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Bu yazida, 1979-1985 yillari arasinda, havzalarda uygulama éncesi dénemde
elde edilen bulgulara dayanilarak belirlenen kalibrasyon denklemleri ile bazi
bulgular ézetlenmistir. Ormancilik uygulamalarinin su verimi ve su kalitesi lze-
rine yaptigi etkileri ortaya koymak Uzere planlanmis olan bu projede elde edilen
korelasyon ve regresyon katsayilari yuksek dizeyde dnemlilik gdstermislerdir.
Ozellikle bitki besin maddelerinin aylik degisimi ve sediment verimi son derece
onemli iliski vermistir. Aylik ortalama desarj edilen iyon miktarlari arasinda,
hektarda kilogram olarak en yiksek degerlerin her iki havzada (I ve 1V) da
HCO3' (11.5) ile CI" (8.6) oldudu belirlenmistir.

1. GIRIS

Ulkemizde, yerli agac tiirlerimiz ile kapli ormanlik havzalarda yapilan ormancilik uygulama-
larinin, agag tarlerinin ve tir degisimi gibi faaliyetlerin havzalardan elde edilen su verimi, askida

1) 1U. Orman Fakiiltesi, Havza Amenajmani Anabilim Dali Ogretim Uyeleri
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sediment, bilki besin maddeleri konsantrasyonu ve dere akimi Gzerinde yaptigi etkileri ortaya ko-
yan arastirma sonuglari ok az sayidadir. Bunlardan ilki Balci ve Ozyuvaci (1976) tarafindan balta-
lik orman olarak isletilen Arnavutkdy yagis havzasinda askida sediment ve bazi bitki besin madde-
leri 6lgmeleri ile ilgili sonuclarda’. Yine bu konuda énemli veriler ve sonuglar iceren bir diger ca-
lisma ise Balci, Ozyuvaci ve Ozhan (1986) tarafindan, Belgrad Ormaninda deneysel havza uygula-
malarinin ilk degerlendirmelerini iceren yayindir.

istanbul igin kaliteli su temininin gecmiste de bir hayati problem oldugu gériilmektedir. Ote
yandan bindodokuzytizaltmish yillarin sonundan itibaren baslayan ve bozuk yaprakli orman ortiisi
ile kapli sahalarin yogun makinali toprak islemesi uygulanarak igne yaprakli orman alanlarina dé-
niistiiriilmesi, istanbul civarindaki su tiretim havzalarinda da biyiik uygulama alanlari bulmustur.

Havzalardaki bitki ortistinlin tamamen degistirilmesi yaninda, sagliksiz kentlesme ve yine
havzalarda arazi kullaniminin diizensizligi su kaynaklari Gzerindeki olumsuz etkileri biylik boyut-
lara gikarmistir.

Yukarida agiklandigi gibi tim bu uygulamalarin etkilerini ortaya koymak amaciyla uzun si-
reli deneysel havza arastirmalari lkemizde ilk olarak 1979 yilinda baslatiimistir. Bu amagla,
Belgrad Ormani Ortadere yadis havzasinda alanlari 17.5 ile 77.5 hektar arasinda degisen ve birbiri-
ne bitisik bes kiicik yadis havzasi secilmis, bu havzalar da degisik ormancilik uygulamalarinin ve
yaprakli orman ortiistiniin igne yaprakli orman ortiisiine dénisturilmesi ile olusacak etkilerin, su
verimi, su kalitesi ve akim karakteristikleri Gzerine yaptigi degisimlerin izlenmesi amaclanmistir.

Bu makalede, 1979-1985 yillari arasinda | ve 1V nolu havzalarda yapilan élgme sonuglari
Ozetlenmis, ayrica dere akimlari, askida sediment ve bazi bitki besin maddeleri desarji ile ilgili ka-
librasyon denklemleri verilmistir.

2. DENEME HAVZALARININ TANITIMI

Bu arastirma icin secilen deneme havzalari, istanbul yakinlarindaki tek korunmus ve yasl
dogal Mese-Kayin ve Kestane ormani olan ve i.U. Orman Fakiiltesinin bir deneme ormani olarak
islevini surdiren Belgrad Ormani iginde yer almaktadir. Bu orman, iginde yer alan 7 adet eski ve
Osmanli imparatorlugu déneminde yapilmis su bendi ile yaklagik besyiiz yildan bu yana istan-
bul'un icme suyu ihtiyacinin bir kismini saglamaktadir (Sekil 1).

Thornthwaite yontemine gore yapilan iklim tasnifine gére, deneme havzalarinin da iginde yer
aldigi Belgrad Ormani; nemli, okyanus tesirine yakin mezotermal ve yaz mevsiminde orta derece-
de su noksani olan bir iklim tipine sahiptir. 1979-1985 yillari arasindaki kalibrasyon déneminde
havzalara dusen yillik ortalama yagis 1090.5 mm olarak belirlenmis olup, bu yagisin biyk bir kis-
minin Nisan ve Ekim aylari arasinda distligu gorulmustur. Yilhk ortalama sicaklik 12.8°C ve
Thornthvvaite yéntemine gore yillik evapotranspirasyon 698.3 nim'dir (Tablo 1).
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Sekil 1: Arastirma havzalarinin yeri.
Fig. 1: The location map of the experimental watersheds.

Deneme havzalarinin yer aldi§i alanda topragi olusturan anamateryal, Karbonifer kil sistleri,
Neojen Kili ve gakil depolaridir. Kil sistlerinin yer aldi§i alanlarda, bu anamateryalden olusmus
topraklar genelde si§, orta derin, tasli, balgikli kil tekstiriinde, organik madde bakimindan zengin
ve suyu orta hizli gegirimlidirler.

Neojen depolari tzerinde gelismis topraklar; derin, Gst topraklarin tekstiri balgikh kil, alt
topraklarin tekstiiri ise kil'dir. Bu topraklar da suyu orta gecirimli olarak ayirdedilmislerdir. Her
iki anamateryalden gelismis topraklarda da karbonat reaksiyonu goriilmemektedir. Havzalarda or-
talama 5 cm kalinligindaki mull tipi 610 6rtl tabakasi ylzeysel akis ve yiizeyalti akislara karsi iyi
bir tampon etkisi yaratarak havzadan meydana gelebilecek taskin (peak) akimlari azaltmaktadir.
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Topogiafik yapi olarak dik olmayan havzalar, yaklasik olarak denizden 140 m yikseklikte-
dir. Her ild havza (I ve 1V) da glineybatida yer alip, havza sinirlarinin Karadeniz kiyisina uzakhgi
yaklasik 3-4 km'dir. Daha kii¢lik olan I no'lu havza 71.9 ha biyukliginde olup, ortalama % 10
egimli ve 3.6 km/kirr'lik bir drenaj yogunluguna sahiptir. IV no'lu havza ise 77.5 ha biyukligin-
de, % 14.0 egimli ve 3.8 km/km-lik drenaj yogunluguna sahiptir.

Havzalarin hakim bitki 6rtlst yasli ve normal kapalilikta Mese (Q.frainetfo Ten., Q. cerris
L) ve Kayin (F. orientalis L.) olup degisik oranlarda Girgen (Carpimin betilus L.), Kestane
(Castanea sativa Mili.), Titrek kavak (Populus tremula L.), Kizilaga¢ (Almis glufinosa L.) ve ba-
z1 Akcaagac (Acer sp.) tirleri de bu karisima katilmaktadir.

3. YONTEMLER

Deneme havzalarindan | ve IV no'lu havzalarda sirasiyla 90°C ve 120°C'lik keskin kenarli V
kesitli savaklar insa edilmis olup, buralarda Elliott EM 1720 otomatik seviye 0Olcerleriyle diizenli
olarak dere akimlari kayit edilmektedir (Sekil 2). Akim 6lgme istasyonlarinin yaklasik 50 m kadar
memba tarafinda haftalik su drnekleri, kapma yontemiyle alinmakta ve ayni gin laboratuvarda
analiz edilmektedir.

Sekil 2 : 1V no'lu havzada kurulmus bulunan 120°C'lik, V kesitli ve keskin kenarli akim 6lgme
istasyonu.

Fig. 2 :  Streainflow gaging station with sharp crested 120°C V-notch weir of Watershed-1V
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Tablo 1: Belgrad Ormam'nda, aylik ve yillik ortalama yagis, sicaklik ve potansiyel
evapotranspirasyon degerleri.

Table 1: Mean monthly and annual temperatuie, precipitation and potential evapotranspiratioll
at Bahcekdy, Belgrad Forest.

Aylar (Months) Sicaklik (Temp.) Yagis (Precip.) PET (mm)
(°C) (mm)
| 4.7 161.5 115
] 4.9 105.4 12.3
m 6.1 104.4 19.8
A\ 10.5 55.0 41.7
\% 15.0 45.2 78.5
Vi 19.3 39.9 1114
vn 215 34.8 1217
vm 21.6 48.8 114.4
IX 18.0 68.1 82.8
X 141 121.2 54.9
XI 10.6 133.9 317
XN 6.9 172.3 17.6
Yillik Ort. (mean annual) 12.8 1090.5 698.3

Akim 6lgme istasyonlarinin yaninda orman iginde kurulan bir meteoroloji parkinda yagis 6lc-
meleri yapilmakta, élgme sonuclari Bahgekdy Meteoroloji istasyonunun kayitlari ile kontrol edil-
mektedir. Ormanici meteoroloji istasyonundaki yagis 6lgmeleri standart ve tipping-bucket kayde-
dici tip yagis 6lcerlerle yapiimaktadu'.

Haftalik olarak alman su 6rnekleri tizerindeki fiziksel ve kimyasal su kalitesi analizleri, istan-
bul Universitesi, Orman Fakiiltesi Havza Amenajmani Anabilim Dali laboratuvaiiarinda yapiimak-
ta, Amerikan Halk Saghigi (American Public Health Association) orgiti ile paralellik gosteren,
Tirk Standartlar Enstitlisi'niin yontemleri izlenmektedir. Askida sediment konsantrasyonlari, belli
hacimdeki su érneginin 105°C'den somaki buharlastirma kalintisi olarak belirlenmektedir.

Kalibrasyon dénemi icinde her ilci havzada 6lgiilen akim karakteristikleri ve bazi kimyasal ve
fiziksel su kalitesi parametreleri birimiyle iliskiye getirilmis, bdylece, uygulama havzasi olarak se-
¢ilen IV no'lu havza tizerinde yapilacak uygulamalari miteakip, uygulama 6ncesi degerlerin tahmi-
ni igin kontrol havzasi olarak segilen | no'lu havzanin degerlerinden faydalanmak amaclanmis ve
kalibrasyon denklemleri ¢ikarilmistir. Ayni zamanda, dogal olarak korunan | no'lu havza, iklim ve
IV no'lu havzada yapilacak uygulama disinda bir nedenden kaynaklanabilecek etkenleri minimuma
indirecek bir kontrol havzasi islevini gorecektir.
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4. SONUGLAR VE iRDELEME

Tablo 2'de topluca verilen ve tek tek her parametre igin hesaplanan kalibrasyon denklemleri
ile ilgili korelasyon katsayilari 0.758 ile 0.950 arasinda degismekte olup, ylksek diizeyde dnemli-
lik gostermektedir. |1 no'lu havza ile IV no'lu havza arasinda her bir parametre igin siki iliski goste-
ren regresyon denklemleri vasitasiyla IV no'lu havzada uygulamalardan sonra, uygulama dncesi
kosullar icin bu parametrelerin talimini yapilabilecektir.

Tablo 2 : Kontrol ve uygulama havzasi olarak segilen iki havzada (I ve 1V) tek tek 6lcilen her
bir parametre icin hesaplanan kalibrasyon denklemleri.

Table 2 : Calibration equations for individual parameters (streamflow, selected ions and total
residue) defining the relationships between the paired watersheds (W-I, W-1V) (1979-

1985).
Parametreler Elemanlar (Elements of Regression Equations)
(Parameters) Sabiteler
r r2 a b SECT df2)
Streamflow (l/sec) 0.949 0.902 1.072 1.204 0.043 85
Si'eamflow (mm) 0.950 0.903 3.549 1.123 0.040 85

Total Residue (kg/ha/month) 0.880 0.775 3.066 0.893 0.052 85

Ca (kg/ha/month) 0.946 0.895 0.158 0.712 0.028 74
Mg (kg/ha/month) 0.937 0.878 -0.006 0.989 0.043 74
C1 (kg/ha/month) 0.927 0.860 1.056 0.946 0.046 70
H C 03 (kg/ha/month) 0.872 0.760  -0.049 0671 0.045 71
P (kg/ha/month) 0.945 0.893 0.002  1.060 0.043 74
K (kg/ha/month) 0.945  0.893 0.066  0.983 0.039 74
Na (kg/ha/month) 0.938 0.880 0.258 0.972 0.042 74
N (kg/ha/month) 0.758 0.574 0.016  1.077 0.102 83

1) Standart hata katsayisi (Standart error of coefficient)
2) Serbestiyet derecesi (Degrees of freedom)

Bu konuda yapilmis ¢alismalarda havzada yapilan uygulamalar sonrasi bulaniklik ve bazi
kimyasal madde konsantrasyonlari gibi su kalitesi parametrelerinin degistigi bulgulari pek agik
olarak belirlenememis ise de (Reinhart, 1958), Amerika Birlesik Devletleri'nde (Pacific North-
west) Duglaz mescerelerinin tiraslama kesildigi havzalarda lizimetreler ile yapilan bir ¢alismada
bazi elementlerin 610 6rtiden yikanmasinin hizlandigi géralmustir (Cole and Gessel, 1965). Belg-
rad Ormam'ndaki bu arastirmada da derelerden alman su 6rnekleri Uzerinde bazi su kalitesi ve bitki
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besin maddeleri konsantrasyonlari ile ilgili analizler yapilmista. Bundan amag IV no'lu havzada
planlanan uygulamalar sonucunda kimyasal su kalitesi parametrelerinde meydana gelmesi muhte-
mel degisimlerin ortaya konulmasidu'. Ayrica uygulama havzasinda degisik sekillerde yapilacak
kesimlerin, her birinin mevcut toprakta farkli ayrisma rejimleri doguracag! beklenebilir. Bu islem-
ler sonucunda mescere tabanina ulasacak daha fazla miktardaki giines enerjisi, 61U ditu-toprak sis-
temindeki organik maddenin ayrismasini daha da arttirarak mevcut elementlerin serbest hale gec-
mesini hizlandirabilecektir. Bu olusumun, Akdeniz ikliminin nispeten tesirinde olan Belgrad
Ormani'ndaki mutedil orman ekosisteminde daha da etkin olacag: disiiniilebilir. Ote yandan Kizi-
lagac gibi yaprakli orman ortisi altinda gelisen 610 6rtunin igne yaprakli Duglaz altinda gelisen
ol ortuden daha hizli ayristigi (Balci, 1964 ve 1973) g6zoniine alindi§inda, arastirma havzalarin-
daki yaprakli agaclardan olusan 6l 6rtiniin ayrismasinin hizlanacagi séylenebilir.

Yapilan akim 6lgmeleri sonucunda (Tablo 3), | ve IV no'lu deneme havzalari arasinda, yillik
ortalama su verimi ile ilgili bir kalibrasyon denklemi gelistirilmistir (Sekil 3). Bu denklem yardi-
miyla, IV no'lu havzada yapilan uygulama sonunda yillik su veriminde meydana gelebilecek artma
veya degismenin miktarinin bulunmasi, uygulama &ncesi degerlerin kalibrasyon denkleminden he-
saplanmasi ile mimkin olabilecektir.

Y =67.20 + 1.03 X

seklinde bir dogrusal iliskinin hesaplandigi denklemde (Y), uygulama havzasi olan IV no'lu havza-
dan olusan yillik ortalama su verimini (mm), (X) ise kontrol havzasi olan | no'lu havzadan yillik su
verimini (mm) temsil etmektedir. Yukarida verilen kalibrasyon denkleminin korelasyon katsayisi

r=0938 (r = % 97)

oldukca ylksek diizeydedir. Standart hatasi ise 54.36 olarak hesaplanmistir.

Ayni sekilde, kalibrasyon doneminde 6lcilen kimyasal su kalitesi parametreleri icin kontrol
ve uygulama havzalari arasinda hesaplanan dogrusal iliski denklemleri ile ilgili katsayilar da Tablo
2'de topluca verilmistir. Bu denklemler Tablo 4 ve 5'de 6zetlenen uygulama oncesi 6l¢gme verileri-
ne dayanarak élgme sonuglarina gore, havzalardan kg/ha olarak tasman bitki besin maddelerinin
miktar ve artisi, kismen, akim oranina ve su verimine bagl oldugu gérilmastur. Gercekten de Bal-
ci1 ve arkadaslar1 (1986) tarafindan belirtildigi gibi Ca, Mg, HCO03 gibi diger bazi katyon ve anyon-
larin, akim miktari ile gok siki bir iliski iginde oldugu bulunmustur (Korelasyon katsayilari 0.936 -
0.995 arasinda ve 0.001 duzeyde énemli). Ayni sekilde, |1 ve IV no'lu havzalar arasinda, benzer
iliskiler olarak Kalsiyum, Magnezyum ve diger iyonlarin (kg/ha) aylik desarji ile yine aylik ortala-
ma su verimi (I/sn) arasinda gok yiksek diizeyde énemli olan korelasyon katsayilari hesaplanmis-
tir (Sekil 4 ve 5).
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Tablo 3: 1979-1985 yillari arasinda yillik yagis ve akim degerleri (mm).
Table 3: Annual streamflovv and precipitation in area-mm for the period of 1979-1985.

Yil Yagis Akim - (Stre amflow)
(Year) (Precipitation) Havza-I kontrol Havza-1V uygulama
(Watershed-1 Cont) (Watershed-1V treat)
1979 1137.3 199.92 341.48
1980 1316.2 436.16 539.95
1981 1594.0 801.21 886.06
1982 892.0 342.86 368.58
1983 939.5 107.81 148.52
1984 950.5 82.82 95.19
1985 1206.5 117.11 239.39
Ort. (Mean) 1148.0 298.27 374.17

W atershed-1 Mean Annual Streamflovv (mm) i
ilaven - T Yillik Ortalama akim (mm)

Sekil 3 : Kontrol ve uygulama havzalari arasinda yillik ortalama su verimleri ile ilgili kalibrason
denklemi (1979-1985).

Fig. 3: Calibration equation for mean annual streamflows from control (W-I) and treatment
(W-IV) watersheds (1979-1985).



Tablo 4 : Kalibrasyon periyodunda saptanan aylk ortalama yagis, akim, bazi iyon konsantrasyonlari ve askida sediment degerleri.

Table 4 :  Mouthy average streamflovv, piecipitation, concentration of seleceted ions and suspelided sediment duting the calibration period

of 1979-1985.
Havza - 1WATERSHED -1

Aylar Akim Yagis Konsantrasyon - Concentration (mg/1)
(Months) tStreamflorv)  (precipitation)
Askida sedim.
L/sec mm mm Ca Mg Na K P N Cl hco3  (Suspended Sediment)
Jan. 21.157 78.7 217.2 21.16 7.48 13.22 1.34 0.053 0.40 38.50 58.81 190.57
Feb. 15.243 51.7 127.0 16.50 6.77 12.37 1.25 0.051 0.23 33.94 43.70 169.71
March 14.943 55.6 91.8 16.83 6.41 12.87 131 0.059 0.26 35.28 47.89 178.43
April 5.957 21.4 53.9 2291 8.09 14.48 133 0.054 0.20 39.31 70.72 221.71
May 3.214 12.0 43.9 29.26 9.54 15.68 1.37 0.054 0.27 42.16 95.60 250.00
lune 0.971 35 30.4 32.61 9.74 17.17 1.32 0.054 0.25 45.54 116.90 255.29
July 0.614 2.3 58.7 33.19 9.23 15.90 1.34 0.053 0.34 43.98 119.91 262.71
Aug. 0.586 2.2 53.2 33.54 9.35 16.02 134 0.047 0.26 45.83 104.87 281.71
Sept. 0.657 2.4 40.5 34.20 9.32 15.98 1.40 0.014 0.29 46.64 123.19 264.71
Oct. 4.013 14.9 130.4 24.25 9.39 15.17 1.50 0.050 0.28 46.77 123.18 278.50
Nov. 6.200 22.3 164.8 30.74 9.16 15.10 1.66 0.46 0.30 45.02 115.40 275.25
Dec. 10.288 38.3 174.7 28.65 8.77 13.86 1.49 0.045 0.28 42.92 93.63 230.87
Ort.
(Mean) 6.99 254 98.9 28.32 8.60 14.82 1.39 0.05 0.28 42.16 92.82 238.29
Std. 6.62 24.2 62.3 6.11 1.09 141 0.11 0.01 0.05 4.23 28.72 38.17
cv (%) 94.7 95.0 63.0 215 12.60 9.8 7.6 22.8 17.3 10.0 30.9 16.00

NNOASYYHEITVY NIMVIVZAVH &



Tablo 4:
Table 4 :

Devani

Continued

Havza-1V WATERSHED -1V

Aylar
(Months)

Jan.
Feb.
March
April
May
June
July
Aug.
Sept.
Ocl.
Nov.
Dec.

Ort.
(Mean)

Std.
cv (%)

I/sec

25.614
19.528
18.114
7.757
3.814
0.729
0.428
9.328
0.357
3.743
11.700
18.157

10.80
8.70
80.6

Akim
(Streamflow)

mm

88.5
61.6
62.6
25.9
13.2
24
15
11
1.2
12.9
39.1
62.7

31.0
29.5
94.9

Yagis

(Precipitation)

mm

217.2
127.0
91.8
53.9
43.9
30.4
58.7
53.2
40.5
130.0
164.8
1747

98.9
62.3
63.0

Ca

12.12

9.72
10.11
12.86
15.01
15.91
16.32
11.97
13.01
12.50
15.46
14.49

13.29
2.08
15.6

Mg

4.85
5.05
4.92
5.81
6.07
6.34
551
4.42
5.16
4.77
6.02
6.16

5.42
0.61
11.3

Na

10.68
10.23
10.33
11.98
12.05
13.82
13.43
10.57
10.62
11.50
12.74
12.16

11.68
117
10.00

1.33
1.78
1.15
1.26
1.37
1.37
144
1.24
1.23
1.58
1.70
1.54

1.42
0.19
13.3

0.051
0.053
0.061
0.058
0.056
0.058
0.055
0.044
0.048
0.054
0.051
0.046

0.050
0.004
9.300

0.26
0.23
0.36
0.23
0.24
0.26
0.31
0.19
0.21
0.25
0.30
0.27

0.26
0.05
17.60

Konsantrasyon - Concentration (mg/1)

Cl

35.52
29.39
30.53
36.00
38.52
43.24
39.01
32.66
32.62
32.41
41.55
41.33

36.03
4.44
12.3

11C03

26.61
22.86
24.68
32.77
42.07
50.46
61.54
48.66
49.09
39.70
44.21
36.08

39.89
11.29
28.2

Askida sedim.
(Suspended Sedimeiit)

143.86
129.14
132.43
154.14
176.71
181.00
175.43
150.43
143.14
178.71
196.71
176.00

161.47
20.95
12.90
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Tablo 5: Aylik ortalama akini, askida sediment ve desarj edilen iyon miktarlari.

Table 5:

Havza -1 WATERSHED -1

Aylar
(Months)

Jan.
Feb.
March
April
May
June
July
Allg.
Sept.
Oct.
Nov.
Dec.
Ort. (Mean)
Std.

cv (%)

Akim

(Streamflovv)

mm

78.7
51.7
55.6
21.4
12.0

3.5

2.3

2.2

2.4
14.9
22.3
38.3
254
24.2
95.0

Ca

113
6.9
8.9
35
3.4
1.0
0.7
0.6
0.8
15
0.9
7.4

3.96

3.59

90.50

Mg

4.96
3.73
3.76
1.60
117
0.32
0.22
0.19
0.23
0.42
1.94
2.02
171
1.57
91.50

Na

9.22
6.51
7.73
2.93
2.00
0.56
0.37
0.32
0.40
0.66
3.27
3.68
3.14
2.98
95.10

Monthly average streamflovv, discharge of selected ions and suspeiided sediment (kg/lia)

Desarj edilen bazi iyonlar
Outflow of selected ions (kg/lia)

K

1.46
0.91
0.93
2.93
0.18
0.05
0.03
0.03
0.04
0.07
0.44
0.53
0.63
0.82
130.10

p

0.046
0.029
0.043
0.014
0.007
0.002
0.001
0.001
0.005
0.002
0.009
0.011
0.014
0.015
109.30

N

0.36
0.12
0.18
0.04
0.02
0.01
0.01
0.00
0.01
0.01
0.09
0.14
0.08
0.10
123.2

Cl

24.11
17.03
20.18
8.06
5.45
1.53
1.04
0.94
1.18
2.30
5.28
8.99
8.01
7.76
96.9

hco3

29.78
17.83
24.66
11.29
11.65
3.88
2.80
2.10
3.12
6.22
12.57
12.64
11.50
8.512
73.70

Askida
Sediment

(Suspeiided)
Sediment)

123.33
73.75
94.36
35.18
26.73

8.89
6.00
6.11
6.19
41.68
61.77
68.38
46.03
37.08
80.50
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Tablo 5:
Table S:

Devam

Continued

Havza - IV WATERSHED -1V

Aylar
(Months)

Jan.
Feb.
March
April
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.
Oit. (Mean)
Std.

cv (%)

Akim

(Streamflow)

mm

88.5
61.6
62.6
25.9
13.2

2.4

15

11

12
12.9
39.1
62.7
31.0
29.5
94.9

Ca

8.97
5.43
6.46
2.99
2.04
0.40
0.40
0.15
0.18
1.54
5.03
5.49
3.25
2.84
87.50

Mg

3.93
3.64
3.66
1.67
0.91
0.15
0.08
0.06
0.07
0.65
2.47
2.74
1.67
1.48
88.60

Na

8.88
6.57
7.14
311
1.86
0.32
0.19
0.14
0.15
1.02
4.55
5.78
331
3.03
91.40

Degsarj edilen bazi iyonlar
Outflow of selected iolis (kg/ha)

K

144
0.92
0.91
0.36
0.20
0.04
0.02
0.01
0.02
0.12
0.70
0.90
0.47
0.46
98.80

P

0.051
0.037
0.048
0.017
0.008
0.001
0.001
0.001
0.001
0.005
0.018
0.022
0.02
0.02
101.50

0.22
0.14
0.41
0.05
0.02
0.00
0.00
0.00
0.00
0.04
0.15
0.22
0.10
0.12
115.10

Cl

23.43
17.92
20.19
7.65
5.02
1.10
0.61
0.43
0.49
4.72
6.99
14.85
8.62
7.98
92.50

hco3

19.37
13.48
16.36
7.70
5.68
121
0.86
0.67
0.72
4.76
7.62
13.07
7.62
6.28
82.30

Askida
Sediment

(Suspended)
Sediment)

114.97
74.65
86.37
33.79
22.79

4.45
2.64
2.05
2.06
18.33
82.44
90.10
445
40.2
90.1
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Akim (1 sn ~
Sekil 4 : I ve IV no'lu havzalardan meydana gelen akim ve desarj edilen kalsiyum miktarlari ara-
sindaki iliski.
Fig. 4 :  Relationship between of Calcium in streamwater and streamflovv from Watershed | and
IV during the calibration period.

Aam (t MM
Sekil 5: Kalibrasyon déneminde | ve IV no'lu havzalardan meydana gelen akim ve magnezyum
miktarlari arasindaki iliski.

Fig. S: Relationship between outflovw of Magnesium in streamwater and streamflow from Wa-
tershed I and IV during the calibration period.
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ag

y

Monlhs (1979-1935)
AYiar
Sekil 6 : Ive IV no'lu havzalarda kalibrasyon doneminde aylik yagis ve yillik akim hidrograflari.

Fig. 6 :  Monthly precipitation and annual hydrographs of watershed-I and Watershed-I1V during
the calibration period.
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Her iki yagdis havzasinda da aylik yagislardaki degisimin yillik akim hidrograflari zerinde
gobzle goralir etkileri izlenmektedir.

Sekil 6'dan agikca izlenebilecegi gibi, Kasim-Mayis devresindeki yagisl sezonda ulasilan pe-
ak akimlara karsihik, Haziran-Ekim devresindeki yagdissiz sezonda dere akimlarinin minimuma
distugi goralmektedir.

Yagissiz gecen vejetasyon déneminde, zaman zaman diisen az miktardaki yagmurun da yuk-
sek orandaki iltersepsiyon kaybi nedeniyle, taban suyunu besleyememesi, ¢ok az veya hi¢ olusma-
yan ylzeysel akis, dere akimlari izerine bir etki yapmamaktadir.

Tablo 6 : 1ve IV no'lu havzalarda yagis, akim ve yiizeysel akis miktarlarinin mevsimlik ve yil-
lik olarak karsilastiriimasi.

Table 6: Relationship betweell precipitation and runoff coefficients of the Watersheds during
the Calibration period in dry and wet Seasons.

Mevsim Havzalar Yagis Akis Yizeysel akis katsayisi
Seasons Watershed Precip. Streamflow Runoff Coefficient
mm mm %

Yagish - Wet | 1003.4 294.9 29.4

Yagissiz - Dry | 182.8 10.4 5.7

Yilik - Annual | 1186.2 305.3 25.7

Yagish - Wet v 1003.4 366.5 36.5

Yagissiz « Diy rv 182.8 6.2 34

Yillik - Annual v 1186.2 372.7 314

Kalibrasyon dénemindeki yillik ortalama ylzeysel akis orani IV no'lu havzada % 31.3, |
no'lu havzada ise % 25.7 olarak belirlenmistir. Tablo halinde verilen degerler incelendiginde (Tab-
lo 6) Ekim-Mayis déneminde de 1V no'lu havzada olusan yiizeysel akis orani (% 36.5), yine | no’lu
havzadan (% 29.4) daha yiksek bulunmaktadu. Bu farkliligin genel olarak topografya ve jeolojik
yapinin 6zellikleri ile ilgili oldugu dustnilmektedir.



CALIBRATION OF PAIRED EXPERIMENTAL WATERSHEDS
WITH RESPECT TO STREAMFLOW CHARACTERISTICS IN
MATURE OAK-BEECH FOREST ECOSYSTEMS NEAR
ISTANBUL TURKEY

A. Nihat BALCI
Necdet OZYUVACI
Stleyman OZHAN
Kamil SENGONUL

Abstracts

Some results and calibration equations based on the data of pretreatment pe-
riod (1979-1985) are summarized. The project \vas designed and executed in or-
der to study the effects of forestry operations on streamflow and water quality.
Coefficients of correiation and regression were highly significant. Coefficients of
monthly variation of nutrient flux and sediment yield were extremeiy high. The
highest mean discharges of ions in kg/ha/month vwere HC03 (11.5) and Cl1 (8.6)
in both W4l and W-1V.

Few data are currently avaiiabie about the hydrologic characteristics, nutri-
ent Chemical discharges, suspended sediment and water yields as influenced by
forest types, forestry operations and species conversions on small watersheds
under indigenous forest ecosystems in Turkey. Balci and Ozyuvaci (1976) have
first documented the nutrient flux and suspended sediment discharge from the
Arnavutkéy municipal vvatershed dominated by deciduous coppice near istan-
bul. The other noticible data and some initiai results were published by Balcl,
Ozyuvaci and Ozhan (1986) based on a comprehensive experimental watershed
study initiated in the Belgrad Experimental Forest near istanbul.

The quality \vater supply in ever expending greater istanbul has ahvays beco-
me a vital problem. Since late 1960's extensive degraded deciduous forest areas
in the municipal ivatersheds have been converted to the fast-growing conifers by
using the mechanized plantation techniques. Besides such drastic changes in the
forest cover, other disastrous activities like unhealthy urbanization and some
land use practices have been exerting great impact upon Ivater resources.
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A long-term experimental watershed research project therefore was initiatcd
in 1979. Five small adjoining cafchments tributary to Ortadere creek ranging
from 17.50 to 77.50 hectares in area were selected within the Belgrad Experi-
mental Forest in order to study the effects of forestry operations and the conver-
sion of natural hardwoods to fast growing conifers upon streainflow, \vater and
water yield.

This paper presents some of the results obtained during the calibration peri-
od between 1979-1985, mainly on calibration equations, streamflovv, suspended
sediment and nutrient discharges from only two experimental vvatersheds W-I
and W-1V.

1. DESCRIPTION OF THE EXPERIMENTAL WATERSHEDS

Tile experimental watersheds are located within the Belgrad Experiinental Forest which has
been preserved as the only old-growth oak-beech-chestnut natural forest near istanbul. It has also
been used as an experimental forest by the Faculty of Forestry. Theie are seven old block-stone
masonary dams within the forest built during the time of the Turkish Ottoman Empiie which have
been supplying domestic water to the city of istanbul for about 500 years (Fig. 1).

According to Thorntvvaite system, the climate of the catchments and surrounding area is hu-
mid, mesothermal ocearlic with a moderate water deficit in summer. Annual precipitation during
the calibration period (January 1, 1979 - January 1, 1985) averaged 1090.5 mm on experimental
watersheds and mainly occured between October and April. Mean annual temperature was 12.8°C.
Mean annual potential evapotranspiiation according to Thomthvvaite system was calculated to be
698.3 mm (Table 1).

Underlying parent materials include mainly Carboniferous clay schists and Neogene loamy,
gravelly deposits. The soils derived from clay schists are usually shallow to moderately deep, gra-
velly, loamy clay in texture, rich in organic rnatter with moderately good permeability rates. The
soils developed on Neogene deposits are deep, loamy clay in top-soil and clay in the sub-soil with
medium permeability rates. Both soils have no carbonate reaction. The mull type forest floor with
an average depth of 5 cm has a good buffering effect on overland and subsurface flows and redu-
ces peaks in streamflovvs. [ ]

The topography of the wateisheds is not steep, and mean elevation is around 140 m above
sea level. Both watersheds (W-I and W-1V) are on a gentle southem aspect adjacent to the divide
which is about 3-4 km from the Black Sea coast. Watershed-I has sinailer area (71.9 ha), lower
average slope (10.0 percent) and drainage density (3.6 km km2) than Watershed (IV (77.5 ha, 14.0
percent, and 3.8 km km- respectively).
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Vegetatioll is dominated by oak (Q. frainetto Ten., Q. cerris L.) and beech (F. orientalis L.)
old gro\vth witl a normal crown closure. These dominant tree species are mixed with varying amo-
1nts of Hornbeam (Caipinus betulus L.), Chestnut (Castanea sativa Mili.), Aspen (Populus ti'emula
L.), Alder (alnus glutinosa L.), Maple (Acer tiautvetteri Med., Acer cainpestre), and Elin (Ulmus
campestris L.).

2. METHODS

Watershed-I and Waterslied-1V were instrumented with 90° and 120° coiicrete sharp-crested
V-notch tite-box weirs respectively (Fig. 2) and with Elliott EM 1720 automatic water level recor-
ders. Weekly grab water samples were taken from the streamflovv above the gaging statiolis.

precipitation near the gaging stations on a cleared site within the forest was measured by tip-
pilg bucket type recording and stardard rain gages. The data were checked against those of the of-
fical Bahgekdy Meteorological station nearby.

Chemical and physical water analyses, peiformed by the Department of Watershed Manage-
ment, Faculty of Forestry, University of istanbul, follovved Standard methods (Institute of Turkish
Standards) similar to those of the American Public Health Association. The concentration of sus-
pended sediment was determined by evaporating the known voliime of wvater saniple as the "total
residue on drying at 105°C".

During the calibration period, streamflow characteristics, sorne Chemical and physical vvater
quality parameters of one vvateislied (W-I) vvere related to another (W-1V), leading to expressions
for predicting values of oiie (treatment vvaterslied, W-1V) from values of the other (control vvaters-
hed, W-I). The control vvateished undcr natural forest conditions was used as a reference clieck
area to provide a means by wihich variation due to climate and ollier factors not associated wvitli the
treatment migth be minimized.

Straiglit line regression equations vvere developed to define the relationships wliich fit the da-
ta very wvell.

3. RESULTS AND DISCUSSION

Calibration equations developed for individual parameters are presented in table 2. Correlati-
on coefficients ranging from 0.758 to 0.950 are liighly significant. Regression equations defining
the close relationships for each parameter betvveen vvatershed-l and vvatershed-1V wiill be used for
the estimation of Chemical discharges and streaniflovv from vvatershed-I1V after treatment.

Altliough from some previous studies there seems little doubt that changes in vvater quality,
such as turbidity and Chemical discharge, that result from treatment will be significant (Reinhart,
1958), tension lysenieter studies in the Pacific North-West, U.S.A. have revealed that the rcmoval
of Douglas fir stand by clearcut accelerated elemental release from the forest floor (Cole and Ges-
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sel, 1965). Results on water quality and nutrient discharge through streaniflow were analyzed in
this study becatise changes in stream water chemistry are expected after comtemplated treatment in
Watershed-1V. Various pattems of cutting in the treatment vvatershed may be expected to place the
soil system under a different weathering regime. A consequent higher intensity of solar energy re-
ceived by the ground accelerate the release of elements from the forest floor-soil system through
more vigorous decomposition of organic matter may be reflected in the stream-water. This effect is
anticipated to be more pronounced in a temperate forest ecosystem in Belgrad Forest near istanbul
influenced by the Mediterranean climate. Besides, the forest floor developed under certain decidu-
ous forests like red alder decomposes more rapidly than those of coniferous forest of Douglas fir
(Balci, 1964 and 1973). This phenomena may well be valid for the experimental watersheds.

A calibration equation was also developed for the meail annual streamflow for Watershed-I
and Watershed-1V (Table 3 and Fig. 3), An estimated annual increase or change in streamflovv af-
ter treatment will be obtained as the differeiice betweernl the observed streamflow value from wa-
tershed-1V for a given year and the corresponding estimate calculated from a regression equation
which is based upon calibration period data in Table 3, and given by

Y =67.20 + 1.03 X

where Y equals annual streamflow in mm from the treatment watershed (W-1V), and X equals an-
nual streamflow in mm from the contiol (W-I). The con'elation.coefficient 1-0.983 (r~ = 97 per-
cent) is highly significant, and the Standard error of estimate is 54.36 mm. Similar analysis and dis-
cussioll may be made for the streamflow chemistry data by referring to the calibration equations
presented in Table 2. These equations were based upon the pretreatment period data given in Table
4 and 5 representing Chemical conceritrations and discharges through streamflow of watershed-I
and watershed-1V. The magnitude and rate of nutrient outflow in kg/ha/month are partially related
to the rate and voliime of streamflovv. In fact, Balci et al (1986) reported tliat the outflows of Ca,
Mg, HCOj and some other cations and anions have very high correlations with the streamflovv of
which the coefficients ranging from 1-0.936 to r=0.995 were significant at the 0.001 level. Similar
close relationships were obtained for Ca, Mg, and other ions with highly significant correlation co-
efficients betvveen the monthly discharges in kg/ha and monthly average streamflovvs in I/sec. for
Watershed-1 and Waterslied-1V (Fig. 4 and 5).

The variation in monthly precipitation has a profound influence upon the annual stream
liydrographs of botli experimerital vvatersheds. In fact, these two entities follovv the similar pattern
as shovvn in Figlre 6. Monthly streamflovvs reached several peaks during the vvet season betvveen
October and May. the streamflovvs of both vvatersheds dropped dovvn to minimum level during diy
summer montlis betvveen June and November. Scanty rainfall during this dry grovving season did
not niake any significant contribution to the streamflovv because of higher rate of interception, in-
sufficient recharge to groundvvater and practically little or no surface and subsurface flovv. Mean
annual runoff coefficient dining the calibration period was 31.4 percent in Watershed-1V as com-
pared to 25.7 percent in Watershed-1. The tabulation (Table 6) shovvs that the runoff coefficient of
W-IV (36.5 percent) was higher than that of W-1 (29.4 percent) during the vvet season. This sort of
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variation in runoff coefficient of Lhe experimental vvatersheds is believed to be intimately related to
the topographic and geological variations.
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