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Amayopevetal 1 avtiypoaet], omobnkevon Kot dlavoun TG mapovoos £pyaciog, €&
OAOKANPOL 1 TUNUOTOS OLTNG, Y eumopikd okomd. Emupémeron 1m  avatdnoon,
amof1KeELOT KO OLOVOUN Y10l GKOTO TN KEPOOGKOTIKO, EKTOOEVTIKNG 1 EPEVVNTIKNG PVOTG,
Vd TV Pobmodheon va avaeEPETaL M TN TPOEAELONG Kol Vo dlatnpeital To TapoOV
pvopa. Epotipate mov apopovv ) ypnomn e pyaciog Yo KEPSOoKOTIKO GKOTO TPEMEL
va amevfHVOVTOL TPOG TOV GLYYPOPEQ.

Ot amoOYELG KOt TOL GUUTEPAGLLOTO, TOV TEPLEXOVTAL GE OVTO TO £YYPaPo eKPpAlovV ToV
ovyypapéa Kot Ogv TPEMEL Vo EPUNVELDEL OTL AVTITPOCHOTEVOVY TIC EMIONUEG BEGELS TOV

EBvikov MetodBiov TToAvteyveiov.



EYXAPIXTIEX

Me v ekndvnon g Tapovcas SUTAMUOTIKNG EPYOCIOG OAOKANPOVOVTOL Ol GTOVOEG
pov oto Awtunpatikd Ipdypappo Metantoyokodv Zmovdav «Emotiun kot Teyvoloyio
Ydatwkov ITopwv», tov EOvikod MetsoPiov TToAvteyveiov. Eipor evtuyng mov kotd
Jugpkeln  eKTOVNONG NG TAPovCOS OSWAMUATIKNG epyacioc, Ppédnka va €xo v
kafodnynon a&oroymv avlpormv, pe tov Kabéva va cUUPAAAEL OLOKANP®ON TG UE TO
OO T0V TPOTO. AsOdvopat TNV avayKkn va vyaplotTom Bepud apyikd tov K. Evdyyeio
Mmnodtd, KaOnynm g ZxoAng IHoltikdv Mnyovikeov E.M.IL., yio v avabeon tov
OEUATOG TNG UETOMTUYIOKNG €PYOCIOG, TIS ONUOVTIKES EMCNUAVOELS KATO Tr OldpKeELd
EKTOVNONG NG, KBS Kot TV kafodrynon tov.

[MopdAinia, vxoploT® To VOO LEAN TNG EEETAGTIKNG EMTPOMNG TOVG K. LVUEDV
MoAopn, Avominpot) Kadnyntm g Zyoing IoAtikdv Mmyovikeov E.M.IL ko «.
Niwkoroo Mapdon, Kobnynt g Zyoing IloMmtikadv Mmyovikov E.MIL, yu 11
EMOIKOJOUNTIKEC TOPATNPNOES TOVG OTO  OVTIKEIUEVO TNG TOPOVGOS HUETOTTUYLOKNG
epyaciog.

EmumAéov, gvyapiotd tov k. AntdAlwvo Mmovpvd, Awdktopa g ZyoAng [oltikdv
Mnyavikov E.MLIL, yuo 1o gpdvo mov d1€0ece Kot T GLUPOAT] TOL 6TV OAOKANP®OON TNG
napovoag epyaciag. H fonbeia tov vanpée moAdTiun Kot OvGloeTIK,.

Téhog, Wwitepn pveila a&ilel 6tov 6TEVO POV KOKAO, TNV OKOYEVELD KOl GTOVG PIAOVG
LoV oL oTABN KAV HimA OV GE OAEG TIG EMAOYES OV, Y10 TV AyAmT), TV NOKY| KoL VAIKN
CLUTOPACTOCT TOLG GE OAO OVTA T YPOVIOL KO Y10 TO. EPOSLOL TOV LOV EXOVV TPOCPEPEL

MOOTE VA KOTAPEP® VO, AVTILETOTIL® TIG SVOKOALEG TOV TOPOVGLALOVTAL.
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HNEPIAHYH

Avtikeipevo g moapovoag Metamtoylokng Epyocioc oamotedel m avémtuén kot
EQUPUOYY €VOG GUYKEVIPMOTIKOV Kol €VOG TANPMOS KOATAVEUNUEVOL HOVTEAOL Ppoyng -
QTOPPONG Y10 TNV TPOGOUOIMCT TEVTE 1GTOPIKAOV EMEIGOdIWV PpoyNg mov 0dNyNcav G€
Tnppvpika enelcdota. H avaivon epapuoletor ot Aekdvn amoppong e Kapdrtawac,
euPadov 879 km?. [TpoxeTon yio pion vToAekdvn Tov AAPELOD TOTOUOD TOV EVIAGGETAL GTO
peyoAvtepo tunpa e oty IE Apkadiag. o v avdivon aSlomomOnkay o1 pHetpfoelg
amd TOVG YETOVIKOVG 0TaOUOVC. £TO KATOVEUNUEVO LOVTEAD, OVTEG OVAYOVTOL GE OAN TNV
€KTOOT NG AEKAVNG amoppong He 0 xpnon g pebddov Inverse Distance Weighting
(IDW), evd omv mEPITTOON TOL GULYKEVIPOTIKOD HOVIEAOL TPAYLOTOTOMONKE
EMPAVELOKT OAOKANpwon ™G Ppoyns, HéEcom Twv molvydvmv Thiessen. Ta mpmrtoyevn
dedopéva g Ppoxng eivar avd dekAAENTO, VO Ol TAPOYES AVA EIKOGAAETTO. Ot TIES TNG
Bpoyng kot tov moapoy®dv avnydncav ot pio ®pa, £161 OCTE va elval GUEGH GUYKPIGIUES
LLE TIC OVTIOTOLYES EKTIUNGELS TV S0PLPOPIKAOV dedOUEVMY. Xpnopomomnkay emiong Kot
exktiunoelg Ppoydémtwone and to National Oceanic and Atmospheric Administration
(NOAA), tov mpoypappdroc Climate Prediction Center Morphing (CMORPH). Ot
EKTIUNGELS aVTEC Efvol opladeg oe popen kavéPov peyébovg 0.25%0.25°. H Sevtepn mnyq
dopueopikdv ektunoewv dtatibetor and ™ NASA kot ypnowonoteital n aroctorr; GPM
Imerg V06 Final Precipitation L3 . H axpipeto tovg givon peyaddtepn kobmg mpokettat yio
modmpeg extipnoetc o€ kehd 0.1x0.1°,

[Na 1o oxomd oavtd ypnopomomdnkay TeYvikKés XZvotnudtov [eoypapikov
[TAnpogopiwv (GIS) Aappdvovrag vwoyn 1o Pneaxd Movtého Eddpovg (DEM), evad ot
TPOCOUOIDGELS  TpaypoTonomdnkav oto  voporoywkd mpdypappe HEC-HMS. Qg
Katavepunuévo povtédo gpapuootnke to ModClark, €t61 dote va vroloyiotodv 1 Gueon
ATOPPOTN KOt SLOSELOT| TNG TANUUOPOC, EVA Y10 TNV EKTIUNGCT TOV ATOAEIDOV PpoyOTT®ONG
n pnéBodoc Gridded SCS Curve Number. £10 GUYKEVIPOTIKO HOVIEAO OVTIOTOUYOL Ol
anmAeleg ekTiunOnkay pe faon ™ péon Ty Curve Number, yioo OAN ™ Aekdvn amoppomng,
Aoppdvtog vdym to yemAoykd xaptn g meptoyns. Emedn eivar yvootd to Movadiaio
Yopoypdonuo (MYT) tg Aexavng amd ™ AEH, epapudotnke to ModClark, avt ) @opd
Bempmdvtog UNdevikEg anmAEles, £T61 dote vo fadpovounBovv o xpdvoc cLYKEVIP®ONG Kol
N OTOONKELTIKOTNTA TNG AEKAVNG KO GTN GLVEYELD Ol TYES OV TTPodkvyav BempnOnkav

otabepég Yo Ola To emelcodla mov e€etdotniov. EmmAéov, pe Pdon 1o mopatnpnuévo



MYT, kataockevdotnke to MYT péow 160ypovov kaumviav. Eedcov kot amoppon sivar
YVOOTY Yo KAOE €mMEIGO010, TO CLYKEVIPMTIKO KOl KOTOUVEUNUEVO HOVIEAO WE EMIYEIONG
otafpovg Pabuovoundnkov emiong, €101 ®ote va mpocopoldovy 660 10 duvatdv
TEPIGGOTEPO TIC TOPOATNPNUEVES TIUEG, HE OTOYIKY OLVAPTNGT TN HEYIGTOMOINGT TOL
ovvteheotn Nash - Sutcliffe. Ot 101eg TIEG ypnoWOTOMONKOY KOt Y100 TO KOTOVEUNUEVO
HOVTELO oL AduPave MG TIHEG E1GOO0V TIC OOPLPOPIKES EKTIUNGELS KOl O1 TPOGOUOIDGELG
eKTEAESTNKOY OE YpoviKO Prua piog dpag. Moo TOV TPOGOUOIDCEDY GTNV TEPLOYN
HeAéTNg omedeiybel OTL TO KOTOVEUNUEVO HOVTELO €lval MO OmOdOTIKO GE GYECN ME TO
GUYKEVIPOTIKO.

210 TEPLGGATEPO EMELGOOIN TOPATNPNONKE OTL TO. AMOTEAECUOTO OLEPEPOAY APKETA MG
TPOG TO YPOVO ALYUNG, TNV TOPOYN OYUNG, TO GUVOAKO OYKO VEPOL Kol TO GLVOAMKO VYOG
Bpoyxdmtwong, Kabdg 6T SOPLPOPIKES EKTIUNGEIS VITEIGEPYOVTOL TOAAE COAALLATO KOL Y10l
10 AOY0 0VTO TA S0PLPOPIKA dedopEVa dopHdONKAY Le TOVG emtyel0vg GTAOUOVG, LE TN
uébodo Mean Field Bias Correction (MFBC), og wpuoia Bdon. H d16pfmon ftav emttuync,
KoODC 1 amodoTIKOTNTA TOL HOVTEAOL HeTd TN O10pbwon Pertiddnke ocOntd kol ota

TEVTE ENELGOO10 TTOV EEETAGTNKAVY.

Aggarg Khewdrwd: Ppoyn-amoppon, KapOtava, AAPeOG, OS0pLEOPIKES  EKTYUNCELS
Bpoydmtwone, CLYKEVIPOTIKO HOVTEAO, KOTOVEUNUEVO HOVIEAO, 1GOXPOVEG KOUTOAEG,

ModClark, GIS, HEC-HMS, Mean Field Bias Correction



ABSTRACT

The subject of this Master Thesis is the development and implementation of a lumped
and a fully distributed rainfall - runoff model, for the simulation of five historical rainfall
episodes, which caused flood events. The analysis is applied to the Karytaina water basin, a
subbasin of Alfeios river, with an area of 879 km? Karytaina basin is located in the
regional unit of Arcadia. Historical rainfall data from neighboring ground stations were
used. In the distributed model rainfall was interpolated in the whole basin, by using the
Inverse Distance Weighting (IDW) method, while in the lumped model a single rainfall
value was calculated through the Thiessen polygons. The available rainfall data have ten-
minute time step and the discharge data have a twenty-minute time step. The rainfall and
discharge values were converted to a one-hour time step, so that they could be directly
comparable to the estimates of satellite data. Gridded precipitation satellite estimates were
also used. The National Oceanic and Atmospheric Administration (NOAA) Climate
Prediction Center Morphing (CMORPH) Program was used. These estimates are hourly,
with a cell size of 0.25 x 0.25°. The second source of satellite estimates is available from
NASA, namely the GPM IMERG V06 Final Precipitation L3. Their resolution is greater, as
they are half-hour gridded estimates in cells of 0.1 x 0.1°.

For the purpose of the study, Geographical Information Systems (GIS) techniques were
used, by taking the Digital Elevation Model (DEM) into account, while the simulations
were carried out on the HEC-HMS hydrological program. Regarding the distributed model,
ModClark was applied for the direct runoff calculation and routing, while the losses were
calculated from the Gridded SCS Curve Number method. Respectively, in the lumped
model the average SCS Curve number was applied, as a loss method. In both models, the
geological map of the area was used to estimate SCS Curve number values. The unit
hydrograph (UH) of the basin was provided by Public Power Corporation of Greece and
since it is a given, the ModClark model was applied, considering zero losses, to calibrate
the time of concentration and the watershed storage coefficient. Then, the calculated values
were considered constant for all the examined events. Also by using the observed (UH) and
GIS techniques a new UH was created and calibrated manually, through isochrones curves.
Since the runoff was known for each episode, the lumped and distributed models with rain
gauges were calibrated to resemble the observed values as much as possible. The objective

of these simulations was the maximization of Nash - Sutcliffe coefficient. The calibrated



values were also used for the distributed model, which received satellite gridded rainfall
estimates as an input and the simulations were executed in a one - hour time step. Through
the simulations in the study area, it turned out that the distributed model was more efficient
than the lumped model.

In most cases examined, the values of the time of peak discharge, the peak discharge,
the total water volume and the precipitation height were found to differ greatly, when
compared to the ground measurements. Such a case was expected, since satellite estimates
suffer from many errors and therefore they were adjusted, by considering a Mean Field Bias
Correction (MFBC) coefficient, on an hourly basis. The corrections applied seemed to be

successful, as the efficiency of the model was significantly improved in all events.

Key words: rainfall-runoff, Karytaina, Alfeios, satellite precipitation estimates, lumped
model, distributed model, isochrones curves, ModClark, GIS, HEC-HMS, Mean Field Bias

Correction
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EXTENDED ABSTRACT

In recent years, the study of extreme weather events related to the appearance of
flooding episodes is considered quite important. By definition flood is the temporary
coverage of soil with water, which under normal conditions is not covered by water. The
main causes of flood events are the climatic change; land uses change and anthropogenic
interventions (MmoAtac, 2022). A reliable estimate of a flood event requires the availability
of a long time rainfall series, on small time scales (e.g. 10 minutes, hourly). Rainfall is
converted into runoff by using the rainfall - runoff models. A model is a simplified
representation of reality. The optimum model is the one that ensures results close to reality
with the least possible number of parameters and the least degree of complexity
(Moradkhani and Sorooshian, 2008). A model consists of various parameters, which
determine the characteristics of the model. In each rainfall - runoff model, a set of equations
that help estimate the runoff as a function of various parameters, used to describe the
characteristics of the drainage basin, must be defined. In literature a plethora of such
models can be found, that are differentiated with each other in terms of the purpose of the
analysis, the required data, the number and nature of the parameters that characterize them.
Choosing the most appropriate model is a complex problem that depends on the above
factors, the topography of the watershed and of course the available data.

In Greece, most of the models applied were initially invented for watersheds of other
countries and as a result they do not take into account the particularities of the watersheds
of Greece. A very common problem in the Greek region is the lack of discharge data and
therefore the difficulty of calibration and verification of models increases. The methods
used in such cases are also related to the spatial discretization, such as dividing the
watershed into individual smaller sections, which more accurately represent the study area,
according to its particular features, resulting in the reduction of the uncertainty of final
forecast on the points of interest.

Models in terms of spatial distribution are divided into the following categories
(Mnovpvag, 2022): a) Lumped: The study area is considered as a single entity in which
input and output parameters are evenly distributed; b) Semi-distributed: The study area is
divided into subbasins, depending on their hydrological and geomorphological
characteristics. In each subbasin, input and output parameters are evenly distributed and

each subbasin has different input series and different parameters values; ¢) Distributed: The

11



distributed models are based on the spatial distribution of input and output parameters. In
distributed models, the examined watershed is divided into small sections and a grid is
created.

Another very important categorization of models is their separation into empirical
(black box), conceptual and physical models (Nyeko, 2015). Empirical models include
mathematical equations that come from input and output series and not from the natural
processes of the drainage area. These models can predict accurately, but they cannot be
applied to a different basin. A classic example of such a model is the Unit Hydrograph
(UH). Conceptual models describe all the components of the hydrological cycle (rainfall,
infiltration, runoff and drainage). In this category of models, semi -empirical equations are
used and the parameters of the model are evaluated with field data and calibration. Physical
models are based on the spatial distribution of parameters and describe the physical
characteristics. They do not require extensive hydrological and meteorological data for their
calibration and unlike the two categories mentioned above, they are not based on field
measurements. For this reason, they are considered suitable for the assessment of
hydrological parameters in ungauged watersheds (Aovkag, 2017). Usually, such models are
applied to specialized surveys, such as the assessment of the impacts of climate change and
are often combined with hydrodynamic models, pollutant transport models, as well as
sediment transport models. However, their exclusive use for the prognosis and simulation
of the runoff is unprofitable and does not provide any advantage in the accuracy of
forecasts, over conceptual models (Aovkdg, 2017).

Models are also divided into deterministic and stochastic models. The deterministic
models produce the same result on every model run, for a given set of parameters. On the
contrary, stochastic models produce different results, depending on the parameters used.
Last but not least, rainfall-runoff models are classified into static and dynamic models,
based on time. The static model excludes time while the dynamic model includes it.

The aim of this study is the hydrological simulation of five rainfall episodes, for which
the rainfall data in a ten-minute time step, as well as the outflow hydrographs in a twenty-
minute time step were available. The analysis was carried out in the Karytaina basin a
subbasin of Alfeios River, with an area of 879 km?, located in the Western Peloponnese. A
one-hour time step reduction was applied to the input data and HEC-HMS 4.11 was used
for events simulation, while ArcMap 10.3 in conjunction with GeoHMS extension was used
for the geomorphological analysis. A lumped model was applied, for which the UH was

12



calculated by producing isochrones curves and the distributed ModClark model was also
applied, where the study area was divided into a 500 x 500 m grid. Because for each
episode, the corresponding outflow was also known, the two models were calibrated to
resemble the observed hydrograph, as much as possible. In addition to the historical rainfall
data, the corresponding satellite rainfall estimates were also used for the examined
episodes, accessed from two different free data sources. In particular, rainfall estimates
from National Oceanic and Atmospheric Administration (NOAA) were used. This program
is called Climate Prediction Center Morphing (CMORPH) and contains hourly estimates,
on 0.25 x 0.25° grid. The second source of satellite estimates was available from NASA,
namely the GPM Imerg V06 Final Precipitation L3. The resolution is greater, as the data
source contains half-hour estimates, with a 0.10 x 0.10° cell size. Generally, satellite
rainfall estimates are characterized with many uncertainties, which lead to -either
overestimated or underestimated values. The Mean Field Bias Correction was then applied,
so that satellite estimates were re-adjusted for each of the five flood events, based on rain
gauges measurements. It is noted that for simulations with the satellite data, the calibrated
hydrological losses values, emerged from the application of the distributed Modclark model

with ground stations, were used.

Literature Review

Bathelemy et al. (2022) examined the performance of MSWEP, CHIRPS, Persiann-
CDR, ERA-5 and GPM Imerg, in Greater and Lesser Antilles. Based on their study, the
MSWEP showed good performance in most statistical indicators and therefore they
recommended it as the most suitable for hydrology applications. CHIRPS and Persiann-
CDR behaved well in estimating the annual seasonality of rainfall and were therefore
recommended for water resource management research. In addition, CHIRPS was
recommended for studying extreme flood events, while ERA-5 and GPM Imerg could
accurately recognize the wet and dry days of the year.

Sapountzis et al. (2021) examined the possibility of using satellite estimates provided
by GPM Imerg Final Run on the island of Thasos for a flood event that took place from
November 20 to November 27, 2019. There is a single and only ground station in the island
and therefore, most of the island has complete lack of ground measurements. The GPM
Imerg Final Run failed to simulate this flood episode. For this reason, the scholars corrected
satellite estimates, through linear regression in the cell that included the station, based on
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the linear equation representing the greatest correlation between the station's measurements
and satellite estimates. The rest of the grid cells were then corrected, so that the event was
simulated in all six studied basins.

Cho (2020) used NEXRAD satellite data for the hydrological modeling of spatially
distributed rainfall. He developed two Python programs for the pre-processing of the
NEXRAD in GIS environment and then imported them into the HEC-HMS software. Using
Modclark and SCS Unit Hydrograph methods, he simulated three rainfall events in two
watersheds and examined the performance of the models. The results showed that both
methods produced satisfactory results, but the Modclark model had better adaptation to the
observed flow and as a consequence, less calibration requirements of the model's
parameters.

Jiang and Bauer-Gottwein (2019) evaluated GPM Imerg Early Run, GPM Imerg Final
Run and TRMM products in 300 basins, in mainland China for two years span, 2016-2017.
Their analysis indicated that GPM Imerg Final Run estimates agreed quite well with the
ground-based measurements, while the GPM Imerg Early Run estimates were steadily
lower. Both of the aforementioned products were more appropriate than TRMM, and in all
three cases there were issues in rainfall estimations, regarding the areas with the highest
altitudes.

Ahmed et al. (2019) evaluated the GPCC, CRU, APHRODITE and UDel satellite data,
by using statistical indicators, in the Baluchistan area of Asia. Their analysis showed that
the performance of the products varied, based on climate conditions. However, GPCC data
resembled reality better in all different climate areas.

Gilewski and Nawalany (2018) simulated six rainfall events, in a small mountainous
watershed in Poland. Rain data from ground stations were compared to the GPM Imerg
Final Run and the Ramza radar estimates. They observed that Radar's data constantly
overestimated the rainfall values and therefore they re-adjusted them, by the use of multiple
linear regression. The results showed that estimates by the radar and GPM Imerg could
provide a satisfactory performance for the simulation of flooding episodes.

Alazzy et al. (2017) evaluated CMORPH-CRT, PERSIANN-CDR, 3B42RT and 3B42
products, compared to ground rainfall measurements on the Ganzi River, by using the
HEC-HMS software. Statistical analysis highlighted CMORPH-CRT and 3B42 better than
the rest, on annual and seasonal scales. CMORPH-CRT and 3B42 underestimated the
moderate and high rainfall intensity, while the opposite case occurred in PERSIANN -
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CDR and 3B42RT. Overall, the 3B42 showed the best performance, while the PERSIANN-
CDR showed the worst.

Gampe and Ludwig (2017) explored the uncertainty of eight sets of rainfall estimations
from various sources, in an Alpine basin. While the results showed that the data recorded
the annual variability well, they displayed large seasonal differences. These differences
were increased in the daily scale, related to dry periods or periods of high rainfall. Although
higher resolution data, regardless of their source, showed a better agreement, the data of
smaller spatial analysis were able to represent the area's climatology.

Duan et al. (2016) carried out an evaluation of eight different rainfall products, in the
Adige water basin in Italy. They also used ground data from 101 stations, for the 2000-2010
time span. Depending on the spatial analysis of each data set, they compared each source of
data to the ground stations, making evaluations at multiple time scales (daily, monthly and
annual) and spatial scales (grid and basin). They found that based on the statistical analysis
they carried out, the CHIRPS, TRMM and CMORPH_BLD had the best performance,
while the PGF performed the worst. In any case, all eight products either underestimated or
overestimated the frequency of daily rainfall, for a range of intensity. In addition, all
products tended to have a higher errors during winter (December - February), when the
precipitation was low.

Nastos et al. (2016) evaluated the credibility of the TRMM V7 for entire Greek region.
They used monthly precipitation data from 96 meteorological stations in the wider region of
Greece for the period 1998 - 2008. To make the comparison of satellite with ground data
more direct, they created a grid of the same spatial analysis with TRMM, by using the
Kriging technique. The analysis showed the correlation between the two databases was very
high during winter (R> 0.90), for the entire territory with a few exceptions over continental
mountainous areas and areas above the Northern and Southern Aegean. As for the rest of
the year, small correlation rates were observed in the area of Mount Olympus and in the
Central and Southern Peloponnese. Scholars found out that satellite estimates
underestimated high rainfall values in high altitude areas and overestimated the low rainfall
values in plains and coastal areas.

Mateus et al. (2016) conducted a study in the Amazon rainforest, in order to merge
measurements by ground stations with TRMM satellite estimates. Having corrected the
TRMM satellite estimates, they used two methods, the optimal interpolation and the

successive correction method to merge the two databases. Statistical comparison between
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the two methods was applied and they concluded that the successive correction method
provided slightly better results.

Hamedi and Fuentes (2015) created two hydrological models, one in HEC-HMS
software and one in GSSHA software for a small water basin in Park City, Utah. For their
analysis, they used data from the NEXRAD radar, as well as terrestrial measurements.
Based on the NASH - Sutcliffe coefficient, they concluded that for this particular watershed
the GSSHA software led to a more realistic result. Through the root mean square error, they
found out that there was a very good agreement between the ground stations and the
NEXRAD and therefore the radar was reliable for this application.

Rozalis et al. (2010) used a non - calibrated hydrological model to simulate flow events
in a Mediterranean basin near Israel, with an area of 27 km?. The model they implemented
was based on the SCS Curve Number method to calculate rainfall losses and the Kinematic
Wave method for the flow transform. The various parameters of the model were calculated,
without calibration and rainfall data was interpolated in a grid. This methodology analyzed
twenty events over fifteen years and they concluded that the model well -groomed the flows
of flood events, caused by heavy rainfall, while its performance in moderate flows was
unsatisfactory. Urban development played a major role in the quantity and peak of the
runoff, and they also found that flooding phenomena were very sensitive to the time
distribution of the rainfall intensity.

Knebl et al. (2005) developed a framework for flood modeling that incorporated
NEXRAD Level Il rainfall estimates, GIS and a hydrological model, for the San Antonio
River Basin in Texas, through examining a large flood event in 2002. A rain-runoff model
in the HEC-HMS and a hydraulic model in HEC-RAS were applied and they calibrated the
model’s parameters manually. Thus, they developed a model useful for flood forecasting, in
a regional scale that may be used for applications in other areas.

Peters and Easton (1996) developed the distributed Modified Clark (ModClark) model
that uses rainfall data in gridded format as an input, for hydrological simulations. It is an
adjustment of the Clark model that applies a linear transformation to calculate the outflows,
by the rainfall excess, while inflows are routed through a linear reservoir. The model was
then evolved by Kull and Feldman (1998).
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Study Area and Data Used

Study Area

The region under study focuses on Karytaina water basin, a subbasin of Alfeios River,
located in the Water District of Western Peloponnese. The area is characterized by heavy
rainfall events and also historical discharge data are available for this particular outlet. The
Water District of Western Peloponnese covers an area 7235 km? and consists of two main
river basins, the Alfeios water basin (EL29) and Pamisos — Nedonas — Neda water basin
(EL32). The main rivers of Water District are Alfeios along with its tributaries of Ladon
and Erymanthos, as well as Pamisos River. Other important rivers/streams of the Western
Peloponnese are Neda, Aris, Kalo Nero, Velika and Nedonas. It is defined by the
mountainous volumes of Erymanthos and Aroania in northern and Artemisio, Mainalo and
Taygetus in the east. To the south, the topographic relief varies from lowland on the coast
and in the river valleys, to mountainous in the southeast. To the west the relief is low and
includes the plain of the Alfeios River, the coastal zone of Pyrgos - Pylos and the plain of
Messenia.

Alfeios is one of the largest rivers in Greece with a total length of about 127 km.
Important tributaries of the Alfeios are Ladonas, Erymanthos, Selinountas, Lestenitsa and
Lousios. Alfeios originates from the mountainous Arcadia and empties into the lonian Sea,
in the Gulf of Kyparissia. The area of Alfeios river basin is 3810 km? and occupies the
western part of the Peloponnese. Most of it extends to the Regional Units of Arcadia and
Elis. The mountainous areas have a wet climate during the winter and relatively dry during
the summer. The average annual height of atmospheric precipitation reaches 900 mm, with
a characteristic increase between November to February, where it exceeds 100 mm per
month. During summer, the climate is dry, with rainfall not exceeding 20-40 mm per
month. Rainfall is lighter to the east and heavier in the higher altitude areas, due to the clear
correlation observed between rainfall and altitude. According to ground stations, the
average monthly temperature ranges from 3 to 26 ° C with the lowest and moderate
temperatures appearing from October to May and the highest values appearing in June, July

and August.
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Figure 1: Geomorphological map of the study area

The land uses of study area were based on the Corine Land Cover 2018. As shown in
Table 1 the dominant land cover is associated with agriculture. More specifically, 47.93%
is covered by bushy and herbaceous vegetation (natural grasslands 12.20%, sclerophyllous
vegetation 15.73% and transitional woodland-shrub 20.00%). The second most dominant
land cover relates to agricultural activities, mainly the lowlands of the area, at 30.15% (non-
irrigated arable land 0.78%, permanently irrigated land 0.16%, olive groves 0.57%,
Pastures 2.55% and land principally occupied by agriculture, with significant areas of
natural vegetation 17.80%). A significant percentage of 17.56% is occupied by forests
(broad-leaved forest 4.64%, coniferous forest 10.13% and mixed forest 2.79%). Urban
fabric occupies a very small percentage of total area, i.e. 0.59%. Finally, it is worth noting

that 2.28% corresponds to the lignite field, in the area of Megalopoli.
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Table 1: Corine 2018 Land Use Land Cover of the study area

Corine Land Use Land Cover '[Al‘(rr%%] g:rcenta
Discontinuous urban fabric 5 0.59
Industrial or commercial units 2 0.19
Road and rail networks and associated land 7 0.84
Mineral extraction sites 20 2.28
Non-irrigated arable land 7 0.78
Permanently irrigated land 1 0.16
Olive groves 5 0.57
Pastures 22 2.55
Complex cultivation patterns 73 8.28
Land principally occupied by agriculture, with significant areas of natural 156 17.80
vegetation '
Broad-leaved forest 41 4.64
Coniferous forest 89 10.13
Mixed forest 24 2.79
Natural grasslands 107 12.20
Sclerophyllous vegetation 138 15.73
Transitional woodland-shrub 176 20.00
Beaches, dunes, sands 1 0.08
Sparsely vegetated areas 3 0.29
Water bodies 1 0.09

Data used

Digital Elevation Model (DEM). For the geomorphological analysis of the study area,
the 30 x 30 m DEM was used, provided by the European Union's Earth Observation
Programme. For hydrological analysis this resolution is satisfactory. According to the DEM
within the boundaries of the study area, the maximum altitude is 1873 m and the minimum
altitude is 270 m. The average altitude is 763 m and the average slope of the water basin at
24%.

Hydrological Soil Groups (HSG). A key component associated with the assessment of

hydrological losses is a distribution of the sub-regions that make up the study area. The
sub-regions are classified into four soil groups A, B, C, D, depending on the hydrological
condition and the soil type (Muikov kot Mroitdg, 2003). In the present study, the Water
District of Western Peloponnese soil map, provided the Ministry of Environment, Energy
and Climate Change, was digitized. The highest coverage is occupied by Class B, while
Class A territories occupy the smallest area.

Ground Stations. There are nine Ground Stations covering the study area, under the

supervision of the National Observatory of Athens (NOANN). In Table 2 their geographical
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coordinates ¢ (Lon) kot A (Lat) in decimal degrees, their altitudes (Z) in m, as well as their
projected coordinates X and W in the Greek Geodetic Reference System (EGSA 87) are
presented. Figure 1 also presents a map with the boundaries of the study area, the location
of the ground stations, the location of the outlet, the major hydrographic network of the area
and the Digital Elevation Model.

Table 2: Ground Stations Topographic Coordinates

Ovopa Lat Lon X R V4
Andritsaina  37.48 21.90 314337.4 4150267.9 731
Elati 37.63 22.15 336421.6 4165755.9 1207

Lykochia 37.50 22.17 337769.1 41511105 870
Megalopoli  37.40 22.14 335363.1 4140779.2 432
Stemnitsa 37.56 22.08 330373.5 4157962.7 1094

Tripoli 37.51 22.42 359985.0 4152250.0 650
Vytina 37.67 22.19 339989.9 4170403.8 1013
Levidi 37.68 22.30 349623.7 4171322.0 853

Alagonia 37.11 22.24 343837.5 4107863.0 765

Rainfall/ Discharge data — UH. The analysis was based on actual measurements of nine

ground stations, belonging to the (NOANN) network. The network provides high quality
rainfall values at 10-minute interval. The rainfall data are accompanied by the
corresponding date and time of the measurement. However, not all stations were used in all
the events studied, as some of them did not have records from all stations. Concerning the
observed discharge for each flood event, they were calculated at a twenty minute time step,
based on the basin’s rating curve. The rating curve formula is given by Equation (1)
(Bournas, 2017). The twenty minute time series were converted into an hourly time step, to
match the simulations’ time step. In addition, the Unit Hydrograph (UH) regarding the
study area was given by Public Power Corporation of Greece. The UH refers to the direct
runoff hydrograph, caused by a 1 cm rainfall excess, equally distributed throughout the
water basin.

Q = 7.798 x H1-906 1)

Satellite rainfall estimates. Satellite estimates were obtained online via the following

web sites:  https://www.ncei.noaa.gov/data/cmorph-high-resolution-global-precipitation-
estimates/, https://disc.gsfc.nasa.gov/datasets/GPM_3IMERGHH_06/summary for
CMORPH and GPM Imerg Final Run V06 respectively. Both databases refer to the
UTC+00:00 time zone, while Greece has a different time zone, namely UTC+02: 00 or
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UTC+03: 00, depending on the season and as a result the satellite estimates were converted
in a way to match the time zone used in Greece.

Selected flood events. The five selected flood events occurred between 2013 and 2015.

Table 3 presents the dates of the events, their duration in hours, peak discharge Qp in m®/s

and the time of peak t, in hours.

Table 3: Selected events for simulation

Event Start End Duration  Q, t,

1 3/3/2013 0:00 5/3/2013 0:00 48 126.6 13
2 24/1/2014 12:00  28/1/20140:00 84 270.0 40
3 24/1/201512:00  26/1/201500:00 36 163.5 16
4 27/2/20150:00  2/3/2015 0:00 72 144.0 29
5 6/3/2015 0:00 8/3/2015 0:00 48 166.7 15

Methodology

Rainfall Spatial Interpolation

Rainfall measurements are obtained by the rain gauges, installed at meteorological
stations and therefore point rainfall values are reduced to surface rainfall, which represents
the entire area of the watershed. In this study two rainfall surface integration methods were
applied: Thiessen Polygons and Inverse Distance Weighting (IDW). The Thiessen Polygons
method is a very simple method to reduce the measurements of a ground network in the
area of interest and calculate the equivalent average of precipitation. This is the weighted
average of the rainfall values P;. The area of influence A;, of each station is calculated, by
drawing up the perpendicular bisectors on the distance lines joining the stations (Tcakipng
kot Bayyéing, 2009). If P, is the weighted average rainfall height and A is the total area of

the watershed, then P, is calculated by Equation (2) as follows:

A X P

IDW is a deterministic method applied to spatial modeling. The estimate is based on

weighted averages, which are proportional to the inverse distance between the interpolated
and measured points (Shepard 1968). The range of calculated values cannot exceed the
range of measured values (Aovkdg, 2017). The general formula is expressed by the
Equation (3). The stations closer to a point have a larger weight, and therefore a greater
influence on estimating the corresponding value of Zg, (Nalder and Wein 1998). An

important parameter determining the accuracy of the method is the value of Power P.
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Lso = o 1 X Lsi 3)
i=1 Zi=1?
Where:
Zs, the estimated value Z in S,
Zs; the measured value located in S;
Ai the weight of Zg;
n the number of measurements
d; the distance between S, and S;
P the power parameter

n the sample size

SCS Curve Number Loss Method

Hydrological losses were identified through the SCS - CN method to calculate the
rainfall excess that is responsible for the direct runoff. The SCS method considers that
initial losses account for 20% of total loss S. Let P, be the rainfall excess at time t, P the
total rainfall height at the time t, 1, = 0.2xS the initial losses in mm and S the maximum
potential retention in mm associated with CN Curve number, then the SCS — CN method is
described by Equations (4) and (5):

S =254 (100 1) 4
= X|— —
N (4)
0, P.<02xS
P, ={(P—02xS5)? (5)
, P. >0.2X%XS
P+08xS €

The Curve Number values range from 0 to 100 and they extracted from tables,
depending on the soil type and hydrological condition. Humidity depends on the total
rainfall of the last five days, before the occurrence of the rainfall event. For AMC Il, SCS
provides detailed tables with CN values for each hydrological group and for various land
uses. In the case of AMC I or Ill, the Curve Number values are calculated in relation to
AMC II. To estimate the AMC status of the five selected episodes, the normalized API
index was used, called NAPI (Normalized Antecedent Precipitation Index) (Heggen, 2001),
calculated in accordance with the Equation (6). Parameter k was considered equal to 0.90.
AMC 1| is defined for NAPI < 0.33, Il for 0.33 < NAPI < 3 and |1l for NAPI > 3 (Hong et

al.,, 2007). The numerator extends to the day when the event has started, but the
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corresponding value P, is set until the time, when the episode begins. According to
Equation (6), if for any previous day the rainfall is P and for i = 0, P, = 0, then the NAPI
index will be equal to 1. In this study, all the episodes examined belong to AMC II.

1P xkt
NAp] = 2o Pt X kT (6)
P xYZ2_,kt
Where:

i=5 the number of the previous days before the event

P the average rainfall height of the previous days

k™t the daily value of parameter k

Studies both in Greece (Baltas et al., 2007), (Soulis and Valiantzas, 2012),
(Pechlivanidis et al., 2015), and on international scale (Woodward et al., 2003), (Shi et al.,
2009), (Fu et al., 2011), (D’Asaro et al., 2014), (Yuan et al., 2014), (Hosseini and Mahjouri,
2018), (Caletka et al., 2020), (Krajewski et al., 2020), refer to the uncertainty of initial
losses value and have proven that I, = 0.2xS is excessive. For the needs of this study, this
value was considered equal to 10% and constant for all the examined events.

For the implementation of the distributed model the required Curve Number grid was
created by using GIS techniques, combined with the GeoHMS toolset (Figure 2). The HSG
vector layer, Corine 2018 LULC vector layer, DEM and a CN Lookup table (Table 4) were
used as the input data. As mentioned above, SCS provides detailed tables for Curve
Number values, for AMC II, but the land uses listed in these tables do not fully coincide
with the land uses of Corine 2018 and therefore the land uses of the area were grouped into
twelve categories, identical with the SCS tables. The mean value of the CN Grid was used

for the application the lumped model.
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Table 4: CNlookup Table

Curve Number by

Description Hydrologic Soil Group  Typical Land Uses
A B C D

gesuj_entlal (High 77 85 90 92  Multi-family, Apartments, Condos, Trailer Parks

ensity)
Residential (Low 48 66 78 83  Single-Family, Lot Size 1 acre and Greater
Density)
Commercial 89 92 94 05 g:(r;rp;sCommermal, Shopping Ctrs, Convenience
Industrial 81 88 91 93 Ilgllgrr]l;tslndustnal, Schools, Prisons, Treatment

. .. Gravel Parking, Quarries, Land Under
Disturbed/Transitional 7% 8 89 91 Development
Agricultural 67 77 83 87 Cultivated Land, Row crops, Broadcast Legumes
Open Land 39 61 74 80 Parks, Golf Courses, Greenways, Grazed Pasture
Meadow 30 58 71 78 Hay Fields, Tall Grass, Ungrazed Pasture
Woods (Thick Cover) 30 55 70 77  Forest Litter and Brush adequately cover soil
Woods (Thin Cover) 43 65 76 82 II;;?msWOOd& Woods-Grass combination, Tree
Impervious 98 98 98 98 Paved Parking, Shopping Malls, Major Roadways
Water 100 100 100 100 Water Bodies, Lakes, Ponds, Wetlands
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Rainfall - Runoff Models

Isochrones Curves Lumped Model. The model is based on the time - area histogram

that shows the spatial and temporal relationship between time, in which water exits from
the watershed and flows into the outlet. Isochrones Curves can be expressed by
reclassification of time at specific intervals (Tsanakas et al., 2016). These time intervals are
called Isochrones Curves. Isochrones Curves cannot be crossed, since they include points
with different travel time towards the outlet and they also extend within the boundaries of
the basin (Dooge, 1959). The Digital Elevation Model, the distribution of the hydrographic
network and Corine 2018 LULC were used as inputs.

Overland velocities and velocities within the hydrographic network were calculated.
Overland velocities depend on the slope and land uses, while the velocities within the
channel resulted as a function of the overland velocity, by taking the corresponding stream
order into account. To define the stream order, the Strahler Method (Strahler, 1957) was
applied. The calculation of the y — axis ordinates of UH, was based on Equation (7).

U, = N; XixA 7
3600

Where:

U; the y — axis ordinate of the UH [m®/s]

N;the number of cells in each curve

i the rainfall intensity equal to 0.01 m

A the area of each cell [m?]

ModClark Distributed Model. Modclark is a distributed model that is widely applied to

gridded rainfall. Essentially it is an adaptation of the Clark UH, introduced by Peters and
Easton in 1996 and later evolved by Kull and Feldman in 1998. The model explicitly
represents all the variations of travel time to the outlet of the watershed, using a
representation of it in the form of a grid, to route the rainfall excess (Kull and Feldman,
1998). Inflows are routed through a linear reservoir, yielding an outflow hydrograph for
each cell of the grid. The model assumes that the storage coefficient (R) is uniform for the
entire extent of the basin (U.S. Army Corps of Engineers, Hydrologic Engineering Center.
2012). The individual outflow hydrographs are summed together and the direct runoff
hydrograph is determined. The two necessary parameters are the time of concentration T,
and the storage coefficient R. Usually these parameters are unknown and are estimated,

using formulas found in literature. However, in this case a ModClark Model was applied
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and calibrated, by considering zero precipitation losses. The model assumes that the travel
time index for each grid cell T, ¢, is relative to the time of concentration of the watershed,
as specified in Equation (8), while the direct runoff of each cell is calculated by Equation

(9) (Paudel et al., 2009) (Bhattacharya, 2012).

dcell
rI‘c,cell = T¢ X

i (8)
Where:

T cenn the time of concentration of the examined cell

T, the time of concentration of the watershed

dcep the travel distance from a grid cell to the watershed outlet

dmax the travel distance for the grid cell that is most distant from the watershed outlet

At - At
% = (rossm) <1+ (- roswad) < s ©)
Where:
Q; the direct runoff at the time i [m*/s]
Q;_, the direct runoff at the time i-1 [m?/s]
R the storage coefficient of the outlet [hours]
At the simulation time interval [hours]

I the average inflows for the interval i-1 to i [m%/s]

Baseflow Method
The Recession Baseflow method was applied to estimate the Baseflow in each event.
The method is designed to approximate the typical behavior observed in watersheds, when
channel flow recedes exponentially after an event. This method is recommended by HEC —
HMS primarily for event simulation. However, it does have the ability to automatically
reset after each storm event and consequently may be used for continuous simulation. A
recession constant had to be defined and therefore the proposed value of k = 0.9 was used.
The Recession Baseflow method is described by Equation (10).
B = Qo X k' (10)
Where:

B 1) the Baseflow at time t [m®/s]

Q, the initial discharge of the event [m*/s]

t the simulation time step [hours]
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k the recession constant

Model Calibration
In this Master Thesis, ten optimizations were applied in the total for the rainfall events,

five for the Lumped Model and five for the Distributed ModClark Model. The optimization
parameter in both cases concerned the initial losses, so that the simulations would approach
the observed outflows as possible as they could. The Deterministic Univariate - Gradient
(UG) Method was used, which calibrates each parameter separately, maintaining all other
parameters unchanged (Nandalal and Ratnayake, 2010). The maximization of the Nash —
Sutcliffe coefficient, which is calculated according to the Equation (11), was adopted as the
Goal Function.
IR - QY2

21(Q6 — Qo)?
Where:

t the time simulation time step

NSE=1

(11)

Q% the observed outflow at time t

QL the simulated outflow at t

Q, the average of observed outflows

Regarding the Lumped Model, the calibration parameter was the initial abstraction
measured in mm. Scale Factor was used as a calibration parameter in the Modclark Model,
which is a corrective coefficient of the maximum potential retention, which is calculated for

each cell, depending on the corresponding Curve Number value.

Satellite Rainfall Estimates Correction

Satellite rainfall products are indirect measurements and therefore are prone to
accidental and systematic errors (Habib et al., 2014), (Tesfagiorgis et al., 2014). Although
satellite data may successfully estimate rainfall, there is also a higher chance of failing,
overestimating or underestimating its values. Any correction is made based on ground
measurements that are considered to reflect reality. The Mean Field Bias (MFB) correction
method was applied, which assumes that errors are due to a single multiplicative error.
Given the ground rainfall data, a comparison between the satellite estimates of the closest
pixels to the ground stations is made. The correction must be commensurate with the
simulation time interval and as a result an hourly adjustment was applied for the satellite

data and correction ratio was calculated on an hourly basis. The correction ratios emerged
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with the application of the Equation (12) (Anagnostou et al., 1998), (Goudenhoofdt and L.
Delobbe, 2009).

C. = i1 Gs(uy) (12)
Z%\I:l Ss(u;)

Where:

N the number of satellite — gauges pairs

s the time interval

C the correction ratio

G (u;) the ground measurement at point u;

S¢(u;) the satellite estimate at point u;

The re-adjustments of satellite estimates were carried out in GIS environment, where
the .nc files were imported through the Modelbuilder and for each time the pixels that
included the rain gauges were extracted. The Cg values were calculated, from the Equation
(12) and by using the HEC-HMS Calculator tool, the satellite date were multiplied by the

corresponding correction ratio.
Results and Discussion

Parameters’ calibration

Channel velocities were manually calibrated (Table 6), so that the exported UH
matched the observed UH and they (Table 5), (Figure 3) based on the Nash-Sutcliffe
coefficient (NSE), Bias, the percentage difference in total runoff volume (AV), the
percentage difference in the peak discharge (AQp) and the difference in the time of peak
(Aty). The adjustment was more than satisfactory, as the NSE equals to 0.90, At, = 1 hour,
while B and AV have almost zero values, 0.46 and 0.64 respectively. The only substantive
difference compared to the observed UH was found on AQ,, where the estimated UH

calculated a 22.9% lower peak discharge.

Table 5: Evaluation of Isochrones Curves UH

Parameters Observed UH Calculated UH
Q, [m/s] 260.0 200.4

t, [n] 8 7

Nash Sutcliffe 0.90

Bias [%] 0.46

AV [%] 0.64

AQ, [%] -22.93
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Table 6: Channel Velocity

Stream Order Flow velocity (m/s)
1 1.5
2" 1.7
3" 1.8
4" 2.0

=== QObserved UH

Isochrones Curves UH

Discharge [m3/s]

30 40 50 60
Time [h]

Figure 3: Observed and Isochrones Curves UH

The ModClark UH was evaluated in relation to the observed UH (Figure 4), to check
the credibility of the calibrated values of T, and R. The resulted parameters T.= 8.49 hours
and R=6.45 hours were used for the events’ simulations. The NSE coefficient is even closer
to 1, than the lumped UH and equals to 0.95. Yet again the flood peak occurs an hour
earlier than the observed. The indexes B and AV, compared to observed, are almost
identical as those of the Lumped Model (Table 7).

Table 7: Evaluation of ModClark UH

Parameters Observed UH Calculated UH
Q, [m/s] 260.0 227.2

t, [n] 8 7

Nash Sutcliffe 0.95

Bias [%] 0.42

AV [%] 0.64

AQ, [%] -12.60
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Figure 4: Observed and ModClark UH

Comparison between Thiessen Polygons and IDW

The rainfall spatial interpolation for the selected events was implemented by the
Thiessen Polygons and the IDW methods. Thiessen Polygons, except for event 4, estimated
a higher cumulative rainfall height (Table 8). Events 2 and 5 show quite noticeable
divergences, while in events 1 and 3 there is almost a complete agreement between the two
methods. In event 4 the calculations with the two methods are quite in line with a slight
deviation observed after the 20™ hour of the event, where the cumulative rainfall curve
calculated by the IDW method is constantly higher than the corresponding curve through
Thiessen Polygons. Figures 5 to 9 present the cumulative rainfall height per event, as

calculated by the two methods.

Table 8: Total surface rainfall for events 1 to 5

Total surface rainfall [mm]

Event Thiessen IDW
1 31.9 31.3
2 80.0 74.2
3 33.8 335
4 42.2 43.4
5 50.1 56.2
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Figure 5: Cumulative Rainfall Height — Event 1
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Figure 8: Cumulative Rainfall Height — Event 4
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Lumped vs. Distributed Model using Ground Stations

The results derived from the simulation of the examined rainfall events by applying the
two models described in the Methodology Section, are presented in Figures 10 to 14. In
addition, the main characteristics of the simulated flow hydrographs are shown in Tables 9
to 13. Based on the NSE coefficient, both models’ simulations of the historical events are
more than satisfactory, as no value below 0.7 was observed. However, the Distributed
Model behaves better, where very high values of the NSE factor are observed, with an
average value of 0.93, min = 0.83 (Event 3) and max = 0.99 (Event 1), while the other
events have values above 0.90. Correspondingly for the Lumped Model, the average NSE
value is 0.87, min = 0.76 (Event 3) and the max = 0.98 (Events 1 and 4).

In terms of the peak discharge, there is a slight deviation between simulated and
observed values, at an average of 8.38% for the Distributed Model and an average of 8.48%
for the Lumped. In addition, except for Event 1, peak discharge is overestimated in the
Distributed Model; hence, its predictions are in favor of security. Lumped Model
underestimates the values of Events 1 and 3 and overestimates the rest. The time of peak is
simulated a little better with the application of the Lumped Model, where it is perfectly
approached in 3 of the five episodes, while in the Distributed Model the absolute
identification of the observed and simulated time is achieved in Events 2 of 5. Event 5 is
the only event, where At, is greater than +1. Regardless of the model, in events 1 to 4, the

total water volume is underestimated and the only exception is event 5. However, the
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Distributed Model outclasses the Lumped Model, because it estimates AV with an average

absolute difference of 5.82%, while the corresponding value of the Lumped Model 11.09%.

Table 9: Flow hydrograph characteristics — Event 1

Discharge [m3/s]

Characteristic Qobs Distributed Lumped
Q, [m¥s] 126.6 124.1 118.0
t, [h] 13 13 13
V [hm¥] 7.8 75 7.6
Nash Sutcliffe 0.99 0.98
Bias [%] -3.47 -3.12
AV [%] -3.85 -2.56
AQ, [%] -2.0 -6.8
Aty [n] 0 0
Pt [Mm] 31.3 31.9
Lot [mm] 25.5 26.2
140.0 -
= = = Qobs
120.0 1 = Distributed
100.0 Lumped
80.0
60.0
40.0
20.0
0.0 T T T T 1
0 10 20 30 40 50
Time [h]

Figure 10: Flow hydrographs of Karytaina outlet — Event 1

Table 10: Flow hydrograph characteristics — Event 2

Characteristic Qobs Distributed Lumped
Qp [m%s] 270.0 299.8 315.4
ty [N] 39 40

V [hm] 23.3 22.6
Nash Sutcliffe 0.95 0.86
Bias [%] -10.88 -13.63
AV [%] -11.13 -13.67
AQ, [%] 11.1 16.8
At, [h] -1 0

Piot [MM] 74.2 80.0
Lot [mm] 51.1 57.7
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Figure 11: Flow hydrographs of Karytaina outlet — Event 2

Table 11: Flow hydrograph characteristics — Event 3

Characteristic Qobs Distributed Lumped
Qp [m?s] 163.5 190.6 1525
t, [h] 16 17 16
V [hm?] 11.8 10.5 9.2
Nash Sutcliffe 0.83 0.76
Bias [%] -9.75 -22.13
AV [%] -9.71 2211
AQ, [%] 14.2 7.2
Aty [h] 1 0
Piot [MM] 335 33.8
Lot [Mmm] 24.1 26.0
220 -
200 - = = = Qobs
180 - = Distributed
160 - ——— Lumped
D 140 -
@ 120 -
100 -
S 80 -
0 60 -
40 -
20 -
0 . . . .

10 20
Time [h]

30 40

Figure 12: Flow hydrographs of Karytaina outlet — Event 3
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Table 12: Flow hydrograph characteristics — Event 4

Characteristic Qobs Distributed Lumped
Qp [m?is] 144.0 153.8 146.4
t, [N] 29 29 28
V [hm?] 16.0 15.3 15.5
Nash Sutcliffe 0.97 0.98
Bias [%] -4.26 -3.25
AV [%] -4.26 -3.26
AQ, [%] 6.9 1.7
Aty [N] 0 -1
Pot [mm] 43.4 42.2
Lot [mm] 334 32.9
180 -
160 - = = = Qobs
= Distributed
140 -
= Lumped
> 120 -
E
%100 .
G 80 -
<
(&]
2 60 -
&)
40 -
204 -
0 T T T T T T T
0 10 20 30 40 50 60 70

Time [h]

Figure 13: Flow hydrographs of Karytaina outlet — Event 4
Table 13: Flow hydrograph characteristics — Event 5

Characteristic Qobs Distributed Lumped

Q, [m¥/s] 166.7 179.5 183.3
t, [h] 15 18 18

V [hm¥] 14.1 14.1 12.1
Nash Sutcliffe 0.91 0.78
Bias [%] -0.32 -13.93
AV [%)] -0.17 -13.86
AQ, [%] 7.7 9.9
At, [h] 3 3

Pt [MM] 50.1 56.2
Lot [Mmm] 375 46.9
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Figure 14: Flow hydrographs of Karytaina outlet — Event 5

Simulations with Satellite Products

At the initial stage of the simulations, raw estimates were used, while at the final stage
these estimates were corrected, based of ground measurements and by applying the Mean
Field Bias Correction method. The flow hydrographs produced, were placed in the same
chart, so that they are directly comparable (Figures 15 to 19). The main characteristics of
the simulated flow hydrographs are shown in Tables 14 to 18.

The use of satellite rainfall estimates, during the events’ simulation revealed all the
issues related to such data products. More specifically by using the raw data, GPM
managed to accurately simulate events 1 and 4, while by using CMORPH data, there is no
simulation that can be considered as satisfactory, based on the statistical indices. Especially
in event 2, satellite estimates from both products were not even able to recognize the
flooding event. The corrections applied based on ground stations led to very satisfactory
simulations, analogous to those of the measured rainfall values. In terms of peak discharge,
it is best estimated by the corrected GPM, which shows an average deviation of 7.34%
compared to the observed values, which is about twice the size in the case of the corrected
CMORPH product, where a 15.74% average deviation is observed. The opposite scenario
appears in the total water volume, where the average CMORPH deviation is very small,
only 3.51%, while GPM’s is 10.60%.
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Table 14: Satellite products flow hydrograph characteristics — Event 1

Characteristic  Qobs Raw GPM Corr GPM Raw CMORPH Corr CMORPH
Q, [m¥/s] 126.6 106.6 133.1 118.0 124.9
t, [n] 13 14 13 10 13
V [hm?¥] 7.8 7.0 8.1 7.3 7.7
Nash Sutcliffe 0.92 0.96 0.64 0.98
Bias [%] -10.16 3.23 -6.52 -1.75
AV [%] -10.26 3.85 -6.41 -1.91
AQ, [%] -15.8 5.1 -6.8 -1.3
Aty [N] 1 0 -3 0
Piot [Mm] 28.2 315 30.2 31.8
Lot [Mm] 22.9 25.0 24.8 25.8
160 -
140 - = = Qobs
120 1 Raw GPM
— Raw CMORPH
> 100 A
S Corr GPM
g 807 Corr CMORPH
S 60 -
S R
A 40 - g i
20 i —m s o
O T T T 1
0 10 20 30 40 50
Time [h]

Figure 15: Satellite products flow hydrographs of Karytaina outlet — Event 1

Table 15: Satellite products flow hydrograph characteristics — Event 2

Characteristic  Qobs Raw GPM Corr GPM Raw CMORPH Corr CMORPH
Q, [m/s] 270.0 410 245.5 120.3 311.0
t, [h] 40 41 39 37 38

V [hm?] 26.2 8.1 20.7 11.6 24.8
Nash Sutcliffe -0.40 0.91 0.19 0.93
Bias [%] -69.01 -20.89 -57.57 -5.18
AV [%] -69.05 -20.91 -55.68 -5.24
AQ, [%] -84.8 9.1 -55.4 15.2
At, [h] 1 -1 -3 -2
Piot [Mm] 31.3 69.0 41.8 76.9
Lot [Mmm] 27.1 48.9 34.3 52.2
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Figure 16: Satellite products flow hydrographs of Karytaina outlet — Event 2

Table 1: Satellite products flow hydrograph characteristics — Event 3

Characteristic  Qobs Raw GPM Corr GPM Raw CMORPH Corr CMORPH
Qo [m3/s] 163.5 122.1 182.3 257.0 216.3
t, [h] 16 18 17 16 16
V [hm?] 11.8 8.0 10.9 16.4 12.0
Nash Sutcliffe 0.41 0.92 -0.38 0.78
Bias [%0] -31.76 -7.76 38.67 1.62
AV [%] -32.20 -7.63 38.98 1.69
AQ, [%] -25.3 11.5 57.2 32.3
Aty [N] 2 1 0 0
Pt [MM] 24.1 32.2 43.7 35.0
Lot [Mmm] 17.6 22.4 27.5 23.9
280 -
260 - = = Qobs
240 - GPM
220 - Raw
% 200 - Raw CMORPH
e Corr GPM
© 140 - Corr CMORPH
s 120 -
§ 100 -
" — 80 .
0 60 -
40 -
20 | =
O T T T 1
0 10 30 40

20
Time [h]

Figure 17: Satellite products flow hydrographs of Karytaina outlet — Event 3
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Table 2: Satellite products flow hydrograph characteristics — Event 4

Characteristic  Qobs Raw GPM Corr GPM Raw CMORPH Corr CMORPH
Q, [m¥/s] 144.0 110.9 146.7 162.3 144.2
t, [n] 29 26 29 18 29
V [hm?] 16.0 12.3 14.6 13.6 14.8
Nash Sutcliffe 0.73 0.95 0.14 0.95
Bias [%] -22.98 -8.80 -15.5 -7.46
AV [%] -23.06 -8.67 -14.93 -7.42
AQ, [%] -23.0 1.9 12.7 0.1
Aty [N] -3 0 -11 0
Piot [Mm] 28.1 41.6 29.6 40.6
Lot [Mm] 21.7 325 21.9 31.3
180 -
160 - = = Qobs
140 - Raw GPM
__ 120 - Raw CMORPH
é 100 - Corr GPM
'g 80 - Corr CMORPH
S 60 -
3
a 40 - ~ < =
20 - =
0 ; ; ; ; ; ; ; .
0 10 20 30 40 50 60 70 80
Time [h]

Figure 18: Satellite products flow hydrographs of Karytaina outlet — Event 4

Table 3: Satellite products flow hydrograph characteristics — Event 5

Characteristic  Qobs Raw GPM Corr GPM Raw CMORPH Corr CMORPH
Qp [m%s] 166.7  243.7 182.0 223.1 216.3
t, [h] 15 21 18 19 18

V [hm?] 14.1 14.8 12.4 13.0 13.9
Nash Sutcliffe 0.44 0.87 0.63 0.86
Bias [%] 7.55 -11.89 -11.42 -1.30
AV [%] 5.08 -11.96 -7.70 -1.31
AQ, [%] 46.2 9.2 33.8 29.8
At, [h] 6 3 4 3

Piot [mm] 47.7 48.4 435 52.4
Lot [Mmm] 34.7 37.8 32.7 40.1
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Figure 19: Satellite products flow hydrographs of Karytaina outlet — Event 5

Conclusions

The objective of this master thesis was the development and implement of a Lumped
and a Distributed hydrological model for the simulation of five historic rainfall — runoff
events that occurred in Karytaina water basin. Aside from using ground rainfall
measurements, the corresponding satellite rainfall estimates from CMORPH and GPM
Imerg Final Run V06 products were used. The main findings are summarized in the
following paragraphs.

Surface rainfall varies depending on the surface integration method applied to the same
rainfall event, for the studied watershed. In four of the five events, Thiessen Polygons
method estimated a higher total rainfall height, compared to the IDW. The only exception is
event 4. In events 1, 3 and 4 the differences in rainfall values are almost negligible, but in
events 2 and 5 they are quite obvious and significant. Apart from event 4, the total
hydrological losses are higher in the case of the Lumped model, due to the highest rainfall
estimated by the Thiessen Polygons.

The assessment of hydrological losses is a matter of major importance, as even a slight
change in the input values has an impact in the response of the watershed, regarding the
peak discharge and the time of its occurrence. When determining the hydrological losses
using the SCS - CN method, assigning CN values that respond to reality is crucial.

ModClark Distributed model was found to perform better than the Isochrones Lumped

model, highlighting the importance of the spatial discretization applied in the watershed.
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However, the implementation of a different Distributed model and the comparison with the
current results is proposed.

Raw Satellite rainfall estimates did not produce satisfactory results, revealing issues
associated with rainfall values, as well as its temporal distribution, both affecting the
outflows and the time of the peak discharge. Regarding the time t,, some outliers were also
observed (e.g. CMORPH estimates in event 3, where At, = -11 hours, when compared to
the observed t;). The corrections applied, produced sufficient simulations, which in some
occasions were even better than using sheer ground measurements, provided by rain
gauges.

Raw Satellite estimates are not recommended for hydrological analysis, considering the
uncertainties they involve. However, they also provide a major advantage. Their temporal
resolution in conjunction with re-adjustments based on ground measurements can be a
major asset for hydrological modelling, in cases where the ground network is insufficient

and sparse.
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1 EIZATQI'H

Ta televtaio ypdvia, 610 TAAIGIO TNG KAILOTIKNG OAAXYNG, KPIVETOL TTO EMITUKTIKN M
avaykn HEAETNG TOV OKPOI®V KOUPIKOV QOIVOUEVOV OV GYETILOVTOL He TNV EUEAVION
TANUULPIKOV  enetcodiov. Ta mAnupupikd eowvopeve gvBovovtar yuoo 1o 1/3 tov
EKTILOUEVOV (NUIOV amd PLOIKEG KATAOTPOPES oe maykoouta khipako (Pilon, 2002). Qg
TANUpopa opileton n Tpocwpvyy kKGAvym amd vepd £04POVS, TO 0mOi0 VIO PLGIOAOYIKEG
ouvOnkeg dev kaAvmtetal amd vepo. Ta kdpla aitio g eivar ot KMUOTOAOYIKES HETAPOAEG,
n oaAlaynq Tov ypnoewv yng kot ov avBpomives mapepPdosig (Mmaitdg, 2022). Ou
avOpomves mopeuPdoetg, OmOC Yy TAPASEYHO M YOPIKN OVATTLEN TOV OKIGTIK®OV
TEPLOY DV GE TEPLOYES OTOL GLUPAIVOLY TANUUVPIKA ETEIGOOL0 GE GLVOLAGLO LLE TN LELMOT)
™G KAVOTNTOG TOL E3APOVE VO KATAKPOTHGEL TOVG VOATIVOVG OYKOVS, AOY®M T®V OAALY®DV
ot XPNoN YMS, ovpPdirovv oty avénuévn mlavoétTo TPOKANGONG  PALVOUEVOV
mnppdpag. Ot TAnppdpeg Bempodviar amd ToVg T GLYVOVG KO KOTAGTPENTIKOVG TOTOVG
QLOIKAOV KOTAGTPOP®V KOl EMPEPOVY GOPUPEG EMNTMOGELS T.). 1 €kBeom ™G avOpdmTvng
Long og coPapd Kivouvo, 1 KOTAGTPOPY| TEPLOVGLOKDOV GTOLEIWV, 0l coPapéc Cnuiég Kot
KOTOOTPOPEG EPY®MV  LTOOOUNG, Ol KOTUOTPOPEG YEWPYIKAV Kol KINTOVOTPOPIKAOV
£YKATAGTAGE®V, KOOGS Kot 1 £vTovn OdPpmon edapadv Kot 1) pOTOVGT) TOV VOATMV.

O minpupopeg etvar éva amd o CNUAVTIKOTEPA PLGIKE PUVOLEVO KOTAGTPOP®OV GTNV
votio Evpdnn mov kataypdeest moAld Bopota kot extetapéves s, e ta tehevtoiol
¢m. H évtovn aotikomoinom, 6€ GuvovaoUo pe TNV VYNAN TukvoTnTo TANBVGHOL £xoVV
avénoel Tov Kivouvo gpeavions mAnppvp®v otig teployés avtéc. H EALGOa dev amotelel
e€aipeon o€ AVTO TO POVOUEVO, £XOVTAG LEYAAO 1GTOPIKO TANUUVPOV OKOLO KOl KOTA TOVG
apyoaiovg ypovous. ‘Exel mapatnpnbei 611 100 meprocodTEP £MEGOd0. GLUPaivovLy TO Unva
Noéuppo ko 6tt vrdpyer avénuévn mBavoTTo TANUUOPOS OTIS OGTIKOTONUEVES
TEPLOYEG, O OYEON UE TIG OPEWVEG Kal TIG TedvES. Ot mAnupdpeg oty EALGSa opeilovrtan
KUPIOG OTIG €VIOVEG PPOYONTMOGCEIS, TOL TOPAYOVIOL ONO TO TEPOUCUN  YOUNADV
BoapoleTpK®OVY, Ta 0moiot GLVNOMG GLVOdEHOVTUL OO YLYPE LETmm Kot KatapOdvouy ard
T OLTIKA, To PopelodvTikd Kot o votiodvtikd. H peiwon tov dacikdv exktdoemv A0y

TLUPKAYIDOV T TEAELTOIO XPOVIOL OTN YOPO Lo KOOMOS Kal 1 €vtovn actikoroinon mailovv
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TOAD ONUOVTIKO POAO OTNV EKTETOUEVI] EUPAVION TANUULPAOV, O10TL ov&dvovv v
TANUUVPIKY OTOPPOT] KOl HEWDVOVV TOV ¥pOvo cuykévipmons. Ot 000 avtol mapdyovteg
etvat o1 kVPLOL LTEVOVVOL Y1 TV KATAGTPOPIKT] SVVOLUTN TOV TANUUVPIKOV YEYOVOTOV.

H Swayeipion tov mANppupdv amotedel éva oNUOvVTIKO OVTIKEILEVO, He TOAD HEYAAO
EMIOTNUOVIKO €VOLPEPOV, OAAE TOLTOYPOVO TAPOLCIALEl Kol 1010HTEPT) KOWMVIKO-
owovouiky onuocio. O Pacikdtepog oT10Y0G elval M epoapuoy] UETPp®V TPOANYNG €lte
KOTOOKEVOOTIKAOV (.Y, TOUIELTNPES, EKTPOTMEG TOTOUADV, OVOYOUOTO) &ite  un
KOTOGKEVOOTIK®OV (.. GLVEYNG EVNUEPMGN TOALTMV), YOl TNV OVTILETOTICT OVTOV TOV
kataotdoewv. H a&lomot ektipnon tov TANUULPIKOV TopoYDV OTalTtel T Stofesipudtnto
HUEYAAOVL UNKOVG YPOVOGEPDOV PBPoyOmT®mong o€ WKPEG xpovikeég kApakeg (m.y. 10Aemtn,
wplain). Emopévog, elvarl amapaitntog o petacynuoticidc e Bpoxng o€ amoppon e
xpfion povtérav Bpoyng - amoppons.

1.1 Biphoypoguki) Avackénnon
1.11 Movtéra Bpoyng - amoppong

‘Eva povtého eivor pior amhomompévn ovamopioTost ToV TPAYUOTIKOU GUGTNLOTOC.
Béktioto povtého etvar owtd mov e£oc@arlel amoTEAECUATO KOVTIO GTNV TPAYLOTIKOTITO
pe Tov eAdyoTo OLVOTO aPBUd TOPAUETP®V Kol pe TO piKpOTEPO Pabid moAvmAoKITNTAG
(Moradkhani and Sorooshian, 2008). 'Eva povtélo amoteleitatl and S1GQopes mapapeTpovs
nov KaBopilovv ta yopaKTNPIoTIKE TOL LOVTELOL. g LovTéLD amopporg Umopel va oplotel
éva obvoro eElowcewv mov Ponbodv otnv ektignomn g amoppong mG GuLVAPTNON
SPOPOV TOPAUETPMV TOV YPNGLLOTOLOVVTOAL VL0 TNV TEPLYPAPT| TOV YOPUKTNPLOTIKMV TNG
Aekavng omoppong. Xtn Piproypapio cuvavtdpe mAnbopo té€Tolwv HoviéAmv To omoia
dwpoponotovvtor petald Tovg ®C MPOG TOV GKOMO TNG OVOALONG, TO OITOLTOVUEVO
dedopéva, Tov oplipd Kot T U™ TV TOPAUETP®V ToL Ta Yapaktnpilovv. H emhoyn tov
mAéov KaTOAANAoL povtédov eivar €va ovuvBeto mpdPAnpo mov eEapTdTon Amd TOVG
TOPOATAV®D TOPAYOVIES, TNV TOTMOYPUPIO. NG AEKAVNG OmOPPONG Kol LKA amd To
dwbéopa dedopéva. Ztov EALadO xdpo, ToAEG popes epaprolovtol LOVTELN TTOV €OV
onpovpynBet yoo TOMOVG AeKavOV GAA®V YOP®OV, ENOUEVOS 0 AapPdvovy vmoym Tig
wWontepdTTEG TV AgKavmv omoppong ™ EAAGSac. 'Eva ovvmbec mpofinua tov
EMNVIKOV Aekavadv amoppons eitvar 6Tt avtég de dobétovv dedopéva amoppons Kot og ek
TOUTOL M OvokoAMa Babuovounong kot eraAnfevons tov poviehov avgdvet. Ot pébodot

OV YPNGLOTOIOVVTOL GE TETOLEG MEPUTTAOGELS GYXETILOVTOL KO LLE TN YOPIKN O1AoTOCN TNG
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AEKAVIC aITOPPONG, OTTMOC TNV KOTATUNGCT OLTNG OE EMUEPOVS LKPOTEPO TUNLOTOL, TO, OTTOT0L
TEPLYPAQOVY e peyohOtepn axpifela v meployn HEAETNG, COUEOVO UE TO 1dwoitepol
YOPOKTNPIOTIKA TNG, HE amotélecpa tn peimon g afefardtnrog g TeMKNG TpoOPAeyng
oto onpeio evolaPEPOVTOG.

Ta povtéda o¢ mPog TN YWPIKN Katavour Tov dedouévov yopilovtor oe (Mmovpvdg
2022) o) oe Xvykevipotika (Lumped), 6mov m meproyn] perétng Bewmpeiton o¢ eviaio
oVTOTNTO OTNV OTOi0. KOTAVEHOVTOL OUOWOHOpea T peyédn ec6dov kot €£6dov, P)
Huwotovepnuéva (Semi-distributed), ota omoia 1 meployn perég yopiletal e emuépong
VIOAEKAVES QTOPPONG, AVAAOYO LE TO VOPOAOYIKA KOl YEMUOPPOAOYIKA YOPOKTPLOTIKA
TOVG KOl KAOE DITOAEKAVN KATAVELOVTOL OUOIOHOPQQ Ta HEYEDT €160d0V Ko €600V Kot M
KGOe pio €xel SLOPOPETIKEG YPOVOGELPES IGO0V KOl SLOPOPETIKES TYES TOPAUETP®V, V)
Kartaveunuéva (Distributed), mov Bacilovtal ot yopikn Katavour tov peyedov e16660v
Kot €£000V 6N AEKAvVT AoppPonG, e TN AEKAVN amoppong ywpileTon € PIKPG TUNHOTO Kot
onuovpyeiton  kavafoc otoryeiov. Ewdwdtepa vy 1o Hpwotoavepunpévo ot to
Kotavepunuéva povtéda, amorteitor Kot n epappoyn evog LOVIEAOL VOPOAOYIKNG O10dEVoTC,
TPOKEUEVOD TO, OVAVTY] TANUUVPOYPOPNLOTO VO, S100€D0VTAL GTO GNUEID EVOLUPEPOVTOC.

Mio dAAN mOAD oMUOVTIKY Kotnyoplomoinon HovtéAwv eival o OloympoHos o€
EUTEPIKE (LOOPOL KOVTLOV), EVVOLOAOYIKE KOl LOVTEAX QLGIKNG Bdong (AoTPov KOVTIOV)
(Nyeko, 2015). Ta eumelpicd poviélo meptappdvoov pobnuatikés eE16MGES TOV
TPOEPYOVTAL OO TAPAAANAES YPOVOGEIPES 10000V Kol €£000V Kol Oyl amd TIG PLGIKEG
dlepyacieg g Aekdvng amoppons. AvTd to LoVTEAN pumopohv va TpofAémovy e akpipeta,
OH®G OV UTOPOVV VO EQAPLOCTOVV GE SOPOPETIKN Aekdvn. ‘Eva kKhaooikd mapdostypo
TETOI0V  HOVTEAOL &lvor 1O  povaodlaio vopoypdonuo. To evvoloroyikd HovTEAQ,
TEPLYPAPOVY OAEC TIG OLVIOTMOEG TOL VOPOAOYIKOD KOKAOL (Bpoydmtwon, ombnon,
OTOPPON KOl OMOGTPAYYIOT)). XTN GLYKEKPLUEVN KOTNyopiol LOVIEA®V YPNGUYLOTOLOVVTOL
NWEUTEPIKEG EEICADGELG KOl Ol TOPAUETPOL TOL HOVTEAOL 0ElOAOYOVVTOL HE OEOOUEVOL
nediov, oAl ko pécm Pabuovounong. Ta povtéda puowng Bdong Pacilovior oty ympikn
KOTOVOUT TOV TOPAUETPOV KOl TEPLYPAPOVY TO PLGIKA YOPAKTNPIOTIKA. AgV amottovv
EKTETAUEVO, VOPOAOYIKA KOl HETEMPOAOYIKE dedopéva yia ) Babuovounon tovg, kabdg o
avtifeon pe t1g 000 TpoavapepBivies katnyopies de Pacilovtol 6e LETPNOELS TAPOYNG Kot
melopetpioc. T 10 AOY0 awtd, Bewpoviviol KATAAANAQ Yo TNV EKTIUNGT LOPOAOYIKDV
peyebav oe Aekdveg yopic petpnoels (Aovkdg, 2017). Zvvnbwg, tétolov €ldovg povtéda

epapuolovion oe  eEe0IKELIEVEG €pEVVEG, OTMG YL TOPAOELYHD T EKTIUNON TOV
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EMATAOCEDV OV EMPEPEL N KAUOTIKN GAAXYY], EVD GUYVE GLVOLALOVTOL LE VOPOOVLVOLKEL
HOVTEAQ, HOVTEAD HETOPOPAS PUTOV GTO VEPO Kol OTO £5000G, KoOMG Kol HOVIEAQ
HETAPOPAS PepTddV. QoTOG0, 1N YPNON TOVG ONMOKAEICTIKG Yoo TNV 7POHYVOON Kot
TPOCOUOIMGCT TNG ATOPPONG, ELVOL ACVLLPOPT KOL OEV TUPEYEL KOVEVO TAEOVEKTNOL (OC TTPOG
NV 0KPIPELN TOV TPOYVMDOEWMV GE GYECT LLE TO EVVOIOAOYIKA LovTéAa (Aovkdg, 2017).

Tpitn katnyopromoinom eivar tor NTETEPLVIOTIKO Kol TO XTOYOOTIKA HovTéAd. Ta
VIETEPUIVIOTIKA HOVTELD dNUIOLPYOVV TO 1010 amotéAecpa o€ KaOe TpEEo tov povtéov
v dedopéveg TWEG TOPOUETPOV. AVTIOET®G, TO OTOYOOTIKG Oivouv  SlaPOPETIKA
OTOTEAECLLOTO, OVOAOYOL LE TIC TTOPAUETPOVS TTOL £XOVV YPNOLUOTOMOEL.

Téhog, to poviéla Ppoyng - amoppong TOEWOUOVVIOL G XTOTIKA Kol ALVOUIKA
povtéAa, pe Baon tov xpdvov. To otatikd povtédo amokAgiel To ¥pdvo, EVd TO SVVOLLIKO

LOVTEAO TOV TTEPIAAPAVEL.

1.1.2 Aopvgopikég ekTipfoeis fpoydéntwong

H extipnon g Ppoyxdmtwong, pe t ypnon 00pueopwv givarl po. TEXVOAOYid TOv
avantocoetor paydaio to tehevtaion ypovio. Xtnpiletor ot cvAdloyn oedopévov omd
dwpopa emotnUovikd Opyava tomoBetnuéva oe tpoyld YOpw omd T I'm, mov edv
ouvovaoToLV peTaED Tovg pmopel vor ekTunOel pe oyetikn okpifeln o Oykog TV
KOTOKPNUVICEOV GE L0 TEPLOYT]. ZTO. TAEOVEKTNUOTO TOVG GUYKOTOAEYETOL 1 KOALYN
LEYOA®MV TEPLOYDOV OAOKANPOL TOL TAOVATN KOl 1 OUOLOYEVELNL TOL TAPOLGLALoVV TO
OTOTEAEGLLATO, OVOPOPIKA LE TO EMUEPOVS GLGTHLOTA BAOUOVOUNCTG TOV EMKPATOVV GE
dtapopeg ympec. Ot 60pLPOPOL TOV YPNGLLOTOIOVVTOL YO TN GVAAOYY| TETOI®V OEOOUEVOV
yopilovionr oe Tpelg Katnyopiec, avdioyo pe to €00G TNG TPOYLWIS TOLG. XTNV TPATN
Katnyopia wepthapfivovtal ot GUYXPOVIGUEVOL IE TOoV A0 dopuedpot. H tpoyid avtod tov
OOV dopLEOPmV Exet pio khion mepimov 98.6° ko éxel 1o mAgovékTnUO Vo TpounOedEL
dedopéva v 1010 Tomkn opo KaOe pépa. Xtn dgvTEPN KATNYOPio aviiKOLV Ol dOpPLPOPOL
uéong khiong, 35° éwc 70°, mov mapEYoLVV GUVTONO SLUCTAUATO EXOVOPOPEC TAV®D amd TO
id10 onueio. Qotdc0, 0 TEPLOpIondG TV 70° dev emtpénel TV KAAvyN TV TOA®V 0md
avtog Tovg dopuEopovg. Téhog, ot dopvEopot pkpng kiiong, 25° mg 30°, €xovv mold
UIKPOLG ypOVOLS emavapopdc Kot o€ ypetdlovion wwitepn Oepukn povoon. Ouwg, ot
oLVOLAGUO HE OOPLPOPOLS HECTIG KAMONG KOl GLYYPOVIGUEVOVS d0pLPOPOVG o Tpémel va
000l 1dwaitepo Papog, £T61 MOTE VO KATOVELOVTOL YOPIKE LE AGPAAELD Yio TO {510 VYOG
tpoylds. H dwadwkacio Pektiotonoinong tov kaBopiopod tng Tpoylis £vOg d0pueoOpoL

KOTOANYEL GTNV EMAOYT] TOL GLVIVACHOV TNG LAOVNG KAALYNG TG YNIVNG EMPAVELNG KO TNG
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TOOTNTOGC OVOALONG TOV dedouEvav. MeyaAdtepn KAALYT emttuyydvetol pe v avénon

TOV VYOLG NG TPOYLAG HE TOLTOXPOVN UEI®OTN OUMC NG TOdTNTAG avAALONG KabmG M

Aopida KGALYNG TG YNNG emedvelog dtoywpiletor oe aplOud aKTVOV oL To Opyava

ypnowonoovv (MmoAtdg, 2013). Ztov Ilivaxa 1.1 oidpopeg mnyéc SopLEOPIKMOV

OESOUEVOV a0 SLOPOPETIKOVG TOPOYOVG, KAOMS KOl 1] OVTIOTOLYN YOPIKN KOl YPOVIKT TOVG

avéivon.
[Tivakag 1-1: TInyéc SopupopIK®V EKTIUNCEMV BPoyOTTOONG

5 , . IMepiodog Xopwn Xpovikn

Ovopa T Kéahoym KOTOYPOPNC avdivon avéivon

Asian Precipitation -

Highly-Resolved 0.25x0.25°

Observational Data ) : ) (Acia) .

Integration Towards RIHN -JMA Acia 1951-2015 0.05x0.05° Hyepiiota

Evaluation (Tomwvia)

(APHRODITE)

Climate Hazards Group

InfraRed Precipitation o EAo 1981 ¢mg o ,

With Station Data USGS-CHC  50°S-50°N ofuepa 0.05x0.05° 3 peg

(CHIRPS)

Climate Prediction

Center Morphing NOAA Maykdéowa  1998-onuepa 8%8 km 0.5 dpec

Technigue (CMORPH)

Climatic Research Unit  University of , ) 0 ;

Timeseries (CRU TS) East Anglia Haykoowoa  1901-2015 0.50%0.50° Mnviaia

ERA-5 C3s Evpdnn 1979-2020 0.25x0.25°  Hpeprioa

Global Meteorological

Forcing Dataset for Princeton . o ,

Land Surface Modeling  University Moyrooua. 1948-2008 1.00x1.007 3 dopes

(PGF)

Global Precipitation

Climatology Centre World o600 1891-2018 0.50x0.50° Mnviaia

Meteorological
(GPCC) 1019
Organization

Integrated multi-

satellite retrievals for 2000 2o

global precipitation NASA Maykéomo 5 0.1x0.1° 0.5 dpeg
onuepa

measurement

(IMERG/GPM)

Multi-Source 1979 20

Weighted-Ensemble GloH20 [Maykoopuia ofytepa g 0.1x0.1° 3 dpeg

Precipitation (MSWEP)
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Next-generation Radar
Quantitative
Precipitation Estimate
(NEXRAD QPE)

Parameter-elevation
Regressions on
Independent Slopes
Model (PRISM)

PERSIANN

PERSIANN-CCS

PERSIANN-CDR

The Tropical Rainfall
Measuring Mission
(TRMM) Near Real-
Time Precipitation
(TMPA-RT)

The Tropical Rainfall
Measuring Mission
(TRMM) Rainfall
Estimates L3 3B42

The Tropical Rainfall
Measuring Mission
(TRMM) Rainfall
Estimates L3 3B43

University of Delaware
Terrestrial Precipitation
(UDel)

[Tivaxog 1-1 (cuvéyeia)

NOAA

Oregon State
University,
USDA,
NOAA

NOAA

NOAA

NOAA

NASA

NASA

NASA

University of

Delaware
Terrestrial

HITA

Bopewa
Apepicn

60°S-60°N

60°S-60°N

60°S-60°N

[oaykoéouio

[oaykoéopio

Hoykoopa

Hoykoopa

2002-2011

1895-c1pepa

2000 émg
onuepa

2003 émg
onuepa

1983 ¢mg
onuepa

2000-2020

1997-2020

1998-2020

1900-2017

1x1 km

4x4 km

0.25x0.25°

0.04x0.04°

0.25%0.25°

0.25%0.25°

0.25%0.25°

0.25%0.25°

0.50x0.50°

5 hemtd

Hpepnow

0.5 opeg

0.5 dpeg

Hpepnow

Hpepnow

3 mpeg

Mnvuio

Mnvuio

O1 Bathelemy et al. (2022) g&étacav v anddoon tov MSWEP, CHIRPS, Persiann-
CDR, ERA-5 ka1 GPM Imerg otig Meydleg kar Mikpég Avtiddeg. Mg Paon ) peiétn

toug, 0 MSWEP gpopavilet koA andd06m 6TovG TEPIGCHTEPOVS GTATIGTIKOVG OEIKTES Kot

OUVETADC TO GLUVICTOUV MG TO KOTOAANAOTEPO Yo LOPOUETEMPOAOYIKEG €PaployéS. Ta

CHIRPS ka1 Persiann-CDR cvumepipépovior KaAd o¢ mpog TV eKTIUNoN TG £TNOL0G

EMOYIKOTNTOG TOV PPOYOTTOGEMY KOl ETOUEVMOS GLVIGTMOVTOL Y10, EPEVVEG CYETIKAL LE TN

Awyeipion Yoatkav [Mopwv. EmnpocOétwg, to CHIRPS cuvictatot yio v peiétn tov
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akpoiov TAnppvpkev enelcodiov, eved ta ERA-5 ko to GPM Imerg umopodv va
«IAGOVVY UE aPKETN aKPIPED TIG VYPES Kot ENpEG NMUEPES TOL £TOVG.

Ov Sapountzis et al. (2021) e&étacav T0 &vdeXOUEVO TNG YPNONG OOPLPOPIKMV
ektyunoemv and to GPM Imerg Final Run oto vnoei tg ®doov, yio £va TANUUVPIKO
eNeLG0010 oL EAafe yopa amd TG 20 £wg T1g 27 Noguppiov tov 2019. X1 Odoo Aettovpyel
évag Kot povadlkog emiyelog oTafpdg otov OKIoUO AUEVOS, ETOUEVMG TO UEYOADTEPO
TUNUO TOV VNGLOL LTTAPYEL TAVTEAG EAAeyn emiyelmv petpnoewv. To GPM Imerg Final
Run anétuye va TPOGOUOIDCEL TO GUYKEKPIUEVO TANUUVPIKO EMEIGOO10. [l TOo AdYO oo,
Ol UEAETNTEG HEC® NG YPOLULIKNG TOAIVOPOUNOTG O10pOGOV TIC S0OPLPOPIKES EKTIUNOELS
010 KeM mov mepthapufaver tov emiyelo otabud pe Pdon 1t ypappikn eEiocworn mov
AVOTOPIOTE TN UEYOADTEPT GLOYETION UETOED TOV UETPNOEWV TOL OTOOHOD KOl TV
JOPLPOPIKAOV EKTIUCEWV. XTN OCULVEXELD, OopODONKAY Kol To VITOAOUTO KEAL TOL
Kavapov, €1l doTe vo. TPocopolwbel 10 emeGHO0 Ko TG €E€1 AeKAVEG AOPPONG OV
peretnOnkav. H mpotewvopevn pebodoroyio Ba pmopovoe va cupaiel oty mpocopoinon
TOV YEYOVOT®V TANUUVPOV GE AEKAVES amOPPONG OOV TO SIKTLO TV EMIYEIWV oTAOUDV
elvan eAdeués.

O Cho (2020) ypnopomoinoe dopveopikd dedopéva NEXRAD yio v voporoyikn
LLOVTEAOTTOINGN NG YWPIKE KaToveUnUEVNS Ppoyodmtmong. Avéntuée 000 mpoypdlupata o€
Python yia v ene€epyacia tav dedopévav g Ppoyontwong (NEXRAD) oe mepipdirov
GIS ko énerta ta swonyoaye oto Aoywopukd HEC-HMS. Xpnopormowwvrog tigc pebddovg
ModClark kot SCS Unit Hydrograph, cpocopoionce tpio eneicodda (Vo yio fabpovounon
Kot évol yuoo emkdpoot) Ppoyng o€ 600 Aekdveg omoppong Kot EAeyEe v amdd06n TV
povtédwv. Ta amoteAéopata £0€i&av Ot kot ot 0vo péBodor eEdyovv 1KOVOTOMTIKA
amoteAéopata, ®otoéco T0 povrého ModClark eiye xolvtepn mpocapupoyn otnv
TOPOTNPNUEVT] POT| KOL MG GUVETELL AYOTEPES AALTNGES BOOLOVOUNGNC TOV TUPAUETPOV
TOV LOVTEAOV.

Ot Jiang ko Bauer-Gottwein (2019) a&ohdynoav to tpoiovre. GPM Imerg Early Run,
GPM Imerg Final Run ka1 TRMM o¢ 300 Aexdveg amoppong otnv Hrepotikn Kiva, yio
v ™ dtetia 2016-2017. H avdivon tovg vrédei&e ot ot ektypunoeig GPM Imerg Final Run
CLUUPOVOVV OPKETA LE TIG EMIYELES LETPNOELS, G€ Muepnota KAipaxa, evedy or GPM Imerg
Early Run eivar otobepd youniotepeg. Koar ta dbvo mpoavaeepbévia mpoiovta eivor
KataAAnAotepa oe oxéomn pe 10 TRMM, evd kot oTic TpElg mePImTOGELS VILApyel {RTNHa

OTNV EKTIUNON TG PPOYOTTMONG OTIG TEPLOYEG LE TO UEYOADTEPO VYOUETPO.
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Ot Ahmed et al. (2019) pe ™ xpNoT OTATIGTIKOV SEIKTOV, a&L0AGYNGAV TA SOPVPOPIKA
dedopéva GPCC, CRU, APHRODITE ka1t UDel, oty meproyy Mrolovyiotdy g Aciog.
H avdivon tovg €de1Ee 0TL 1 amdO06T TV TPOTOVTI®V TOIKIAEL AVAAOYOL LE TIG KAUOTIKEG
ouvOnkes. Qotoco, ta dedopévo GPCC amedelyber 6tL mpocopotdlovy KaAdtepa TNV
TPAYLOTIKOTNTO GE OAEG TIG OLOUPOPETIKES KAMUATIKEG TEPLOYES.

Ot Gilewski ko Nawalany (2018) mpaypotonoincav mpocopoidosls o nepiBariov
HEC-HMS yuo é&1 eneic0d1a fpoyng, o€ pia pikpn opewvn Aekdvn omoppong otnyv IoAwvia.
Ta dedopéva Bpoyng omd emiyelovg otabuovg cuykpidnkov pe ektyunoelg and to. GPM
Imerg Final Run kot pe to pavtap Ramza, to omoio amoteAei tunua tov diktvov POLRAD.
[Mapatnpnoav O6tt ta dedouévo Tov radar vrepeKTHOVoUY GLVEXDS TIC TIWEC TNG
Bpoxdémtwong kol yio T0 AOY0 OVTO EMOVOEKTIUNONKOV pE Tn ¥pNon TG TOAAOTANG
YPOUUIKNG ToAvdpOunons. Ta aroteAéopata £0€1Eav OTL 01 EKTIUNGELS OO TO POVTAp Kot
10 GPM Imerg, umopovv vo Tpoc@EPOLV Hia IKOVOTOMTIKN aOd00T] Y1 TV TPOGOUOImoN
TANUUVPIKOV ETEICOSIMV.

Ot Alazzy et al. (2017) a&oroynoav ta npoiovio. CMORPH-CRT, PERSIANN-CDR,
3B42RT ka1 3B42 oe oyéon pe 11g emiyeieg petpnoelg Ppoyomtwong otov motapd
[Navykteé, ypnoonowdvtog to npodypoppe HEC- HMS. H otatiotikr| avaivon avadeiEe
10 CMORPH-CRT ot 3B42 amodidovv kaAbtepa 6€ oYE0N LLE TO VTOAOITO GE ETNGIEG KoL
oe emoylakég kKhMpakeg. To CMORPH-CRT kot 3B42 vrogktipolv Tic pecaieg Kot VYnAEg
evtaoelg Ppoyxdntmong, eved to avtibeto cvppaivel ota PERSIANN-CDR ko 3B42RT.
Yvvolkd, to 3B42 mapovcidlel v koivtepn omddoon, eved to PERSIANN-CDR
YEPOTEPN Y10 TN AEKAVT] AOPPONS TOV TOTOUOV [lovyKToE.

O1 Gampe kot Ludwig (2017) diepedhvnoay v affefatdtnta 0KTd GUVOL®V SESOUEVOV
Bpoxomtdcewv oamd OSwdpopeg myEG oe uplon AAmkn  Aekdvn amopponc. Eva  ta
OTOTEAECULATO KOTEGEEAY OTL TO OEOOUEVO. KATAYPAPOVY TNV £THGL0 HETAPANTOTNTO, QLT
delyvouv peyGheg emoylokés Owpopés. Avtég avédavovtor yi muepnola Pdon mov
oyxetileton pe Enpéc mepidoovg M peydreg Ppoxdntmoels. Av Kot o GOVOAN OEOOUEVOV
VYNAGTEPNS avAALO™G, OVEEAPTNTA A0 TNV TNYN TOLG, OEiEove Ul KAADTEPT CLUP®VI,
To. dgdopéva  UIKPOTEPNG YMPIKNG OVAALONG UTOPEGAV VO, OVOTOPOCTHIGOVY TNV
KAMpatoloyio TG mepLoyns.

Ot Duan et al. (2016) mpaypotomoinoav pio a&loAdyNoN OKTO SLOPOPETIKAOV
d0pLEOPIKOV TPOTOVTMV PBpoydnTmong, otn Aekdvn oamoppong tov Adiyn, omv Itoiia.

Xpnowonoinoav eniong eniysia dedopéva amd 101 otabpovg, yio v mepiodo 2000-2010.
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Avadvtikd, ypnoponoincav to mpoidvta TRMM V7 (Tropical Rainfall Measuring
Mission), tpio.  mpoiovtea. CMORPH (CMORPH_RAW, CMORPH_CRT «ot
CMORPH_BLD), PCDR (Precipitation Estimation from Remotely Sensed Information
using Artificial Neural Networks - Climate Data Record), PGF (Global Meteorological
Forcing Dataset for Land surface modeling tov ITavemotnuiov tov Princeton), CHIRPS
(Climate Hazards Group Infrared Precipitation with Station data) kot GSMaP_MVK
(Global Satellite Mapping of Precipitation project Moving Vector with Kalman-filter
product). AvdAioya pe T Y@PIKN aviAvon Tov KAOE GET dEO0UEVMOV, GUVEKPIVAY TNV KEOE
mmyn Oedouévev HE TOLG emiyelovg oTafuods, TPAYLATOTOIOVTOS OEI0AOYNCELS OF
TOALMATTAEG YPOVIKESG (MUEPTOLEG, UNVIOLES KOl ETNOEG) KO YWPIKES KATpaKeS (Kdvafog kot
Aekdvn  omoppong). Awmictocav 6Tt pe  Pdon T OTATIOTIKY  OVAALGY OV
npayuatoroincav, oo CHIRPS, TRMM ka1t CMORPH_BLD eiyav v xaidtepn enidoon,
evad 10 PGF 1t yepdtepn. Xe kébe mepintwon kot To 0KT® Tpoidvia £ite LIOEKTIHOVV gite
VIEPEKTILOVY TN CLYVOTNTO EUPAVIONG TNG MUEPNOLAG PPoyOmToNS Yo Kémolo €0pog
évtaone. Emmiéov, O to mpoidvia teivouv va mapovstdlovy VYNAOTEPO GPAALN TOVG
xepepvoug punveg (Askéuppiog - DePpovdptog), dtav 1 KATaKpUVIoN elval ouniy.

Ot Nastos et al. (2016) a&ordéynoov v aélomiotio oo TRMM V7, yuo tov EALodiko
x®po. Xpnowonoinocav pnviaio dedopévo Kataxpnuvicemv oamd 96 pHeTE®POAOYUKOVS
oTafpovg oty guputepn mepLoyn g EALGdaG Yo v mtepiodo 1998 — 2008. T'a va etvon
GUEST M CUYKPIOT TOV SOPLPOPIKAOV LE T EMLYELRL OEOOUEVA, ONovpynoay éva Kavafo
{810g ypuhg avélvong pe to TRMM, 0.25%0.25° pe t pébodo Kriging. H aviivon £deiée
OTL TOV YEWMVA 1] CLGYETION LETOEL TV dVO Bhcewv dedopévav etvat TOAD VYNAY Katd ™)
yxewepwvn mepiodo (r > 0.90) yia oAdKANPN TV emkpdteln pe ehdyloteg eEoupéoelg movm
OO NTEPOTIKEG OPEWVEG TEPLOYES Ko TEPLOYES TAV® amd to Bopeto ko Notio Aryaio. Oco
aPOPA GTIC VTOAOUTEG EMOYES TOL ETOVS UIKPOL GUVTEAEGTEG GLGYETIONG evTomilovTol GtV
neployn Tov Opovg OAdumov kot oty Kevipikr| koar Notwo [Tehomdvvnoo. O peretntéc
dmicTOoov ATl 01 SOPLPOPIKES EKTIUNGELS VITOEKTILAVE TIG VYNAESG TIHES PpOoYOTT®ONG GE
TEPLOYEG LEYAAOV VYOUETPOV KO LIEPEKTIUAVE T YOUNAES TES NG PpoyOmT®ONG OE
Ted1A0ES KOl TOPAKTIEG TEPLOYES.

Ot Mateus et al. (2016) mpaypotomoincav o perétn oto Tpomikd Adcog Tov
Apoafoviov, pe oKomd va GLYY®OVEDGOLV TIS UETPNOGES OnO EMIYEIOVG GTOOUOVS HE TIC
dopvpopikég extiunoel; TRMM. ‘Exovtog 010p0doel Tic 00pu@opIkéc EKTIUNGELS TOV
TRMM, ypnoonoincav dvo uebddovg, ) Bértiotn napepPoin (optimal interpolation) kot
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™ Sdoykn uébodo d1opbwong (successive correction method), yia t cvyydvevon twv
dvo Pacewv odedopévav, Yoo v mepiodo lavovdprog 1999 — Aexéuppiog 2010.
[Ipaypotonoinoov OnTIKN Kol OTOTIOTIKN oVOyKplon petalhd tov 6o uebddov kou
katéAnEav oto Ott M Jwdoykn péBodog dopBmong mapéyel EAaEPOS  KoADTEPO
OTOTEAECLLOTAL.

Ot Hamedi and Fuentes (2015) dnuiovpyncav 600 VOPOAOYIKA UOVTEAD, €VO. GTO
Aoyopikd HEC-HMS kot éva oto Aoyiopikd GSSHA yia v pio pkpn Aekdvrn amoppong,
otV oA Park g Utah. T v avaAvomn toug ypnoiomoincay 6edopuéva omd 1o pavTap
NEXRAD «ou erniysieg petpnosic. Me Baon to ovvteheotny Nash — Sutcliffe, counépavav
OTL Y100 TN CLYKEKPUEVN AEKAVT amoppons To Aoyiopuikd GSSHA odnyel oe Mo pealoTikd
anotélecpo. MEoC® TOV HEGOV TETPAYOVIKOD GOAAUATOC, dOmioTOoAV OTL VILAPYEL TOAD
KoAN cvpeovia petaéd tov eniyeiwv otafuav kot tov NEXRAD kot emopévag 1o poavtdp
etvat aE10mGTO Yo TV €QaPUOYN AVTY.

Ot Rozalis et al. (2010) ypnowonoincav évo pn Padpovounuévo vOPOLOYIKO HOVTELD
Y10 VO TPOGOUOIMGOVY TOL YEYOVOTO PONG GE U0 AeKdvn amoppong s Mecoyegiov kovid
ot0 lopanh, epPadod 27 km? To poviého mov epapposav Pociotnke oty pébodo SCS
Curve Number yw tov vroloyiopd tov Bpoymdv—amoppodv kot otn pébodo Kinematic
Wave yio m d100gvon g pong. YmoAoyiotnkov ot dtipopol TOPAUETPOL TOV LOVIEAOL
yopic pabuovéunon kot gwonydn n TAnpoeopia g PpoxdmTmong pe dedouéva e HopEN|
kavéPov. Mg ) peBodoroyia avt avéAvcay €iKool ENEGOdWN, GE SLACTNUO OEKATEVTE
etov. Katéngav 61t 10 povtého mpoéPAEne 1KAVOTOMTIKA TIG POES TOV TANUUVPOV TOV
TPOKOAOVVTOL OO Evtova GLUBAvTa PPoyxOnT®ONG, VM 01 EMOOCELS TOV GE UETPLEG POEG
Nrav un wavomomtikés. H aotik| avdmtuén énoiée peyddo polo otnv mocdtNTo Kot TV
a(un TS OmopPpPoNs, VM OOMICTOGOY ETIONG OTL TO. TANUUVPIKA QovOpeva eival moAv
gvaicOnTa 6N YPOVIKY KaTovoun TG Evtaong g Bpoxms.

Ot Knebl et al. (2005) avéntvéav évo TAIGL0 Yo T HOVTEAOTOINGT TANUUVPDV TOV
evoopotovel dopveopikég Ppoyomtdoelc NEXRAD Level 1, GIS kot éva vdporoyikd
LOVTELO LLE TEPLOYN EQOAPLOYNG TN AEKAVT] OITOPPONG TOL TOTAROV Xav Avidvio oto TEEag,
e€etdlovtag éva peydAo TANUULPIKO EMEIGOO10 TTOL EAaPe ydpa To kKorokaipt Tov 2002.
Anpovpynoav éva povtélo Bpoyng - amoppong octo HEC-HMS, éva vopaviikd poviéro
oto HEC-RAS «xot BaBpovouncav tig mopaptéTtpoug touvg xepokivnta. ‘Etot, avéntuav éva
HOVTELO YPNOWO Yo TNV TPOPAEYN TANUULPOV GE TEPLPEPELNKN KAILOKA TOL UmOopel

EVOEYOUEVMC VAL YPNOLUOTOMOEL G TPOTLTIO Y10 EPAPUOYES LOVTELDV G AALEC TEPLOYEC.
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O1 Peters ka1 Easton (1996) avéntu&ov o to kataveunuévo poviélo Modified Clark
(ModClark) mov ypnowomotei dedopévo fpoydntmong oe LopPN KavaPov yio. VEPOAOYIKT
npooopoioon. Ilpdkertoanr Yoo por mpooapuoyn tov poviélov amoppong Clark mov
ePapuolel €vo YPOUUIKO UETOCYNUOATICUO Y10 TOV VTOAOYIGUO TNG OMOPPONG amd TO
nepiooevpa TG PPOYOTTMOONG KO GTN GUVEXELD KAVEL XPNoN O100EVONG HECH YPOUUKOD

TOUIEVTIPA. LTI GLVEXEL, TO povTéLo eEeAiyOnke amd tovg Kull ko Feldman (1998).

1.2 Avtikeipevo g Epyaciog

Avtikeipevo g mapovcag Metamtvylokng AwmAopoatikig Epyaciog omotelel 1
VOPOAOYIKY] TPOCOUOIMOT TEVIE 10TOPIKOV EMEWCOdIV Ppoyng, Yo To omoio eivan
dwbéoa to dedopéva PBpoxdmtmong omd  yertovikovg otafuods, Kabdg Kot To
mnppvpoypapnuate  €€6dov. H avdivon devepyelton ot Aekdvn omoppong g
Kopotawvog ot dvtikn Iedomdvvnco, n onoia amoterel voiekdvn tng evpOTEPNG AEKAVNG
amoppong Tov motapov Adeetod. Ta dedopéva BpoxdnTmong Kot omoppong aviyoviol 6
xpovikd Prua g upiog opoc. Extoc amd to wotopikd dedopéva  Ppoydntmong,
YPNOYLOTOIOVVTOL KOl OVTIGTOLYES dOPVPOPIKEG EKTIUNGELS PpoydnTmong yuo To v AdOY®
emelcO0ln, amd Ovo Seopetikés erevBepeg mmyéc dedopévov. Il ocvykekpuéva,
ypnoomoovvTal ekTUnoelg Ppoxdmtwone omd National Oceanic and Atmospheric
Administration (NOAA). To mpdypaupa avté koaieitow Climate Prediction Center
Morphing (CMORPH) kot to dedopéva Bpoxdntmong sivat S10b€otuo HEc® TOL 16TOTOTOV

https://www.ncei.noaa.gov/data/cmorph-high-resolution-global-precipitation-estimates/.

IIpokertar yo. exTipfioelc avd 1 dpa, ce popen kavéPov peyéBovg 0.25x0.25°, ftot
27.8x27.8 km. H devtepn anyn dopveopikdv ektiufosmv datifetar amd t NASA «ot
ypnowonoleitar n amootoAy GPM Imerg V06 Final Precipitation L3 . Ta dedouéva givort
dwbéopa omd  https://disc.gsfc.nasa.gov/datasets/GPM_3IMERGHH_06/summary. H

axpifelo tovg elvar peyordtepn Kabdg TPOKELTOL Yot WMCAMPES EKTIUNOCEL, GE KEA
0.1x0.1°=11.1x11.1 km.

Mo v VOPOAOYIKT TPOGOUOIMOT] XPNOLUOTTOLEITOL 1] VTTOAOYIGTIKY TAaTeOppo HEC-
HMS 4.11, evd yio ™ Ye®UOPEOLOYIKY) OVAALGT TNG AEKAVNG OTOPPONG TO TPOYPOLLLLOL
ArcMap 10.3 oe ocvvovooud pe v gpyareobnikn HEC-GeoHMS. Egoapupolovion éva
OLYKEVTPMOTIKO HOVTELO, Yo TO 0moio ekTipdrol To Movadwaio Ydpoypaenua (MYT), pe
ypnon tov lodypovov Kapmviov, kabbhc kat o katavepnuévo poviého ModClark, émov 1

Aekdvn amoppong Olakprromositan o kdvafo kehdv 500x500 m. Emedn yuo kdbe
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https://www.ncei.noaa.gov/data/cmorph-high-resolution-global-precipitation-estimates/
https://disc.gsfc.nasa.gov/datasets/GPM_3IMERGHH_06/summary

EMELGOO10 Elval YVOOTO Kol TO OvVTIOTOU(O0 TANppvpoypdenue ££6d0v, to 600 HOVTEAD
Babuovopovviat £T61 MOTE VO TPOGOUOIALOVY OGO TO SLVATO KOAVTEPO TNV TOPATNPNUEVT
amoppon).

EAéyyxetar 1o Katd OGO Ol dOPLPOPIKEG EKTIUNGELS UTOPOVY VO TPOGOUOIDCOVY TO.
eneleoown mov e€etdlovtal kot o€ Tt Pabuod, kabmg OTme eivol Yvootd OTL 1 EKTIUNGN NG
Bpoyng HES® dOPLEOPWV EVEYEL APKETA COAALATO, LE OTOTEAECUO Ol EKTIUNCELS AVTEG VO
yapaxtpifovtal omd vynAég Tipég bias, dniadn eite vIEPeKTILODY €iTe VIOEKTILOOY T
Bpoyoémtmon. Zn ovvéyeln, epapuoletor n dopbwon Mean Field Bias, étolr @ote ot
d0PLPOPIKEG EKTIUNGELS VO d1opBwBovV Yo kdbe Eva amd To TEVTE TANUUVPIKA ETEICO,
pe Pdomn toug entyelovg oTaBpovc. INUEUOVETOL OTL Y10 TIG TPOGOUOIMGELS [LE dOPVPOPTKES
EKTINOELS PpoyOmTmOoNG, YPNOLHomoovvTal ot Pabpovounuéveg TWEG, OmWG oUTEG
TPOEKLYAV OO TNV EPAPUOYN ToV Katavepnuévov poviélov ModClark pe tovg emiygiong

oTafpovG.

1.3 Aopn ™ Epyoaciog

H mapovoca Awmiopatiky) Epyocio arotedeiton and mévte xepdioto. Akorovbel n
GUVOTTIKN TOPOVGIAGT] TOVG:

e To 1° Kepdhowo amotelei pio eicaywyf. Ava@épetal M KOTHyOplOmoinoyn Tov
LOVTEA®DV BpoyNG-amoppons, e PACT TN YOPIKN KATAVOUN TOV 0£d0UEVOV E16O00V
kot pio PipAoypagikn ovookOmnon mePt d0pLEOPIKAV Oedopévey. EmumAiéov,
Oiyetan To avtikeipevo g epyaciog.

e Yto 2° Kepdhawo mepryploetar 1 meEpoyn UEAETNG, TO YEOYPOQIKG KoL
YEDUOPPOAOYIKA YOPOUKTNPIOTIKA TNG, T €&eTAlOUEVO ETEIGOIN KOl TO YEDYWOPIKA
KOl VOPOUETEMPOAOYIKE OEOOUEVA TTOV YPNGLOTOONKOY.

e X710 3° Kepdhawo avordetar ohoxAnpo to Bewpntikd vwdPadpo g uebodoroyiic,
Yo TNV OVATTUEN TOVL GLYKEVIMTIKOD Kol KATAVEUNUEVOVL HOVIEAOL Ppoyngs-
amoppOoNg kot 1 eneEepyacio TV OedoUEVOV.

o Y10 4° Kepdhawo mapovotdlovior To amoTeEAEGUATO TOV TPOEKLYOV omd THV
avéivon. ITo cvykekpiuéva, avoAdOVTOL T0 OTOTEAEGLOTO OO TNV EPAPUOYT TOV
KOTOVEUNUEVOL KOl GLYKEVTPMTIKOD LOVTEAOV BPOoyNG — AmopPonG Kol OTN GUVEYELD
Ol OPYIKES TPOGOUOIDGELS UE TAL OOPLPOPIKE OEOOUEVO KO Ol TPOCOUOIDGCELS, HLETH

™ S10pbwon avtdVv pe Bdon Tovg emiyelong oTabHovG.
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e To 5° Kepdhao mepthoufdvel ta cvumepdopata, KobOG Kol TPOTAGES Yio

UEALOVTIKY| £PEVVO, CYETIKT LE TO OVTIKEILEVO TNG TOPOVGUG EPYOCTOC.
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2. IEPIOXH MEAETHX KAI AEAOMENA

Q¢ meploy” HEAETNG EMAEYONKE Hio VITOAEKAVN TNG ELPVTEPTG AEKAVNG OITOPPONG TOV
Alpelov motopol mov ekPdirer omnv KopOtowva kot avikel 6To vOOTIKO SIOUEPICUO TNG
Avtikig [Mehomovvicov. H ev Aoy Aekdvn yopaktnpiletor and vioves BpoxonT®dcels Kot
®¢ €K TOVTOV TPOKOAOVVTOL GUYVE TPOPAALOTO KOl TANUUVPIKA ETEICOO0 KO EMTAEOV
VILAPYOLY OESOUEVO OTTOPPONG YO IGTOPIKE EMEIGOJLN, KATL TOV oTavViLEl GTOVG TOTAUOVGS
™ EAAGOaG. XTic Kupldtepeg MANUUVPES CLYKATOAEYOVTOL QLTEG TOV CTUEIMONKOV OTIC
1/1/2003, emnpedlovtag tic meployés TG Meyaddmoing, tov  Poyoppoatiov, tov
Koproywpiov, e Kapdpag ko tov [avvoaidv kot otig 17/11/2007 mov mpokdiese {npuég
otg meployés g Koapvtawvag, tov Arpeov, tov Aeovtapiov, g Ilotapudg kot tng
Tovprorékag. Tn tekevtaio dekaetion £xovv onuel®OEl OPKETA TANUUVPIKA ETEIGOIIO TOV
TPOKAALECOV KOTAGTPOPEG GE AYPOIKIEG, KAAMEPYEIEG KO OVTITANUUVPIKA £pya, OT®G
VTOGTNPIKTIKA OVOYDUATO Y0l TNV OTOELYN TG JElcoLoNg Tov VEPOD GE KOTOIKNUEVES
nepoyéc. H mietovomta tov mpdo@atomv TANUULPIKOV EMEIGOOIMV ep@avileTal oTig
YEWPYIKEG EKTACELS TNG TEPLOYNG UEAETNG, OOV Ta 6VO KVPLO VOATOPELLOTA TNG AEKAVNG

GLVOEOVV TO OPEVO POPELOAVATOAKS Kol VOTIO TUN O TNG,.

2.1 Teopop@oroyio TG TEPLOYNS NEAETNG

To Ydatikd Awpépiopa (YA) Avtikng Ielonovvricov amoteleiton and 600 Agkdveg
Amopponig [lotapamv (AAIT) avtéc tov motapov Aipewod (EL29) ko towv motapdv
[Tapicov — Nédovrog — Néda (EL32). Ot kdpror motapol tov YA givar o AApeldg pe toug
napamoTapovg tov Addwva kot EpdpovBo kabdg ko o TIquoog. AAlot onpoavtikoi
notapoi/pépata tov YA Avtikrg [lehomovviicov eivar ot Néda, Apig, Kald Nepo, Berika,
kol Nédwv. To Ydarikd Awpépiopa Avtikng Ilehomovvioov (ELOT), €xer éxtaom 7235
km2, Opiletar and tovg opewvovg oykovg EpduavBov kot Apoaviov oto Popelo kot
Aptepiciov, Maivaiov kot Tabyetov 6to avatoAKd. Xto VOTIOL TO TOTOYPOUPIKO avEyALPO
ToWKiAEl amd medVO oTa MOPAAlNL Kol OTIG KOWAAOEG TOV TOTOU®V, £MG OPEWO OTO
VOTIOOWVOTOAMK(G TUNHOTO. ZTo OLTIKE TO avAyAveo &ivor medvd Ko meptiapPdvel tov

Kaumo tov Adpeoh motopov, v moapailakn (ovn ITopyov — [TvAov kot Tov Kdpmo g
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Meoonviag. O Arpeldg elvat Evag omd Tovg PEYOAVTEPOVS TOTALOVS TG EAAGOOC pe punkog
nepimov 127 km. Enuavrtikol maparndtapol Tov AApelov givor ot Addwvag, Evpoduavoog,
YehMvouvtog, Agotevitoag, Aovolog. O Aleeldg mnydler amd v opev Apkadio Kot
akolovbovtag mopeian vtk — Popelo dvtikn ekPaiier oto Iovio ITéhayog otov
Kvrapiooiakd koAmo. H éxtaon g AAIT Alpegtov sivon 3810 km? kot KATOAOUPAVEL TO
duTko TpMpa g Iedomovviioov. To peyaivtepo tunpa g exteiveton otic [eprpepetokég
Evotteg Apkadiag kot HAgtoc. 1o Zynqua 2.1 mapovsialovtat ot Kupldtepotl TOTaOl TOV

(YA) Avtikng ITehomovvicov.

KoépivBog
B
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NadgwAiov
N c 4

. 4 Teitro
pr > j/! o

77 ;m"("i—? f‘i

)
3
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- —

~N—— MNorama (

Yynuoa 2-1: Kopiotepot motapoi Ydatikod Awapepiopatog Avtikng (IInyn: YIIEKA)
2.1.1 KMpotika yopoKTnploTikd

l'evikd, m Ilehomovvncoog yopoxtnpileton omd pecoyelokd kMpa, to omoio
dwpopomoteitoan avdroya pe v meployn kot to vyopeTpd . Eivon o kot (eotd ota
napdio Kot kKpHo oty evdoydpa. To KAipa TV opevdv meploydv ivar vypd Katd
SLIPKELD TOV YEWUDVA KO GYETIKA ENPO Katd TN dtdpkele Tov KaAokoplov. To péco etotlo
VYOG TOV OTHOGPUIPIKAOV KATOKPNUVIGHAT®V 610 YA ¢ Avtikng [Tehomovvicov @tdvel
to. 900 mm, pe pio yopoktnplotiky avénon katd v mepiodo petalh NoeuPpiov-

dePpovapiov, 6mov vmepPaiver ta 100 mMm oavd ppva. Zopeove pe to YIIEKA, 1o
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KaAoKaipt To kKMpa etvar Enpo, pe to Hyog tewv Ppoyontdcewv va unv Eemepva ta 20-40
mm pnviaiog. Ot Bpoyxéc eivor PKpOTEPES TPOG TOL AVOTOMKA KOl ONUAVIIKOTEPES OTNG
TEPLOYES LEYOADTEPOV VYOUETPOV, AGY® NG 0APOVS GLGYETIONG TOV TTapaTNPEiTAL PLETAED
™G PPoYOTTO®ONS KOl TOL VYOUETPOV. ZOUP®VO. e otafuovc g AAIT Alpeod, 1 péon
unviaio Bepuoxpacio kopaiveror ond 3 €og 26 °C pe T1¢ younAdtepes Kou UECES
Oepuoxpacieg va onuei@vovtal Ty tepiodo and Oxtdfplo £mg Mo kot Tig vYnAOTEPES

TIéG Toug pnveg lovvio, lobo kar Avyovoto.

2.1.2 Kéaioyn yng
H kdloyn yng v v meployn perétng Pooiotnke oto Corine Land Cover 2018 tov

Evponaikod [poypaupatog Copernicus, oe popen raster avéaivong 100100 m. To Corine
dwywpiler v kaivyn yng oe 44 dwpopetikés KAdoes. Onwg @aivetar kot amd TOv
[Tivoka 2.1 kot 10 Zyquo 2.2 m kuplapyn kaivyn yng oyetiletor pe ) yewpyio.
Avodvtikotepa, 10 47.93% walvmtetar omd Oapvddn kot womdon PAGctnon (@uoikoi
Bookdtomor 12.20 %, oxinpo@uAlikr PAdotnon 15.73%, petofotikéc OacOOE —
Bapvodelg ektaoetg 20.00%). H dévtepn mo kuptdpyn KEAvyn yng agopd oTic YEWPYKEg
dpacTNPLOTNTES, KLPIWG oTA MESVE TUNPATE TG TTEPLOYNS Kol o€ Tocootd 30.15% (un
apdevoun-apdoun yn 0.78%, pévipa apdevopevn yn 0.16%, shouwveg 0.57%, MPadw
2.55%, obvbeta cvotuato koAlépysiog 8.28% Kot yn mov KOALTTETOL KUPIOG 0md
yveopyio 17.80%). Znpavtikd mocootd ™G tdéng tov 17.56% katarappdvovv ot dacukég
ektdoelc (6acog TAatOELAL®Y 4.64%, 6dc0¢ kwvopopmv 10.13%, pewtd ddcog 2.79%). O
OOTIKOG 10TOC KataAapupavel £vo ToAd Hkpd T0c0oTo TG GLVOMKNG éktacnc, tot 0.59%.
Téhog, a&iler va avapepBel 011 68 T0c00TO 2.28% avtictoyel 610 Myvitikd medio otnv

neployn s MeyahdmoAnc.
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Yynuo 2-2: Kotavoun ypnoewv yng kotd Corine Land Cover 2018 yia v meployr pehétng

[Mivaxag 2-1: Eufadd kdAvyng yne pe Béon to Corine 2018 kot m1o60otd £l TO1G £KOTO

Kéioyn I'ng Eppadov [km’]  Ilocootd [%]
ALOKEKOUUEVT BIOTIKT O1KOOOUN O ) 0.59
Blounyovikéc | epmopikég {dveg 2 0.19
Od1ka Kot 61N PodpopLKd dikTva 7 0.84
Xmpot eE6pvEng opuKTOV 20 2.28
Mn apdedoiun-apodcsiun yn 7 0.78
Movipa apdevdpevn yn 1 0.16
Eloudveg 5 0.57
APadua 22 2.55
YHvOeTo cLGTHLATA KOAMEPYELNG 73 8.28
I'm mov keAvTTETOL KVPIWG Omd yewpyi 156 17.80
Adoog TLoTOEVAL®DY 41 4.64
Ado0C KOVOPOPOV 89 10.13
Meiktd d6c0¢ 24 2.79
dvocikoi fookdtonot 107 12.20
SKANpo@LAAIKY BAdoTnoN 138 15.73
Mertofatikég daomdeic-0auvmoeig 176 20.00
Hopoahrieg, apporo@ot, appovdtéEg 1 0.08
Extdoeig pue apon BAaoton 3 0.29
YvAAoYEG VOGTOV 1 0.09
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2.1.3 Tvmog £6G90VS KOl VIPOLOYIKI] KUTACTAGT

Mia Boaocikn cuvioTdoo Tov GyeTileTal e TNV EKTIUNGCT TOV VOIPOAOYIKOV OTOAEIDV
elvol KaTOVOUN TOV VTOTEPLOY®OV 7OV OmapTilovV TNV TEPLOYN HUEAETNG ®OC TPOG TNV
voatomepatodtnTa. Ta 60N Katatdooovtal og TE6oEPELS Katnyopieg A, B, C, D, avdioya
LLE TNV VOPOAOYIKN KATAGTOOT KOl TOV TOTO Tov £8dpove (Mipikov kot MraAtdc, 2003).

A. Edapn pe vynlovg puBuodg ombnong axoua kot ov dtafpoyodv Steodtkd (Toihd
YOUNAO SLVOUIKO amopponc). XuviBwg TepEyovv TANPWS oTPayYILOUEVES GOVE T
YOAiKLOL.

B. B. Eddon pe pétprovg pubpovg dtndnong, 6mwg yio mapddetypo appadddns Tniog.

C. Edaon pe youniovg pubuotg ombnong, 0nmg sivat ta €66.9n UE ONUAVTIKO TOCOGTO
apyilov.

D. Edden pe moAd pikpodg puBupovg dmdnong (moild vynid Suvoptkd amoppong).
YovnOmg mepthapdvouy apytAddn edaen pe vymin mhavoTnTa dOYK®ENg 1 pnyd
£00pN TAVO GE GYEIOV ASOTEPATTO VAIKO.

O dwywpopds Tov £04POVE OTIC TapATAvV® Katnyopieg elvar pio cuvheTn dadikacia
mov oLwVNOWG omoutel eMOKEYELS 6TO TEDIO, TN YPNON CEPOPOTOYPOUPLDOV KUl YOPTDOV
YPNOEWDV YNG. TNV TPOKEWEVT TEPITTMOOT], YNPLOTOMONKE 0 EGAPOAOYIKOS XAPTNG TOLV YA
Avtikrg Tlehomovvioov 1ov Ymovpyeiov IlepiBdArovioc, Evépyeiog wor Klpotikng
Alayng (YIIEKA), mov apydtepa petavopdomke o Ymovpyeio Ilepifarioviog ko
Evépyeag (YIIEN).

2.2 Agdopéva

2.2.1 Ynowko6 povrého £6GQovg
[No ™ yeopopeoroyikn avdivorn g mepoyng LeAétng ypnoiponombnke to DEM

wodtbdotaong 30x30 m mov OwriBeton €AevBepa amd to Evpomaixkd I[Ipdypopipo
Copernicus. T'to véporoyikn avdlvon avty n okpifelo givarl kavoromtikny. H amdivtn
oplovtoypapikn akpifeta eivor < 6 M, n amdAvtn vyoueTpikn akpifela etvon <4 m ko n
OXETIKN VYOUETPIKN axpifeta etvar < 2 M, yio kAioelg pkpotepeg M ioeg 20% kot < 4 m, yo
KMoeglg peyorvtepeg tov 20%. To DEM elvan eélévBepa dabéoyo oe popen GeoTIFF ko
ue oLGTNO avaPopag 10 WGS 84, HEC® TOV 1GTOTOTOV

https://portal.opentopography.org/raster?opentopolD=OTSDEM.032021.4326.3. Onoc

npokvntel amd 10 DEM evidg tov oplwv g meployng LEAETNG, TO UEYIGTO VYOUETPO Elvar
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1873 m xou to ehdyioto vyoueTpo avépyeton ota 270 M. To péso vydueTpo givar 763 m
Kot M péon kAion g Aekdvng amoppong 6to 24%.
2.2.2 Agdopéva Bpoyns, Tapoyns Kol HOVAOLOI0V VOPOYPUPNNATOS

v meployn HEAETNG Aertovpyolv evvéa Ppoyopetpikol otafuol mov avikovy 610
Avtopato Aiktvo Metewporoyiwkmv Ztabudv tov Efvikohd Actepockomeiov ABnvaov
(Lagouvardos et al. 2017). To diktvo Tapéyel LVYNANG TOOTNTOC TIUES PPOYOTTOONG Yo
dedopuévo ypovikd Piua 10 Aemtov. To dedopéva PpoxOdmTmoNS GLVOSELOVTOL Ao
NUEPOUNVIO KOl MPOL KOTOYPAPNG UE TO OVTIoTOO VYOG Ppoyng o€ YIAMooTd avd ¥povikd
Bnpa. Omwg avaeépbnke kot mponyodueva oty mapovoo Auwmiopatiky Epyocio
eEetdlovtal Kol TPOGOUOIMVOVTAL 1GTOPIKE EMEGOOIL PPoyng, EMOUEVOC M OvOALGN
Baciotnke 6€ TPAYLOTIKEG KOTAYPAPEG TV EVVEN PpoyoueTpik®dv otabudv. Qotdco, o
YPNOLOTOI0VVTOL OAO0L 01 6TadLol 68 OA Ta EMEIGOOIN TOV peEAETHONKAY, KOONDC Ge Kamola
amd oVTO OV VIAPYOVV KATAYPOUPES Amd OAoLG Tovg otafuovs. Xtov Ilivaxka 2.2 mov
akolovBel, mapovcidlovion ot yewypapkés tovg cvvtetayuéveg ¢ (Lon) ko A (Lat) oe
OEKAOIKT LOPON, TA VYOUETPO TOVS (Z) 6€ M, KOOGS KOl Ol AVIYLEVEG GUVTETAYUEVES TOVG
X kot ¥ oto EAMvikd I'emoontikd Xvotnpa Avagpopds 1987 (ETZA 87). Zto Zynua 2.3
napovotdletar o yaptng pe ta Opwn e AAIL g Kapovtouwvag, tic 0éceic tov
Bpoyouetpikmv otabumv, t B€on €£000V, TOVG GNUAVTIKOTEPOLS TOTAUOVS TNG TEPLOYNG
Kot o Ynelaxd Movtého Eddgovg. EmdéyOnkav névte 1otopikd mAnppopikd eneicoota yio
npocopoionomn, To Kupaivovrol ypovikd petald tov etdv 2013 kon 2015. Xtov Ilivaxa 2.3
napovcialovtal | NUEPOUNVIEC TOL CLVEPNCOV Ta EMEIGOJI0, 1) YPOVIKN TOLG SLAPKELN, M

nopoyn Qp o m*/s kot o xPOVOG aryung t, o€ dpec.
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Zyua 2-3: Teopop@oroyikog yapTng TS TEPLOYNG LEAETNG

[Tivakag 2-2: Tomoypoa@ukd YopaKTNPIoTIKA BPOYOUETPIKOV GTAOUMV

Ovopa Lat Lon X v Z
Avdpitoava  37.48 21.90 314337.4 41502679 731
EAG 37.63 22.15 336421.6 4165755.9 1207
Avkoyo 37.50 22.17 337769.1 4151110.5 870
Meyahomoln  37.40 22.14 335363.1 4140779.2 432
Ytepvitoo 37.56 22.08 330373.5 4157962.7 1094
Tpimon 37.51 22.42 359985.0 4152250.0 650
Buriva 37.67 22.19 339989.9 4170403.8 1013
Agfidn 37.68 22.30 349623.7 4171322.0 853
Alayovia 37.11 22.24 343837.5 4107863.0 765

[Tivakag 2-3: Emleypéva eneicdoto fpoyng yio Tpocopoimon

Eneic6010 "Evapén ANén Awpkeion  Qp t

1 3/3/2013 0:00 5/3/2013 0:00 48 126.6 13
2 24/1/2014 12:00 28/1/2014 0:00 84 270.0 40
3 24/1/2015 12:00  26/1/2015 00:00 36 163.5 16
4 27/2/20150:00  2/3/2015 0:00 72 144.0 29
5 6/3/2015 0:00 8/3/2015 0:00 48 166.7 15
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000 apopd oTIg TAPOYES TOV TOPUTNPNUEVOV TANUUVPOYPAPNUATOV 600V, QVTEG
vroAoyioTnKav ovd gikoot Aemtd omd v KaumdAn otabung (H) — mapoyng (Q), n omoia
npoékoye and Tic petpnoelg e AEH. H xoumdin otdabung - mapoyng divetar amd tnv
E&iomon (2.1) (Bournas, 2017):

Q = 7.798 x H9%6 (2.1)

H mopaydpevn ypovooelpd mapoyng yioo kébe eneicoo1o Ppoyns pe xpovikd Prpo 20
MIN PETACYNUOTIOTNKE GE YPOVOCEPE OPLainY TIUAV Tapoyng, N oroia a&lomombnke oe
TEMKO OTAOI0 Y10 GUYKPLON HE TO OVTIGTOL(O TANLULPOYPAPNLUO TOV TPOEKVLYE OO TNV
eQapUOY VOPOoAOYIKOD povtédov. Téhog, oto Zynua 2.4 amewkoviletal 10 mTOPATNPNUEVO
Movadaio Yopoypaenuo (MYT) tng Aekdvng g Kapdtawvac. To MYT eivor to
VOPOYPAPNLO AUECTG ATOPPONG TTOV TPOKVATEL A0 £VEPYO Ppoydmtwon Vyovg 1 cm mov
etvar opotdpopea Kotaveunpévn 6e OAN TV €KTAGT TNG VOPOAOYIKNG AEKAVNG OTOPPONG
(Muwikov kot MmoAtdg, 2003). Q¢ dupeon amoppon opiletor M emmAéov amoppon mov
axolovBel Eva yeyovog Bpoyne Kot omoTeAEITOL OO TNV EMPOVELNKT QTOPPON, TNV TayEio
vredaeta kot v angvbeiog oto voatopéuata amoppon (Toakipng kor Bayyéing, 2009).
[No kéBe dibpkela meprocedLaToc VILApYEL Kot Eva dtapopetikd MYT, 10 omoio amotehet
Baon vy TOV VTOAOYIGUO TOL VIPOYPUPT|LATOG GUECTS OMOPPONG OO OTOLOOMTOTE VYOG

neploceVHOTOC TG 1010G didpketag (Toaxipng ko Bayyéing, 2009).
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! S~ _
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Zynupa 2-4: MYT ot 8éon Kapbdtowva
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2.2.3  Aopo@opikég eKTIUNGES PpoyoTtTmONG
H Myn tov dopueopikdv exTiunoewv amd 115 000 PAcElC OedouEvav Yo TIG

NUeEPOUNVIEG KOl (MPEG, TOL OVTICTOLOVV OTO 10TOPIKE EMEICOS0. OV €EETAGTNKAY,
TPOYUATOTOMNONKE Oomd TOLG 1GTOTOTOVG TOV  OVAYPAPOVIOL GTO VLIOokEPOAoo 1.3,
Aoppdvovtag vToyn OTL To dEGOUEVO OVTO OVTIGTOLYOLV GE JAPOPETIKN LDV dpag amd
avtiv mov vrdyeton 1 EAAGSa. O extiunosig CMORPH kouw GPM Imerg Final Run V06
avapépovtor og Lovn opoac UTC+00:00, eved 660 yvootov 1 (v dpag TOov 10YVEL GTNV
EXLGSa givor UTC+02:00 1 UTC+03:00, avédloya pe tnv gmoyn.

Agdopéva CMORPH

H teyvucy CMORPH £yet o¢ 6t0)0 TV Topaywyn EKTIUNGE®V BpoxdnTmong 6 VynAn
YOPIKN KoL YPOVIKT aVAALGT. AVLTH 1 TEYVIKY YPNOUOTTOLEL EKTIUNGELS BPoxOTTMOONG TOL
TPOEPYOVTAL OO TOPATNPNOELS SOPVPOPIKAV UIKPOKLUATOV YounAng tpoytas (PMW) kot
TO YOPOKTNPIOTIKA TOVG UETAPEPOVTOL, HECH TANPOPOPIOV YWPIKNG SAd0oNS, TOL
Aappdvovtar € oAokApov amd dedopéva Yemotatikoy dopupopov IR. Ot extiunocelg
Bpoyontdoewv mpoépyovial amd TaONTIKA WMKPOKOUOTA TOVE® GTOovS dopueodpovg DMSP
13, 14 & 15 (SSM/I) (Ferraro, 1997), to NOAA-15, 16, 17 & 18 (AMSU-B) (Ferraro et al.,
2000) kot to AMSR-E kot to TMI Aqua (Kummerow et al., 2001) ¢ NASA ka1 10
dwomukd okdpog TRMM. Ot teyvikéc avtég dev elvar évag aAyoplOpoc ektipunong
Bpoyodmtwong, aAld éva LEGO LLE TO OTOT0 Ol EKTIUNOELS OO TOVG VILAPYOVTES OAYOPLOOVG
Bpoyontdcewv, amd omolovonmote 60pLPOPO, LTOPOVV Va cuvdVacToVV. H péyiot dvvaty
avaivorn mov Tpooeépetarl eivol oe Kavafo 8x8 Km, oavd pon opa, ®©oTdc0 avTh
mpoépyetal pécw moapepPorns. O Adyor mov emiléybnke va ypnoyomombovv wproio
dedopéva avaivong 27.8x27.8 Km ftav to yeyovog O6tL N pEYIGTN duvaTh TPOSEEPOLEVN
avédAvon mepAauUPave OPKETA KEAL, YOPIS KOTOUYOPNUEVES EKTIUNGCELS, KATL TOL Of
ovpPaivel oTIC Wplaieg EKTIUNGELS TOL TEMKE YpnoipomomOnkay wg dedopéva 16600V, Yo
™mv epapuoyn tov povtédov ModClark.

[Tivokeg  Oowavvoudtov  mapdyovtolr  LROAOYILOVTOG  GUGYETIGHOVS  YMPIKNG
KaBvotépnong o€ SdoyIkéS ekdves yemotatikoy dopvedpov IR kol ot cuvéyeln
ypNoporoovvTal yio Tn o0tdooorn tov extiunoewv PMW ocg ypdévo ko ympo, otav dev
vrapyovv dwbéoipo evnuepopéva dedopéva. PMW (Joyce et al., 2004). e pio dedopévn
tonofecio, N yoPIKY Katovoun kot M évtacn TG PpoxdnTmong o UIGAmPN KApoK
vroAoyiCovton amd ™ ypfon piog Ypovikng TapeUPorng pe Papn HETAED TOV EKTIUNGEMV

wov mpoépyovior amd PMW mov €yovv d10000el ypovikd mpoc ta gumpds, amd Tnv
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televtaio dtubéoun tapatpnon PMW kot omd exktipunoeig PMW mov d1adidovion mpog ta
micw 610 Ypdvo amd to emdpeva dbéoipa dedopévo PMW. Avtiy n nébodog ovopdletan
“morphing”” ot eivor e&opetikd gvéliktn, KaODC eKTIUNOES Ppoyontdoemy omd
omotodnmote dopvpopikny mnyy PMW pmopodv va evoopatwbodv. Xe devtepo ypdvo,
apopeitol 0 Bias tov akatépyastov EKTIUACE®Y, HECH TNG GLUVAPTNONG TLKVOTNTOG
mOovOTNTOS OV TUPLALEL TEPIGGOTEPO, GE GYEDT LLE TNV AVAALGT TOV ETLYELOV NUEPCLOV
petpnoewv, tavo ond 1 yn (Xie et al., 2010) kot péow mpooaproyng Twv dedouévav, o
oyxéon pe mevinuepeg extiunoelg and to mpoypoppa Global Precipitation Climatology Project
(GPCP) an6 eriygiovg otafpovc, méve amd tovg wkeovovg (Xie et al., 2003). Xto Zynpa 2.5
amgikovifovtal To OdypapLe porg Yol THV TOPOYMYN TOV OKATEPYAUCTMV EKTIUNCEDV KoL

TOV EKTIUNGEOV OV EY0LV amailayOel amd to Bias.

Raw CMORPH Bias Correction

L2 PMW Snow Cover CPC_GAUGE
Ge;;rato Remove
i Bias
CMORPH

CMORPH_RAW CMORPH_ADJ

yua 2-5: Adrypappio pong mapoy@yns 00pueOPIK®V EKTIUNGEMY BPOYOTTOCNS
CMORPH (TInyn: Xie et al., 2017)

Agdopéva GPM IMERG V06 Final Run

O1 ohoxkAnpopéveg TolamAéc dopveopikés avaktnoelg tov GPM Imerg sivol évag
alyopBpog twv HITA mov mapéyet dedopuéva Bpoxdntmong TOAAATADY S0pLEOPOV Y10, TNV
ondada GPM twv HITA. H 06B &ivor ) tpéyovca £€k6061 ToL GLVOLOL TV dedopuévmv. Exet
NnoM avaxowvmBel n €ékdoon 07, n omoia avapéveton va Eexwvhoel To NoéuPpro tov 2023.
Avtdc 0 ahyopiBpoc mpoopileton yia 1N Swfabpovounon, cuyym®veLon Kot TOPEUPOAN
OAOV  TOV JOPLEOPIKAOV EKTIUNCEMV Ppoyomtwons pall pe oavoidoelg otabudv

Bpoyomtwong, Sopveopikéc exkTiunoelg vrepHOpwv (IR) kot evoexopévog AL®V EKTIUNTOV
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KOTOKPUVIONG o€ KOAEG KAlpaxkeg ypoévov kot yopov ywo 1o TRMM kot GPM, og
OAOKANPO TOV TAOVATY.

Ot extymoelg amd Tovg OPOPOVS OCONTIPEG TOONTIKOV HIKPOKLUAT®OV, TOL
oyxetiCovioar pe Ppoyxdmtwon kot ovvBétouv v amootoAnn GPM, vmoloyilovion
ypnouonolmvtag v £kdoon tov 2017 tov akyopibuov Goddard Profiling (Kummerow et
al., 2001), ot ovvéyela tomobetovvion oe kavapo, dafabuovopodvial oto mpoidv GPM
Combined Radar Radiometer Analysis ka1 cvvévalovtal oe pucaopa medior 0.1°x0.1°
(Huffman et al., 2015). Avtd mopéyoviar oto @iktpo Morphing - Kalman quasi -
Lagrangian time interpolation procedure (Joyce and Xie, 2011) kot otnv ektipmon g
Bpoydmtmong ue to texvntd vevpwvika diktvo, Cloud Classification System (PERSIANN-
CCS) infrared (IR) re-calibration (Nguyen et al. 2018). Ot ektiufioeig Persiann — CCS
umoAoyilovtar, vrootnpilopeves amd Evav acvYypovo KOKAO ovofadpovouncng kot
otélvovtar oto @iktpo Morphing - Kalman (CMORPH-KF) quasi - Lagrangian time
interpolation procedure, mov vrootnpiletar omd £va AGVYYPOVO KOKAO EVNUEPOONG TMV

Bapav KF. Xto Zynua 2.6 avaroapictatol 1o ddypoppo porg tov aiyopibpov GPM Imerg.

GPM Precipitation
Algorithm
(GPROF2014) assembles the zenith-angle-

corrected, inter-calibrated |—
‘even-odd’ geo- IR fields

Gridding, inter-
calibrating and com-
bining PMW data

——[ PERSIANN-CCS ]

| |
+
[ CMORPH-KF

]
J

IMERG
Combined (PMW, IR)
half-hourly 0.1°x0.1°

rainfall estimates

Zymua 2-6: Atdypappo pong mopaymyns Sopueopik®my eKTiunoemv Bpoyontwonc GPM
Imerg (TInyn: Gebregiorgis et al., 2018)
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To cvotua ektedeiton apkeTEC POPES Yo kKGBe ¥pdVo TTapaTpnons, divoviog mpdTa
wo ypryopn extipunon (IMERG Early Run) kot mapéyet d1adoyikd KaAOTEPES EKTIUNOELS
kaBdg tavovv mepiocdtepa dedopéva (IMERG Late Run). To telkd Prjpa ypnoytomotel
unviaio dedopévo otabumv, yuoo ™ dnuovpyio Tov mpoidvteov IMERG Final Run. To
IMERG Final Run ypnowomotei po tpocoppoyn and to aviictoryo unviaio Final Run, to
omoio ouVOVALEL TOL OEOOUEVO TOAOTTAMY 00pPLPOPWY Yo TO pva pe avaivon GPCC
0TOVG emiyelovg otabpovs. H mpocappoyn eviog tov pnve oe ke pon opo givorl vag

TOAAOTTAQGLOGTHG TTOL £)xEl S10pBmOEL Yo TO puMval, aALd Y0piKd LETARAAAOLEVOG.
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3. MEO®OAOAOITA

210 TopOV KEQAANIO0 avaAveTal To BewpnTikd voPabpo yio OAec Tic peBdOOLE TOL
EPAPUOCTNKOV, Y10 VO DAOTOMBOVV TO GUYKEVIPOTIKO HOVTELD E TIG I0OYPOVEG KOUTOAEG
Kot 10 kataveunuévo povtédo ModClark, étor dote vo mpocopoiwbBoldv ta mEVTE
emAeYIéEVa 16Toptkd emelcdota, otn AAIL e Kapvtawvoc. Anapaitnto oedouévo 16000V
oe K@Be mepimtwon eivar m ypovooelpd PBpoydntmons. Oco apopd oto PpoyopeTpiKd
OEJOUEVO TOV ETLYEL®V GTOOUMV, OTOLTEITOL 1 AVOY®YN TOV CNUEIK®V LETPNOEWV GE OAN
™V éKTaon TG Aekdvng amoppone. Me Bdon v emavelokn Bpoydmtwon yivetoar ot
OLVEYELDL O TPOJOPIGHOS NG €vEPYOD PPoyOnT®ONG, LE QPOIPEST) TOV VOPOLOYIKMV
anoAElOV. Avtictoryo, To S0pLEOPIKA dedopéva Ppiokoviar oe popen Kavapov, e
optopévo cvotnua avagopds o WGS 84. v mepintmon 1oV KATOVEUNUEVOD HOVTEAOL,
EPAPUOOTNKE 1 OloKPLTOTOINGoM TG AEKAVNG omoppong o€ KavoPo 500x500 m ko pe
cvotnpa avaeopds 10 WGS 84, dote va vdpyetl Ta0TION UE TIS O0PLPOPIKES EKTIUNGELC.
EmumAéov, amapaitmtn mpobimdbeon yia Aettovpynoet 1o poviédo oto HMS, eivor ko o
LETACYNLOTIGHOG TMV S0PLOOPIKAOV EKTIUNGEMV Kal Tov KavaBov tov Curve Numbers 10
1010 péyebog KeMov. Xxomdg eival vo GuYKPBOUY TO GLYKEVIPOTIKO PE TO KOTOVEUNUEVO
HOVTEAO, OAAD Kot va OomiotmBel ov ot dopLEOPIKEG EKTIUNGCELS €lval 1KovES va
TPOCOUOIDGOVV emtuy®g To. e€gtaldpeva emelcdow. 1o Zynuae 3.1 mapovcsialovrton
OLVOTTIKA OAEg ol péEBodoL mov akoAovdnNOnKav Yy TV vVAomoinon ¢ AMA®UOTIKNG

Epyaociagc.
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Emiyeiec Metpriosig

PN

Thiessen Inverse Distance AOpUd}?leEC
Exktyurosig

| |
ladypovec Kapmihec ModClark

| | AopOwon
SCS Curve Number Gridded SCS Curve 60pud)F)lewv

Number EKTIUROEWV
—
== AnoteAéopata g
| &2 HEcHms H

SopBwpévec Tipéc

lNpooopoiwaon ZUYKEVTIPWTLKO V5.
enelwwobiwv Katavepnuévo

A4

Afohdynaon anoteAsopdtwy
HE TIapatnpnpéva
TAnppupoypadrpata

Zyua 3-1: Adypappa pong tg Mebodoroyiog
3.1 Teopopeoroykn avaivon

Ta T'ewypapikd Xvotiuata [IAnpoeopidv amoteAovv éva fondntikd epyaieio yo v
VOpoAOYIKY povtelomoinom piog Aekdvng amoppone. EmumAéov, ypnowomowOnke 1o
Aoyoukd HEC-GeoHMS, pia mpodcbetn epyareiodnkn tov ArcGIS, ywo v dnuovpyio
Tov Oedopévaov tov viporoyikoy povtédov. To HEC-GeoHMS mepiéyer pebddovg
OTTIKOTOINONG TNG YWPIKNG TANPOPOPiaG, 0pltofETNONG AEKAVMY QITOPPONG Kol KOTOYPOPNG
VOPOAOYIKOV oynuatiop®v. Emmiedv, 1o Aoyiopikd eivar copfatd pe 1o vOporoykod
Aoyoukdé HEC-HMS mov Ba ypnoyomomBel yio tnv €papproyn v3poroyIKOV HEBO®V HE
oTOY0 TNV VOPOAOYIKY) Tpocouoimon Tev 000 poviéAwv Ppoyng amoppors. Il
ovykekpipéva, 1 €kdoon ArcMap 10.3 kor 1o HEC-GeoHMS ypnoyomomnkav yio vo
OLEVKOAVVOLV TIG KATOL dtepyacieg:

e Anuovpyia g AEKAVNG 0TOPPONG KOt TOV DOPOYPAPIKOV HIKTHOL EVTOG OVTHG.

® YTOAOYIOUOC TOV  YOPOKTINPIOTIKOV  VIPOAOYIKOV  KOU  YEMUOPPOAOYIKMV

TOPAUETPOV TNG AEKAVNG OITOPPOTC.

69



Anpovpyia tov kKavafov tov apBumv Curve Number (CN).

3.1.1 Agkavn amopporig

Q¢ dedopévo €160d0v ypnopwonomdnke to DEM 1sodidotaong 30%x30 m  mov

datiBeton ehevbepa omd 10 Evponaikd npdypappe Copernicus EU , pe cdotnua ovagopdg

10 WGS 84. To DEM «xémmke» ota opia g evputepng Ilepipeperokng Evomntag

[Tehomovvicov kot opiotnke kat oav £€0dog (outlet) n Béon Kapvtawva. 1o onueio owtd

TEPLYPAPOVTOL GUVOTTIKG OAEG Ol EVIOAEG TTOV YPNGLULOTOMONKAY Yoo TNV 0ploBEnon g

Aekdvne amoppong mov peretatal. Omwg avepépbnke kot mponyovuevo to euPadd g

Aexdvne vmohoyiotnke ota 879 km?, evod pue Pdon t yYeE®UOPEOAOYIKY avdAvor, O

vopokpitng g AAIl KapOtawog €xel mepipetpo 276241 m kot to UAKOG NG KOPLOG

Hwoydyyewag vroloyiotnke ota 66.0 km.

Fill Sinks: Awpbmvel atéheleg tov DEM mov anotpémovv v amoppon twv pixels
(m.y. eyxhoPiopdc oe Pvbicpota). Xpnowomoleitor ywo vo e£ac@aAlotel M
opBoTNTO TG 0PLOBETNONG TOV AEKAVAOV KOl TV VOATIKOV OIKTO®V KaODG edv dev
dopbwbodv ta Pvbicpata, ta mapdyoya voatikd olktvo pmopel va @oaivovtol
acLVEXN.

Flow direction: Kotoaokevdler éva véo raster apygio, 0Tov ot TWEG TOV QaTVimV

Exouv éva povadikd voouepo avaioyo pe tnv devbuven mov Ba akolovdnost pia
otayova, gpocov Ppebel evtdg tov @artviov. o kdbe eotvio vEapyovv OKTMO
SrpopeTikég mOavES KATELOVHVGEIS PONG TOV GLVIEOVTOL LLE TO YELTOVIKA QaTvio
7OV TO TEPPAALOVY. LTNV GLVEELD, EAEYXOVTOL Ol TILEG TOV LYOUETPOL GTO POTVIN
avtd kol opiletan M katevBuvon porg amd To GoTVie. PE TIG HEYOADTEPNG TIUESG
VYOUETPOL TTPOG aTA pE TIC pkpoTepes (Zynua 3.2). To amotédeopio TG eKTELEONC
™G EVTOANG Qaivetal oto Zymua 3.3.

1= avatolkd

2= VOTIOOVOTOAIKG,

4= voTia,

8= voTiodvtikd

16= dvtikd

32= BopelodutiKa

64 = Bopeia

128 = Bopetoavatorikd

Zyua 3-2: Ty kehov avaroya pe v dtevbuven pong (Inyn: Mrovpvac, 2022)
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Yynuo 3-3: Flow Direction Raster

Flow accumulation: Katoaokevaletl éva véo raster émov ot Tiuég TV QaTviov Tov

opiCouv 10V 0plOUd TV QaTVi®V TOL OTOPPEOLV GTO GULYKEKPIUEVO (ATVIO.
Epappodletar yio v mopayyr Tov v3poypaetkod dikTHov, Kabdg To patvio 1e Tig
HEeYOADTEPES TIUEG TEIVOLVY VO VAL KOUUATL TOL VIPOYPUPLKOD SIKTVOV.

Stream definition: Opileton éva kotdeA eatviov, oto Flow Accumulation, méve

amd TOo omoio OAo TG QOTVIOL TOL £XOVV TWWEG UEYOADTEPES OmMO TO KOTOQAL
QTOTEAOVV TUMLLOL TOL VIPOYPAPIKOD SIKTVOV, EVM O THEG TTOV givorl PIKPOTEPEG OO
TO KATOPAL OV amoTELOVV VOPOYPAPIKS dIKTLO VKoLV GTnV Yepoaia por. H tiun
TOV KATOPAIOL OV opioTnke Yy TV gvpvtepn éktacm g [lelomovviocov, Ntav
31070 pixels, mov avayeton oe 25.0 km? H 1 tov kotogiiov ennpediel o
VOPOYPAPIKO diKTLO, KOOMG 660 HKpdTEPN €ival 1 T TOV TOGO TLKVOTEPO Elval
Kot o1 yYpOvol amoppong peudvoviol. Aviifétwg, peydAeg TWEG KATOEALOD
ONUIOVPYOLV HKPATEPO VOPOYPAUPIKO OIKTLO KOl O1 YPOVOL ATOPPONG ALEAVOVTOL.

Stream segmentation: Mg v &vtoAn owT, TO VIPOYPAPIKO SIKTVLO TOL TPOEKLYE

TPONYOLUEVMG YOPIleTOl G HIKPOTEPO TUNUATO. XTO ONUEiD. TOL VIAPYOLV
ocuuporég dnuovpyovvror koépPor kot ovdapeso oe dvo KOuPovg opiletar évag
KAAOOG,.

Catchment grid delineation: Anuiovpyei vmolekdveg 7y KGOe TUNUO. TOL

VOPOYPAPIKOD SIKTLOL TTOL OpioTNKE TPONYoLuEVa (Zynua 3.4).
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ZyMua 3-4: Anpovpynpéveg VTOAEKAVES Yo KAOE TULLOL TOL VIPOYPAPIKOL SIKTVOV

e Catchment polygon processing: Metatpémel TIC VTOAEKAVEG TOL TPONYOVUEVOL

BAuotog o€ apyeio vector.

e Drainage line processing: Metaoynuatifet To vdpoypapikd diktvo o€ apyeio vector
(Zyua 3.5).

Zymua 3-5: Yopoypapikod diktvo evtog g AAIT Kapitavog
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3.1.2 Kavepog Curve Number

210 KePAAoo avtd avaivetor 1 dwdwkacio eaymyng Tov Kavapov twv Curve
Number, pe pefooovg GIS. Ta v epappoynq Tov Kataveunuévov poviéhov ypetdlovion
Vo dedopéva €16600V: o) 1 TWES TS PBpoyng o€ popen kovafov kot B) o kdvapog twv
Curve Number, éto1 dote kdbe oe kel dtdotaong 500x500 M va avtictoyel Kot pio Ty,
o€ avtifeon HE TO GLYKEVIPMOTIKO, OTOL YPNGIUOTOLEITOL Uiol KOl HOVOOIKN TIU 7OV
AVTUTPOCMOTEVEL OAOKAN PN TN AEKAVT amoppon|s. Omwg avalveTOL Kol G€ EMOUEVO KEQAAOLO
ot tipég tov CN mov efaptdror amd TV VOPOAOYIKY| KATACTOGT TOL €3G(OVLS , &ival
ueilovoc onuaociog kabmg mailovy oNUOVIIKO POAO GTNV EKTIUNGN TOV OTOAEWOV TNG
Bpoyodmtmwone. Apywkd, dnuovpyndnke pia Covn buffer 15 km, yopo omd to 6pro. g
Aekdvng amoppong, KaBdg av o yivel avtd, evdoéyetor o kdmola keAd mov Ppickovton
KOVTA 6To OploL TNG AEKAVNG VO amovGIALEL T KOL G TETO0 TEPITTOOT TO LOVTELD d€ Bal
umopet va Astrtovpynoetl. Ta dedopéva mov amartovvtal Yo v e£ay®yn Tov (NTOVUEVOL
kavafov, givor to layer tov yprioewv yng (Lu layer) kot to layer tov véporoyikod tHmOL
edapovg (soil layer), énwg mpoékvye and yneromoinon. Ta dvo layers npénet va ivarl o€
popen, vector. H SCS mapéyer ovarvtkovc mivaxeg ywo typuég Curve Number, yio
vypactakn Katdotaon AMC II ko avdroyo pe ) ypnon ynsg, ®oTdGo ot ¥PNGELS YNG TOL
AVOYPAPOVTIOL GTOVG TVOKES VTOVG 08 GLUMITTOVY e TNV Katnyoptomoinon tov Corine
2018 kot ©¢ €K TOLTOVL Ol YPNOES YNG TNG MEPLOYNG opadomomOnKoy ce AyOTeEPES
KaATNYopieg, GUYKEKPUEVA ODOEKN GE apPlOULo.

Y emdpevo Prpa, dnpovpyndnkav téocepa véa media PCtA, PctB, PctC kot PctD oto
soil layer, ta omoio. VIOINAMDYVOLY TO TOGOGTO KAOE VOPOAOYIKOD TOTTOV £0GPOVG oE KAOE
ynoeorompévo moAvymvo. I'a mapddetypa oe £va ToAy®vo, £6T®M VOPOLOYIKOL TOTOL A,
ot Tpés tov mediov avtov Ba etvor: PCtA = 100, PctB = 0, PctC = 0 xou PctD = 0. Zm
ovvéyela, uéom g evtong Union, dnuovpyndnke éva véo layer pe dedouéva g16660v 0
Lu layer kou Soil Layer. To e€ayouevo layer anoktdet tig 1810tnTeg Kot Tmv 600 ded0uévmv
£16000v. Q61060, T0. Opla TV dVo layer 16660v dev Tavtilovtatl andlvta pe aTOTEAEGUO
vo. vdpyovv molvywva (Silver polygons) mov viobetodv Tig 1810TNTEC HOVO TOVG EVOG €K
tov 6vo layers (Merwade, 2019). O amhobotepoc TpOTOG dloyeipiong awtdv gival vo
dypa@ovv, Kabdg dgv €gouv Kot KAmowo xpnodtnTa, aedv To Oplo. KOTOUCKELNG TOV
kavafov Curve Number Bpiockovtor 15 km mepipetpicd tov vdpokpitn. Televtaio Pua,
npwv Vv eoyoyn tov {nrovuevov kavdapfov Hav 1 dnuovpyio evog mivaxa (CNIookup),

(ITivaxag 3.1) amd tov omoio to GIS avtiel dedopéva yia vo katoywpnost Tpég CN og
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Kabe keM. Téhog, pue v ypnon tg evioinc Resample ArcGIS éywe olhoyn tng
dotactoAdynong tov Kavdafov oe 500500 m, €161 doTE VO VITAPYEL AVTIGTOTYION UE TN
dlaKpltonoinon g Aekdvng amoppons. Xtnv Zynuo 3.6 amewoviletor o Kavapog twv
Curve Number, gvtog g Aekavng omoppone. H péon tun avtod, ypnoyonomdnke yia 1o
OLYKEVTPMOTIKO PLOVTELO Ko 1l6oVTOL UE 69.2.

[Tivaxkag 3-1: CNlookup Table ywa t1g Tipég Twv Curve Number

Curve Number by
Hydrologic Soil

Group

A B C D
Resiqential (High 77 85 90 92 Multi-family, Apartments, Condos, Trailer
Density) Parks

Residential (Low 48 66 78 83  Single-Family, Lot Size 1 acre and Greater

Description Typical Land Uses

Density)

Commercial 89 92 94 95 StrlpCo_mmerC|aI,ShopplngCtrs,
Convenience Stores

Industrial 81 88 91 93 Light Industrial, Schools, Prisons, Treatment

Plants

Gravel Parking, Quarries, Land Under
Development
Cultivated Land, Row crops, Broadcast

Disturbed/Transitional 76 85 89 91

Agricultural 67 77 83 87

Legumes

Open Land 39 61 74 80 Parks, Golf Courses, Greenways, Grazed
Pasture

Meadow 30 58 71 78 Hay Fields, Tall Grass, Ungrazed Pasture

Woods (Thick Cover) 30 55 70 77  Forest Litter and Brush adequately cover soil
Woods (Thin Cover) 13 65 76 82 Light Woods, Woods-Grass combination,

Tree Farms

Impervious 98 98 98 98 Paved Parking, Shopping Malls, Major
Roadways

Water 100 100 100 100 Water Bodies, Lakes, Ponds, Wetlands
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yua 3-6: Kavapog CN yia tnv meproyn HEAETNS

3.2 Emg@aveioxi ohokipoon Bpoyéntoong

Koatd xavova, ov mapatnproelg Ppoxodmtwong Aopupdvovror and tovg Ppoyoypdeovg
OV €lval €YKOTEGTNUEVOL GTOVG LETEMPOAOYIKOVG GTAOUOVS Kot EMOUEVMG TPOKELTAL Y10
onuenkég petpnoelg g Ppoyxdntwong. Ilpoxeévou va yivel avaymyn tov GnUELOKOV
LETPNOCEMV GE EMPAVEINKT PPoxOnMT®OT, M O0MOld AVIUWTPOGMOTEVEL OAOKANPN TN AEKdvN
aroppong mov e&etdletal, epappolovral peBodol empovelakng oAokApmons. Yrapyet
mnbopa  peBoddwv extiunong g HEONG  EMPAVEWKNG PpoxOmMT®ONG, Ol  OmOieg
dwywpilovtor oe peBddovg dueong oloxkApwong kot ot peBddovg TPOGUPLOYNG
emoedvelag (Myikov kot MroAtdg, 2003). Or mpdTeg LIOAOYILOVY TNV ETIPAVELNKT
Bpoxoémtwon amevbeiog, amd TIC TWEG NG OMNUEWKNG PpoxdnTmoNS, €V Ol dEVTEPES
EKTILOVY OpYIKd TN yewypapiky petafintoétnro g Ppoxdmtmong oty vad eEétaon
nepoyN Kot akolovwg vmoroyilovv ™V empovelakn Ppoydntwon. AveEaptnto amd
péBodo, M a&lomoticc TOL TEAMKOD OmOTEAEGUOTOG €EAPTATAL OO TNV TLKVOTNTO TNG

onueakng manpoeopiac. H olokAnpwon eivar 1000 emituyng 660 mukvotepo gival T0
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OikTLO TV PPOoYOUETPIKOV oTABU®Y. AvoTLY®OS, To dikTva dgv €lval cLVNBWMC apKeTd
TUKVA, EVO G€ OPIOUEVEG OVOTTPAGITEG TEPLOYESG O1 oTadol omavilovv.
3.2.1 Mé00odog morvymvmv Thiessen

H péBodog avtn eivar mwépo oA omdn péBodog yia TNV avaymyr Tov HETPNOEDY EVOG
Bpoyoupetpucoh SKTHOL GTO YMPO KOl TOV VTOAOYICUO TOV HECOV 1GOOLVALOL VYOUG
Katokpnuviceowv oe pio mepoyn. Ilpokertar ywoo 1o otabuiopévo péEGo Opo TV
Bpoyouetpikmv moapammpnoewv Pi tov otabudv pe Bapn. Ta eupoadd twv morlvydvomv
empeacpod A kabe otabuod mpokHmTOLV pe TN YAPUEN TOV HECOKUDET®V emi TV
amootdoev TV otafumv, petald toug (Toakipng kot Bayyéing, 2009). Av P, givar to
uéco PBpoyopetpikd Hyog kot A to guPddo g Aekdvng , 10te 10 Py vmoloyiletan amd v
E&iowon (3.1), oc €&ng:

A; X P;

p, = - (3.1)

Avo Paocwkd pelovektnuato ovtig ™S peBddov elvar M avaykn oAAayng TOL
GLGTNLLOTOG TMV TOAVY®VAV, dTav Tpootifetar 1 apatpeitar évag otabuog, Kabmg eniong
Kol TO yeYyovog 0Tl 0 AapPdvovtal vTOYn Ol TOTOYPUPIKES IOOUOPPIES TOV AVAYAV(POL
(NwoAaxomovrog, 2015). To mpOTO HEWOVEKTNUO GLVOVTATOL KOL OTO EMEGOOL0L TTOV
peretdvol, kabmg ota emelcdd 1 Kot 2 dgv VILAPYOVY KATAYPOUPES GO TOVG GTAOLOVG
¢ EAdng xor tov Agfidiov, emopévmg ta Papn tov otabudv ota enclcoote 1 kot 2
(ITivaxag 3.2) dweépovv amd ovtd tov encicodiov 3,4 wor 5 (Tlivakag 3.3), 6mov

npoctifevton o1 dvo ctabpuot.

[Tivakag 3-2: Xvvtedeotég Thiessen avd Bpoyouetpikd otabud yio to eneicddia 1 ko 2

Ytafpoc Bdapog Thiessen
Avdpitoava 0.021
Avkoya 0.262
Meyardmoin 0.477
Ytepvitoa 0.050
Tpimoin 0.057
Burtiva 0.061
Alayovia 0.072
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[Tivakag 3-3: Xvvtedeotég Thiessen avd Bpoyopetpikd otabud yo to eneicdoa 3, 4 kot 5

21ofpog Bédpog Thiessen
Avdpitoava 0.021
EXatn 0.024
Avkoyo 0.247
Meyaddmon 0.477
Zrepvitoo 0.047
TpimoAn 0.052
Botiva 0.022
AePiot 0.038
Alayovia 0.072

3.2.2 Mé00odog otaOpicpuévig mapepfoifg avrictpoPns ardcsToong
H pébodoc otobuiopévng mopepforng avtiotpoepng mooctacnc (Inverse distance

weighting - IDW) oyedidotke apyikd yio. EpapUoyEC TpOPAeYNC o€ TPAYUATIKO YPOVO.
[Teprhapfaverl dradkocieg yio avTORATY YPNON TOV TANGLECTEPOV OAOECIUOV OEOOUEVDV
amd otafpovg, oAAG petafoivel 6e MO OMOUOKPLGUEVOLS GTAOUOVG, €4V Ol KOVTvOol
otafpol oTopaToovy vo Kataypdeouvv 1| tepiEyovv elhewn dedopéva (U.S. Army Corps
of Engineers, Hydrologic Engineering Center. 2012). Eivot vteteppviotikny pébodog mov
epapuoletar omn yopkn povrelomoinon. H extipnon Paciletor oe otabuicpévovg pécovg
opovg, ot omoiotl givar avdAoyor pe 1o avtiotpoeo ¢ andotacng petald v onueiov
napepPfoing kot puétpnong (Shepard 1968). To evpoc twv vroroyilopevov Tmv dev
umopetl va Egmepvd 10 €0pog TV TIHAOV TTov £yovv petpndel (Aovkdg, 2017). O yevikdg

TOmog exepdletar omd v E&lcwon (3.2).
n

Zso = Z A X Zsg (3.2)
i=1

Omnov:

Zso M EKTIHOUEVN T TOV Z 6TO S,

Zsi M petpnuévn tiun mov Ppicketor 61o S;
Ai 10 Papog tov Zg;

n o aplOuog TOV PETPNCEDV

To Bapog Ai vroroyiletar avticTtoyo g e&ng:

d;”
Ai = ;1 (33)
n

i=1 d‘P
l
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Omnov:

d;  amoctoon petald So kot S;

P pio mapdpetpog dSvvaung

N o apBudg Tov detypatog

Ot xovtvol otabuol €yovv peyolvtepo Papoc, dpo Kot HeyoADTEPN EMPPON OTNV
extiunon ¢ e Tov Zs, (Nalder and Wein 1998). Inuovtiki mopdpuetpoc yio akpipeta
g nebddov givar 1 tun g dvvaung P. Baowd micovéktnpa g IDW givar 611 pmopel va
ypnowonombel oe omowdnmote katdotacn, eved 1 puébodog Kriging omartei emapkm
ToGOTNTO OEOOUEVOV YlOL TNV TOPAY®DYN €VOG aSlOMGTOV OloyPAUUOTOS MUOUGTOPAS
(Wagner et al., 2012). Avtifeta, £€xel T0 PEOVEKTNUOA OTL OTAV YPTCULOTOLEITOL Yol
OEJOUEVOL LUE ETEPOYEVI YWPIKT TUKVOTNTA, GLYVA 1 axpifelo petdveral (Avopikomoviov,

2021).

3.3 M:s00d0c voporoyik®V antwietdv SCS Curve Number

H extipnon tov anowieidv g Bpoyng amoterel cuvnBwg Eva dvoKoAo TpoOPANa, TOV
e€aptdtor amd Ta YOPUKTNPOTIKA TS Ppoyng kot g Aekdvng amoppong (Toakipng ko
Bayyéing, 2009, 2013). Ot andAieleg avtéc ovoaeEépoviol cuvHOOG oty EATIION TOL
vepov, otn dmbnon tov eddpove, oty amobdnkevon tov 6t PAAGTNON KOl T GLYKPATHON
TOV 0€ KOOTNTEG JOPOPMOV ETLPAVELDY, TOV TO GLYKPOUTOVV KOl OEV TOL EMTPETOVYV VL
ovveyioel v emeovelokn por. To tuniua Bpoyxng mov TPOoKHTTEL HETE TV APAIPEST] TOV
anoleldv, kaAsiton nepicosvpa Bpoyng (rainfall excess) 1 evepydg Bpoyodntmon (effective
rainfall). H puébodog SCS Bewpel 0tL o1 apyikéc ammAeieg avtiotoyovv oto 20% tov
OLUVOAMK®OV omwAeldv S. Qotdco, peréteg 1oco otov EAAadikd ydpo (Baltas et al., 2007),
(Soulis and Valiantzas, 2012), (Pechlivanidis et al., 2015), 6co ko e d1e0vry KAipaka
(Woodward et al., 2003), (Shi et al., 2009), (Fu et al., 2011), (D’Asaro et al., 2014), (Yuan
et al., 2014), (Hosseini and Mahjouri, 2018), (Caletka et al., 2020), (Krajewski et al., 2020),
avaeépovtor oty afefardtnra ovtc ™G TNG Ko amédeiov OtL glval cvuvhfwg
vrepPorikn| Kot cuvnOmG TpoteivovTal Ao TIC TOPOTAVE HEAETEG, TWES amd 5% Ewg 15%.
INo 11g avaykeg g mapodoog epyasiog, n Tun avt Bewpnnke ion pe 10% kot otabepn
Y Olo To emelcdd mov eEethotnkav. Opilovior to peyédn Pe: to evepyd vwyog
Bpoyxdmtwong t ypovikn otiyun t, P: to cuvolikd vyog Ppoyodmtwong v 101 xpovikn
otiyun t, 1, = 0.2XS: ot apykég andieleg o€ mm kot S: n H€YIoTN SVVNTIKY KOTOKPATHON

o€ MM mwov cuvdéetan e tov apiud kapmvAng CN, coppova pe Ty mopakdto cyéon:
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5—254><(100 1) 3.4

Avtictolya, 1 evepyog Bpoydntwon vworoyiletor amd v E&icmon (3.5):

(P - Ia)z

P, = m (3.5)
Me v mopadoyn 01t 1,=0.2xS, 1 3.5 petacynuotileton oe:
0, P,<02xS
— 2
fe = U;;%iiss) , P,>02XS (3:6)
Emopévac, av 1,=0.1xS, tote:
0, P,<01xS
P, ={(P—0.1x5)? (3.7)

) P,>01xS$
P+09x%xS§ e

H péfodog SCS meprhapPavel nv emaoyn piog katoryidog Kot ToV VTOAOYIGHO TNG
dpeonc amoppons, He TN ¥PNON KOUTLAGDV Tov dnpovpyndnkav amd peiéteg mediov,
OYETIKA LE TO OGO TNG TOPATNPNUEVNG ATOPPONG GE SLAPOPOLS E60PIKOVS GLVIVAGIOVG
(Muuikov ko Mmodtég, 2003). O apBudc kapmoing CN maipverl tipég amd 0 émg 100 ko
e€dyetan amod mivokes, oviAoya e TOV TOTO TOV £3APOVS KOl TNV VOPOAOYIKT] KATAGTOGT).
270 KOTOVOUNUEVO LOVTELD, GTA KEALL TOV KOvafBou gival mbavd vo TpoKOYOoLUV Topamivem
a6 o T CN mov toug avtiototyel. ‘Etot, 1 tehMkn Tiun Tov cuvtedeotn| yio kiOe kel

TPoKLITEL OO e&icmon:

CNcomposite = ZAX Ny (3.8)
LA

Omov:

I 0 dgikTng LVodaipeonS TOV KEALOV avdAoya pe tnv Tt CN.

Aj m TePLOYN 0mOOTPAYYIoNG TNG LITOdLOEPESTG I.

CN;in y CN mov avtictoyel otnv meployn Ai.

Otr tyég o CN Saympilovtar avoroyo pHe TIG VRAPYOVOEG CLVONKEG EOQPIKNG
vypaowoc. ' tic ouvOnkeg vypaoiag kotaotaong I, 1 SCS divel avaivtikobg mivokes e
Tipég tov CN yuo kabe vOporoyikny opdda €daemv Kot Yo dbdpopeg ypnoec yne. H

vypaclokn Kotdotaorn eEaptdtal omd T GLVOAKY| BPoxOmMT®OT TOV TEAELTOI®V TEVTE
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NUEPDV, TPV TNV EUPAVIOT] TOV EKACTOTE EMELGOOI0V Bpoync. Ot kotnyopieg VYPACIOKNG
Katdotoong ivat:

e Katdaotaon I (AMC-I): H xatdotaon katd tnv omoia ta €dden eivarl oteyvd, oAl
Oyt oto onuelo poéVUNG pdapavong Kot Otav AouPaver ydpo kavi Gpoomn 1
kaAMEpyeta. H Bpoyxdntmon twv mponyoduevov Tévte nuepav givar LiKpoTepn omd
13 mm 1 pkpdtepn Tv 35 mm, yua Enpry ko vypn TePiodo avTicTOLK.

o Koatdotaon II (AMC-II): H péon mepintmon yia etoleg mAnUUvpes, dnAadn o
HEGOG OpOg TV cLVONKAOV OV TPONYHONKAV TG UEYIGTNG ETHOLOG TANUUOPOGS, OE
OPKETEC AeKAveS amoppons. AVTIoTolyel o PpoxOMTOON TWV TPONYOVUEVOV TEVTE
nuepov amd 13 éwog 28 mm, ywo Enpn mepiodo Ny 35 €wg 53 mm, ywo vypn
nepiodo.

e Koatdotaon I (AMC-II): H xotdotaon oty onoio emikpatohv vypég cuvOnKeg
Kot To. €04¢N givol oyeddv kopeopéva. Opiletarl v Ppoyxdntmon twv teElevTainy
TEVTE NUEPDOV UEYOADTEPNG TV 28 MM, e Enpn mepiodo kot peyorvtepeg Tov 53
mm, ywa vypn mePiodo.

Ye vypacwokég ocvvOnkes Katdotaong I v I, ot twéc towv CN vmoloyilovron

ovvaptioel tov CNy (CN ywo Katdotaon 1), coppova pe tig E&lodoeig (3.9) ko (3.10):

CN, = CNy (3.9)
2.281 — 0.01281 x CN,,
CN
CNyy, = 4 (3.10)

0.427 + 0.00573 x CN,;

Mia dAAN peBodoroyio Tov ¥PNGILOTTOLEITAL EVPEMG Y10 TNV EKTIUNGCT TNG VYPOCIOKTG
Kotdotaong sivan o deiktng APl (Antecedent Precipitation Index) (Koehler & Linsley,
1951). O deiktng API g€aptdtarl omd TV €KAGTOTE TPONYOVLUEVT NUEPA. I, TNV avTioTON
T Ppoyxdntwong Pi ko pion mapdpetpo K mov kvupaivetor oto didotnua [0.80, 0.98]
(Viessman and Lewis, 1996). v mapovca epyocio @opproleTol 0 KUVOVIKOTOMUEVOS
deiktng API, mov ovopdaletor NAPI (Normalized Antecedent Precipitation Index) (Heggen,
2001) mov voAoyiletan svpemvo pe v E&iowon (3.11). H mapduetpog K Aappdverar ion
pe 0.90. H vypacaxn katdotaon I opiCetar yio NAPI < 0.33, n II yua 0.33 < NAPI< 3 ko
n II yia NAPI > 3 (Hong et al., 2007). O oapbuntg emexteivetar uéypt v nuépo
EUPAVIONG TOV EMEIC0010V, AAAA TovileTan OTL 1 avTicToyyn TN Ppoyomtwong Po, opileTon

LEYPL KOL TN XPOVIKN OTLYUN Tov EeKvdel To emelcddto.
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P x kTt
Napl = =Pt (3.11)
PxYl k-t

Omnov:

I 50 apBudc tv TponyodUeEVOY NUEPOV TOL Aaufdvovtot VoY

P 1 péomn Bpoxdntmon Tov mponyouLEVOY NUEPOV

k™t n nuepnoa Tipn e Tapopétpov K

Topeova pe v (3.11), av yia kdde mponyovuevn nuépa 1 Ppoydmtoct sivar P kat yio
1=0, Px=0, t07¢€ 0 deiktc NAPI Oa 1oovtan pe ) povada. I kabe enelco610 exTiumOnKe o
detktng NAPI, cuven®dg Kot 1 VYPAGLOKT KATAGTAON Le Baon TV Tapomdve pebodoroyia

Kot T amoteAéspata mapovstalovtar otov [ivoaka 3.4.

[Tivaxoag 3-4: Agiktng NAPI kot voporoyikn KOTAGTACN TOV ETEIGOdIMV PPOYNS

Eneic6d10 Agiktng NAPI  AMC Class
1.05 1
1.23 I
1.20 I
0.98 I
1.04 I

O WDN B

3.4 Movtéra Bpoyng - amoppong
3.4.1 Iobéypoves Kapmdreg

Baowkodg 61606 ™ ¢ pebodoroyiog mov avantioseTot givol n eKTiumon g ayung g
TANUUOPAG KOl TOV YPOVOL TOL OOLTEITAL Y10 TV TANUUVPIKY otypn, OUECHOS UETE TNV
eueavion g Ppoxomtmons. Baciletow 6t0 16TOYpOappa xpOVOL - eMPAVELNG (KOUTOAN)
OV OETYVEL TN YWPIKT KOl YPOVIKT GYECT HETOED TV YPOV®V, GTOVS OTOIOVG TO VEPO PEEL
péoa ot Aekavn. H kopmdAn pmopel va ekopoaoctel pe avatagivopnon tov ypovov
OLYKEVTIPOONG GE cvuykekpuuéva ypovikd dwwotiuoto (Tsanakas et al., 2016). Avtd ta
YPOVIKA S0 TNHOTO OVOUALOVTAL 100YPOVEG KAUTOAES, ONANOT| onueia VIO TV opimv TG
Aexdvng mov amoppEéovv 6to 1010 ypovikd Prpa (Zynuo 3.7). Ot 100poves KAPTOAES O
umopel va dwactowpmBodv  peta&d tovg, kabdg n kabepio meprhapPdver onueio
SLPOPETIKNG YPOVIKNG amdOSTACNG Amd TV ££000 TNG AEKAVNG KOl TPETEL VO EKTEIVOVTOL
povo evtog Tv oplov g Aekdvng (Dooge, 1959). Zopewva pe m Bswpio tov MYT, oe
pion Aexdvn amoppong M xpovikn Pdon g mAnuuvpog elvarl dwa, aveEapmmra omd v
mocodTTOL NG €veEPYOL PPoyOmT®ONG Kol Ol TETAYUEVEG TOL LOPOYPUPNHOTOS Eivor

avéioyec pe v moocodtnro g Ppoyomtwong (Chow et al., 1988). Ilopokdto
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neprypdeovtor ta Prpota kol or &lodoelg yuo v e€aywyn tov MYT péow 16dypovav
Kapumolov, pe tn xpnon roywoukov ArcGIS kot HEC-GeoHMS. To ynoeuoxd poviého
eddpovg (DEM), 1 katovopr] Tov vopoypaptkod d1ktdov Kat o yaptng ypnoemv yng Corine
2018 amotélecav ta dedopéva €166d0ov. Ta otdoa mapaywyng tov MY g pebodov
TaPOoVGIALOVTaL GUVOTTIKA GTO Oldypoupe pofg Tov Zynuotog 3.8 kot avaAdoviol ot

GUVEYELO.

A, |[A, |A, |A, A,

B

At AL JAt  4At SAt Time

Zymua 3-1: Zynuatikn avoarapdotaon 16oypovev kapmviov (IInyn: Saghafian et al., 2002)

Wndrakdé Movtédo

Xpnoeig 'ng Corine escdouc (DEM)

KavaBoc tpayvtntack KavaBoc¢ kAicewv

Xepoaia TaxvTnTa porng
KavaBog¢ tayvtntag porc
Tayvtnta evrog tou
vSpoypadkott Siktvou
lotoypappa xpoévou -
erudaveiag Mrkog Stadpopric kat

XpOvou pon¢ ew¢ tnv £€odo

YroAoylopog amopponc

E€aywyn MYT

yuoe 3-8: Atdypappio pong Tov cLYKEVTPMTIKOD povtéAov lodypovav Kapmviov

Anovpynbnke o kavafog kAicewv emi towg exatd (Slope Percent) tng meproyng
pelétng pe tn xpnon tov epyaieiov Slope tov ArcGIS, mpokeyévov va ypnoyomom et

§MEITO. GTOV VIOAOYIOUO NG ToyvTnTog pons. Emiong, epappoomke n E&icwon (3.12).
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Ynoloyiotnkav ot yepoaieg tayvtnteg pong (V_overland) kot ot taydtnteg €vidc TOL
vopoypapikod diktvov (V_channel). H yepoaio pon e€aptdrarl and tnv kAicn Tov £64¢pOVE
KaOADC Kol TIC ¥PNOES YNG TNG TEPLOYNG, EVD 1 TOTAULD POY] TPOEKVYE GUVUPTAGEL TNG
YEPTOIOG TOYVTNTOG PONG AAUPAVOVTOS VTTOYT TNV 1EPAPYNOT TOV VIPOYPAPLKOD JIKTVOV.
Towg mpdkertar Yoo 10 oNuavtikOtePo Pruoa, kabhc Pdoer tov tayvtitov V_channel,
mpaypatoromOnke n Padbuovounon tov eEayduevov MYT, étor dote va tpocopotalel 6o
10 duvatdv meplocdTePo To Tapatnpnuévo MYT g AEH. Apyikd, amodddnke €vo e0pog
Twov k oe m/s (Ilivakog 3.5) otig koloyelg yng tov Corine 2018. O cvvreleotrg K,
oYETILETOL LE TOV GUVTEAESTN TPOYVTNTAG KOl ATOTEAEL TNV TOYOTNTO KIVNONG TOV VEPOL €Ml
€00povg aviroyo pe v xpnon yng (Mmovpvag, 2022). O GLVIEAEGTNG OTI GLVEXELN

noAlamhacidotnke pe to 100 (Kiop) Kot mpoékvuyay ol yepcoieg ToyOTNTEG POTC.

Slope_Percent
Sqrt_Slope = 100 (3.12)

[Tivaxag 3-5: Xvvteheotig TpaydTag ddpovg o€ oyxéon pe v kdAvyn yng (Inyn:
Koappadd, 2012, Avépikomovrov, 2021)

Kwdwog Corine  Kiygo  Ileprypaen

112 115 AWKEKOUUEVT] OOTIKT] OLKOOOUNOM

121 115 Buounyavikég 1 epmopikéc {dveg

122 115 Odd kot 51dNpodpopkd dikTva

131 115 Xopot eEopH&ems opuKTOV

211 50 Mn apdedoiun-apodciun yn

212 50 Moévipa apdevouevn yn

223 19 Eloudveg

231 43 ABaoa

242 37 YHvBeTa CLOTHHOTO KAAAEPYELOG

243 30 I'm mov kaAdmTETOL Kupimg amo yewpyio
311 15 Adoog TAatHELAA®Y

312 37 Ado0g KOVOPOP®V

313 30 Mewctd ddoog

321 30 Ddvuowcoli fookdTOTOL

323 60 Ziknpo@uAikn PAdotnon

324 43 MetaPatikég daodOEG-0auUvmOelg EKTACELS
331 55 [opokieg, appoloeot, GpUUOVOEG

333 149 Extéoeig pe apoay PAdotnon

512 30 ZvAAoYEG VATV

INo tov vmoAoyloud tov toyvtiteov V_channel apyikd to v3poypaeikd SikTvo
epapynonke oe ta&elg pe ) pébodo Strahler. Toppova pe ™ pébodo avtn kabe KAAS0g

eVOC VOPOYPUEKOD OIKTOOL TOL OE OEYETOL VEPL GAA®MV WIKPOTEP®OV VIUTOPELUATOV
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ovopdletor kKAGdoc 1™ taEnc. O khddog mov mpokvmTel amd T cvuBorr dbo Khadwv 1M
10ENG ovopdletar kKAGSog 2™ 1ééng, o KAAS0g oV TPoKLRTEL 0O TV Evaot S0 KAGSwV
2" 14Enc ovopdletan 3" TAENC kok. TNV mepinTmon mov cvvdéovial dV0 KAGSOL
SPOPETIKNG TAENS, 0 VEOG KAADOG TOV TPOKVTTEL dtaTnpel TV apiBunon g HeyaAdTEPNG
TGENG T0V €vOg amd tovg dVo cvuPfarlopevovg kAGdovg (Strahler, 1957). Ilpoékvyav
KAGdor péypt ko 4™ 1aEng kol oe kGbe KAGdo opioTnrav yeipokivnta ToydTNTEC PONC,
uéow tng ovvaptnong Con kat tov Raster kot péom tov gpyoreiov Mosaic to New Raster,
npaypotorodnke n ovvabpoion tov V_channel xor V_overland. Méow g E&icmong
(3.13) vroroyiotnke évag kavafog Bapmv (Weight), éto1 dote 0 punKog mov dtavdel  KGbe
otayova £oc v £€0d0 g Aekdvng (epyaieio Flow length) va givar o€ povédeg ypdvov kot
Oyt uqkovg (Accumulation_Raster). Ot peyodvtepeg tiuéc Oo mpémel va givar ot meployég
pokpld amd v €080 TG Aekdvng, evad Thavd epfoadd otV HECT TNG AEKAVIG e PEYAAES
TIéEG umopet va opeidovtanr og moAD kpéc KAloelg (atéleeg tov DEM) mov mpokaiovv
pkpég tovnteg pong. Méow g E&lcwong (3.14) mpaypotonombnke n avaymyn tov o€
opec ko péom tov gpyoreiov Reclassify mpoékvyav telkd ot 160xpoves KOUTOAES,
0étoviag v 100d1doToon T@V KOUmLA®vV ot 1 opa. Téhog, mpaypoatomombnke o
vroAoyiopdg Tev tetaypéveov oo MYID oe povadeg m®/s, Baoet g E&lcwong (3.15). To

TapayOUEVO 16THYpAppa ¥POVOL — ETPAVELNS PaiveTal oTto Zynua 3.9.

1
Weight = ——— 3.13
g Velocity ( )
Yo . Accumulation_Raster 314
povog pong = 3600 (3.14)
_ Ni XiXA 315
P 3600 (3.15)
Omov:

U; n tetorypévn tov MYT [mP/s]
N;to mAn00g TV eiKoostoyeimv avd 16oYpovY KOUTOAN
i évtaon g Bpoyontwong ion pe 0.01 m

, . , 2
A 1o gpPadov Tov kdbe KeAoh e M
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Xpovog [h]

Ap1Ouog patviov

Yynpa 3-9: Iotdypoppa xpovou - EmPAVELOG

3.4.2 ModClark

To povtého Modified Clark (ModClark) eivar éva xotavepunuévo povtédo mov
epapudletar vpEmg o xwpkd Katavepnuevn poxdntmaon. Ovolacticd tpdketTor yio pio
TPOcaPUOYT TOL povadiaiov vdpoypapruatog Clark, mov dnpovpyndnke amd tovg Peters
and Easton to 1996 ko e&eliybnke amd tovg Kull and Feldman to 1998. E@dcov mpokettal
YL KOTOVEUNUEVO HOVTEAO, €lval OamopoitnTo M AEKAV OTOPPONG TOL HEAETATOL VO
dwakprronomBel yopikd oe Kavofo. XNV TPoKeUEVN TEPITTOOT, OTMG £l MO mmOEL, 1
Aekdvn amoppomg e Kapdtawvag yopiotnke oe kehd peyéboovg 500500 m. To povtéro
AVTIPOCMOTEVEL PNTE OAEG TIS OLOKLUAVGELS TOL ¥POvov TaSdov mpog v €£000 TG
AEKAVNG aTOoppONG, XPNOILOTOIDVTAS L0 AVATOPAGTACT| TNG AEKAVNG GE LOPPT) TAEYUATOG,
Yo va 8108ev0€L T0 mepicoevpa Bpoyng oty £€odo (Kull and Feldman, 1998). Ot slopoég
J100£V0OVTOL HEG® EVOG YPOUUKOD TAUIELTNPO, OTOSIO0VTOG £vo VOPOYPAPEN O EKPOTS Yid
ké0e KOTTOpO (KEAL) TG Aekavng. To povtélo vmoBETel OTL 0 CLVTEAEGTNG amoOKEVONG TG
Aexavng (R) elvar opotdpopeog yio 6An v éktaorn ¢ Aekavng (U.S. Army Corps of
Engineers, Hydrologic Engineering Center. 2012). Ta empuépovg vopoypaPnLOTe EKPONG
ocuvabpoilovtor Kot TPoKOTTEL TO VIPOYPAPNUA TNG dpeons amoppong. Xto Zynua 3.10

TOPOVGLALETOL 1) GYNUATIKY anelkdvion tov poviédov ModClark.
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HRAP Grid Cell Discharges: Function of
Superposed on Cell Area, Rainfall,
Basin Infiltration, and Travel Time
—

Tc,cell = T; X

‘Omnov:

1998)

oLYKEVTPOOTG, cVLemva e TNV E&lcmon (3.16):

dcell

dmax

T cenn © YPOVOG GUYKEVTPMOTG TOV KEALOD
T. 0 ypdvog cvykévrpmong T Aekdvng amoppong

dcepp M AOCTOGT TOL KEAMOV amd TNV ££000 TNG AEKAVNG
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Attenuation by
Linear Reservoir

Zymua 3-10: Zymuotwkn angikovion tov povrédov ModClark (Inyn: Kull and Feldman,

INa ™mv epoppoyn tov poviédov oto HEC-HMS omatteitor va opiotodv dvo
uetaPAntég, o ypovog cvykévipwong T [hours] ko 1 amoOnkevtmrdTa g Aekavng R
[hours]. H o¢uown évvola g mapapétpov R egivar évag dgiktmg Tov  QovopEVoL
amoBnkevong g Aekdvng amoppons. Oco peyodvtepog eivar, tOGO pHEYOAVTEPO TO
amotéAeco. NG amodnkevong Kot GLVERMC peyoAvtepn egacBévnon g pong. Xmnv
Tapovca  epyacia ot Ovo petaPinteg extymOnkav pécwm g Pabuovounong evog
eME00010V PPoyNG - AmoppoNs, 6To OTOI0 O ATMAELEG £ival UNOEVIKEG KOl Yol BpoydnTmon
10 mm mov cvvéfet eviog piag dpag, aeod €5 opopod to MYT mpokdntel amd gvepyod
Bpoyxoémtwon 10 mm, dlapkelag piog ®pag. Q¢ mopatnpnuévn amoppo|, ypnoyLoromonke
10 MYT g AEH. X¢ «é0¢ kel Tov kavapov g Aekdvng amoppor|g vtoroyiletol 0 xpOvog

dppax N OTOGTACT] TOV MO ATOUOKPVGUEVOD KEAOD 0md TNV €000 TG AeKdvng

[«

+



H amofnkevtikdmro TG AEKAVNG TOV GTN YEVIKN TEPIMTOON OEV €lval YvwaoTh, umopel
va ektiunBei gite péow g E&iowong (3.17) (Sabol, 1988) eite péow g (3.18) (U.S. Army
Corps of Engineers, Hydrologic Engineering Center. 2012).

2

c Lmax

R 1.46 x 0.0867 X

(3.17)

Omnov:

T, 0 xpdvog cuykévipmong thg Aekdvng amoppong [hours]

R 1 amobnkevtikdtra ¢ Aekavng [hours]

Linax 0 HEYIOTOG VOPAVAMKOG OpOUOG, ONANOT N OTOGTOGT TOV MO OTOKPLGLEVOD
oNUEIOV EVTOG TOL VOPOYPAPLKOV dIKTVOV amtd TNV ££0d0 [Miles]

A 10 gpPadd e Aekdvng amopponc [miles?]

R
— 3.18
MER+T, (318)
Omnov:
0.23<m<0.91 évag oeiktmg mov emmpedlel TOL  YOPAKINPICTIKG OLYUNG TV
VOPOYPAPNUATOV

T, 0 xpoOvog cuyKévTpwong ¢ Aekdvng amoppong [hours]

R 1 amobnkevtikdtra ¢ Aekavng [hours]

Etvon eppavég 0t1 660 peyorvtepn elvar ) T tov dgiktn M, toco pikpotepn Ha eivar
1N ayun Tov vépoypaenuatog anoppone. To user manual tov HEC-HMS mpoteivet m = 0.5
nmn m = 0.7 oe mnepimtowon advvopiog Pabpovoéunong kot emKOPOONG NG
arofnkevtikdTog. TEAOC, OYKOG dpeong amoppong Kabe KeAloh mov O100evETOl UECM
ypopukod toptevtipo vroAoyiletor and v E&lowon (3.19) (Paudel et al., 2009),
(Bhattacharya, 2012). To didypappo porg tov poviéhov ModClark mapovoidletar oto
Zynpa 3.11.

—( At )xf+<1 At )X 3.19
Qi = R+ 0.5 X At R + 0.5 X At Qi1 (3.19)

Omov:

Q; M Gueon amoppon oTo ypdvo i [m¥/s]

Q;_; N Gpeon amoppor oto xpovo time i-1 [m/s]
R 1 amobnkevtikdtra ¢ Aekavng [hours]

At 0 ypovikod Prpa e Tpocopoimong [hours]
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XwpLkd KATaveEUnUEVN
Bpoxomtwon

T 0 péooc 6pog TOV EIGPOGY YL YPOVIKO diastnuo i éoc i-1 [m*/s]

Fewpopdohoykr| avaluon

Y6poypadnpa votépnong
ot kdBe kehl

Oplopog ypovou
CUYKEVTPWOTNC Kol
anofOnkeuTKkGTTOC

Mobsvan péow ypappikon
TaLEUTHpa

XpovocC CuYKEVTpWONC yla
kaOe kell

ZuvaBpolon smpépouc
vbpoypadnpatwv

Zuvohikd ubpoypadnpa
dpeong anoppong

Zymua 3-11: Ardypappo pong tov katoveunuévov povtédov ModClark

3.5 Yopohroyiki} avdrivon oto HEC - HMS

3.5.1 Opopdég nedddmv voporoYIKNG avdrivong
Amapaimta dedopéva e166d0v 6to HEC — HMS yia v mpocopoimon Tov HoviéAmy

Bpoyng — amoppong eivar: o) to HOVIEAO TNG AEKAVNG QTOPPONG IOV OmOTEAEITOL OO TOL
VOPOAOYIKA KOl YEOUOPPOALOYIKA YOPAKTNPIOTIKA NG, B) TOo apyeio pe tov kavoapo mov
nepéyel 11§ TWéG TV opludv KopmvAng CN, oty mepintmon Tov KAToveEUUEVOL
LLOVTEAOL KOt Y) TO HETEMPOAOYIKO LOVTELO, TTOL 1G0dVVaEL e Ta dedopéva BpoyOmTOonG.
210 poviéAo G Aekdvng amoppong opilovrar ot pébodor Pdcer twv omoiwv Oa
npaypatorodel 1 omoldNmoTe VOPOAOYIKY| avdivon. EmmpocsOétwg, edwd yio v
TEPIMTOOT TOL KATOVEUNUEVOL HOVTEAOL 1) AEKAVT O1OKPLTOTOONKE G KEAD SLUCTAGNG
500%500 m. Telkd, ot péBodotl mov ypnoomombnkay, avaioyo Kol e TO LOVTEAO TTOL
epapuoletar cvvoyilovtar otov Ilivaxka 3.6. O kdvaBoc CN ¢ evpVTEPNG TEPIOYNG LE
ovomua  avaeopds 1o UTM 34 ewonydn oto HEC-HMS «xor amd apyeio .tif
petacynuotiotnke oe opyeio .nc. Emumhiéov, opiommkav povadeg UNDEF kot tomog

dedopévov  INST-VAL. Tékog, péow 7tov mpoypdhupotos HEC-DSSVue 3.2.3
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petavoudotke to medio C ce CURVE NUMBER. Ta pripota avtd givol arapaitmra yio
™ SoPAMGTEL OTL TO VOPOLOYIKO TPOYPOULA avayVEOPIlel anTd TO dE00UEVO EIGOOOV GOV
kévapo Curve Number kot vo pmopei va ypnoiponombel cov d€d0puévo €16O30V Yo TO

povtédo ammieimv Gridded SCS Curve Number.

[Tivakag 3-6: M£00d01 VIPOAOYIKNG VAAVGNG

Movtého
Zuykevipotikd  Koataveunuévo

Yoporoywég SCS Curve Gridded SCS

ATOAEEG Number Curve Number
Baowm Exbeticn Exbeticn
amoppon petafoin petafoin
Apeon - lo0xpoves o4 cpar
amoppon KOUTTOAEG

YrevOopuileton 6Tt Pacikn amoppor| Kaheitor n amwoppon mov oynpatiCet tn poévyun pon
TOV PELUATOV. AVTH TEPAAUPAVEL TO VEPO TTOVL TPOEPYETOL OO LIOYEWL PO O’ TNV
kopeopévn (ovn (Mwikov kou MmoaAtdg, 2003). ZuvnBmg, 6e TANUULPIKE €TEICOdIO M
Backn amoppon| oe Aopfdvetor vwOYN, AOY® EALEWYNG LETPNCEWMV, OALYL KUPLDG EMELON N
OLVIGTAOGO TNG AMOTEAEL £vaL TOAD HKPO TOGOGTO TNG GUVOAIKNG OTOPPONG. LTV O OTAY
TEPITTOON 0 S1oY®PIGUOG TNG ApeonS omd TN PAGIKN ATOPPOY| EXTVYYAVETAL, KAVOVTOS TNV
napadoyn 0Tt N Pactkn amoppor] HETAPAAAETOL YPOUIKA PE TNV TAPOSO TOV ¥POVOL. XTO
Yyua 3.12 mopatifetor oxopionuo evOg TUTIKOD TANUUVPOYPUPT|LOTOS, LE TO OVTICTOL(O
vetoypaonua. Xto mpdypappo HEC-HMS divetar n duvatdtnta xpnong £E1 SloapopeTik®dv
uebodmv, yo Tov voroyiopd g Pacikng amoppong: 1) Bounded Recession Baseflow, 2)
Constant Monthly Baseflow, 3) Linear Reservoir Baseflow, 4) Nonlinear Boussinesq
Baseflow, 5) Recession Baseflow, 6) None, pe kémown €€’ avt®v vo CLUVICTOVIOL Y10
oLVEYN TPOCOUOIMON KOl GAAL Y10 TPOCOUOIMGT TANUUVPIKAOV ETEIGOOIMV. Xe TEPIMTMOT)
nov O¢ ypnoomoindel kdmown péBodog (None), 10te T0 TPOYpOpa O Ba AdPel vTdyn
Bacwn amoppon kor M ekpon OBa vwoloyiotel HOVO amO TN CLVICTOGCO TNG GUECSNG
AmOPPONG. LNV TapoVoa SIMAMUATIKY gpyacio ypnowomombnke n pébodog Recession
Baseflow, n omoia €xet oxedootel  yio va mpoceyyilel TV TLMIKY GLUTEPIPOPE TOL
TopATNPEITAL OTIG AEKAVES AmOPPONS, OTAV 1 POT TOL KOVOALOL LIOY®PEl eKOETIKA HeETA
™MV eueavion evog mAnupvpikov enstoodiov (U.S. Army Corps of Engineers, Hydrologic

Engineering Center. 2012). H uéfodog mpoteivetar kupimg yio mpocopoinor enelcodiov,
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®OTOCO £YEL TN OLVATOTNTA Vo emavaPePBEl avTOUATA HETE 0O KAOE EMEITOS10 PPoyNG Kot

KOTG GLVETELNL LTTOPEL VAL EQUPUOGTEL KO Y10 GLUVEYEIG TPOGOUOLDGELS.

Xpovog, t
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| 11 Apech amroppon Xpovog, t
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A I ! = E

Xpovog, t

Zyua 3-2: Ay ®pPIGHOS TOV GLUVIGTOOMV EVOG TUTTIKOV VOPOYPUPTLATOG KO
yapaxtpiotikol ypdvot (Inyn: Kovtooyidvyng kot ZavBomovrog, 2016).

g KGOe emelc6010 opiotnke M apykn Tapoyn, Kabog o kdbe enelcO010 NTAV YVOGTO
TO0 TANUULPOYPAPNUO 6TV €£000 TNG AEKOVNG, GE LOVAOES m?/s. Eniong, mpéner va
KaboploTel Kol 0 HEIMTIKOG cuvieleotng (recession constant), Bacel Tov omoiov 1 Poaociky
amoppon vroywpel LeTaED TV enelcodiov PBpoyns. Opiletar ¢ M avaroyio g Pactkng
OmOPPONG TNV TPEYOLGA YPOVIKY OTIYUN| o€ oxéon HE TN PaCIKn omoppon TNng
nponyovpevng nuépac. Ipotewopevn tipn omd to user manual tov HEC - HMS eivon to
0.9 ka1 ypnowomomOnke kol oV Topovco dSumAwpatiky. Me Bdon ta mtapandvo 1 focikn
amoppor] vroroyiletar amd v E&icwon (3.20). Téhog, mpénel vo. TpocdloploTel Kot o
TPOTOG EMAVAPOPAS TNG PACIKNG Amoppong KaTd TN OdpKeln £vOG ENEIG0dion. AdY® TOV
OTL To. TANULVPOYpOENHOTA £E600V €lvar YvmoTd emAEXONKE 0 OPIGUOC £VOG KAT®OPALOVL,
avVOAOYOL KOl [LE TO EMEIGOOI0 KOl OVGLACTIKA 1 POCIKY) OITOPPOT| EXAVEPYETOL OTAV 1| EKPON

oL KaB0d1KoVD KAASOL PTAGEL GTNV TN TOV KATOPAMOV.
By = Qo X kt (3.20)

Omnov:

B(t) n (ntovpevn Pacikn amoppon [m3/s]
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Qo M okt mapoyr [M/s]

t o ypoviko Prua ¢ Tpocouoimong [hours]

K 0 petmtikdg cuvteleotng
3.5.2 Awyeipion 00pvQOPIKAV dEO0UEVOV

Amo Vv ékdoon 4.9 ko €merta Tov vVOIpoAoyiKoy mpoypaupatog HEC - HMS, n
dwdikacio gloaywyng oedouévaov oe popen TAEYHoTog €xel amAomomBel apketd. H
glo0y®y TV dedopévav mpoyuatonoleitor péow tov Importer Wizard. Ewdwkd to
Bpoyouetpikd dedouéva mpémel va, eivar o€ popen .NC, £161 ®ote vo. avayvopilovtal ta
YPOVIKA Prpata mov TepAapUPavouy Kot To TAEYUO TOVG. AoV emiheyOnke N TopdpeTpOg
elooywyng (cmorph ya to dedopéva CMORPH kou precipitationCal yio ta dedopévo GPM
Imerg), ta 6pta ToL GLVOLOL TV SESOUEVOV «KOTNKAV» UE TN pHiog pbokag og popen .shp.
Onwg ko1 oty nepintwon tov kavapov twv Curve Numbers, n pdoka ovt mpémel va
neplopfdver pio gupdtepn éxtacm amd TNV TEPLOYN TOL UEAETATOL, £TGL MOTE VL
amopevyDel N vapén KeMDV AV 6T AEKAVN TOL Vo un TePAapPaverl dedopéva Bpoyne.
Y& MEPIMTMOOT OV VIAPYEL 0T KOl £vo KEAL e EAAEYN dedOUEVDV, TO TTPOYpoUpe O
Bydier codipa Ko 1 Tpocopoimon og Ba mparypatomonOet.

O ypnomg kaAeiton emiong va emAélel T0 GVOTNUA AVOEOPAS TOV KOVAPov, Yo TO
onoio mpooeépovtan dvo emhoyéc: 1) Standard Hydrologic Grid (SHG), ii) Standardized
UTM Grid System. To cvotnua avapopds SHG £xet dnuovpyndei yio yewypapikd dpia
tov HITA, Boociletonr omv kovikn mpofoAn; tov Albers ko yopaxtmpiletor omd Tig
aKoAov0eg TaPAUETPOVG:

e Units: Meters

e Datum: North American Datum, 1983 (NAD83)

e 1st Standard Parallel: 29° 30” 0” North

e 2nd Standard Parallel: 45° 30’ 0” North

e Central Meridian: 96° 0’ 0” West

e Latitude of Origin: 23°0’ 0” North

e False Easting: 0.0

e False Northing: 0.0

Ortav ypnotponoteitar to ovotnua avapopdg Standardized UTM Grid System, mpénet
va 0p1oTel 10 Nuoeaipto wov avikel | teployn mov e€etdletan ko n {ovn UTM. T v
Aekdvn e Kapdtawag ypnoiponombnke avtd 1o cvotnpa avagopds kot {ovn UTM 34.

Ta yopoakINPIoTIKA CLTOD TOV GLOTHHATOG Elvat:
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e Units: Meters

e Datum: World Geodetic System (WGS84)

e Projected Coordinate System: Universal Transverse Mercator (UTM)

e Zones: 1-60, North(N) or South(S)

Emumdéov, emhéyOnke péyebog pixel 500500 m (6poto pe t AeKAvn 0moppong Kot
Tov Kavafo tov Curve Numbers) kot og pébodog enavota&vounong, ovt Tov gyyOTePOL
yeitova (nearest neighbor). Téhog opiotnkav g povadeg uETpnong To. MM Kot 0 TOTOG TMV
dedopévov PER-CUM, mov avtistoyovv oe dedouéva Ppoyxdmtwonc. Kdabe ypoauunq tov
ekdotote e€ayouevov .dSS apyeiov avtimpoommevel Kol Vo YPOVIKO Prio Kot mePEYEL
TANPOPOPIES Y10 TO GVGTNO AVAPOPAS, TOV TOTTO TOL KAVAPOL Kot AOUTEG TANPOPOPIES Yo
T dgdopéva. Kartt mov mpénet va avapepbet eniong givarl 6t o1 ektiunoelg tov CMORPH
OTNV TPAYUATIKOTNTO OVAPEPOVTOL GE EVTACELS PBpoxdmtmong Kot Oyl otn PBpoydmtwon,
OALQ €MEWN M YXPOVIKN TOLG oviAvor elvar e emimedo ®poc, To OVO aVTA peyédn
ovolaotikd Tavtilovtat. Téhog, Kot Ta 500 et dedoUEVAV Eival G MPEC TOL AVTIGTOLYOVV
ot {odvn UTC+00:00. Méow tov gpyaieiov Shifter, mpocapudomkay otn {dvn dpog g
EAAGOaG.

3.6 BaBpovopunon ko aflordynen povréiov fpoyns - amwoppong

I'evikd ot Pproypaeia, cuvavtdue dvo peydieg Bacikég katnyopies Pertictomoiong:
TIG OTOYOOTIKEG KOl TIG VIETEPUIVIOTIKEG. Ot 000 koatnyopieg dPEPOLY MG TMPOG T
euocopion ™ emilvone. H  vieteppuviotikny  Pabupovounomn €xet ¢ okomd  va
EAOYIGTOTOMOEL TN SLPOPA HETAED TOV TPOGOUOIOUEVOV KOl TWV TOPOTPNUEVOV TILADV,
Bpiokovtag pio kot HOvadIKn TN Yo TIG TAPAUETPOVS PedtioTonoinone. Amd v dAAn
mlevpd, M otoyaoTikn Pabuovopnomn ocuvvayel moteg mOOVEG TWEG TOPOUETPOV TOL
LOVTEAOL UTTOPOVV VO, YPTGLLOTOO0VV, dNHOVPY®OVTAG £VO. GOVOAO TIUAV Yo avTéc (Gan
and Biftu, 1996). Avti n mpocéyyion avietonilel TIc TapapéTpovg ue afefatdotnto Kot
dev emotpépel €va povo ohvoro PeAtiotomomuévev moapapétpov. Ilpokeyévov va
xpnowonomBodhv 1o cHVOADL TOPOUETP®V TOV ONUOVPYOVVIOL OO [0 GTOYOCTIKY|
BeAtiotomoinom, o xpnotng mPEmEL va. ypnoLomotel por avaivon afefordotntag Kot vo
CUUTANPOVEL TIVOKEG TAPOUETP®VY OetypatoAnyioc. Ot otoyaotikég PeAtiotomomoelg Ha
00NYNOOLV GE SLPOPETIKA cVVOLL Ttopaustpov pe kabe doxun (U.S. Army Corps of
Engineers, Hydrologic Engineering Center. 2012).
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210 HOVTEAD TOV  €QAPUOCTNKAV, YPNOCLOTOMONKAY VIETEPUIVIOTIKEG HEBOdOL
Beltiotonoiong. To HEC-HMS mpooeépet dbo tétoteg nebddovg t pébodo Univariate-
Gradient (UG) and ™ upébodo Nelder-Mead (NM). H pébodog UG extiuder v kabe
TOPAUETPO EEYMPLOTA, dATNPOVTOC OAEG TIG GAleg mapapétpovg otabepés (Nandalal and
Ratnayake, 2010), evd otn pébodo NM egpopudleton pio Swodikacio  KATEPYOUEVOL
amiokov (Downhill Simplex) yia vo. ektiunfovv tavtdypove OAEC Ol TOPAUETPOL TOV
npoPAinuartog (Dariane et al., 2016). H uébodog UG déyetor povo pion moplpetpo Kot
KaAgital va ) Pertiotomomoel, eved otn pnéBodo NM ypetdleton va optotovy TOVAN IGTOV
dvo moapdpetpol. o ) Pabuovounon twv emnelcodiov mov eEetdoTnKay, MG GTOYIKN
ovvaptnon viobetndnke 1 peylotonoinon tov ovviekeot Nash - Sutcliffe, o omoiog
vroAoyiletan ovppova pe v E&locwon (3.21), evd n mapdauetpog Pertiotonoinong Ko
oT1g 000 MEPMMTMGELS OPOPOVCE TIG APYIKES OTAOAEIEG PPOoyNS, £TCL MOTE To LOVTEAD VO

TANG14Lovv 0G0 TO SVVATOV TEPIGGOTEPO TNV AVTIGTOLYT TOPATNPNUEVT ATOPPOT).

_ . 2i=1(Q5 — 09)?
NSE =1 NG (3.21)

Omnov:
t 10 ypoviko Prpa
¢ N mapatnpnuévn amoppot] 6To ¥povikd Priuo t
L 1 mpocopoimpéVY amoppon 6To Ypovikd P t
Q, 1 HEOT TN TOV TOPOTPNUEVOV ATOPPOGDV
AVOALTIKOTEPO, GTO GUYKEVIPMOTIKO HOVTEAO M TapdAuetpog PBabuovounong nrav ot
OPYIKES OMMAELEG TTOV LETPAOVTIOL GE MM BpoyMg. TN YEVIKN TEPITTOON AV TO AVTIGTOL(O
nedio pelver kevd, 10te awtopoto OBewpeitar g 1o 0.2 g péyotng SvvnTikng
Katakpatnong, n omoia vroAoyileton and to Curve Number. To {610 cvuPaivel Ko 6to
KOTOVEUNUEVO LOVTELD 0TV YpnotponomOnke 1 Gridded SCS Curve Number, mg uébodog
VTOAOYICUOD TOV OTOAEW®V, N onoio. ®woTdco BewpnOnke otabepn kor ion pe 0.1. Qg
nopapetpoc Pabuovounong yxpnowonombnke o Scale Factor, 0 omoiog &ivar évog
d1opBmTIKOG GLVTEAEGTNG TNG UEYIOTNG OVVNTIKNG KOTOKPATNONG, 1 0moia bioAoyiletal Yo
KGbe ke, avaroyo pe v avtiotoyn tiunq tov Curve Number. H mpokabopiopévn tium
oto HEC-HMS givar n povada. Me avtéc tig Tipnég tov Scale Factor mpocopoimdnkay kot
0 TANUUOPIKE  €MElcOOl  He TIG OOopvEOpKEG  eKTunoelg Ppoyxdntmong. Téhog,

Boabuovountnkav kot ot dvo mapauetpotr tov poviérov ModClark, katackevalovtag va
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ovvBetikdo MYT péow tov poviédov, £161 OGTE Vo TPOGAPUOLETOL TO KAADTEPO SVVATO GTO
napatnpnuévo MYT, peyiotomoudvrag kot mwhAl to cuvtedeot Nash — Sutcliffe.

Mo v a&loddynon g enidooNs TOV ATOTEAECUATMV TV TPOGOUOLDCEMY, EKTOC TOV
ovvteheot Nash- Sutcliffe (E&iomon 3.21), vmoloyiommkav kot to peyédn Bias (B)
(E&iowon 3.22), n mocootiaiot dapopd ¢ mPog T0 GLVOAKO OYko amoppong (AV)
(E&iomon 3.23) kot 1 mocootiaia dtpopd g mpog v mapoyn arxuns (AQp) (E&icwon
3.24). Xt ev Moyo €El000ES, OpVNTIKO OTOTELEGUO ONUOIVEL OTL 1 TPOGOUOI®ON
VTOEKTING To peyEdn oe oyxéon pe To mapatnpnuévo. Avtibeta, Oetikég Tpég

HETOQPALOVTOL OE VITEPEKTIUNON.

5 (@i - Q)

<92 % 100 (3.22)

. (Q5)
Vs = Vo

AV = x 100 (3.23)
o]

20 =% =% 100 (3.24)
Qo

Omov:

B 1o Bias 6g 1060070 £ni T01G £K0TO
AV 1 mocooTioia d1apopd Mg TPOG TO GLVOAIKO GYKO ATOPPONS
AQ m mocooTioia d1POoPE MG TPOG TNV TOPOYN OLYUNG
1<1<n 10 YpoviKo Pripa TG TPOSOUOIWONG
L 1 TPOGOUOIOUEVN ATOPPOT} GTO YPOVIKO PO i
Q! 1 mapaTNPNUEVY ATOPPOT} GTO YPOVIKS PO i
Qs M TPOGOLOI®UEVT TTAPOYN CLLYUNG
Qo M TpocOpOIOUEVY PO ALXHNG
Vs 0 mpocopot®mpéVog GLVOMKOG OYKOG TOV ETELGOOI0V

V, 0 mopatnpnpévog GuVOMKOS OYKOG TOL ETEIGOOI0V

3.7 A6pO®on 30pLPOPIKAOV dEGONEVOV

Ta dopvpopikd mpoidvia PpoxdnTOoNG AmOTEAOVV EUUECES UETPNOELS Kol YU OLTO
elvon emppenn o€ Tuyaio Kot cvotnuatikd cedipata (Habib et al., 2014), (Tesfagiorgis et
al., 2014). Ta oediuata eEaptd®VTOL Kot OO TNV €mOYN KoToypoens (Kolokaipt 1

rewwmvog). To cvotnuatikd opdiuato (bias) eivar cuvnbmg peyaddtepa o yeymva ax’ 0Tt
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TO KOAOKOipl Kol €101KA o€ peydia yeoypapikd tAdt. Ta cpdApata eniong ennpedlovtol
amd TN Oodpkela ko TV évraocn e Ppoyxdntoonc. Ot afefordtnreg mov VIEIGEPYOVTOL
00MyoUV G€ VWEPEKTIUNON 1 VROEKTIUNGT NG PPOYNS Kol GUVENMS GE UEYOADTEPEG M|
HKpoOTEPEG TWES Omoppong, avaroya. H Ppoyxdmtmon eivor pio dwwheimovoa @uoikn
dlepyacia, EVM Ol EKTIUNGELS TOV TOPEXOVTAL AO d0PLEOPOLS Elval cLVNOWE GTLYIES, (e
amotéleopo kdbe keAl tov kavafov va yoapakmpiletor ond Tov €KAGTOTE OAAYOPOUO
Bpoyoémtmong amkmdg mg «Ppoyepo» M un «Ppoxepd» (Hossain and Huffman, 2008).
2uyKpivovtog TIG J0PLPOPIKEG EKTIUNGCELG UE TIG UETPNOEIS OMO EMYEIOVG GTAOUOVG,
vdpyovv téooepa THUVA GEVAPLAL:

1. O dopveopog aviyvedet T Ppoyn exttvuymg (hit).

2. O 30pupdpoc amoTuyyaveL va ovyvevoel T Bpoyn (MIss).

3. O 80pupdpog aviyvevEL EMTLYMS OTL OeV VITAPYEL PpoxN.

4. O d0pvpdpog amotuyyavel va aviyvedoet tn un vrapén Bpoyrc (false alarm).

2oppova pe to mopamdve {ntipoto KpIivetol EmMTOKTIKA N ovaykn dopbwong tov
JOPLPOPIKAOV dedOUEVOV, TPV aVTA Ypnopomoinfodv yio. VIPOAOYIKES epappoyés. H
omoladnmote dopbwon mpaypatonoteitoan Pdoel TV enlyeimv otobpmv Tov Bempeiton OTL
avtikatontpilovv v mpaypatikoémro. Epapudotnke n pébodog Mean Field Bias (MFB).
H pébodog avt vmoBétel 6t tar spdApato opsiloviar o éva eviaio TOALUTANGIACTIKO
o@Aaipa. Me dedopévoug Tovg BpoyoUETPIKOVg oTafovc, Tpaylatonoleital cOYKpIon He
TG EKTIUNOELG TV £yYOTEp®V PiXels. H 816pbwon npénet sivar avaroyn pe to xpovikd Prino
g Tpocopoinong. Enedn emiéyOnke ypovikd Prina piog dpog yio Tic TPOGOUOUDGELS TMV
enelcodiov, vmohoyiomnke £€vog O0plwTikdG ovvieleotng oe wplaio KAipoka. Ot
oLVTEAEOTEG TTposkuya e TV epapproyn g E&iowong (3.25) (Anagnostou et al., 1998),
(Goudenhoofdt and L. Delobbe, 2009):

Z?I=1 Gs(ui)
C, = 2zt 3.25
S5 (u0) (3.25)

Omnov:

N 1o mAn00o¢ TV (evydv oTabpmv-dopueopikmdv pixels
S TO YPOVIKO o

Cs 0 dopbwTikdg CLVTEAEGTNG

Gg(u;) n TR tov PBpoyouetpikod otabpov otn Béon u;

S¢(u;) M TN Tov pixel Tov dopvEodpov ot BEoN U;
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2V TEPITT®OT OV GE KAMO10 XPOVIKO Prpa VIapyel UNOEVIKY KOTAYPOPT OO TIG
d0PLPOPIKEG  EKTIUNCELS, VA TApAAANAo Ol emiyelol otabpol €yovv  KOTOYpAWYEL
Bpoyomtwon peyaivtepn tov undevog, 10te o mapavouactig otnyv E&lcwon (3.25) yiveton
undév, apa n (3.25) dev pmopel vo. EQUPUOCTEL KOl GUVERDS GE OWTO TO GUYKEKPLUEVQ
YPOVIKA Prnata mpémel va mpootebel pio pikpn otabepd oe 6A0 Tov KAvaPo, £T61 OGTE va
amopevyovtor ot undevikée tipég (Delobbe et al., 2008). Enedn 10 ypovikd Priuno sivon
oplaio, emdéyOnke pio moAd pkpn otabepd, ton pe 0.01 mm. Ot dwpbrocelg Tov
JOPLPOPIKAOV EKTIUNCEWV TTpaypatomomdnkay oe epiBdilov GIS, 6mov eonydncav ta
apyeio. .nc ue batch dwdikooia, péom tov Modelbuilder kot yio xkdBe ypovikd Prinoa
amopovadnkoav to pixels mov nepiddupavay Tovg BPoyoreTpiKoDc 6TAOUODE 6TO ECMTEPIKO
T0VG. Ymoloyiotnkav ot dopBwtikoi cvvtedeotés, and v (3.25) kot pe ™ ypnion Tov
gpyaieiov Calculator tov HEC-HMS oavampocapudéomray to d0pu@opikd dedouéva,

noAlamAacialopeva el Tov avtioToryo 010pH®TIKO GLUVTEAESTY).
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4. ATIOTEAEXMATA - XYZHTHXH

210 TopOV KEPAAO0 TOPOoLGIALOVTOL TO ATOTEAEGUATO TG VOPOAOYIKNG OVAALGTG TOV
dlevepyndnke o©T10 TANIGIO TNG TOPOVCOS WETAMTUYIOKNG €PYOCiog COUQOVO HE TN
pebodoroyia mov meprypdonke oto Kepdiaio 3. H ev Adyw avdivon aeopa to 16TopKd
enelcooL Ppoyns, mov mopovoidotnkav otov Ilivaka 2.3. Apywd, mapovcidlovior ot
TOPAUETPOL TOV OEGOUEVOV €16000V Yl T 00O HOVTEAD Ppoync Omoppons Kot To
TPOGOUOIOUEVO TANUUVPOYPOPTLOTO TOV TPOEKLYOV HE TN YPNON TOV PPOYOUETPIKOV
TOPATNPNCE®Y TOV oTaOU®V. TN GLVEYEWD, TOPOLGLALOVIOL Ol TPOGOUOIDGELS TWOV
EMEICO0IMV, YPNOLUOTOLOVTIOS TO TPMOTOYEVH] OEGOUEVA TOV SOPLPOPIKADV TPOIOVIMV KOt

TEAOG Ol TPOGOLOLDGELS LE TIG OL0PHMUEVEG DOPLPOPIKES EKTIUNGELG.

4.1 BoaOpovopnon povrélov Bpoyng - amoppor)g
4.1.1 BaOpovopnon MYT Iooypovev Kaprorov

210 ZyMua 4.1 tapovotdlovtal ot 160YPOVES KOUTOAES, EVTOS TV Oplwv NG Aekdvng
amoppons. ZOpemva pe v pebodoroyia mov mapovsidotnke oto 3.4 1o e&aydpevo MYT
BaBuovounbnke yepoxivnto, HECH TV TAYLTNTOV PONG €VIOC TOL VLOUTOPELHATOS. Ot
Babpovounuéves TaydINTEG PONG OVAAOYO LE TNV TAEN TOL VOUTOPEVLLLOTOG TOPOVCIALOVTOL
otov [livaxa 4.1. To MYT tov Iodypovav Kapmviov cuykpiveton pe 1o mopatmpévo MYT
Mg Aekdvng amoppong omtikd (Tynqua 4.2), oAhd kot pe Paon to deiktn Nash-Sutcliffe
(NSE), 1o Bias (B), v mocooTtiaia dtopopd ®g Tpog T0 GLVOAIKO 0YKo amoppon|g (AV),
NV ToG0oTIie dlaPopd ®¢ TPog TV mapoyn oyuns (AQp) kot ™ Sweopd 6To YPOHVO
aryung (Aty) (ITivakog 4.2). H mpocappoyn eivor mopamdve ond 1Kovomomtiky, Kabdg o
deiktng Nash-Sutcliffe eivon icog pe 0.90 (6.0. 660 Mo Kovid eivor ot povdada TOGO
KOADTEPT TPOGOPUOYN), Ol YPOVOL ayUns dtaupépovy KoTd TV eAdyiotn dvvary tiun (1
opa), eved to peyédn B kot AV givor oyeddov undevikd, 0.46 ko 0.64 avtictoya. H povn
OVCLOCTIKY dlapopd moapatnpeitar og Tpog T0 AQp, GLVERMG KAl GTNV TN TNG TAPOXNG
aungs, 6mov 10 MYT 10V 166ypovev KOUTLA®GVY divel Ty Kata 22.9% pkpdtepn, Tov Kot

TaAL etvor pio GYETIKA IKOVOTTOINTIKY S1opopdL.
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[Mivakag 4-1: Toydtnteg pong ovdAoya pe TNV TAEN TOL LOATOPEHOTOC

Té&n vdatopevpOTOg Tayvmra pong

(m/s)
1" 15
2" 1.7
3" 1.8
4" 2.0

looypoveg kapnUdeg (Wpeg)

' High: 47

Low:0

Zyua 4-1: Tooypoveg KapmbAeg

IMapoyn [m3/s]

300 -~
= = [lapatnpnuévo MY
=—MY Iooypoveg Kapumdreg
: — -, !
30 40 50 60

Xpovog [h]

Zynpa 4-2: Tlapatmpnuévo MYT kot MYT 166ypovev Kapmoiov
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[Tivakag 4-2: A&odoynon MYT 160ypoveov KOUTLADY LE GTATIOTIKG peyEin

Mappetpot [Topatnpnuévo MYT

MYT Iodypovav
Q, [m/s] 260.0 200.4
t, [h] 8 7
Nash Sutcliffe 0.90
Bias [%] 0.46
AV [%] 0.64
AQ, [%] -22.93

4.1.2 BoaOpovopunon nopopétpov ModClark
®étoviog G oToYIKN ouvvaptnon T upeywotomoinon tov Nash - Sutcliffe, ot

BeATIoTOTOMUEVEG TIEG TOV dVO0 HETAPANTOV TOV ¥PNGIULOTOMONKAY Gav oTafepEC Ko Yo
T0 TEVTE €MEGOd TOL eEeTAGTNKAY, ONAAON TOL YPOVOL GLYKEVIP®ONG KOU NG
amobnkevTNKOTNTAG TG AeKAVNG VIoloyiotnKav avtiotoyo oto: T = 8.49 hours ka1 R =
6.45 hours. Me v gpappoyn g (3.18) yio T = 8.49 hours kot R = 6.45 hours, tpoékoye
m = 0.43. Onwg Kot 6NV TEPITTOGT TOL GLYKEVIPOTIKOD HOVTELOV, £TG1 Kot TOpo To0 MYT
mov mpoékvye pe v epappoy] tov ModClark a&oloynbnke oe oyéon pe TO
napatnpnuévo MYT (Eyua 4.3), yia va eheybel 1 opfotTa v Pabpovopnuévev Ty
TOV YPOVOL GLYKEVIP®ONG KOl TNG OmodnkevTikdOtNToC. Xpnolwonomdnkay tao ido
otatioTikd peyéon: o deiktng Nash-Sutcliffe (NSE), to Bias (B), n mocootiaia diapopd mg
TPOG TO GLVOAMKO OYKO amoppong (AV), 1 mocooTIoin S10(poPE MG TPOG TNV TOPOYN GLXLUNG
(AQp) ko 1 drapopd oto Ypovo arxung (Aty) (ITivaxag 4.3). O deixtng NSE eivor axopa mo
KovTd o011 povada o€ oyéon pe to MYT tov cvykevipmtikod poviéhov Kot icovton pe 0.95,
EVD Kol TAAL M TANUULPIKN oy ovpPaiver pio ®pa vopitepo o€ oxéon HeE TO
napatnpnuévo MYT. Ta peyédn B xor AV, oe oyéom pe to mapatmpnuévo MYT, elvan
oxeddv 10 pe avtd tov MYTD ond 1o ocvykevipwtikd, oavtictoyya 0.42 wor 0.64.
Ovolaotikd, o dgiktng NSE avédver kupimg enedr] to MYT tov ModClark vroextipd
MyOTEPO TNV TANUULPIKY TTapoyT|, kKotd -12.6%, oe avtiBeon pe to MYT tov 16d6ypovev

KOUTVAGDV TTOV TNV VROEKTIUE KaTd -22.9%.
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= = [lapampnuévo MY

e MY ModClark

Iapoyr [m3/s]

Xpovog [h]

Yymua 4-3: Tlapammpnuévo MYT kot MYT ModClark

[Tivakag 4-3: A&ordoynon MYT™ ModClark pe otatiotikd peyén

Mapépetpol [Hopatnpnuévo MYT

MYT ModClark
Q, [m¥/s] 260.0 227.2
t, [h] 8 7
Nash Sutcliffe 0.95
Bias [%] 0.42
AV [%] 0.64
AQ, [%] -12.60

4.2 AmoTeLEOHOTE GUYKEVIPOTIKOV VS, KOTAVEUNUEVOD HOVTELOV

Ymv Evomra 4.2 mopovcialovtol to. omoTEAECHOTA TG VOPOAOYIKNG TPOGOUOIWONS
TV emAeypévov enecodiov ot AAIl m¢g Kapvtowvag ovd eneicdoo  Ppoync.
Avorutikdtepa Yoo kébe enelc6010, TAPOLGLALOVTOL TO TAVUUPOYPOPTLLOTA GTNV €000
g AAIT KapOdtowvog, 0nwg Tposékuyay amd TV €QOPUOYT] TOV GLYKEVIPMOTIKOL KOl TOL
KOTOVEUNUEVOL  HOVTEAOVL. XTO 1010 YPAPNUO  OVOTOPIoTOVTOL TO  TPOGOUOI®UEVO
TANLLLVPOYPAPNLATO, CGE OYECN LE TO OVTIOTOLXO TOPUTNPNUEVO TANUUVPOYPAPTLLOL.
Téhog, TapovcstalovTol TIVOKOTOUEVO TO XOPAKTNPIGTIKA HEYEON KABE VOPOYPUPNLOTOC
KOl TO. OTOTIOTIKG pey€dn, mov ypnowomombnkov yia tv aglohdynon. Apyikd, oto
emopeva oynuato (Zynuota 4.4 émg 4.8) mtapovoidlovrol ta abpototikd vym BpoyodTTong
avd emelcdoto Ppoyng yio ™ Aekdvn amoppong g Kapdtawvog, 0nmg vroloyiotnray pe
TG pebodovg Thiessen kar IDW. Amd ™ pébodo Thiessen, mAnv tov emelcodiov 4,
vroAoyiomnke peyardtepo abpolotikd Hyog Ppoyxdmtmone. Idwitepa avtiinmtég eivan ot

amokAMoelg oto emelcdola 2 Ko S5 kot wiaitepa oto 5. Qotdc0, ota enelcod 1 ko 3
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vdpyel oyeddv amoAvTn TOwTIon pHeTalh TV dvo uehodwv, v oto emElcOo0 4 o1
VTOAOYIGHOL e TIC OVO HEBOOOVE GLVAOOVY OPKETA, LE LKPY ATOKAION Vo TopaTnpeiTo
ota afpototikd Hyn Ppoydmtoong amd v 20" dpa ko Ererto, OTOV N KOUTOAN TNG
afpototikng Ppoyodmtmong and ™ pébodo IDW Ppicketor cuveydg vyniotepa omd v
avTioToyn KoumoAn pécwm twv molvywvev Thiessen. Xtov Ilivaka 4.4 avaypdaeetol to

GLUVOAIKO VYOG BpoyOTTmong HESH TV dV0 HeBddmV, Yia KGbe ENElGOO10 TOV EEETACTNKE.

[Tivaxog 4-4: Tyég oAKNg PpoxOdmTOONG Yo ToL ETEICOdN PPOYNG

Oln| BpoydmnTmon [mm]

E 00
TELo0010 Thiessen IDW
1 31.9 31.3
2 80.0 74.2
3 33.8 335
4 42.2 434
5 50.1 56.2
35 -
'E 30 -
E — DWW
g 25 -
S = Thiessen
520 -
=
o
[oN
Q15 -
i
B 10 -
)
&
< 2
0 T T T T 1
0 10 20 30 40 50
Xpovog [h]

Iyua 4-4: Abpolotikn Bpoyxomtwon katd Thiessen kot katd IDW (Ereisodio 1)
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Yynuo 4-5: Abporotikn Bpoydntwon kotd Thiessen kot kotd IDW (Eneioddio 2)
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Yynua 4-6: ABpoiotiky Bpoydntmon kotd Thiessen kot katd IDW (Ergiodoio 3)
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Yynuo 4-7: Abpototikn Bpoydmtmon kotd Thiessen kot kot IDW (Eneioddi0 4)
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Yynua 4-8: Abpoiotikn Bpoydntmon kotd Thiessen kot katd IDW (Engiodéio 5)
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421 Eneeodwo 1—-03/03/2013

[Tivakag 4-5: Xapakmpiotikd peyédn minupopoypapruatog (Ereicooto 1)

Iopdpetpot Qobs Kotavepnuévo Xuykevip@tiko
Qp [m*/s] 126.6 124.1 118.0
t, [h] 13 13 13

V [hm?] 7.8 75 7.6
Nash Sutcliffe 0.99 0.98
Bias [%] -3.47 -3.12
AV [%] -3.85 -2.56
AQ, [%] -2.0 -6.8
At, [h] 0 0

Piot [Mm] 31.3 31.9
Lot [mm] 25.5 26.2

Xoppova pe v Zynua 4.9, to vyniotepa Hym Ppoyng eviomifovior 6To VOTIO Kot
OEVTEPEVOVIMG OTO KEVIPIKO TUNUO TNG AEKAVNG ATOPPONG, €VAO YOUNAOTEPN €ivon 1
Bpoyomtwon ota POPELD Kot avATOAKAE TUNHATO TG TEPLoyng peAétng. Ta 600 povtéda
TPOCOUOIOVOLV TNV TopaTnpnuévn amoppon e&apetikd. Avtd elvar gpeavéc omd OAa
otatotikd peyédn (Ilivakag 4.5). Ot tuég tov ovvteheot) Nash- Sutcliffe sivor opraxd
Kat®w oamd ™ BéAtiotn T TOv, TN povada. EAdyiota kaAdtepa cupmeplpépeTol TO
KOTOVEUNUEVO HOVTELD Kol 0 AOYOG £YKELTOL KUPIMS GTO YEYOVOS OTL 1| TOPOYN OLYUNG TTOV
TPOEKLYE OMO TO KATOVEUNUEVO HOVIEAO TANGLALEL TEPIGGATEPO TNV TOPATNPNUEVT
TOPOYN OLYUNG, VTOEKTILMVTAG TNV EAdylota kKatd 2.0%, o€ avtifeon e TO GLYKEVIPOTIKO
povtéro, 6mov 1 vroektiunom eivan Atyo peyaivtepm (-6.8%). Oco apopd cto ¥pdvo NG
TOPOYNG OLYUNG, Ol YPOVOL OQUYUNG TOV TPOCOUOIDCGE®V TAVTILOVTOlL TANPWOS HE TOV
npoypatikd. Ot andAeleg Ppoyng mov TPOEKLYAV OO TO GLYKEVIPMTIKO €lval gAdyloTA
HEYOADTEPES OE GYECT LE TO KOTOVEUNUEVO KOL OVAAOYES WE TN SPOPE GTN GLVOAIKT
Bpoyxdmtwon, Tov vIoAoyioTNKE e T dVOo PeBOdOVG empavelaKkng oAokANpwonc. Kat otig
V0 TEPMTMCELS, LAPYEL Wil HIKPN VTOEKTIUNGT OVOQOPIKA LE TIG TPOCOUOUDUEVEG
amopposs otov KaBodkd KAGSo yio to ypovikd dwotnuo [21,35] dpeg. Qotdc0, OMMG
avaeEépOnke o1 TPOCOUOIDOELS €lvol TOPATAVEO OO 1KOVOTOMNTIKEG Kol oTiS 000

TEPUTTAOCELS, LLE TO KATAVEUNUEVO LOVTEAD VO GUUTTEPLPEPETOL EAAYLOTO KAAVTEPAL.

104



Ptotal [mm]
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High : 47.5
Low : 226

Zyua 4-9: Katavoun oAtkng Bpoyomtwong pe tn pébodo IDW (Eneisodio 1)
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yuoa 4-10: Iinppopoypaeruota ot 0éon Kapotowa (Eneicodo 1)
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4.2.2 Encwooow 2 — 24/01/2014

[Tivaxog 4-6: Xapaktnplotikd peyédn minupvpoypoenuatog (Ereicodo 2)

Iopdpetpot Qobs Koataveunpévo Xvykevipotikod
Qp [M*/s] 270.0 299.8 315.4
t, [h] 40 39 40

V [hm?¥] 26.2 23.3 22.6
Nash Sutcliffe 0.95 0.86
Bias [%] -10.88 -13.63
AV [%] -11.13 -13.67
AQ, [%] 111 16.8
At, [h] -1 0

Pt [mm] 74.2 80.0
Lot [mm] 51.1 57.7

Onwg eatvetoar oto Zynua 4.11, vynid dym Bpoyng onpetddnkav kovid otnv ££0d0
™G AEKAVNG amoppons, 610 Popelodvtikd TUNUA TG, VA yopnAdtepn Ppoyxdntmon
VTOAOYIGTNKE, MO TIG KATAYPOUPES TOV GTOOUDV, GTNV VTOAOITN £KTAGT TNG VOPOAOYIKNG
Aekdvng. Ze avtifeon pe 10 emelcdoo 1, €0 ta mpdypata givar mo Eekdbapa, KaOOG e
Baon v Zymua 4.12 kot tov Ilivaxa 4.6, 10 KoTOVEUNUEVO HOVTEAO LITEPTEPEL GE OAOL TOL
pey€tm, mAnv tov xpovov ayune, 6mov N mapoyn ayuns cvpPaivel pio dpa vopitepa 6to
KOTOVEUNUEVO HOVTELD, VA O XPOVOG OLYUNG TOL GLYKEVIPOTIKOV TOVTILETON amOAVLTA e
tov mopatnpnuévo. H minupopikn oayun vmepektipdrolr kot oto o900 Hovtédd, OAAG
npooeyyiletal opOBdTEpa amd 10 Kataveunuévo, e amdkiion g taéng tov 11.1%, n omoia
avéavetor oe 16.8% o10 cvykevipotikd. [Tapd v vrepektipnon Tov ypodvov oyuns, o
GLVOAIKOG GYKOG TOV VOPOYpaPNLaTog vtoekTipdTon kotd 11.13% oto katavepunuévo kot
katd 13.67% o010 cvykevipoTIKd. AvTd 0PeileTon KVpIwGg GTNV ap)Y] TOV AVOSIKOD KAGOOV
oto odotnua [10, 28] ®peg, Omov mapaTnPHONKaY amoppoés mepimov ™G TaENG Twv S50
m3/s 1 omoleg dev avayvopilovior ce kovéva amnd to dvo poviéro. BéPata, avtd de
oyxetileton pe atéAElEg TOV HOVTEA®V OAAG pe To PBpoyoueTpikd dedopéva, Omov Ommg
OMOOEIKVVETOL Ol KOTAYPOUPES TOV EYKOTEGTNUEVOL SIKTVOV T®V GTAOU®V OV UTOPEGAV VoL
aVaTOPUGTCOVY He akpifela v mopayopevn amoppor]. Té6co o avodwkdg 660 Kot o
KaB0O0WKOG KAAOOG TOL TANUUVPOYPOPNLATOS TPOCOUOIALovTal KOADTEPO amd TO TO
Kataveunuévo povtého. TELOC, ot BabBpovounuéves GUVOMKES amdAEIES eivon Kotd 6.6 mm

TEPLOGOTEPEG OTO GLYKEVIPMOTIKO KOl TOA OVAAOYEG LE TNV EKTIUNGT TNG GLVOAKNG

Bpoyomtwonc.
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Ptotal [mm]
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High: 124 .8
Low : 66.6

Zyua 4-11: Katavopr, olkmg Bpoyodntwong pe ) pnébodo IDW (Eneicddio 2)
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Syuo 4-12: Thimppopoypaerpota ot 0éon Kapotowa (Eneicodio 2)
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4.2.3 Enewooow 3 — 24/01/2015

[Tivaxog 4-7: Xapoakmnplotika peyédn minuuopoypapipotog (Exeicdoto 3)

Iopdpetpot Qobs Koataveunpévo Xvykevipotikd
Qp [m%s] 1635 190.6 152.5
t, [h] 16 17 16

V [hm?¥] 11.8 10.5 9.2
Nash Sutcliffe 0.83 0.76
Bias [%] -9.75 -22.13
AV [%] -9.71 -22.11
AQ, [%] 14.2 -7.2
At, [h] 1 0

Pt [mm] 335 33.8
Lot [mm] 241 26.0

Zopeova pe v Zymua 4.13, ta vynAdtepa Hym BpoxNg CLYKEVTIPOVOVTAL GTO VOTIO
U TS AEKAVNG omoppong kot peudvoviot Pabaio oty katevboven mpog to Popeto
unua s Onmwg gaiveton and tov Ilivaxa 4.7 kot 10 Zynuo 4.14 ko Bswpdviag to
ovvteheot NSE cav 10 mo kpiowyo otatiotikd péyebog, 1o KATaVEUNUEVO LOVTEAD Kol
TAAL TPOGOUOIMVEL IO ATOTEAECUATIKA TO TANUULPOYPAPN e TOV enelcodiov 3. Tlapot n
afpootikn Ppoyxdmrmon eivar oxeddv tawtdonun oTlg dV0 HEBOSOVES EMPAVELNKNG
OAOKANP®OONG, TO PBaOLOVOUNUEVO GLYKEVTPOTIKO HOVTEAO LITOAGYIcE 1.9 mm mopamdveo
OPYIKEG OMMAEIEG, MOTOCO OMMG KOl GTO EMEIGOO0 OVO TO GLYKEVIPOTIKO HOVTEAO
exktipmoe okpPdg To ¥POVO TNG TANUUVPIKNG OYUNG, EVO 1 OYUN TOL KOTOVEUNLEVOL
povtédov kabvuotepel Katd 1 dpa.

Q¢ mpoc TV oy TG TANUUOPOS Tapatnpovvion Vo avtibeteg mopeiec, pe To
KOTOVEUNUEVO LOVTELO VO TNV DITEPEKTILA KO TO CLYKEVIPMTIKO VO, TNV VIOEKTIUA. TENOG,
Kot ota 000 HOVTEAX VTOAOYIGTNKE €VOG OGULVOMKOS OYKOG KPOTEPOS Omd  TOV
TOPOTNPNUEVO, LE TO KATOVEUNUEVO Vo TOoV Tpoceyyilel KaAvtepa og mocootd -9.71%,
évtavtt tov -22.11% tov ocvykevipotiKod. Avti 1 vroektipunon oesiletonr Kupimg oTIg
TPAOTEG MPES TOV EMELC00I0V, OOV 1 KAIGN TOL AVOdIKOL KAAOOL TNG TOPATNPNUEVIG

amopponNg ivat o amdTOUT, 6€ GUYKPLIoT HE TO OVO TPOGOUOIMUEVA TATLLLPOYPOPT|LLOLTOL.
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Ptotal [mm]
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High : 66.8
Low : 243

Zyua 4-13: Katavopr, olkmg Bpoyodntwong pe ) pnébodo IDW (Eneicodio 3)
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Syuoa 4-14: THimppopoypaerpota ot 0éon Kapotowva (Eneicodio 3)
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424 Enewooow 4 —27/02/2015

[Tivaxog 4-8: Xapoakmmpiotikd peyédn minuuopoypapipotog (Exeicdoto 4)

Iopdpetpot Qobs Kotavepnuévo Xvykevipotiko
Qp [m%s] 144.0 153.8 146.4
t, [h] 29 29 28

V [hm?¥] 16.0 15.3 15.5
Nash Sutcliffe 0.97 0.98
Bias [%] -4.26 -3.25
AV [%] -4.26 -3.26
AQ, [%] 6.9 1.7
At, [h] 0 -1
Piot [Mm] 43.4 42.2
Lot [mm] 334 32.9

Onwg gaivetar oto Zynua 4.15, 1 vyniotepn Ppoydmtwon onueiddnke Kovtd oty
¢€000 Mg Aekdvng, OmmG Kol 610 ENEGO010 2. YynAn Ppoyomtwon onUelddnKe Kol 6To
KEVIPIKO Kol VOTIOL TUMUA TNG AEKAVNG OITOPPONG, EVM YOUNAOTEPEG TIUES KATEYPOWYOV Ol
otafuoi ota Bopeln kot Popetoavotorkd g Aekdvne. Ot cuvtedeotég Nash - Sutcliffe
(ITivaxag 4.8) TV TPOCOUOIOGE®V TOV €nEIG0diov 4 givar avticTol ot e Tov emelcodiov 1
Kot oplakd amokAtvouv amd ™ povada. [Hapatmpodvtag ta eEaydpeva TANULULPOYPOOTLLOTOL
ontikd (Zymua 4.16), eivar dvokolo akdpo Kot vo daymplotodyv petald Tovg, kabmg n
TAVTIoT ToLg TANGalel To 100%, pe poveg egapéoelc o drdoTnra Alyo mpwv Ko PeTd TV
EUPAVIOT NG TANUUVPIKNG OyUNS Kol TPOG TO TEAOG TOV EMEWGOOIOL, OMOL TO
OLYKEVTPOTIKO HOVTELD TawTileTOl OYEOOV HE TO TOPATNPNUEVO TANUULPOYPEOTLLOL.
[Ipopavmdg, 01 TPOGOUOIDGELS £Vl TOAD KAVOTOMTIKES, OTWG KAl UE TIG TPOGOUOIDGELS
tov gmelcodiov 1. EAdyiota vreptepel 10 cvykevipoTikd poviELO, OOV 1 EKTIUNGT TG
aung tvar oxeddv amorvt (AQp= 1.7%), éved T0 KATOVEUNUEVO TV VIEPEKTIULA EAGYIOTOL
(AQp= 6.9%). And Vv AN TAevpd, TO KOTOVEUNLEVO HOVTELD Tpoceyyilel téheln To
XPOVO auypni.
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Ptotal [mm]
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High : 53.9
Low : 29.3

Zyua 4-1: Katavoun oAtkng Bpoyomtwong pe tn pébodo IDW (Eneisodio 4)
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Symua 4-2: TIinupopoypagnuato ot 0éon Kapdtawva (Eneicddio 4)
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425 Eneeodwo 5—06/03/2015

[Tivaxog 4-9: Xapaktnpiotikd peyédn minupvpoypoenpatog (Ereicddio 5)

Iopdpetpot Qobs Kotavepnuévo Xvykevipotiko
Qp [m%s] 166.7 1795 183.3
t, [h] 15 18 18

V [hm?¥] 14.1 14.1 12.1
Nash Sutcliffe 0.91 0.78
Bias [%] -0.32 -13.93
AV [%] -0.17 -13.86
AQ, [%] 7.7 9.9
At, [h] 3 3

Piot [Mm] 50.1 56.2
Lot [Mmm] 375 46.9

Yopeova pe to Zynua 4.17 kor maA or meployég Popeta Kot POPEOOVATOMKA NG
Kopotawvog oéxovior to peyoardtepo dyko Bpoyng, VO 6To KEVIPIKE TUNLOTO TG AEKAVNG
eupaviCovrot ta yapnAidtepa Hym Ppoyns. Xto emelcddo owtd, Pdoet Tov peyedmv Nash —
Sutcliffe kot AV etvar Egxdbapo 6t T0 Katavepunuévo povtédo vreptepel. BéPara, sivar
eupavég otL ot dapopd vrép tov ModClark opeideton 6TV KaADTEPT TPOGAPLOYTY TOL
K0aB00uoH KAGOOV, OV val eV OgV gival KPIGILOG OGO aPOpd GTN JLUGTOGIOAOYNGN EVOG
AVTUWTANILPLPIKOD €pyov, aAAd Tpopavag sivar kdtt mov mpémel vo. avapepbel, kabmg To
Mua mov Biyeton €0 eivar 1 a&loAdYNON TOV HOVIEA®Y MG TPOG TV TPOCAPLOYY] TOVG
oV TPAyHoTKOTNTA. Ot eKTUNUEVEG TANUUVPIKES OYUES OPEPOLY EAAYLIOTA, TOGO
petalh Toug, 66O KOl G GYECT LE TNV TOPATPNUEVT TANUUVPIKT oyn. Q6T060, EXEWON M
péBodoc Thiessen extiumoe opkeTd HeYOAOTEPT] GLVOMKN PpoxOmMTOOT, OvTIiGTOLO
EKTIUNGCE KOU OPKETE TOPOATAVE GLVOMKEG OTMOAEIES, £TCL OGTE VO TPOGOPLOCTEL GTO
TOPATNPNUEVO VOpOYPAPM A L TO BEATIOTO TpOTO. Tar dVvo povtédla epgavifovv dpme v
O aduvapio: eKTHovV OTL 1| TANUpLPIKY oy cvpPaiverl 3 dpeg apyodtepa. To eneicdo10
5 givor n poévn omd TG TEVTE MEPUTMGELS TOL EEETAGTNKAY, OOV O YPOVOS QLY UNG OLLPEPEL

TEPLGGOTEPO OO 1 MPO G€ OYECT LLE TOV TPOYLATIKO.
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Ptotal [mm]
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High : 96.0
Low : 242

Zyua 4-17: Katavopr, olkmg Bpoyodntwong pe ) pnébodo IDW (Eneicddio 5)
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Yynpa 4-18: IIinppvpoypaenpata ot 8éon Kapvtawva (Eneicodio S)

426 Xvolnmnon omotelecpaTOV

Me Bdon To amOTEAEGLOTA TMOV TPOCOUOLDCEDV TOV TOPOVGIAGTIKOY TOPATAVE Kol
ocvvoyilovtat atov Ilivaxa 4.10, 610 TOPOV VIOKEPAANLO AVATTOGGOVTIOL OPIGUEVA CUETDL
YL TN YEVIKOTEPT GUUTEPLPOPE Kol 0mdO0on TV 000 HOVIEA®V. ApyIKA, O TPOG TNV
eEMPavelOKn PBpoyomtmon oavtn dwupopomoleiton avaioyo pe TN HEOOOO EMPUVEINKTG
OAOKANP®ONG oL €PoprOleTor Yo To 1010 €melGOO0 Ppoyng Kot Yo dedopEvn Aekdvn
ATOPPONG. XT0 TEGGEPN AMd TO TEVTE EMEICOOIN TOL HeEAeTONKAY 1 pEBOOOC TOAVYDV®OV

Thiessen vroAdynoce peyardtepo Vyog Ppoydntwong am’ 0tL 1 uébodog IDW. Movadikn
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eaipeon amotelel 10 €melc6010 4. X0 emelcdola 1,3 ko 4 ot dapopég ot PpoydnTmon
elval oxeddv apeANTEEC, OUMG 0T EMEICOIN 2 KO 5 elval apKETA ELPAVEIS KO ONLLOVTIKEG.
H ektipnon tov vdporoyikdv anwieimv amotelel {ntnua peilovog onuaciag, kKabd £6T®
Kol pio pkpn HETOPOAN oOTIC TIHEG, €mnpedlel ONUOVTIKG TNV OmOKPLon NG AEKAVNG
amoppong, TOG0 MG MPOS TNV TAPOYNG OLYUNG, 000 Kol 6TO YPOVO GTOV OTOi0 E€KEIvM
eppavifetat. Katd tov mpocsdiopiopd Tmv voporoyikdv anwAeldv pe ) pébodo SCS — CN,
N arddoon piag Tyung tov cvvieleot CN avd gicovooTotyeio mTov va avTomokpiveTot 6TV
npoypatikdtnTo, eivar koboplotikng onpaciog. IAnv tov eneicodiov 4, ot GLVOMKEG
VOPOAOYIKEG OMMAELES KATA OOAVTN TN &lvol PEYOAVTEPES OTNV TMEPIMTOON EPAPUOYNG
TOV  GUYKEVIPOTIKOV HOVIEAOV, EVOEYOUEVMOG AOY® KOl TOV HEYOADTEP®V VYOV
Bpoydmtmong mov extipnoe 1 pébodog tolvydvmv Thiessen. To avtibeto mapatnpeiton 6to
GUVTEAEGTI] QOPPONG MOV €ival HEYOAVTEPOS GTO KATOVEUNUEVO HOVIEAO Kol GE OAOL TO
eneiooown (Ilivakag 4.11). MdMota, cog KATOW €K TOV TPOGOUOIOUEVOV ENELGOIMV 1|

JPopA AVAIEGH GTO GLVTEAEST] ATTOPPONGS, LETAED TV dVO LOVIEA®V VAL GNULOVTIKY).

[Tivaxag 4-10: Extipmon mapoyng kot xpovov atyuns LoviéAmv Bpoyng - amoppong

YUYKEVIPOTIKO Kotavepnpévo
Eneicodio Qobs [MS]  toans [N Qp[m*/s]  t,[N] Qu[m’s]  t,[h]
1 126.6 13 118.0 13 124.1 13
2 270.0 40 3154 40 299.8 39
3 163.5 16 152.5 16 190.6 17
4 144.0 29 146.4 28 153.8 29
5 166.7 15 183.3 18 179.5 18

[Tivakag 4-11: Zuvtedeotig amoppong ovd ETEGO10

YVVTEAEGTNG OMOPPONS
Eneic6610 Yvykevipotikd  Kotaveunuévo
1 0.18 0.19
2 0.28 0.31
3 0.23 0.28
4 0.22 0.23
5 0.17 0.25

Q¢ mpog TNV TAPOYN CLYUNG TOPOTNPEITOL LWKPT OTOKAIOT HETOED TPOGOUOIMUEVNS
KOl TOpoTNPNUEVNS TWNG KOTO omOALTn TN, o€ péco mocootd 8.38% vy to
KOTOVEUNUEVO HOVTEAO KOl 6€ HEGO TOoc0oTO 8.48% Yo 10 cLYKeEVTpOTIKO. EmmAéov mAnv
TOV €MELG00I0V 1, M TOPOYN OYUNG VTEPEKTIUATOL GTO KOTAVEUNUEVO HOVTELO, ONAOTN Ol

mpoPAEYEIC TOL eivanl vmép ™G acpoieing. Avtiotoyn elvol 1 KATAGTOON KOl OTO
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OLYKEVIPMTIKO HOVTEAO, e TO €melcOOla 1 Ko 3 va vroekTipohvTol Kol To VIO VoL
VIEPEKTILOVVTOL.

AveEapTTtg ToL HOVTEAOL, 0TO €MElGOd 1 €mg Kot 4, O GUVOAIKOG OYKOG VEPOU
VIoeKTIATOL Kot povadikn e€aipeon amoteAdel To €nelc6d10 5. Q06TdG0, TO KATOVEUNUEVO
LOVTEAO LIEPEXEL TOL GLYKEVIPMOTIKOD, 010TL eKTindel Oykovg pe péom omdkion 5.82%,
évtavtt plag péong amokiong taing 11.09% mov eppaviletor 6TO0 GLYKEVIPOTIKO.
[Mopatnpdvtag T LOpeN TOV TANUUVPOYPAPNUAT®V TO TPOCEKTIKA, EVIOTILETOL OTL AVTO
T0 Yeyovog avutd ogeidetal kupimg oTov KaBodikd KAASO0 TOL TPOCOUOI®VOLV T VO
HOVTELQ £VOIVTL TOV OVTIGTOLYOL TOPOTIPTLLEVOD TAT LUV POYPOLPT LOTOC.

O ypOVOG aryUNG TOL TAPATNPNUEVOL TANUUVPOYPAPNLATOS TPoceYYileTon e dyIoTA
KOADTEPOL HE EQOPUOYN TOV GUYKEVIPMOTIKOV HOVIEAOL, OmOL O YPOVOC  OLyuUNg
npooeyyiletor télela oto 3 and to TEVTE €MEIGHON, EVA OTO KOTOVEUNUEVO HOVTEAD M
AmOAVTN TAVTION TOL TOPATPNUEVOL KOl TPOGOUOLOUEVOL YPOVOV OLYUNG EMLTUYYAVETOL
ota 2 and ta 5 enelcdown. To POV EMEIGOO10 TOV TAPATNPEITOL OVGLUGTIKO TPOPAN LA ELVOL
70 5, 6OV 01 TPOGOUOLWUEVOL YPOVOL YUNG SLOPEPOLV KOTA +3 MPES OO TOV TPOLYUOTIKO.
SOVETMG, 1 LETAPOPE TOV VEPOL TTPOG TNV ££000 €1TE HECH TOV 1GOYPOVOV KAUTVADV £ite

pécw tov ModClark pe tic BaBpovopunuéveg Tpég tov Te kan R kpiveton emroynge.

4.3 TIpocopOL®OOELS PLE O0PLPOPIKE dEdONEVOL

XMV TopAypapo OVTY] TPOYUOTOTOIEITOL 1] TOPOVGINGT TMV OMOTEAEGUAT®V OV
npogkvyay and v gpoppoyn tov ModClark, pe dedopévo €16050V T0. VO FOPLPOPIKA
npoidvta. CMORPH ot GPM Imerg VO06. Katd 10 apykd otdoo tg extiunong,
ypnowonomdnkav ot akatépyactes ektyunoelg (Raw data), evd oto 1eEMKO 6TAd10 O1
ekTunoelc avtéc dopbdbnkoav (Corrected data), pe ™ Pondeia tov eniysiwv petpnocwv
Kol pe v epoppoyn g pebodov Mean Field Bias Correction (MFBC) (BA. 3.9). Ta
napaydpeva TAnupvpoypaprnata (dvo ywoo to mpoiov CMORPH kot dvo ywo to mpoiov
GPM Imerg) tomobetovvtol oto 1010 Stdypoppa, £I61 M®OTE va givol dpeso cuykpiciua
peta&d tovg. Emmpocshétwe, 6mmg kKot oty mapdypoeo 4.3, mopadEétovton Kot Zynioto. o0
anmelkoviCouv T GUYKPIoN TOV TPOCOUOIOUEVOV TANUUVPOYPUPNUAT®V LE TO OVTIGTOLXO
napatnpnuévo. Ta Zyfuoata ovtéc mepthapfdvovv emiong T ypovik &EEMEN NG
GUVOAIKNG PBpoyOmTmong Kot T ammAElEg Ppoyns, mpv Ko péta ) ddpbwon. Oleg ot

TPOCOUOIDGELS TNG TTapaypdeov 4.3 mpaypatomombnkay pe TG PEATICTOTOMUEVES TIUES
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tov Scale Factor (BA. 3.6), vrohoyiotnKov amd TNV EQAPUOYN TOV KATAVEUNUEVOD LOVTELOV

ue Touvg Ppoyouetpikovg otabpode (IMivaxag 4.12).

[Tivaxog 4-12: BaBuovounuéveg tyuéc Scale Factor

Eneic6610 Scale Factor
0.7402
1.0481
0.5211
0.8414
0.8927

g B~ W DN B

43.1 Enceodwo 1—-03/03/2013

[Tivaxog 4-13: Xapaktnpiotikd Heyeon TANpULpoypaenUdT®Vv omd dopueopikd dedopuéva
(Emeic6o10 1)

Hapapetpot Qobs Raw GPM Corr GPM Raw CMORPH Corr CMORPH

Qp [m¥s] 126.6 106.6 133.1 118.0 124.9
t, [h] 13 14 13 10 13

V [hm?] 7.8 7.0 8.1 7.3 7.7
Nash Sutcliffe 0.92 0.96 0.64 0.98
Bias [%] -10.16 3.23 -6.52 -1.75
AV [%] -10.26 3.85 -6.41 -1.91
AQ, [%] -15.8 5.1 6.8 -1.3
At, [h] 1 0 -3 0

Piot [MM] 28.2 31.5 30.2 31.8
Lot [MM] 22.9 25.0 24.8 25.8

O1 30pLPOPIKEG EKTYUNGELG OTNV APYIKT] TOVG LOPON KATAPEPAV VO, OVAYVOPIGOLV LIE
emruyio Tov TANUPLPIKO emelcdoo. Ewdwotepa, to CMORPH avayvopioe apketd
KOVOTTOMTIKA TOV OYKO vepo¥ (-6.41%), v mapoyn ayung (-6.8%) kot to cuVOAIKS Vyog
Bpoyomtwone. Qotdco, Omwg moapatnpeiton kot ond 1o Zynua 4.19, to O6ho tO
TANULPOYPAON A €ivol LETATOTIGUEVO THO® GTO YPOVO, QPOV 1 ALY TNG TANUUVPOGS
ovpPaivel 3 ®peg vopitepa, e£o0 Kol 0 oyeTIKd yapnAog cvviekeotig Nash — Sutcliffe
(0.64). Avtibeta, to GPM Imerg avayvopiler modd KaAd T ypovik e£EMEN ¢ Bpoyns,
OLUVALO TO XPOVO OYUNG KOL TO GYNAUO TOV TANUULPOYPAONUATOS. Oumg, LmoskTiLd
nePLocOTEPO TOV OYKO vePoL (-10.26%) wor v mapoyn owung (-15.8%). Metd v
OVOTTPOCOPUOYN TOV EKTIUNCE®V Ppoyns, HEC® ™S O010pOBmOoNG, TO TPOGOUOI®UEVQ
TANUUL pOYpaeLaTe TPOceYYILovY apKETE TEPICGOTEPO TO TTapaTnpNUEVO. Idtaitepa oto

CMORPH, 1 dtapopd TG Tapoyng oyuns Kot Tov 0YKOL VEPOL TEIVEL TPOG TO UNOEV KOl TO
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TANUULpOoYpaeN U oYedOV TawTileTon pe avtd mov Tponile amd 1 pébodo IDW, dpa ko
KOTA GUVETELD Kol pe To mopatnpnuévo. Ta i peyédn vrepektipodvtal TAéov eAdyIoTO
a6 10 GPM, aAAd o ypovor ayung tawtiCoval kot oTig dV0 EPAPUOYES 1IGOVVTOL TAEOV LUE
tov mpaypoatikd. Onwg ¢eaivetor kot omd 1o Zyfua 4.120 n ypovikn e€&EMEN g
Bpoyxodmtmwong £xetl PeAtimbel aucOnTd Ko To cuVOAKO Vyog BpoyodTTmong £xel VTOoTEl pia
HIKPN avENo, HE OMOTELEGO VO O TIHES TOV VoL gfvat OpoteG pe avthv TG nebddov IDW.
Téhog, obppova pe 10 Zyfua 4.21 1 KOTOVOUR TNG OLVOMKNG PPOYOTTOONG TOV
JOPLPOPIKAOV TPOIOVIMV GUVAIEL OPKETA LE TNV KATOVOUN TOL TPOEKVYE OO TIC EMLYELEG
HUETPNOELS, UE TOL LYNAOTEPQ VYT Ppoyng va evTomilovTal 6TO VOTIO KOl GTO KEVIPIKO TUN O

™G AEKAVNG QmOppons, VA YaUNAOTEPN elval 1 Ppoyomtwon oto BOPED KOl OVOTOAKE

TUNHOTO TNG TEPLOYNG LEAETNG.

160 -
140 - = = Qobs
= Raw GPM
120 -
— = Raw CMORPH
2 100 -
< Corr GPM
g %07 Corr CMORPH
t% 60 -
N\
= 40 - S o
- -
20 - - —————
O T T T T 1
0 10 20 30 40 50
Xpovog [h]

Zyua 4-19: IIinupopoypaerpoto omd dopvepopikd dedopéva otn Béon Koapidtava
(Emeic6o10 1)
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Zyua 4-20: ZOykpion axoTépYasT®V Kot S1opfoUEVOV SOPLOOPIKOV EKTIUNGEMV
(Emews6610 1), o) Raw GPM, o’) Corr GPM, ) Raw CMORPH, ) Corr CMORPH

Ptotal [mm]
10
B 15
B 20
I 25
I 30
Il 35
I 40
. 45
I 50
I 55
I 60
I 65
A 70
I 80
I 90
I 100
Il 125

High : 40.7
Low : 27.0

Ptotal [mm]

High : 435
Low : 249
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Ptotal [mm]
B 10
B 15
I 20
I 25
I 30
Il 35
I 40
Il 45
I 50
. 55
I 60
I 65
A [ 70
I 80
. 90
I 100
Il 125

High : 38.4
Low : 215

B)

Ptotal [mm]
B 10
[ 15
[ 20
I 25
I 30
Il 35
I 40
I 45
I 50
I 55
I 60
I 65
D | 70
I 30
I 20
Il 100
Il 125

High : 42.8
Low : 258

Zymua 4-21: Kotavour oAkng Bpoyxdntmong mpv kot petd tn 010pbwon (Emeicdowo 1)
a) Raw GPM, o) Corr GPM, ) Raw CMORPH, ”) Corr CMORPH

4.3.2 Eneeodwo 2 — 24/01/2014

[Tivakag 4-14: Xapoktnplotikd peyétn mAnppopoypaenudtomy and Sopueopikd 000UEVa.

(Eneio6610 2)
Hapduetpor  Qobs Raw GPM  Corr GPM Raw CMORPH  Corr CMORPH
Q, [m¥s] 270.0 410 2455 120.3 311.0
t, [h] 40 41 39 37 38
V [hm¥] 26.2 8.1 20.7 11.6 24.8
Nash Sutcliffe -0.40 0.91 0.19 0.93
Bias [%] -69.01 -20.89 -57.57 -5.18
AV [%)] -69.05 -20.91 -55.68 -5.24
AQ, [%] -84.8 9.1 -55.4 15.2
At, [n] 1 -1 -3 -2
Piot [Mmm] 31.3 69.0 41.8 76.9
Lot [Mm] 27.1 48.9 34.3 52.2

210 €me1G0010 2 GLVAVTATOL TEPACTIO AdVVAUIN TOV SOPLPOPIKADV EKTIUNGEDV V.

TPOCOUOIDGOLV TO TANUUVPOYPAPNUA €EO00V, KOOMG OAOL TO YOPAKTNPIOTIKG TOL

, , , . , , 1
vroektipdvion onpoavtikd. To CMORPH e&dyer anotedéopata, ica mepimov pe to S Tov

mpaypatikav peyebov, evdd to GPM  amotvyydver mAnpw¢ va  avoyvopicet

T

YOPOKTNPIOTIKA NG TANUUOPOS, HOAoTo o€ TéTOoo PobUd mOL TO VLTOAOYIGUEVO
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TANUUVPOYPAPN U TOV ek@ULAMIeTON oYedOV oe gvbeia ypouun. Metd v epoppoyn Tov
dopbdoemV, TPOPOVMOG TO TANUULPOYPUPNLATO PEATIOVOVTOL 0loONTA Kol GUVOAK( TO
CMORPH ovunepipépetor eldyioto kaAdtepo oe oyxéon pe 1o GPM, éva Aoykd
ocoumépoopa, ov oavoroylotel koveic to Raw dedopéva. H olikn Ppoydntwon tov
dwpbopévor  CMORPH (76.9 mm) [pioketor mo Kovtd otn PpoyOmtworn mwov
vroAoyioTnke amd Tovg emiyelovg otabpovg (74.2 mm), évavtt tov GPM (69.0 mm). H
Topoyn oyung vrepektTipdrol kotd 15.2% og oyéon pe v mpaypotikn ko kotd 4.1% oe
oxéon pe v IDW, evd o ypdvog ayung petatoniotnke kotd +1 dpa petd ) 610pbwon
Kol TPoceYYilEl TEPIGGOTEPO TOV TPOYUOTIKO. ATO TNV GAAN TAELPA, 1| dopBmpéEvN Tapoyn
ayyus tov GPM Bpiloketor mo kovtd otnv mpoaypotikn, katd amoilvtn tun (9.1%
VTOEKTIUNON), VD M dOpOBwon 00MyNoE Ge Evay MO GLVINPNTIKO ¥pOvo aryung, 39 mdpeg
petd ) dopbwon, 41 dpeg Tpv T S10pBwoN, pe TIC dVO ATOAVTEG TIUEG VA, IGATEXOVY AT

TOV TOPOTIPNUEVO.

340
320
300
280
260
240
220
200
180
160
140
120
100
80
60
40
20
0 - T T T T T T T T 1

0 10 20 30 40 50 60 70 80 90
Xpovog [h]

= = Qobs

Raw GPM
Raw CMORPH
Corr GPM
Corr CMORPH

IMapoyn [m3/s]

Zyua 4-22: TIhimppopoypaerpoto omd dopvpopikd dedopéva ot Béon Kapitava
(Emeic6010 2)
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Zymua 4-23: ZOykpion aKoTéPYasT®V Kot S10pHoUEVOV SOPVQOPIKMV EKTIUNGEMV
(Emeio6o10 2), o) Raw GPM, o) Corr GPM, ) Raw CMORPH, B’) Corr CMORPH
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Ptotal [mm] Ptotal [mm]
B 10 [ 10

15 15

[ 20 I 20

Il 25 Il 25

I 30 I 30

I 35 Il 35

Il 40 I 40

I 45 Il 45

Il 50 Il 50

I 55 . 55

I 60 I 60

I 65 Il 65

Il 70 70

I 80 N 30

I 20 I 20

I 100 Il 100
I 125 125
High : 38.9 High : 86.1
Low :24.9 Low : 60.3

Ptotal [mm] Ptotal [mm]

B 10 [ 10

15 15

[ 20 [ 20

I 25 25

I 30 I 30

Il 35 Il 35

I 40 I 40

I 45 . 45

I 50 I 50

. 55 . 55

I 60 I 60

I 65 65

70 70

I 30 B 30

I 20 N 90

I 100 B 100

Il 125 125
High : 48.5 High - 104.0
Low :29.7 Low - 508

B)

Yynua 4-24: Katavoun olMkng Ppoyxdntwong mptv kat petd ) 610pbwon (Enelcodio 2), o)
Raw GPM, o’) Corr GPM, ) Raw CMORPH, ) Corr CMORPH
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4.3.3 Encieodwo 3 —24/01/2015

[Tivaxog 4-15: Xapoktnpiotikd peyeon mAnppopoypapnudtov ornd dopueopikd dedopuéva,
(Eneiodo10 3)

Hoapapetpor Qobs Raw GPM Corr GPM Raw CMORPH Corr CMORPH

Qp [m*/s] 163.5 122.1 182.3 257.0 216.3
t, [n] 16 18 17 16 16

V [hm?¥] 11.8 8.0 10.9 16.4 12.0
Nash Sutcliffe 0.41 0.92 -0.38 0.78
Bias [%] -31.76 -71.76 38.67 1.62
AV [%] -32.20 -7.63 38.98 1.69
AQ, [%] -25.3 115 57.2 32.3
At, [h] 2 1 0 0

Pt [mm] 24.1 32.2 43.7 35.0
Lot [Mm] 17.6 22.4 27.5 23.9

Ol TPOCOUOIDGELS HE TIC OKATEPYOOTES EKTYUNGELS TOV OOPLPOPIKAOV TPOIOVTWOV
odnynoav og dVo avtifeteg dyelg, pe to CMORPH va vrepextipd 6Aa Tt YopoKTNPIOTIKA
tov emecodiov (NSE, Bias, AV, AQ, > 0) kot 1o 10 GPM va ta vroektpd (NSE, Bias,
AV, AQp, < 0) . Emewdn] kot ta 0600 mpoidvta avoyvopilovy 10 oYNHO  TOV
TANLLLVPOYPAPT LATOG KOl TPOGOUOLALOVY IKOVOTONTIKA TO XPOVO aLyUNG, Ol dPOPES OE
ox£0M UE TIG TOPOATNPNUEVES ATOPPOES OPeilovTan otV ektipnon ¢ Ppoyxodmtwong. Il
ovykekpipéva, o GPM extipd 24.1 mm, to CMORPH 43.7 mm, pe tic emiyeieg
napatnpnoelg va PBpiockovtar mepimov otn péom, pe 33.5 mm. AapPdvovrog vrdyn ta
oTOTIOTIKG peyéln, kot mdA ov Bpoyoperpikoi otabpoi vroroyilovv Ppoydmtmwon mov
npocopoialel meplocdTeEpO TNV TPAYHATIKOTNTA. Onwg @aivetor amd to Zynua 4.27, to
CMORPH petatomilel tic vynAotepec TG TS OMKNG Ppoxdntmons, o oyéomn We TIg
EMIYEIEG PUETPNOELS, OTO KEVIPIKO TUNUO TG Aekdvng. Me mapdpolo tpomo ekTidel v
KOTOVOUN TNG OAMKNG Ppoydntmwong kat to mpoidv GPM.

Metd v avampocaproyn TV d0PpLEOPIKAV EKTIUNGEMV LLE TOVS EMLYELOVG GTOOLOVG,
0  TPOCOUOIMUEVO  TANUULPOYPOPNUATO  TPosapuolovtalr  moAD  kOAOTEPO  GTO
TopaTNPNUEVO TANUULYpo@dumua e£0d0v. H mapoyn oyung vrepekTipndtonr Kot oTig dvo
TPOCOUOIDGELS, £V AOYIKO OMOTEAEGHO, OPOV KOl 1 TPOCOUOI®MON HE TOVS EMIYELOVG
otafuovg odfynoe o€ avdioyo omotélecpo Kot ot dopbmacelg mpayuatomomonKay e
Baon tic petpnoeig avtov. H mpocopoimon tov dtopbopuévov GPM odfynoe o€ mo koviivy
T TG TapoyNg ayung (vepektipnon katd 11.5%), evdd to CMORPH tv vrepextipd

apkeTd, o€ mocootd 32.3%. O yxpoévog ayyung TOG0 TOV OKOTEPYOSTOV OGO Kol TMOV
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dopbopévov tpotdoviov CMORPH ektipnd v mapoyn awyung oto BEATIOTO, EVM GTO GET
tov oopbouévov ektymoeov GPM 1 moapoyn awyung ocvpPaiver 1 opo apydtepa o€
avtifeon pe TIg aKaTéPYNoTES, OTov cuuPaivel dVO MPeg apyoOTEPO.

210 enels6do avtd 10 GPM cuvumepipépetar apketd KoAOTEPO G GYEOT LE TO
CMORPH, «dtt mov eivor gpgovéc amd Tig TIHEG OA®V TOV OTATIOTIKOV OEIKTOV TOV
[Tivaxa 4.15, TAnv 100 GLVOAIKOV GYKOL VEPOD. [0 TO CLYKEKPIEVO EMEIGOOI0 KATL TOL
a&ilet va toviotel givat 6TL 0 GVVIVAGUAC TG YWPIKNG dlakpitomoinong g Ppoyng Kot Twv
EMiyelV oTOOUOV 00NYNCE TEAIKA GE £V TPOGOUOLMUEVO TANUULPOYPAPNLL  TOV
TOPOVGIALEL GNUOVTIKY] OLOLOTNTO LUE TO TOPOTNPNUEVO, OKOUN Kol GE OYECT TO UE TO
TANUppoypdenua mov topnxdn and ™ pébodo IDW, kabmdg o NSE eivor vymAdtepoc,

0.92 évavtt 0.83 kot Ta VOO GTATIOTIKA HEYEDN EYOVV TIEC TTO KOVTA 6TO PNOEV.

= = Qobs

Raw GPM
Raw CMORPH
Corr GPM
Corr CMORPH

0 10 20 30 40
Xpovog [h]

Zymua 4-25: IIinupopoypaerpota and dopveopikd dedopéva ot Béon Kapotava
(Emeic6o10 3)
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ZyMua 4-26: ZOykpion axoTéPYasT®V Kot S1opOoUEVOV SOPLOOPIKOV EKTIUNGEMV

(Emers6010 3) a) Raw GPM, o”) Corr GPM, ) Raw CMORPH, 3’) Corr CMORPH

Ptotal [mm]
10
B 15
[ 20
I 25
I 30
Il 35
I 40
I 45
I 50
I 55
I 60
I 65
N | 70
I 80
I 20
Il 100
Il 125

High : 35.9
Low : 85

Ptotal [mm]
10
[ 15
I 20
I 25
I 30
Il 35
I 40
I 45
I 50
I 55
I 60
I 65
) | I 70
I 30
I 90
I 100
Il 125

High : 40.1
Low : 123
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B)

b | 70

Ptotal [mm)]
10
B 15
I 20
Il 25
I 30
Il 35
. 40
Il 45
I 50
Il 55
I 60
I 65

I 30
I 20
. 100
Il 125

High : 52.4
Low :29.1

B)

Ptotal [mm]
Il 10
B 15
[ 20
I 25
I 30
I 35
I 40
I 45
N 50
I 55
I 60
I 65
R | 70
I 80
I 90
N 100
Il 125

High : 44 .2
Low :21.8

Zyua 4-27: Kotavour oAMkng Bpoyxdntmong mpv kot petd tn 010pbwon (Emeicdoo 3)

a) Raw GPM, o) Corr GPM, ) Raw CMORPH, ”) Corr CMORPH

4.3.4 Enewo6do 4 —27/02/2015

[Tivaxoag 4-16: Xapaktnpiotikd peyetn mAnppopoypaenudtov ond dopueopikd 0ed0UEVa.

(Eneio6o10 4)
IMapapetpot Qobs Raw GPM Corr GPM Raw CMORPH  Corr CMORPH
Q, [m*/s] 1440 1109 146.7 1623 1442
t, [N] 29 26 29 18 29
V [hm?] 16.0 12.3 14.6 13.6 14.8
Nash Sutcliffe 0.73 0.95 0.14 0.95
Bias [%] -22.98 -8.80 -15.5 -7.46
AV [%] -23.06 -8.67 -14.93 -7.42
AQ, [%] -23.0 1.9 12.7 0.1
Aty [h] -3 0 -11 0
Py [MM] 28.1 41.6 29.6 40.6
Lot [MM] 21.7 32.5 21.9 31.3

Aoppdavovtag vroyn ta ypapruata e Zynuo 4.28 kot tig tinég tov Ilivaxa 4.16,

TPOKVTTEL OTL TO KATOVEUNLUEVO LOVTEAOD LE TOL TIG EKTIUNGELS TOV dOPVPOPIKADOV TPOTOVT®V

VTOEKTIUA TN GLVOAMKN Ppoyxdmtmomn tov enelcodiov 4, 6€ GUYKPION UE TOVG EMIYEIONG

oTafpovg. AvaAvTtikotepa, ot otaduoi ektipnoay Bpoyontwon 43.4 mm, to CMORPH 29.6

mm kot to GPM 28.1 mm. Qot6c0, dnwg npokvdmtel kot and to cvvtedeoty NSE=0.73, n
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wpocopoiwon pe 10 Tpoidov GPM amodidel apketd KaAdTepQ, VTOEKTILMOVTOG BEPata OAa Ta
YOPOKTNPIOTIKA TNG TANUUOPOC, AGY® TV KPOTEPMOV TILOV TNG BPoyng.

[Tio ovykekppévo, n mapoyn oyuns dweépet kotd -23.0% oe oyéon pe v
TopaTNPNUEVY], O YPOVOG oryung sivar 3 ®peg vopitepo Kol 0 GUVOMKOG OYKOG
vroektipdror Kou avtog kotd 23.06%. Avrtifeta, to mpoiov CMORPH, av ot
TPOGOUOIDVEL TOPOYN CYUNG KOl GUVOAIKO OYKO TO KOVTO OTIC TOPOTNPNUEVES TIUES,
+12.7% won -14.93% avtiototya, £yl To peydro mpoPAnpa 6Tt tomobetel OA0 T0 ENEIGOO10
apkeTd mo Ticw xpovikd (At, = 11 hours), ££00 kot 0 ToAD youniodg cvviedeotic NSE.

H avampocappoyn tov ektipunioemnv 010p0wce e onuovtikd PBabud Tig atéleleg Tov
TPOGOUOIDGEMV, LE TO VEQ TANULUVPOYPOPTLOTO VO TTopoLGtalovy pia peyain tyunq NSE =
0.95 ko otic dvo gpappoyéc. ITAéov, o xpodvog aryung TovTileTon e TOV TPAYHOTIKO Kot 1)
TopoyN oG extipdron télela, €101k oto dopbwpévo mpoiov CMORPH, 6mov 1 Ty g
SPEPEL GE GYECT LLE TNV TOPATNPNUEVT LOVO 6TO 0eKadIKO LEPOG. O avodikdg KAAOOG Tov
mAnppvpoypaenpatog extipdrol kKoivtepa and 1o CMORPH, pe akpiBaoc to avrtifeto va
ovppaivel otov kaBodikd KAGSo. Xto Zynua 4.29 eaivetat EexdBapa 1 avampoGopUOY TNG

Bpoyng ypovikd Kol TOGOTIKA, YEYOVOC TOL OONYNOE TEAIKA OE OPKETA PEATIOUEVEG

TPOGOUOLDGELC.
180 -~
160 - = = Qobs
140 - Raw GPM
— 120 - Raw CMORPH
é 100 - Corr GPM
5 80 - Corr CMORPH
g 60 -
= 40 | -
204 ot
0 T T T T T T T 1
0 10 20 30 40 50 60 70 80

Xpovog [h]

Zyua 4-28: TIimppopoypaerpoto omd dopvpopikd dedopéva otn Béon Kapitava
(Emeic6o10 4)
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Zymua 4-29: ZHykpion akoTéPYUST®V Kot S10pHOUEVOV SOPVQOPIKMV EKTIUNGEMV
(Emero6o10 4), o) Raw GPM, o’) Corr GPM, ) Raw CMORPH, B’) Corr CMORPH
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B)

B

Ptotal [mm] Ptotal [mm]
10 10

[ 15 I 15

I 20 I 20

I 25 I 25

I 30 I 30
35 Il 35

I 40 N 40

B 45 I 45

N 50 I 50

I 55 Il 55
Il 50 Il 60

I 65 I 65
70 70
Il 80 I 80

N 20 I 20

I 100 Il 100
125 Il 125
High : 42.5 High : 52.9
Low:21.9 Low : 37.4
Ptotal [mm] Ptotal [mm]
[ 10 (]
15 Il 15

I 20 I 20

I 25 I 25
Il 30 I 30
Il 35 Il 35
N 40 Il 40

I 45 . 45

I 50 I 50
55 I 55

I 60 I 60
65 I 65
70 70
N 80 I 30

I 90 I 20

I 100 B 100
I 125 125
High : 41.1 High : 53.1
Low - 15.0 Low : 29.2

Zymua 4-30: Kotavour oAkng Bpoydntmong mpv kot petd tn 610pbwon (Emeicddio 4)
a) Raw GPM, a”) Corr GPM, ) Raw CMORPH, ’) Corr CMORPH
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435 Eneceodwo 5—-06/03/2015

[Tivaxog 4-17: Xapaktnplotikd peyeon mAnpupopoypapnudtov ornd dopueopikd 0edopuéva,
(Eneio6610 5)

Hoapapetpor Qobs Raw GPM Corr GPM Raw CMORPH Corr CMORPH

Qp [m*/s] 166.7 243.7 182.0 223.1 216.3
t, [n] 15 21 18 19 18

V [hm?¥] 14.1 14.8 12.4 13.0 13.9
Nash Sutcliffe 0.44 0.87 0.63 0.86
Bias [%] 7.55 -11.89 -11.42 -1.30
AV [%] 5.08 -11.96 -7.70 -1.31
AQ, [%] 46.2 9.2 33.8 29.8
At, [h] 6 3 4 3

Pt [mm] 47.7 48.4 435 52.4
Lot [Mm] 34.7 37.8 32.7 40.1

210 €me0O010 5, MAPOLO OV GOUPOVO LE TIS UPYIKES EKTIUNOELS TV O0PLPOPIKAOV
TPOIOVTOV VTOAOYIOTNKE GLUVOMKO VWog PBpoxdntmong Tapepeepés e ovtd ¢ pnebddov
IDW, n dwgpopd oty moapoyn ayung sivar apketd onuoavtikn. Onwg @aivetor amd Tto
Zynpa 4.33, 1o mpoidov CMORPH extipdet vynAdtepovg dykovs Bpoyns otig B€ceig 6mov ot
emiyelol otabpol vmoAdynoav ta yoaunAotepa Hym Bpoxyng, SNAUSN GTO KEVIPIKO TUMUA TG
AEKAVNG amoppoNng Kot TALTOXPOVO, DTOEKTIUAEL T PPOoYOTTOON OTIG TEPLOYES KOVTE GTNV
¢€odo ¢ Kapvtawvoc. H yopwn katavoun g Bpoyodmtoong and to GPM ocvuepwvel
TEPIOCOTEPO LE TNV KOTOVOWUY OV TPoékvye omd T pébodo IDW, wotdcso kot mhir ot
EKTIUNCELS KOVTA oty €000 €ival apKeTd YOUNAOTEPES, OMMG KO GTNV TEPIMTMOOT TOL
npoiovtog CMORPH.

Ta dopvopikd TPoidvTa GuUTEPIPEPOVTOL KOt avayvopilovyv To ENEGOO0 pe OUOL0
TPOTO KOl VIEPEKTIHLOVY TNV TOpoyT aryuns, katd 46.2% 1o GPM kot katd 33.8% 10
CMORPH (ITivakag 4.17, Zynua 4.31). Qot660, T0 TPOGOUOIOUEVO TATNLLUVPOYPEOTLLOL
tov CMORPH eivat opraxd amodektod, facet e tiung tov cvvieheot) NSE = 0.63, Aoyw
TOV YeYovOTOG OTL 0 KalB0d1KOG KAGOOG TOL TANUUVPOYPAPTLOTOS OVTOV GUYKAIVEL APKETA
LE TOV OvVTIoTOLYO TopaTnPNUEVO. ZOUQMVO Le To Tapomdve gival EgkaBapo OTL 1 YwPK)
KOl XPOVIKY KaTovopu| e Ppoyns amoterel Pacikn mopaUeTpo Kol EXNPEALEL OMUOVTIKA
mv omoppony omnv €£odo, oe éva emelcooo Ppoyns. O ypoéVOg oyunig TV VO
TPOGOUOIDGE®MY OAPEPEL LEV OO TOV TOPATNPNUEVO, OAAG TOVTOYPOVA EIVOL KOVTO GTOV

TPOCOUOIWUEVO YPOVO OLYUNG TOV VTOAOYNOTNKE HEC® TNG neBddov IDW.
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Amopovaovovtag poévo 10 ovvtedeoti NSE  tov  dopbopéveov  ekTiunoemv
Bpoyxoémtwong, eivor edAoyo va vrotedel 0Tt Ta 600 dOPLPOPIKA GET dedoUEVAOV eEdyovv
TOPOTANGLO. TANULUVPOYPOPNLATA, (PO KOl TPOGOUOLALOVV TO EMEGOJ0 5 HE TOV 1010
tpomo. Opwg, pe pion Pabotepn avayvoon tov amotelecudtov, mopatnpeitor 6Tt To
onUovTIKOTEPO  péyebog evog MANUULPIKOD emElGodiov, SMAAON 1M TOPOYN| OGS,
VIEPEKTIHATOL G KPS Pabud amd TG dropbouéveg ektiunoelg tov GPM (+9.2%), evo
avtifeta mapd ™ Swpbwon tev ektunoewv tov CMORPH 1 dapopd oty mapoyn
aY(UNG, 6€ GUYKPION HE TNV TTopoTnpnUEVN T mapapévn onuavtikn (+29.8%). Zuvendg,
Yo €vo ¥POVIKO O4oTNUO TPV Kol UETA TNV Olyun NG TANUUOPAS, TO CQAAUATO
extiunoewv oo CMORPH d6gv umopodv va meptypagodv pe akpifeio and Evav eviaio
TOAAOTTANGLOGTIKO GUVTEAEDTY, OGS vToBétel N néBodog MFBC mov ypnoyomomdnke yio
11§ dopbmoelg. Qg mpog Tovg YPOHVOLS aYUNG OVTOL SPEPOVY KOl OTIS OVO €QOPUOYES
Katd 3 opeg and Tov TPAyHoTIKd Kot TopdAinia tovtiloviot He TOV aVTOV TOV VTOAOYICE
TO KOTOVEUNUEVO LOVTEAOD e TOVS PpoyoUeTPkoVg oTafpovs. TéLog, o Kafoduog KAAO0g
TOV TANUULPOYPOPNUATOS eKTATOL pe peyaAvtepn akpifeia and to CMORPH, aAld
omwg £xel MO avoeepbel amotedel pio TOPAPETPO NGGOVOG CNUAGIOG GE v TANUUVPIKO

£nEGO010.

240 - = = Qobs

220 + Raw GPM
Raw CMORPH
Corr GPM
Corr CMORPH

Xpovog [h]

yqua 4-31: IInppopoypaeruota amd dopveopikd dedopéva otn Béon Kapitava
(Emeic6o10 5)
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Zyua 4-32: ZOykpion aKoTéPYasT®V Kot S10pH@UEVOV SOPVQOPIKMV EKTIUNGEMY
(Ereicodi0 5), o) Raw GPM, o) Corr GPM, ) Raw CMORPH, $’) Corr CMORPH

132




Ptotal [mm] Ptotal [mm]
10 =10

B 15 El15

[ 20 20
e 25

I 30 B 30
.35 35

B 40 N 40

. 45 . 45

. 50 . 50
.55 I 55

. G0 1. 50
G5 . 65
70 .70

. 20 I 50
) 1. 00

I 100 I 100
125 . 125
High - 61.1 Higyz628
Low :205 Low:z335
Ptotal [mm] Ptotal [mm]

B 10 B 10

B 15 B 15

B 20 B 20

Il 25 I 25

30 B 30

Il 35 Il 35

I 40 . 40

I 45 I 45

. 50 . 50

. 55 . 55

. 60 . 60

. 65 . 65

70 70

. 50 N 30

[ ) . 20

N 100 I 100

B 125 125
High : 51.0 High : 57.0
Low : 216 Low : 36.1

B) B

Zymua 4-33: Kotavour oAMkng Bpoydntmong mpv kot petd tn 610pbwon (Emeicddio 5)
a) Raw GPM, o) Corr GPM, ) Raw CMORPH, ”) Corr CMORPH
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4.3.6 XZvolnmmon omotelecpATOV
Me ta dopvpopikd dedopéva GPM mpocopoiactnroyv a&torloya ta encicodio 1 ko 4,

eved avtiotoryo pe ta doedopéva CMORPH odev vdpyet kapio mpocopoimon mov umopel va
Bewpnbel g opKeTd wKovomomTiKY, pe povn e€aipeon ta emelcdda 1 kot 5 6mov eivan
TOAD oplokd OmOdEKTEG. XT0 EMEICOO10 2 TO. OV0 GeT dedopévav dev KaTdpepay 00TE Vo
avayvopicovy To TANUULPIKO £ne166010, TOGO LAAAOV Vo TO Tpocopotdcovy. Katd kavova
oTNV aKatépyaotn Toug popen, to GPM telvel va ocvumeprpéperon koarvtepa. Ot
dopbaoelg mov akolovnoav Kot gpappoctnkav pe Pdorn tovg emiyelovng otafpovc,
odMynoav oe TOAD IKAVOTOMTIKEG TPOCOUOIDGELS, OYEOOV OVOAOYEG HE OULTEG TOL

KOTOVEUNUEVOL LOVTEAOV UE TIC TOPOATNPNUEVES TILES BPOYNG.

[Tivakag 4-18: Yroloyiopuévn mapoyn arypng amd S0pLQOPIKES EKTIUNCELS, TPLV KOl LETA TN

dopbwon
Raw GPM Corr GPM Raw CMORPH Corr CMORPH
Eneio6d10  Qups [M*/s]  Q, [M¥s]  Q, [m/s] Q, [m¥s] Q, [ms]
1 126.6 106.6 133.1 118.0 124.9
2 270.0 41.0 245.5 120.3 311.0
3 163.5 122.1 182.3 257.0 216.3
4 144.0 110.9 146.7 162.3 144.2
5 166.7 243.7 182.0 223.1 216.3

[Tivaxog 4-19: Yroloyiopévog xpdvog atyung amd S0puQOPIKES EKTIUNGELS, TPV Kol LETA
™ d10pOHwon

Raw GPM Corr GPM Raw CMORPH Corr CMORPH

Enec0810 t g [N]  to [h] t, [h] t, [h] t, [h]
1 13 14 13 10 13
2 40 4 39 37 38
3 16 18 17 16 16
4 29 26 29 18 29
5 15 21 18 19 18

Q¢ mPog TV TOPOY| OYUNG, VTN EKTILATOL KAAVTEPA PE TO SIOPOOUEVES EKTIUNCELS
tov GPM, omov gpeaviCeton pia péon andxiion 7.34% ce oyéon Ue TIG TPUYUOTIKEG TIULES,
N omoia eivan mepinov duthdcia oty mepintwon twv dopbouévov dedopévav CMORPH,
15.74%, ev®d pepovouéva oto enelcodl 3 kot S5 vdpyel pio LEYAAN LIEPEKTIUNGN TNG
14ENg 10 30%. To avtifeto cvpPaivel pe 10 GLVOMKO Gyko vepoV, OOV 1 HEGT ATOKAIoN
tov CMORPH givon moAd pukpn, poig 3.51%, eved tov GPM givan 10.60%. Extog amod
BpoyOmT®on Kol GUVETMG TOLG GYKOVG VEPOL KOl TNV TOPOYN OLYUNAG OTO OKATEPYOOTO

dedopéva, coPapd MoV Kot To TPOPANUO EKTIUNGNG TOL XPOVOL OtYUNG WOOITEPO YLOL TO
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CMORPH oénov mopatnpndnke kot pia axpaio dtopopd Aty = -11 @peg, 610 eneicodo 3,
pe Tic vmoAouteg dapopiéc va Ppiokovtal oto dtdotnua [-3,4]. Ta axatépyaota dedopéva
GPM mapovciocav pikpOTEPO €VPOG, He TN HeYoALTEPN Olo@opd vo. eviomileTol G6TO
ENE00010 5, Omov Aty = 6 dpeg, pe TIG VIOAOTEG SLPOPEG VoL OVIKOVY 6TO dtdoTnua [-
3,2].
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5. XYMIIEPAXMATA - MEAAONTIKH EPEYNA

5.1 Xvvoyn

210 mAOIGl0 TNG UETOMTUYLOKNG Epyociog avamtiydnkay kot epappoctnkoy 600
pHovtéla Ppoyng amoppons, €va GLUYKEVIPMOTIKO Kot &va Kataveunuévo povtédo. To
OLYKEVIPOTIKO O& AapPaver vmdym TN yopikn dSokpltonoinon e Ppoyns, EXTIUAEL TIg
VIPOLOYIKEG OmMAElES péom piog Ko povadikng tung Curve Number kot petagépet
Bpoyn ommv €£odo g Aekdvng Pacer g Oewpiog TOV 160YPOVOV KOUTLA®Y. XTO
OLYKEVTPOTIKO HoVTELD Bewpeitor 0Tt N Ppoyn KoTavEUETOL OLOWOLOPPO GE OANV TNV
€KTOON NG AEKAVNG omoppong Kot yo Kabe ypovikd Prpa ektundnke pia i Bpoyne,
Héow TV molvydveov Thiessen, Aaupdvovioag vmoym to Swbécyuo dedouévo TV
Bpoyouetpikmv otobpmv. To dedTepo HOVIEAO 7OV €QUPUOGTNKE NTOV £va. TANP®G
KOTOVEUNUEVO LOVTELO, OTOL 1 AeKAVN amoppons xwpiotnke o€ keAld dtdotacng 500x500
M 10 KoBéva, OvVIIoTOL0 Ol VOPOAOYIKES OMMAEEG LTOAOYIGTNKAY HEC® TOL KavAov
Curve Number mov katackedaotnke pe pebddovg GIS, evd n Bpoyn sonydnke o popon
KavaPov gite HEGH NG EMPOAVELNKNG OAOKANPOONG TMV CNUELNK®V TOPATNPNCEDV TOV
Bpoyopetpikdv otabuav, pe v epappoyn s pebooov IDW, gite péom tov ektipuncewmv
Bpoyomtwong amd dvo erevBepa oet dopveopik®dv dedopéveov (CMORPH kot GPM Imerg
V06).

Ta 0V0 poviéda mov avamtdydnkav aétomombnkav KoTd TNV TPOCOUOIMON TEVTE
OTOPIK®V €MEGOdIMV o1 Agkdvn amoppons tng Kapvtawvoag, tuquo g gupitepng
Aekdvng Tov AAQPE0D TOTAUOV, 1 OTTOL0L OVIKEL YEWYPOPIKA GTO VIATIKO SOUEPICLLO TNG
Avtucng Tlehomovvnioov. T'ie to K@Oe emeicOd0 vnpyov OabEcIUES TOPATNPNCELS
AmoOpPPO®Y oTNV £E000 TNG AEKAVNG KOL TPOPAVAOS KOl Ol OVTICTOL(ES TOPATNPNOELS
Bpoyomtwong, and entd M evvéa YeITOVIKOLG oTafpovg tov Efvikod Actepockomeiov
ABnvov, avaroya pe To enelcoot1o. Enedn frav yvootd kot 1o MYT g meployng perég
and petpnoelg g AEH, to MYT mov mpoékvye and ) Bempio TV 160YpovVOV KAUTVADV,
BaBuovounbnke pe Pdon TG TOYOTNTEG PONG EVIOC TOL  VOPOYPOAPIKOV  OIKTVLOV,
dtoporilovtog mapdAinia 0Tl aveEdptnto amd TV TdEN ToL SIKTVOL M TUYLTNTO PONG

EVTOG TOL KOVOALOD TTPEMEL TAVTA VO EIval LEYOADTEPT] OO OTOLOONTOTE ONUElD EVTOG TG
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yepooiag éxktaong g  Aekdvne. EmmAéov, péow tov  mapartnpnuévov MYT
Bobuovoundnkayv kot ot 600 wapdpeTpotl Tov Kataveunuévov poviédov ModClark, dniadn
0 YpOVOG GLYKEVIPMOONG Kot 1 amodnkevTikdTTa. To GLYKEVIPOTIKO KOl KOTAVEUNUEVO
HOVTEAO, OV AduPovay TG TapatnpUEVES BpoxonTtdoelg and Tovg emiyelong otafuovc,
a&oroynOnkav cuykpitikd petald toug. Télog, a&loloyndnkov Kot o1 TPOGOUOIMGELS TOL
TPOEKLYEV Oomd TN YPNON TOV O0PLEOPIKAOV EKTIUNCEDV Kol OT®MG omedelydn, mAnv
EMYIOTOV TEPMTMGEMY Ol JOPLVPOPIKEG EKTIUNCEIS OV UTOPOVV VoL TPOGEYYICOVV UE
akpifelo éva pepovopévo emelcddlo Bpoyns, €KTOC Kol OV OVOTPOGOPUOGTOVV UECH

Koo pebodoroyiag d10pBwaong, n omoia PEATIOVEL CNUAVTIKA TO EEAYOLEVO ATOTEAECLOL.

5.2 Xvpmepdaopato

Ta xvpdtepa cvumepdopaTo amd Tn CLYKPUTIKY aSloAdYNoN TOV TOPATAVE®
LOVTEAWDV TOGO UETOED TOVG OGO KOL LE TNV TPOYUOTIKY OOKPLIoT| TNG AEKAVIG OTOPPONg
cuvoyilovton ToapaKiTo:

e Me Bdon to ovvteheotn Nash - Sutcliffe (NSE) ta dvo povtého pe Tig emiyeieg
LETPNGELG TPOGOUOLALOVV TOPATAVE® OO IKOVOTOUTIKE TO IGTOPIKA EMEIGOSIN OTN
AAII Kapotoavag, kKaBaog moté dev gppaviCetal Ty kdto tov 0.7, Katdei Téve
and 10 omoio pion mpooopoiwon pmopel vo OBswpnbel g emrvyne. Qotodco,
KOADTEPO, CUUTEPLPEPETAL TO KOTOVOUEUNUEVO LOVTELO OOV TTAPATNPOVVTOL TOAD
vynAég Tipég Tov ovvteheot| NSE, pe ) péon T va xopaiveton oto 0.93, v
elyrotn oto 0.83 (emercodio 3) ko ™ péyiot oto 0.99 (emecdowo 1), evod ot
VOO EMEICOOIL mapatpovvTon TeéS ave tov 0.90. Avtictoyo v to
OLYKEVTIPOTIKO HOVTELOD, 1 péom Tiun glvan 0.87, n eldyiot 0.76 (emeiodoto 3) Ko m
péyiom 0.98 (emercdola 1 ko 4).

e Av Koty 0 0edopévn AEKAVN OmOopPPONG KOl TO EXEGOSIN TOV HEAETHONKAY TO
KOTOVEUNUEVO HOVTEAO GULUTEPLPEPETOL KOADTEPA £VOVTL TOV GUYKEVTPOTIKOV,
a&ilel va Toviotel OTL YEVIKA 1 EVOOUATOON oG YOPIKNG OloKPLTOToinong g
Bpoyomtwong oe €va katovepmuévo povtédo dev efacpaAiler kor amapoitnTo
KOADTEPO ATOTEAECULATO OO OVTA EVOG CLUYKEVTPMOTIKOD LOVTEAOV. TNV TEPITTMOON
EQUPUOYNG EVOG KATOVEUNUEVOL HOVTEAOVD, av&avetal TapdAAnia o aplduog twv
TAPAUETPOV Gpa kot 0 PBabuog apePoardmroc. Ilapdyovieg dmwg 10 péyehog g
Aekdvng Kot 1 Yopikn ovopotopopeio g Ppoyng tvar e€icov kabopiotikol yio v

emidoomn Tov HovTEAov. QoTOCO, CNUAVTIKOTEPT EMIOPACT EIVAL 1) XOPIKT KATOVOUN
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TOV VOPOUETEMPOAOYIK®OV oTabUdV, KaB®OG Kol 1 ophOTNTOC KOl ETAPKEINL TWV
SBécIUmV dedOUEVDV.

H ypnon tov 0pupopik®V EKTIUNGE®V, OV KOl TO CTATIOTIKO Osiypa ivar pukpo,
KaOdc mpocopowmOnkoy povo mEVTE eMElcOd, ovédelEe Ola Tor (nTHHOTE OV
oyetiCovion pe tétolov ToToL dedopéva. TTo cuykeKpUéva, GTNV TPOTOYEVH TOVG
popen to dedopéva, GPM xatdpepav va mpocopoldcovy aSioroya to enelcoda 1
kol 4 kot avtiotorya pe ta dedopéva CMORPH 6gv vrdpyet Kapio mpocopoimon
mov pmopel va Bewpndel og wovomomtiky, PACEL TOV OTOTIOTIKGOV UEYEDDV.
[dwaitepn avaeopd o&ilel oto €melcddo 2, OTOV 0L SOPLPOPIKES EKTIUNGCELS OgV
KOTAPEPOV KOV VO OVOYVOPIGOLV TO TANUULPIKO €MEIGOO10, TOGO HAAAOV VO TO
TPOGOUOLAGOVV.

O1 dopbmoelg mov gpappdotnray pe Pdon tovg entyelovg otabuovc 0dnynoav ce
TOAD KOVOTOMTIKEG TPOGOUOIDGELS, OVOAOYES LLE QVTEG TOV TOPATPNUEVOV TIUAV
Bpoydmtwong.

IMvetar aviiAnmtd Ot 01 TIPOTOYEVEIS EKTIUNGELS OEV UITOPOVV VO EPUPLOGTOVV Y10l
VOPOAOYIKT] OVAALGT, TOVAJYIGTOV GTNV KAILOKO €VOC UELOVOUEVOL EMEICOSTIOV
Bpoyng — amoppong, EPOGOV LILAPYOLV aPKETOL TEPLOPIGHOL Kot afefatdtntes. Amo
™V GAAN TAELpd Exouv OUMG Kol Vo ONUOVTIKO TAEOVEKTNA. QG YV®OGTOV oTNV
TPAEN, AMOY® dVGKOANG TOTOYpaPiag Hiag TeEPoYNS Kot Ady® GAA®V TapayOvI®V M
YOPIKN KAADYN TOV ETLYEL®V OIKTO®OV HETPNONG TNG PPoyns tvan avemapkng, oAAd
Kol vo. unv etvon avemapkng, o€ €va. LEYOAO TANUUVLPIKO EMEICOO0 EALOYEVEL O
kivouvog @Bopdg Tv opydvev eEottiog £VIOVoV KAptKOV QOvOopEVeVY. Avtd To
TPOPANUOTE EMADOVTIOL HE TNV YPNCT OOPLPOPIKAOV OTEIKOVICEDY Ol OTMOiEg
KOADTTOLV TNV EMPAVELD TNG YNG GTO GUVOAO TNG AV UIKPA YPOVIKE O10CTILLOTOL
Kol UTopovV Vo dMGOVV PEAAGTIKO OMOTEAEGA, TOVTOTE OUMG GE GLVOVACUO LE

EMLYELEC TOPOTIPT|CELS.

5.3 IIpotaoceis yro Meirovtiki) 'Epgova

H pedétm tov minuuoupdv oamotedel €vo @A&yov Mnua Kot mopdAAnio ot

KOTOGTPOPEG TOV  GUVOOEVOVY  TO. TANUUVPIKE YEYOVOTO ONOTEAOVV [0l omd  TIg

ONUOVTIKOTEPEG GULVEMEIEG TOV OKPOI®V KOUIPWKOV  (QOIVOUEVOV, TOL TEIVOLV  Vva

epeavifovrar OA0 Kol GLYVOTEPO OTIC UEPEG LOG, OE TOYKOCULO KMpoKa. ZTnv mopovoo

Aumhopoatiky Epyacia avartiydnkav 600 poviéda Bpoyng — amoppons, to omoia NtV o€
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0éon va TapaEovv a&lOAoY OTOTEAEGUOTO OC TPOG TNV TPOGOUOIMGT TOV TEVTE 1IGTOPIKAOV
enclcodiov otn AAIT Kapdtovog ko dwitepo to kataveunuévo poviého. Emopévacg, oto
mAaiclo peddovtikng épevvog Ba mopovoiale 1O1HTEPO EVOPEPOV 1) EPOPLOYH TOL
KOTOVEUNUEVOD LOVTEAOD, TOL OVOTTTUYXONKE OTNV TOPOVCH €PYACIO GE EVUALUKTIKY
Aekdvn omoppong, ®ote vo avadelybel n TPOGOPUOCTIKOTNTA TOL OTN WETOPOAN TOV
TOMOYPOUPIKAOV KOl YEOUOPPOAOYIKOV cLUVONKOV, 0AAGL Kot ol mOovEG adLVOUIES OV
EVOEYETOL VO, TPOKVLYOLV.

Yndé avtd 1o mpicpo, ot0 TAMIGIO HEAAOVTIKNG £pguvag mov oyetiletar pe To
OVTIKEILEVO NG epyaociog kpivetor okOMUN Kol 1 ¥PNON OLPOPETIKOV VOPOAOYIKOD
HOVTELOL Y10, TNV TPOGOUOIMON TOV EMAEYUEVOV IGTOPIK®V ENEIGOdIMV Bpoyng, eite HEow
¢ mAateopuog HEC-HMS eite ypnopomowdvrog dAia poviéda 6nwg to TOPMODEL,
SAC-SMA, AWBM ot 1 cuykpttikn aE0AGYNon TOV TOPAYOUEVOV ATOTEAECUATOV LE TO
OOTEAEGLLATOL TNG OVAAVOTG TTOL JLEVEPYNONKE Kol TOPOVGLAGTNKE TOPUTAV®.

H yopum xatavoun mmg Bpoyng omotehel axkoun pio evolpEépoOVcH GLVIGTMOGO TOV
HOVTEAOL OV pmopel var dtepevvnBel mepattépm, kabmg n epaproyn evog Kavapov Bpoxng
pe duotaon KeMov pkpdtepn M peyordtepn amd 500x500 m mov emiléyOnke o
OLYKEKPIUEVN  epyacio, €VOEYOUEVOS OOMYNOEL GE  OLPOPETIKA KOl  TOpAAANAL
EVOLLPEPOVTO CLUTEPACLOTO CYETIKA LE TN LETAPOAN OV TPOKAAEITOL GTNV EMIOOGT TOL
povtédlov. Qo1060, givarl €0A0Y0 OTL 0 VTOAOYIGTIKOG POPTOG Ba avénbel onuavikd otV
nepintoon Bedpnong HeyoldTEPNS YOPIKNS AVAALGTG TOV GATVIMV TOV Kovafov.

[Ipoteiveton emiong 1 VOPAVLAIKY] TPOGOUOIMOT) GTO VOATOPEUATO TNG AEKOVNG LE
oTOYO TN XOPTOYPEPNON TOV EKTACEDV TOV EXANYNCAV OO TO TANUUVPIKE ETEIGOSO TOV
pereTnOnKoy.

H mapovca epyacia deiyver 0Tt Ta H0pLPOPIKA SESOUEVA UTOPOVV Vo aEtomoBovy
OGNV LVOPOAOYIKT TPOCOUOI®ON £VOG TANUUVPKOD YEYOVOTOS Kot va TapdEovy a&loloya
amoteAéopaTo, ov Kot epocov  dopbwbBodv, étol dote va  glayiotomonfoldv ot
afepordotnteg mov to. cvvodcvovy. Emopévmg, Ba mopovciole wdwitepo evolapiépov 1M
epapuoyn piog Stopopetikng mo ovvletng pebodoroyiag 616pOmwong, dmwg yio Tapdderypa
avt mov eonyOn amd tov Brandes (1975) n omoio vroAoyilel £va dopOmTikd GLUVTEAESTY
v KaBe Ppoyouetpikd otabpd. Xt ovvéxewn, pe Vv mwpodmoddeon OTL VEAPYOLV
dopbopéveg extiunoelg Ppoxdntoong Ba pumopovce va yivel cLYKPION TEPIGGOTEPOV

J0PLPOPIKDOV TPOTOVTI®V 1| TPOIOVTWV PAVTAP V1o TNV OELOAOYNOT TOV ATOTEAECUAT®OV TNG
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VOPOAOYIKNG KOl VOPALAIKNG TPOCOUOIMONG KOl TNV ETAOYN TOL KATUAANAOTEPOL Yio
YPNOT GE VOPOAOYIKES EQPAPLOYEC.

Téhog, mpoteivetoaw m Otevépyela avdAvong evaicOnociog o©TIg TOPAPETPOVS TOL
KOTOVEUNUEVOL  HOVTEAOV, Om®G Yoo TAPAdEyHo O  XpOVOG GLYKEVIPMOONG, T
amofnkevTIKOTTAL TG Aekdvng kot o kavaPoc twv Curve Numbers, étor ®ote vo
dtepevvnOet 1 emidpaon TV HETAPOADYV GTO AMOTEAECUO, OAAG KOl 1) CUOVTIKOTNTO TNG

Ka0e TapapéTpov.
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