle, higher levelsotdr energy trapped in the atmosphere

will lead to changes in global temperatures and also variation of this cycle, resulting in changes in
precipitation patters. Observed warming over several decades has been linked to changes in the large
scale hydroloigal cycle such as: increasing atmospheric water vapor content; changing precipitation
patterns, intensity and extremes; reduced snow cover and widespread melting of ice; and changes in
soil moisture and runoff (IPCQ007).

Mountain snowpack and springimoff are critical for surface water resources as they serve an
important and regionally integrated indicators of climate variability and change. The decreasing snow
cover depth, especially in the spring, is of critical importance because of the effieettwhing and
magnitude of spring snowmelt runoff to regional hydrologic systems. Eastern Turkey is characterized
by mountainous terrain and a dry climate. Stream flloat occurs mainly due to snowmelt in the
mountainous eastern part of Turkey duringirep and early summer months is important as it
constitutes approximately 600 % of total annual volume of rundffk o r, 2084) For this reason,
forecasting the timing and the quantity of stream flow due to snowmelt in Euphrates and Tigris basins,
where large reservoirs are located, is crucial for effective management of water resources.

1.2 Aim of the Study:

In this study daily streamflowmeasurements from 15 stream gaugirsationson the mountainous

eastern part of the Turkey (Euphrat€s, gr i s, Aras and ¢oruh Gererali ns) are ob
Directorate of Electrical Power Resources Survey and Development Administrieteprological

data of temperaturaléily maximum, minimum and average) adaily precipitation are also obtaide

from 10 MGM (Turkish State Meteorological Servicsfations which are usually located in the city

center butare selected closéo stream gauge station3he probable longerm trends of the
temperature, streamflow and precipitation time series ardifidenby nonparametric trend anaégs
methods, and the interrelation between these parameters are analyzed. The aim of the study is to
explore regional climate chandge the eastern Anatolido demonstrate the relation between climate
change and the vaility of hydrological process responsé& changes in mass and timing of
snowmelt runoffandto clarify the value otlimate changémpactson the hydrological process .It

is envisaged thahese results carffer decisional references for the watesource managers of the
Euphrates, Tigris¢ oruh, and Arasiver basins.

1.3 Literature Review

Some studies haw&hownsignificant trends in some indicators of runoff/streamflow, and some have
demonstrated statistically significant links with trends in precipitation or temperature,(@@C0. In
someregionsof the world, variations in flow from year to year have bemumfl to be much more
strongly related to precipitation changes than to temperature changes. In large parts of eastern Europe,



a major shift in runoff/streamflow from spring to winter has been associated not only with a change in
precipitation totals but mre particularly with a rise in temperature; in other words, precipitation has
fallen as rain, rather than snow, and therefore has reached rivers more rapidly than before (Arnell
1999).

The effects of climate change on hydrology have been investigatednystudies acrosthe world.
The followings provide a brief description efich ofthese studies related to subject of the present
study.

Chen et al. (2007) investigated the effects of climate change on water resources of the Tarim river
basin in Nortiwest China. The lonterm trend of the hydrological time series including temperature,
precipitation, and streamflow are detected by using both parametric and nonparametric techniques.
They found that there was an increasing trend in temperature, pagoipitand stream flow. The
conclusion obtained in this investigation shows that the temperature experienced a significant
monotonic increase at the 5% level of significance during the past 50 yr, and precipitation also
exhibited an upward tendency duritig past several decades.

Bou-Zeid and E{Fadel (2002) studied climate change and water resources in Lebanon and the Middle

East. According to this research, climate change is expected to further exacerbate existing water
shortages. Although decrease negpitation was not predicted in Lebanon, temperature increases of

062. 1AC would i mpact the water balance and reduce

Mizyed (2009) evaluated the impacts of climate change scenarios on water resvailedslity and
agricultural vater demand in the West Bank. The West Bank was taken as a case study from the
Mediterranean basin to evaluate the effects of such climate change on water resources availability and
agricultural water demands. GIS spatial analyses showed that the inoreare@erature predicted by
climate change could potentially increase agricultural water demands by up to 17% and could also
result in reducing annual groundwater recharge by up to 21% of existing values.

Loukas et al. (2007) assessed climate changedrmught impulses in Thessaly, Greece and
emphasized that according to examined climate change scenarios, frequent, extreme, and spatially
extended droughts would be expected in the future.

The effects of climate change on water resouirtdsirkey hae been studied by several researchers.

Fujihara et al. (2007) evaluated potential impacts of climate change on the hydrology and water
resources of the Seyhan river basin located in southern Turkey. They indicated that, compared with
the present, precipitatiodecreased and this resulted in a considerable decrease in streamflow, in
which the peak monthly flow occurs earlier than at present.

Demir et al. (2007) investigated climate change effects on temperature and precipitation in Turkey.
According to the prapitation and temperature values of 198190 interval, changes for the period of
20712080 were evaluated. They found that highest temperature increases were in the summer season,
the changes in total annual precipitation amounts had a generally degreasiency.

¥ zkul (2009) evaluated the impact of expected climate change on hydrology and wateresesdur
regional and local leve! This study covers the generation of climate change scenarios, modeling of
basin hydrology, and testing the sensitivdfyrunoff to changes in precipitation and temperature in the
Buyuk Menderes and Gediz basins. Simulation results of the water budget model shown that nearly
20% of the surface waters in the studied basins will be reduced by the year of 2030. By tBé5@ars

and 2100, this percentage will increase up to 35% and more than 50%, respectively.

Mengu et al. (2008) studied effects of climate change on agriculture and water resources of Turkey.

They concluded that along with an expected increase in tempecétin@ A C, rainfaldl wa s
with snow in winter, annual precipitation showed a significant decrease, and streamflow dramatically
dropped. According to results of this study, they declared that, as the largest user of water, the
agricultural sector isxpected to be affected by global climate change more than the other sectors

Durdu (2010 studied on effects of c¢climate change on \
basin based on temperature and precipitation data for the period 020983 Acording to the



results of analysis of the parametritest and nonparametric Masfendall statistical test results
showed an increasing trend of the temperature. For the selected period the temperature increased just
about 1 AC. Thi s,th® tecrdagingdreng of the streamftbw in theatributaries had a
strong correlation with changes in temperature and precipitation.

G¢meg K )( 20v0a6l uated the Férat river basin streamflow by
and norparametridMann-Kendall test applied for temperature and precipitation data of these stations.

A declining meaningful trend was observed in the study in annual average streamflows in the 2
stations at the Lower Férat Ri ver rmBHsstatons and a mea
throughout the river basin in minimum streamflows, with an increasing meaningful trend in 1station

and no meaningful trend in maximum streamflows.

ken et al (2011ysed Center Time method to analyze 7 streamflow stations from Euphrateig@asid T
basins to indicate the shifts in streamflow timings to earlier times. 6 of the 7 selected stations show
significant trend. This study concluded that, the increases in temperature, whether they are due to
climate chage and/or teleconnections, mayfegted significantly water resources in eastern
mountainous part of the Turkey.

Al t ¢ r K anbhZzdéd @ &tations from Tigris and Euphrates basins by Center Time method in order
to show the shifts of melting of snow times to earlier times. A shift in itheng of springtime
snowmelt towards earlier years was observed during-2000 in many rivers. Trend analysis was
done by ManrKendall and T tests. This study was the first study in Turkey about shifts of melting of
snow times. The difference of our syuflom this study is that, additional basins and stations are used

in our study. In addition to center time analysis, the snow quantity and changes in precipitation phases
are also analyzed in our study.

1.4 Description of Thesis

In the first chapteof this study, brief information about the topic and the goal of the study are given.
Second chapter gives information about the data, study area and the methodology used in analysis.

The third chapter presents analysis results with trends and graptfaahation while the fourth
chapter gives discussions of the results. The last chapter provides the summary and conclusions for
the study.



CHAPTER 2

DATA, STUDY AREA AND METHODS

2.1Data and Study Area

Turkey is divided into 26 surfadeydrological basings shown inFigure 1 Euphrates (21), Tigris
(26), ¢oruh ( 23) locateddn aAnpuatainoys 2edrgin obeassein part of Turkey are
used to perform the study in this thesis.

Daily streamflow record$rom 15 stationscompiled by EIEwere usedacross the selected basins.
Total of 15 stations is distributezh the entire region of mountainous eastern part of Anasli@in
the Euphrates basin, i Tigris basin, 2in ¢oruh basinand 2in Aras basinwhich are shownvith
their station numbers and black filled circtasthe physicalmap of Turkeyin Figure 2

The Euphrates basin is studied through three-lmgdins, which are Upper Euphrates, Middle
Euphrates, and Lower Euphrates. Among eight stream gauge statifugshirates basin, 2, 4, and 2 of

them are respectively located in upper, middle, and lower parts of the Euphrates basin. These stations
with their river basins and network prepared in GIS (Geographic Information System) are also shown
in Figure 3. This figte clearly shows that selected stream gauge stations are located at upstream part
of the basins where the influence of available reservoirs on discharges is negligible.



TURKIYE FiziKi HARITASI

Figure 2. Selected stream gauge stations are showntivtheir numbers as black filled circles on Turkey physical map.
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The selection of the statioms the regionis based on the length die records and the continuous
nature of the data. The selected streamflow gauging stations are not regulated by large storage
reservoirs antheir effect on streamflow idescribed by 10%k(e n
this study have relativelyatural flow. Moreover, the elevations of these stations are higher than 800
meters. Table 1 givemformation about number, name, river, record length, and elevafidhe
selected streamflow statianBhetables of the all stream gaugstations inthe region are attached to

the AppendixA. As seen in Table 1, all selected stations have adequate record(lemgah least 40
years)for makingstatisticalanalysis to detect possildiendsin streamflow data

e t ).a&Herivers iacluded in

Table 1. Data period and elevations of selectestreamflow stations.

NUMBER STATION DATA PERIOD | ELEVATION (m)
EUPHRATES BASIN

2102 Murat Suyu - | Palu 1936-2010 852

2122 Murat Nehri - | Tutak 1953-2010 1552

2124 TohmaSuyu |-|Yazék?®y 1954-2010 1193

2133 Munzur Suyu |-|Mel ek bah 1953-2009 875

2145 TohmaSuyu |[-|Hi sar cék 1962-2010 933

2156 Férat N|-|Baj éktacxk 1968-2010 865

2157 Karasu -|lKarak®opr 1968-2007 1250

2164 G°yn¢gk |-|¢taya] ze 1968-2010 990
TIGRIS BASIN

2610 Bitlis |[-|Baykan 1954-2010 698

2620 Zap Suyu -1 zé¢me g 1968-2010 1072

2621 Zap Suyu - | Musahan 1968-2010 1725
¢ ORUH BASI N

2316 ¢oruh N|-[Kspir K° 1964-2010 1170

2325 Oltu Suyu -|lAkaj é& Ku 1973-2010 1129
ARAS BASIN

2402 Aras Nehri -|[Kaj] @z man 1953-2010 1140

2415 Kura Nehri -lUr Ke°p. 1969-2010 1750

In order to support trends available in streamflow data, meteorologicablessuch as maximum,
minimum and mean air temperatueand precipitation are required. These meteorologaath
representing thetreamflowstations are obtained from MGM and their station details such as number,
name, ecord length, and elevation are providedTmble 2 Usually these stations are situated at the
city center and their locations can be seen in the phalysiap of Turkey in Fjure 2and GIS layer in

Figure 3



Table 2. Data period and elevations of selected meteorological stations

NUMBER STATION DATA PERIOD ELEVATION (m)
17199 MALATYA 19762010 947
17203 BKNG¥L 19702010 1177
17165 TUNCELK 197062010 981
17204 MU k 197062010 1322
17099 AJRI 19702010 1632
17094 ERZKNCA| 19702010 1218
17848 BKTLKS 197062010 1573
17285 HAKKARK 19702010 1727
17630 ARDAHAN 19702010 1829
17045 ARTVKN 19762010 628

It is notedthat streamflowdata for the year 198&presergt an outlieramong other stationwith a
relativelywarm winter andiry water yeafCullen and deMenoca2000) The outlier is replaced with
anaverage value by using data values of the y&a#6 to 2010

2.2 Methods

In this chapter, the following sufections describe each method tietapplied to minimum,
maximum and mean air temperature, precipitation, and stieandata to detect any discebhé
changes andetermine significanckevel of the resultdn addition, Centeifime method is introduced

to show whether there is a temporal shift in streamflow data or not because of the increased
temperature in time.

2.2.1 Center-Time (CT) Method

In order to detect the changes in the streamflow timingarekers have used different measures,
such as "spring pulse onset" that defines the date when snowmelt streamflow begins to make the
major "climb up" in spring or early summer (Cayan et al., 2001), and "center time" (CT) that defines
the date that mark&ée timing of the center of mass of annual flow (Stewai.e 2005). In this study,

we usedCT method tadetectany shifts in streamflow timing.

As it is mentionedCT is defined as the date marking the center of mass of annual flow for each water
year(Stewart et a).2005),or the date when half of the flow for each water year has occ(kezdet

al., 2011) As simple, from the beginning of the water yeat ¢1 October), for 12 months period, the

half of the cumulative streamflow is counted. Theedahen this quantity is reached is named as
Center Timg Al t ¢ B)k , 200

The CT date is calculated by this equation (Equation 1).

B on
BA P

Here t is the time in days since tHeeginning of the water year SIof Octobe}, and q; is the
corresponding streamflofer dayi. This equatiorwas adopted from Stewart et al. (2004, 2005).



The CT's of each streamflow statiovas calculated for the selected period (32020). The CT
graphs of each station is plotted.

2.2.2 Mann-Kendall Test

A series of observations of a random varialdaily streamflow, daily precipitation ejchave been
collected over some period tine. We would like to determine if their values generally increase or
decrease (getting "better" or "worse"). In statistical terms this is a determination of whether the
probability distribution from which they arise has changed over time. We wouldilesto describe

the amount or rate of that change, in terms of changes in some central value of theidissuch as

a mean or mediafHelsel et al.2002)

The time trends of streamflow, precipitation, and air temperature for all stations astigated by
computing the statistical test called Malkandall test. In addition to that, the changes in CT of each
stationareanalyzed. MarniKendall is a nonparametric or, distribution free test for trends.

A parametric test like linear regressiomist considered appropriate singteeamflow characteristics
generally are not normally distributed (Gebert and Krug, 199éhy authorshave successfully used
MannKendall test to identify the trends in the stream flow and precipitation data (Gebertragnd K
1996, Yue and Wang, 2002, Kahya and Kalayci, 2004, Rose, 2008). The null hypothesishkt
there is nax;, é é X significant temporal trend in the series. The alternative hypothesiss Hhat
the dataset show significant temporal trend.

In this study, 90% confidence level is used. The confidence level is a measure of confidence in
rejecting the null hypothesis. The correspondingi(fical) standard deviate for 90% confidence level
is 1.65.

The test statistic S, which has mean zero anariance computed by Equation (4), is calculated using
Equations 2) and @), and is asymptotically normal (Hirsch and Slack, 1984):

i Q& w T QQw o s (3)

The notation t is the extent of any given tie
the sample size n > 10, the standard normal variate z is computed by using Edi)dfimuglas et

and xt

al., 2000).In a twosided test for trend, $should thusb@ac cept ed i f bzb O zU/ 2 at th

signific anc e . A positive value of S indicates an
indicates O6downward trend©o:
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2.2.3 Sequential Mann-Kendall Test

Sequential valuesi(t) and u'(t)from the progressive analysis of the MéKendall test were
determned in order to see change of trend with time (Sneyers, 1990). Herein, u(t) is a standardized
variable that has zero mean and unit standard deviation. Therefore, its sequential behavior fluctuates
around the zero level. u(t) is the same as the z valuearhdound from the first to last data point.

This test considers the relative values of all terms in the time gerjesé é x,)The following steps

are applied in sequence:

1. The magnitudes of annual mean time series, (j = 1, . . ., n) are congpaith %, (k =1, . . .,{1).

At each comparison, the number of cages ¥ is counted and denoted by n

2. The test statistic t is then given by equation

3. The mean and variance of the test statistic are

—_
©
>
mp
mp
O
N
m
Cc

%O — AT A6AO X
T

4. The sequential values of the statistic u(t) are then calculated as

0 00

WWIo

Similarly, the values ofu'(t) are computed backward, starting from the end of the series. The
sequential version of the Maiendall could be considered as an effective way of locating the
beginning year(s) of aend(Partal et al.2006).

If u(t) graph and u'(tyraph lines come closer to each othadintersects each other one or a few
times this means a meaningful treadd these intersection points are accepted as the start oflfrend
the two graphs () and u'(t) coicides each other several times and moves almost parallel to each
other,this means that there is no such a meaningful trEadexample, Figurel(a) shows that the
data set proves Ho (no trend), and Figd(ie) shows that the data deas a meaningful trend and the
year2003 can be accepted as the start of trend.

11
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Figure 4. (a) and (b) Example u(t) and u'(t) graphs.

2.2.4 Spearman's Rho Test

Spearman's Rho Test isnan parametric measure of statisticddpendence between two variables
described byCharles Spearmamssesses how well the relationship between two variables can be
descibed using a monotonic function.

The rank statistics ,Ris determined by sequencing the data in ascending order omdesr®rder.
The null hypothesis, § is that there is no (x é é X significant temporal trend in the series. The
alternative hypothesis,His that the dataset show significant temporal trend.

The Spearman's Rho test statistic is given by equation

In cases where the sample size n > 30, since;th@pproaching to normal, the stardlaormal table
is used.

The test statistic (Z) for,ris computed by equation

O 1M p p T
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CHAPTER 3

RESULTS

3.1 Temperature Analysis

Daily temperature dataf the selected stations (Tali?¢ are obtained from MGM. These data are
analyzed to show the fact thathetherthere is an increase in temperature for these selected basins
not From the obtained data, the arsaly ae done in daily, average, maximum, seasceuadl period
bagsas 19701990and1991-2010 period separately.

The averages of daily temperature between the years 1970 and 2010 are calculated from data of
stations. The average temperatures show incre&sind as expected. Figure 5 shows the tsenfd
annual averagemperatures for each meteorological station.
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Figure 5. Annual average temperatures of meteorological stations.
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Figure 5 (continued)
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Figure 5 (continued)
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Figure 5 (continued)

As can be seen in the graphs, all the stations have an increasing taemdidteverage temperatures.
Mu station has the highest slope with an increase of@€adtemperature, and the smallest slape
seen on Bing stationwith an increase of +0.2G in temperatureAlthough the slopes of the trends
are different, there is+1.3C increasdn temperaturesis an avearage of selected 10 meteorological
stationshetween the years 1970 and 2010 for setbstations.

The snow accumulation period is known as from November to February for this relgienthe
melting periodcontinuesfrom March to Juneln order toshow in which period the warming trend is
more significant daily average temperatw®f each statioralong with accumulation and melting
periodsareobtained anghown in Figures.
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Figure 6. Daily average temperatures for snow accumulation periods (Figures:@&e-g-i-k-m-o0-g-s) and
snow melting periods(Figures: b-d-f-h-j-I-n-p-r-t) of meteorological stations.
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Figure 6 (continued)
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Figure 6 (continued)

These graphs emphasize that, stightly higher slopes imccumulation periodhan that inmelting
periodreleases more/armingtrends This meanshatincreases$n winter temperatureare higher than
increass in springtemperatureg¢see Table). With the analysis o§treamflow and precipitation data

throughthesetwo periods,such arincrease in temperatuvell be investigatedvhether it doesead to
decrease in snow cover not.

The averages of daily minimuand maximunmemperatures from 1970 010 are calculated from
data of stationdor more information Daily minimum and maximumtemperatureplots of these
stations arshown inAppendix B.

According totrend analysi®f theseplots all the stations have positive trend for both maximum and
minimum temperatureSame as in the daily average tempaetanalysis, the highest slope is in the

Mu K

stati

on

and

t he dstaidnl As antavemgembtaal 10 sneteorlogicdl e

statiors, there is +1.4% increase in daily minimum temperaturasd +1.37C increase in daily
maximum temperatures. The increases in minimum temperatures are results of increases in nighttime
temperaturesThis may indicate the phase change pirecipitation from snowto rain. Table 3
summarizes the results of temperature changes.
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Table 3. Changes in temperatures of selected stations between the years 12000

STATION MAXIMUM MINIMUM AVERAGE [NOVEMBER-FEBRUA MARCH-JUNE
TEMP. TEMP. TEMP. AVERAGE TEMP. AVERAGE TEMP.

MALATYA +2.0 +1.2 +1.6 +1.6 +1.6

. TbhDm[ +0.5 0.0 +0.1 +0.4 +0.6

¢i b/ 9T +20 +1.0 +1.0 +1.6 +1.2

a | +1.5 +2.5 +2.0 +2.3 +2.8

I FwlL +2.0 +2.4 +1.9 +2.7 +2.2
9ww»%Thb/[! b+15 +2.5 +1.9 +2.2 +1.6

. Te[ TI{ +1.5 +0.6 +0.8 +1.1 +1.4

11 YY! wT +05 +0.9 +1.3 +1.7 +1.4
ARDAHAN +1.2 +2.2 +1.4 +2.3 +1.5
lwe Tl +1.0 +1.2 +1.0 +1.0 +0.3
AVERAGE +1.37 +1.45 +1.30 +1.69 +1.46

As can be seen from the Tablet@mperature was increased during this 40 years period. All of the

selected stations data show a positive trend for temperature anghssisiost temperature increase is

obtained during accumulation period (4.5 parti cul ar lryé, wiB rhakkdrumc el i , Aj
Ardahan, and Artvin stations, whose temperature increases are greater than temperature increases in

melting (spring) period at these statiofie increases in NovembEebruary periogrobably dfect

the phase of precipitation since this period reflects the accumulation periatutyrregion. In

addition to that,increasse in nighttime(minimum) temperatures are higher than increases in daily

averageand maximuniemperatures.

Changes inannual aveagetemperature from 1970 to 1990s also shown inFigure 7 This figure
emphasizesghat, March is the transition month in the region when the temperatures change from
below zero to above zero.
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Figure 7. Monthly average tenperatures from 1% of October to end of September for the years between
1970 tdl990

The differences in monthly average temperatures between the period28®and 1971990 is
alsoshown in Figure8. Regionaltemperatures increase in almost all months in the second period
(global climate changeMarch warming tends more to keep the reao temperatures at the positive
side, so increases the snowmelt and river disckamghis month( &n et al., 2011).
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Figure 8. The differences in monthly average temperatures between the periods 192210 and 19961970

3.2 Precipitation Analysis

Daily precipitation dateof the selected stations (Tab® are obtained from MGMUsing daily

precipitationdata,annual average precipitation and annual cumulative precipitediloies along with
19702010 periodarecalculated Annual average precipitation plots of each stafrom 1970 to 2010
are shownn Appendix C.

In addition to thes@lots the cumulative deviatioanalysis is performeth order to exhibit the dry
and wet periodghrough the entire analysis period.

The changes iannualaverage precipitation in this study regiare not so significanfAs an averge

of selected 10 meteorological stations, anrayedrage precipitatiors increased.5% from 1970 to

2010 Annual averagerecipitationof selected stationshowed an increasing trend except Malatya,
Ajr é and Bi tlitlid motedsthab precipitaiB changes (increase or decrease) are not
significantly important for the entire period while significant temperature increases are obtained for
the same period. Thimay indicate thechanges in intensity/duration girecipitation due to the
attribution ofimportant warming in this region.

In order to examine changes precipitationduring snow accumiation period, total precipitation

amount within this period fromfNovember to Februargt each year from 1970 to 2010sisown in
Figure9.
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Figure 9.

Total precipitation from November to February at each year from 1970 to 2010
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As can be seen from tHeigure 9, except two stations Arjé a n d whiBh arel alss the stations
where annual average precipitation shows negative @#neight stations have positive tretitht
shows increase in winter precipitatioRrecipitation trend in accumulation period is much more
significantthan the trend in annual average precipitaiioh9702010 time spanAlthough there is an
increase in accumulation period precipitations, there is a decrease in melting period trends. As can be
seen on Tabld, average change iotal precipitation fomccumulation period is +348 mm, whereas

the melting period had851mm.The increases in accumulation precipitations represent the increases
in winter precipitationsThe most temperature incregsd.69°C in all region)in accumulation period
coincides with precipitation increase (+31.48 mm in all region) in the same period. Therdfise, i
likely that warming effect influences the phase of precipitation during accumulation period.
Additional comments about the phase and intensity of the precipitaiégnbe done after analyzing

the streamflow changes.

In order to find the changes in precipitation as a proportion from 1970 to 2010 (see Table 4), the trend
equationof the fitted lines areused. These proportions represent the changes in precipftatiothe
starting point of the fitted line to the end point of the line.

Table 4. Precipitation changes from 1970 to 2010 for the accumulation and melting periods of the
meteorological stations

STATION CHANGE IN TOTAL PRECIPITATION (NOV{ CHANGE IN TOTAL PRECIPITATION (MAR-] CHANGE IN ANNUAL PRECIPITA]
(mm) Proportion (%) (mm) Proportion (%) PROPORTION (%)
MALATYA +11.1 7.3 -110.9 -46.3 -18.24
. TbDm| +76.0 15.6 -58.5 -14.7 6.9
¢l b/ 9|T +82.6 20.6 -17.8 -5.7 13.0
a| +73,8 21.8 -175 -5.3 10.8
' FwlL -60.3 -28.2 +1.7 0.7 -5.1
9w%Th/|!b +30.3 24.4 +1.0 0.6 10.9
. Te[ T{ -475 -7.4 -7.2 -15 -3.1
1YY WT +49.6 135 -84.5 -26.8 0.05
ARDAHAN +58.9 63.3 +99.5 43.4 45.5
lwe+Th +40.3 11.8 +9.1 4.1 15.1
AVERAGE +31.48 14,3 -18.5 -52 75

Annual total precipitation together with cumulative deviation at each station from 1970 to 2010 was
calculated and shown Figurel0.
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Figure 10. Annual total precipitation and cumulative deviation line at eactstation from 1970 to 2010
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Figure 10 (continued)

Similar to annual average precipitatiobends §ee Figureb), annualtotal precipitation values do not

show any significant change through the time span from 1970 to. ZbE8e analyses show that
increases in accumulation period is balanced by decreases in melting period so that annual
precipitation trends do not show sificant changes in precipitation along with evaluation period.
This means that precipitation does not show iaterual variation but it does show inttanual or
seasonal changes because of the climate change. The changes in precipitation duringtamccumula
period aremuch more discefhle in all stations for the same data period. When inspecting the
precipitation trends at eadtation inFigure9 and FigurelO, Malatyg ~ A] rBdélis iadicate some
negative trend whilether stations showitber notrend or slight positive trend'rend decrese in

Aj ré and Bi tcdused by precipitaiion sesrease rineaccumulation pes&®d3 mm and

47.5 mm, respectively) whilsuch decreasing trend in Malatigaattributed by precipitation decrease

in melting period (e.g-110.9 mm). A slight increase trend of annual or average precipitation at all
other stations along with evaluation period is causegrbygipitationincrease in accumulation period

at these stationsé¢eTable 4. For exampleamong thee stationsArdahanshowsthe mostignificant
increasingrendin total precipitatiorbecause such trend is seen in both accumulation (58.9 mm) and
melting (99.5) periodsln general, it appears that significant warming trend at all stations (shown
previously) has some consequences on precipitation through its type, intensity and duration at these
stations.These changes will be examined with changes in temperature and streamflow data.

Cumulative deviation lineglentify the wetanddry yearsalong with data period from 1970 to 2010

In thesegraphs(Figure 10), threest at i ons showed negative trend
Bitlis) indicate a dry period while the rest of the stations showed positive trend indicates a wet period
towards the end of the evaluation period from 1970 to 2010. Especially, wet pefiddsio and
Ardahan are very distinguishable from others.
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3.3 Sreamflow Analysis

Daily averagestreamflow data obtained frofrb EIE stations whose information is given in Taldle
areanalyzed. These daily data are used to calculate the montigge streamflow and the average
streamflow for snow accumulation period and melting perfodsach year

Accordingto Figure 11(MGM, 2011), positive temperature anomaly more pronounced after the
year 1990 especially when that perisdcompared to the years prior to 198ubstantialncreas in
atmospherigreenhouse gassesncentration in recent years is responsiblepfsitive temperature
anomalyshown inFigure11l.
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Figure 11. Annual average temperatue anomalies in Turkey (MGM, 2011)

In order to show whether therean earlier shift in melting of snow because of increase in temperature
monthly streamflow datat each station during 191®90 and 1992010 periods arealculatedand
shown inAppendx D. In additionto these figures, the differences in théwo periods are also plotted

in Figure 12.

60,00

—4—2102
50,00

==2122
40,00

—ir—2124

30,00 —=2133

20,00 =—=2145

10,00 - —0—2156

0,00 | ——2157
—2164
-10,00 -
2610
20,00

——2620

-30,00 —m—2621

-40,00 T T T T T T T T T T 1 2316
ocT NOV DEC JAN FEB MAR APR MAY  JUNE  JULY AUG SEPT

Figure 12. Differences in average monthly streamflow between two time periods of 192010 and 1970
1990.

The sign of warming effect on streamflow data during the 182D period can be interpreted with

the higher monthly discharge values in March and the lower monthly discharge values in May or June
than the corresponding monthly flows during 19890 peria as they are describing the starting and

33



ending months of melting period respectively. Monthly streamflow values of-2080 period at
2124 and 2145 stations are always lower than the streamflow values durind 99 @eriod. The
warming effect during 990-2010 seems to be more pronounced at these two station&psendix
D) and therefore, it creates a large discrepancy in monthly streamflow values along with entire water
year. A great decreasing trend in precipitatidrd 0.67 mm) during melting pexddrom 1970 to 2010
at Malatya station may attribute to this large discrepancy at these two stream gauge stations.
Additionally, 2620 and 2621 stations during 198110 also show consistent lower discharges in
summer months because of the fact that sicgnifi decreasing trend in precipitatio84.98 mm)

durii
s ame

ng

mel t i

result
period of Turkey.

ng
i n

period from 1991 12608 2odclu@ed the
I8)i emphasized orythe starting yearkas 19200f@ the warming

Hakkar i

According to temperature analysis (Figure 8), the increases in melting period temperatures (mostly
March), caused early melting and as a result increased the streamflow in the starting days of melting
(mids of March) (Figure 12).

As an exampleof annual streamflow datannual streamflow graph fdahe station 2402or these
periods (19761990 and 199PR010) is shownin Figure 1. On the graph the fraction of the
accumulated streamflow from 1st of October is sholime shiftin Center Time betwen these two
periods is also shown on the same Figure.
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Figure 13. 2402 Stream gauge station accumulated streamflow for the periods of 197990 and 1991

2010.

For the whole period (1972010) changes in streamflow fenow accumulation period andetting
period areanalyzed Appendix B. According to these resujtagaindischarges astations 2124 and
2145 showthe most discernablgeneraldecreasing trendluring melting periocof the yearsfrom
1970 to 2010Similarly, discharges during accumulation period at these two stations also show a
general decreasing tremdthese stationsshoweda consistenwarmingeffect along with each month
of the water yearin 19902010. Decreasing trend in these two stream gauge statisnalso
attributable to significant precipitation decreases in melting period observed at Malatya(3taibien
4). A similar but less significant decreasing trend observed at 2620 station during melting period is
also probably because of decrease imrser precipitation at Hakkari statigfiable 4) Contrary to
this, stream gauge stations 2316 and 2415 show increasing trend in discharge during melting period
because meteorological stations (Artvin and Ardahan) close to these two stream gauges indicate
important increases in precipitation during both accumulation and melting periods (58.9 mm and 99.5
mm in Ardahan; 40.9 mm and 9 mm in Artvi(ijable 4) In addition, 2133 station also shows
appreciable increasing trend in discharge during melting peremhuse of the largest increase
observed in precipitation (82 mm) during accumulation period at Tunceli stitianher stations,
discharge values during accumulation period do not showstatistically significanttrend while
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someplausible general ineasing trendée.g stations2156, 2157, 2402, 241%5ppearduring melting
period.

In order to show and better interpret the possible impact ohtdiwwarming on streamflow dathe
CT graphs of each statidnom 1970 to 201@reprepared anghown inFigure14. Accordingto trend
lines, the shifts of CT of each station are also showeath plot.
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Figure 14 (continued)

Whether or not there is an increasing or decreasing trend in dischdnge3T tplots at la stations
have negative trends. Thexplains the fact that climate warming dkear evidence in the region
because in various ordessall stations, theneltingtime of snow shiftso earlierfrom 1970 to 2010
Stations 2124 and 2145 shows the most larGd@sshiftsto earlier along with the trend line with the
values of 19 and 16 days respectively between 1970 anda®0sitbwn in Table,hichsummarizes
the CT shifts in days according to the trend line at each statidigh CT shifts are generally
consistent withdecreasing or no tresdn discharges during melting perig¢see stations 2124, 2145,
2610, 2620, 2621, and 2164)n the other handhe leastCT shiftsto earlieroccurred on stations
2122, 21332316 and 2325 with thealuesof 2, 2, 4, and 3 days resfively (see Tablé). These
stations also correspond #&ogeneral increasing trend in discharges during melting periodr &dde
4). Even thoughdischarges astations 2156, 2157, arg#102 showa generhincreasing trendluring
melting period there istil a considerable warming effecn them because theshow CT shifts to
earlier in 6, 6, and 7 daysespectively.
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Table 5. CT shifts to earlier times of streamflow stations

NUMBER STATION ELEVATION (m) CT SHIFTS TO EARLIER
2102 Murat Suyu Palu 852 7 DAYS
2122 Murat Nehri | Tutak 1552 2 DAYS
2124 |TohmaSuyu |Yaz ék®°y 1193 19 DAYS
2133 Munzur Suyu |[Mel ek ba 875 2 DAYS
2145 |TohmaSuyu |Hi sar cé 933 16 DAYS
2156 Férat N/Baj ékta 865 6 DAYS
2157 Karasu Karak®p 1250 6 DAYS
2164 G°yn¢k |[tayajze 990 12 DAYS
2610 Bi tl i s |Baykan 698 8 DAYS
2620 Zap Suyu I Z¢mc g 1072 11 DAYS
2621 Zap Suyu Musahan 1725 14 DAYS
2316 ¢oruh N|Kspir K 1170 4 DAYS
2325 Oltu Suyu A K a Kmlu 1129 3 DAYS
2402 | Aras Nehri Kaj &z ma 1140 7 DAYS
2415 Kura Nehri Ur K°p. 1750 10 DAYS

3.4 Sreamflow - Temperature - Precipitation Analysis

Since the streamflow stations have no temperature and precipitation observations, meteorological
stations are used to determine the interrelations among these variables. Using daily average
temperatures of all meteorological stations, days with aveesgeerature valuethat aresmallerthan

0°C are counted from October 1 to @T each year and they are shofen each statiofirom 1970 to

2010 period inFigure 15 Streamflow and meteorological station pairs used in preparing these plots
are also giverin Figure 15 Theseplots help us to comment about the shifts of @ earlier.The

higher the number of daily average temperature days below freezing the higher the station elevation
and the more inland position of te&tion inFigure 15 For exampleArtvin is located close to Black

Sea and thu$aving the least number of days having daily average tempeiadlogy freezing

comparig to other stations iRigure 15
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Figure 15. Number of days smallerthan 0°C daily averagetemperature, from 1% of October to Center
Time of each stationand average of total 15tations

The trend analysisn Figure 15complies with the trend analysis already showiCihplots of each
stationin Figure 14 Decrease in the number of days maydaily average temperatudess than
freezingfrom 1970 to 2010ndicatesthe warming effect with the release of imcrease in average
temperature of tree daystoward the year 201@t the analysis station3herefore, a pronounced
increase in temperaticauses tehift of melting of snow to earlier timess shown in CT analysis.

For example, temperature increase toward year 2010 and subsequent shift in snow melt can be more
obvious at 2124 and 2145 discharge stations paired with Malatgmroktgicalstations in Figure 15

When increasing trend in temperature (minimum) associates with decreasing or no trends in discharge,
number ofdays below freezing towards 20H&creasesHowever, such interrelationship can be
weakly described with station pairs 28122A g ra@d 2133 Tunceli, which showed the least CT
shifts.

In a further analysiprecipitation data is introduced to previous analysideterminenumber ofwet
daysand accumulatedorecipitationamount at the same station paateng with 190-2010 period

These plots are respectiveghown in Figure 16 and Figure 17 for wet days and accumulated
precipitation amount up to CT of each yeahe number of wet days and accumulated precipitation
amountin thesefigures implicitly describe the number sfiowy days and accumulated snow amounts

up to CT at the meteorological stations. On average, cumulative wet days decreased from 26 days to
21 days for 40 years of analysis perighile cumulative precipitation decreased from 148 mm to 140

mm for the sameariod. Station pair of 2418\rdahan shows increasing trend in wet dagsArdahan

station also indicatesery significant increases in precipitation duringcuraulation and melting
periods (58.9 mm and 99.5 mn®articularly, station pairs of 234&rtvin, 2402Agri, 2145Malatya

display a considerable decreasing trends in both wet days and accumulated precipitation amoun
between 190 and 2010 years. In a reliable interpretation of the analysis obtained from these figures
the role of the distance betweesdaharge station and meteorological station is very important because
the type and amount of precipitation greatly varies with altitude in short distances. In addition, we
should also consider that meteorological stations are located within city centtdreaciimate will

differ from the basin where discharges are measured. These facts introduce additional uncertainties
into the analysis shown Ifigures 16 and Figure 17
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Figure 16. Cumulative number of wet days smaller than 6C daily average temperature, from £' of
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3.5 Satistical Trend Analysis

Trend analysis is performed using a computer progvaliTrend Analysis For Windows" written in
Delphi 7 programming languaghat is developed y G¢ m¢ k This Di@dain)is useful to
analyze data with ManKendall test, Sequential Masitendall test and Spearman's Rho test.

First trend analysis done ondaily averagegemperature values in order to see that, these inaréase
termperature are significant orot. Table6 summarizes the results of this analysis.

As already mentioned in Methods part, thd val ues are related with
confidencelevel, which corresponds to 1.65 threshold valiseused inall trend analysis. If the
confidencelevel is increased to 95%, the value of the threshold becor@iés According to trend
analysis results, directions of trends are shown as (+) @s(increasing trend or decreasing trend

The results of these twostis in respect to power of trends differ from each other due to methodology
of these tests. In this study, two different tests are used in order to strengthen the sigrificance
trends.

Table 6. Statistical trend analysis to ddly average temperature data of selected meteorological stations

STATION | ELEVATION (M) h T' n ®MANN-KENDALTRENDSPEARMAN'S RHREN
AGRI 1632 1,65 2,75 (+) 2,62 (+)
ARDAHAN 1829 1,65 2,64 (+) 2,66 (+)
ARTVIN 628 1,65 2,48 (+) 2,53 (+)
BINGOL 1177 1,65 0,17 0,17
BITLIS 1573 1,65 2,26 (+) 2,14 (+)
ERZINCAN 1218 1,65 3,79 (+) 3,64 (+)
HAKKARI 1727 1,65 2,41 (+) 2,5 (+)
MALATYA 947 1,65 3,63 (+) 3,46 (+)
MUS 1322 1,65 2,75 (+) 2,72 (+)
TUNCELI 981 1,65 2,19 (+) 2,12 (+)
Alst at i ons |show mganingf@d tramdyrésults for both Makandall and Spearman’'s Rho

tests.The highest trends are on Erzincan and Malatya stations. Temperature increases for these two
stations are muctmoothethan the other stations.

Trend analyses arelone on precipitation data of snow accumulation period (Novefmbemary).
Table7 summaizes the results of thesmalyses

Table 7. Statistical trend analysis to total precipitation from November to February period of selected
meteorological stations

STATION | ELEVATION (M) h I' 1 PMANN-KENDAITRENDPSPEARMAN'S RHREN
AGRI 1632 1,65 -1,85 (-) -2,23 (-)
ARDAHAN 1829 1,65 3,16 (+) 3,25 (+)
ARTVIN 628 1,65 0,99 0,87
BINGOL 1177 1,65 0,9 0,93
BITLIS 1573 1,65 -0,15 -0,14
ERZINCAN 1218 1,65 1,32 1,4
HAKKARI 1727 1,65 0,71 0,8
MALATYA 947 1,65 0,34 0,4
MUS 1322 1,65 1,46 1,49
TUNCELI 981 1,65 1,6 1,44
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According to trend analysis resuti§ accumulation period tal precipitation, the increases are not so
meaningful. The decrease in Agri station is statisticsifyificant On the contrary, Ardahan station
shows an expressive positive tremchich is also consistent with previous analy$isese changes in
precipitation quantitiesre analyzedin order to see the changes in phases of precipitaiiecause
most of the precipitation in this peri@ie snowand alsotie changes in snow quantity may also be a
result of temperature increase.

Trend analygs are done on annual average streamflow data. For missing data, in order to sustain

continuity average values not changing the slope of the trend are used3 $abimarizes the results
of this analysis.

Table 8. Statistical trend analysis to annual average streamflow of selected meteorological stations

STATION | ELEVATION (M) h I' 1 OMANN-KENDALTRENDPSPEARMAN'S RHRENI
2102 852 1,65 0,1 0,11
2122 1552 1,65 0,78 0,97
2124 1193 1,65 -3,74 (-) -3,61 (-)
2133 875 1,65 1,41 1,33
2145 933 1,65 -3,74 (-) -3,59 (-)
2156 865 1,65 1,58 1,65 (+)
2157 1250 1,65 0,8 0,65
2164 990 1,65 0,62 0,65
2610 698 1,65 0,33 0,39
2620 1072 1,65 -1,7 (-) -1,25
2621 1725 1,65 0,64 0,03
2316 1170 1,65 2,17 (+) 1,98 (+)
2325 1129 1,65 0,8 0,96
2402 1140 1,65 1,7 (+) 0,82
2415 1750 1,65 0,1 1,03

In addition to that, iace dealing with thehifts of melting of snowto earlier timestrend analysis to
the averagestreamflow of melting periodarchJung aredone Table9 summarizegshe results of
this analysis.
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Table 9. Statistical trend analysis to average streamflow of melting period of selected meteorological

stations
STATION | ELEVATION (M) h T' n MANN-KENDAITRENDSPEARMAN'S RHREN
2102 852 1,65 -0,80 -0,07
2122 1552 1,65 0,93 1,04
2124 1193 1,65 -3,38 (-) -3,28 ()
2133 875 1,65 1,46 1,49
2145 933 1,65 -2,84 (-) -2,79 (-)
2156 865 1,65 0,10 1,10
2157 1250 1,65 0,70 0,55
2164 990 1,65 0,15 0,23
2610 698 1,65 0,33 0,28
2620 1072 1,65 -1,22 -1,08
2621 1725 1,65 -0,01 -0,10
2316 1170 1,65 2,80 (+) 1,94 (+)
2325 1129 1,65 0,38 0,49
2402 1140 1,65 2,20 (+) 1,60
2415 1750 1,65 0,60 0,56

These two tables are very similargach otheraccording to trend results. For examptgardingthe
2124 stationthe decrease iannual average streamflow is so explicit. For the melting period the
power of trend is also obviously clear. Looking at the Sequential Mamaall test resultef this
station shows that, these two graphs indicate the same year 2003 as the start of trend.gRiglire

Figurel19)

—4,500

ou'(t)
au'(t)

1 1 1 1 L 1 |

1 a3
1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2002 2006 2009

Figure 18. Sequential Mann Kendall test u(t)- u'(t) graph for annual average streamflow data of 2124

station
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Figure 19. Sequential Mann Kendall test u(t)- u'(t) graph for melting period average streamflow data of
2124 station

Approximately same negative trend can bensem 2145 station. Trend analgseesults are also

obvious. 2316 station shows oppositely positive trend with meaningful trend results.

Trend analyss are done on Centdime data of the streamflostations.Table 10summarizeghe

results otthese analyses

Table 10. Statistical trend analysesto CT data of selected meteorological stations

STATION | ELEVATION (M) h T' n ®MANN-KENDALTRENDSPEARMAN'S RIFREN]
2102 852 1,65 -0,64 -0,9
2122 1552 1,65 -0,6 -0,3
2124 1193 1,65 -1,85 (-) -1,94 (-)
2133 875 1,65 -0,1 -0,69
2145 933 1,65 -1,94 (-) -1,1
2156 865 1,65 -1,38 -1,65 (-)
2157 1250 1,65 -0,63 -0,88
2164 990 1,65 -1,61 -1,88 (-)
2610 698 1,65 -1,9 (-) -1,26
2620 1072 1,65 -2,99 () -3,5 (-)
2621 1725 1,65 -3,12 (-) -3,1 ()
2316 1170 1,65 -0,71 -0,85
2325 1129 1,65 -0,25 -0,39
2402 1140 1,65 -1,35 -2,06 (-)
2415 1750 1,65 -0,95 -1,03

CT analyses indicate a sign of warming on streamflow through snowmelt and this was the motivation

point of this studyThe meaningful changes in CT for the stations (222415,2156,2164,261Q

2620,2621 and 2402) are analyzed in order to obtain an idea about the causes of these shifts.

For the temperatureprecpitation analysis, trend analysare done on the data Bifyure 15, Figure

16 and Figure 17. Table 11, Table 12 andl&dl3show theresults ofthese trend analyses
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Table 11. Statistical trend analyses to number of days smaller than 8C daily average temperature, from
1st of October toCT of each station of selected meteorological stations

STATION | ELEVATION (M) h T' n MANN-KENDAITRENDSPEARMAN'S RHREN
2102-BINGOL 852 1,65 0,50 0,33

2122-AGRI 1552 1,65 -2,81 (-) -2,82 (-)
2124-MALATYA 1193 1,65 -1,13 -1,47
2133- TUNCEL K875 1,65 -1,22 -1,56
2145-MALATYA 933 1,65 -1,13 -1,47
2156-ERZINCAN 865 1,65 -1,74 (-) -1,95 (-)

2157-MUS 1250 1,65 -1,63 -1,99 (-)
2164-BINGOL 990 1,65 0,50 0,33

2610-BITLIS 698 1,65 -1,22 -1,21
2620-HAKKARI 1072 1,65 -1,62 -1,76 (-)
2621-HAKKARI 1725 1,65 -1,62 -1,76 (-)
2316-ARTVIN 1170 1,65 -0,17 -0,56
2325-ARTVIN 1129 1,65 -0,17 -0,56

2402-AGRI 1140 1,65 -2,81 () -2,82 (-)
2415-ARDAHAN 1750 1,65 -1,83 (-) -1,80 ()

Table 12. Statistical trend analyse to number of wet days smaller than @ daily average temperature,
from 1st of October toCT of each station of selected meteorological stations

STATION | ELEVATION (M) h I' 1 OMANN-KENDAITRENIDSPEARMAN'S RHREN
2102-BINGOL 852 1,65 0,87 0,57

2122-AGRI 1552 1,65 -2,37 () -2,80 (-)
2124-MALATYA 1193 1,65 -1,43 -2,16 (-)
2133-TUNCEL K875 1,65 -0,53 -1,16
2145-MALATYA 933 1,65 -1,43 -2,16 ()
2156-ERZINCAN 865 1,65 -1,41 -1,65 ()

2157-MUS 1250 1,65 -0,78 -0,96
2164-BINGOL 990 1,65 0,87 0,57

2610-BITLIS 698 1,65 -0,75 -0,10
2620-HAKKARI 1072 1,65 0,31 0,16
2621-HAKKARI 1725 1,65 0,31 0,16
2316-ARTVIN 1170 1,65 -1,82 (-) -2,73 ()
2325-ARTVIN 1129 1,65 -1,82 (-) -2,73 (-)

2402-AGRI 1140 1,65 -2,37 (-) -2,80 (-)
2415-ARDAHAN 1750 1,65 0,87 0,74
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Table 13. Statistical trend analyses to aimulative precipitation value of the wet days smaller than @C daily
average temperature, from 1st of October t&CT of each station of selected meteorological stations

STATION | ELEVATION (M) h T' n OMANN-KENDAITRENDSPEARMAN'S RHREN
2102-BINGOL 852 1,65 1,41 1,48
2122-AGRI 1552 1,65 -2,95 (-) -3,13 (-)
2124-MALATYA 1193 1,65 0,1 0,15
2133-TUNCEL K875 1,65 -0,36 -0,4
2145-MALATYA 933 1,65 0,1 0,15
2156-ERZINCAN 865 1,65 -0,1 -0,37
2157-MUS 1250 1,65 0,4 0,39
2164-BINGOL 990 1,65 1,41 1,48
2610-BITLIS 698 1,65 -0,15 -0,07
2620-HAKKARI 1072 1,65 1,4 1,05
2621-HAKKARI 1725 1,65 1,4 1,05
2316-ARTVIN 1170 1,65 -2,16 () -2,88 ()
2325-ARTVIN 1129 1,65 -2,16 (-) -2,88 (-)
2402-AGRI 1140 1,65 -2,95 (-) -3,13 ()
2415-ARDAHAN 1750 1,65 3,72 (+) 3,96 (+)

These trend analyses are the main differences fhenpast studies. The number of snowy days and
the quantity of snow as pripdation release important informati@bout the climate change and shifts
of melting times. These analyses are interpreted in detail in discussions section.
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CHAPTER 4

DISCUSSIONS

In this study the shifts acfnowmelting times are analyzed for the selected 15 stations by CT method.
Although all the CTgraphs(Figure 14)shownegative slope, only five of these trends are significant
according toMann-Kendal trend analysigseeTable 10 and only six of them (seeTable 10 are
significant according to Spearman's Rho wgh 90% significance level.

After CT analysis, trend analysis is done on temperature and precipitation time series. All these
analyses give us information about the significance of the shifts in center times, and as a result effect
of climate change on snow melting.

Some of the sttions showing higher trends can be summarasddllows:

a. 2124 Station

This station is located on "Tohma Suyu"EuphratesBasin” with an elevation of 1193({Table J.
Malatya meteorological station's data are used for this station.

Accordingto CT trend results, there ia very significantrend inCT for the selected periodor 90%
significance level For both ManrKendall trend analysis and Spearman’'s Rho test, the trend is
negative(-1.85 and-1.94 respectively)The Sequential ManKendalltest graphs also show the trend

in Figure 20.
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Figure 20. Sequential Mann Kendall test u(t)- u'(t) graph for CT data of 2124 station

The intersection time for the u(t) graph and u'(t) graphr(2684) is named as the start of statistically
significant trend.
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For the temperaturdata of Malatya, the trends are positive. There i€Q@.Bicrease in daily average
temperature and approximately 2@ increase in maximurtemperaturgTable 3). Statistical trend
analyss results for daily average temperature dateety clear. For ManfKendall test the trend is
+3.63 and for Spearman's Rho test +3.46. So these results conclude that, tlstrenigircrease in
temperature for this statiomhe Sequential MariiKendall test graphs also shdle trend. Figure 21

The intersectiotime for the u(t) graph and u'(t) graph (year 1998) is named as the start of statistically
significant trend.
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Figure 21. Sequential Mann Kendall test u(t)- u'(t) graph for annual average temperature data of Malatya

For the precipitation data of Malatya, contrary to other stations there is a decrease in annual average
and annual total precipitation. As can be interpreted from the cumulative deviation Hitgiia 10

the dry period was started in 1988d continuedip to 2010. Although there is a slightly increase in

total precipitation from November teebruary graphRigure 9 for Malatyastation, the trend analysis
results show that this increase is not so meaningful. Mdd¢endall test result is +0.34 and
Spearma's Rho test result is +0.40. As a consequence, there is no any obvious change in precipitation
for the 40 years period.

Monthly average streamflow graph for 2124 smatiAppendix D coincides with thecumulative
deviation of total precipitatiomf Malatya station. The monthly average streamflow value fer th
period 19962010, whichis a dry period, is smaller than theriod1970:1990 period.

Annual average streamflow trends are analyzed with M&mdall and Spearman's Rho tests. The
results are-3.74 and-3.61 respectively. The decreasing treindannual averagetreamflow is
meaningful accordingp results of testsThe sequential ManrKendadl test graph is also shown on the
Figure 18 As can be seen from the figure, the year 2003 was the start of the meaningful trend.

The average streamflow graph trerfdr both melting and accumulation period are the same as
negative (Appendix B.Trend amlysis results for the melting pedare -3,38 and-3,28 for Mann
Kendall and Spearman’'s Rho tests respectively. This tienchportant because the changes in
streamflow are mostly due to melting of snow aeslults toshifts of center timeo earliertimes The
year 2003 wasgainthe start of decreasing trend according to Sequential Mamalall test result.
(Figure 19

The number of days smaller th@?C trend is negative for all the selected stations.Z@4Malatya
station pairthe trend values arel.13 and-1.47 for MannKendall and Spearman's Rho tests
respectively. Although there im@bviousnegative trendthese values are not high enough to prove
the H1 hypothesis (there is trend for the selected data) statistically.
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The number of wet days smaller thafiQis most likely the snowy days. The trend of the number of
wet days with daily average temperature bel§® & shownin Figure 16for this station pair. The

trend is a negative trend but this trend is not significacbaing to ManrKendalltest results with a

value of-1.43. However, according to Spearman's Rho test, the trend is strongly meaningful with a
value of-2.16. So, the number of precipitating days, which are implicitly assumed to be snowing days
decreasedignificantly for 40 years period.

The precipitation quantity for those wet days is also determined and trend analysis is made. This
guantity is the total snow amount and gathered from the data of Malatya and 2124 stream gauge
stations. Trend analystf these results is +0.10 for Mastendall test and +0.15 for Spearman’s Rho

test. So, there is no any meaningful change in the quantity of the snow. Although the number of days
below freezing and the number of snowy days decreased, the total quantipvefremained
unchanged. This may be a result of the change in the intensity of the snow.

To summarize the analysis results for this station pair, the decrease in melting period streamflow is
mostly due to decrease in melting period precipitatialues Table 4. In addition to this fact, the
significant decrease in number of days and number of wet days below freezing in accumulation period
affected themelting period streamflow in a decreasing manner. This result also shifted the melting
from mids of Aprl to 19 days bacKFigure 14.

b. 2145 Station:

This station is also located on "Tohma SuyUEuphrates Basin" wht an elevation of 933m (Table
1). Malatya meteorological station's data alsused for this station.

Like in the previous statio pair (2124Malatya), this station pair also showed the most significant
trend.According to CT trend results, there is a significant trend according to 90% significanide leve
Mann-Kendall test results with a value df.94. The sequential Ma-Kendalltest graph is showmi
Figure 22
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Figure 22. Sequential Mann Kendall test u(t)- u'(t) graph for CT data of 2145station
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According to this graphhe decreasing trentan be seen easily for the whole period. However the
starting year of the trend is not so clealthough, r the years between 197086 and 208-2010

the decreasing trend iswaous, between the years 198903 the lines are intersecting each other
manytimes, so for ths period, there is no such a significéneind.

Analysis oftemperatureand precipitatiortime seriedor the Malatya stationvas alreadyshown on
previous suksection with2124 station's analysis. There is a strong increase in annual average
temperature, and not so much change in annual average and annual total precipitation.

Monthly average streamflow time series results of 2145 station have similarity with the 21@4 stati
results. For example, these streamflow values for the period2@BD (drier period) is smaller than
the period 19741990 period.

Annual average streamflow trend results are also similar to 2124 station with the same value for
MannKendall test restil(-3.74), so the trend is meaningful.

Mann-Kendall trend analysis result for the melting period (Mafahe)of average streamflow for this
station is-2,84 and Spearman's Rho test result for the same analy2ig9s This means, the melting
period steamflow was decreaseid 40 years period and thishange is statistically significant.
Seqiential ManaKendall test graph shows thersilag year of the trend as 20QRigure 23.

2l gu’ ()
ok 2 f

-3,5

! 1 1 1 1 1 1 1 1 1 1 1 I il
1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 20032 2006 2009

Figure 23. Sequential Mann Kendall test u(t)- u'(t) graph for melting period average streamflow data of
2145 station

There is a decreasing trend for the number of days below freezing ofMAldB/a station pair
(Figure 15. However, this trend is not statistically significant with 9@¥nificance level. Both
MannKendall and Spearman's test result-4r&3 and-1.47, respectively

Since the meteorological station used2424 station and 2145 statitnsame as Malatya station, the
temperature and precipitation based analysis resukt the same. So, the decrease in number of
snowy days for the selected period is statistically significant for Spearmamstteatvalue of2.16

and the change in quantity of snow is almost zero.

As a result, the analysis results are similaregults of2124Malatya station paibecausdwo stream
gauges station2{124 and 214pare close to each other atied samaneteorological statiofMalatya)

is used for bothThe higher kevationat stream gauge statiaf 2124 (1193m) resulted in highe€T
changes during 40 years than that of 2145 (933 m). (see Table 10 for CT shifts during 4Qryears).
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higher elevations, the changes in temperature and snow quantities are more dfiech@vmelt
runoff.
C. 2164 Station:

This stati gk i¢a"Fupiirates Basiry' with an elevation of 990mable 1).Bi n g ° |
meteorological station's data series are used for this station.

CT trend analysis results at®.61 and-1.88 for MannKendall and Spearman's Rho tests. This trend
can be accepteds a significant trendThe Segential Mann-Kendall test grap also shows the
decreasing trend, but the starting year of the trend is not clear enbigyhe(23
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Figure 24. Sequential Mann Kendall test u(t)- u'(t) graph for CT data of 2164 station

Among meteorological stations used in study regi®m, n g © | s t anly one which doestndt e
show any significant increasing trend in temperat®e, the shifts of CT are not related with
temperature chayes. All otherremaining analysealso do noshowany significant trend.

The possible change in precipitation intensity during accumulation period may attribute to the changes
in CT.

d. 2610 Station:

2610 statiorwa s s et up o fTigrls Basih'lwih sn etegatioa df 698m (Tablg. Time
series oBitlis meteorological station are used for teiseam gaugstation.

CT trend analysis results indicate a statistically significant change with a negative vdllgoBut,
Spearman's Rho test does gote the same result, it shows the negative trend but the significance is
not strong enogh to prove the H1 hypothesigith a value of-1.26. Sequential MannKendall test
result is also showim Figure 25 Accordingto this graph, it is not easy pwintthe starting year of the
trend.
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Figure 25. Sequential Mann Kendall test u(t)- u'(t) graph for CT data of 2610 station

Bitlis meteorological station®mperature data are analyzed with both MEendall and Spearman's
Rhotests. The results are +2.26 and +2.14 respectively (TlaplaVith the 40 years observed data
shownin Figure 5 the results of statistical trend analysis prove the increase in temperature for this
meteorological station. The Sequential Mdfendall test shows the starting year of this significant
trend asl996 Figure 26.
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Figure 26. Sequential Mann Kendall test u(t)- u'(t) graph for annual average temperature data of Bitlis

Bitlis station precipitation analysis show that, there is no such a change in annual average and annual
total precipitation values for 40 years period. Nobdisr annual data, but also the accumulation
period data have almost zero trendls.a result,liere is no obvias change in precipitation.
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Streamflow data analysis of 2610 station show that, monthly streamflow values e2029(eriod
are almost sameith the 19962010period.Moreover, anual average streamflow data of station, has
no trend according to results of statistical trend analysis.

In a similar way, the average streamflow values for melting anshadation period have no trend for
this sation.

The number of days smaller than freezing trend is negative. Trend analysis results tafitmsase
-1.22 and-1.21 for MannKendall and Spearman's Rho trend tests respectively. This result means that,
the existence of the trend is not sesmis but the trend is not strong enough.

Since the precipitation values have no trend, all other remaining analysis i.e.; humber of wet days
below freezing and precipitation quantity for wet days below freezing, have no trend.

As a result, the shiftsf CT, is only related with tempédrae increase for this station, becattsere is
no such a change in precipitation and streamflow parameférs. increase in taperature also
decreased the number of days beloeefing for accumulation period and tHere, resulted in
acceleration in snowmelt.

€. 2620& 2621 Station:

These two stations alecated on the same river "Zapy&l" - "Tigris Basin"(Table 1) Theelevations
of these two stations atke only difference between them. Although 2620i@tabas an elevation of
1072m, 2621 station has a anhigherelevationof 1725m.Hakkari meteorological station isedfor
both twostream gaugstations

CT trend analysis results of them arewsignificant according to ManKendall and Spearmarfho
tests results. 2620 station's results-289 and-3.50, while 2621 station's results af&12 and-3.10
for these two tests respectiveResults are significant ftooth 2620 and 2621 stations.

According to Sequential MariKendall test resultghe year 199Gs the start of meaningful trend for
bothstream gaugstatons(Figure 27 and Figure 28)

Figure 27. Sequential Mann Kendall test u(t)- u'(t) graph for CT data of 2620station
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