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SUMMARY

An important part of the field of civil engineering is the sizing of many projects,
which are directly related to certain hydrological phenomena, such as rainfall. Such
projects include a storm water drainage system, a reservoir, and even the sizing of a
hybrid renewable energy system. Therefore, the analysis and simulation of
hydrological variables at fine time scales, which are input data in such projects, is of
vital importance. However, both the stochastici ty that governs these phenomenaand
the lack of sufficient data on fine scalesmakes disaggregation models very useful and
necessary tools. These models are able to simulate raifall in continuous time and
preserve the necessary statistical characteristics of eachainfall time series; producing
a new denser one of a smaller scale, thus approximating more accurately the real
structure of the hydrological process. The aggregation model, applied in this thesis, is
the Bartlett-Lewis rectangular pulse rainfall model, which is combined with
disaggregation methodologies. The model is implemented through the package
HYETOS-R, which is a free tool for disaggregating and producing synthetic
precipitation time series at fine time scales, in the programming environment of R.
Furthermore, the packageHYETOS-R offers a multitude of alternatives, regarding the
available distribution considerations, but also regarding its alternative applications.
This package is applied to 4 different regions of Greece, considering alternatve
intensity distributions of the rainfall depths of the rectangular pulses, in order to
investigate the performance of the model in regions with different climatic conditions.
Based on the results of the present research work, the random Barlett-Lewis
rectangular pulse model, implemented through HYETOS-R, is able todisaggregatethe
under study daily historical precipitation time series and simulate most statistical

characteristics remarkably well at various time scales.
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30 aeo¢u UE aUOlUsROGE URT o¢oEeUl OUEeaql
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E) UEeuUUBE U&UOEU eUUE

OoU0al EU2O UT UpUBsGUUT UUE Ul T6U uOIT O ¢06 1T OE

09 06U U¢pEIDIapE OEAE IADD Ex(8diladd 1975; Goldberg, 1989;

Michalewich, 1996).
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E
EeUT U 0 i URUEOEO U BO6UAUDY
GUE 7T amplex0 gl Ul 6 UEelOQBE®AT VG BY E, U OUUT UsUUE
Uetl O06& U (X@WWGBW U EGENEI] GAFEA! ;IR&zGs, et ak, 2004

1. §EUY O0 (01 BirdplekS =@k, o, éxnra}, UOET 22AQT UIED U6 RUS
e000Gae@dHOATIOT ©BIEROWBIWO6 UeOUUI UsUUE
6 ¢ pUET VUsU¢ AT WE G UOERUIgU (BUBEE ( RUT ET 000D
U g e&nB UBO RUEDUUUBE (6FYEITUUUVUBE) UEYV O

o o
(@]
C
@)

o o{f 8% QT ET 2AOUUE 0O owp OF SGEOD
Odoo6G@), ¢ 06 ¢WREE LHADEIUEL @ 0T g U1 C J

GETU6O Uo QU0 s T (ARG USG
DOPOPOEET &I E G661 ADUEGE UEO GRe&GEO 3. 7:

o e ™
Q¢
Q
c
m
o

VO A 6Y 3.7)

o™ O
Cc m e
Q

TE®OOAUSUUE, implexit WeldEiAIUO U
UE UEO GRz&GEO 3. 8:

Ed
i Q™ o0 Qv (3.8)
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U @U@ 0T Ud Qa1 vl Qud}.
4. gif(ry<fw), UO 1T OUTIEEaIBEE G UAWIEKOEDPD 0D,
UA(r)<f(x), UGEIT Ou@ 0O 120 GET VUsO 0Usi UE eUl 0
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U O6 6eUE p. O UpexeeUUGE G661 URsalUOU
UEY @ UEO Gol A5UEGEO aUl UEaT OUUE, U¢EUG6A
UOpEegdd Ul @gawUBEREO. Al X f(x), Ul Sidplex
G6GU&1 T OUUE Ui RUUOBEe A aAtUE UEO GRe&GEO
w Q ™Muv ™Mo I "Q (3.10)
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DisagSimul ( TimeScale =1, BLpar =list(lambda,phi,kappa,alpha,v,mx,sxmx),

CellintensityProp =list(Weibull=FALSE,iota=NA),

RepetOpt =list(DistAllowed=0.1,Fac LevellRep=20,MinLevel1lRep=50,
TotalRepAllowed=5000), NumOfSequences =10,

Statistics =list(print=TRUE,plot=TRUE),

ImportHistData  =list(file="histdata.txt",FileContent=c("WeetDays","All
Days"),DaysPerSeason=31,na.values="NA"),

ExportSynthData  =list(exp=FALSEfile= "SynthData.txt",FileContent=
c("WetDays","AllDays")), PlotHyetographs  =FALSE,RandSeed=NULL)

KOEADUT T UUEe £ Wlwowol OEBI BibdakEd UEGED, Ul G
PUBEGGUUUBUO ¢T1 EBOQOGOOSUD 16000 T U Ul UUDd&I UE &
¢ U e & (Kossieris et al., 2016).

1. Timescale : E RO OI Eed el sgi UeU UPETUBEGYT OU UESO ET U
OpOsU UVedidAaUUUE GU 0dU0U0 O 69OUEUED&GUEDO UEOD

2. BLpar: 16000 URT ¢ Ud UV @uleRewis)m O¢00 a3 OBI u Uil C
AT R@OQUx0 ¢ O1 OAga Ol UUE dag9¢uO 6U EU T clak IiMBoddmcOr U G A1 UE O
4.1.3

3. CellintensityProp : 1ga0U ¢O6 eUveOdsalE UET euvuOUT O
o Ul v.01

4. RepetOpt : 1 600U ¢UdUT 2Ud0RI ¢O6 eUedopabO6i UE (6
UoET UBEGYT OU.

5. NumOfSequences: &8 UOEeu O Uée xdUEOO UoE&T 0O ¢0O6 euveo
GgoaUALIRT adORUdOT ETUBOT ¢Ob6 ROGaAO6BT UGET UDBEI

6. Statistics : 16000 1 OAEe MRUBFALBEHIaO& U OQEUEE&T UUE UI
ROGBGUEDO U¢E@o6T Ugs UU eUBEU OGUUUEGUEe£ RUBUe
Ol Ut O¢DEREY uU0u O &l RI I UprintU€TRBBB) Re@®/U8 UE ( T C
Up UEe O Rldt GGORUB. (

7. ImportHistData : 1 6a 00 ¢ UdUY &UdRI pO06 eUeOdpsaldol U
EaUO0Eenl o6rval aoOR@OO U¢ln &I U Ui RUUBEE&D UdRU;

8. ExportSynthData : [ ¢ GUU ¢ UdUYT &2UdRT ¢O6 eUle0dpsalol (
Go6T @0UEeal ot al adOR@GO GU &1 U UBRUgO UTOUOG.

9. PlotHyetographs :1 46U 1 OAEé g(TRUEFASH &EO0O® o6 ¢ OuUEel UUE U1l
ROQGUGUEO U¢Eeo6TUps 1TU UQUEeEOTl gpaUE UU o6UUOAB UG
66T @0UEegddO ROOTI OGUED A£O.
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gl U6 UOERU, GUOERU¢® WipOWAd OWE 6 UJs 10U b U:

1. Disaggregated rainfall depths OET ApO® ¢ UOE&RUE UU UT Ul 67 &
a0O0OROOUGAOURT e mAD ad o Bl ABWO OpOs U 0O7 AAOT UUE @
e UET £ Gilktd) @EFTRUE

2. Statistics : 16000 ¢EI 2

JEO UET @60 6A0 03O ET &0U
U

Ae RT ¢ 06 aldFse ke KW ERW 6600 a1H (R (
U C)
) oppira=TRUE U, U EQ T Qplo®&TADE , ¢ Ud OB G E

ol

Q))

U
O EGUOO0Eeu eUE G061 aUSBEedU A DO Am Al U
O E | A A OUE GU0U, RibyetdgraphsiTRUED.OT a7 U0

Ce

00Ub U, ROEE 0EG TORXOEDIWE U0 0 EBadeRU G U
0

ODOUERA VP BGU 7 OT Ukl O CBaedDReriEEeal ¢ UI
U0 UEO U1 O0turhdetiAE,aeen1983)o Ui OR&0

|T|)

& £ G ET CesUll Ukl Ao FE100 aiddW | U 1Paadsdni E

2.gU ROOTEeA GETUsU &I UdT E® UEGRI OO®EOWARTN wala 101 ¢l
Poissond Ud UY &U0d 06
3. DZ G661 OTEendO RoulT OO ¢UBUARAGO URT Oodwr OARIT Eedl
UeOl O6el0¢ UET UVeeUOUEem eUUUT OYT @ ¢UBUYT &Ud 06
4. DE UEAdeUEU® U&OI poeDOT UET UeeUUEeg eUUUT OV
5. EU e A& U OodoeOART Een ¢UITTU UGQUEUUsUUE T EU Ue
(&l UUGE, YU GQ)e O EGY &l E eU0UUT O1 @
GEU UET 0GUdT OAg U006 1 Ol U&l 06, O ROGOUEOD
BLRPM é UE RBORPM. GUBLRPM, OE ¢UOd A UUBOE, ¢O06 UGRUUgA
dUT T OUO, @&UROOUTUUE GUU&UBd&O 1T UUURBLRPMI EUG OB UUE

( Onof WhedeE 1993, E ¢ Ud AT-OUBIIR £ 1 UUUE U6 RUgU U¢pu el
eUUUEAAOIWRI U TU YTEUTTeWUUDOdMWo AEUUB O UE RAT UUOC
pUBA VUbO0Tel gelebpd eUVUEadEE pUVAANUVDOBUE, aalU O
é = BUE £ AU Usil UE 3W0aleaubdk UEUE @RBEORE Ueé i ORJ



Ugl DEURG s OIN® f Whedtér, 1994), 70 01 Ud Ukkkickids é @i U
(Kaczmarska et al., 2014 , ¢ 06 WUENioGedpOEOUA A1 1T OUUE I
U
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é uil o U
UETT@e UE UT UsaUOERE ¢UBA UUBO GRGIT UUDOO GAGUE
Agl OT UUE eBEUOET BUUEDDp2O aUU Ood66GYT UUU UVEGUUO
UARUVUEODKGEBARAEE £, UO 10102l O 1¢060s 1TU UpOUOUI
dUBUT @00 060 Ul dROOERD. T GloUaITGE 0@l a0, 0 alJ U UE 1 ¢ O¢
TU UGUBY OQaUUgs eUE Ul AEUBRBDEDOY 01 UO, @ UeutT U el

4.1.2 DisagSimul.test

w 0 A (

QO G661 ADSdgSiraultest T OEAaUVUE 70 UET ¢0QEAQUY 01T E I
I

UE UWEUGO®OA UUE Ul uvU 090 AORUE 160 EGUOOEEy E)
GO0T UUUE 1 U UE)TRDGE00EA @iplCEE 011 s0iB@lettdléwist 08l Ui &), O

Ul Ugeé OalisagSihulUE E Go61 AOUEGE UsU@ 01 O0AaUE UET U(
I OT Ul 06, G6Aedsil Ol UUO UU GUUUEGUEe A RUOUEUEDE
URT UOREeédnl

. Q 1006w UEO 00671 ABUEGEO, U¢RO ROEGET O9QOEUS
Ueul OobeéE:

Dis agSimul.test  (Length =1000,TimeScale=1,

BLpar =list(lambda,phi,kappa,alpha,v,mx,sxmx),

CellintensityProp =list(Weibull=FALSE,iota=NA),

RepetOpt =list(DistAllowed=0.1,FacLevellRep=20,MinLeve I1Rep=50,TotalRe
pAllowed=5000), NumOfSequences =10,

Statistics =list(print= TRUE,plot=TRUE),

ImportHistData  =list(imp=FALSE,file="histdata.txt",ImpDataTimeScale=1,
FileContent=c("WetDays","AllDays"),DaysPerSeason=31,DailyValues=TRUE,
na.values="NA" , ImpDataTimeScale=1),

ExportSynthData  =list(exp=FALSE file="SynthData.txt",

FileContent  =c("WetDays","AllDays"),DaysPerSeason=31),
PlotHyetographs  =FALSE, RandSeed=NULL)

KoEADUT T UUEe £ UT UGa&edOT UUE UU uGU0O UOEDI &l
Gol ABUEGEQUE DO 1001 U6 UUBO), Uia AEU o¢oUBEGAUUUD
UT UUod &l UE Ul UARUVEDBG® uEIOD Wsdwo @ Uk 2006
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1. Length &I U6 2UVUUEeud UexdUEOO 906 eUe&0OdsalE UO
ROOT OGUEdal Ur 06O adoORUGURGED, UO OpOsO UWET EC
Barlett-Lewis( UG U G Ol a0l o6¢AORUE UdbRUsO UVUEGUUOG6 EGU

2. RandSeed: WUW@&@EOUBET o AEU UE AUIT T QUBEU UB6RUSRI Ud
gAENULDUG UT OVEXUARDEVGE ECU

Q G061 Ae&sHIGEOUUVUI Ugs 1T 66U aUIEOE R &I Eeebigie@sOE U
UT UEGUOP DB g UEHDE QD e¢0D6 ROECETAHWEOBUUBe UsT EGE (
O UT @00 RT U BalettiLénisU &1 O 6

0 |OouQ UEO Go61 ABUEGEDO, UoRO ROEGET OpOEUS

eas (n, m xmin , xmax, xlow , xup, fn , maxeval =1500, ftol =1l1.e - 07,

ratio =0.99, pmut=0.9, beta =2, maxclimbs =5,...)

3. xmin:&lT U UGEAI 6GT U, 00 ¢ame OO gwallCE 7O UG RUUBEe £
dUBUT U0 REe U0 O R Gpd HEooRIEEOU) .

4. xmax:@l U UGEAT 60T U, nU0 ¢ @e O0®d @aiOEUHmIl WEERW Ud Ee £
6UDUT 2UOREEUDO RadOO UBRE&OU ¢l Eaodl OU) .

5 xow: 2 U UGUEAT 607U, T0 79006 6060 70 n, ¢0O6 0Odsa



7. fn:E UT UEeUET Ul Eeg G611 ADUEGE, 306U RBIG&EIMNEU GREE &)
Go1 ADUEGE ¢ O6 ¢UgsdT UE &I U ¢dUAT UUEeu UEA oG]
UEYT @ UEO aol ABUEGEOG a0 UsUU UO GETUsO.

8. maxeval : AT UO &UUEeud® Ue&xdUEOO UdEetTud ¢0Oo6 euveo
Ul EOT OAZG URI Goel UoU@ga ORI maReval $ 4 OO OET OD Y U ¢
»OOUUET 0T U1 maxévali>mora.s 1 UE

9. ftol :# UO e UUEeud® UdEeTUO ¢0O6 eUeOdopgaUlVE UET UTO
b0 UE TRE OB KIWES UEYT @ UEO Gol AolELNED. QO ¢d0U

10.ratio :®# UO & UVUUEeu O Uod ES®IODAD, BdiodeprR@iutiEOdsalE U
UEO T USRGED UEO &UdT OedUGsUO, wUUIT aosleuUg e
U ¢ Trdlic€ =0.99

11.pmut: & U0 &UVUUEa O@Dss 0dFEei79 O6 eUeOdosalE UET ¢EeUT U
UTod UopOAUT O6 ¢$0O6 UET HAWEEAISUOQE ¢ o &URE | TOAWKEI
pmut=0.9. HFf ET 0008006 UET &0 ¢00U0U0Us1T OT UUE AEU ¢ Ol
Usl UE UopUBUBUEUD TU Uo6iE&Us E UGRUEDUEUU.

12.beta : & UO & WEEHWE OO, T UAUI O0UVUBOO Upu 1, ¢Ob6 evuU
ROOI OUEUAD A T UUOO Ul uoUbhéta£2. O ¢0OUGEI OAYG Ug ]

13. maxclimbs : & U0 & U0UEéeu O Ueé &d63,EOPOo el doRHa BE UOI

E ) T EGUo Uhxclimbs 350 OUGET OAQ Usl UE

UsE&tu aET AUR
14.6: 900 UE Wd®FI T U U
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gl UG UOERU, GUOERUgU UTOuO6 UEO Gol ABUEGEOD

- - ° -

1. bestpar : &l GEAI 607 U ¢ 06 ¢¢UBE2RUE UO eUT OUUBO ad

adxeEeU.

2. bestval :EUET @ U006 fn UTUEGUOERUg GUO bestpar

3. nfeval: UBE&T U0 Ui EOI OAGGURT G661 AAUEGEO f n.

4. niter : UOE&T 0O UoUT UI o URT ¢O6 1T UY aAl OT UUE U¢u

5. ntolpop : EUT ORY eél1 UaY UUEegd GUAel EGEO UGWAIEGT E& 6 ¢

eU0U£ UET 00T U0U6UUsU UGUT Al ET E.

6. pop: O ¢l EeosaT 00O 906 U AACRFUE GUET U0UUI 0OsU0UUsU
Hip OT e 6T WRAUUEAUDERT OO Uo6UUDD U4 OUUOT Us T6U ¢l

UORT Eeg aUl UEGUOOOBEGED ¢O6 aoiuoZAZaUlE UET U60dR

G0 UOUREA UVUEGAT UEU UouedEGED, 0 UEI U OUL

UT Udd6REGEOD G Do @QRAGD AaAEGE Uo6UP avlagalUUE

e0GUEeU GU o¢RascalBedphi 10006 KoaUOUUEAUE (2007), 10

UBOp OPOEBGUED Udu UOo6 @ossepbselial 2mar GOHE ¢§o &KDBE G U



®euO0E, O 6601 OAEGT 0O UOs @BEVsMO Uil mEell dxi E @ |
UT 00T Uel AUUE ¢0006 UET eUUU0OU0e&s,1WIH A£0@o OHYRRIUDL
aoUeT EGYT &l O e&l Ud0O, u¢0O6 UU aALkdE UeRROOUTUUE

Goel ABDUEGEO. goUl °¢aunmmmﬂma$rzmé©,D@ééa@ioauoi
» Ol BOp U OUWWEE@® UT UagUEGE aU ¢ RuoddoAIUOUU0O60O UGE

4.1.4 SequentialSimul

Q G611 AdIkguénialSimul PEUd2pUE UE UEVTEO06OASU |

(%)

ROOT OO0 GBHORIOP UGG URT 1T &R U066 Odé OABaflegi©6 ¢ UI T E
Lewis, RR0 6O T U OeBWVbIBUUE

QO 10066GW UEO G601 ADUEGED, UORO ROEGET OpOEUs UL
Ueul O6@E:
SequentialSimul (Length =1000, BLpar =list(lambda,phi,kappa,alpha,v,mx,
sxmx), CellintensityProp =list(Weibull=FALSE,iota=NA),
TimeScale =1, Statistics =list(print=TRUE,plot=TRUE),
ImportHistData  =list(imp=FALSEfile="histdata.txt",ImpDataTimeScale=1,
FileContent=c("WetDays","AllDays"),DailyValues=TRUE,DaysPerSeason=31,
na.values="NA"), ExportSynthData  =list(exp=FALSEfile="SynthData.txt",

FileContent=c("WetDays","AllDays"),DaysPerSeaso n=31),
PlotTs =FALSE, RandSeed=NULL)

KOEADUT T UUEe £ W0 WdiiadiOl UWES Wwde UEO aoel A UE
1. Length :& U0 @ UUEeud® UexdUEOO ¢O6 euvUeOdpgaUE UE ut
0O UolBrighUOE 1 01 £100 Ugi EY 2000 (d). O 650U
B 20U00.
2. Blpar:1 6 U0 URT ¢ UBdUT eelBadeit-Lewi®o 1 OT Ukl 06
3. CellintensityProp ;16600 OOdEGY AURT ¢ 06 eU@00d¢
@&l UUGEO UO6 eUl EOU.

)

4. TimeScale : E R®OO1I Eéeg eéeigiUeU UGETUBEGY OU UEO ETVC
OpOpsU UeGoAaVOUUE GOEOGOUDPOY( ARDUEUOEOERUVOUVO R C
5. Statistics 1 60U 1 OAEe ol TRUEDAALSE)| EQUO@4 o OuUEel UUE |
ROGGUEO U¢Eeo6T Up UU eUBEU OGUUUEGUEeA£ RUbBUe
OT Ui Op OEET &l RI 00U OT &l Rprint EXRUB Ue @6 ¢ REOUT U (

U¢ UE al@iUdidt ETRUB.
6. ImportHistData : 1 g UU ¢UdUY &«UdRT ¢0O6 eéeUe0Oodsacoeil U
EGUOBdEenlT oral aoOR@O U¢u &I U Ui RUUBEen UBRU;



7. ExportSynthData : [ 6 G U0 ¢ Ud UY 2«UdRT ¢ 06 &
ael @UV0UEeal oval

8. PlotTs : | OAEB&l Ua i TRUBFALSE),
UpE@oT Us UE GRETUUEeéeg U¢UEen
U ¢ 1Plotfs =TRUE

U
T oLy, WEG AACRIEEIN0U

1. Time series : UEAI 6G7 U URT Go61 @U0UUEelD

a0 UBRUSO

GUET o0d0OU0GU 1 Ol
a0ORUGURGED aU :

~ N ~

U
HYETOSR.gU EGUOO0Eeée £ uUu

PhOwed ¢EO adORUdD

EgOe B EG@W@U O @ Ui

8
=
i
S
=

UaGUESO eUeUlE UE UEAdeUEU 0T ud a
O E, RRO36O 0T RO 1TU »aOoRGIOEUEOEU EOED @ Ee

U E(& ADUR D W & UfEa cOBaUIEEe # MO 1
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Dz Ualh@ UOdEe £ GUUUEGUEe £ RUbUeUESbEGUES £
30RG Ol OAEe @ HipHd, U 2002 2()K 3

Ol 67 Ué oUI O6 &£ o9 OUIT

1 0.059 0.009
S60E UET O (mm) 6 0.355 0.051

12 0.710 0.103

24 1.420 0.206

1 0.395 0.031
Go0EeD D¢t]éTEC6 2.889 0.185

12 8.718 0.497

24 18.904 1.162

1 0.004 0.000
GoTukeEUe&UOY B GE |6 0.126 0.003
(lag-1) 12 0.504 0.011

24 3.238 0.042

1 0.967 0.994
pE£2 Ul 0 UEGU | Eg° 0.847 0.969

12 0.790 0.942

24 0.697 0.903

Koot UTE ¢UOEORG 101 &UEO UpOUUOT Us

oUT O £ADEO. nO OEO TEBUO @PEISA I UEDU
pU0O60EAaAOBT TEUUTEeA UPE adoORUGUREE
GUUUEGUEe A REoMellEDE ¢ Ud Comdii BEUealD 140 (RE G

U0 Qo A&el
O EQOA @alEU

O aNEEeuwd U
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Dz i Ua®di UOd EeddM el (RRUdo Ue UEDEGUEe £ QoUel Us 06 (DEAD:
Ol 67 UéloUl O &£ gUAODH (
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a) Autocorrelation: All data values, 1 hour intervals b) Probabilities of dry spells
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