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Abstract: The purpose of this study is to bring up variation of soil water storage capacity (S) based on probability 
distributions on watersheds, and to compare S obtained from probability distribution to S according to Soil 
Conservation Service (SCS). In order to explaining variation in S, maximum 24-h rainfall for each month ana the 
associated runoff volume recorded in three watersheds ( U ğ rak, Akdoğ an, İ kikara) which has controlled by Tokat 
Research Institute of Rural Services was used. Normal, log normal, extreme value type I, and log pearson type III 
distributions were taken into account for S in this study. S values of these mentioned watersheds were fitted better to 
log normal distribution than the others (normal, extreme value type I, and log pearson type III distributions ). S values of 
each watersheds for 10, 50 and 90 % probability levels were gotten from frequency lines based on log normal 
distribution. Afterwards, for these S values, curve numbers (CN 10, CN50, CN90) were determined. These CN values were 
compared to CN values (CN I , CN,,, CN,,,) based on SCS for dry antecedent condition, normal antecedent condition, and 
wet antecedent condition. This study was showed that GN I°, CN50 , CN90  were similar to CN,, CN„, CN,,, for each 
watershed (Ugrak, Akdogan, Ikikara). 
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Su Toplama Havzalar ı nda Su Tutma Potansiyelindeki De ğ iş imin Belirlenmesi 

Özet: Bu çal ış man ı n amac ı , olas ı l ı k dağı l ı mlar ı na göre havzadaki su tutma potansiyelindeki (S) de ğ iş imi ortaya 
ç ı karmak ve olas ı l ı k dağı l ı mlar ı ndan elde edilen S ile Soil Conservation Service (SCS)'in geli ş tirdiğ i yönteme göre elde 
edilen S'nin karşı laş t ı rmas ı n ı  yapmakt ı r. S'deki de ğ iş imi belirlemek amac ı yla, Tokat Araş t ı rma Enstitüsü taraf ı ndan 
kontrol edilen havzalarda (U ğ rak, Akdoğ an, İ kikara), her ay için ölçülen maksimum 24-h ya ğ murlar ile bu ya ğ murlar ı n 
neden olduğ u yüzey ak ış lar kullan ı lm ış t ı r. Bu çal ış mada, S için normal, log normal, gumbel ve log Pearson III 
dağı l ı mlar ı  göz önüne al ı nm ış t ı r. Yukar ı da ad ı  geçen havzalar ı n S değ erleri, log normal da ğı l ı ma, diğ er da ğı l ı mlardan 
(normal, gumbel ve log Pearson III ) daha iyi uyum göstermi ş tir. Her havza için % 10, % 50 ve % 90 olas ı l ı k seviyeleri 
için S değ erleri, log normal da ğı l ı ma göre elde edilen frekans grafiklerinden saptanm ış t ı r. Daha sonra bu S de ğ erleri 
için, yüzey ak ış  eğ ri numaralar ı  (GN I°, CN50, CN90) belirlenmiş tir. Bu CN de ğ erleri, SCS yöntemine göre havzan ı n kuru, 
orta ve ı slak koş ullar ı  için elde edilen CN değ erleri (CN,, CN,,, CN,,, ) ile kar şı laş t ı r ı lm ış t ı r. Bu çal ış ma göstermiş tir ki, her 

havza için (U ğ rak, Akdoğ an, İ kikara ),C İ‘1 10 , CN50, CN90  yüzey akış  eğ ri numaralar ı , SCS yöntemine göre elde edilen 
CN,, CN„, CN,,, yüzey ak ış  eğ ri numaralar ı na benzer olmuş tur. 

Anahtar Kelimeler: maksimum 24-h ya ğ mur, SCS, yüzey ak ış  eğ ri numaras ı , su tutma potansiyeli 

Introduction 

The highest runoff volume occurred on watersheds 
is directly recorded or predicted by empirical equations. 
The highest runoff volumes vary with characteristics of 
watershed and stream systems. But, authors report that 
soil water storage capacity (S) before rainfall on a 
watershed makes the greatest effect on runoff. Therefore, 
when other conditions of a watershed are constant, runoff 
volumes of that watershed vary little or more related to 
soil water storage capacity before rainfall. 

An empirical equation for obtaining runoff volumes is 
developed by SCS (Anonymous 1972). Runoff volumes 
based on this equation are predicted for rainfall and 

S. Success in prediction of runoff volumes is dependent 
on true of S so that uncertain parameter in SCS technique 
is S. S is obtained based on land use, plant cover and soil 
texture of a watershed (Anonymous 1972). In general, it is 
diffı cult to estimate S. Haan and Schulze (1987) 
suggested use of probability distributions in order to 
explain variation of S better. 

The main purpose of this study was to bring up 
variation of soil water storage capacity (S) based on 
probability distribution on watersheds. In addition, the 
method used in this study was compared to SCS 
technique. 
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Material and Methods 

The data that was used in this study consists of 
maximum 24-h rainfall and the associated runoff volumes 
that recorded on three watersheds, namely U ğ rak, 
Akdoğ an and İ kikara that have been monitored by Tokat 
Research Institute of Rural Services. In general, the soils 
of these watersheds have clay and clay loam textures. 
Some properties of these watersheds are giyen in Table 1 
(Anonymous 1992). 

In order to determine variation in soil water storage 
capacity (S), maximum 24-h rainfall for each month was 
taken from 24-h rainfall that were recorded on the 
watersheds studied (Okman 1975). Then, to be reflected 
better variation in S and to lover relative error of 
confidence interval, maximum 24-h rainfall selected for 
each month and associated runoff were consecutively 
joined together (Julian 1967). Thus, set of rainfall and 
runoff were constituted. Haan and Schulze (1987) used 
set of the annual maximum 24-h rainfall-runoff in their 
study. 

Homogeneity test to set of rainfall-runoff of each 
watershed was made based on Diler (1982). Therefore, 
set of rainfall-runoff for watersheds was divided into equal 
two portions. Then, these sets were arranged in a row 
from the smallest to the largest value and the rank of each 
observation was determined. The frequency of each value 
was obtained by dividing rank of each observation into the 
number of observations. The frequency graphs were 
drawn by plotting observations versus frequencies. 
Homogeneity tests of rainfall and runoff for 5 % 
confidence level were made according to the following 
equations. 

N1/2 . 	(K *I) / (K4.1) 	.1/2 (1) 
z 	d*N1/2 (2) 
P = 1.00 - L(Z) (3) 

Where, K and I, the number of observations of set of 
rainfall-runoff divided into equal two portions; N, 
coefficient; d, maximum frequency difference determined 
frequency graphs of sets established for rainfall and 
runoff; Z, coefficient; L(Z), Kolmogorov distribution 
function value taken from the table giyen in Diler (1982). 
P, probability. 

S was determined by the following equations using 
set of rainfall-runoff for watersheds (Anonymous 1972). 

Q = (R - 0.2S) 2  / (R + 0.8S) R > 0.2S 	(4) 
S = (25400 / CN) — 254 	 (5) 

Equation 4 can be rearranged to give (Haan and 
Edwards 1988). 

S = 5R + 10Q - 10(Q 2  + 1.25RQ) 1  /2 
	

(6) 

Where, Q, runoff volume (mm); R, rainfall (mm); S, 
soil water storage capacity (mm); CN, runoff curve 
number. 

S for each rainfall-runoff was obtained from Equation 
6. And then, normal, log normal, extreme value type I and 
log pearson type III distribution were used to determine 
the best probability distribution fitted to these S values. 
Haan (1977) and Bayaz ı t (1981) suggested that graphical, 
chi-square and Kolmogorov-Simirnov methods are 
commonly used to obtain the best probability distribution 
in hydrological studies. In this study, graphical method 
was chosen to determine the best probability distribution 
for S values. The explanation of this method is giyen 
below. 

In graphical method, frequency lines for the 
probability distributions can be calculated by using the 
following equation (Chow et al. 1988). 

X = YA + leSSD 	 (7) 

Where, X, S value for taking into account probability 
level; YA, average of S; K, frequency factor; SsD, 
standard deviation of S. 

Frequency factors of 1.053, 2, 5 and 100 return 
periods in years were taken from the tables giyen in 
Bayaz ı t (1981). Consequently, S values were calculated 
by Equation 7 based on normal, log normal, extreme 
value type I and log pearson type III distributions for the 
mentioned return periods. Goodness of f ıt of the 
probability distributions used for S was tested according 
to Okman (1994). According to this reference, S values 
calculated by using Equation 7 for the probability 
distributions used in this study versus 1.053, 2, 5 and 100 
return periods in years were plotted on probability papers 
of normal, log normal, extreme value type I and log 
pearson type III distributions. If these points made up a 
line on the probability paper of which distribution, it was 
assumed that the distribution was suitable for S. 

Table 1. Some properties of the watersheds used in the study 

Watersheds Area 
(km2 ) 

Land Use (%) 
 Years 

of record Cultivated 
land  

Pasture Forest Shrubbery 

Uğ rak 7.0 74.7 15.8 6.3 3.2 21 

Akdoğ an 7.4 68.0 20.0 12.0 - 14 

İ kikara 13.0 87.0 13.0 - - 11 
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Frequency lines were drawn according to distribution 
fitted to S for the watersheds. S values (S10, S50, S90) 
were obtained from these frequency lines for 10, 50, 90 % 
probability levels. CN10, CN50 and CN90 curve numbers 
for these S values were calculated by using Equation 5. 
Rainfall-runoff curves (Q10, Q50, Q90) for CN10,  CN50 
and CN90 were made up based on Equation 4 by using 
observed rainfall. Haan and Schulze (1987) expressed 
that 80 % of observed runoff were located between Q10 
and Q90 curves and thus, that confidence interval was 80 
%. 

S values for SCS were calculated by Equation 5 
based on dry antecedent condition (AMCI), normal 
antecedent condition (AMCA) and wet antecedent 
condition (AMCH İ ). To obtain runoff based on SCS, 
hydrologic soil groups were determined according to Ward 
and Elliot (1995). CN values for AMCI, AMCA and AMCH1 
were estimated based on land use and hydrologic soil 
groups as tabulated in Tülücü (1990). 

Hawkins et al. (1985) and Haan and Schulze (1987) 
found that, for the watersheds they studied, the 10 % and 
90 % values of S were closely related to the wet 
antecedent condition (AMCw) and dry antecedent 
condition (AMCI), respectively, as defined by the Soil 
Conservation Service. This apparent relationship has also 
been discussed by Hjelmfelt et al. (1981). 

Result and Discussion 

Soil water storage capacity (S) in the watersheds 
(Ugrak, Akdogan, lkikara) fitted to log normal distribution. 
The current study supports the earlier findings (Hjelmfelt 
et al. 1981, Hawkins et al. 1985, Haan and Schulze 1987). 
Table 2 summarizes the statistics on S for watersheds 
studied. As can be seen Table 2, the observed rainfall 
and runoff in Akdo ğ an and İ kikara watersheds and the 
rainfall in U ğ rak watershed was found homogenous but 
the observed runoff in U ğ rak watershed was not. In this 
table, SA is the mean value of S and SsD is the standard 
deviation of S. As can be seen in Table 2, the variation in 
S is quite large. This translates to a large variation in the 
value of CN in Equation 5. Therefore, probability  

distributions (normal, log normal, extreme value type I and 
log pearson type III) were used to explain variation in S. S 
values for 10, 50 and 90 % probability levels were gotten 
from the frequency lines of log normal distribution. These 
S values are denoted as S10 •  S50 and S90 and are 
shown in Table 2. Finally, as shown in Table 2, the 
estimated S values based on SCS technique for AMCA is 
denoted as Sscs• In this table, the homogeneity results 
of the rainfall and runoff was giyen for 5 % confidence 
limit. 

The correlation between S and the associated 
maximum 24-h rainfall was found to be very. high (Table 
2). Table 3 compares the curve numbers (CN10, CN50, 
CN90) computed by using S10 ,  S50 and Sgo to curve 
numbers (CNI, CNH, CN İ H) calculated for the AMCI, 
AMCA and AMCm based on SCS (Anonymous 1972). 
Examination of this table reveals that the current study 
supports the earlier findings (Hawkins et al. 1985, Haan 
and Schulze 1987). 

Figure 1 through 3 show the rainfall-runoff data for 
the watersheds studied. Superimposed on this data are 
lines labeled Q90, Q50 and Q10 which were calculated 
from Equation 4 using values of S equal to S10, S50 and 
S90, respectively. Haan and Schulze (1987) expressed 
that 80 % of the runoff events from the rainfall fallen on a 
watershed will lie between the lines labeled Q10 and 090. 
That is, two lines can be thought of as 80 % confidence 
limits. 

As a result of this study, soil water storage capacity 
(S) should be correctly determined to estimate runoff 
based on empirical equations where runoff is not directly 
recorded, as it directly affects the design flow of hydraulic 
structures that will construct on a stream. Therefore, 
frequency analysis of S should be made so that S in a 
watershed varies with land use, plant cover and soil 
texture. Haan and Edwards (1988) expressed that the 
return period of a flow is the same as the return period of 
the rainfall producing the flow. But, because of variation in 
S, it is apparent that the return periods of runoff and the 
rainfall producing the runoff is different. Rainfall fallen on 
dry watershed will produce less runoff than the same 
rainfall on a wet watershed. 

Table 2. Statistics on soil water storage capacity (S) 

Watershed 
s 

SA 
(mm) 

SsD 
(mm) 

rR,S Sio 

(mm) 
Soo 

mm 
Sgo 

(mm) 
SsCS 
(mm) 

Homogeneity 
P 	0.05 

Hydrologic 
soil 

R Q groups 

U ğ rak 57.1 36.6 0.95 16.5 45.2 126.8 72.9 0.21 0.01 A, B 

Akdoğ an 69.8 43.4 0.95 23.0 56.1 139.8 40.3 0.17 0.80 B, C 

lkikara 63.6 41.0 0.97 18.5 49.5 135.0 28.9 0.99 0.11 C, D 

Table 3. Runoff curve numbers (CN) summary for different conditions 

Watersheds CN 50  CN„ CN 10  CN I  CN90  CN I , 

Uğ rak 84.9 77.7 66.7 60.2 93.9 89.6 

Akdoğ an 81.9 86.3 64.5 72.1 91.7 94.5 

İ kikara 83.7 89.8 65.3 77.7 93.2 95.9 



YÜREKLI, K., F. ÖZTÜRK and M. BALÇIN, "Determination of variation in soil water storage capacity on watersheds" 	 489 

Figure 1. Rainfall-runoff for U ğ rak watershed 
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Figure 2. Rainfall-runoff for Akdo ğ an watershed 
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Figure 3. Rainfall-runoff for İ kikara watershed 
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