IDENTIFYING IMPACTS OF CLIMATE CHANGE ON WATER RESOURCES
USING CMIP6 SIMULATIONS: HAVRAN BASIN CASE

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES
OF
MIDDLE EAST TECHNICAL UNIVERSITY

BY

YASEMKN ¢AKTU

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR
THE DEGREE ORMASTER OF SCIENCE
IN
EARTH SYSTEM SCIENCE

SEPTEMBER 2022






Approval of the thesis:

IDENTIFYING IMPACTS OF CLIMATE CHANGE ON  WATER
RESOURCES USING CMIP6 SIMULATIONS: HAVRAN BASIN CASE

submitted byy AS E MK N ¢ iA gaftid) fulfillment of the requirements for the
degree ofMaster of Sciencein Earth System ScienceMiddle East Technical
University by,

Prof . Dr . Hal i | Kal ep-¢él ar
Dean, Graduate School Nftural and Applied Sciences

Prof . Dr . B¢l ent G. Akéno]
Head of the DepartmerEarth System Science

Prof . Dr . Ksmail Yg¢cel
SupervisorEarth System Scienc®ept.,, METU

Prof. Dr.OkarF é st ékoj | u
Co-SupervisorCivil Engineering Dept., DEU

Examining Committee Members:

Assoc. Prof . Dr . M. Tujrul
Civil EngineeringDept, METU

Prof . Dr . Ksmail Yg¢cel
Earth System Sciend2ept., METU

Prof. Dr. Okan Féstékojlu
Civil EngineeringDept, DEU

Assoc. Prof . Dr . Koray K.
Geological Engineerin@ept, METU

Asst . Prof . Dr. Serta- Oru
Civil EngineeringDept,  #ehdrrAhi Evran University

Date:02.09.2022



| hereby declare that all information in this document has been obtained and
presented in accordance with academic rules and ethical conduct. | also declare
that, as required by these rules and conduct, | have fully cited and referenced
all material and results that are not original to this work.

Name LastnameYasemi n ¢aktu

Signature :



ABSTRACT

IDENTIFYING IMPACTS OF CLIMATE CHANGE ON WATER
RESOURCES USING CMIP6SIMULATIONS: HAVRAN BASIN CASE

¢ a k Yasemin
Master of ScienceEarth System Science

Supervisor: Prof. DIKs mai | Y ¢ cel
Co-SupervisorProf.Dr.Ok an Fést ékojl u
September 202200 pages

This study aims to investigate climate change effect on precipitation, temperature
anddischargen Havranbasin whichhas tlousands of decasef agriculturallands
Changs in precipitation and temperatuveeredetermined usindgO global climate
models (GCMs) for total precipitation and 13 GCMs for average temperature from
Coupled Model Intercomparison Project Phase 6 (CMi&6the historical period
SSP24.5 (moderatecase) and SSPH.5 (worstcase) scenarios Both station
observatiosand ERA5Land reanalysis datasets are employed for bias correction of
the GCM data wittQuantile Mapping (QM)Quantile Delta MappingQDM) and
Detrended Quantile Mapping (DQMpethods Performance evaluation of bias
corrected GCM datés conducted to demonstrate both model and bias correction
performancefor individual models and ensemble mear3DM and DQM
outperformthe QM method. QDM method is chosen for further evaluatiame T
resuling data is employed in GR2Mydrological model forthe calculation of
monthly discharge The hydrological modeling is performéar five subbasins of
Havran basin with ensemble meamand individual models.The resulting
precipitation, temperature ardischargewere subjected to trend analysis the
historical period (1972014), near future period (20:2944), mid future period



(20452074) and far future period (2023.00) for both scenariof.ccording to the
results there is an increasing trend iemperaturen all parts of the basin for both
SSP24.5 and SSPB.5 scenarios for all future periods where the increase is
estimated to be up td6 by the end of the centurjhe worstcase scenario indicates
there will bea 120 mm decrease in precipitati by the end of the centur@verall
precipitationin the basinis decreasingpowever changes in the precipitatiarenot
statistically significant Consequentlydischarge in the basin shows decreasing
characteristicsvith up to % 36 decrease by the esfdhe century in thevorstcase

scenario

Keywords:Climate Change, Climate Mod€,R2M

Vi
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KKLKM DEJKKKKLKJKNKN SU KAYNAKLARI ! Z
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CHAPTER 1

INTRODUCTION

1.1 Introduction

In many regions of the Earttiater resources are affected by climate change in terms
of quantity and qualityAnthropogenic climate change has exacerbated existing
waterrelated vulnerabilities by influencing physical aspects of water security, such
as increased water scarcity amincrease in the number ektreme events such as
floods and droughts. The hazards associated with water and changes in water
availability can be directly attributed to anthropogenic climate chartgecurrent

state of warmer and drier conditions has cdesz®nomic lossds behigh in sectors
directly related to climate such as forestry, fishersesd energy, including
agriculture (IPCC, 2022)

In the lands surrounding the basin, water reaches the water bodies to whiclirthe bas
is connected through the surface flows that occur as a result of many complex
interactions within the hydrological cycle. Understanding the changes in surface
flow in a basin depends on how well the processéseiwater cycleareunderstood

by takinganthropogenic impacts into accoufwinter et al., 2016)

Mean surface temperature values in the last 10 yearsrhached a level that is
defined as the hottest centennial scale range reconstructed for the present interglacial
period. Consequently, increasing evapotranspiration rates and decreasing
precipitationare expected to change the quantitytioé renewablewater resources

such as surface and groundwai@ischarge in the scale of basins under changing
climatic conditions must be well understood for the sustainable planning and

management of water resourcgsuo, et al., 2022)



In an irrigationrdominated basin, sustainable water management seeks to ensure a
long-term, adaptable and stable water supply to meet crop water demand while
reducing environmental impacts. It is critical to understand basin hydrologyefor
assessment of watquality and quantitgffectedoby rapid urbanization and land use

changes(Anand, Gosain, Khosa, & Srinivasan, 2018)

The variability within the climate cannot be explained through a straightforward
theory therefore climate odels have been developed by many institutidrnee
Coupled Model Intercomparison Project (CMIP) has been developing climate
modelsfor over 20 years under World Climate Research PrograinMéorking

Group on Coupled Modelling (WGCMyVhile the2013 IPCC % assessment report
shaped CMIP5he6" Assessment Report (AR6) features the CMIP6 models. CMIP
has become a foundational elementiihate science by coordinating the design

and distribution of global circulation model simulations of the past, present, and
future climate. CMIP collects global coupled ocedmosphere general circulation
model outputs that are used to detect anthrapoge ef fects i n the pas
climate record and to project future climatic changes caused by human production
of greenhouse gases and aerofi®ysing, et al., 2016)

The main cause of current and future climate changatlgopogenic increases in

the concentrations of atmospheric greenhouse gases. Within the scope of the IPCC
ARG studies, SSP scenarios representing each futureesmmi@mic projection and
political environment were create@einshausen et al., 2020) the IPCC AR6a

new set of emission scenarios were developed depending on different socioeconomic
assumptions which are called Shared Socioeconomic Pathways (SSPs). They are
referredto as SSRy in which SSRis the Shared Socioecamic Pathway describing

the socioeconomic trendkat sets the basis of the scenarios and y is the radiative
forcing in W m2. In this study SSP24.5 and SSRB.5 scenarios are employed.
SSP24.5scenarioisreferradas A Mi ddl e of t Jemissiomsard 0 scenar.i
estimated within the current levels and beginning to decline by theceniuiry.

Under this scenario temperature increase by the end of the century is expected to be

2.7°C onaglobal average. SSF&5 scenario is the worstsescenario anaturrent



CO: emissions are nearly doubled by the +oahtury. Temperature change e
global average is expected to be around@.4IPCC, 2022)

In comparison to CMIP5 and CMIP6 radiative forcing scenarios, new SSP based
s@enarios alsthaveeconomic and social aspects for assumed emission pathways and
changes in land usas different than RCP scenariok addition, historical
greenhouse gas and aerosol emissionstivgimcorporation of land use changes and

the use of integrated assessment model utilization make SSP scenarios an upgraded

version of RCP scenario®KRZ, Deutsches Klimarechenzentrum, n.d.)

Climate change projections are essénfar planning adaptation strategies,
especially since GCMs are the most accurate tools for predicting climate change.
Although uncertainties remain in climate change projections, it is important to take

into account the wide range of simulation resushiggama et al., 2021)

It is important to understand the effects of climate change on hydrological systems
for the management of water resources, flood risk control and protection of ecology.
Evaluations to understand these effects are made by integtaifigiure values of

climate variables such as precipitation and temperature outputs of climate models

into hydrological modelg{Meresa, Bernhard, & Tewodros, 2022)

In this study CMIP6 GCM outputs are employesing three dirent quantile
mapping bias correction methoddlirepostprocessing of Raw GCM data and their
performanceare evaluated. The best performing method is chiosgmedicting the
changes in total precipitation, mean surface temperature and monthly total discharge

within Havran basin.

1.2  Objectivesof the Study

Havran Stream is | ocated on the souther
province, and the streams oretivestern and northern slopes of Madra Mountain.

Havran Dam was built on the Havran Stream to provide irrigation service to an area

of 3060ha( Cebe & Knan, 2020)



With the construction of Havran Dam that started on June E9OBsuaelated to

the ecological importance of the basin emerged regarding flora and fauna species
inhabitingt h e K n b o JTha areéa is seasitieedo.climate change and its impacts
consideringhe ecological diversity of the region. Also, agricultural activities in the
region dominate economical activities. Climate chaingeced changesn the
temperature, precipitation and discharge have direct impactagoiculture.
Therefore it is important © estimatethe impacts of climate change on those
parameters. In order to do so, climate change impact studies neagptdabedvith

thelatestclimate models.

The objectives of the study are to asséssperformance of different quantile
mapping basethias correction method#y identify the performance of individual
GCMs and ensemble models and to evaluate changes in precipitation, temperature
and discharge within the Havran basin to reach the goal of to update the climate
change effect studies on watresources of Havran basin using the latest climate

models.

In this study,future changesn the water balancen the basinare estimatedby
examiningtemperature, precipitation and dischangeler two differenscenario®f

the most recent earth systemodels developed for the upcoming IPC& 6
Assessment Repolin this way this study differs from previous studies conducted

within the region.



1.3 Literature Review

The hydrological cycle must be represented by climate models in order to understand
future climate scenarios. The coupling of climate model output and appropriate
hydrological model is essential to do so. However, systematic biases naturally exist

within the model data must be preprocessed before the data extracted from the model

can be employed in hydrological model. In order to eliminate the biases, statistical
bias correction methods were developgteinke, Dieter, & Piani, 2011Given the
systematic errors of climate models, their output is often not directly applicable as

input for hydrological model§Hagemann et al., 2011)

Eden et al. (2011) stated thheability of GCMsto describe observed precipitation

is increased when the GCM dat@astprocessed with a statistical correction which
can include a downscaling componéBtlen et al., 2012)T'he Quantile Mapping
(QM) method shows better performance in comparison witlerosimpler bias
correction methods for precipitation dagarticularly with the large amounts of
qguantiles( T h e me C| eGanom ét al(2015) fudgesjed that the QDM bias
correction methodhat outperforms the traditional QM method explicitlyeperves
relative changes in all of the quangilgithin the precipitation data distributiomhe
study ofé& Gkkan @GIMhas supported that by investigating Quantile
Mapping, Equiratio Quantile Mapping, Detrended Quantile Mapping and Quantile
Delta Mappingbias correctioomethods separatend evaluating their performances
with several performance indicesccording to the findings QM method gave the
larger errors among all bias correction methodso, it was found thatQDM
method was superior in comparison to other bias correction meth&ds r d e mi r
Okkan, 2019)

I n the study (2020 CNBR5jarndaCMIP6 ceitputs are evaluated for
each available model in termstbé&ability to simulate precipitation and temperature
in different regions of Turkeyt was shown that CMIP6 models perform better than
CMIP5 models. Alspthe best performing models are ranked depending on several

performance metricend top 4 models for each precipitet andnear surface

&



temperature variables are employedtire evaluation of changes in different regions
of Turkey. Temperature anomalie$ the region containinghe Havran basin show
that there is significantincrease in temperature for SSR3 and SSPB.5 for all
future periods. Additiorily in the same region, precipitation anomalies indieate
significant decrease ithe medium anddng terms whereas there is no significant

change in precipitation in the short terf@agcaci et al.,2020)

The Impact of Climate Change on Water Resources Project was concluded in July
by the Ministry of Agriculture and Forestry aims to determine the impéaclimate
change on surface waters and groundwater in Turkey on the basis of water basins
and to determine adaptation activities. A regional climate model was run with the
outputs of three global models (HadGE¥3, MPFESM-MR and CNRMCM5.1)
selectedrom the CMIP5 archive, which forms the basis of th&&sessment Report

of the Intergovernmental Panel on Climate Change (IPCC), covering 25 river basins
in Turkey, including Kuzey Ege River basin that contains Havran basin. Within the
scope of the prog RCP4.5 and RCP8.5 emission scenarios were employed for
20152100 projection period. It was found that a significant decrease in total
precipitation andsignificant increase in temperature are expectedarge part of

the Kuzey Ege River basin in thoscenarios of all model# was found thathe
changes in precipitation will be more pronounced after 2050 and the decrease will
be up to 100 mm until the end thie century. Temperature change will be up 1@ 3

with RCP4.5 scenario and 3@ with RCP8.5 scenario and increasing temperatures
will be more pronounced after 202060 periodAlthough there was no significant
change in the water potential of the basin, there is a potential of a water deficit in the
basin after 205(HadGEM2ES model points to a water deficit problem in the basin

in some periods according to the results of RCP8.5 scenario that predicts only 78%
of the water demand within the basin can be r{Mitnistry of Agriculture and
Forestry, GDWM, 2016)



1.4  Description of Thesis

In the first chapter of this thesis, brief information on climate change, its impacts on
water resources and previous studies setting basis for this study are given. The
second chapter introducdsetstudy area, data and methods used for the utilization
of the data. The chapter 3 presents the results obtained from climate models and
hydrological model. Also, changes in temperature, precipitation and discharge
within all subbasins in study area areegented.Lastly, the overall results are
discussed in chapter 4 and final conclusions are presented in chapter 5.






CHAPTER 2

STUDY AREA, DATA AND METHODS

2.1  Study Area

Havran subbasin ig the middle part of the Kuzey Ege River Baghigure2.1),
which is located in the Aegean regionthe west of Turkey. The subbasin has a
drainage area of 523.24 knThe altitude of the basin ranges betweerl290m.

Havran stream flows ithe eastwest direction.

Legend

Kuzey Ege Basin Boundaries

- Havran Basin Boundaries

Figure2.1 Havran Basin within Kuzey Ege River Basin



Havran and Burhaniye district centers @ated in the subbasin. Livelihoods in the

areaarebased on cattle, sheep and poultry breeding and agriculture.

As it can be seefrom Figure 2.2, according to CORINE Land Cover 2012 Data,
more than 68 % of the subbasin area is composed of forests,gotives and
agricultural landsTable 2.1 showsthe percent distribution of the land cover types
within the Havran subbasin.

N
W ﬂh
7
Legend

Streams Corine [0 Fruit trees and berry plantations Olive groves

| Havran Dam Description I Industrial or commercial units Pastures

| Havran Basin Boundaries Beaches, dunes, sands Natural vegetation Permanently irrigated land

[0 Broad-leaved forest I Mineral extraction sites I sclerophyllous vegetation
Complex cultivation patterns Il Mixed forest Sea and ocean
0 Coniferous forest Natural grasslands Sparsely vegetated areas
Discontinuous urban fabric [0 Non-irrigated arable land Transitional woodland-shrub
Water bodies
Figure2.2 Land Cover Map of the Study Area
Table2.1 Land Cover Types of the Study Area
Code Description Area (ha) | Ratio (%)
312 Coniferous forest 12086 23.1
223 Olive groves 8352 16
243 Land principally occupied by agriculture, with significant areas of natural veget] 7811 14.9
324 Transitional woodlandhrub 7794 14.9
313 Mixed forest 4294 8.2
321 Natural grasslands 3542 6.8
242 Complex cultivation patterns 2964 5.7
212 Permanently irrigated land 1171 2.2
311 Broadleaved forest 1034 2
112 Discontinuous urban fabric 902 1.7
323 Sclerophyllous vegetation 668 13
222 Fruit trees and berry plantations 432 0.8
Other 1249 2.501
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2.2 Data

221 Observation Data

Two different observational datasets were employed in this stindyfirst onevas
obtained fronthe General Directorate of Meteorolog§ DM) and the second one is
ERA5-Land data for both total precipitation and average temperature. Both are

explained in the following sections.

Daily observation data of precipitation and average temperature for the period of
197571 2019 for two stations haveebn acquired frorDM. Station informatioron

daily basidgs shown in theFigure2.3.

Legend

A Stream Gauging Stations

A Meteorological Observation Stations

Streams
Cl Subbasins 0 2 4 2 12 16»("

Figure2.3 Location of Observation Stations
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Table2.2 Information onMeteorologicalObservation Stations

Station Station No | Latitude Longitude | Altitude | Period
Name Available
Burhaniye | 17722 39.4983 26.9755 20 19752020
Edremit 17145 39.5895 27.0192 21 19752020

Table2.3 Information on Stream Gauging Stations

Station Name Latitude Longitude Period Available
E408 39.57 27.19 19742014
D04-47 39.59 27.16 19742014
D04-52 39.52 27.17 19742014

2.2.2 ERA5-Land Dat

The ERA5-Land dataset is eeanalysis dataset providing information on the land
variables which is considered to be an improved version of ERAS in terms of
resolution. The obtained dataset is a combination of models and observations across
the globe. ERA8_and data covers severaladeles therefore the climate in the past

can beadescribedThe data is in gridded type with horizontal resolution of 9.Q.1°.

In this study, ERAH.and variables Total Precipitation and 2 m Temperature are
obtained in hourly temporal resolutidar the historical period (1972014) The

ERAS5 Landprecipitation and temperatudata are used for bias correction of the

GCM dataThere are 12 ERARand grids within the study area which are shown in

theFigure2.4.

a
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Value
wn High : 288,074

- Low : 281,088

Figure2.4 ERA5-Land Grids within the Study Area

2.2.3 Model Data

CMIP6 data for daily temperature and precipitation is obtained from the Earth
Sstem Grid Federation (ESGF) CMIP6 dat abe
AExperi ment | Do, AVari ant Lweleélterédas AFr equ
described inTable 2.4, via CMIP6 database and corresponding models were

downloaded.

13



Table2.4 Criteria used for model data selection

Source ID Identifies the name of the model

Experiment ID Historical, SSP2.5 and SSRB.5 were obtained for each model,

availabk

Variant Label Corresponds to the indices representing configurations of
r(realisation)j (initialization method), p(physics) and f(forcing). It
order to provide consistency all models were obtained in rlilpl

configuration as possible.

Frequency Daily data were obtained for each model. If not available in daily
scale, corresponding scenaismot used.

Variable Apro for precipitation and 0

The 10 best performing GCMs for precipitation and 13 best performing GCMs for
temperature in Turkey were selectéBagcaci et al., 2020)information on the

GCMsemployedfor temperature and precipitatisgiven inTable2.5.

For each model and parameter Historical data (£903!), SSP2.5 (20152100)
and SSP.5 (20152100) scenario data were obtained. SSP2 scenario for
HadGEM3 GC31 MM did not exist during this study and S8F2scenariaaily
data for CNRM CM6 1 HR model was not available therefore only S3%5
scenario was considered for these modelrindtion on the GCMs is given in
Table 2.5. Data availability forthe historical period, SSP2.5 and SSRB.5

scenarios are given in tiable2.5.

For each parameter and each GCM, model data were extracted from the location of

observation stations and ERA%BNd grid centers using ncdf4 package in R software.
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Table2.5 List of CMIP6 GCMs for Total Precipitatioand Near Surface

Temperature
Model Name Resolution Modeling Institution Historical ESSPZ giPS
nﬁGEMBGCﬂ' 051 8. 8 | Met Office Hadley Centre (UK) pr, tas - | pr tas
i B NOAA Geophysical Fluid Dynamics
GFDL-ESM4 19 19 25 Laboratory (USA) pr pr pr
N Commonwealth Scientific and Industrial
Ui
ACCESSCM2 1281 %87 Research Organization (Australia) pr pr pr
EC-Earth3 0 0% 7 EC_Earth Consortium (Europe) pr, tas pr pr
Centre National de Recherches
CNRM-CM6i 1- M®t ®or oillCeqitqee £ur op )
HR 087 0.5 Recherche et de For pr pr
Calcul Scientifique (France)
MRI-ESM2 0 1.4 1.4 2 9 Meteorological Research Institute (Japan) pr, tas pr pr
ECEarth3Veg |0.4 0Y 7 EC_Earth Consortium (Europe) pr, tas pr pr
EfdGEMsGCﬂ_ 1.28] 1. 8 7| Met Office Hadley Centre (UK) pr,tas | pr, tas| pr, tas
Japan Agency for Maririé&arth Science and
Technology, Atmosphere and Ocean
o Research Institute, THéniversity of Tokyo,
MIROC6 141 1% 4 National Institute for Environmental Studie pr pr pr
and RIKEN Center for Computational
Science (Japan)
UKESMZiO-LL | 1.257T 1. 8 7| Met Office Hadley Centre (UK) pr pr pr
MPI-ESM1Ti 2-HR | 0.9378 0 . & Max Planck Institute foMeteorology tas tas tas
(Germany)
Centre National de Recherches
CNRM-ESMZ1 |1.40 10 4 |M®t ®@oroiCeqitqeessurop .o tas | tas
Recherche et de For
Calcul Scientifiqgue (France)
NorESM2MM | 0.937% 1 .°2| Norwegian Climate CentrgNorway) tas tas | tas
Climate and Global Dynamics Laboratory,
CESM2 1.25x0.94 National Center for Atmospheric Research tas tas tas
(USA)
Centre National de Recherches
" Y M®t ®or oilCeqitgee £ur op
- U
CNRM-CM6i1 |1.47 1Y 4 Recherche et dB o r mat i on Av tas tas | tas
Calcul Scientifique (France)
Climate and Global Dynamics Laboratory,
CESM2WACCM | 1.25 x 0.94 National Center for Atmospheric Research tas tas tas
(USA)
BCC.CSM2MR | 1.1287 1 . 9 4 Beljlrjg Cllmate Center Chinisleteorological tas tas tas
Administration (China)
CanESM5 28] 20 g Canadian Centre for Climate Modelling an tas tas tas

Analysis (Canada)
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2.3 Methods

The methodology followed in this study is presented in the flowchart givegure

2.5. Firstly, three different bias correction methods wagplied to raw GCM data

using data taken from both observational statiand ERA5 data. Then their
performances evaluatedy several performance metrics. The resultemmperature
values are employed in PET calculation and together with precipitattentloey

are used as GR2M model inputs. Change in precipitation, temperature and discharge
in each subbasin are evaluatedthe historical (19752014), near future (2015
2044), mid future (2042074) and far future (2073100) period.

16



Selection of CMIPS GCM=

h 4

Bias Comrection of Faw GCM Data

¥ ¥
Biaz Correction with Bias Correction with
Obzervation Data ERAS Data
)t DOM QDM ()% DOM QDM
Performance Evaluation and Selection
of Method
Bias Correction with ER.AS data
Precipitation Temperature
— Calculation % > Calculation —
for Subbasins for Subbasins
PET
Calculation
> GE2M Model GJ
Discharge
Calculation for
Subbasins
— Trend Analysis aE

Figure2.5 Methodology Flow Chart

17




231 Bias Correction

The autput of GCMs neesito be preprocessed before use and gridded downscaling
methods have been developed to minimize and correct the systematic biases.
(Cannoret al.2015)

Quantile Mapping (QM) method is employed to equatendative distribution
functions of observed data and model data for the historical period. While doing so,
the following transfer function is used.

Wpr 0 O O wp O
Wherethe subesripts, o, m, h and p are abbreviations for observed data, modeled
data, historical period and projected periad; is modeled data for the projected
period. "0y and O denotescumulative distribution functions of observed and
modeled data irhistorical period.In this method only the historical period is
defined. Therefore,for future data extrapolation is requirddemoving the trend
before quantile mapping then adding the trend is one way to avoid extrapolation.
This method leads to Detresd Quantile Mapping (DQM) for which the eajion is
given below.
Wp 0 on o

ol p
ap o g i

Wwp 0 O Op

Hereof  andof ; 0 are representing historical period mean modeled data and

mean modeled projected data at timgannoret al.,2015)

Quantile Delta Mapping (QDM) removes biases while preserving relative changes
in quantiles. QDM procedure can be explained in two stepalaulating the relative
changes in the quantiles of historical and future periodsabiamingbias corrected
future data then multiplying relative changes by the historical bias corrected data.

The QDM equations are initiated withe CDF of the pr@cted model series  ,

wheret j is the norexceedance probability at tinhas given below.
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tTHo Orpwpo0htyonN mph
The relative changes between the historical period quantiles at isnaenoted as
follows:
Op T4/ Wp O
O T/ O O

e
(@]

0

—+ | >«
=

Then, the modeletl ; quantile at t is bias corrected using the inverse CD&irodd

from observed value® ; over the historical periods given below.
Wyrg 0 Op tho

As the final steptherelative chang®/ 6 is applied to the bias corrected future
projections by multiplication at time t to the historicadcorrected values as given

in the equation below.

WE O WgfR O Yy o
As the method is explained as detrending by quantilg,; s takes the statistical
characteristics of the historical period values therefore the bias between the modeled
and observed quantiles are corrected. In order to introduce climate change signal bias

corrected series are multiplied with therefore the retive changes in the modeled

guantiles are preserveannoret al.,2015)

In this study,all three mentionediuantile mappindased bias correction mettsod
areused for preprocess] of GCM data. For all GCM datasets Quantile Mapping
(QM), Quantile DeltaMapping (QDM) and Detrended Quantile Mapping (DQM)
areapplied for the historical period (192014), and future period (2042.00) for
both SSP2.5 and SSRB.5 scenarios for each observatidata set within the
Havran basinBias correction is applieaf all datasets first with calibration (1975
2004) and validation (2068014) periodsfor all models After that, the whole
historical period19752014) observation data employed in bias correction of the

raw GCM datdor further calculations
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2.3.2 Model Performance Assessment

To evaluatehe performance of different bias correction methadst mean square

error (RMSE) , percent bias (PBI AS), rati o o
correlation coefficient (r)Kling Gupta Efficiency index (KGEand NashSutcliffe

Efficiency (NSE) are employed

Root MearSquareError (RMSE)

The RMSEvalues are calculated using the following formula whiere is the

simulated value and is the corresponding observed value.

YO YO UB o Q

Percent Bias (PBIAS)

Percent bias (PBIAS) shows the average tendency of model data to be larger or
smaller than the observed dafehe optimal value of PBIAS is 0, with low
magnitude values indicating accurate model simulation. Positive values indicate
overestimation, whereas negative values indicate model underestimatigi &es.

& Hoshin Vijai, 1996)PBIAS is calculated as follows

Y0

o B
0O 00 Y TA—+—
o4 B 07Q

Ratio of Standard Deviations (rSD)

i Q
i Q

i YO

, ‘ v r e, . B
YO W& M UAQDn 0 Q€ ¢
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where:

O WEOIHOMO N & RAEMONHA &0

of YDA QOEGAHEDONAG B0

£ YDE 6 G OO &G QOEFMONG @ o

P e a r Lorrelatisn Coefficient (r);

teBww Bw Bw

¢EBw Bw ¢Bw Bw

The Pearsah sorrelation coefficient is a descriptive statistic, meaning that it
summarizes the characteristics of a dataset. Specifically, it describes the strength and
direction of the linear relationship between two quantitative variables. It helps better

understad whether there is a significant relationship between two variables. r is in
the range ofl and 1.

Kling Gupta Efficiency (KGE);

L"00 p OO

oo i p I p T p

where ED is the Euclidian distance from the ideal point, radlitrear correlation
coefficient, U is a measure of relative variability in the simulated and observed
values] is the ratio between the mean simulated and mean obsaes i.e.,
represents the bias. KGE = 1 indicates perfect agreement betwadatigins and
observations. KGE < 0 indicates that the mean of observations provides better
estimates than simulations KGE range frolh t o 1. Essentially,
more accurate the model (Supta et al., 2009)

21
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NashSutcliffeEfficiency

NashSutcliffe efficiency is calculated by taking one minus absolute square
differences between predicted | and observed)() values then normalized with

the variance of observed valueg) (n the calibration period. The range of NSE is
between 1 aneb , 1 representing the perfect fi
the equation presented beldiKrause et al., 2005)

0

B
U YOp 5

2.3.3 Trend Analysis

The trend in the prgaitation, temperature ardischargeare calculated for seasonal
and annual basis using the Mann Kendall(dsinn, 1945; Kendall, 1978 nd Send s
slope estimatofSen, 1968)

Mann Kendall test statisti@recalculated using the following formula
Y i Q&

n representing the number of data points whilendw are the data values from the

time series being j>i. Q& @ is calculatedhs:
phQ® w 1
[ Q& Q@ o T
phQ® w 1
The variance is calculated as follows
€€ pcC v B 00 pco v

pu

Wiy
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Where n is the number of data points, m is the number of tied groups iarttie
number of tied values of extendf the sample size n>10, the standard test statistics

Z is computed with the following formula.

.Y P
P———nOW 1
P Wiy

The calculated Z values represeant increasing trend when Z is positive and
decreasing trend when Z is negatileh e t est s are perfor med
significance level. If|Zd>Z1.0/ 2 the null hypothesis is rejected and there is a

significant trend at the time seri@Socic & Trajkovic, 2013)

The nonparametric procedure that is used to estimate slope of the trend in a sample
of N pairs of dmatordor whieh thie dormala is givendplav. e s t
In which x and x are the data at times j and k given j&arresponding Q values

are calculated for odd number of data and even number of data withlitveng

formulas respectivelSign of thed shows the direction of trend, while its value

represents the change in unit time.
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2.3.4 Hydrological Model

GR2M is a semempirical model which is commonly ed for hydrological
modeling as a result of its high consister(¢éjuard & Mailhot, 2008)

GR2M model which was developed by Maklouf and Mitchel (1994) and later

advanced by Mouelhi, Mitchel, Perrin and Andreassian is used in hydrological
calculations. The model uses monthly precipitation and potential evapotranspiration
values in calculation ofmonthly discharge The model equations and scheare

given inFigure?2.6.

S+ Xy ith .. APad
a s = wi J =tan 8
E P 1+/ S ¢
1
evaporation g @ © @ PSS
\ @ SfM with  y =tanhig—g
3 a e
Productior y, g xi8 Q
store S o
@ s=—2 2758
& 2 3
@ p, P, q+4> g 2
\—y—‘ e [ u
e u
® P 5) Ps=R+P,
77777777777777 G
| Outside o, X I 60 mm 6 RFRP
| the basin % B /k ©
............... 0] Routing =
store @ s XS;Rl
® Q ® Q=_re R=R,-Q
R, +60

Figure2.6 GR2M Model scheme and model equati@agbieta et al., 2021)

The model is depending on two reservoirsgi® S) and two calibration parameters
(X1 and %). X1 representshe maximum capacity of the soil moistureservoirat

the production storevhich is a positive valudenoted with Stypically changing in

the range of 2800 mm.Routing store capacity is set as 60 mm and its actual value
is represented by R isthe exchange coefficietiteoetically changimg in the range

of 0-1.3and is dimensionlesH.X > parameter ismaller than 1 it means that there is

water loss from the ¢ehment(Rau, et al., 2019)

P (mm/month) and E (mm/month) are representing monthly precipitation and

monthly evapotranspirationspectivelyand required inputs for the model.
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In order to determine the hydrological model parameters, the nsbaeild be
calibrated with observedischargeThereforethe model parameters are determined
by calibrating to productheclosest output to observeddschargeinder precipitation
and potential evapotranspiration inputdodel calibration is performed using
naturalized observed discharge valddwereforetheimpact of Havran Dam and all
other engineering structures are not conside&RRM model runs are performed
for each subbasin with observedchargeto obtain specific model parameters.
Calibration and verification periods for modeled subbasins are givéable 2.6
along with calculated model parameters. It should be noted that the subBds8ns (
and N19 are notcalibratedas there was no observatidnstead, modeparameters

for G18 and N15 basins are taken from G12 and N14 subbasins respectively.

Table2.6 GR2M model parametefer each subbasin

. . . Calibration Verification

Subbasin X1 X2 DSI Observation Station Period Period

01.01.1982 01.05.190
G03 354.05 | 0.96 |E408 0105190 | 0109.2014

01.01.1982 01.05.1990
G12 511.95 1.07 D04-47 01.05.1990 01.09.14
G18 511.95 1.07 |- - -

01.01.1982 01.05.1990
N14 356.30 0.99 | D0452 01.05.1990 01.09.2014
N15 356.30 0.99 - -

Table2.7 GR2M model calibration metrics

Performance GO03 G12 N14

Metric Calibration | Validation | Calibration | Validation | Calibration| Validation
Nash 0,681 0,70 0,85 0,79 0,85 0,81
PBIAS -7,55 -4,82 -2,64 2,29 2,27 4,91
R? 0,709 0,704 0,894 0,8 0,89 8,22

For each subbasBimodel runs are performed using different combinations of GCM
data.The model combinations are presentedable2.8. It should be noted that M7

and M9 scenarios are only employedhehistorical period and not used for further
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evaluation because HadGENGC31:MM modelfuture simulations foBSP24.5 is
lacking. AlsqQ CNRM-CM6-1-HR model output foSSP24.5 was not available in
daily frequency. Since the bias correction methods are agpliggily data, it was
not included in monthly basis in order follow same methodology for all models.
Consequentlythose two modelare included in the historical period for M7 and M9

to visualize their difference from M6 and M8 model runs.
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Table2.8 Model runs and employed precipitation and temperatuee dat

No | Precipitation Models Employed Temperature Models Employed

M1 | EC Earth3 EC Earth3

M2 | EC Earth3 Veg EC Earth3 Veg

M3 | HadGEM3 GC31 LL HadGEM3 GC31 LL

M4 | HadGEM3 GC31 MM HadGEM3 GC31 MM

M5 | MRIESM2 0 MRI ESM2 0

M6 | EC Earth3, EC Earth3 VeladGEM3 GC31 LL, MRI| EC Earth3, EC Earth3 Veg, HadGEM3 GC31 LL, M
ESM20 ESM20

M7 | EC Earth3, EC Earth3 Veg, HadGEM3 GC31 U EC Earth3, EC Earth3 Veg, HadGEM3 GC31 L
HadGEM3 GC31 MM, MRI ESM2 0 HadGEM3 GC31 MM, MRI ESM2 0

M8 | ACCESS CM2, GFDLESM4, CNRM CM6 1 HR, MPI-ESM1i2-HR, CNRM-ESM2 1, NorESM2MM,
MIROC6, UKESML1 0 LL, EC Earth3, EC Earth3 Ve[ MRI-ESM2'0, EGEarth3Veg, CESM2, CNRM
HadGEM3 GC31 LL, MRI ESM2 0 CM6i 1, CESM2WACCM, BCGCSM2MR,

CanESMS5, E€Earth3, HadGEM35C31:LL
M9 | ACCESS @12, GFDL ESM4, CNRM CM6 1 HR, MPI-ESM1i2-HR, CNRM-ESM2 1, NorESM2MM,

MIROC6, UKESM1 0 LL, EC Earth3, EC Earth3 Ve
HadGEM3 GC31 LL, HadGEM3 GC31 MM, MR
ESM2 0

MRI-ESM2 0, EGEarth3Veg, CESM2, HadGEM3
GC31:MM, CNRM-CM6i 1, CESM2WACCM, BCCG
CSM2MR, CanE$/5, EGEarth3, HadGEM35C31
LL

In addition ERA5-Land precipitation and temperature data are employed in GR2M

model for historical period and presented as ERA5 observatistdlarge

ERA5-Land data and bias correction outputs are spatially averageck heging

them as input for GR2M modeFigure 2.4 shows each model subbasins and

correspondindgERA5 Land grids.

234.1

PET Calculation

Potential evapotranspiration (PET) is the water loss as a result of transpiration of

plants and water evaporation frothee ar t h 6 s
temperature, humidity, sunlight and win&vapotranspiration is an important

parameter in ordeto estimate water balance in a ba$t&ET values are calculated

sur face.

PET

using the model based on the modified Jendarse (1963) and McGuinness (1972)

methodsMonthly potential evapotranspiration can be successfully calculated with
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monthly mean temperature arektraterrestrial radiation valuesdepending on
latitude and Julian dayOudin, et al., 2005)

Temperaturé&sCM outputs employed in PET calculation are givemable2.8.
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CHAPTER 3

RESULTS

In this chapter evaluation of bias correction resigl{gresented. Bias correction of
the GCM data is performed using two different observational datasets and three
different methods overallThen performance of three different bias correction

methods is evaluated before employing them within GR2M model.

After selection of bias correction method, evaluation is made based on spatially
averaged precipitation and temperature variables and calculated discharge amounts
for each subbasin. All subbasins are inspected within the historical period (1975
2014), near futre (20152044), mid future (2042074) and far future (2075100)

periods for both SSP2.5 and SSRB.5 scenarioseparatelythen all results are

subjected to trend analysis.

3.1 Evaluation of Bias Correction Methods

311 Station Observation Data

Station dservation data taken fro®DM is used for bias correction of each GCM

outputs for both total precipitation and average temperature variables.

The annual maximum precipitationsbtained from two observation stations
(Burhaniye and Edremityvere acceptedsathey fit the GEV distribution and
parameter estimations of distribution are made according to the maximum likelihood
method. Thus, the precipitation values that may occur at return levels from 2 to 1000

years were estiated from Inverse Cumulative DensiEunction.

Figure 3.1 shows frequency curves for EE€arth3 model and maximum annual
precipitation distribution for Raw, QM, QDM and DQM methods tbgetwith
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Station Observation data for both Burhaniye and Edremit stations. Also, maximum

precipitation values are obtained for Burhaniye and Edremit station. At Burhaniye

Station maximum precipitation values are obtained between 12800 and at

Edremitstation data was obtained for 19683000. They are included in the graphs

given inFigure3.1las ABur haniye MGMO and AEdremitt MG
Remaining maximum precipitation graphs are given in AppeAdix

EC-Earth3 EC-Earth3

200 450
180
160

140

Annual Maximum Precipitation (mm)
Annual Maximum Precipitation (mm)

1 100
10
20 30

0 0
1 10 100 1000 1 10 100 1000
Return Level Return Level
——Raw QM DOM ——Raw QM DQM
—&— QDM —8— Burhaniye —8— Burhaniye MGM —i— QDM —8—Edremit —&—Edremit MGM

Figure3.1 Maximum precipitation graphs for Burhaniye and Edremit stations for EC
Earth3 Model

Then the simulated and observed values are compared using RMSE, PBIAS, rSD
and rmetrics for raw GCM output and bias corrected databétan grformance
metrics for preipitation and temperature are giverliable3.1 andTable3.2.
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Table 3.1 Mean performance metrics for biasrrectionof precipitation(GDM

Observation)

Table 3.2 Mean performance metrics for biasrrectionof temperature (GDM

Observation)

Parameters| Raw oM QDM DQM
KGE 0.29 0.38 0.38 0.38
PBIAS 10.06 0.03 0 0

r 0.41 0.39 0.3 0.3
RMSE 63.97 65.65 65.70 65.71
rSD 0.8 0.99 0.99 0.99

Parameters| Raw QM QDM DOM
KGE 0.84 0.9%5 0.9%5 0.9%5
PBIAS -7.9 0.0Z7 0.02 0.02
r 0.95 0.95 0.95 0.95
RMSE 2.77 2.2 2.2 2.2
rSD 0.9 1 1 1

Bias correction methods show better performance for temperature values.
Considering bias corrdon results of precipitation values, PBIAS valuesgatting

closer to 0, rSD values are approaching 1 and KGE values slightly increased.
However, RMSE values aiacreasingand correlations are decreasing where the
opposite is favoredTherefore,the observational dataset is replaced with ERA5

Land data for both precipitation and temperature values.

3.1.2 ERA5-Land Data

In the scatter plots given iRigure 3.2 and Figure 3.3, ERA5Land andstatian
obsenation monthly data are compared. It was seen that there is a high linear
relationship between observed and ERAS5 val@es both precipitatio and
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temperature variableData distribution is closer to observed values with the

temperature data.
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Figure 3.2 Comparison of ERA%.and and Observed Monthly Total Precipitation
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Data obtained from raw GCM data for each model are bias corrected in each ERA5
grid. There are 12 ERARand data grids within the study area as it was shown in

Figure2.4 .

As mentioned in the Chapter3.1 bias correction is performed with calibration
(19752004) and validation periods first. Calibration and validation metrics are given
in Table 3.3 and Table 3.4 for precipitation and temperature respectively. After
calibration and validation of the bias correction methods are performed, bias
correction is applied using whole higtal rangefor all raw GCMsfor further

calculations
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Table3.3 Calibration and validation metridsr precipitation models

Calibration Validation
Model Parameters| PBIAS | rSD| d r | KGE| PBIAS | rSD| d r | KGE
Raw -17 ]0.88|/0.63|0.39| 0.35| -255 | 0.8 |0.56| 0.3 | 0.23
QM 0 0.97|0.64|0.39| 0.39 | -9.9 0.9 (0.59(0.32| 0.31
QDM -0.2 |0.97|0.64|0.39| 0.39 -11 |0.88(0.59(0.33| 0.31
ACCESS CM2 DQM 0 0.97|0.64|0.39| 0.39 | -104 |0.89|059|0.32| 0.3
Raw 76.2 |1.47|0.55|0.42|-0.07| 555 |1.29|/064| 05| 0.2
QM -0.1 |0.94|0.64|041| 041 | -11.8 |0.82]|0.69|0.49| 0.45
QDM -0.2 |0.94|0.64|041| 041 | -11.2 |0.82| 0.7 | 0.5 | 0.45
CNRM CM6 1 HR DQM 0 0.95|0.64|0.41| 0.41 -10 |0.82| 0.7 | 0.5 | 0.46
Raw -184 [0.85/0.69|0.49| 0.44 | -135 |0.86|0.67|0.45| 0.41
QM 0 1.04/0.71| 05 | 05 6.3 1.05|0.67|0.45| 0.44
QDM -0.2 |1.04| 07| 05| 05 6.1 1.05|0.67|0.45| 0.44
EC Earth3 DQM 0 1.04/0.71| 05 | 05 6 1.05|/0.67|0.45| 0.44
Raw -134 [0.89|0.67|0.45| 043 | -186 |0.89|0.66|0.45| 0.41
QM 0 1.03|/0.67({0.45| 045 | -54 |1.04|0.67|0.46| 0.45
QDM -0.2 |1.03|0.67|0.45| 045 | -6.5 |1.03]|0.67|0.46| 0.45
EC Earth3 Veg DOQM 0 1.03|0.67|045| 045 | -54 |1.04|0.67|0.45| 0.45
Raw -9.3 |0.81|0.63| 0.4 | 037 | -224 |0.69|0.61|0.41| 0.29
QM 3 1 |0.63|0.39| 0.39 | -121 |0.84|0.63| 0.4 | 0.37
QDM 2.8 1 |0.63|0.39| 0.39 -11 |0.84(0.63| 0.4 | 0.37
GFDL ESM4 DOQM 3.1 1 |0.63|0.39| 0.39 | -105 |0.85/0.63| 0.4 | 0.38
Raw -21.2 [0.96/0.63| 04 | 0.36 | -325 |0.87|0.69|0.52| 0.4
QM -06 |1.06|0.67|0.45| 045 | -126 |1.02]|0.73|0.53| 0.52
QDM -0.2 |1.07|0.67|0.45| 045 | -149 1 |0.73|0.54]| 0.51
HadGEM3 GC31 LL DQM 0 1.07|0.67|0.45| 0.45 -14 |1.01{0.73|/0.53| 0.51
Raw -16.8 [1.01|0.67|0.47| 044 | -293 |0.86]|0.65]|0.45| 0.36
QM -1.9 [1.04/0.72|1053| 053 | -148 |[091| 0.7 |0.51| 0.48
QDM -0.2 |1.08|0.71|/0.52| 052 | -154 |0.92| 0.7 | 0.49| 0.47
HadGEM3 GC31 MM DQM 0 1.08/0.71{052| 051 | -148 [0.93| 0.7 | 0.49| 0.47
Raw -21.1 [0.69|0.62|0.42| 0.31 | -295 |[0.64|0.64]|0.47| 0.29
QM 0 0.9 1065/042| 041 | -107 |0.83[0.68[0.47| 0.43
QDM -0.2 |0.89|0.65|/0.42| 041 | -108 |0.83|0.68|0.47| 0.43
MIROC6 DQM 0 0.89|0.65/0.42| 0.41 | -106 |0.83|0.68|0.47| 0.43
Raw -12.3 [0.84|0.64|0.42| 0.39 | -157 |0.84|0.71|0.51| 0.46
QM 0 0.99(0.64|0.42| 0.42 -3.4 1 |0.72{051| 051
QDM -0.2 [0.98|0.64|0.42| 0.42 -4.1 1 (072 05| 05
MRI ESM2 0 DQM 0 0.98(0.64|0.42| 0.42 -3.6 1 |0.72|051| 05
Raw -22.3 [1.01/0.69|0.49| 045 | -194 |1.01]|0.77|0.61| 0.56
QM -0.8 |1.12|0.72|0.52| 0.51 2.9 1.17/0.76| 0.59| 0.56
QDM -0.2 |1.13|0.72|052| 05 7 1.21/0.76[0.59| 0.53
UKESM1 0 LL DOM 0 1.13|0.72|0.52| 0.5 5.9 1.21|0.76| 0.6 | 0.54
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Table3.4 Calibration and validation metrics for temperature models

Calibration Validation
Model Parameters| PBIAS | rSD| d r |KGE|PBIAS|rSD| d r | KGE
Raw 265 |0.69|0.83|0.85| 0.56 22 10.71]/0.85|/0.85| 0.61
QM -01 |107/091(083|081| -1.1 |1.11|/0.91|0.84| 0.81
QDM -0.1 |107/091(083|081| -3.1 |1.08|/0.91]|0.84| 0.82
BCC CSM2 MR DQM -0.1 |1.07/091|0.83| 0.81 -4 1.13/0.91(0.83| 0.78
Raw 287 |0.95/0.92|0.96| 0.71| 287 |0.93(/091(0.96| 0.7
QM 0 1.01/098(096| 096| 2.7 |0.98|0.98|0.96| 0.95
QDM 0 1.01/098(096| 096| 1.7 |0.98|0.98|0.96| 0.95
Can ESM5 DQM 0 1.01/098(096| 096| 1.7 |0.98|0.98|0.96| 0.95
Raw 289 |1.13]/0.92|0.95| 0.68| 275 |1.15(/0.93|0.97| 0.69
QM 0 1.01/097(095| 095| -0.7 |1.02|0.98|0.96| 0.96
QDM 0 1.01/097(095| 095| 0.2 |1.03|0.98|0.97| 0.95
CESM2 DOQM 0 1.01/097(095| 095| -0.1 |1.03|0.98|0.97| 0.96
Raw 288 [1.08/0.92|095| 0.7 | 287 |1.11/0.93|0.97| 0.69
QM 0 1 /0.98|0.95|095| 0.8 |1.03/0.98|0.97| 0.96
QDM 0 1 ]0.98|0.95/095| 16 |104/098|0.97| 0.95
CESM2 WACCM DQM 0 1 ]0.98|0.95/095| 1.3 |104/098|0.97| 0.95
Raw 233 |0.97|0.94|095| 0.76 | 21.8 [0.98|0.94|0.96| 0.78
QM 0 1 ]0.98|0.95| 0.95 0 1.01/0.98|0.96| 0.96
QDM 0 1 /0.98|0.95|/095| -0.2 |1.02/0.98|0.96| 0.95
CNRM CM6 1 DQM 0 1 ]0.98|0.95/095| -04 |102/0.98|0.96| 0.95
Raw 295 1 (091|095 0.7 | 295 |1.01/092(0.96| 0.7
QM 0 1.01/097(095/095| 16 |1.01]0.98|0.96| 0.95
QDM 0 1.01/097(095|095| 1.8 |1.01]0.98|0.96| 0.95
CNRM ESM2 1 DQM 0 1.01/097(095|095| 14 |1.01|0.98|0.96| 0.96
Raw 88 |122/096/095|0.76| 133 [1.14|0.97|0.97| 0.8
QM 0 1.01/0.98|0.95| 0.95 3 0.94|0.98|0.97| 0.93
QDM 0 1.01/098(095| 095| 5.1 |0.94|0.98|0.97| 0.91
EC Earth3 DQM 0 1.01/098(095| 095| 4.8 |0.95|/0.98|0.97| 0.93
Raw 155 [1.17]/0.96]/0.95| 0.77| 136 |1.18|0.96|0.96| 0.77
oM 0 1.01/098[095/095| -19 |1.01]/0.98]|0.96| 0.95
QDM 0 1.01/0.98|0.95| 0.95 -1 1.02/0.98|0.96| 0.95
EC Earth3 Veg DOQM 0 1.01/098(095| 095| -1.2 |1.02|0.98|0.96| 0.95
Raw 95 |086/095(094|082| 132 |0.84|0.96|0.96| 0.79
QM 0 1.01/097[(094|094| 58 |0.98/0.98]|0.96| 0.93
QDM 0 1.01/097(094|094| 42 |0.98/0.98|0.96| 0.94
HadGEM3 GC31 LL DQM 0 1.01/097(094| 094 | 4.2 |0.98|0.98|0.96| 0.94
Raw 34 |097/097(0.94| 0.93 4 0.98|0.98| 0.96| 0.94
QM 0 1 /0.97|0.94|094| 0.6 1 ]0.98|0.96| 0.96
QDM 0 1 ]0.97{094|094| 0.7 |101/098|0.96| 0.96
HadGEM3 GC31 MM DQM 0 1 /0.97|094|094| 05 |101/098|0.96| 0.96
Raw 254 [1.14|/0.94|1096| 0.71| 227 | 1.1 |0.94|0.97| 0.75
QM 0 1 [0.98|0.96|096| -1.8 |0.97|0.98|0.96| 0.95
QDM 0 1 [0.98|0.96|096| -1.2 |0.97|0.98|0.96| 0.95
MPI ESM1 2 HR DQM 0 1 10.98|0.96|096| -1.3 |0.97/0.98|0.96| 0.95
Raw 186 [0.89/0.94|0.95| 0.78| 197 |0.86/0.94|0.96| 0.76
QM 0 1 /0.98|0.95|/095| 33 |097/098|0.96| 0.94
QDM 0 1 /0.98|0.95|095| 23 |097/098|0.96| 0.94
MRI ESM2 0 DQM 0 1 /0.98|0.95|/095| 21 |097/0.98|0.96| 0.95
Raw 222 10.91]/0.94|0.95| 0.76 | 20.7 [0.92(/0.94|0.96| 0.77
QM 0 1.01/098(095/095| 0.6 |1.02|/0.98]|0.96| 0.96
QDM 0 1.01/098(0.95| 095| -0.2 |1.02|0.98|0.96| 0.96
NorESM2 MM DOM 0 1.01/098(0.95| 095| -0.2 |1.02|0.98|0.96| 0.96
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Figure 3.4, Figure 3.5 andFigure 3.6 shows RMSE, correlation coefficient (r) and
KGE valuescalculated between observed abihs corrected GCM data. Bias
correction is performed within each ERAS grid for all Raw GCM dataan
performance metriosf eachGCM aregiven in AppendixA.

RMSE Values of Bias Correction of Precipitation Models
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Figure3.4 RMSE Values of Bias Corrected Precipitation Models using ERA5 Land
Data
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Correlation Values of Bias Correction of Precipitation Models
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Figure 3.5 Correlation Coefficients of Bias Corrected Precipitation Models using
ERAS Land Data

KGE Values of Bias Correction of Precipitation Models
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Figure3.6 KGE Values of Bias Corrected Precipitation Models using ERA5 Land
Data

RMSE values are slighthdecreasingas oppose tostation observatiordata.
Correlation between the ERAS5 Land precipitation and bias corrected model data
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increases in comparison with the raw model datailarly, KGE values are overall

increasing with bias correction.

Figure3.7, Figure3.8 andFigure3.9 shows RMSE, correlation coefficient (r) and
KGE values for albias corregon that is performed within all ERA5 grids for all
GCMs.

RMSE Values of Bias Correction of Temperature Models
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Figure3.7 RMSE Values of Bias Corrected Temperature Models using ERA5 Land
Data
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Correlation Values of Bias Correction of Temperature Models
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Figure 3.8 Correlation Coefficients of Bias Corrected Temperature Models using
ERAS Land Data

KGE Values of Bias Correction of Temperature Models
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Figure3.9 KGE Values of Bias Corrected Temperature Models using ERA5 Land
Data

39



Raw GCM data and bias corrected data are compared with-ERAG Temperature
data. It was seen that RMSE values become denadily low after bias correction
with each method. Correlation coefficients do not show any significant change as
there are alreadystronglinear relationship betwedeRAS Land Temperature and
GCM Temperature outputs. KGE values become considerably higher after bias

correction.

As it can beseen from RMSE, correlation and KGE values, the difference between
bias correction methods not clear. Therefore,the performance of each quantile
mapping based bias correction method is evaluated with the annual maximum

precipitations for each GCM data.

The annual maximum precipitatiombtained from ERA5 Land observations and
bias correction resultsere accepteds they fit the GEV distribution and parameter
estimations of distribution are made according to the maximum likelihood method.
Thus, the precipitation values that may occureaiirn levelsfrom 2 to 1000 years

wereestimatedrom Inverse Cumulative DengiFunction.

Figure 3.10 show frequency curves for EEarth3 and GFDL ESM4 models and
maximum annual precipitation distribution for Raw, QM, QDM and DQM methods
togeher with ERA5 Observed datBetween QDM and DQM methods, QDM is
slightly closer to the observation than DQM in many of the modéisough the
difference between QDM and DQM methods is not that obvious they are distinctly
distinguished from QM methodherefore, the studies carried out within the scope
of this study were continued with QDM methd®emaining frequency curves are

presented in Appendii for each GCM.
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Figure3.10 EC Earth3and GFDI-ESM4 Models Frequency Curves

After calculation of maximum precipitations for each return level for each model,
maximum precipitation values for each ERA5 grid for model ensembles for Raw
GCM and bias corrected precipitation data. Thro&ggure 3.11 - Figure 3.15,
maximum precipitations with 20 years return period for ERA5 Labde®vation,

Raw GCM data, QM bias corrected data, DQM bias corrected data and QDM bias
corrected precipitation data are presented respectiMalyimum precipitations are
calculated from the ensemble meanhsll precipitation models.

As it can beseen from the maximum precipitation values, DQM and QDM methods
performed gave more similar results to ERA5 observatironsmparison to the QM

method
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Figure3.11 ERA5-Land maximum precipitation valuesrf20 years return level
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Figure3.12 Raw GCMs maximum precipitation values for 20 years return level
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Figure 3.13 QM bias corrected maximum precipitationluas for 20 years return

level
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Figure3.14 DQM bias corrected maximum precipitation values for 20 years return

level
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Figure3.15 QDM bias corrected maximum precipitation values for 20 years return

level
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3.2

3.2.1

Model statistics for monthly precipitation values of eaakbasinare presented in
Table 3.5. In individual model precipitation inputs (M#5) RMSE values are

higher compared to ensemble model inputs (¥®. Correlation coefficients are

Evaluation of Precipitation Data

Historical Period

higher withthe ensemble inputs in comparison with individual model inputs.

Table3.5 Correlation Coefficient (r) and RMSE valuesprécipitation output from

each model scenario

GO03 G12 G18 N14 N15

r RMSE r RMSE r RMSE r RMSE r RMSE
M1 | 0.49 | 54.29 0.49 | 56.66 0.49 | 595 049 | 57.91 0.51 | 62.53
M2 | 0.46 | 55.86 0.46 | 58.41 0.46 | 61.39 0.46 | 59.65 0.49 | 63.66
M3 | 0.49 | 55.93 0.48 | 58.54 0.48 | 61.63 0.48 | 59.85 0.48 | 65.19
M4 | 0.53 | 52.83 0.53 | 55.52 0.52 | 58.50 0.54 | 56.21 0.54 | 61.08
M5 | 0.45 | 5543 0.44 | 5791 0.44 | 60.83 0.45 | 59.21 0.45 | 64.42
M6 | 0.60 | 43.75 0.60 | 45.68 0.60 | 48.16 0.61 | 47.20 0.62 | 51.49
M7 | 0.63 | 42.36 0.62 | 44.32 0.62 | 46.76 0.63 | 45.69 0.64 | 49.93
M8 | 0.63 | 41.62 0.63 | 43.38 0.63 | 45.78 0.64 | 45.05 0.65 | 49.37
M9 | 0.65 | 40.53 0.65 | 42.28 0.65 | 44.65 0.66 | 43.97 0.67 | 48.29

ThroughFigure3.16 - Figure3.20 monthly total precipitation for each subbasin time
series plots are presented. Modedl afbservation results are denoted with red and

blue colosrespectively and grey colored plots show all other model scenarios.

Overall, both M6 and M8 model ensemble can represent peak precipitation values.
It is seen fronFigure3.16 - Figure3.20 that in many years M6 is underestimating
the peak precipitations in some months s M8 is more likely to overestimate

in some months. However, M8 model can represent the observations better in

comparison to M6 model ensemble.
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Figure 3.16 GO3 subbasimmonthly mean precipitation foM6 and M8 model

scenario
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Figure 3.17 G12 subbasimmonthly mean precipitation foM6 and M8 model

scenario
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Figure3.18 G18 subbasimonthlymean precipitation for M6 and M8 model

scenario
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Figure 3.19 N14 subbasin monthly mean precipitation for M6 and M8

scenario
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Figure 3.20 N15 subbasin monthly mean precipitation for M6 and M8 model

scenario

FromFigure3.21to Figure3.25, interquatile range of the M8 model ensem e

annual total precipitatiors presented along with the ERAS5 observatimneach

subbasin.
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Figure 3.21 GO03 subbasin annual historical precipitation values with ERA5

observations and GCM data
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Figure 3.22 G12 subbasin annual historical precipitationlues with ERAS

observations and GCM data
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Figure 3.23 G18 subbasin annual historical precipitation values with ERA5

observations and GCM data
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Figure 3.24 N14 subbasin annual historical precipitation values with ERA5

observations and GCM data
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Figure 3.25 N15 subbasin annual historical precipitation values with ERA5

observations and GCM data
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3.2.2 Future Period

Seasonal and annugkrcent changes in each subbasin with respect to historical
period are presented Trable3.6 - Table3.10for each subbasifercent changes are
calculated with the percent difference between historical period and future periods.
Also, annual plots for total precipitation of each basin are presenkaeglire3.26 -

Figure3.30. Each subbasin is examinezkpectively.

GO03 Subbasin

In M6 model SSP-2.5 scenario, Spring precipitation values are decreasing except
for the slight increase in the far future period. Sumpmecipitations are decreasing
overall. In Autumn and Winteseasonshere is an increase in precipitation values.

In the annual basist is seen that in the near and far future periods precipitation
values are slightly increasing while in the mid futardecrease in precipitation is
observed. SSR8.5 scenario suggests decrease in all seasons and future periods. It

is seen that the percent decrease is higher in the far future periods of all seasons.

In M8 ensemble precipitation in both SSP3 and SSPB.5 scenario precipitation

values are decreasing overall in all periods and all seasons.

In most of the seasons, although the percent changes are very small, the direction of
change is shifted between M6 and M8 especially in S&82cenario far future
period.

Table3.6 Seasonal and annual precipitation changes in GO3 subbasin with respect to

historical period for M6 and M8 scenarios

M6 - SSP 24.5 M6 - SSP 5.85 M8 - SSP 24.5 M8 - SSP 548.5

Near Mid Far Near Mid Far Near Mid Far Near Mid Far
H Future | Future Future | Future | Future | Future H Future | Future Future | Future | Future | Future

(mm) | (mm) | (mm) | (mm) | (mm) | (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm)
Spring 208.9 | 204.2 200.2 210.0 208.6 198.4 171.6 | 200.0 | 195.2 191.1 193.3 200.8 191.7 169.1
% -2.25 -4.16 0.52 -0.14 -5.03 -17.84 % -2.44 -4.46 -3.35 0.36 -4.17 -15.46

Summer 46.9 42.6 37.2 375 40.8 30.4 24.8 56.0 56.1 47.5 46.1 50.4 40.2 33.4
% -9.2 -20.78 | -20.19 | -12.99 | -35.32 | -47.16 % 0.24 -15.09 | -17.64 -9.97 -28.13 | -40.29
Autumn 183.2 187.0 183.9 187.5 177.8 163.0 156.3 182.8 176.2 174.4 175.3 175.5 158.0 145.0
% 2.08 0.37 2.35 -2.97 -11.01 | -14.69 % -3.59 -4.6 -4.1 -4 -13.58 | -20.68
Winter 307.0 | 314.8 311.7 318.9 306.2 305.8 272.3 | 307.2| 307.5 304.2 304.0 305.3 288.2 277.8
% 2.54 154 3.89 -0.26 -0.38 -11.31 % 0.07 -0.99 -1.05 -0.64 -6.19 -9.58

Annual 746.1 | 748.7 733.0 753.9 733.4 697.6 625.0 | 746.0 [ 735.0 717.2 718.7 731.9 678.1 625.3
% 0.35 -1.75 1.05 -1.69 -6.49 -16.22 % -1.48 -3.86 -3.66 -1.89 -9.11 -16.18
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Figure 3.26 G03 subbasin annual total precipitation in S8 and SSPB.5

scenarios
G12 Subbasin

In G12 subbasin M6 model SSB% scenario suggestiecrease in spring and
summer precipitation while thereasincrease in autumn and winter precipitations.

It should be noted thatefrent decreasamountsare very low.The sme model
ensemble&SSP58.5 scenario shows decreasing precipitation valuesasoseal and

annual basis. M8 scenario suggests decrease in all future periods and seasons and it
is seen that the amount of decrease gets higher as we move from the near future to
the far future. When M6 and M8 model ensembles are compared, from M6 to M8,
thedirection of change is shifted from increasing to decreasing in-8SFs¢enario.

Table3.7 Seasonal and annual precipitation changes in G12 subbasin with respect to

historical period for M6 and M8cenarios

M6 - SSP 24.5 M6 - SSP 5.85 M8 - SSP 24.5 M8 - SSP 548.5

Near Mid Far Near Mid Far Near Mid Far Near Mid Far
H Future Future | Future Future Future | Future H Future Future | Future Future Future | Future

(mm) (mm) | (mm) (mm) (mm) | (mm) (mm) (mm) | (mm) (mm) (mm) | (mm)
Spring 222.6| 216.8 212.7 222.9 221.1 210.2 181.8 | 213.3| 207.3 203.1 205.5 213.0 203.2 179.2
% -2.%9 -4.45 0.16 -0.66 -5.56 -18.32 % -2.78 -4.78 -3.64 -0.15 -4.73 -15.98

Summer 50.4 45.7 39.8 40.1 43.6 32.5 26.6 60.2 60.0 50.8 49.3 53.8 43.0 35.7
% -9.46 -21.12 | -20.46 | -13.56 -35.54 | -47.33 % -0.29 -15.56 | -18.05 | -10.55 -28.48 | -40.64
Autumn 194.0 197.5 194.2 197.8 187.7 172.1 164.8 | 193.5 186.3 184.2 185.0 185.3 166.8 153.0
% 1.82 0.13 1.99 -3.24 -11.26 | -15.03 % -3.73 -4.78 -4.37 -4.25 -13.79 | -20.95

Winter 325.7| 333.2 329.9 337.3 323.6 322.9 287.5 | 325.6| 325.1 321.7 321.4 322.4 304.4 293.1
% 218] i3 3.57 -0.63 -0.84 -11.73 % -0.16 -1.22 -1.29 -0.98 -6.53 -9.98

Annual 792.6 793.1 776.5 798.1 776.0 737.7 660.6 | 792.6| 778.7 759.8 761.3 7745 717.4 661.0
% 0.06 -2.03 0.7 -2.1 -6.92 -16.65 % -1.75 -4.13 -3.95 -2.28 -9.48 -16.6
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Figure 3.27 G12 subbasin annual total precipitation in S8 and SSPB.5
scenarios

G18 subbasin

M6 model ensemble suggests increase in seasonal precipitation for autumn and
winter in SSP24.5 scenario. In M8, in near future SS#£38 scenario of summer
months direction of change is shifted from decreasing to slightly increasing when
compared to M6 maa ensemble. In G18 subbasin in both M6 and M8 ensemble

precipitation there is percent decrease in all seasons for&SBbenarios.

Table3.8 Seasonal and annual precipitation changes in G18 subbasiregjitbct to
historical period for M6 and M8 scenarios

M6 - SSP 24.5 M6 - SSP 5.85 M8 - SSP 24.5 M8 - SSP 548.5

Near Mid Far Near Mid Far Near Mid Far Near Mid Far
H Future | Future | Future | Future | Future | Future H Future | Future | Future | Future | Future | Future

(mm) | (mm) | (mm) | (mm) | (mm) | (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm)
Spring 228.8 | 223.7 219.3 230.0 228.3 217.3 188.0 | 219.1| 21338 209.4 211.7 219.9 210.0 185.3
% -2.26 -4.14 0.5 -0.22 -5.03 -17.82 % -2.44 -4.45 -3.38 0.33 -4.17 -15.44

Summer 51.4 46.7 40.7 41.0 44.7 33.2 27.1 61.3 61.4 52.0 50.4 55.1 44.0 36.6
% -9.18 -20.79 | -20.23 | -13.04 | -35.35 | -47.25 % 0.24 -15.16 | -17.73 | -10.07 | -28.16 | -40.32
Autumn 200.5| 204.7 201.3 205.4 194.7 178.4 171.2 | 200.1| 192.9 190.9 191.8 192.2 172.9 158.7
% 2.08 0.38 2.44 -2.91 -11.04 -14.63 % -3.58 -4.58 -4.13 -3.94 -13.58 -20.68

Winter 336.5| 345.1 341.6 349.6 335.7 335.3 298.5 | 336.7 | 337.0 333.4 333.4 334.6 315.9 304.5
% 2.55 15 3.89 -0.26 -0.38 -11.31 % 0.07 -1 -1 -0.62 -6.2 -9.57

Annual 817.3| 820.2 802.9 826.0 803.4 764.2 684.8 | 817.2| 805.1 785.7 787.3 801.8 742.8 685.1
% 0.35 -1.76 1.07 -1.7 -6.49 -16.2 % -1.49 -3.86 -3.66 -1.89 -9.11 -16.17
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Figure 3.28 G18 subbasin annual total precipitation in S8 and SSPB.5

scenarios
N14 Subbasin

In N14 subbasin, M6 model ensemble suggagtercent decrease in spring and
summer months and increaseautumn and wintemonthsin all future periods. In
SSP58.5scenario, percent decrease amount is larger especially in summer months.
M8 model ensemble overall estimates decrease in seasonal precipitation except for
the slight increase in summer and winter months in near future for&SRB2enario

and spring and imter precipitation in near future for SSB%

Table3.9 Seasonal and annual precipitation changes in N14 subbasin with respect to

historical period for M6 and M8 scenarios

M6 - SSP 24.5 M6 - SSP 5.85 M8 - SSP 24.5 M8 - SSP 548.5

Near Mid Far Near Mid Far Near Mid Far Near Mid Far

H Future | Future Future | Future | Future | Future H Future | Future Future | Future | Future | Future

(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
210.3 | 207.3 203.4 213.4 212.8 202.7 175.6 201.1 | 197.9 193.9 195.7 204.5 195.6 172.8

Spring % -1.42 -3.31 1.46 1.17 -3.62 -16.53 % -1.58 -3.58 -2.66 1.72 -2.69 -14.08

46.2 | 42.2 37.0 37.2 40.8 30.1 24.6 549 |55.9 47.2 45.8 50.2 39.9 33.4

Summer | % -8.57 -20 -19.44 | -11.73 | -34.89 | -46.67 % 1.71 -14.05 | -16.64 | -8.61 -27.31 | -39.27
186.9 | 192.2 188.7 193.4 182.9 167.6 160.8 186.7 | 180.7 178.9 180.2 180.5 162.3 148.9

Autumn % 2.84 0.96 3.46 -2.17 -10.35 -13.97 % -3.19 -4.18 -3.46 -3.3 -13.04 -20.23
312.9 | 322.7 319.3 327.8 315.3 315.6 280.7 313.6 | 315.7 312.3 312.7 314.7 297.1 286.8
Winter % 3.15 2.07 4.77 0.78 0.87 -10.29 % 0.66 -0.41 -0.31 0.34 -5.26 -8.56
756.3 | 764.6 748.4 771.8 751.8 716.0 641.7 756.3 | 750.2 732.3 734.4 749.9 695.0 641.8

Annual % 1.09 -1.05 2.05 -0.61 -5.33 -15.15 % -0.81 -3.17 -2.9 -0.84 -8.1 -15.14
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Figure 3.29 N14 subbasin annual total precipitation in S8P2 and SSPB.5

scenarios
N15 Subbasin

In N15 subbasin, spring and summer precipitation values are decreasing in both
scenarios overall except farslight increase in near future with SS85 scenario

of M6 model ensemble. In autumn and winter there is a percent increase 4 SSP2
scenario whesgsin autumn change is in negative direction with S8BFbscenario.

M8 ensemble differs from M6 in summer months of near future period with-SSP2
4.5where diredbn of change is shifted to percent increaeerall,in M8 model
ensemble, percent decrease is dominating with all scenarios. Thengersent

increase in precipitation in only near future perfiodspring seasan

Table3.10 Seasonal and annual precipitation changes in N15 subbasin with respect

to historical period for M6 and M8 scenarios

M6 - SSP 24.5 M6 - SSP 5.85 M8 - SSP 24.5 M8 - SSP 548.5

Near Mid Far Near Mid Far Near Mid Far Near Mid Far

H Future | Future | Future | Future | Future | Future H Future | Future | Future | Future | Future | Future

(mm) | (mm) | mm) | (mm) | (mm) | (mm) (mm) | mm) | mm) | (mm) | (mm) | (mm)
214.4 | 210.5 206.8 214.2 215.7 205.5 176.1 207.1 | 204.0 200.1 200.1 211.0 202.0 177.6

Spring % -1.82 -3.54 -0.1 0.62 -4.12 -17.85 % -1.5 -3.4 -3.38 1.89 -2.47 -14.27

433 |39.9 34.6 35.2 38.4 27.9 24.1 54.3 | 56.0 47.0 45.7 50.1 39.7 34.0

Summer % -7.98 -20.05 -18.65 | -11.43 -35.57 -44.31 % 3.16 -13.38 | -15.8 -7.78 -26.85 -37.47
201.3 | 208.1 201.3 208.3 198.4 179.7 175.1 198.9 | 193.3 189.9 192.3 193.4 172.8 159.8

Autumn % 3.39 -0.02 3.46 -1.47 -10.75 | -13.04 % -2.82 -4.53 -3.33 -2.74 -13.11 | -19.65
334.2 | 343.2 340.2 348.0 340.1 339.7 301.4 332.8 | 334.9 331.7 331.5 336.6 317.4 306.2
Winter % 2.7 1.81 4.13 1.77 1.66 -9.81 % 0.64 -0.33 -0.41 1.15 -4.64 -8.01
793.2 | 801.7 782.9 805.7 792.5 752.8 676.7 793.1 | 788.2 768.7 769.6 791.2 731.9 677.5

Annual % 1.07 -1.29 1.58 -0.08 -5.08 -14.69 % -0.62 -3.08 -2.97 -0.25 -7.72 -14.58
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Figure 3.30 N15 subbasin annual total precipitation in SSF2 and SSPB.5

scenarios

Percent changes in each subbasin can be visuatizéddure3.31 andFigure 3.32
for M8 model ensembl8&SP24.5 and SSR8B.5 scenarisrespectively.
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Figure3.31 Seasonal precipitation changes with respect to historical period in each
subbasiri SSP24.5 scenario

60



Near Future

Mid Future

€
5
«Q

Far Future

?
3
3
«Q
=
]

Mid Future

w
o
3
3
2

Far Future

(%]
o
3
S
2

P

Mid Future

Far Future

s
S
e
)

s

=

g
o3

N
W -‘ E “‘@E
Autumn % Autumn 3

g g g
S S =
3 3 3
o [ w
5 2 5 4
] w
2 = /@
o/

Near Future

Annual

S

Mid Future

@
Annual g9

Far Future

5 N
: A
w TE
Annual \

Legend

Precipitation Change (%)
I 50.000000 --50.000000
I <5 999599 - 40.000000
I 39999999 --30.000000
7] 29999889 - -20.000000
[ -19.999999 --10.000000
[]-2.999999- 0.000000
[_"]0.000001 - 10.000000
I 10.000001 - 20.000000

Figure3.32 Seasonal precipitation changes with respect to historical period in each
subbasiri SSP58.5 scenario
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3.2.3 Trend Analysis

Trends inM8 precipitationare calculated for historical period arttiree future
periods for each scenario (SSRR5 and SSPB.5).

Trend test results for each subbasin are presented in Apper@ign monthly,
seasonal and annual basis. Seasonal trends in each sw@sbgsian inFigure3.33
andFigure3.34. In the historical period summer precipitation values are significantly
increasing It is seen thathe increasing trend is consistent within all subbasins

wheraasin the north subbasins increase is more pronounced.

Within the projected period, precipitation spring is significantly decreasing with
SSP24.5 scenario in mid future period.can be seen thate decrease is consistent
within all subbasins. There isa significant decrease iautumn precipitation for

SSP58.5 scenario within all subbasins.
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Figure3.33 Seasonal precipitation trends in subbasins for SE®&enario
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Figure3.34 Seasonal precipitation trends in subbasins for SE®&enario

3.3

3.3.1

Historical Period

Evaluation of Temperature Data

Model statistics for monthliemperaturealues of each basarepresented iffable
3.11. Modeledtemperaturalata is compared with observational data using RMSE
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andr metrics for each subbasiRMSE values are highewvith individual model
inputs (MEM5) in comparisonto ensemble model inputs (M@9). Correlation

coefficients are higher with the ensemble ingbgwith individual model inputs.

Table3.11 Correlation Coefficient (r) and RMSE values of temperature output from

each model scenario

G03 G12 G18 N14 N15
r RMSE r RMSE r RMSE r RMSE r RMSE
M1 | 0.96 | 2.10 0.96 | 2.13 0.96 | 2.12 0.96 2.16 0.96 | 2.56
M2 | 096 | 211 0.96 | 2.15 0.96 | 2.13 0.96 2.17 0.96 | 2.57
M3 | 0.94 | 2.39 094 | 242 094 | 241 0.95 2.44 0.95 | 2.82
M4 | 095 | 224 0.95 | 2.28 0.95 | 2.26 0.95 2.29 0.95 | 2.70
M5 | 0.96 | 2.15 0.95 | 2.18 0.95 | 2.16 0.96 2.20 0.96 | 2.62
M6 | 0.97 | 1.66 0.97 1.69 0.97 1.67 0.97 1.73 0.97 | 2.25
M7 | 0.97 | 1.65 0.97 1.68 0.97 1.66 0.97 1.72 0.97 | 2.24
M8 | 0.98 | 1.58 0.97 1.61 0.98 1.58 0.97 1.76 0.98 | 2.19
M9 | 0.98 | 1.57 0.97 1.60 0.98 1.58 0.97 1.74 0.98 | 2.18

ThroughFigure3.35 - Figure3.39 monthly mean temperature for each subbasin
time series plots are presented. Model amskovation results are denoted with red

and blue colmsrespectively and grey colored plots show ensemble members.

FromFigure3.35to Figure3.39 both model ensembles represent the annual cycle of
temperature values where M8 ensemble underestimates in months with warmer

temperatureand M6 model ensemble overestimates in colderthsooverall.
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M6 Monthly Mean Temperature
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Figure3.35G03 subbasin monthly metamperaturéor M6 and M8 model scenario
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Figure3.36 G12 subbasin monthly metamperaturéor M6 and M8 model scenario
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Mé Monthly Mean Temperature
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Figure3.37 G18 subbasin monthly metamperaturéor M6 and M8 model scenario
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M6 Monthly Mean Temperature
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Figure3.38N14 subbasin monthly meéemperaturéor M6 and M8 model scenario
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M6 Monthly Mean Temperature
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Figure3.39N15 subbasin monthly me&emperaturéor M6 and M8 model scenario

FromFigure3.40to Figure3.44, interquatile range of the M8 moda&nsembldor
annual mean temperatuise presented along with the ERA5 observations for each

subbasin.
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GO03 Subbasin Temperature Models
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Figure 3.40 GO03 subbasin annual historical temperature values with ERA5

observations and GCM data

G12 Subbasin Temperature Models
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Figure 3.41 G12 subbasin annual historical temperature values with ERAS

observations and GCM data
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G18 Subbasin Temperature Models
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Figure 3.42 G18 subbasin annual historical temperature values with ERA5

observations and GCM data

Figure 3.43 N14 subbasin annual historical temperature values with ERAS5

observations and GCM data
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