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AKIHKDROGREAHMKWODEL L ERK

¥ZET
M¢hendi sl iya] ak éakadaBs ¢ r eci bsiul ekeevnrlienriinnidne
Muht emel ya] ékl ardan meyidsahay mael pegerd d reecre k
lendiriimesinde® n e ml i y eBu @edenlabh ir giziskl vev e r i tabanl e

akéek mgdbkl kerAk ek mhiebr pghat z ahaggnbir idkoy a h e
lojik sisteminbirf ér t ®h aach&a®k mi kt arénén zamanl a de

dir. Bu -al éeéxkmada akeéxk Kieioldnt owgrl afmé ndéon agy-s é iz «
akeke, pi k dierbde |lvedhuaikkétki psag raenent raemaf-al rakrl ééen ¢
g°re el eBub b g h aAMMIKE BASIN, SWMM parametrik modelleri

ve HECHMS model i kapsaménda bulunan Cl ar k,
met ot !l ar éK%%kl es eb-iirnmii krhaet emat i ks 2PB0199% r i m h
yél | ardéa aGaasscéi na Scala (Kuzey Pavi a, Kt al
fértmodenédrenmesi 1 -in kullanél méxteéer.

NAM/MIKE BASINve SWMMpar ametri khyakdmar® miblrcz €k s e |
l oji k parametrel ers i endodeilerinektana Buartodellera] é k8
kapsaymanéa akeék s¢igrecine bajlanteéelée ol an
yon, yeralteée suyuwsgibi atkégm, fiyzizlkeyelakelmay
dO©hedil | mesi nden dol aywé&, smo/ckalal epreer @aneitm e n |
gerekmektedirGenellikle bu parametrelerin a ma nbelmleamesim¢ mk ¢ n ol ma -
yabilir. Bu durunday aj ék akék verilerine dayanan f
danf aydal aBéhmékae-dp5EekmoELCIi nin birim hidr
dahaaZ i zi ksel par avmetd &awma ni gaddadrhy r € c a

ke k se- i mi birim hidrograf metodu kapsamé
havzanén birim hidrografe el de edilebil i
Model l erin thadmalnars®dm llkdmasEinreifRMS&@de&k ° k ¢
VerimKat s qGEgissét at i sti ksel °1 -¢tlere g°re de’

yézey akttxkeésip aa -aéneé nsbauocuNAMAMIKE BASINtmodemi n

line aittir (RMSE=2,26 mm ve CE=0,84). Boodel sonucundan sonaaiyi tahmini

SWMM modeli RMSE=2,91 ve CE=0,ABer mi KAnaoak t ¢ m birim hi
temlerinnt a h mi n  &abul eddebila gsevdyede olm mé KRMESTE dej er i ni
yakl akék 6 mm ve CE odenjas@i rbieyt eimektedinrud an ¢
Dikkat -e k i c i di j ekulbliarn éd mamu -tt¢gam model | eri n
yapamamal ar édnins 6 f EE éallerhde s & ad ateylit etmedterr u mu
dir. Hi dr ograahfmi sng medsei SEF amk ver Kimk hi drogr af
SWMM parametrik mdeller iyi tahming © st edii r &e nmo d e lkdbalr i n t ¢
edilebiirs evi yede dejil dir.
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ESTIMATION OF RUNOFF HYDROGRAF
SUMMARY

Rainfalkinduced unoff process is the most importaabmponent ofhydrological
cyclethat is used in the design whter structures, flood contrahddesignof urban
drainage systemg$runoff hydrographs a graph thashows runoffvariation versus

time for a given rainfall event Modeling rainfall-runoff process is a difficult task

due tonontlinearity and uncertaintiedn addition,otherphysical parametersuch as
infiltration, evapotranspiration, soil type, soil wetness and land use corsddi@n
required for determining this process.

RainfalFrunoff models can belassifiedas ghysicaly basedmodelsanddata driven
models. Physicalipased modelare based omathematicakelationshig between
rainfall, physical parameters tfie catchment andunoff. The Rational methodas
proposed byMulvany (1850 as thefirst physical nodel in order to computélood

peak discharge btakingtime of concentratioras the basisof the model. Further-
more,analytical probabilistic or design storm appro&els been usetd estimate the
peak discharge for design purpasescently classicalrational modelswere devel-

oped using perturbation theomherefuzzy logic model resultererecomparedwith
extended classical rational models.

The unit hydrograph is the unit response function of a linear hydrologic system and
was firsty proposed by Sheram (1932). It is defined as a direct runoff resulting
from 1 unit of excess rainfall generated uniformly over the drainage area at a con-
stant rate for an effective duration. Unit hydrograph theory was based on some as-
sumptions. The intensity of the exceasfall and the base time of the direct runoff
hydrograph should remain constant and the excess rainfall should be uniform over
the whole watershed. Mamgsearchersvestigatedunit hydrograph theory and syn-
thetic unit hydrographsuch asSnyder(1938)and SCS (19 which wereproposed

as methods of derivation of unit hydrograptack box modelfiave been also intro-
duced for the prediction of runoff by formulating the response of catchment linearly
or nonlinearly.

Fuzzy Unit HydrographwhereNash cascade parametric form of the unit hydrograph
was used were introducedFuzzy logic models are based linguistic expressions
which are used forconstruction of fuzzy IHFHEN rules depending on eep
knowledge or available data.

ANN model is a blek box modelwhich simulates rainfallrunoff process in situa-
tions whereexplicit knowledge of the internal hydrologic process is not available.

Despite all of these new developments,comprehensive study for evaluating the
comparative performance physically based models like SWMM and NAM/MIKE
BASIN and data driven models such as Clark, Snyder, SCS and Root selection meth-
od have been conducted so.fdihis study was, therefore, initiated to compare the
performance of various methods developed forbdistang runoff hydrograph.
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In this study HEGHMS, SWMM andMIKE BASIN/NAM Rainfall-Runoff models

and also Root selection methagre used for estimatinginoff hydrograph from
rainfall events in Cascin@cala urban catchmemt Italy. These models aghysical-

ly basedblack boxmodels, whichuset h e ¢ a t physioakparandetersuch as
area and slope, curve number, Manning roughness coeffiailetipercenageim-
perviouslayers hydrologic parameterand mathematical methods dérivation of

unit hydrograph The physical parameters are required in order to determine the
catchmeni sesponse of runoff for a given rainfall eventmerically Runoff hydro-
grapts were calculated using the aforementionemtielsand the model results were
compare with observed hydrograph

The specific objectives of this study were, i) to estimate ratifdliced runoff using
NAM/MIKE BASIN Rainfall-Runoff modelii) to produce runoff hydrograph by
employing the NAMMIKE BASIN RainfallRunoff mode] and iii) to ewaluate the
estimation performance of NAM/MIKE BASIN and SWMM parametric models
compared to the methods of unit hydrograph in terms of estimation of runoff hydro-
graph.

The results of these models were compared by considestilgated and observed
rainfall-induced runoff peak discharge, time to peak and discharge duration of the
hydrographs. The comparison waased ortheroot mean squared errodRMSE) and

the coefficient of efficiency (CE) between the obseregdntdata andestimation
results.

Five storms which were observed during the period betw&@80and1995 in Cas-
cina Scalawatershedwere modeledusing HECHMS, SWMM, NAM/MIKE BA-

SIN, and RooiSelection methodpproachesThe total runoff, peak discharge and
the discharge duration results green below.

Total runoff

It is clearlysean that resultof all unit hydrograph approaches (Clark, Snyder, SCS,
and root selectiomgre not satisfyingompared to SWMM andlAM/MIKE BASIN
models Estimatedralues by albpproaches of thenit hydrograptmodel were found

to be largetthanthe observed valueslhis conclusion is drawn based on the larger
RMSE values (approximatel®.00 mm) andsmallerCE values [ower than zerpof
resultsratherthan the other result€onsidering the assumptions of the umytiro-
graph theory, the storm selected for analysis should be of short duration and the
catchment should be relatively small. Long duration storm rainfalls may result in
unexpected errors in the estimation of runoff hydrographs.

MIKE BASIN/NAM model parameers were determined by triahnderror process

Five main parametera/ere selectedor calibration.For storm 104whichis chosen

for calibration, the estimated total runoff value is exaetjyal to the observed value
However overestimatiorwas obsered for long-durationstorms, whereaanderes-
timation was seerfor shortduration stormsConsequentlythe bestestimation was
observed usinlAM model based on statistical modeis,whichRMSE s 2.26 mm

and CEis 0.84.

Wang and Altunkaynak2012)performed a similastudyin the same catchmens-

ing the samestormeventdata The authors appliestormeventsusing SWMMap-
proachand comparedtheir resultswith the Fuzzy logic modelThey concluded that
fuzzy logic model prediton results outperformetbtal runoffevent data compared

to SWMM model But, only total runoffwas predictedrom total rainfall by the
fuzzy logic model and time variable hydrograph componenid not be generatd.

In this study, the same calibration values from the studwhyg and Altunkaynak
(2012)were used. Howevethe results are ndbund to be similar and laetter simu-
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lation was observed aftethanging the time intervals of input rainfall time series
from one minute to 10 minuteAs a resultRMSE decreaseffom 3.85to 2.91 mm.
Likewise results for large storm rainfalhduced runoff were overestimated in
SWMM model

Peak Discharge

It was observed th&@WMM and NAM/MIKE BASIN approachesend to underes-

timate the peak discharge values, wiHECHMS 6s SCS unit &ydrog!
overestimated the peak discharge values. As a result, the estimation results of these
models are not satisfying basedtbacriteria of RMSEs and CEs.

Discharge Duration

The SCSand Root selectiomethod revealed the best estimatgior dischargedu-

ration. This is because there is a good agreement between the estimated and observed
discharge durations considering statistical criteria, wWRMSEs were found to be

22.87 minand 25.44 minand CE were found to be0.88 and 0.85 respectively.

RMSE and CE values forSWMM model resultsvere found to b&5 minand0.72,
respectively. Howeventher modelslid not reveal satisfying estimation results.

As a resultit canbeinterpreedthat theperformances gbarametric models in teign

of total direct runoff are better thahoseof unit hydrograph methods. It can be ex-
plained by the number of physical and hydrological parameters that are used for sim-
ulation of rainfaltrunoff process On the other handll models were used in this
thesis did noexecutea good fit in terms of peak dischargewvhich is the most im-
portant parameterfor designing water structures and flood control projettse

study calibration can be done in order to obtain a good performamstimftion of
desired parametetrhe calibration of parametric models in this study was done con-
sidering thedotal direct runoff and the peak discharge.
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1. GKRKK

Su yer yolmbpuuwaemaddedi r ve suyun gezegenim
bul unmasé ve dol akémé bir-ok Buialadams e | ar
bilimi (hidroloji) suyuny er y ¢ £ ¢ md krigl&ii [l gi lie-nidni Jti¢gm i nsar
yakaméné etkilemektedir. Génegmegzde su ya
kanali zasyon ve su areétma projeleri, su
kont, ronlayvwi gasyon, a K € n koatrolf, uzlammagt o n jvew kb ¢ s e C
-evresel -al ékmal arda su bil i mi araxkternmn
Ssu -evri mi miin el eanrfanke ndiil i nen yajékén ake
karmakék bir fiziksel me k a n iazgmh dalirgizlik Bu k
verastgelellkk avr aml ar éné Ada éicaerymmg letke daikrée.k s ¢r e
ki yen buharl akma, s ézma, i - akém ve eva
aynée zanmfamgrmddgradur ul mal édér . Ggmodelme z d e
mevcuttur. Buy a k | a k a nkkballeed ayanan m¢ghendi sl i k pl e

meé i -in (kentsel b° | gsedyaotidna aderéemeéa jv es iksétres
remsal b°l gelerin tak&klak dremaeel Imed miheed i K
ren -gk¢gkktahmin sonu-1aré dejikmektedir.

llYaj-AkkeMko del | eri ve Literatg¢r Arakteéer maseé
YajJ-RKEK s¢reci su -aefvhhagmdBlué s ¢+ @k Sme mlaip €4
t aklkéemtvel gent sel bl gelerin drenaj Si st e
oynamaktadér . Bu s¢recin model | embeérs i ol a
sizlikler ve karmakekl|l ekl ardan dol ayeé by
evapotranspirasyon, topa k ci nsi , toprajén rutubet.i %
zi ksel paramakeel sgr dei ryia] éawkkéikl emmoedke lelda rr
gruba ayrél abil iVert &b saodBtles @addinin200d)eRizikselr v e

modellede, yaj éxkén hfaivziak s el °czellikleri (par
i | niknkatematiksel ifadéned ayanmakt adér . Rasyonel me t

fizi ksaeWdeéek amakket an e imlaan méatve iaplaaiaizamae d e |



nNé ve akék kathedyedendbidawyanga&mxkdlan meydana (e
| amak i -in halen m¢ghendi sl er tarafendan yay
dojrultusunda Hotchkiss ve McCallum (1995)

farkl é& pik debiné&t,ahamiensya k lhdamad&zralaaarm& k| ar déer .
Bunl arén i-inden toplanma zamané i-in en uy
debi tahmininin nagsi®w| Blug¢uc tkeamawakhak armad@ mékl a
K e k istattisely a k | ak éml ar da pakg@mrmbbl hreaslabkulil-amé
(Guo ve Adams, 1998).

Quader ve Guo (2006) meteoroloyikrilerinanal i zi , yaj é«k, alt havzal
toplanma zamané davranékeéné g°z °n¢gnde bul ul
Storm yakl|l akéemdlade dtlmi kpliekr ddierb.i yAyr éca topl a
kat sayéséna -arpép toplgaemi a Rasgonednvickok ar éné t a
°neril mktir (French, 2002; maotileRBrm ve Al tunk
hi drograf t e or i ssyomel hidrograf metedy, isaece ki debiyi R a

tahmin eden klasi k Rasyonel met ottan farklIl é

mek i -in uygulanabilen bir model ol arak ©°ner

Dojrusal hi dr o |reaksiydnderklensi blarak ibimen \eiillk dlarak
Sherman (1932) taraf éendanverPtnaebrainlleén nBoidreilnh eHii

en °nemli si ve en yaygéneder. Birim hidrogr:
Kiddetle yajan 1 in- veya 1 cmdadtaglséyga] €K
yéczey akeéexadga8s). Dahh somra brrien hidrograf teorisine dayanarak

birim hidrograf elde etme y°ntemler:i gel i kKt
(1943) ve SCS (1971) en -o0ok kullmam-él an y°nt
l ama ve fiziksel met otl ar il e  biriirli m tiidrm ogr &
(Parsad vel i 1999; Bhunya vel i 2003; ve Jainve i 2006).K° k S gakla- mi

Kémé-dPsagkzgzmeg il e sadece akék verilerini kul |

nin mat e ma ttemdis(€urnertyed r J9§9° @jha ved i 1999; Parmentier
ved i 2003; ve Seong ve Lee, 2011).

Kara kutu yaklakémlar bir hlmeezdarelemo-r eaksi yor
del |l enerek akék tahminiAlit-uinrk akywnlalka ( &l0maKt a ka
kara kutu yakl ar&m& Ikwlrleaxn aari a kmoyejldre mi k| er d
| ek mada, Bul arnogi€) modalin SVEMM par&metzikznyodelden @ah

Iyl tahmi n stesptedialrrndi Bwd radiejki mant ék yakl akeé



1965) ifadetfedea k man g°r ¢ke veya vkeSEkEIlfeuzz ydalkwal
tabané olukturul malkagiervd Mamgamo, 1L1985;
kaynak, 2006 ; Al t unk aydn &K 0\8eer, ROGIPAItun2 0 0 7 ;

kaynak,2010;Wang ve Al tunkaynak&§r R2d0stisRyj2006)¢t e vy ¢
birim hidrografén Nash kademel.i parametr |
rafé ©°ner mi kylaenré&izrelrlaBuonlver duckstein (200
sal yajeéek akék modelini ©°nermiklerdir. Bu
dojaséndan kaynakl anan yhaellidusdinesd n &ll eerra k b
akeéek sdiorheiclii Inmi Kkt i r .

Yapay Sinir Ajlaré modelrligni -ioke fhaizd rao Ibc
kokul |l a-ada@akyagpercini model |l emek i-in kul
monovi c, 2005; Sarkar ve Kumar, 2012) . ‘
kokulun bulunduju durumlarda kull aneél ér |

1- Sisteni n ol duk-a karmakéek ol masé ve tam
2-Sistemin soyut kavramlaré i-er mesi

3 Model girdilerinin dojal olarak eksik

1.2TezinAma c é

Ge-en b°l ¢mde i f &kel lea@nélear ylakbakéet ar al
lecektir. Bu - gl-ékmadcda kutu model i ve bir de
rograféné tahmin etmek i-in kullaneél acaki

1- MIKE BASIN/NAM (Danis h i NAT & R 1 R-Mho d ey ®HI (Da-

nish Hydraulic Institute)

2

SWMM (US EPA, Storm Water Management Model)
3- HEC-HMS (US ArmyCorps of Engineers, hydrologic modeling system)
4- Kok Sg2 nhme mi

Bu -al ékmada Cascina Scal a9@kt aleyd)ar lee mt
meydana gelen 5 ayr émotleferntma.nBa teamespesifki k ul

ama-1|l ar é i se:



NAM/ MI KE BASI N yakl| aalkeme &gt éanarakmgdekk
Si.

NAM/ MI KE BASI N model i ni kull anarak akék h
NAM/ MI KE BASI N ve SWMM parametri k kara kit
birimhi dr ogr af yakI|l axkésmedinnntahmin pedor-en HEC
mansé a-éséndan dejerlendiril mesi

Farkl & birim hidrograf. y°ntemlerinin kark



2. METODOL OJ K
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nak, (2012) - alielkmad tairre.ndaBuehdezandén meteo
¢izelge 2.106de verilmiktir.

¢i zel gCas2c.ilna: Scala havzasénén meteor ol

Ortalama Sé|Ortalama y| Yaj] muri
Ay Y¢ k. D¢ K. (mm) gén s
Ocak 7 -1 36.3 9
kuba 11 1 21.5 6
Mart 16 4 40.6 8
Nisan 19 8 87.1 14
May é 24 13 72.2 12
Haziran 28 17 72.7 11
Temmuz 31 19 101.4 9
Aj ust 30 19 63.9 10
Eyl ¢ 25 14 92.1 10
Ekim 19 10 89.9 11
Kaseé 12 5 89.8 12
Ar al 7 1 41.6 10
Bu havza kuzeybatédan g¢neydo] uy%0,18ojru haf.i
dir. Bu alan genellikle yerlekim alané ol ar ak
11,35 hekt aScdaélra. hGavszcaisnéa doj rudan kanal i zas)
drenedi | mektedi r . Bu tez -alékmasénda 1990 ve
5 ayré férténaya ait yajék akéek verileri il
model |l enmi kKt ir. Veril erin t oopdliangle-jiér itnmesriizht
(%2 2, 4dlarvetd® , 5 caddel er ve BkaApbOianmée gezeyl et

al anl ardan ol k@bt thravz@a&cisnandar:t bet on b
kat sayéseé: 0,0147) olukan kanalizasyon si st:
bl ¢nm¢gkKt ¢rzaviearbéun ahletr hbaivr i |, bir boru hatteée



ge 2.D deel t

renen

¢i zel gCa s2c.i2n a:

°czel

havzal ar é&én

l i kl eri ni

Scal

goster

a havzaséeMWamva |l t

Altunkaynak, 2012).

mektedir.

Alt havza numa-| Alan [hektal |E] i [#0] [ Ge ni[m]l| Ge - i r i n%]i
1 0.27 0.5 29 29
2 0.198 0.2 18 76
3 0.388 0 39 64
4 0.279 0 23 87
5 0.067 0 6 100
6 0.49 0 34 72
8 0.087 0 15 100
9 0.162 0.1 7 66
10 0.07 0.1 31 68
11 0.572 0.1 16 41
12 0.123 0.3 110 75
13 0.357 0.3 17 61
14 0.203 0.1 32 78
7 0.156 0.1 18 73
15 1.354 0 137 52
16 0.21 0.1 17 66
17 0.111 0 15 67
18 0.06 0.3 9 100
19 0.053 0 16 85
20 0.175 0.1 15 68
22 0.472 0.5 11 56
23 0.5 0.1 36 77
24 0.132 0.1 41 86
25 0.809 0.2 13 71
26 0.405 0 64 56
27 0.133 0 32 100
28 0.385 0.1 15 48
29 0.211 0.1 43 47
30 0.203 0.1 17 78
31 0.059 0.1 15 75
32 0.104 0.1 10 81
33 0.5 0.2 18 59
34 0.051 0 42 100
35 0.325 0.1 8 63
36 0.42 0.1 39 73
37 0.268 0.1 47 57
38 0.239 0.2 28 82
39 0.16 0 31 66
21 0.051 0.1 11 48
40 0.192 0.6 16 73
41 0.115 0.3 13 75
42 0.223 0.3 18 84

° @ e édredagsisteminin borteatlat i z el g

hav



¢i zel gCa s2c.i3n a:

(Wang ve Altunkaynak, 2012)

Scala havzasénén kanal

Gi ri ékéek |Bor u |Uzunlukm)|Y¢ ksek|EJ i m
1 2 Dairesel 147,64 1,31 0,2
2 3 Dairesel 180,45 1,64 0,25
3 4 Dairesel 147,64 1,64 0,3
4 5 Dairesel 213,25 1,64 0,2
5 6 Dairesel 180,45 1,97 0,23
6 7 Dairesel 229,66 1,97 0,24
8 10 Dairesel 213,25 0,98 0,8
9 10 Dairesel 82,02 0,98 1
10 11 Dairesel 65,62 1,31 0,63
11 12 Dairesel 98,43 1,31 0,13
12 13 Dairesel 114,83 1,64 0,3
13 14 Dairesel 180,45 1,64 0,45
14 7 Dairesel 180,45 1,64 0,23
7 15 Yumurta 164,04 2,69 0,32
15 16 Yumurta 164,04 2,69 0,4
16 17 Yumurta 196,85 2,69 0,33
17 19 Yumurta 114,83 3,28 0,3
18 19 Dairesel 114,83 0,98 1
19 20 Yumurta 49,21 3,28 0,33
20 21 Yumurta 196,85 3,31 0,42
22 23 Dairesel 213,25 0,98 0,4
23 26 Dairesel 196,85 1,31 0,23
24 25 Dairesel 180,45 1,31 0,4
25 26 Dairesel 196,85 1,31 0,57
26 31 Dairesel 213,25 1,97 0,38
27 28 Dairesel 147,64 0,98 0,44
28 29 Dairesel 147,64 1,31 0,44
29 30 Dairesel 209,97 1,64 0,4
30 31 Dairesel 229,66 1,64 0,3
31 33 Dairesel 98,43 1,97 0,26
32 33 Dairesel 98,43 0,98 0,77
33 21 Dairesel 196,85 1,97 0,37
34 35 Dairesel 98,43 1,31 0,65
35 36 Dairesel 131,23 1,31 0,55
36 38 Dairesel 147,64 1,31 0,35
37 38 Dairesel 164,04 0,98 0,16
38 39 Dairesel 131,23 1,64 0,32
39 21 Dairesel 246,06 1,64 0,5
21 40 Yumurta 65,62 3,28 0,55
40 41 Yumurta 196,85 3,25 0,9
41 42 Yumurta 147,64 3,31 0,33
42 43 Yumurta 196,85 3,38 0,7

zasyo



2.2Veri Toplama
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: akim yoénl Akim dlgme istasyonu

kekilCa2.c3 nna Scala havzasénén drena

¢i zel gvodeRenedi ér t €°nzael lalriéknl er i

Fart e Ya] ék Toplam| Akék s| Topl am
(dk.) (mm) (dk.) (mm)

104 124 26 204 11,7

116 35 15,2 83 4,6

282 20 4,8 48 1,8

290 152 38,6 206 16,6

499 69 12,2 89 3,4
2.3 Hidrograf Analizi
Hi drogr af , bir férténadamameéydang i gelmem gk
grafi ktir. Hi drogr af anal i zi takkén kontrol
temi ni projelerinde b¢gyeéek °nem takémaktader.

kek2i.l4 de yaj ek Kikdedseittil i( iz,amam oaalraarlak)e ( T)
glesteril Al ktiaki s¢rekl i ejri Keklinde g°ste
akekerd s( @l amak) hidrografeéeder. Bir nehir ha

seviyesinin s¢grekli °]l - ¢l medebiveb@jépmesast al
elde edilmektd i r . Debinin zamanla deji kKimini g°ste
vardér. Bunlardan birincisi ejri alténda kal
olukan su hacmine exkittir. Kkinci si i se yer
Yaj ékegéebarttan nehirde su seviyesi ve dol ay:
seviyesinin y¢kselike baklamaséndan ©°nce bel

10



y

gerekl i dir. Bu zaman dil i mi s¢resince yaj
(biri kthemepdaekhkavzada tutul arak akéka d

resi havzada yajéktan ©°nceki toprak nemi

Etkili yagis

yagis siddeti

/

Z

sizma eqgrisi

T AGecikm(i t

zamanl
tepe noktasi

Q (m3/s) Cekilme noktasi
Yiikselme egrisi

algalma egrisi
B
L

Taban akigi

zaman t

kekilYaZ.ed«k :ve Akeék hidrograf

11



Ya] é kK, havzanén t¢m rutubet a-éeklaréné dol d

doymanoktasna gel di Jjinde akéek sg¢reci bakl ar. Yaj
ya] €k ve geriye kalané buharl akma, tutma ve
Kén devam etti]i s¢rece et kil 9.asjeezk- y ¢ ksekl
maej ri si). Dol ayséz y¢zey akékénén hacmi hi c

akekenéen -ékar @uhmamme yy ¢jaz d yf awdee teadbhdn rhar eket.

a-éklanabil mesi i -1in, bu hacmi i ki ana b©°l ¢
akemdlkeeak hiAhrokgrassféendan tepe noktaséna kadar
hezla y¢kselir. Bu katké yajéek kesildijinde
akeme ol arak devam eder (kekil 2.4) . ¢ekil m
ge-iciepbbamaé&andsul ardan meydana gel ir. Bu ak
K- akém -ekiBmekthaokdras énadar et kil i yaj] éktan

tamamen e ki | mesi ne k addar hd edvaabng eehjcdhmriseses u
yon) kar k gk gkeil I meX.t4e)d.i r

Bir bakka °nemld. parametre ise geci kme zamar
nen °1| -¢s¢ olan geci kme zamané, yajék k¢tloe
pi kine ulakmak i-in ge-en s¢re olarak i fade
Dol ayséz akek ve taban akéké araseéendaki Sén
akéeken ayriglmikyhpd&gzanens kompozisyonuna bajl éc
ve kumtaké tabakal aré gibi ge-irgen akiferle
kige i ri msimzskb4n gveel er -ok d¢ke¢gk taban akéexké s
akéeke Bevgegmrisn i kIl i stkilenmektedir. Sulak mevaimlerde a

y¢ksek olan taban akéké seviyesi kurak mevs
boyuncahidr)gr af én taban akék bil ekeni, nehirde su
d¢kmeye devam eder . Sadece yajékeéeén yeralteée s
man y¢ ¢ksel meye baxklar (kekil 2.4) . Taban aké
sonra dahasewdkedle Hiamaml anér . Bu ol ay, yet e

sonra yeralté suyu haznesinin nehir akékeéene
Bir sonraki sul ak mevsime kadar hidrograf én
| anmakHiaddréorl.oj ii T mphenainsl|®° neséij aryankizar ége- mi K
ederek hiyetograf ve hidrograf biheekenl erini
lik tahminleriny a p € | rGhané 1O%1).

12



2.4 Birim Hidrograf Teorisi

Birim hidrograf
ol arak Sher man

s u havzasénén

kéesméeneén (1

rograf ol ar a

cm

k

(1932

) taraféndan ortaya

be¢t éeneégne

veya

t anéml

Birim hidrograf basi

meydana gel en

1- Art ek yajék belirkliiddoatirtmesktr #8d &roly unc a
2- Arték yajéek t¢m havza alanéna ¢niform
3 Bel | i bir zaman s¢resince devam eden
Kén s¢resi yajéxk Kiddditi nden baj émseéez
4- Ayné taban geniklijine sahip olan dol
féen toplam dolayséez akék miktare ile
5 Bel ir |l i bir arték yajékén olukturduju
maktadér .

kekil 2.5 biriim IDodrmragradf stiesdreimsiine karKk

tedir.

25Model I erin Tanéme

2.5.1HEC-HMS

HECHMS model i Ameri kan Ordusu M¢ghendi sl

Engineering) taraf éndan hidrol ojik havz

(Halwatura ve Najim, @13; Abushandi ve Merkel, 2013; Meenudié 2 Q 1 3 ) . keki

2.66da bu modelin genel ger¢é¢negmég sunul mu

HECHMS mode-bhkéwapgegkrkecinin

makt adér :

akeéecx

13

cniform ve

sabit

doj r us adakbsiiry omi dfroonl kosjiiyko t

1 in-akemegmndaolaugtedn d.i

aner .

t bi
hi drograféneéen
t eor i sikalulkeeed &@ydarkma kt adeéer :

r

simglasyonu i -

dojrusal

mod e

el de ec

«
<

1



Birim hidrograf Dogrusal sistem

Artik yagis Py,

(‘"J‘"\, Girdi Cikt
S L — sistem ——>
| P Q
nsM
O = Z PuUp-ms1
m=1

Birim pals girdi

o

1 ing veya | cm anlik artik yagis !

Birim impals
Anlik birim hidrograf
'

impals reaksiyon fonksiyonu

5. Dolaysiz yiizey akigi hidrografi sifirdan baslar. Daha onceki tim

5. sistem kaldig1 yerden baglar.
yagislar havzada tiketilmistir (baglangig su ¢ekimi veya kayp).

6. Dol iizey akigi hidrografi Orantiliik ve Cakisma ilkeleri
olaysiz yiizey aki§i hidrografi Orantiilik ve Cakisma ilkelerine 6 s doeant

dayanarak hesaplanir.

7. Havzanin reaksiyonu zamanla degismez ve sagnaktan sagnaga . . .
7. transfer fonksiyonu sabit katsayilara sahiptir.

degisiklik gostermez.

8. Toplam artik yagis yiiksekligi ve dolaysiz yiizey akigi yiiksekligi ) o
8. sistem siireklilik ilkesine dayanir.

egittir.

k e k i |Birith hidrografteorisivelo ] r usal k & isé& lea nér €l mas

l1-Yaj ék spesifilBsyser-erekhek| saiweriein, nde ge- mi
tekerrg¢r bazl e f arrmmzadaneyjdam av greil ledr il ecxeka el

yajJ €k verisi model e tanémlanabilir

14



2-Yaj ek kaybé modehtéene: h¥appkakbhgef moHd EE
b¢nyesi ntdre. mR2wcecywakl akeéeml ar havzanén fi zi
kull anarak yajék kayéeplarénén hesapl anma:
3Dol ayseéez y¢ ze Bunoléexseyunrhavded Vivercia f ar k1 &
de hareketi ni ¢rae- élkd yawrmo an kheshaloankalsbyétibek é
sahiplerdir

4-Hi dr ol oji k °teleme modell eri

5-Doj al akéklaréen birl exkmenski©Onlear-éat al | akm
6-Baj |l amal ar ve depagleaama ut eleineltearm model | e
7-Taban akékée model l eri

Bu -al ék-bhpda B8 C¥eerAanpéd k ay é pClarkoShyaler vee r i
SCS birim hidrograf y ° nt e méveut verileing § @ | a n mée
°ne¢rbdud undur 8k mak ii krcedeb e IDiarligibi GastingSdala
havzasé 42b°dl¢tn myaBuuz, aayl at havzal aréen al anl
hidrolojik ve fiziksel parametrelerin kg
delin daha kullanékl é omam&yé avihrbhh atgalzar c

ol arak ele alénméxteéer.

2.5.1.1SCSq rnu ma r kasy épdeli

SCSCN (Soil Consevation ServiceCurveNu mber ) model i Ameri ka
l et eri Toprak Koruma Kurumu tarafeéndan
| amakgel-iiknt i ri |l miktir (1972). Ar taklekgaj e

P genel de topl amP,y akjée-ke kytéckrs evkel yiaj ionndae ne, K i
akéeken baklangéecéndan s onrFapotaasiyet makssc k ay é
mum tutulane y ¢ ksSe k|l ikjgi- ¢ kt ¢r veya ona exittir
tutul an Igu knmnaidkatraryéaj(an yaj ékén akéka ge-r

potansiyel RlIgra vxkdeloll iujri. Buna g°re:

Fa Pe
S P-l 1)
ve s¢reklili k denkl emi nden:
P=Pe+la+Fa (2.2)
(2.1) ve (2.2) denklemlerinin birlikte -
2
= P10 23

15



72 HEC-HMS 35 [C:\Users\mustafa\Desktop\mustafa\deneme\clark\clark.hms] ﬂli_hj

File Edit View Components Parameters Compute Results Tools Help

D ES Q&b Fer Py sBEEE

dark %) Basin Model [Basin 1] = [ [
=] Basin Maodels -
. = Basin 1
REN

i . CTU Zunction-1

(2] Meteorolbgic Models
& Control Specifications
£} Time-Series Data

Components [Compute [ Resuts|

i@,‘o Subbasin ’ Loss ] Transform l Options |

Basin Name: Basin 1

£l N Subbasin-1 ‘
|

Description:

Downstream: | Junction-1 £

*Area (KM2) |0,11342
Canopy Method: | --None--

« »

| |NCTE 10008: Finished opening project “dark” in directory

face M :  —None--

SEREe . one "C:\Users\mustafa\Desktop\mustafa\deneme\clark™ at time 06Ara2013, 21:37:19.
Loss Method: | SCS Curve Number NCTE 10179: Opened basin model "Basin 1" at time 06Ara2013, 21:37:21.

Tranofarm Mathad: | Clarl | Init Hudraaranh
< 1 | »
|

keki |IHERHMS : model inin genel g°r¢n¢égm

Bu denklem SCS dolayséez y¢zey akéeké hesabe
yandan deneysel lLaebkntienr nbdaDdBm eskosnéuncdue t an é m-

| a n m®rgaman:

_ 2
Pe:—(P 025) (2.4)
P+038S
Potansiyel maksimum sui k tSatap@kc i nsi ve zemin °rtg¢gsegne baj
S:25400-254

CN (2.5)
Bu ifadede CN ejri nNBmaa ageér el aemkt lad|l andert €
cesinde farkle toprak cinsleri ve arazi kul |
l enmi ktir. Bu dojrultuda d°rt farkl e toprak

Grup A:Bugurubualhkt uran toprak cinsldgmxaoakge nel de ak:¢
tamamere s | ak ol dukl ar éndasahipoolat ppk sk asdema Baze
rupta yer alan topraklardan derin kum tabaka
GrupB:Bugurubuntom k|l arénda sézma hézé orta seviyed:¢

bu gurupta yer al maktadérl|l ar

16



GrupC: Tamamere s| ak ol dukl aré zaman ol duk-a dg¢
rubun toprakl aréndan kil | bal - ek, sé] ki
lar ayabiliriz

Grup D: Bu gurubun topraklarénda akék ol ukm

zaman kabarma °zel |l i7]Ji olan °rnejin kill]
¢izelge 2.50de arazi Kull anéména idaljilke vy
tir.

2.5.1.2GreenrAmpt ka y énpdeli

Green ve Ampt (19®BW) I Banredyarpaklkakéme 2. 7
daha basit sézma model i sundul ar . dl sl ak

ol an toprak kédmleam, do y onpr aayke® mmeanki tt ad € r .

bakl angezamandasonr adési aky fleudzpd ekt i r ve yg¢l
hbol an su toprajén y¢zeyinde birikmik ol a
S¢rekl i lik

Birim yatay en kesitli silindir kKeklinde
Lderinlifji araseéendaki éslak toprajé kontr
Toprajén t¢gm derinliji dbogsha&d baphaengae-

inmesi ile birlikte toprak nemdf dend (por o zi t e) 6ya art agsukt éer .

hacminin toplam kontrol hacminin oranéna
birim en kle(sd)eldeedilirané i - i n

F(t) =L - g) =LDg (2.6)
F): k ¢ mgls@zima y¢ksekl1 i jJi
Momentum
Darcy bajéentéesé akajéeédaki gi bi i fade edi l

:-km (2.7)
Mz

Darcy akésé t¢m derinli kgboguidca es &b into ki
zemin y¢zeyine yakén derinlikte ve eésl alk

ol mal aréné farz edersek (2.7) bajénteéeseée
ehi- h2g
8z- z2Y

f=-qgfé6nin y°n¢, akajé dojru olduju i-in art

f=k

(2.8)

17



Buradahi: t opr aj én vy ¢ hgyyikmmkeek | lp§liywwé&pgp evree ki t t i r . Bu
durumda (2.8) bgbijolernt @ésénée akaj] édaki

¢i zel gleo p2r.a5k :ci reglrar inruanag arses .

Hidrolojik toprak gurubu

Zeminin kullanék «keskK
A B C D
K1 enmi kKKor omaale z 72 81 88 91
Kor umal é 62 71 78 81
Ot | a kurumday i 68 79 86 89
Ketg¢ durumda 39 61 74 80
cCayeéer: iyl dur um 30 58 71 78
Or man:° rztagy é f 45 66 77 83
iy durumda °rt ¢ 25 55 70 77
A-ék y¢zeyler: ¢i mer

Kyi dur umda-:i neenn akapg 39 61 74 80
Orta durumda: %50 56i men kapl 49 69 79 84
Ticaret ve 1K b°lgel 89 92 94 95
Sanayb ° | g&lr@r ge-iri msi 81 88 91 93

Konut b°l gel eri

Ortalama
Ortal ama pa ) )
ge-iri ms
500 nt veya daha az 65 77 85 90 92
1000 nt 38 61 75 83 87
1500 nt 30 57 72 81 86
2000 nt 25 54 70 80 85
4000 nt 20 51 68 79 84
Kapl amal & parvs. al anl 98 98 98 98
Yol l ar: kapl amal e,
98 98 98 98
| amal é
¢takel 76 85 89 91
Toprak 72 82 87 89
o o-(y-L)e
g L H 2.9)
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q emme y¢sksekl i (doymamék ve g°zenekl
emme kuvvetine KkarkbBgRoVeunmukesear jyig)k.sek
edersek (2.9) bajéntése
0 - =
x % % *
1slak bolge

(hidrolik iletkenlik K)

islak cephe
R

=18 A®

keki |GreerRAMnp:t snedelima

zemin ylzeyi T e, i T Y

L
0
Q
~ :
o
(®) . 1
©
: =3
Q
=

Islak cephe - e, A e

b Lo bmvenly |y
ST —

kekilBir.i8n :en kesit al aneéen(@resmahi p s
Ampt).
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& +Lg

fokgz (2.10
gL H
ke kl ini aléer. | 5) deakkemindep h E/Oa@r erRi t ] ol (2.
& Dg+Fg
f=k=——"1 < 2.1
& £ i (2.11)
"Q —keklinde tahéemdlemkéremiemdEe2.yerine yazeéel ér sa
dF _ & Dg+Fg
—  =kZ—1 T 2.12
d & F H (212
halinia | ér . Bu dehklemé&r ansi yeék¢,mlenirse
c F ¢ F =kdt (2.13)
E<'F+qul‘d '
olur.
AF +y Dgd a y Dg
F =kdt 2.14
@ﬁ+qu§ %g +quapI (2.14
Her i kintegrabarl aéfnéénr s a :
F(t) 2 ~
“a yDg Q
F = pkdt (2.15)
Péﬁ +qugj fi(
F(t)- v Dg{in[F(t) +y Dg]- In(y Dg)} =kt (2.16)
veya
F(t) - qu|n%+ F()O —kt 2.17)

elde edilir. Bu ifade GreeA mp t denk!| e mi oKlcantc@k & aFtd andéer él é

2177) denkl emindenézmaehedé | I ma«tawg] édaki 1 fad
F(t) = k%:ﬂ +18 (2.18)
crt) =
Buradak , ‘e pgedpgrametreleriild=(tf)i t er asyon y°ntemi Il e hesa
zelge 2.66da Rawl s, Brakensiek veewMi il er 6én
czerine yapteéeklaré deneysel arakteérmalar son
dikleri GreerRAmpt modeli parametrelerinined] er | er i  ver i | mi Kt i r .
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¢i z el g&eedAmm madeli parametreleri.

Toprak cinsi d de Q( ¢ m) | K(cm/saat)
Kum 0,437 0,417 4,95 11,78
Lemli kum 0,437 0,401 6,13 2,99
Kumlu lem 0,453 0,412 11,01 1,09
Lem 0,463 0,434 8,89 0,34
Siltli lem 0,501 0,486 16,68 0,65
Kumlu Kil Le- 0,398 0,330 21,85 0,15
Kil Lem 0,464 0,390 20,88 0,10
Siltli Kil Lem 0,471 0,432 27,3 0,10
Kumlu Kil 0,430 0,321 23,90 0,06
Siltli Kil 0,479 0,423 29,22 0,05
Kil 0,475 0,385 31,63 0,03

2.5.1.3Clark birim hidrograf metodu

Clark birim hidrografy ©° nt e mi (1943) bir havzanén bir
sonucu olarak ifade etmektedir:
1- ¥t el emey:aj Arktéak mal tuanddauy udr ene ol ar ak h

taséna eri kKmesi

2- Azal ma: Arteéek yajékén, havza i-erisint
Suyun havzada késa s¢reldi tutul masée (topr
veya kanall arda), arték yajékén akéka d°
s al hazne bu tutul manén bir genel i fades

makt adér :

a:h-Ot (2.19)
BuradadS/ditz amanénda suyun depogitaamamanda defj
ya giren ortOakamanakdm, depodan -ékék akeée
deliletzamanénda depol amanén -ékék akeme il e
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S=RQ (2.20)
Rsabit dojrusal hazne farklaryaanelt da€¢Z=1H)abi r . Basit

(220) denklemler ni n birl i kte -°z¢mg:
O =Calt+Cs0r- 1 (2.21)
Kekl i nGeeCgltuerl. e me katsayél aredér ve akaj édaki
CA:ﬁ (2.22)
Ce=1- Ca (2.23)

Modelin parametreleri
1- Topl anma Tz s amp awajké kt an kaynakl anan yg¢zey
havzaséndaki en uzun nagtadan- € ke e maneeaasaglkei
mesi 1 4inzagea@dXKs, glyersli o (
2- Depol ama Rat Bayéesa&kiferin birim y¢gk dejiKk
yé¢zey alanéeéndan depol amaya al dejée veya de
( DSK-1). Ur |
Farkl & kurulukl ar tar af ééndialne gtedplkanma |zeaamadnre
edil ebilir. Bu -al ékmada mev cledlojiArearki-l er €K €]
t € r Meekezi) lllinoisk ér s al bel gel er i i -in geliktirdifij]
mothy ved i 2000):
Tc =875L°%%(1 +1)"+°%p°’® (2.24)
R=811L%"°%(1 +1) % (2.%%)

Bu denklemlerdd:: t opl anma Rzathapél & sisaa)it:gahmas ay é s é
kanal umilyh | wijeu i ry oz dvelsyisadjmany ¢ ksek | i J i (i n-).

2.5.1.4Snyder sentetik birim hidrograf metodu

Snyder (1938) Ameri ka Birlekik Devletleri A
arakteéermal arénda stimhemairmni ba +e@the thiylka mbodyjacarét -z
I ar el de et mbixt ibraj ebaleaasodmar iKkualno Or dusu N
taraféndan dg¢gzeltil mi kt itrolan(blk birkm hidroggaf 9 ) . Snyd ¢

tanéml @mé&mnt &gre.ci kme zamaneé ile ilikkisini

0 ulo (2.26)
ol arak belirlemicktir. Bu dojrultuda bir hav:
mek 1 -in akajeéedaki bek parametre belirl enmel
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l-havzanén geci kme zamané (yajék ke¢gtl e me
pi kine ul akmakD3kK)i)n: ge-en s¢re

= ClCt(l_Lc)O'3 (227)

ZAMAN

ZAMAN

k eki ISnylersentetikoi ri m hi drograf é.

Bu ifadedet,, geci kme z:amaavz grsé@mt-)ékék noktaseé
kadar ana kanal én UuUuzhawbhuopu Okmavepat aas €)
-ékék noktaséenéen ar asGs0dra(kkn gnelsiazf es i(sktrme nvi
Cayh®l gede bul un adavzadage | °dle- ¢eldm¢g ke nb ikrat say ée.
22havzanén birim Uslkewegachs/mif):n pi k debi (m

C2C
p = 2 (2.28)
to
C=2,75 (KngilizCrasyrsé& elmil gedea :bblhévgaan ve
danel de edil en katsayeé.

CiveCrk at sayél aréeéné helsvalptl @jmak!| érii nhav xanrar

dan el de edilir. ¥l -¢m yapél mék havza i -

havzavwigri geci kme grpaamdmetvel er itprhdbrapl ané

ise ozamantr = tr, tpr=tp ve gor=qp 0lup Ct ve C, katsy € | a 7) &e (2.2) dehk-

l eml erinden txl3oki eedisiand&jergeci kme z am:
tr- tr

tp = tpr+ (2.29)

Kekl i nde 6ove @DB) denklem(erd: vexpi - i n LCoOeGhk gpsayéel ar

(2.27) ve (2.38) denklemlerindemjpr=qgp vetpr=tpa | € nar ak hesapl aneéer.

3havzanén Dbirimg®l anénén pik debi si (
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for= PP (2.30)

thr

4birim hidrogrmdfsa@amatbhbaz bxamandédi drografén alt.

(veya 1 in-) dol ayséez akéek y¢kseklijJine exi
¢-gen kKeklinde varsayar ak:
'[b=E
CprR (2.31)
C:=556 Kngsi $ ze mi i-1in: 1290).

5pi k debinin Dbteekiabigeln bbrriomahédanogr af geni K

ifadeden elde edilir:

w=Cw QpR_ 108 (2@)
Cv=1, 22 (Kngi:l i440s)i s7ZeSmigdaniikl i J i ve 2,14 (Kr
%50 geni kl ik i -1in.

2.5.1.5SCSboyutsuzbirimhi dr ogr af é

SCS boyutsusentetikbirimh i dr ogr afjée@ebias idreibm , pi k debiye or
man,tzamanénén Dbirim hid(Tg groafange¢ kod ealriakk zt aamaem
Bel irli bir pik debi ve ar tserketikpigmiheddk €én geci kn
rograf ordinat |hairder okaurl dfa neell daer aekd ibliebim i r . kK e
suz birim hidraogo¥shvkeT(saatnd@glembetr irr. sadel ekt iri
¢-gen keklinde olan birim hidrograf vasétaseé
Ameri ka toprak koruma kurumu (SCS) -ok sayed
birim hidrografeéen 4a&679,al chaj sgues?neni gyakdakbk
tur . Birim hidrografeén alténda kalan al anén

Jundan:

To (2.33)
dir. BuradaC=2,08 (483,44 ngs$ i $ ze miAdir einm) AsxgyamfE ( k m
Daha sonr aki ar agat @¢orbadl teppite det mMmc e6i N dé&i bur ad
toplanma zamanédeér . kekil 2.106da g°r¢l deg ¢
daki ifadeden hesaplanabilir:

Tp:t—r"'tp

2 (2.34)

buradatrar t €k yaji,gecs kmeszawmaneéeder .
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0.8 / \
0.6 |

0.4

0.2 : \ l

\\ | }* I *{ ‘ ‘
\ i }‘— T,,—’i‘——— 1.67 7},-—"—"

0 1 2 3 4 5
t/Tp

1//q,
P |
/‘/
(S B

keki | SG@S.bdyltsusentetikbi r i m hi dr ogr af é

2.5.2NAM/MIKE BASIN

NAM ( i NefdDtBr BvMod elgdlakega] eanodel Te lDmink manka

versitesi, Hi drodinami k ve Hidrolik b°l ¢
elsen ve Hanserd, 9 7 3 ) . Bu modeédr saz sgredve k imi ne lnl i ni
mat emati ksel I fadel er aracel ej ®avanmsad a- ék
modellerar asénda sénéflandereéelabilir (keki.l z
NAM model i ya] €k akeék sg¢grecini dert fark
toprak nemini hesapl ayarak model |l emekt ed]i

a) Kar deposu

b) Y¢zeysel depo

c) K k b Ydpase s i

d Yer al tdeposs uy u
Gerekli veriler:

Genel ol arak NAM model i akajedaki husus|

modellemektedir:
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1- Meteoroloji k veriler: yajék (mm), pot ansi
l ek (eC), ve radyasyon (w/ m2)

2- Hidrolojkv er i | er : 98 1s-)¢ lveen yaekéad (tne suyu abstrak

EF=
= M Mode Features
Node Type:
@ River node
o Catchment node MIKE BASIN + ‘ 2@ ‘
£ Water user
¥ Reservoir
¥ Reservoir (catchment node) ™,
€@ Hydropawer
B Branch Features
Branch Type:
—~River
—=Link charngl

= M Catchments
O

Al eavo-|[fp e

Display [ Source [ Selection [ Time Series Bm 2

= yam Groundwater | MAM Initial Conditions  NAM Suiface R aotane |

| Hame | UMax [mm] | LMax [mm] | COOF [{)] | CKIF [h] |
» [catch [ 16 157 | 03] 83 |

keki |l NAMAMI KE BASI N modelinin genel (

2.3.2.1Modelinya p € s €

Bir kavramsal mo d e | ol arak NAM modeli fiziks
ek zamanl é& kull anéména dayanmaktadeér. Model i
cut verilerden hesaplanér. Ayreéca bu paramet
nu-1larén dejerlendirilmesine bajlé ol arak de
gbiburbodel su -evriminin y¢zeysel késméneén ben
2.3.2.2 Modelin temel bil ekenl eri

Y¢zeysel Bddgkaoa l erin ¢gzerinde bulunan rutubet
tabakasénda mevcut ol an su, y ¢ z doprake | depo o

nemi s¢rekl i buharl akma ve | - akem kKeklinde
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dejere ulaktejénda suyun bir késmé y¢zey
b°l gesi veya yeralté suyu depol aréna sézi

keki |l NAMl1thodel i.nin yapéseé

Kok bo°épgsasiK®k b°l gesi yézeysel b°l genin
de bulunan su, bitkilerin kullanabil ece]j

vasé transpirasyon kaybé olarak hesapl ar

Evapotranspirasyorn Ej er vy ¢ z ey kedmibitkiepngotansiyel eva-p r a
potranspirasyon i htiyacéndan k¢-¢k i se b

nun toprak nenmdentemin edilir. Buna gre:

L

Ea=(Eo- V)

Burada,Ea: evapotranspirasyork,: potansiyelevapotranspirasyony: y ¢ zde-y s e |
ponuntoprak nemi;L: ko K glepasunun toprak nemi; \enax k°k b°l gesi

posunun toprak nemi .St seéner é.
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