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Extended Abstract:

1- Introduction:

Estimation of discharge in ungauged basins is of prominent importance in hydrologic and water
resource management studies; however, it is not possible to determine the runoff coefficient in
different watersheds without streamflow data. In many study areas of the country (unit of hydrological
basis and balance of water resources in the studies of the Ministry of Energy), there is no hydrometric
station to measure the surface flow out of the area.

Several methods have been introduced to estimate the discharge of ungauged basins, which can be
classified into three main categories. The first category contains the methods that make a relation between
precipitation and the produced runoff (such as the Inglis and De’Souza and the Indian Department of
Irrigation (IDOI) methods). The second category includes the methods that estimate annual runoff deficit
and predict the yearly runoff accordingly (such as Turc, Langbein, Coutagine, and Khosla methods). The
third category covers the methods that take into account the physiographic characteristics of basins to
estimate runoff (such as the Indian Council of Agricultural Research (ICAR), Justin, and Lacey methods).
The SCS Curve Number (CN) method is also among the most common methods of estimating runoff
produced by rainfall and considers various conditions in its formulations; nonetheless, determining the CN
and its initial absorption coefficient is still challenging. The aim of the present study is to evaluate the
efficiency of different empirical methods in the estimation of runoff in watersheds with different hydrologic
and physiographic characteristics and climatic conditions in addition to giving some insights on the
selection of the proper runoff estimation methods in ungauged basins.

2- Methodology:

In this study, the application of empirical methods in the calculation of the outgoing discharge from
various areas in the Sefidroud watershed was investigated. The Sefidroud watershed has a total
number of 11 areas, 10 of which have hydrometric stations in their outlets. For these ten sub-basins,
the observed annual runoff was compared with the results yielded by the aforementioned empirical
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methods, and the efficiency of each method was assessed accordingly for each sub-basin. The Root
Mean Squared Error (RMSE), Standard Deviation (SD), Correlation Coefficient, and the Centered
Root Mean Squared Deviation (CRMSD) were used to analyze the data. The runoff estimation
methods investigated in this study included Khosla, Lacey, Inglis De’Souza, Coutagine, Turc, ICAR,
IDOI, Justin, and the SCS-CN methods. Moreover, the authors of the present study tried to find the
optimized value of the initial absorption coefficient in the SCS-CN method in order to obtain a
reasonably accurate estimation of runoff for each sub-basin.

3- Discussion:

The results of the present study indicated that the Khosla and the SCS-CN methods with an initial
absorption coefficient of 0.05 and 0.2 showed the poorest performance in all sub-basins. Moreover, the
Inglis De’Souza method was not applicable in Iran’s sub-basins due to its different approach in
dealing with plains and highlands. Because the study areas in the catchments of Iran are all a
combination of plains and elevations and sometimes include a combination of several plains and
several elevations with different characteristics.

The optimized values of the initial absorption coefficients varied between 0.0006 and 0.25, which
implies that a specific value of initial absorption cannot be used in all of the sub-basins to achieve the
best accuracy in the estimation of runoff.

Comparison between the results yielded by other methods (i.e. Turc, Coutagine, IDOI, ICAR, and
Justin) with the observed streamflows indicated that the choice of the best method depends on the
error index used for comparison. In other words, the Justin method had the best performance in terms
of correlation with the observed runoff in the Sefidroud watershed. But, in terms of the RMSE error
index, the IDOI method generally performs better. Finally, the Coutagine method had a good
performance in terms of both correlation and RMSE in the main study areas.

4- Conclusion:

According to the results of the present study, the Justin method is recommended for areas that have
a high altitude and temperature gradient and at the same time have a high flow coefficient. The IDOI
method performs best for sub-basins that have a high runoff to rainfall ratio. As this ratio decreases
below 0.2, the IDOI method is likely to produce poorer results. The Coutagine method showed a
moderate performance in most of the studied areas, which suggests that it can be employed to produce
conservative results in many areas under study.
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Table 1. Values of Fz parameters in different watershed's condition
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Table 2. Propoerties of the hydrology study areas in the Sefidroud watershed
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Figure 1. Location of the hydrology study areas in the Sefidroud watershed
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Table 3. Study and reference hydrology study areas for Justin method
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Table 4. Calibrated Justine parameters in the hydrology study areas of the Sefidroud watershed
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Table 5. Calibrated A parameters of CN method in the hydrology study areas of the Sefidroud
watershed
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Table 6. RMSE values between observed and computed streamflow of the empirical methods for the
hydrology study areas

= 2
\ o
:) N 9

| \ o 4

3 ‘ Tl %
O I T - o S N < S P B M B B
» S < . 3 3 . ; Adeslizwl i
e (S8 2 A5 h |5 g e

o 2 %) 1Y)

3 ~ O O

-3 "" (D U‘)

2 J
VA at | ra | e WA | Y \+q oV | ¥ | AT Joals —p b
Y4 £ YA | oYY 11 Yoy Ve o OA ats A | AS (I
\s Ve Yo | Ve Y Y14 qr VY 2t Yo | Yo R
B \4 V| oy \n% Yt A \f3 \! A NE | ol Sl -0l
™ 0) 4 Ak VY AN a1 oA 00 Vo Vo o g
01 VY |y AN VY AO Vo 10 M | AA sblepss —a5 S
! Vo | 1 A% 0 Ve Yo | YN ™ O as oy 5
\! g Yol ore 3y A V) 1) 8% RCT I Sl —o300 23
A% WA e | ag | se YA | Yoo VAV AY ] Y| Yy & sl ol
g0 ov oY | Yo A% YVA Vi v \! M | AY e




Verle O oled AV ol FY Jle aee 54b 5 5 Ll i "

380 i La s S5 & o Sl dlaily el s o 633 (assd Sy, o5 5d RS 5 3
o Las ol ol o s w3 S alsl gy cnl da iy il fslie 53 (W aes @ 5 30l (St
s Ll s ol esls Codllae 33 (WWAE) OLSes 5 09l 5 (WWAA) (e 5 Sk sla a3
adlan 55 ol 53 el s Slaass g Sl b ol axils Cllss 3,50 53 oS Sl <33 Dy
33103, 35505 1y 6 i Sloes Ul Syt sy s el 0391 A3 Yol %S

s lis edd oy sLa iy e L St (o Oliegdin 3 sl = 53 (2014) 'S5l 5 aslt
o s 0y &b g s o OLES Wlis ol s e dadl)l Sledbl wy o Ln g 03 S oLl Sy ol 55
Ul s L GbLe Gl o) cnl 8 558 g IVl 6801 ol ol sl azils 4o 55 10 550 L,
el 2l 35 ks Ab g 55 oS Sl S35 (Y S et ol (Ao 00 51 i) 5L Sl

Nt st L a3l kS 1 ped il sl ) s (5lel ool sk 5 sks slajlssed YIS
35 Sl Cpmraals Sl b bl jlas Gl ol (ol 0l esls 0L S5 ol il Lot bslast L IS5 5)
e las bylas U IS 55 4S) (CRMSD) (555 o gllas Sl o 0S5k L 5 (ol 0 o3l 0L IS
DLy ey Gl B s S e SS 55k s sad S e eslind ol glie (gl (ol 0 o3ls (L2555
o313 QLS (gims 53 515 s (S5 0l o8 e lon oLl Jlssad (ol 5o 58 oLl eddigiluand 5 Slaalis
Db oAl (it S b S Gl 53 o OSGRl s 03 G L3 W (lae el (5513 L s e

SCS-CN (IDOI) sl s 55kl Olojlus (0l S <ol dCAR la sy fslie [ 5hd 15 5as ¢ I3 )3
s 4yl 4l sad Aolieas Wl 5 OMSas —o s 3 o sall — 0L ¢ fie (slnes sdoms 53 S5 50,0 0=0 i
(5l — 0L 835000 33 50khn g Slelllan 83 5kme 53,5 5 (i o ol Lnod siloes
el g Sldllas 65 guoee (oo Sladlae 65 5de) 0l puy 83 5d5a V0 s 5l 63 g cﬁfﬁwﬂrs
Sldllae 83 50) 4 5= o8 Jled 4l g Slllas 53 5ue 5 (OIKas =0 3 Slalllas 35 5de) 4 s o 8

MJ&G\)\Mﬁ&&‘f\) Wbﬁﬁcbb}@iw\)b@u w)ﬁ@)bjw(ﬁga

1. Khopade and Oak



A\ UHKen 5 (5 ol pume o) O3y slaad g 3 Ol 3,51 5 28 SB s bl

o pedl mOEL Sllae 85 50mme () Lo 5 ladlan 53 5me (i)

&l vJL«JUm 83 9dee (3) I as —09 8 L;L«z.ll.la/a 83 gd>ee (C)
3 ol dACAR (IDOI) Sl ydea s bl Olsl oS5 «pmiml (pUgS sla iy, 5ok DTTRNE
39 i & g 53 il Glalllas slaes sae ;3 SCS-CN

Figure 2. Taylor diagrams of Coutagine, Turk, IDOI, ICAR, Justine and SCS-CN methods, the
hydrology study areas of the Sefidroud watershed
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Figure 3. Radar diagram of RMSE values over the five-selected methods of the hydrology
study areas of Sefidroud watershed
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Figure 4. Comparison of correlation coefficient values between observed and computed streamflow
of the selected methods over the hydrology study areas of the Sefidroud watershed
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Figure 5. Time series of the observed and computed streamflow values using the selected methods in

the Sojas hydrology study area
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Figure 6. Compared the ranks of the RMSE values between observed and computed streamflow of
the hydrology study areas
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Figure 7. Compared the ranks of the correlation coefficient values between observed and computed
streamflow of the hydrology study areas
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