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DERE AKIMLARININ SIMULASYON MODELIYLE
TAHMINI VE BIR UYGULAMA

Prof. Dr. Stileyman OZHAN1)

Kisa Ozet

Bu calismada dere akiminin tahmininde kullanilan simulasyon modelle-
rinden Hidroloji Enstitisi Batunsel Yaklasim Modeli tanitilmis, Belgrad Or-
mani Ortadere | ve IV nolu havzalarinda dlcilmus bulunan iki yillik akim
degerleri kullanilmak suretiyle model parametrelerinin optimizasyonu yapil-
mistir. Kalibrasyon sonugclari, modelin yaprakli ormanla kapl havzalar igin
uygulanabilecegini, dlctlen ve tahmin edilen akim degerleri arasindaki iliski-
nin 6nemli oldugunu géstermistir. Daha iyi sonuglar elde etmek icin yagisin
tipi ve siddeti ile kar erime tarihinin dikkate alinmasi gerekli gérilmektedir.

1. GIRIisS

Hidroloji, sularin olusumu, sirkilasyonu, dagihisi, Fiziksel ve kimyasal 6zellikleri ile canlila-
ri da kapsayan cevresine etkileriyle ilgilenen bir bilim olarak tanimlanmaktadir (FLEMING
1972). insanlarin yasamiyla ilgisi olmasi bakimindan bu bilim dah Gzerinde binlerce yildan beri
durulmakta ve buna paralel olarak da dlgme, hesap ve tahmin ydntemlerinde gelismeler olmak-
tadir.

Bilgisayarin kullanima girisiyle beraber yaklasik 40 senedir hidrolojistler elde ettikleri veri-
leri bir yandan hizl bir bicimde degerlendirme olanag§i bulurken dte yandan karar verme asama-
sinda yararlanmak Gzere havzalarin su Gretimini tahmin icin dere akimini belirleyecek modellerin
gelistirilmesini hizlandirmistir. Bu modeller arasinda baslicalari SSARR (The US Army Corp of
Engineers Streamflovv Synthesis and Reservoir Regulation Model (ROCKWOOD 1964), The
Stanford Watershed Model (CRAWFORD/LINSLEY 1966), British Road Research Model
(WATKINS 1962), Kozak Model (KOZAK 1962) Mero Watershed Model (MERO 1968), Institu-

1) i.U. Orman Fakiiltesi Havza Amenajmani Anabilim Dali
Yayin Komisyonuna Sunuldugu Tarih: 13.05.1996



20 SULEYMAN OZHAN

te of Hydrology Lumped Model (BLACKIE / EELES 1985) vb. sayilabilir. Her bir model su don-
gust icinde yer alan parametrelerin bazilarini esas almak suretiyle aylik veya glinlik su verimini
tahmin etmeyi amaclamaktadir.

Bu makalenin yazar, ingiliz Kiiltir Dernegi bursiyeri olarak ingiltere’de Wallingford Hidro-
loji Enstitiisti’ndeki calismalari sirasinda yukarida sézu edilen modellerden “Hidroloji Enstitlsi
Bitiinsel Yaklasim Model”i iizerinde durmus ve i.U. Orman Fakiltesi Havza Amenajmani Anabi-
lim Dal tarafindan yiritilmekte olan “istanbul Cevresinde Yer Alan Mese-Kayin Orman EKosis-
temlerinde Es-Havza Denemeleri” projesi ¢ercevesinde 1Ekim 1978 - 30 Eylul 1980 tarihleri ara-
sinda kaydedici akim dlcerler yardimiyla belirlenen dere akimlarini kullanmak suretiyle s6zi edi-
len modelin uygulanabilirligini arastirmistir. Zira bu model ingiltere ve Dogu Afrika’da biyukli-
gu 37 hektardan 1600 km2 ye kadar degisen ve yillik yagisi 500 mm ile 2500 mm olan havzalarda
kabul edilebilir sonuglar vermistir (BLACKIE / EELES 1985).

iste bu yazi gergevesinde énce model ana hatlanyla tanitilacak, uygulama sonucu verilecek
ve degerlendirmesi yapilacaktir.

2. HIDROLOJI ENSTITUSU KAVRAMSAL MODELI

Modelde genel olarak bir havza sisteminde yagisin buharlasmcaya kadar gegirdigi evrede
yani su dongusiinde varoldugu bilinen olgulara dayanilmakta ve akim sireklilik denklemine gore
sonuca ulasiimaktadir. Bilindigi gibi akim siureklilik denklemi genel olarak;

Q=P- AE £ AS + AG

seklinde yazilmaktadir. Burada;
Q = Dere Akimi
P = Yagis
AE = Gercek Evapotranspirasyon
S = Toprak Nemi Depolamasindaki Degisim
G = Taban Suyu Depolamasindaki Degisim

Bu modelde akis diyagrami Sekil-1"de verilmis bulunmaktadir. Modelde su déngusinde yer
alan yagis disindaki ana 6geler dort ayri bolimde (Su depolama kismi) temsil edilmektedir. Bun-
lar: 1) intersepsiyon depolama bélimi, 2) Gegici yiizeysel depolama bélimii, 3) Toprak nemi
depolama bolumi ve 4) Taban suyu depolama bélimiudar.

1) intersepsiyon Depolama Bélimi

Bu bolumde yagisin bir kismi havzadaki bitki drtist ve 61t ortu tarafindan tutularak buhar-
lagmaktadir. Bu buharlasma miktarini hesaplamak icin Calder-Nevvson denklemi kullaniimaktadir.
Bu denklem

FINT =y [1.0 —EXP (-8 x ERAINF)]

seklindedir/*)

Ancak bu denklem igne yaprakli orman igin gelistirildiginden yapragini déken orman igin
bir duzeltme faktéri kullanmak gerekmektedir ki bu faktér, Belgrad Ormaninda yapilan bir aras-
tirma (OZHAN 1982) sonucuna gore belirlenmis ve bdylece denklem yapraksiz donem igin:

(1) Formillerde verilen kisaltmalarin anlami Tablo 1’de agiklanmistir.
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Sekil 1: Hidroloji enstitusu bitinsel yaklasim modeli
Figlre 1: The Institute of hydroiogy lumped model
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Tablo 1: Modelde Yer Alan Bazi Kisaltmalain Anlami
Table 1: Some Abbreviations in Model

RAIN Yagis
Rainfall
ERAINF Etkili Yagis

Effeclive rainfall

EEVAP Potansiyel evaporasyon
Potential evaporation from free vvater surface

EPRED Tahmin edilen toplam evaporasyon
Predicted evaporation

FINT intersepsiyon
Interception

ECC Yiu~ey depolamasindan meydana gelen transpirasyon
Transpiration from surface store

EXP e tabanina gore Us
Exponential
CSTOR Toprak ylizeyinde su depolama miktari

Contents of soil surface store

ROPF Toprak nemi aciginin etkiledigi ytzeysel akis
Runoff affected by soil moisture deficit

ROFFF Toplam yiizeysel akis
Surface runoff total

RSTORE Kanal depolama miktari
Content of channel store

ETF Gercek transpirasyon
Actual transpiration

W Tepe tacinin nemli oldugu zaman fraksiyonu
Fraction of the time \vhen the canopy is wet

IK Gin sayisi
Day counter

INGF Su ac¢igi fonksiyonu
Function of the water deficit

DCF Su agigl
Water deficit

GPFR Toprakta depolanan suyun tabansuyuna sizma orani
Percolation rate to groundvvater

GS Tabansuyu depolamasinin mevcut seviyesi
Current level of groundvvater storage



DERE AKIMININ SIMULASYONU 23

Tablo | ’in devami
Table 1 Continued

RO Akis
Runoff
GRO Tabansuyundan akis

Runoff from groundvvater

FGDEL Tabansuyunun geciken bélimi
Fraction part of groundwater delay

FRDEL Akisin geciken bolimi
Fraction part of runoff delay

VOL Dere akimina katilan toplam yiizeysel akis
Total surface runoffin transit

RVOL Glnun bir bélumundeki dereye katilan yuzeysel akis
Surface runoff in transit (fraction of day)

RGVOL Gin boyunca yuzeysel akis
Surface runoff (whole day)

GvoL Dere akimina katilan taban suyu akisi
Groundwater in transit

PRUN Tahmin edilen dere akimi
Predicted streamflovv

FINT = FINT x 0.62745 seklini almistir.

Yagis, intersepsiyon sireciyle birlikte iki kisma ayrilmaktadir ki bunlar;

a) intersepsiyonla kayip;
Yaprakli dénem igin : FINT =y [1.0- EXP (-5 x ERAINF)]
Yapraksiz dénem i¢in :  FINT =FINT x 0.62745

b) Toprak yiizeyine ulasan etkili yagis

ERAINF = ERAINF - FINT

2) Gegici Yuzeysel Depolama Bolimu

Toprak ylzeyinde gecici depolama b6limiinde su bulundugunda meydana gelecek evaporas-
yon, serbest su ylizeyinden meydana gelen potansiyel evaporasyon miktarindan yararlanarak asa-
gidaki formul yardimiyla hesaplanir ve formildeki FC terimi optimize edilir.

ECC = FC x EEVAP

Modelde ERAINF olarak gosterilen ve bu gegici depolamada tutulamayan etkili yagisin bir
bolumi yuzeysel akisa gecer ve bir bolimu toprak nemi depolama bélimune girer.
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Ylzeysel akis asagidaki esitlikle belirlenir.
ROFFF = ROPF x ERAINF

Burada ROPF toprak nemi a¢igi ve yagis siddetinin bir fonksiyonu olup asagidaki formuller
yardimiyla hesaplanir.
ROPF = RC x EXP (-RSIF)
RSIF = RS x DCF
ROPIF = RC x [EXP (RR x ERAINF) - 1.0]

ROPF = ROPF+ ROPIF

Formiillerdeki RC, RS ve RR optimize edilecek parametrelerdir.

Dere akimina katilacak ylzeysel akis miktari ise:
RO = RK X RSTORE rx

Burada baslangictaki depolama miktarini gosteren RSTORE zaman dilimlerinde meydana
gelen gecikmelerle (RDEL) dereye dogru gittikce azalmaktadir (BLACKIE / EELES 1985).

Etkili yagisin yluzeysel akisa gegcmeyen bolimi ise infiltrasyon yoluyla toprak nemi depola-
ma boélimine gider ki bu:

ERAINF = ERAINF - ROFFF

denklemiyle model de yerini bulmaktadir.

3) Toprak Nemi Depolama Boélimi

Toprak nemi depolama bdlumiinu etkili yagisin ylizeysel akistan geriye kalan bdlimu besler
ve bu bdlimdeki su da transpirasyonla ve tabansuyuna perkolasyonla kayba ugrar.

Transpirasyonla kaybolan miktar:

ETF =B x (1.0 - w) x EVAP (IK) x ECPF
ECPF = (Cos (TNGF) + 1.0)/ 2.0

TNGF = (DCF- DCS)/ DCFR

formdilleri yardimiyla hesaplanir.

Burada; ECPF toprak nemi aciginin (DCF) bir fonksiyonu olup DCS, toprak nemi acigi ne-
deniyle transpirasyonun azalmaya basladigi nokta, DCFR ise transpirasyonun durdugu nokta de-
gerleri olup bunlar optimize edilmektedir.

Toprak nemi depolamasinda bir su agi§! varsa tabansuyuna dogru bir perkolasyon sézkonu-
su degildir. Ancak bu bélimde bir su fazlasi varsa sabit bir oranda su miktari taban suyuna drene
olur. Bu miktar, basit bir dogrusal fonksiyonla belirlenir (EELES 1978).

GPFR =-AA x DCF
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4) Taban Suyu Depolama Bélumi

Taban suyu depolama bélumine, toprak suyu depolamasindaki bir kisim su (GPFR) gelir ve
bu mevcut miktara eklenir (DOUGLAS 1974). Taban suyu depolamasindan meydana gelen kayip
sadece dereye dogru giden taban suyu akisi (GRO) olup bu miktar taban suyu depolamasindaki
mevcut seviyenin bir fonksiyonudur:

GRO = (GS/GSU)gsp

Burada GSU ve GSPoptimize edilecek parametrelerdir.

Dereye dogru giden tabansuyu akisi (GRO), zamanla gecikme faktoriyle (GDEL) yavas-
lamakladir.

Buraya kadar agiklanmaya calisilan modelin gecici ylizeysel depolama bdluminden dere
akimina katilan toplam yuzeysel akis:

VOL = FRDEL x RVOL + (1.0- FRDEL) x RO
formuliyle ve tabansuyu depolama bélimiinden dere akimina katilan taban suyu akisi da:
GVOL = FGDEL x RGVOL + (1.0- FGDEL) x GRO
formiliyle hesaplanmaktadir. Béylece dere akiminin tahmini:
PRUN = VOL + GVOL

formiliyle belirlenmektedir.

Yine modelde hesaplanan intersepsiyon (FINT), transpirasyon (ETF) ve yizeysel gegici de-
polamadan meydana gelen buharlasmanin (ECC) toplanmasiyla da toplam buharlasma tahmin
edilmektedir;

EPRED = FINT + ETF + ECC

3. MODEL UYGULAMASI VE OPTIMIiZASYONU
3.1 Veriler

Havza 1ve Havza IV e iliskin ayhk ortalama akim degderi ile Bahgekdy Meteoroloji istasyo-
nundan alinan aylik yagis degerleri Tablo 2’de verilmistir. Havza I’in akim degerleri 1978 yili
Ekim ayi, Havza IV’inki ise 1978 yili Kasim ayinda baslamakta ve 1980 Eylil sonuna kadar de-
vam etmektedir. Burada havzalarin kisaca tanitilmasi uygun bulunmustur.

3.2 Akini Olgmesi Yapilan Havzalarin Tanitimi

Dere akimlarinin dl¢uldigi Havza | ve Havza IV, Karadeniz’e takriben 3 km uzaklikta bulu-
nan istanbul Belgrad Ormaninin Kurtkemeri bélgesi icinde yer almaktadir.

Havza | ve Havza IV sirasiyla 71.9 ve 77.5 hektar biytkliginde olup her ikisi de tamamen
ormanla kaphdir. Bu ormani olusturan baslica agac turleri meseler (Quercns petria, Quercusfrci-
inetto Ten.) ve kayin (Fagus orientalis) dir. Bu agac tirlerine yer yer degisik oranlarda glrgen
(Carpinus befuliis L.) kestane (Castanea sativa Mili.) Kizilaga¢ (Alnuis glutunosa L.) ve lvez
(Sorbiis rnrminalis) gibi tirler karisim saglamaktadir.
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Tablo 2: Havza I ve 1V e iliskin Aylik Olgiilen Akim Degerleri (mm) ve Yagis (mm)
Table 2: Monthly Observed Streamflows and Precipitation for Catcliment I and IV

Havza-I Havza-1Vv
Catchment-I Catcliment-1V

Aylar Akim (mm) Akim(mm) Yagis (mm)
Months Runoff (mm) Runoff (mm) Precip. (mm)
10/1978 88,019 261.4
11/1978 7,506 11,837 84.4
12/1978 42,787 59,61 183.7
01/1979 27,624 54,64 144.7
02/1979 13,726 34,438 77.6
03/1979 5,282 8,997 215
04/1979 6,257 8,26 70.6
05/1979 2,94 3,626 24.3
06/1979 4,489 2,466 19.2
07/1979 1,74 1,661 58.8
08/1979 2,846 1,495 102.1
09/1979 1,344 1,076 34.8
10/1979 2,4 2,181 160.9
11/1979 84,583. 148,083 243.7
12/1979 45,817 72,687 179.1
01/1980 107,078 134,385 220.6
02/1980 89,791 123,123 200.3
03/1980 182,364 200,752 200.4
04/1980 19,188 19,284 47.8
05/1980 6,734 8,238 68.6
06/1980 3,588 2,763 21.8
07/1980 1,968 1,78 23.9
08/1980 1,788 1,2 58.6
09/1980 2,484 1,897 92.7

Havzalarin icinde yer aldigi yére, Tilomthwaite iklim siniflandirmasina goére “nemli, mezo-
termal, su aci§l yaz mevsiminde ve orta derecede gdrilen, okyanus etkisine yakin” bir iklime sa-
hiptir. Yillik ortalama yagis ortalamasi 1094 mm. olup ortalama sicaklik ise 12.8°C’dir (OZHAN
1977).

Toprag! olusturan anamateryal Karbonifer kil sisti ile Neojen kili ve ¢akil depolandir. Kar-
bonifer kil sistlerinden olusan topraklar genellikle si§ ve orta derin, tash, balgikh kil turtinde; or-
ganik maddece zengin ve hizli gegirgendir.

Neojen depolanndan gelisen topraklar ise derin, Ustte balgikl Kil altta kil tirindedir ve orta
derecede gecirgenlige sahiptir.

Her iki anamateryalden gelisen topraklar yiksek bir erozyon potansiyeline sahip olup tzer-
lerinde ylizeysel akisa karsi iyi bir tampon etkisi gosteren 5 cm kalinliginda mull tipi 610 orti ta-
bakasi bulunmaktadir (BALCI ve Ark. 1986 ve 1993).

Havzalann deniz seviyesinden yuksekligi ortalama 140 m ve ortalama egimleri Havza-1'de
%10 ve Havza-1V’de % 14’tur.
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3.3 Parametrelerin Optimizasyonu

Tablo 3°de verilen parametrelerin baslangi¢ degeri olarak Eeles (1978) tarafindan yapilan bir
arastirmada optimize edilen degerler alinmis, bu parametrelerin optimum degerlerini elde etmek
icin de objektif fonksiyon minimize edilmistir. Bu fonksiyon, dlgilen ve tahmin edilen dere akim-
lar1 arasindaki fark karelerinin toplami olarak belirtilmekte ve:

F = £ (Qobs- Qpred)2

olarak formile edilmektedir (Nash ve Sutcliffe, 1970).

Belirtme katsayisi hesaplanmak suretiyle de uygulamanin etkinligi irdelenmis ve katsayi;
RE = (FO- F)/ FO
formuillyle hesaplanmistir. Buradaki FO,
FO =S (Qas- Omeun)2

olup, élculen akim ile ortalama akim degerleri arasindaki fark karelerinin toplamim ifade etmek-
tedir. Belirtme katsayisinin kare koki ise korelasyon katsayisidir.

4. BULGULAR VE TARTISMA

Havza-1 ve Havza-1V icin optimize edilen parametre ve degerleri Tablo 3’de verilmis olup
uygulanan modelde 19 parametre bulunmaktadir. iki yillik peryod verilerine gore kalibrasyon so-
nuclan ise Tablo 4°de gérulmektedir. Aylik korelasyon katsayisi Havza-l i¢in 0.9759 ve Havza-1V
icin 0.9677 bulunmustur. Belirtme katsayilan ise Havza-1 ve IV igin sirasiyla 0.9524 ve 0.9364
tir. Bu degerler dlculen ve tahmin edilen akim arasindaki iliskinin cok énemli oldugunu goster-
mekledir.

Olgulen ve tahmin edilen akimlara iliskin hidrograflar Sekil 2 ve 3°de verilmis bulunmakta-
dir.

Kalibrasyon peryodu iginde olgilen toplam akim ile tahmin edilen toplam akim arasinda
meydana gelen hata yuzdesi Havza-l icin % 0.657 ve Havza-l1V icin % 0.037 hesaplanmistir ki
bunun da ¢ok kiiclk bir fark oldugu géralir.

Havza-1 ve Havza-I1V icin aylik dlculen ve tahmin edilen akim degerlerinden elde edilen
akim sureklilik egrileri Sekil 4 ve 5°de verilmistir. Bu egriler, dlgiilen ve tahmin edilen akimlarin
uyumlulugunu agikca ortaya koymaktadir.

Gerek Tablo 2 gerekse Sekil 2 ve 3°den izlenebilecegi gibi élgilen maksimum debi ile tah-
min edilen maksimum debi arasinda buyuk fark gorilmektedir. Bu durum kar erimesinin dere aki-
mi Uzerinde etkili olmasiyla aciklanabilir. Zira karin distigu tarih ile eriyip dere akimina katildigi
tarih arasinda uzun veya kisa sireli bir fark olmakta, ancak bu model igerisinde ifadesini bulama-
maktadir. Diger bir fark nedeni de akim degerlendirmesinin giinlik 0-24 saatleri arasini, yagis de-
gerinin de 09.00-09.00 saatleri arasini kapsamasi olabilir.
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Tablo 3: Model Parametreleri ve Optimize Edilmis Havza Degerleri

Table 3: Model Parameters and Catcmcnt Optimised Values

PARAMETRELER

Parameters and Stores

intersepsiyon depolamasi
Interception store

Y

Gama Ampirik intersepsiyon sabitesi
Gama Empirical intcrception constant
Delta Ampirik intersepsiyon sabitesi
Delta Empirical interception constant

Gegici ylizey depolamasi
Surface detention store

FC

SSTOR

Potansiyel evaporasyon yardimiyla topraktan meydana
gelen evapotranspirasyonu tahmin icin kullanilan faktor
Factor to estimate soil store dvapotranspiration loss
from potentia! evaporation

Toprak ylizeyindeki depolama miktari
Size of surface soil store

Y lzeysel akis
Surface runoff

RC

RS

RR

RK

RX

RDEL

Yagis/yuzeysel akis sabitesi

Rainfall/dircct runoff constant

Topraktaki su acigina gore yagis/akis sabitesi
Rainfall/runoff exponential decay constant for soil
moisture deficit

Yagis/akis siddeti Ussel sabitesi
Rainfall/runof intensity exponenlial constant

Akis dteleme faktéru
Runoff routing factor

Akis oteleme indeksi
Runoff routing index

Yuzeysel akis gecikme faktori
Surface runoff delay factor

Toprak nemi depolamasi
Soil moisture store

P

CWET

DCS

Beta
Beta

Tepe tacinin nemli oldugu zaman fraksiyonu
Fraction of the time wfien the canopy is wet

Toprak nemi aci§i nedeniyle transpirasyonun azalmaya
baslama noktasi
Soil moisture deficit below wvltich beta factor is constant

OPTIMIiZE EDILMiS DEGER
OPTIMISED VALUES

Havza-I

Catcliment-1

6,1

0,199

0,85

84

0,62315

0,01299

0,01157

0,06055

3,20106

0,01324

51,38206

Havza-1Vv
Catchment-1V

71

0,499

0,72411

0,78267

0,01499

0,00786

0,14714

5,65104

0,0236

35,38206
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Tablo 3’Un devami
Table 3 Continiied

PARAMETRELER

Parameters and stores

DCFR Toprak nemi aci§i nedeniyle transpirasyonun durdugu
nokta
Deficit above which there are no evaporation losses
from the soil store

DCF Baglangigtaki toprak nemi agigi
Initial moisture deficit of soil store

AA Taban suyu besleyen toprak suyu perkolasyon faktéru
Soil store percolation factor for groundvvater recharge

Tabansuyu depolamasi
Groundwater store

GsuU Tabansuyu ¢ikisi degeri
Groundvvater outflovv denaminator

GSP Tabansuyu ¢ikisi indeksi
Groundvvater outflovv index

GDEL Tabansuyu ¢ikisi gecikme faktor

Groundvvater outflovv delay factor

Tablo 4: Model Kalibrasyon Sonuglan
Table 4: Results of Model Calibration

Aylk Korelasyon Katsayisi
Monthly Correlation Coefficient

Belirtme Katsayisi
Monthly Efficiency (RE)

Baslangi¢ Varyansi
Initial Variance (FO)

Son Varyansi
Final Variance (F)

Tahmin Edilen Akim (Qpre£)
Predicted Flow (mm)

Olgiilen Akim (QOfts)
Observed Flovw (mm)

Hata
Error in Flow
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OPTIMIiZE EDILMiS DEGER
OPTIMISED VALUES

Havza-I
Catchment-1

78,94206

321

0,17721

36,00751

2,83717

11,10933

Havza-1
Catchment-1

0.9759

0.9524

41846,750

1993,989

757,28027

752,34009

0.657 %

Havza-1V
Catchment-1V

68,94206

130

2,17721

36,00751

2,83717

21,10933

Havza-1Vv
Catchment-1V

0.9677

0.9364

73522,437

4679,164

904,47656

904,80688

0.037 %
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Aylar - Months

Sekil 2: Havza-l igin aylik 6l¢ulen ve tahmin edilen akim
Figlire 2: Monthly observed and predicted flow forcatchment-I

Aylar - Months

Sekil 3: Havza-1V icin aylik 6l¢iilen ve tahmin edilen akim
Figure 3: Monthly observed and predicted flovv for catcliment-1V
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Sekil 4: Havza-1 igin aylik élclilen ve tahmin edilen akim sireklilik egrisi
Figure 4: Flow duration curve of monthly predicted and observcd flows for catchment-1
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Sekil 5: Havza-1V igin aylik dl¢ulen ve tahmin edilen akini stireklilik egrisi
Figure 5: Flow duration curve of monthly predicted and observcd flows for catchment-1V
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5. SONUC

Elde edilen kalibrasyon bulgulan “Hidroloji Enstitisi Kavramsal Modeli’nin yaprakli or-
manla kapli yagis havzalari icin de uygulanabilecedini gostermektedir. Daha iyi sonuclar elde
edebilmek icin yagisin tipi ve siddetinin de degerlendirilmesi gerekli gorilmektedir. Bu veriler
kullanilabildigi takdirde aylik ve ginlik korelasyon katsayilari ¢ok daha yiksek bulunabilir.

Olgiilen ve tahmin edilen toplam akimlarin karsilastirilmasi sonunda da modelin iyi bir so-
nug¢ verdigi soylenebilir. Bununla birlikte dlciilen ve tahmin edilen maksimum akimlar arasindaki
farkin azaltilmasi, kar yagislarinin olus tarihleriyle eriyip dereye karisma tarihlerinin gézlemlene-
rek veri degerlendirmesinde dikkate alinmasiyla mimkiin gérilmektedir.
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ESTIMATION OF STREAMFLOWS BY
SIMULATION MODEL AND AN APPLICATION

Prof. Dr. Siilleyman OZHAN

Abstract

The Institute of Hydrology Lumped Model \vhich is one of the simuiation
models used in estimation of streamflow was described and model parame-
ters \vere optimised on the two years of observed flows from the Ortadere
catchments | and IV in Belgrad Forest, Calibration results show that the mo-
del could be applicable for catchments having broadleaved forests, relations
between observed and predicted flows were signiHcant. In order to get better
results, precipitation characteristics such as type, and intensity, and dates of
snovvmelt sliould be taken into account.

1. INTRODUCTION

For lastjhree decades scientists have been using mathematical modelling to forecast the
flow from a catchment. Various models have been developed in so far. The Institute of Hydrology
Lumped model (IH) being one of these models has produced acceptable results in the simuiation
of catchments in the UK and East Africa (BLACKIE / EELES 1985).

The data from the Ortadere experimental catchment consisting of a mature oakbeecli forest
near istanbul in Turkey have been used for the purpose of calibrating the IH model. The objecti-
ves of the study have been (1) to gain the knowledge about the modelling and (Il) to optimisc the
parameters for the Ortadere catchment.

2. THE INSTITUTE OF HYDROLOGY LUMPED MODEL

The model is shown schematically as figure 1. It has four Stores. These Stores are: an inter-
ception store, a surface dctention store. a soil moisture store and a groundwaler store.
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Interception Store

Water is lost from this store by evaporation. In order to calculate the interception loss
Calder-Nevvson equation has been used. It is given as:

FINT =y 1i.0 - EXP (-8 X ERAINF)]

Yet, this equation has been developed for the coniferous forest and has, therefore, been opti-
mised and due to the decidious forest and a correction factor has been used for the dormant se-
ason. This factor is determined from a study carried out by OZHAN (1982).

The output from this store can be summarised as:
(1) FINT=y[1.0- EXP (-8 x ERAINF)]
(2) ERAINF=ERAINF-FINT

Surface detention store

Evaporation from the surface-detention store when it contains water is estimated by using
potential evaporation from free \vater surface, EEVAP, optimising a factor, FC, for this term:

ECC = FC x EEVAP

Any excess rainfall representing ERAINF from this store is divided betvveen surface runoff
and the soil moisture store.

Surface runoff ROFFF is determined by the expression
ROFFF = ROPF x ERAINF
where ROPF is a function of the soil moisture deficit, DC, and the rainfall intensity estimated by
ROPF = RC x EXP (-RSIF)
RSIF = RS x DCF
ROPIF = RC x (EXP (RR x ERAINF) - 1.0)
ROPF = ROPF+ ROPIF

where the factors RC, RS, RR are parameters to be optimised.

The voliime surface runoff is treated as a non-linear reservoir giving the volime contribution
to flowv as:

RO = RK x RSTORErx

vvhere RSTORE is the reservoir content at the start of the intervai. This in turn is delayed by
RDEL time intervals (BLACKIE/EELES 1985). The parameters RK, RX and RDEL are opti-
mised or estimated from field data.

The residual effective rainfall represents the infiltration to the soil moisture store:

ERAINF = ERAINF - ROFFF
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Soil Moisture Store

The soil moisture store accepts residual effective rainfall as input, against which il balances
losses to transpiration, and percolation to groundv/ater store.

The actual transpiration is givcn by:
ETF = 3(1.0- W) x EVAP (IK) x ECPF
ECPF = (Cos (TNGF) + 1.0)/ 2.0
where ECPF is a function of the soil moisture deficit, DCF,
TNGF = (DCF- DCS)/DCFr

vvhere DCS and DCFR represent, respectively, the soil moisture deficits at vvhich transpiration be-
gins to be constrained an finally ceases.

A simple linear function governs percolation from the soil store to groundvvater store (EE-
LES 1978). If there is a deficit there is no recharge but vvhere there is a vvater surplus than a con-
stant proportion is drained from the soil store:

GPFR =-AAx DCF

Groundvvater Store

The groundvvater store recieves vvater by percolation from the soil store at a rate GPFR and
this is added to the contents of the store (DOUGLAS 1974). The only loss from the store is as ba-
seflovv to the stream, GRO, at a rate vvhich is a function of the contents of the groundvvater store,
GS,

GRO = (GS / GSU)GSP

vvhere GSU and GSP are parameters to be evaluated.
This output is delayed in time by a factor, GDEL. In this store the capillary rise is neglected.

The volime of runoff contributing to the streamflovv is calculated as:
VOL = FRDEL x RVOL +(1.0- FRDEL) x RO
and the volime of baseflovv to the streamflovv
GVOL = FGDEL x RGVOL + (1.0 - FGDEL) x GRD
Total streamflovv, thus, in time interval n, is predicted as
PRUN = VOL + GVOL

On the other hand the total evaporation is calculated by summing the interception loss,
FINT, transpiration, ETF, and evaporation from the surface detention store, ECC.

EPRED = FINT + ECC + ETF
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3. DATA

The dala of streamflow have been obtained from an experimental catchments study conduc-
ted by BALCI at ali. in Turkey. Preliminary results of this study are described in a paper of Jour-
nal of Hydrology (1986). Calibration results are also published in a paper of Review of the Fa-
culty of Forestry (1993). The climatic data were collected from a weather station near the catch-
ments.

The data used were continuous from October 1978 to September 1980. This data vvere used
to optimise the model parameters.

4. THE CATCHMENTS CHARACTERISTICS

The catchments are located within Belgrad forest vvhich is about 3 miles from the Black Sea.
The areas commanded by the streamflow structures are 71.9 and 77.5 hectars and completely fo-
rested. Tree species of the forest are primarily oak (Quercus petria, Quercus fraiietto Ten.) and
beech (Fagiis orientalis). These dominant tree species are mixed with varying amount of hombe-
am (Carpimts betulus L.), Chestnut (Castanea sativa Mili), alder (Alnus glutunosa L.), and moun-
tain ash (Sorbus torniinalis).

The climate of the catchments is characterized as B2B|Sbh4 according to Thomthwaite met-
hod: humid, mesothermal oceanic with a moderate vvater deficit in Summer (OZHAN 1977), Pre-
cipitation for the areas averages about 1094 mm. annually and mean annual temperature is
12.8°C.

Underlying parcnt materials include mainly Carboniferous clay schists and Neogene loamy,
gravelly deposits (BALCI at ali. 1986). The soils derived from Carboniferous clay schists are usu-
ally shallow to moderately deep, gravelly, loamy clay in texture, rich in organic matter with mo-
derately good permeability rates. The soils developed on Neogene deposits are deep, loamy clay
in surface horizons and clay in the subsoil with mcdium permeability rates.

Both soils have high erodibility potentials. The mull type forest floor with an average depth
of 5 cm. has a good buffering effect on overland flows.

Mean elevation of the catchments is around 140 m. above sea level and average slopes are
10 percent in Catchment-1 and 14 percent in Catchment-I1V.

5. OPTIMISING OF PARAMETERS

The parameter set is first inilialed with values taken from a study carried out by Eelcs (1987)
and the objective function to obtain the optimum values of the model parameters has been used.
This is a simple sum of squares of the residuals:

F=1 (Qobs- Qprcd)2
The efficiency has been considered as the regression coeficient of determination.
RE = (FO - F)/ FO
where

FO = Z (Qobs*“ Qmean>2
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The square root of RE has been used as the correlation coefficient.
6. RESULTS

The model parameters optimised on the t\vo years calibration periods for the Ortadere catch-
ments-1 and 1V are shovvn in Table 3. The model applied has nineteen parameters (Table 3).

The monthly correlation coefficient is 0.9759 dver the calibration period for catcliment-1 and
is 0.9677 for catchment-1V (Table 4). The monthly efficiency is 0.9524 for catchment-1 and is
0.9364 for catchment-1V.

The model gives 0.657 % error in total discliange between the observed and predicted fiows
for catchment-1 and 0.037 % for catchment-1V. The observed and the predicted flovvs are presen-
ted in figlire 2 and 3. Flow duration curves are also shown in figures 4 and 5. These curves use
monthly totals and show the good agreement betvveen the predicted values and the observed stre-
amflow.

The differences between max. observed and predicted fiows seem to be high. This could be
explained by the fact that snovvmelt is an effective factor on the streamflovv and it includes timing
error in terms of data processing. On the other hand the daily rainfail data are from 0900 to 0900
but the streamflow data are from 0-2400. This could be a source of error.

7. CONCLUSIONS

The results show that the IH model could vvork on broadleaved forest catchment. In order to
get the better fit the type, and intensity of precipitation are the important factors. When the data
stated above are available the model used in this study could produce a good monthly correlati-
ons.

A comparison of predicted total flow wvvith observed flovv, indicates that the model yields a
very good result. Hovvever, due to the snovvmelt, considerable differences betvveen predicted and
observed maximum flow are seen. Direct measurements are required of snovv fail and snovvmelt
in the catchments.
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