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Abstract

This thesis deals with the groundwater resources management of Kastoria basin of Western
Macedonia, Greece thoude use of FeFLOW v.7 @roundwater flow modelling package in con-
junction with ARCGIS v.10.6 and MATLAB, which were used to manage all the data used in this
thesis and also to prepare the input data in the structure and format required by FeFLOW. Kastoria
basin houses an extensialluvial aquifer system, which is of fluvtorrential origin and consists
of alternating layers of coarse and figiained layers of small spatial and vertical extent. Precipita-
tion is the main recharge element of the aquifeeneta representative aral value for the former
is 770 mm.The modelled area consisted of the main body of the alluvial aquifer as a 100 m thick
layer. Such an environment provides an inherit uncertainty regarding to the hydraulic properties, to
alleviatea part of this uncertaty a stochastic approach used through PEST. The groundwater flow
model was successfully calibrated first manually and then finally by PEST in all aspects, yielding
RMSE=0.758 for the entire transient simulation. The water baldeogeats produced resersbl
those presented by previous studies. To further assess the evolution of the groundwater resources a
Kastoria basin precipitation and temperature data of regional climate models were extracted from
the EUROGCORDEX projectwhich pgrovides the needed higdpatial resolution (EUR1) to spa-
tially represent the future climate condition at the study area, for three 20 year |lepeyisals be-
tween 20192078. After biascorrection of the 53 extracted ELH region climate models, ten of
those were selected anded further. Biasorrection was performed with the linear scaling method
and monthly observed data of the 19B®5 period. This showed improvements at the-bias
corrected RCM data in comparison to raw data in representing obgattechs. The analyspse-
sented that, as mean annual valuesgipitation will reduce by 6% while temperature will increase
by 2.5°C throughout the projected peri@&hsed on the selected RCM data, ten groundwater sce-
narios were simulated by feeding thiescorrected RCM datto the calibrated groundwater flow
model. In summary of the results of the former, the groundwater level will practically remain the
same.Kastoria lake water level will drop, if left unchecked, due to higher evaporation, reduced
precipitation and lowerdteral flow from Kastoria alluvial aquifer reduction while surface runoff
will slightly increase. This will lead to the reduction of the total runoff or discharge through the
Gkioli stream by a mean annual value of 4.82 X m® or 9.2%. Finally, options to counter this
change at the water balance of the basin were also proposed.

Keywords: FeFLOW, PEST, MATLAB, Groundwater Resources Management, EUROCORDEX,
Regional Climate Models, RCM, ArcMAP, Kastoria basin, Water District GRAuvial Aquifer,
Water BalancGroundwateFlow Simulation
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CHAPTER 1. Introduction

Water is of vital importage to continuous development of human society. For many years,
humanity has been actively interfering the environment and its resources, including water
resources. Greek water resources organizations drained several lakes in 1930s, to create agricultural
land for crop developmergo the Greece could sustain its egsswing population During the
period 1H0-1990 agriculture grew rapidly in combination with systematic irrigation of crops
mainly through pumping wells, initially of low depth and then of gee@epth to meet the irrigation
demands and along with the construction of collective irrigation misw@his leap in agriculture
development put huge constrains to water resources. This in combination with climate change,
resulted in the early 1990s bave significant and irreversible effects on surface and groundwater
bodies which if left unattendedould create severe water shortadg@se tosuchconcerns about the
well-being of current and newer generations, EU government bodies began to stidograniate
new laws about the quantitative and qualitative characteristics of water resourceso Emgsyer
those concerns the Water Framework Directive (2000/6)/&as created to regulate management
of water resources via rational decisimaking madepossible through various tools such as
simulation software. Simulation softwarthat couldbear certan mathematical models that can
represent the underground water flow dynamically. They are an internationally accepted tool that
provides significant suppt to studies carried out and especially in the management of water
resources of one region. These eé@a@an provide remarkable results with the conditia quality
data are used as inp(Wang & Anderson, 1982; Dohert015. The lack of such data iGreece
results in a more basic characterization of an aquifer system, which make the use of thése mode
problemati per sonal communication 2018, H.A.O. ADE

In the context of Greece's compliance with the European Union's requirements and the new
environmental standards, Directive 2000/60/E.C had to be implemented to assess the quality of the
county's water and to propose management plans that would imprsvsitimation. These plans
where proposed and carried out in 2010 by the Special Secrdtaritater, which is part of
ministry of environment and energy of Greece, and have since be rigv@y.

This M.Sc. thesis dealsvith the quantitative status ofthe water resources othe basin of
Kastoria through the use ofgroundwater simulation software to proposefuture management
plans and the use of the programs ARCGIS and MATLAB for the generdion and
management of the input dateof FEFLOW in an automated fashion

In the study areaKastoria basinagricultue is the largest consumer of water. Droughts that
our country has experienced over the last few years and the inappropriateweser, we have
been confronted with the quantitative (oesploitation aquifers) and water quality (hydration,
nitrate pollution, etc.). It is therefore of outmost importance to manage water resources in order to
avoid more serious problems in the f@uThis nanagement problem can be solved with the
application of water resources management software, integrated hydrological modelling system i.e.
MIKE-SHE and groundwater modelling software i.e. IE@W program. All primary dataised in
this thesigwatea balancegclimatic data, hydraulic parameters, river flows, water table levels, etc.)
were obtained from various sourcesich asl.G.M.E, National Meteorological Servicethe
Municipality of Kastoria,which, after appropriate preparatianth MATLAB , wereused forthe
FeALOW simulation. Finally, some hypothetical scenati@sed on biasorrected RCM results of
EUROCORDEX projecbn the probable evolution of the basin's water potential were developed in
tandem with a FAEOW simulation in order to proposdans for he sustainable development and
management of water in Kastoria basin.

1.1 The study area
The basin oKastoriais situated in Western Macedoni&ater DistrictGR09a nd it 6s f

betweerthe Grammos Mountaim the westand the Vitsi Mountain in the eadthe alluvial aquifer
of Kastoriaconstitutesthe central and eastern part of Kastoria hagirectly across theity of



Kastorig and contains important quantities of groundwater, which cover almost all of the amigati
needs of the basin. It is bountdé&om all sides, except from the southernmost part, by rugged
mountains consisting of the crystalline bedrock of the basin and the Korissos karst system. The
average topographic elevation i507m a.m.s.| with gentle gb@s ofl i 3 degreedor Kastoria

plains, while a considerable slope of-3B degreeds calculated for the surrounding mountainous
region. The region of interest has a spatial extent of aldduki®®. The extensive aquifer system
developed withinthe allwial depositshas a strong hydraaliinteraction with theKorrisos karst
system. The population of the region is aboub@6 inhabitants, most of whom live in the major

city of Kastoria while the rest live atallerand villageqVafeiadis, 1983, Drougk&006)

Agricultural activities a@ based upon irrigation water drawn predominantly from boreholes.
Agriculture is the main occupation of the bas
by local land reclamation organizations (TOEV) tbaerate under the supervision oéth St at e 6
Land Reclamation Services. Two such organizations exist in the study area: TOEV Koitisisss
and TOEV Vasileiadas. TOEV Korissaghias supply most of the irrigation demand by
groundwater abstractions froboreholes. Groundwater is distrikdtto the fields via a pressurized
network at the fields of the former TOEMn contrast farmers, whose fields belong to the
jurisdiction of TOEV Vasileiadas, their irrigation demand is covered by private and municipal
boreholes because this TOBMxtentis too small and remote to have support its own collective
irrigation network. Domestic water is supplied by groundwater for villages that exist on a higher
altitude whilst those settlements that are located near katshsyi.e Korissos, Askepas nearthe
lake receive the water from springs and the lake of Kastoria respectively. Systematic exploitation of
the groundwater resources of the alluvial aqu
communicatiorwith the Department of Water resoas and Environment of Kastoria).

Greek economy, in the mainland is mainly based upon agriculture, whose water demands
during the dry months of the year use irrigation water derived from groundwater. Most of
agricultural activities are taking place in th@uaternary alluvial basins of Greedexcessive
groundvater level decline has been of significant impact on the groundwater resources, both due to
the socieeconomic development of the country and with the changebnatic conditions since
the late 198 6 s . Consequently, concern has been rais:
of much of the readily groundwater resources.

1.2 Aim of the Research

This research study aims at determining the quantitatatessofgroundvater resources of
thealluvial basin of Kastorighroughthe use ofyroundwater simulation software package FeFLOW
v. 7.2and also the proposal BICM-driven water resourcesanagement scenarios. In doing so, the
objective implies that th@rganization of typically limited andionstandardized data from the
alluvial aquifer of Kastoriathat has been operated for irrigation over a long period of time, into a
viable database, and to use this data base to develop a conceptual understantieg of
hydrogeology of that system so thtae system can be analyzed accuratglgo, the algorithra
written in this thesis to process the RCM data, prepare maps and FeFLOW input data can be
developed into a fulifledged software suite. However, this gdesyond this thesis and will be
develomd at a later dat€€onceptualization is a simplified description of the physical components
and interaction of the surface and groundwater systenese @hta and the conceptual model could
be used in development of aumerical model that dynamically lisksurface waterand
groundwaterThen, the model could be used by decision makers to manage water resources within
the basin. The research is focused on the Kastoria alluvial aquifer, whihelatively small
aquife.

1.3 Structure of the Thesis

The wok presented in this thesis is structured in the following way:



In Chapter 1, an introduction of the subject, the purpose and the structure of this thesis are
presented.

In Chapter2, the importance of water resourcesl dheir management, the relevant &afive
framework applicable in Greece and the European Ursu, brief information is giverabout
climate changandfuture climate projectionalong with some modern examples

In Chapter 3, the characteristics of hie study region are presented andxamned in
conjunction withprevious studieghe resultdiscussednd compared the results of IGRIEBtudy
for the entire WateDistrict of Western Macedonisubmitted at APPENDIX Awhen applicable
Specifically:

1 The geologyand its lithological charactestics are presentedalong withthe geomorphology
and tectonic settingf the basin

1 The climateof the area is discussed and the main climatological paraeeteanalyzed and
their patterns presésd. Also, future climate projections are made based @bids corrected
results ofselectedRegional Climate Models of ERO-CORDEX.

1 The surfacehydrology of Kastoria basinthe characteristics of Kastoria lake and its water
balance.

1 The hydrogeological setup of the study area is examined based on the datpréwaus
studies by Vafeiadis, 1983, Gianneli, 20066ME, 201Q Hellenic Ministry for the
environment, Energy and Climate Charig8pecial Secretariat for Water, 2014 and Hellenic
Ministry of Agriculture 2013.

1 The geometry of the alluvial aquifer is dabed and its hydrogeological characteristics
defined. The hydraulic properties of the alluvial aquifer system are also defined and their
spatial distributions studied.

1 The piezonetric data are processed and analyzed, with conclusions being drawmngtjzed
hydraulic interaction between the alluvial aquifer and karst aquifer. The extent of the
hydraulic interaction between the aquifer and torrent Xiropotamos, is also examimgthes
estimated river bed transmission losses.

1 Based on the conclusiomsawn from the aforementioned study, the main groundwater flow
mechanisms of the system are identified and the water balance of the studied system is
calculated.

In Chapter4, the mathematical groundwater flow modelling application is discussed. The
steps followed in the design and the calibration procedure adopted are analyzed and their
importance in the creation of a comprehensive model is demonstrated. Iy t@bidiccurately
simulate the main flow mechanisms of the studied system is tested in oetesute credibility of
the predictive simulations. A number of alternative future groundwater management scenarios are
examined in terms of sustainability of thaterresources and an optimal option is propdsased
on these scenariohe theoretical bekground of this Chapter will be presented at APPENDIX B.

In Chapter5, the conclusions drawn from this research study are presented and discussed in
terms of the contribution to the hydrogeological knowledge of the examined system and in terms
of the adantages from their use to the future development of the region. Furthermore, the
significance of the derived methodology as an effective and viable groundwatagement tool.
Finally, proposals are presented for the continuation of the curregt stud



CHAPTER 2. Water Resources Management

iWater 1is the most i mportant natur al resour
al most 97 % ofrvolimeissatine bnd & $ocatatiptl e net 6 s oceans. ]
6freshwat einsfless trmis 1000tmg/icod dissobved solids, mainlyog@hahine, M. T.,

1992. Nowadays, the status of freshwater, meaning both quantity and quality, is sirety,
because water is in constant interaction with human activities. This interactiobemesgjulated if
humans are to secure the harmonious continuation of hemaronment coexistence for future
generations. Water resources management is such atowaghieve this, due to its scientific
approach. Il tdés not 0 n e na,ovhichancludé praject @evelopnemt,e s
regulations, agreements, etc. that all aim to achieve the aforementioned harmonious relationship
between water resourcesdahumanmade environment, both in present and in future while having
sustainable developmemt mind.

Sustainable Development is achieved with the harmonious relationship between availability
of water resources, demand for water resourceseamulonment and by proposing the necessary
measures projects and scenarios.

Water Management must be s@become:

1 a gentle exploitation of water resources

1 be guided by projects with minimal environmental and social costs

1 enforce protectiofaws of wate resources and the environment

1 involve all stakeholders / reaching the maximum possible consensus

To achieve this rational management of water, stakeholders and governing bodies must avoid
sectoral solutions and moioitical approaches; and the startipgint of each decision must take
into account implicitly the environment with its limitations azapabilites (Tsakiris, 2008).

2.1EU Legal Framework
2.1.1 Directive 2000/60/E.C

The management of water resources has been used by the International Community for quite
some time. The dangers of pollution and contaminatioime environment was recognized by the
United Nations UN). who in 1975, at within the framework of its UNERnited nations
Environment)Program, establishetthe Global Logistics System (GEMS). National actions in its
field environment were strengthened and united undeBEBS supervision.Many international
organizations i.e. UNEP, the World Health Organizatig®HO), the World Meteorological
Organization(WMO), the Food and Agriculture Organization (FAO), tbeited Nations Nations
Educational, Scientific and Cultural OrganiztiofyNESCO) and other international and
intergovernmental organizations have impletedrsuch control programsSince the problems in
guality and quantity of water resources wdetdectedoth by the competent bodies in state level as
well as the international commuyi The lattelbegan to establish one a series of laws and directives
which propose measures for the management of water resources to avoid further degradation of
ecosystems or even improve wherever it is feasible. Taking all the abowazaoiont the Ewpean
Communityy on 23 of October, 2000 adopted Directive 2000/60 of the European Parliament, to
create a basic framework for water policy within and between communities.

The Water Framework Directive (2000/60/EC) created a new status for water management
resources. Itpredominant characteristics are, but not limited to, the management of water resources
at watershed level, the achievement of specific qualitative objectives associated with the ecological
status of surface waters, as well as maintaininglieaing "goodstatus” of groundwater bodies. It
introduces in a clear way the concept of "ecological importance" of Wwatdefining series of
necessary actions, such as the provision of environmental cost of use and the introduction of quality



objectives, with fixed deadlines for their implementation. The main objective of Wdater
Framework Directive (WFD) is to prevent further deterioratioof all water types i.e. surface,
transitional, underground and coastal waters and the ecosystems that elistthesib.

Thebasic principles of this Directive are:

Water is a norcommercial produdbuta heritage and mube protected

Its primary objective is to improviéne quality of waterresources and, secondlige quantity
Renewable natural resourcedter keing estimatedare imposedto long-term design of their
protection projects

Sustainable water resource management is done wilingle river basin

Other sectorsof community i.e. energy, transport, agricultur@are ncorporated in the
protection and @nservation ofvater resources

Thereductionof each observable upward trend of pollutants

The situation is monitored on a comparable basis

The @olluter pay$éprinciple is establishedlong with the principles ofProportionality’ and
‘prevention’

Systeméic information and public participation shall be ensured in the decisions
Emphasis is being placed on tackling floods and drought

= =4 = E ] = =4 =
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Summarizing, the goal of the WFD is to expand and enforce the protection of all water and
thus; ensuring that there shall h@further degradation of freshwater ecosystem resources.

2.1.2 Adoption of Directive 2000/60/E.C by Greece

Before the adoption of the Water Framework Directive, the national legislation was based on
Law No 1739/87 on the management of water resouteegNo 1739/87is now replaced by Law
3199/2003that introduced a modern concept for dealing with water related matters like research,
administration and everyday practice by establishing the procedures and governing bodies that
allow water resources managerhboth at national and regional level. Some of the most important
procedures provided by this law are:

1 Development of water resource development programs
1 Determination of surface and groundwater resources
1 Determination of the required quantities of wdtemaintainanaquatic ecosystem
1 Establishment of a central governing body for water resources

These procedures are described by legislation at national levasdidition to the protection
and the restoration of t he OBGALB/E® furthér @entribwtast e r
groundwater statuslassification This isan addition for Directive 2000/60/EC on groundwater
resources.This Directive defines and enforces the adoption of several measures to prevent or
restrict the introductioof pollutantstherein (Directive 2000/60/E.C).

National Law of Greece complied with Directive 2000/60/EC, when the Parliament of Greece

drafted Law 3199/2003, which provides for the establishment of the following governing bodies,
each one with its own duties:

The National Water Committee

The National Water Council

The Central Water Authority

The Regional Water Council

The Advisory Committee on Water at regional level
TheWaterDistrict Directorate

E R



Some of their duties are:

Preparation of management plans

Establishnent of programs of measures and monitoringatler status

Establishment of anfiollution programs

Establishment ofieneral rules for the use of water

Recovery of costs for water services

Establishing and enforcing administrative acriiminal penalties ompolluters of water
resources

= =4 =4 A =8

According to Law 1739/87, Greece is divided into 14 main water districts based on
hydrological and hydrogeological characteristics, which is one ofnt#uwessary steps for the
implementation of the Direate, such as these haween determined by the Decision of the National
Water Committee of 16.07.2010. Some of those districts are further divided into smaller parts as
shown in Fig. This division corresponds to administrative areas, based on drainage Tasin
water districk of Greece are: 1) Western Peloponnese, 2) North Peloponnese, 3) Eastern
Peloponnese, 4) Western & Central Greece, 5) Epirus, 6) Attica, 7) Eastern Central Greece &
Evvoia 8) Thessaly, 9) Western Macedonia, 10) Central Macedonigdsitern Macedonia,2)

Thrace 13) Crete, 14) Aegean Islands. Every water district is defined by its own unique code i.e.
GR 09 for the Water District of Western Macedonia.

Following the first implementation of the Directive, at 2015, the Management Witz
revised andvill be updated every six years (2021, 2027 etc.) taking into account the results of the
previous program, as imposed by the National Water Monitoring Network. Any activity directly or
indirectly related to the use of water resourcesansidered to be opatible with the objectives of
the Directive and more specifically it is approved for each Water Management Plan.

2.2 Water Resources Management in Greece

Law 1739/87 was issued as an elaboration of management fuansater resource
managementThis ha been a major concern for those involved and many studies have been carried
out, since then, at different levels. The most important of such studies are:

1 Management of water resources Louros and Arachthos (Ministry of Rural Develognien
Food/1991)

Wate resources management of the Aegean Water Department (Y.AN/1993)

Draft plan for the management of the country's water resources (Ministry of Defense/1996
update 2003)

1 Management of water resources of Kifissos, Voiteia (YPEXQDED)

1  Water resources managent of the Cyclades islands (N.A. KYKLAD/2001)

1 Integrated Water Resources Management of Crete (Region Crete/2002)

T
T

The project titled " Management pl ans of wa
study on the subjectnd with specifications thaneet national and international requirements. It
was conducted with the framework of the Operational Competitiveness Program of the Ministry of
Development. This project includes 29 subprojects, of which 4 are the main, took pla
simultaneously and coveatethe whole country, except for Crete, whose corresponding
specifications study was completed in 2002.

The 4 main subprojects are:

1 Development of water resource management systems and tools for the water districts of
Attica, Easern Sterea Greece, West&terea Greece and Thessaly



1 Development of water resource management systems and tools for the water districts of the
West, North and East Peloponnese

1 Development of water resource management systems and tools for thedistatets of
Western Macedonia,éhtral Macedonia, East Macedonia and Thrace

1 Development of water resource management systems and tools for the water districts of the
Aegean Island

The beginning of the four main syibojects took place in September 2008d aheir
completion in 2007. Thesstudiesactivities hadastheir main objective the production of a flexible,
dynamic and efficient management tool. This integrated Decision Support System will allow
authorities, responsible for the management of wadspurces, to evaluate and to camg
alternative strategies and possible interventions scenarios for rational exploitation and sustainable
management of aquatic water resources of their responsibility. The Decision Support System
consiss of databases argpecialized simulation softwarettv supportof Geographical Information
System, that will pipe data to management proposals dedicated in future scenarios that will include
the possible conditions of supplying and demanding water. It therefore becomedbkati¢laere is a
need for integated management water resources, which is not a simple process. A lot of data needs
to be collected, then sorted and categorized, along with defining of large humber of parameters so
they can be fed all together into theesjalized software, that will ass in anydecisioamaking
process. In this case, that software is the mathematical models of groundwater flow.

Mathematical models are mostly easy to nsevadays Their step by step setup inside an
integrated environmertan be ferreted out and they calso analyze any possible relationships
between any number of variables and problems, thus enabling full insight into the system that is
being studied. However, a model 6s r leeldatafedi | ity
The GIGO (Garbage IGarbage Out) principle, describes the aforementioned analysis as reliable
only if the data entered are reliable (Anderson & Woessner, 1992). If the assumptions for the model
are fair in terms of represémg realityas asitely as possiblandthe data etered are reliable, then
the modekhouldproduce fair results that are close at representing the possible mechanics of reality
in any particular case.

2.3 Brief Information about Climate change andfuture climate projections

Changes irthe propertiesof the climatesystem which persist for an extended periofitime,
typically decade or morare characterizeds Climate change. Climate changey occurdue to
natural phenomena or by human activitisiatural phenomena can bdernal processes such as
changes in solar radiation and volcanism that occur natusaltl alterthe composition of the at-
mosphereln contrast, ternal influences are caused by human a@iyithat alsocontribute to the
naural variability of the climatén a similar wayFor the past three decadesisitwidely recognized
that the production of greenhousmissions isesponsible fosuch climaticchanges in the natural
environment. The most investigatpdoperties of the lcnate systemare thepotential increase of
global andocal temperatureand thenduced modificatiorof rainfall distributionin space and time
that follows Theseeffects couldheavily affectthe environment and the socigtothdirecly and
indirecly. The Special Reports of the Intergovernmental Paoeimarized such effegte.g.
changesn water resourcesncreased desertification, loss of biodiversity,-Eaeel rise, ana&hang-
es in agricultural productivity (IPCC, 19953 1997 2007). Such alteratiog) natural ormanmade
require studesto assesghe impact they have on the climate system, and consequently on the hu-
man societyits growthandthefeasibledevelopment omanagement pla{Piao et al., 2010).

Climate impact studiesim to improve environmental and economic benefifhese im-
provemerdg must be feasibly in certain future period of time, thus; they reduiivee climate esti-
mations. Theséuture climateprojections are the projected changes in atmosphariablesunder
the climate change scenarios defined by the Intergovernmentdl fBai@imate Change (IPCC
2007). One way of tacklinghe impacthatclimate changéasin hydrological procsses ighrough
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the use ofmethodsand toolssuch aghe analysis opaleaclimate analogues, and that of proxy and
historical dataeandsupportdecision support systems (D3%sddecision supportools (DSTs) re-
spectively(Al-jawad et al., 2019)An alternativeapproaclhis the development of basin scale hydro-
logical simulations using meteorological daas inputs derived from global climate modds
(GCMs), which are based on climate change scen@ia$ando& R0ss0,2002).However,GSMs
providedata of a coarse spatial sgalhich have resolutions in the ranges of hundreds of kilome-
ters.This canbe a problem in representifigture climate of apecific regione.g.a mediumsmall
basin because they fail tadequatly describe théocal climatevariability (Kim et al., 1984; Gates,
1985; Robinso& Finkelstein, 1989; Smit&k Tirpak, 1989; Cohen, 1990Yloreover, most of such
models use rough peesentations to describe hydrologic processes (K&s&irarez, 1994; Blyth et
al., 1999).Thesereasonsmpose aserious restriction in the use of GAased scenarios for inves-
tigating the possible impacts of climate chamgkarge scale

Regional clim&é models (RCMsould be as fine asometens of kiloméersas opposedo
GCMs Local climate scenariagquire data of larger scaler impactanalysis;therefore this im-
poseghe use of RCMsMany impactassessmentgquire climate observatiomkie tothe fact that
theyare highly sensitive to finscale dmate variations. This is especially true for regions of com-
plex topography, coastal or island locations, and in regions of highly heterogenecusvand
RCMs are the better choice of such regjanisich is the relevant scale for water resource manage-
ment and mitigation strategies.

RCMs are derived from GCMsvhich aredownscaéd GCMs resultgn order to produce the
required spatial resolutiomhese derivations can be done with assibleapproabes which are
the most commonsgtatistical ordynamical the latter is the simulations of RCMs for small regjons
e.g.runoff basinswith initial and lateral boundary conditiobsised omesults ofGCM simulations
while the formeris based orthe statisical relationships between largeale climatanformation
and regional variables (Hewitsé@ Crane 1996; Wilby et al.2004). Also, RCMs can beproduced
with a myriad ofdifferent techniquesn termsof discretizing equations and representing-gut
effects (Deque et al2007). Thusgevery differemt RCMs is expected to give a variety of different,
so-called ensemble prediction$he pros and cons of these two fundamental downscaling ap-
proaches have been widely discussed (Murphy, 1998, 2000; WiltWgley, 1997) as well as their
impacts on the refting simulations (Hellstrom et al., 2001; Haylock et al., 2006; Schmidli et al.,
2006).Xu et al.(2005 and Fowler et al(2007), reviewed climate data downscaling methods and
techniquesincluding combinatn of themfor hydrological modelingconcluding that there is gen-
erally no clear evidence to propose a specific downscaling technique or method (dynamic or statis-
tical) as better for use in hydrological and water resources management lstuithescomimation
of both downscaling methodolas is suggested for climate change impact studies (Turco et al.,
2011)while Teutschbein & Seibert, 2010 suggest that ensembles approach gadatd better
thanusingthesingle RCM approach

Several ensembles of ®Ms outputs, such as ENSEMBLEYan derLinden, & Mitchell,
2009) EUROCORDEX (Gobiet & Jacob, 20119nd MEDCORDEX(Ruti et al., 2016)have been
developed to provide model outpiits basinscale studiedowever,their outputs are often affect-
ed by a sbng systematic bia®ias corrections usually needed as climate models often provide
biased representations of observed times series due to systematic model errors caused by imperfect
conceptualization, discretizatipmegional averaging within grid c&d and those inherited from
GCMs. Typical examples obiasesare the occurrence of too many wet dayghose observedith
low-intensity rain or incorrect estimation of extreme temperature in RCM simulationsi(IHas -
sen 2006). Suchbiaesin RCM-simulated variables caresult tq for exampleunrealistic hydro-
logical simulations of river runoffwhich is highly sensitive paramet@ergstrom et al. 2001).
Thus, necessitating bi@®rrection of their outputs to remove the systematic biagbMét al.
2000). This can be done via several methads Precipitation threshold, Scaling approach, Power
transformation, Distribution transfer, Precipitation model, Empirical correction, Linear transfor-
mation, each one with their own advantages amavlblacks(Teutsschbein & Seibert, 2010)n the

11



next Section, several examples of water resources management aréhgivesatwo commonap-
proachesSingleRCM investigations and RCNEnsembles approach

2.4 Modern examples of RCMdriven Water Resources Mamgement
2.4.1SingleRCM investigations

The simple approach of usimigta derived fronRCMs is the application of one RCM to sim-
ulate localhydrology. The modeling chain in these cases is usually very simple: (i) small number of
greenhouse gas (GH@mission scenariogii) one to two GCMs, (iii) only one RCM and (iv) a
small number of hydrological modg[§eutschbein & Seibert, 2010)his approach is often used in
very largewatersheds, e.g. the Yangtze River basinwhich the severe flood caseep\East Asia
during the 1998 summer was simulated using SNURCM RCM with 60 km horizontal resolution
(Lee et al. 2004), the Upper Mississippi River basin which the mpact of climate change on
streamflow in the Upper Mississippi River Basuas evaluate by use ofRegCM2(Giorgi et al.,
1993)coupled with a hydrologic modeboil and Water Assessment ToOSBWAT (Jha et a].2004),
the Columbia River basjnn which the potential effects of climate change on the hydrology and
water resources of the ColumalRiver Basin werevaluated using simulations from the U.S. De-
partment of Energy and National Center for Atmospheric Research Parallel ClimatéPdgde et
al., 2009 andthe Rhine River basjnn whicha model chainvas described and evaluated study-
ing streamflow reponses to climate variations and anthropogenic climate cheigg CHRM
(Kleinn et al. 2005).

2.4.2RCM-Ensembles approah

This approach, ensemblgses biascorrected data and includtéese parametevariability pre-
sened by each model usedhis can beachieved by using more thmme RCM and often also a
range of emission scenarios, GCMs /anchydrological modelsBooij (2005, usedone emission
scenario anccombined three GCMs (CGCM1, HadCMBSIR09) with two RCMs (HadRM2,
HIRHAM4) to simulate future gecipitation in the Meuse River basin. Leander e{2007,2008)
analyzdflood quantiles of the river Meudgy makingRCMi GCM combinations. Those weeet
up by combiningwo global models (HadM3H and ECHAM4DPYC3) with two regional models
(RACMO and RCAO) based dhe A2emission scenari@lock et al.(2009, created ten runs with
the NCEP RSMECHAMA4.5 AGCM system using observed seaface temperatures before simu-
lating stream flow with twohydrological malels Pisinaras, 2016 usech &nsembles SWAT
MODFLOW coupled approach to assess the potential impact of climate change in an aquifer in
Northeastern Greeder the period 204207Q This study used three RGMHI-AR, Huagen&
Haakensatd, 2®), RA-EC (VanMeijgaard et al., 2008) and REC (Jacob, 2001)nder the SRES
A1B sociceconomic scenariodlthese RCMs were bias corrected with the Cumulative Distribution
Function. Arampatzis et al., 2018 assessed the future impact of climate changehegquantita-
tive status of the Pinios river basin, Thessaly, Greece water restarrttes period 2022100 Da-
ta from four RCMs were extracted and basrected with the linear scaling meth&&nagopoulos
et al., 2016 assessed the potential impactéifite changé the water balance of Pinios river ba-
sin by applying an aredifferentiated modefor total ruroff estimation bases on the GROWA
model. This was applied with monthly biesrrected precipitation and temperature data, via the
linear scaling approach, ing four RCMs for period 202Q080. Foughali et al., 2015, used four
regional climate madels (DMI, ARP, SMH and ICT) from the European program ENSEMBLES,
forced by two global climate models (GCM): ECHAM and ARPEGE to evaluate the performance
of a hydrologcal balance model in a watershed located in northern Tunisia. The water balance
componets were simulated with a modified version (MBBH) of the lumped and single layer sur-
face model BBH (Bucket with Bottom Hole model).
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CHAPTER 3. Kastoria Basin, Western Macedonia
3.1 Geomorphology

Lake Orestiadais surrounded by rocky mountainous and hilly aredsis divided by the
"Koritsa" peninsula in two parts, as follows: the northern or upper part with an area of 15.13 km
and the southern or lower part with aeaof 11.47 krh The lakeside flat section is of relatiyel
small extend: it appears only in the north, east and south part of the basin. The |atoas=
progressive shrinkage fawer50 years in terms of spatial extent, average depth and watene/olu
of the lake (Tolikas & Mylopoulos, 2000; Paviopoulosket 2010).

Table 1 presents the area of elevation classes and the percentage of a certain class to the tota
area of the basin. Als61.6% of its surfacénas altitude above 800.18onsequently e catchment
area of Lake Kastoria isf mountainougype with a relatively high altitudeAlso, as next two fig-
ures i.e the higher inclination at banks along the second part of Gkioli stream and thpokmick
that separates the two padsGkioli streamn, show that Kastoria basin has a different base level,
that is defined by the Kastoria lake, than the rest of Aliakmonas catchmer)(Fig.

Tablel - Area and Percentage Share of Area of Elevation Classes
Elevation (m) Area (km?) Percentage Share (%)

600-700 113.96 36.18

700-800 38.48 12.22

800-900 32.02 10.17
900-1000 30.89 9.81
10001100 29.98 9.52
11001200 25.11 7.97
12001300 21.17 6.72
13001400 12.34 3.92
14001500 4.10 1.30
15001600 2.91 0.92
16001700 2.87 0.91
17001800 0.88 0.28
18001900 0.23 0.07
190062000 0.02 0.01
Summary 314.94 100.00

The morphology of the study area is affected by the combination of the geological structure,
recent tectonic development and erogiocesses, with the latter causm@rogressive smoothing
of the relief. The eroded materials are transported and deposited in the lowest regions of the basin
which is the Lake KastoriaBased on the geological structure and the composition afotikes,

there are three distinguished zene 0 f t h e (WValesadis) $983; Draudka, 2006; Kastoria
Lake Management Plan, 2015)

1 Relief of crystalline and pluton rocksone (granitegneiss rocks): This zone consisted of the
rocky, crystalline rocks and a part of the plutonic mass of Mdemto, which stretches down to
lake Kastoria. Also, this area has a profound effect in depth corrosion.

1 Relief of karst zone (carbotgarocks): The carbonate rocks of the Mesozoic nappe that extends
from the Korissos and Pyrgos to Askyos Mountains to Mduiktarios at the northwest consist
the second zone. These rocks are generally embossed advanced karstification and more specifi-
cally cracks, micro caves, dolines and leveling surfasamentioned in a previous chapter.

1 Relief of generally flat zone: Thihird zone coincides with the lakeside plain, the south of the
lake semienclosed area that ends before the valley of the RivekrAbaas and the eastern
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northeastern low inclination topographic area as shown atlFig.includes sediments of the
Mid-Hellenic Trench, the Pleistocene deposits and finally from Holocene deposits.

3.1.1 Relief of crystalline andplutonic rocks

Therelief of these rocks showslarge vertical displacementAlso, at this figure an altitude
difference of 1,5 Km at a horizontdistanceof 12 Km can be observed at this rocky relief zone.
This areais dominated gneiss granite, which haveeskatively intensdopography with rocky out-
crops whiletherelief of thesoil partof the areas way gentler, due to the easier erosiorhefshale
rocks that can be found there

3.1.2 Relief of carbonate rocks

The carbonate rocksef Korrisog Pyrgos, Sarakingsresentstructures of advance karstifica-
tion e.g dolines.Also, there are some flat surfaces on the carbonate rocks of Korrisosf those
can be found at the altitude0O00 to 1120 m this is limited to the east by the hills of Mikris and
Megalis Saakinas while in the west the limestongsesent a steep relief where the elevation of the
sur faceb6s saltoemidtude H700mnaedbekwthe Quaternary and ertiary sediments
of the Ampelokoipi areaThe surface drainage system loistimesibnemassis very sparse angre-
sents no flow

The limestone ridge "Koritsa" (height 890 m), whigsthe form ofa peninsulaxistsin lake
of Kastoria, there are marand developed karstructures This limestonemass whichis in hy-
draulic communication with lake Orestiada housages, both abowviae waterdevel ofthelake and
below it

3.1.3 Relief of Generally Flat Relief

Thefan-like deposits of the torrentthe scree deposijtthe oldriver terracesand the alluvial
plain areabelong to this categorAlluvial cones andansare formed at the outlets of the torrents
toward the plains are&Vhen the relatively large slope okttorrents beddecreases downstream to
someextent that thearrying capacitys reduceccapaity of flowing water thus deposition othe
suspended materiat&cursplaceand thereforéheformation of alluvial cones arfdns

The surface of the alluviacones and fans has large inclinatiom,to 15°. Suchcones and
fans can be observed at Aposkepos settlement, at the outlets of tbedeuats, Tichio, Metamor-
phosis, Melissotop® Vassiliads, etc Those formations areharacteried bythe fan shapeheir
crosssection,the relativegreater slope compared tioat of the plainandthe radial layout of the
drainage network that can be found on thénthe area of FotirBtawopotamdcs, the alluvialfans
of neighboringiorrentsarejoined sideways and eated compositi@ans. That zoneextents a bit be-
low the main plain area of Xiropataos Similar fans exist, about 5Km in length, alongof the
western slopes of Korissd@arst systemHowever, these have been formeartly from fans and
scree deposits ofnhestone compositioThe old river deposits that develop south aédilio, be-
tweenthe Aliakmon River and the lli stream give the area hilly topographic reliefAlso, the
densedrainagenetworkreflectstheirimpermeability

Finally, the lakesidelpin areais characterized bglmost flat relief horizontalsedimentori-
zons and the existence of deltaic deposi&uch deltaic depositsexist between Polkarp and
Mavrochori

14



Elevation (m)

635

630

625

620

615

610

605

600

1000

2000

3000

4000 5000
Length (m)

Figure 1 - Elevation along Gkioli stream

6000

7000

8000

9000

15



16

2640

2680?0 2720?0 2760?0 2800?0 2840?0

4500(100

4495q00

44850100 4490(100

4480(100

(# Kleisoura
°

4500d00

4495d00

MQOJOO

4485JDO

MBOJOO

2640

268000 272000 276000 280000 284000
Figure 2 - Slope map of Kastoria Basin

5000|0 2500?0 4500(.)0 5500?0 850000

4300000 4600000
1 1 1 1

1
=
T

4000000
1
1

T T T T
50000 250000 450000 650000 850000

Legend
Elevation 100m

—— Streams
® Meteorological Stations

=== Simulation Area
.| Lake Orestiada

e Hydrological Basin Boundary

Slope (Degrees)

Bo-3 [ [15-20 i 35-40
B:-5 [ ]20-25 | 40-60
Bls-s B 2s-30

Bls-15 Il 30-35

N

S

T N a— Kilometers
0 1 2 4 6 8

Coordinate System: GGRS '87

4200000 4500000

3900000



3.2 Geology ofKastoria Basin
3.2.1 Geologic succession of the broader research area

The largest part of the Kastoria basin belongs to the Pelagonian zone while its western side
represents partfahe SubPelagonian zone and the Mitkllenic trench. In general terms, taea
consists of karst formations, alpine orogenesis metamorphosed plutonicmmt&ssic sediments
of the Mid-Hellenic trench and in the uppermost strata loose quaternarytionsiavith underlying
Pleiocene sediments are foymchich constitute mostof the formation types that are found in W.D
GR 09. The metamorphic and plutonic rocks of the Pelagonian Zone exist in theeastéin part
of the area while the molassic sedingeaxist in the southwestern part. These geological formations
have an orietation of NWSE, as shown by the general tectonic movement of Greek formations
(Brunn, 1956, 1959, 1961GME: Savoyat et al.1971; Mountrakis, 1979, 128; Kilias, 1980;
Mountraks, 2010).

The main formations present in the study aredllrstrated in Figure2 and 3 are described
below in chronological order of deposition, from older to younger.

Metamorphic bedrock. The crystalline bedrock of the Pelagonian zone is not homogenaut
consists of several rock strata that form an imbeieaine. Those rocks are considered to be parallel
crystalline sequences ofmmon and uniform paldoedrock with similar lithological origin of
Paleozoic or Pr€ambrian age (Brunn, 1956, Mavat 1972, Mountrakis, 1983). The
metamorphosis of the crydiak bedrock is of greenschistolithic to amphibolitic phase and its
metamorphosis took place in the Paleozoic before the Late Carboniferous (Mountrakis, 2010). The
rocks that form the bedrock ammainly metamorphic and sesmmetamorphic rocks (gneiss,
amphbolites amphibolitic and mica shale), with some appearances of plutonic rocks, i.e. gneiss
granites. The gneiss of the crystalline bedrock is presented in segments with very good splitting,
while in several positions they are deformed. Crystalline roakdtions are all folded, due to the
number of tectonic phases that have influenced the area. The general inclination of the foliation of
gneisses and shales is NE to NW and almost always havestopas i.e 15 25 degrees, while
southwest slopes are alpresent at their body. In the broader area of this research, two series of the
crystalline bedrock of the Pelagonian zone are fd@anneli, 2009)

a) The VitsioNympheo lower series, charactsd by whitish or ashy colored gneisses,
amphibolites and slates. This series is dominated by the presence of white colored gneisses, which
are folded along with the other metamorphic rocks. The dense zones of mylonization, are an
important feature of thiseries, which in some places are vergrelateristic of the intense tectonism

that have occurred in the past as mentioned earlier.

b) The Kleisoura upper series, which consists mainly of amphibolites, efaiduibkibolite

shale, twemica shale, garnehica rich schists and gneisses. There are aseral felsic magmatic
intrusions in the rocks of this series. In some places serpentinites appearances are observed folded
along with the rest of the series. The two series of Wignphaion and Kleisoura includghale
appearances, that are found in bethies, but differ in that the former is the lowest horizons with a
usually normal transition to the upper horizons of the second series. Both series, however, form the
undivided crystalline background of the Pela@n zone.

The gneissed pluton of Kasiar It is located in the lake of Kastoria, occupies the central mass
of the Mtsi mountain range and extends to the northwest, where it merges with the granite of
Florina and continues up in Yugoslavia (Mountrald®,10). These are magmatic penetrations of
Upper Carboniferous age within the crystalline bedrock. This pluton basically is gneiss granite. Its
feature is the light green color. It is folded along with the surrounding rocks during the alpine
deformations ding which alternations of rocks were gam along several reverse faulting events.
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Permo-Triassic metaclastic sequencesThey exist on the western margin of Pelagonian zone and
represent the old sedimentatioha continental slope developed during the continental fracturing,
which led to the development of the ocean area west of the Pelagonian zone. The clastic sediments
deposited there were metamorphosed during the Late Jurdsaity Cretaceous in condins of
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the lower greenschist phase. The rocks that make up thectast@ sequences are phyllites, meta
arkoses, shales, quartzites;. (Vafeiadis, 1983)

Carbonate rocks.They consist of crystalline limestones, limestones and dolomite limestones. The
limestone occurrences, based on paleontological findings found both in the broader research area
and in adjacent areas, is of Triadigrassic agdBrunn, 1956;IGME: Savoyat et al., 1971;
Mountrakis, 1979, 2010)These rocks are highly fractured. Theirgnsignificant appearance a$

the southeast of Lake Kastoria and south of Korissos. The occurrences of carbonate rocks are of
particular hydrogeological intese to the wider region because they are associated with the
appearance of significant karst isygs, some of their occurrences greatly regulate the water balance

of Lake Kastoria and finally discharge laterally into the granular aquifers of the lakeaide pl
(Vafeiadis, 1983).

Ophiolites. The Pelagonian ophiolithic mass is allochthonous. It orig;érom the two oceanic
regions of the Axios and Stfelagonian zones and were placed on the Tridssassic carbonate
nappes on the two margins of each cgponding zones (Mountrakis, 2010). Those ophiolithic
appearances that exist in Kastoria regighich is also the wider area of this research, are of small
extent and isolated. The appearance of the most significant size is that at theesiudhthe diy

of Kastoria, between the lake and the settlement Maniakoi (Vafeiadis, 1983).

Tertiary deposits. Tertiary formations are found mainly in the seutbstern part of the wider area,
outside the boundaries of Kastoria basin. They are mostly composed ofimskdiments of the
Mid-Hellenic trench (conglomerate, marls, sandstones) and, to a lesset, éleiePleistocene
fluvial deposits (conglomerate, cygneen marls, loose sandstones, red clay). The Pleiocene
sediments, found at the south part of tharhasere deposited after the emergence from below the
sea of the molassic sediments and then&dion of small lakes in the late MiocenBleiocene with

the tectonic uplifting phase that followed (Vafeiadis, 1983).

Loose quaternary deposits In the wider region, the quaternary formations exist around the
homonymous lake of Kastoria. These quatgrmposits include: modern land deposits in the form
of loose alluvia at valleys, river terraces, fli@rential cones, alluvial fans and screes. Thieexc
exist on the base of steep slopes at the edges dhilbubbands. The alluvial fans, which are
deposited where the streams discharge on lower land and consist of moderately rounded pebbles
and edgy pebbles. Among those deposits there is sand, siéindy Isrownreddish clay. The
thickness of those varies. Generallypgh ardess thick on the edgewhile the fans themselves
become thicker furthedownstream. Finally, the alluvial deposits of the main plain area consist of
alternating layers of cose and finegrained deposits (gravel, sand pebbles, sandy clay, clay etc.).
Their thickness is quitlarge i.e. up to 120m at the north and east, more tham380the southern
part of the basin (Vafeiadis, 1983).

3.3 Tectonic Setting of KastoriaBasin

As mentionedn a previous chapter the study grealongsmainly to the Pelagaan Zone
andat its sothern parformations of the Mi-Hellenic Trench are found.

The Paleozoibasemenbf the Pelagomin zone as shown byts age andectonic process
deduced from iturrentstructure,was influenced both by the @abnian andErkinian tectonic
events asvell as theAlpine orogenesisThesetwo formereventgP1, P2)arealsofound in Kastoria
basin asin the rest of W.DGR 09 as mentioned ia previous chaptewhere the crystalline rock
formations are folded. The foliation of these folded rocks inclgeserally towards the northeast,
except from those found at the area of LiKi@arissos where they incline towards theutbovest.

The carbonate rocks of Trias$icJurassic age found at the Kastoria basin were brittly deformed by
the P2 tectonic phase btitey are also linked the upward movements that have occurred in the
wider northern Hellenic and Balkan region during N&we Pleistocene (Mountrakis, 201®lso,
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the Miocene marine sediments currently located at altitudes off@0meters a.m.s.l, ggva
measure of the uplifting tectonic process that followed after Middle Miocene, which was caused by
the NeoeAlpine tectaics. Also, the flattened limestone surfaces on the Korissos and Kazani heights,
which probably are part of @aleo coastsuggests #it the upwards movement of the rock mass due

to tectonic eventfvafeiadis, 1983).

During the Alpine foldng event a slipproportional to the gravityere create@nd can now
be foundon the schistokeratolithic with ophioliteck complex Consideredas aphenomenon of
this slip are the limestone and shale fragments encased in the Paleozaic dicthat at Kastoria
Dispilio area the tectonic wedges of théhales and limestones in the ophiolites, the small
ophiolithic appearances in the shale of dinex of Kefalari, the presence of thgneissed granitef
Kastoria ontop ofthe area's ophioliteand finally theobservedaults with clastite in their fracture
zone at Kastoria basin, which are found at the limestones of Trihgsissic age and the thied
ophiolites on top of the limeston@éafeiadis, 1983)

After the Alpine Orogenesis, the basemssdcted as #rittle massthat gave faults at the
general direction of the pmxisting folds andallowedthe metaalpine sedimerstto be deposited
uncomfamibly on it during the metélpine relaxation. Also, there were plutonic intrusion and
volcanic activity, whose productse the basic rocks involved in the petrographic composition of
PermioCarboniferous phyllit§®iabasic Shalef KastoriaDispilio).

Finally, the metaAlpine tectonic relaxation is associated with verticdractures of the
Quaternary, which created the peat geomorphology of the area
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3.4 Climate of Kastoria Basin

In the present thesidata fromtwelve meteorological stations were dsehich are found in
the broaderstudy area (Fig5), Those stations operate under gupervision of differenbrganiza-
tions. Info data for these stations is summarized in Tabfdl the stations are equipped with rain
and snow gaugeand thermometersyhile one is also equipped with evaporation.g@nowfall has
been converted to equivat rainfall height automatically by the meteorological instruments of each
station. Temperaturdatawere available fronsevenstations; four within the study regioméone
outside of it. Evaporation was available only from the meteorological statiDispilio so are not
of an adequate spatial resolution to give any more insight for the wider study area. However, these
data can give a reliabkstimationabout the @ins of Kastoria basin, where the aforementioned sta-
tion resides.

Table2 - Meteorological Station Info used in this thesis

ID Name Latitude Longitude Elevation (m) Owner/Operator Rain Temperature Evaporation
1 Kleisoura 40.537144° 21.468548° 1180 DEH/meteo.gr 20002018 20102018 N/A
2 | ArgosOrestiko | 40.452946° 21.280223° 661 NMS 20002018 20002018 N/A
3] Kastoria 40.519904° 21.257043° 630 M.E.D.C.C/meteo.gr 20002018 20102018 N/A
4 Dispilio 40.483109° 21.283854° 630 DEH 20082018 20002012 19992010
5 Tichio 40.581426° 21.302127° 663 RWM 20092018 20092018 N/A
6 Polykarp 40.523023° 21.325206° 630 RWM 20092018 20092018 N/A
7 Vissinia 40.610178° 21.305468° 885 DEH 2000-2018 N/A N/A
8 Lithia 40.523911° 21.412274° 940 RWM 2008-2018 20092018 N/A
9 BP1 40.5542° 21.4257° 760 Gianelli, 2009 20042007 N/A N/A
10 BP2 40.5252° 21.4186° 940 Gianell, 2009 20042007 N/A N/A
11 BP3 40.5763° 21.4425° 1170 Gianell, 2009 20042007 N/A N/A
12 BP4 40.5923° 21.3675° 1250 Gianell, 2009 20042007 N/A N/A

POE (DEH = Dhmosi€ pi chei ri sh HI epdtefiifodlc URpQ&ENO8c@)ed Public Organi zaRegianofWesternEl ect r i c
MacedoniaNMS = National Meteorological Service. Altitude is in m above mean sea level. N/A avilitable

Use ofdata from stations widely spread ovike area offers the means to develop an under-
standing of the rainfall, temperature and evaporation pattern in the study area.
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Figure 5 - Elevation map and positions of meteorological stations used in this thesis

3.4.1 Temperature and Evaporation patterns

Temperature measurements were available from the meteorological station of the National
Meteorological Service of Greece, at KastorigpArt, Argos Orestikpthe meteorological stations
of Municipality of Kastorialocated afTichio, Polykarpi Lithia and those of meteo.gr at Kastoria
and KleisouraThe stations are located within the study amecluding the Argos Orestiko and
Kleisourastation the topography of which is gentle for its largest part, and within which the mete-
orological parameterdo notvary significantly. Temperature data were available for the periods
shownat Table2.

3.4.1.1Temperature

The mean annual temperature Kastoria basin, for the period 20@018, was calculated to
be 1213°C. As expected in such climate, maximum temperatures occur during the dry summer
months, whereas the lowest are in the cold winter months. During the winter season, the mean
monthly emperatureanreachvalues 0f3.45°C, whilst in the summer season it was 21.3°C. This
displays a rather cold air temperature regime. A considerable annual variability in temperature ex-
ists in the region. Sometimes the temperature drops below 0°C nakelg exceeds 3°C. Such
variabilities commonly have serious implications for agricultttewever, due to the low tempera-
tures during the winter crops cannot be cultivated; thus, crops are cultivated only during spring,
summer and the earliest part of auturRigure6 displays the monthly temporal variations of mean,
max and min temperatures whieg. 7 displays the monthly means. Also, TaBlsummarizes an-
nual statistics of all three type of temperatures while Tdlgeesents monthly means for average
temperature onlyFinally, mean monthlymax mean monthly and min mean monttédynperature
figures for the entire Kastoria basafong with a nean temperature figure for the W.D GR &@
passed at APPENDIX C.
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Table3 i -Annual Temperature Statistics for period 20018 at Kastoria Basin
Temperature (°C)

Years . .
Maximum Minimum Average

2000 22.31 -2.00 1208
2001 23.97 0.90 12.91
2002 22.65 2.67 12.26
2003 22.84 -0.12 12.14
2004 22.12 1.24 11.99
2005 22.64 0.79 11.77
2006 22.07 -0.08 11.56
2007 23.56 3.44 13.06
2008 23.02 3.10 12.61
2009 22.76 3.07 12.76
2010 22.10 3.28 12.22
2011 23.13 1.15 11.86
2012 25.17 0.06 12.82
2013 15.14 3.01 9.80
2014 23.13 1.77 12.48
2015 23.34 0.25 12.72
2016 22.47 0.75 12.32
2017 23.17 3.48 12.54
2018 22.03 2.80 12.73
Mean 2251 1.56 12.24

Table4 - Monthly Means for 20062018 at Kastda Basin
Monthly Mean Temperature (°C)

Month
20002009 20102012 20132018 Average

Jan 2.35 1.74 3.37 2.49
Feb 3.53 3.28 5.49 4.10
Mar 7.70 7.74 8.75 8.06
Apr 11.40 11.76 13.06 12.07
May 16.59 16.03 16.96 16.53
Jun 20.31 20.40 20.40 20.37
Jul 2237 22.94 22.45 22.59
Aug 21.98 21.94 20.84 21.59
Sep 17.00 17.03 15.96 16.66
Oct 13.04 10.76 11.29 11.69
Nov 7.97 6.13 6.51 6.87
Dec 3.60 2.74 2.68 3.01

Average 12.32 11.87 12.31 12.17

For the spatial distribution of the mean, maximum and minimunpégature five stations
were used. They are located at Argos Orestiko, Kleisoura, Toichio, Lithia and Polykarpi. As ob-
served at Fig8, 9 & 10 the higher values are found at the west sidd@fasin while the minimum
values are found at the east sidejalhs of higher elevation.
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3.4.1.2Evaporation

Evaporation is one of the parts of the hydrological cycle, being so vital to assess the hydro-
logic regime of any region, and is affected byusnber of factors. Seven in total and listed as such:
1. Latent heat required for changing the pHase liquid to gaseous. 2. Temperature of the liquid
and the surrounding air. 3. Vapor capacity of the air. 4. Wind speed. 5. Weather pattern (pressure).
6. Nature of evaporating surface. 7. Soil moisture content (Ven Te Chow, 1964).

Measurements obtained from a pamporimeterat the Dispilio station were used for the as-
sessment of the evaporation over the study region. Data for the rest of EL 09 warailabte and
given its size the data from Dispilio station cannot produce a meaningful conclusion for the rest of
Kastoria basin. Analysis of the available data (32020), in the form of total monthigvaporation
values, shows that actual evaporati@anies considerably over the year, reaching its highest values
in the late Springlry summer monthearly autumn ands lowest by midAutumn and Winter (Fig.
13). During the 12 years of available records the minimum monthly evaporation recorded was 6 mm
in Jan 2001 while the highest recorded in August 1999 was 22h.1Annual values vary from
759.89 mm to 1267.40 mmitlv an average of 972.33 mm. Annual statistical data are summarized
to Table5 while mean monthly statistical data are summarized to Table
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Figure 11 - Mean Monthly Evaporation for period 1992010 at Dispilio station

Table5 - Monthly Evaporation Statistics for period 1992010 at Dispilio station
Evaporation (mm/month)

Month

Mean
Jan 30.33
Feb 38.66
Mar 66.15
Apr 94.87
May 117.88
Jun 140.74
Jul 167.15
Aug 161.33
Sep 91.41
Oct 51.63
Nov 23.07
Dec 28.86
Sum 1012.08

Max
61.70
71.50
88.60

205.30
173.00
169.90
202.90
221.10
120.00
102.90
4610
65.00

Min
6.00
16.40
26.00
50.00
43.50
79.50
117.00
123.40
57.00
21.10
9.69
9.60

Table6 - Annual Evaporation Statistics for period 1992010 atDispilio station
Evaporation (mm)

Years

1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
Mean

Mean Max

Min

63.32  221.10 9.69
99.36 186.60 9.60
87.29 168.50 6.00
92.11 146.80 22.20
84.78 156.50 12.60
85.82 158.90 14.20
83.61 149.60 16.76
93.97 165.00 21.86
87.98 197.10 21.90
92.71 185.70 17.89
105.62 205.30 16.40
91.76 212.50 19.40
83.03  170.66 16.52

Sum

759.89
1192.2
1047.47
1105.32
1017.36
1029.84
1003.26
1127.59
1055.70
1112.50
1267.40
1101.10
996.62
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3.4.2Rainfall

Rainfall has a significant role in a hydrogeological study and as such, serious consideration
has been given to ensure the consisteand reliability of the available data. The alluvial basin of
Kastoria is covered bgeveralof rainfall stations, whichre of more than adequate number. How-
ever, to achieve better reliability in terms of the method used to spatially distribute fa# ram
more station were taken also into account that are outside the wider study area, providing a broader
hydrological rtwork and thus a better understating of the distribution and pattern of precipitation.
The latter, as discussed in the next Chaptéhe present thesis, is in close hydrogeological interac-
tion with the aquifer system of the alluvial basin. Rainfall rds@re available as monthly totals for
the periods defined in Table Figure 2 andTable8 summarize rainfall data as mean moyntvel-
ues. Some of the records were incomplete, so the period of time covered by them is not consistent.
Those missing valuesere filled using the mean value of all corresponding morkigs.13 pre-
sens the mean annual precipitation relationship with aten. This was done with linear trendline
and the use of four rainfall stations of Vissinia, Kastoria, Kleisoura and Agestiko.The linear
analysis yielded Y=0.533X+291.58 witlfR=0.9(Fig. 13) a result which is similaio the one pro-
duced by Vafeidis(1983 and IGME(2010 for the eastern region of W.D GR.09
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Figure 12 - Mean Monthly Rainfal for period 20002018 at Kastoria Basin
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Table7 - Monthly Rainfall Statistics for period 2002018 at Katoria Basin
Rainfall (mm/month)

Month
20062003 20042007 2008 20092018 Mean
Jan 63.70 78.46 66.32 58.39 63.70
Feb 68.20 65.85 79.08 79.37 68.20
Mar 67.05 87.77 76.08 71.47 67.05
Apr 56.47 73.13 55.87 49.75 56.47
May 66.06 73.44 70.22 69.32 66.06
Jun 50.07 68.83 48.64 45.46 50.07
Jul 39.17 50.15 31.76 30.64 39.17
Aug 38.04 57.80 27.96 27.93 38.04
Sep 66.63 57.39 74.09 71.58 66.63
Oct 77.11 61.42 85.83 79.03 77.11
Nov 74.15 56.76 88.88 86.06 74.15
Dec 80.40 74.36 88.26 82.32 80.40

Sum 747.07 805.37 79298 751.32 | 747.07

Table8 - Annual Rainfall Statistics in mm for period 206R018 at Kastoria basin
Year Mean Max Min

2000 57.94 91.21 24.06
2001 48.74 94.44 22.47
2002 74.71 201.13 26.93
2003 78.10 182.21 21.98
2004 71.66 140.53 19.67
2005 62.43 112.03 18.89
2006 59.25 103.01 20.16
2007 58.22 107.06 13.13
2008 48.50 106.90 4.92
2009 83.36 168.19 23.25
2010 79.68 168.09 14.22
2011 41.13 112.64 11.81
2012 58.85 109.92 15.49
2013 55.97 143.58 6.17
2014 61.90 150.54 16.66
2015 62.87 128.44 11.25
2016 65.54 213.23 5.55
2017 52.72 140.14 9.75
2018 68.01 137.38 5.12
Mean 62.61 137.41 15.34
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3.4.2.1Rainfall pattern

Spatal distribution of precipitation is of significant importance in hydrology. According to
Luo et al.(2010, Radial Basis Function Network, Kriging, Inverse Distance Weighting are widely
used methods for such calculations. However, there are sevemalmahods to determine the
characteristics of precipitation over a catchment described in the literature, including the Arithmetic
Mean, the Thiessen Polygons, the Isohyetal Method, the Hypsometric and the Multiquadratic Meth-
ods (Shaw, 1994; Panagopoul®996. In this thesis, Radial Basis Function Network (Multiquad-
ric), coded by Chirokov 2006, was usedaasee mesh approach to spatially calculate the rainfall in
the study area. This is doive an automated fashiona a MATLAB algorithm, developed ithe
framework of this thesis, that incorporates the aforementioned R. B function.

As mentioned earlier, R. B function was used to interpolate the spatial pattern of precipitation.
The average annual rainfall for 19 ye& <30 mm, between 2000 and 2018high interpolated
values is close to the one @&7mm) calculated by simple statistics shown at Tabée 8. Fig. 14
and15 depict the pattern of rainfall. Both figures depict the same pattern. dibegresent higher
values of precipitation (>900 m oftéilide) to places with a higher altitude at the eastern side of the
basin while presenting low values at the western side. The plains of Kastoriagloasies relative-
ly high amounts of rainfall while most tiie rocky parbf the basirreceives a high anountof rain-
fall ranging from750 mm to 1000mm (Fig.16). Also, mean monthly precipitatioiiguresfor the
entire Kastoria basialong with a mean annula precipitation figure for the entire W.D GRré9
passed at APPENDIX C.
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During this period52.6% of the years deviated below the average, indicatingdityaspells
prevail overwet ones(Table8 & Fig. 16).

Annual Precipitation (mm) at Kastoria Basin
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Figure 16 - Annual Rainfall at Kastoria Basin for period 2002018

The bulk of the rainfall mainly occurs during the winter and autumn months and to a lesser
extent during early spring (Tab®. During at the dry period (Jur8epember), onlyindividual
events are experienced. Rainfall intensity is inversely proportiomal t he fAwetnesso
Towards the dry months the rainfall intensity increases and the duration decreases while during
winter time rainfall events are obw intensity and of long duration. This fraction of the rainfall
eventually contributes togaifer recharge. Since year 2000 rainfall events have been concentrated
in fewer months, and are characterized by very high intensity and low duration. Suchrelgade
to water cloggeeoil, which impedes percolation and recharge. This in turn causesderably
increasedunoff, commonly resulting in extensive flooding of land (Panagopoulos, 1996). Severe
floods were reported in several months during periddbZD07, i.e Mar2005, JarR006 and Apr
2007 (Gianneli, 2009).

3.4.3 Evapotranspiration

Evapotranspiration is an important component of the hydrologic cycle as it can significantly
affect the water budget of the natur@his necessitatei$s accurate estiation. Several empirical
methods have been developed to derive evapotranspiration estifffa@eBood and Agriculture
Organization of the U.N. (A.O) recommendshe PenmanMonteith method as the sole method to
calculate reference evapotranspiration, ehkier the required input data (i.e. temperature, relative
humidity, solar radiation, wind spd) are available (e.gAllen et al, 1998; Ampas et al, 2007
Other widely used methods are the FAO 24 Penman method, the FAO 24 Blaney and Criddle meth-
od (Dooremos & Pruitt, 1977), the FAO 24 Makkink method, and the Hargreaves method (Har-
greaves & Sanmm, 1982; 1985). Choosing one diose depend mainly upon the availability of the
measured meteorological data. These may be categorized into one of the follesses of ener-
gy budget, aerodynamic transfer (or mass transfer), a combinatioosef and empirical methods.

The suitability of various evapotranspiration methods has been subject of research for many
hydrologists and agriculturists, due to the diffeérezsults they provide under different climatic
conditions. Evapotranspiration re@seh also includes comparison of numerous equations describing
evaporation or evapotranspiration. Among the articles on comparison between different approaches
is the work & Xu & Singh, 2002, which evaluated five empirical equation of EJtimation with
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daily datasets from Switzerland and of Antonopoulos & Antonopoulos, 2018, which compared the
results of thirteen methods of evapotranspiration estimation using seven fyeemstioly meteoro-
logical data from Amynteo meteorological station of the Nationeiedrological Service.

In this thesis, the available data for the estimation of the reference evapotranspiragjon (ET
were only temperature. A comparison was made betveeperature methods: the Blar€yiddle
method (BlaneyCriddle, 1950) and the Hargrees method (Hargreav&amani, 1985). These
methods were then compared to the mean monthly PeNuateith values oETo produced by
Georgiou et al, 2000, who used meteogital data from meteorological station of Edessa, Kateri-
ni, Kozani, Ptolaimaida ahFlorina, which are found at basins adjacent to the one studied. Nineteen
years of monthly temperature data of Argos Orestiko meteorological statioriVios NKastoria,
Toichio, Polikarpi and Kleisoura stations of meteo.gr were used for this compartsese data
were applied in the following Equations:

Blaney-Criddle

Fah == 8 Aogis 8 T XXXXXXXX XX XXKKOBKX X X XK P 48]
where

ETy is the reference evapotranspiratignm d 1)

TmeaniS the mean daily temperatuf¥C) given aslTmean= (Tmaxt Tmin)/2

p is the mean daily percentage of annual daytime hours

HargreavesSamani

Fil 8 8 qrlogt: 8 Tote Ao T XXXXX XX XXN XK X X (8.8
2 -1 -1

wherethedd . 408 =1/ factodtooenmdverts from MJ m

ETh is the reference evapotranspirationm d 3
Tmeanis the mean daily temperatL(ﬂC) given asTmean= (Tmax+ Tmin)/2

R extraterrestriatadiation (MJ m d )

The following Tables depict the results from tlkemparison between the mean monthly
PenmarMonteith values of evapotranspiratiogceived from Georgiou et al., 20@0d those pro-
duced by the above equations yieldeg using monthl temperature data for 9 ymathe following
tables, which summarize the mean monthly percent chiangbe aforementioned meteorological
station at the study basin for each of the two evapotranspiration estimation equations.

Table9 - Monthly Means of Percent Change éfargreaves method of Estimation &vapotranspiration for five meteorological
station at Kastoria basin
Hargreaves Jan Feb Mar Apr May = Jun Jul Aug Sep = Oct Nov Dec

Argos Orestiko ' 39.21  31.78 39.23 34.70 31.32 28.38 23.85 2542 30.43 41.02 53.96 64.68

Kastoria 30.40 24.19 33.45 3143 27.36 23.18 17.53  17.77 22.93 31.22 42.30 51.20
Kleisoura -17.03 -12.99 -184 -042 -113 -3.19 -3.66 -3.95 -4.03 232 901 8.9

Lithia 3257 23.88 1956 9.66 5.23 -2.05 -941 -10.36 -2.74 26.96 54.37 48.34
Polykarpi 3556 26.86 22.19 1587 6.52 -0.67 -8.43 -9.56 -0.43 19.48 47.60 64.22
Toichio 35.03  25.07 22.06 7.11 344 -240 -10.48 -11.05 -1.89 18.19 35.21 48.90

Table10- Monthly Means of Percent Change &laney-Criddle method of Estimation oEvapotranspiration for five
meteorological station at Kastoria basin

Blaney-Criddle Jan Feb Mar Apr May = Jun Jul Aug Sep Oct Nov Dec

Argos Orestiko  243.44 150.05 103.92 56.74 41.03 33.12 23.64 29.32 60.21 129.75 22125 300.05
Kastoria 257.74 160.09 111.00 62.87 45.06 35.66 25.21 30.82 62.93 135.26 237.28 322.77
Kleisoura 229.09 12442 83.96 45.90 33.93 25.89 18.33 24.26 50.97 115.42 213.31 292.53

Lithia 65.87 36.92 1954 514 -181 -415 -9.65 -6.42 7.68 63.87 13163 105.59
Polykarpi 73.35 4282 2388 1399 -0.10 -2.32 -8.36 -531 11.25 49.97 116.14 147.50
Toichio 72.02 39.28 2366 151 -416 -4.62 -11.07 -7.37 9.00 4756 87.80 107.09
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In summary, the Hargreaves methgeherally overestimates k&t Argos Orestikand Kas-
toria stations while underestimates at the station of Kleisoura thought out the year. At the stations of
Lithia, Polykarpi and Toichio, ETis slightly underestimated for months June, July, August and
September while the other months of the yearoerestimated with similar percentages observed at
the rest of the stations. The Blar@€yiddle method shows similar percentages for most of the
months of the year for stations Lithia, Polykarpi and Toichpay&from the winter months where it
significantly overestimates Kby 1-3 times the ones yielded by the Hargreaves method. The refer-
ence evapotranspiration is overestimated 0 3imes at the stations of Argos Orestiko, Kastoria
and Kleisoura apart fro the summer months where the results ardasitwith the ones form Har-
greaves methods. The significant overestimation of the Bl@niglglle forbids its use for the esti-
mation of the reference evapotranspiration at the study area. Thus, in this studil B& calcu-
lated with the Hargreaves method

Tables11 & 12 summarizeETo data agnonthlymears andannual values, respectively, calcu-
lated with the Hargreaves method for the reason stated.gbowe of the records were incomplete,
so the period of timeovered by them is not consistent. Thosesmig values were filled using the
mean value of all corresponding monttighe adjacent years

Table 11 - Mean Monthly Reference EvapotranspiratioBtatistics for period 200@018 at Katoria Basin
Hargreaves ETo (mm/month)
Month = 20002009 20102010 Mean

Jan 0.77 0.66 0.71
Feb 1.24 1.09 1.16
Mar 2.15 1.85 2.00
Apr 3.18 3.12 3.15
May 4.63 4.03 4.33
Jun 5.75 5.00 5.37
Jul 6.08 5.42 5.75
Aug 5.46 4.85 5.15
Sep 3.58 3.23 3.41
Oct 2.22 1.85 2.03
Nov 1.20 1.06 1.13
Dec 0.68 0.68 0.68
Sum 36.95 32.82 34.89
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Table12 - Annual Reference Evapotranspiration Statistics in mm for period 20218 at Kastoria basin
Hargreaves ETo (mm)

Year Mean Max Min Sum
2000 3.16 6.42 0.62 37.97
2001 3.20 6.18 0.49 3841
2002 294 578 0.54 35.30
2003 3.03 6.17 0.66 36.38
2004 297 595 0.71 35.65
2005 3.01 593 0.68 36.15
2006 3.03 b5.75 0.63 36.37
2007 3.23 6.68 0.59 38.79
2008 3.17  6.17 0.70 38.01
2009 3.04 6.07 0.73 36.48
2010 2.71 580 0.53 32.47
2011 2.69 6.37 0.37 32.27
2012 2.85 6.88 0.45 34.25
2013 2.77 581 0.57 33.23
2014 268 597 0.53 32.18
2015 2.68 6.48 0.49 32.10
2016 2.70 598 0.50 32.42
2017 2.80 6.42 0.17 33.65
2018 2.74 590 0.48 32.84
Mean 292 6.14 0.55 35.00

3.4.3.1 Evapotranspation Pattern

In order b alsoachieve better reliability in terms of the method used to spatgyesenthe
reference evapotranspiration, likeplementedvith the rainfall,more than threstation were taken
into account two outsideof them locatedhe wider study aregroviding a broader hydrological
network and thus a better undergfag of the distribution anthe pattern ofETo for the periods
defined in Tabl®. The R.B function were also used in this case.

The average annual reference evagmpiration for 19 years is 3m, between 2000 and
2018, whereas the interpolated valaesclose to the one (~12.7 mm) calculated by simple statis-
tics shown at Tablél & 12. Figuresl?, 18 and19 depict the pattern of Elat monthly means val-
ues, meamnnual and mean annual values for the growing period only, respecAldlyree fig-
ures depict the same pattern. They also present lower values ¢¢¥D m of altitude) to places
with a higher altitude as at the eastsigte of the basin while prederg higher values at the middle
and southwestern side
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3.4 4 Climate Classification Assessment

The climate of theMediterranean regioman be characterized tthe Emberger formula,
which gives a strong emphastsannual changes temperatureThe rainfall quotient,Q, value for
the studiedregion and the value of m are compilelimatic charts of Emberger modified by
Sauvag€1930)

P: Annual Rainfall in mm
Mk: Mean temperature of maximum measured teatpesof the hottest montim Kelvin
mk: Mean temperature @hinimum measured temperatwethe coldest montim Kelvin

At the ClimateDiagram for Greece three bioclimatiategories can be distinguish&smi
dry", "wet" and ‘semthumid’ and four sukcaegoriesbased on the value of nm(°C degreekin

"hot winter", "mild winter", "winter cold" andseverewinter" (Mavromdtis, 1980)
Thus, the following bioclimaticombindionsare distinguished:

Mediterranean very dry climate
Mediterranean drglimate

Mediterranean sendry climate
Mediterranearsulbhumidclimate
Mediterranean humid climate
Mediterranean hypaumid-climate
Mediterranean climate of high mountains

=4 =4 =4 -4 -8 -4 -9
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The distirction of the sukrategorieof each bioclimaticategory isn five variants'warm®,
"temperate”, "cool", "cold" and "very cold" is based on the average of the coldest month tempera-
tures (m°C) as follows:

m> 7°C = warm underfloor, winter warm without 8D

3 °C <m <7°C = temperate, winter mild, frost rare

0 °C <m <3°C = cool, winter chilly, frequent frost

-10°C <m <0°C = chilly, severe wintercold shade, longerm frosts
m <-10°C = very cold, winter vergeverefrosts prolonged

= =4 =4 -8 9

By using the data gerated by R.B function (B0 mm) as well as the temperagdudata
from the sources listed diable9 (M=30.5C and m=6.6°C) and the following modified equation
of Emberger, that calculates €gual to B.63. This characterizéhe climate of Kastoria basi by
these recent climatic data, ssmthumid with severavintersper Mavromattis, 1980.

3.4.5 Future Climate Projections

The Mediterranean region has been charact el
change effects (Giorgi et al., 2006). 6 s al so t he most vulnerabl e I
mate change impacts (Schroter et al., 2005; Navarra & Tubi@i8, &iorgi & Lionello, 2008)
and is expected to witness a decrement in water resources due to climate change. This is attributed
to the significant predicted increase in above average precipitation and decrease in annual precipita-
tion with fewer wet daysnd drier summers (IPCC, 2007). This has been presented in several stud-
ies. Alpert et al., 2008 support this and further suggest@relecrease in rainfall, increase in tem-
peratures and a greater tendency towards the aforementioned extreme. Moreawssky et al.,

2014 based on future trends of 16 GCM runs suggested that a significant increase in temperature for
the period 20742099, close to the end of the current century, relative to the control period 1961
1990. Seasonally, rainfall is expecteddtecrease 80% on an annual basis for the Mediterranean
area, from north to south. In regard to temperature, the increase is dxjgette higher in the
summer and lower during the winter and spring, with average increasé 6€3Jacobcit et al.
2014,reviewed a wide number of studies about projected climate change that altogether cover the
Mediterranean region. Precipitation fdnet entire Mediterranean points a downward trend for
spring, summer and autumn while in wintgdobal climate models indicate general rainfall de-

crease in contrast to several statistical downscaling results that show increases in rainfall. Greece,
found 4 the eastern part of the Mediterranean, shows an increasing trend in future temperature vari-
ation while precipitation is gected to decrease in amount and wet day occurrence (Tolika et al.,
2012). The results of transient higbsolution RCM simulationybZanis et al., 2015 indicate small
changes, as increasing annual temperature by 1.8 °C and decreasing/increasingipretopitae
early-future period 2022050 while towards the end of the century more severe changes are ex-
pected i.e 3.4 to 4.2 °C ¢émperature increassnd up to 40% decrease in precipitatiSammer
presents the largest future increase in average tatpemwhile winter and spring show the largest
decreases in precipitation. In addition, extreme precipitation events are expdwteith¢ceased in
Greece (Tolika et al., 2008).

The above described climate changes during the twieatycentury are expéed to signifi-
cantly affect water resources availability in the Mediterranean region. Studies that indicate water
reduction attribugd to climate change as a consequence have already been conductedR@Barcia
et al., 2011; Ludwig et al., 2011Accordingto the European Environment Agency (2009), several
studies that aim to assess the potential effects of climate change at thees@ieces in the Medi-
terranean region have been conducted. They have concluded, in common, that the water resources
availablity is going to decrease. More specifically, fresh water availability at the Mediterranean
region is expected to decrease betwe@¥h 8o 50% by 2050 (Milano et al., 2013). Local studies of
climate change impacts in water resources have also been corakictgarted at a previous Chap-
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ter. In addition to their findings, Koutroulis et dR016 presented a significant reduction in
groundwaterevel, asresult of decreased groundwater recharge and increased groundwater abstrac-
tion of irrigations for Cretesiand while Kalogeropoulo& Chalkias(2013 suggested significant
decrease in surface runoff for the next 50 years at a catchingntims island. Similar results are

also suggested by Abdo et &009 for the Gilgel Abay catchment in Lake Tana ba&ithiopia,

where rainfall will decrease by 20% while runoff wilcreaseby 33% towards the end of the cen-

tury.

Taking into accounall the aboveChapter 2 and the necessity to develop climate change im-
pact assessment studiesthe local scale, to consitt sustainable development plans, the careful
evaluation of climate change data sets seems to be indispensable to comprehend wings im-
pact on water resources availability and sptimporal distribution. Given the fact that agricultural
activities are the dominant water consumer in Kastoria basin accounting for almost the entire water
use(Hellenic Ministry for the EnvironmdnEnergy and Climate Changpecial Secretariatf Wa-
ter, 2014), precipitation and temperature evolution area expectedntbcantly affect water re-
sources availability in the form of reduced effective precipitation and increase of crop water de-
mand ad indirect availability in the form of groundwater recharge and surface runoff, all of which
processes are vital factors thie water balance of the basin and of the water balance of Kastoria
Lake.

3.4.5.1Climate data & bias correction

Monthly precipitaton data were collected form 4 raatological station located in the wider
Kastoria basin are@rig. 20) Those data coverperiodof twenty years betweel986to 2005 (con-
trol period). For 2 of those stations, average monthly temperature was also avéifirmation
regarding the four meteorological stasaran be foundt Table 2. GCMs has been widapgplied
in climate changémpact research, as mentioned in Chapter 2. However, Greece is a country that
presents complexity at its climate charactessstirhus, the controlling factors cannot be adequately
represented by GCMs (Tolika et al., 2D&nd, herefore, the application of RCMs, which have a
finer resolution is necessa(yolika et al, 2016) Consequentlyprecipitation and temperature data
were extractedrom the ELRO-CORDEX project, in which RCKlwere used t@roducesimulation
of reginal climate at fine grids, e.g. 12ds 50 km resolution Gobiet & Jacob, 20)1These simula-
tions are driven by reanalysis data for the control period and graleGCMs under three emis-
sions scenarios, e.g RCP 2.6, RCP 4.5 and RCH-&yp-threeRCMs were received from the EU-
ROCORDEXexperimentand were considered for use. However, such a nunibeodels is cum-
bersome to handle aradso,i t 6 s n o tt bettee resulis wilhbe prodaced than using lessl-
els. Having in mind that RCMs present very different resolsaning increase and/or decrease in
precipitation and temperatueand alsothatbiascorrection might not always improve RCM results
in termsof representing observed pattdan a given biascorrectionmethod and a certain type of
data e.g monthly dat@anly tenRCMs were choseaut of fifty-threeall of which displayedmainly
decrase in precipitation, increase in temperature and improvememepresenting observed pat-
terns after being biasorrected Two of those models are under the RCP 2.6 emission scenario
while the rest othe models areequallydivided into two groupsinder RCP 4.5 and RCP 8hhe
names and the hereafter naroéthe séected modelsireillustratedto the table found below.
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Figure 20 - Statiors used to perform biagorrection and the corresponding grifoints extracted from the RCMs
Table 13- Original Names and Heredér Names of theselectedRCMs
RCP RCP 2.6 RCP 4.5 RCP 8.5 =
[
RCMs -g
=}
2 g & g > 5 g =
EUR-11 Q g Py 3 8 3 ¢ ¢ 8 3 =
o : z 2 : 2 3 3 3 g e
o x 2 x 3 3 x
IPSL-IPSL-
CM5A-MR X 1
MPI-M-MPI-
ESM-LR X 1
IPSL-IPSL-
CM5A-MR X 1
MOHC-
g HadGEM2ES X 1
I0) MPI-M-MPI-
L ESM-LR X 1
o MPI-M-MPI-
3 ESM-LR X 1
= CNRM-
£ CERFACS X 1
CNRM-CM5
MPI-M-MPI-
ESM-LR X 1
MPI-M-MPI-
ESM-LR X 1
MPI-M-MPI-
ESM-LR X 1
Total Number 1 1 1 1 1 1 1 1 1 1
Hereafter Name RCP RCP RCP RCP RCP RCP RCP RCP RCP RCP 1
26 A 268B 45A 45B 45C 45D 85A 85B 85C 8.5D 0
Reference Jacob et Jacobet Skamarock Kupiainene Jacobet Kupiainene Rockelet Rockelet Jacobet Kupiainen €|
al. (2012) al. (2012) etal. (2008) al. (2011) al. (2012) al.(2011) al. (2008) al. (2008) al. (2012) al.(2011)

To improve local climate variabilityepresentation on regional and local assessment of cli-
mate change effegtbiascorrection wasappliedin RCMs outputvia a custom MATLAB codeA
wide range of biasorrection methods are proposatd usedn the scientific communityThe sim-
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pemet hods have the advantage of altering, the
2007. The advantages and disadvantages of the most widely applied simpterpgtionmeth-
ods, namely the delta change and linear scaling, are presentedtsghbeir& Seibert2013.

Linear scaling was applied for the purposes of this study, which lessgreviously used in
several studies for the assessment of climate change impacts at river basin scale (Bosshard et al.
2013; Fiseha et al2014).A scalingfactorwascalculatedor each calendar montbr both precipi-
tation and temperatur&his facta is the ratio between the average observed and average simulated
monthly precipitation for théistoricalperiod 19862005. Those scaling factonsere subsequently
multiplied by monthly precipitation data and added to the monthly temperature data édacthef
the three sulperiods for the projectegoeriod as shown at the equat®found below For each sta-
tion of observed datased the nearest grid point were chosen.

F |}%%Fﬂz XX X X X X X X X X X KRHKOBRBK X X X X X X X X XX HXX 3B
] e 4>

14 Howgy Hooglae s & XXXXXXXXX XXX XXX XXX XXX XKKEBHX X X
where:

P*=biascorrected Precipitation

T* = biascorrected Temperature
Pobs=0bserved Precipitation

Tobs= Observed Temperature
Pcontr= control period Precipitation
Tcontr= control period Temperature
P= RCM Precipitation

T=RCM Temperature

em= mean within mortly interval

The projected period 2012078 was divided intdhreeequalsubperiods of 20 years each to
assess future treadn precipitation temporal variations.g 20192038, 20392058, 2052078 The
results were later analyzed on monthly, seasonal amebhbasis foall subperiods and compared
to the corresponding precipitation and temperature data of the perioe2Q0B6

The performance of each model to represent observed precipitation and temperature variation
patterns was assessed, along with tadgomance of the chosen biesrrection method, with the
construction of Taylor diagrams (Taylor, 2004)nce they prade an efficient graphical method to
present how well simulated patterns match the observed ones. Taylor diagrams are incorporating
comel ation coefficient (Pearsonbs for precipit
mean square differeneRMSD) and standard deviation into a single diageauh, thereforgthey
provide a clear overview of similarity between simulated dmskoved data.

3.4.51.1Future trends in precipitation variation

The Taylor diagram compiled by raw and basrected M precipitation data for the peri-
od 1987 200, is presented in Fige 21 ,while a summarizing table with the Taylor diagram data is
passed to APPENDIXD Points that are found closer to t
tion and demonstrateigher correlation indicate better representation of observed patterns. With
regard to raw RCM precipitation data, correlation coefficiamged approximately betweed.12
and 02 for all RCMswhile standard deviation 1-1.6, 0.91.55 0.81.55 for the RCMs ér each
RCP. The corresponding cRMSD ranged between 2.5 aftiffdr. all RCMs All RCMs were found
to underestimate standard deviattmmparedo that ofthe observed datand, therefore, they indi-
cate lower precipitation variation compared to the obskrVae biascorrection improved correla-
tion coefficientfor the choselRCMsasit was increased by more th@r01 units which is evilerce
of improvementwhile improvementasalso observed for the standard deviatibhese improve-
ments indicate better germance after the biasorrection application.
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Figure 21 - Taylor diagram of Raw and biasorrected (BCEUR-11 RCM precipitation data for the contrgberiod 19862005
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Annual temporal variation of precipitation was asseésfor thethreesubperiods and com-
pared to the median total annual precipitatiorthef controlperiod (198 2006), which is778.54
mm and the results arkuistrated in Fig22. A wide range of annual precipitation change is indicat-
ed for all RCM GCM combinations and alBubperiods. The general point of the results illustrated
in Fig. 21 is that precipitation is expected to be significantly decreased,iabpeitiring the period
2059-2078. Climate change signal for the periodl202038 is not very clar as highly controver-
sial estimates are generat®CP 2.6 AB, RCP 4.5 A, B, C and RCP 8.5iAdicate a smaltle-
creaseor increasef precipitation by10.33 19.37 6.7,-8.29, 12.31;3.75mm, respectivelyn the
median, whileRCP 4.5D and RCP 8.5 BC, D indicates annual precipitation decrement86y35,
51.89, 54.88 and 102.66, respectivélgr the next suiperiod of 20392058 al RCMs present de-
crease in precipitationetween 17.73 and 115.99m, except RCP 8.5 A, wdse medians almost
equalto the median of the observed data of the control penibte for the final sukperiod all
RCMs present decrease in precipitation betw&e8 and 122.39 mm, except from RCP 4.5 A, D
and RCP 8.5 A, whose median present a sligtrtement in respect to thmedan of the observed
data of the control period.

When comparing the temporal change of annual precipitidrogach chosen model, dfient
trends are indicated. RCP 2.6 A, RCP 4.5 A, C and RCP 8.5 B durirsp¢bed andhird sub
periods present even gater reduction in precipitatiocompared to the first syferiod. The second
subperiodRCP 4.5 D and RCP 8.5 C, D present increase but are still reduced compared to the me-
dian of the control periodAlso, RCP 2.6 B and RCP 4.5 B present a slight decnshde RCP 8.5
A present a slight increase, where it also shows increase comparedctmtitué period.Finally,
during the third suiperiodall models present decrease except from mdd€R 4.5 A, D and RCP
8.5 A, which present a slight increment

To identify temporal trends in precipitation variation on a seasonal basigplbtsxof seaso
al total precipitation were created for all spdériods and RCMs., which are presented in Fig. In
general, there are some clear variation trends identified when eéb#ipation for the two sub
periods are compared to the control period. All RCMs prasergase or decrease during the first
subperiod and decrease or increase during the seadnid decrease with a few exceptions a
mentioned earlier.

Concerning the @umn seasoifFig. 23), there is a general trend observed which indicates
wider seasongbrecipitation variation range and increment incguiation extremes, either by little
or by more.The high autumn precipitation extremes are increasing the poteegative impact on
agricultural production of crops such as cottiiscultivation peiod is usually between end of Oc-
tober and middle November. RCP 2.6 B, RCP 4.5 A and RCP 8.5 B, D present decrease by 5.6 mm,
5 mm, 5.58 mm and 25 mm, respectively, dgrthe first sukperiod while during the second sub
period present increase by 23mm,80, respectively for the first two models. RCP 8.5 B presents
a decrease by 25 mm and RCP 8.5 D presents a slight decrease of ID@inmignthe third sub
period,modes RCP 2.6 A, RCP 4.5 C, RCP 8.5 B angf@sent 9.61, 6.66, 14.71, 12.81 mm de-
crease rgeectively whilemodels RCP 2.6 B, RCP 4.5 A, B, D, RCP 8.5 A and D present 24.71,
27.89, 46.52, 38.85, 20.72 and 6.47 mm increase respectirelyn all the chosen RCMsenly
RCP 8.5 B presents decreasedbhisubperiods, the highest autumn precipitation decrement is pre-
sented by RCP 8.5 D for the period 2€A®88 and it is equal to 25 mm.

Concerning the winter season (Fig), only RCP 4.5 A and RCP 8.5 C presentkardasing
trend forthe first twosubperiodsonly. All other models present increments or decrements in each
subperiod, either low or moderat8imilarly, to autumn season, there is a general trend according
to which winter precipitation variation range wider compared to the correspondingiaton
range of thecontrol period, thus indicating increment in precipitation extremes, either low or high,
for most of the examined model combinations anderinds.The highest decrement is presented
by RCP 26 B model at the third suberiod and its equal to 47.15 mm.
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Pr - Kastoria Basin - Annual Boxplot - rcp26 - Projected Period 2019-2038

Pr - Kastoria Basin - Annual Boxplot - rcp26 - Projected Period 2039-2058

Pr - Kastoria Basin - Annual Boxplot - rcp26 - Projected Period 2059-2078
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Figure 22 - Box-plots of total annual precipitation variton according to the results from the teselectedRCMs for the periods
20192038 20392058and 20592078
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Concerning spring precipitation variati¢hig. 25), RCP 2.6 ARCP 4.5 A, BD, RCP 8.5 B,

C and D present decrement for both-paliods ranging from-5.5 t0o-49 mm for the first period
and-8 to-95 mm for the second periachile 7 to 67 mm for the thir period RCP 2.6B andRCP

4.5 C presen incrementfor the first periogd1.2 mm, 10 mm, respectivelyand decrementdr the
second suiperiod -15.3 mm and9.6, respectivelyRCP 8.5 A presents as slight increment on both
subperiods.As in autumn and witer, there is a general trend according to wisphingprecipita-
tion variation range is wider compared to the corresponding variation range aufrtinel period,
thus indicating increment in precipitation extremes, either low or high, for most of dneired
model combinations and syteriods.

Finally, summer precipitation variatigffrig. 26) follows the general trends observatthe
rest of the seasorfier only for models under RCP 8.Blodels under RCP 2#&nd RCP 4.%resent
narrowerseasonal variain range whilemodels undeRCP 8.5 present wider range than the ob-
served variation rang®CP 2.6A, B, RCP 4.5 B, C, D, RCP 8A, B, C, and Dpresent constant
decrement at both stgeriods ranging from-2 to -54 mm for the first period-15 to -61 mmfor the
secondand from-19 to-58 for the third RCP 2.6 Aand RCP 8.5 Aoresent decrement for tladi
subperiods, by 18 and 54 mrfor the first and by 14 and 21 mm for the second-pebiod,respec-
tively while RCP 4.5 A present increment for the fegbperiodby 15mm, 4 mm for the second
and 13 mm for the thitdMoreover,summer precipitation variatiandicatestotal dry summer peri-
ods for RCP 2.8\, B, RCP 4.5 B, C, D, RCP 8.5 B, C, and D models

In complement tannual and seasonal precipitatiariation, monthly precipitation variation
was also assesselbhe cumulative frequency diagrams for theeesub-periods and for each RCMs
chosen are presented in F&Y. A significant correction of pregitation CDFs for all RCMs has
been achievedrhes diagrams indicate that tite RCMs indicate maximum monthly precipitation
greater than the corresponding maximum ofdbwtrol period and, therefore, increment in monthly
precipitation extremes is presented by most of the B@ither raw or biasorreded This is also
proved from the fet that for cumulative frequency value§6-75%, higher precipitation values are
indicated for most RCMland subperiods. For cumulative frequency valueg&75%, RCP 2.6
and RCP 8.5 RCMs angresenting lower monthlyrpcipitation forboth subperiocs. RCP 4.5 A
and Bindicate significantly different variation patterftg the rest of the RCMsas for cumulative
frequency values 0% it presents monthly precipitation values which are close to the correspond-
ing values bthe historical period.
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Figure 23 - Box-plots of autumn total precipitation variation according to results from thelectednodels for the periods 2019
2038 20392058and 20592078
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Figure 24 - Box-plots of winter total precipitation variation according to results from thelectednodels for the periods 2019
2038 20392058and 20592078
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Figure 26 - Box-plots of summer total precipitation variation according to résufrom theselectednodels for the periods 2019
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3.4.5.1.2Future trends in temperature variations

The Taylor diagram compiledylthe raw and biasorrected RCMs teperature data for the
period 19862005 is presented in Fig8. Points that are found cl ose
standard deviation and demonstrate higher correlation indicate better representation of observed
patterns. With regard to raw RCM tparature data, correlation coefficient ranged betweeh 0.9
and 0.%, while standard deviation ranged betw&n8.6 °C for theRCMs of RCP 2.6, 6.7 9 °C
for the RCMs of RCP 4.5 and 6139 °C for the RCM=f RCP8.5. The corresponding range for
cRMSD was 2.43 °C to 3.16 °C, 2.39 °C to 3.16 °C and 2.36 °C to 3.15 °C. Since correlation coef-
ficient values of all RCMs raw temperature data are similar, the best performance is pregented
those whosstandard deviatiors closer to the observed one. All RCMs were founditber under-
estimate oloverestimate standard deviation and, therefore, they indicate higher temperature varia-
tion compared to the observed. The kagrection procedure improved correlation coefficients
it was found to be increased by more tharl Qfits of temperaturdor all RCMs, whilesignificant
improvement was observed fstandard deviation for all RCMsnce it matches the observed one
After biascorrection, all RCM performance was foundo®similar.

Average annual temperature variation for theeesubperiods is presented in Fig9. De-
spite the fact that all RCMGCM combinations are indicating temperature increase during the peri-
od 2QL9 2078, with the exception of RCMs RCP 8.5 A andvihich present a slight decredse
the first subperiod only the variation range of temperature increase producethdst RCMsis
large RCP 2.6 Aand RCP 8.5 D present smaller variation range in comparison to the one observed,
only for the first sukperiod while RCP 4.5 Afor the secongubperiodonly. RCP 4.5 ARCP 8.5
A and RCP 8.5 B presewmariation range similar to the one observedthe irst subperiod Still,
clearer trends are depicted for allectedmodels compared to the afoidiscussd precipitation
trends. Depending on the period, the highest temperature increment is indicated by a different mod-
el. Forthe first twosubperiodsthe highest increase tdmperature is indicated by RCP 2.6Fr
the third and final suiperiod the higha@sncrease is present by RCP 8.5T@e lowest temperature
increase is demonstrated for the RCP 4.5 Giffstrtwo subperiods.For the third suiperiodlowest
increase is presented by RCP 2.6FBr the first sukperiod, the temperature increase ranges b
tween 0.16 °C to 1.41 °C, while the corresponding range fadabend suiperiod is 0.43 °C to 2.6
°C while for the third0.32to 2.8 °C The highest temperature increase is presented for all models
during thethird subperiod except those under RCP 2Bhe comparison of temporal change of
temperature for each RCM indicates almiosttlinear temperature increase falt RCMs modd
except from RCP 8.5 A and B, which present a slight decrddke first subperiod only

Moreover, similarly to temperaturariation for most seasons, it is worth mentioning that for
RCMs RCP 2.6 A, RCP 4.5 And Bthe minimum average annual temperatis higher than the
maximum average annual temperature observed duringotiiteol period, thus indicating signifi-
cant diffeence in annual temperature variation pattR@P 2.6 BRCP 4.5 C, DRCP 85 A, BC
and D models do not indicatéimate change for the first peripdnlike at the second and third one,
because their integuartile range overlap with the correspondinggiquartile range of the control
period RCP 8.5 A and BRCMsresults indicatethe weakest climate change sigrial the first pe-
riod, becausehe interquartile ranges of annual temperature variatiey presenalmostoverlags
with the correspondinopter-quartile range of theontrolperiod.

With regards tautumnaverage temperature variation, baets for theresults of all selected
RCMs and thehreesubperiods were created and compared to the results of historical period (Fig.
30). The resultof RCP 4.5 Bautumn temperatuyéor all threesub-periods, is estimated to be de-
creased compared to tlmestorical period RCP 2.6 A, B, RCP 4.5 A, C and @monstrate in-
creased seasonal temperature fosaliperiods. Concerning autumn, the overall sgrest climate
change signal is on the median presentedRBY 2.6 Awith temperature increment ranging be-
tween 1.75 (subperiod 209 2038), 2.16 °C (subperiod 2@9 2058 and 2.58 °C (subperiod
20592078) Moreover, it is interesting to mention that acting toRCP 2.6 A minimum median
autumn temperature is higher than the maximum median autumn tempefzgareed during the
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historical period for all subperiods thus indicating significant difference in autumn temperature
variation patternOther modés e.g. RCP 2.6 B, RCP 4.5 A, C, Bccording to which their inter
guartile range partially overlap witlhe corresponding intequartile range of the historical period
but still present a higher median than the athe control periodSignificantly diferent variation
pattern is presented IRCP 8.5 C and Dfor which autumn temperature illustrates milder increment
of 0.15and0.28 °C for the first subperiod while at therest of thesubperiods higher increment
RCP 8.5 A and B present a mild decretn@md a moderate one respectivelgly for the first sb-
period.

In terms of winter temperature variati@ffig. 31), the overall strongest climate change signal
is indicated byRCP 2.6 A, which illustrates, on the median, temperature increroeht81 forthe
first subperiod 2.51°C for the secondubperiodand 3 °C for the third superiod Significant
winter temperature increase is also presenteROF 2.6 B and for the models under RCP4r5
all subperiods The lowest winter temperature increasdlustrated byRCP 2.6 BRCP 4.5 C, D
andRCP 8.5 A 0f0.15,0.4, 0.16 and 0.08 °@uring the first periodby RCP 2.6 B, RCP 8.5 B and
D of 0.16, 0.41, 0.58 °C during the second period and by R6€B and RCP 4.5 C of 0.59 and
0.42 °C, respectivelyThe interquartile variation ranges fanost models and periods does not
overlap with the corresponding range of the historical period, thus indicating significant difference
in winter temperaturepatterns while vder temperature variation ranges are dertrated for all
periodsby most models

Compaed to autumn and winter, spring average tempergkige 30-32) indicates lower but
significant increase compared to the historical period. Spring temperature is constantly increasing
during the period 208 2078 from mild values of 0.34 °QRCP 4.5 D)to more significantf 5.26
°C (RCP 4.5 B)RCP 4.5 CRCP 8.5 Cand Dduring the first suiperioddo not present any incre-
ment compared to the control period. Also, RCP 8.5 A and B present a slight déorebsdirst
subperiod only.

Considering thathe study are&s dominated by summer crops, any changes in summer tem-
perature variation can potentially affect agricultural production. Among the four seasons, summer
presents the strongest climate change sigmtl temperature increment on the median by up to
2.44°C right from the first sukperiod for all modelsMore specifically, the overall higher tempera-
ture increment is presented BCP 8.5D (1.064.05°C) followed by RCP 8.5 {1.44 3.62 °C),
RCP4.5B (1.01i 253 °C), RCP 4.5 D(1.21i 2.28 °C), andthen by RCP 8.5 A (0.42 °C), while
the lowest temperature increment is presentethéy by RCP 2.6 B, RCP 4.5 B, RCP 8.5 B, which
have the same increment ofi 12 °C. Similarly to spring, summer temperatymesents increase
during the period 200 2078 for all selected modejawhile the significant differences in variation
range and intequartile ranges indicate the important differences in temperature variation patterns.

Similarly to precipitation, cumulativieequency diagrams of average monthly temperature for
the four sukperiods and for eacRCM are presented in Fi@4. Concerning the superiod 2A.9i
2038, the widest monthly temperature variation range is presentdd(# 2.6B, according to
which minimummonthly temperaturéhat isexpected to be observed during the perioti9PR038
is a bitlower than the corresponding temperature observed during the historical pdirtbd.other
models demonstrate higher minimunonthly temperaturethat are exceedior are close to the
one observedThe strongest climate changignal is presented bgll models forall subperiods
due to the fact thadbservednonthly temperature iswostly higherthan similarfor the wholerange
of cumulative frequency curv@he bwest climate change signal is demonstratedheymodels
underRCP 8.5 for the first period onlyas the cumulative frequency curve RCP 8.5 models of
the first periods very close to the corresponding curv¥ehe historical period, except from cumu-
lative frequency values >0for which significantly higher monthly temperature values are indicat-
ed bythe RCP & models of the first periodompared to theontrol period. The cumulative fre-
guency curves for theest of the models, including the modesults for thesubperiods presented
in Fig. 34 are shifting steadily to the right, thus indicating further increment in average monthly
temperature compared to the historical peaada tendency to overestimagerage monthly tem-
perature
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Figure 32 - Box-plotsof spring average temperature variation according to the results of the selected models for the perioels 2019
2038 20392058and 20592078
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Figure 33 - Box-plots of summer average temperature variation according te thsults ofthe selected models for the periods
20192038 20392058and 20592078
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Figure 34 - Cumulative frequency diagram of monthiemperaturefor the control period (198€005) and theselectedRCMs for
the two subperiods

60



i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




S T T VAR
OEOZPAITOL"

| ,;_:,‘:l" {ipa Frewhoyiag
Jr PLeR AT
N ANLO /b

Ynouexii Birprobnkn Ocd@pactog — Tpijpa Fswhoyiag — Apretotéiero Mavemotipuio Oscoalovikng




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




S T T VAR
OEOZPAITOL"

| ,;_:,‘:l" {ipa Frewhoyiag
Jr PLeR AT
N ANLO /b

Ynouexii Birprobnkn Ocd@pactog — Tpijpa Fswhoyiag — Apretotéiero Mavemotipuio Oscoalovikng




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




S T T VAR
OEOZPAITOL"

| ,;_:,‘:l" {ipa Frewhoyiag
Jr PLeR AT
N ANLO /b

Ynouexii Birprobnkn Ocd@pactog — Tpijpa Fswhoyiag — Apretotéiero Mavemotipuio Oscoalovikng




S T T VAR
OEOZPAITOL"

| ,;_:,‘:l" {ipa Frewhoyiag
Jr PLeR AT
N ANLO /b

Ynouexii Birprobnkn Ocd@pactog — Tpijpa Fswhoyiag — Apretotéiero Mavemotipuio Oscoalovikng




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




S T T VAR
OEOZPAITOL"

| ,;_:,‘:l" {ipa Frewhoyiag
Jr PLeR AT
N ANLO /b

Ynouexii Birprobnkn Ocd@pactog — Tpijpa Fswhoyiag — Apretotéiero Mavemotipuio Oscoalovikng




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6




