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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
SUHFLSLWDWLRQ DQG WKH SURGXFHG UXQRII VXFK DV WKH ,QJc
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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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
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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
LJ'—»{‘ CJL:...&W Lﬁ_'w)ﬂ w‘ °>}—fj—:€‘f LS—..&\;— Lsuoij\_hﬁ).ﬁ L_Au;dj) L)_'i‘)‘ r‘J.SJA J‘)QA& v\:j..:tdd
9 LM:}Z.A CLL?)‘ (Co-los ‘(SJ'L'L,’.'}}"" u_)l.v‘j) gﬁ.lfp Sl Cy cv.:.& &;ﬁb‘ LSJ")lS Lole L}SL;JLEA LsLéo.ijoua
)g_)l_r‘_}) g_,\._aJ_.p cg_,\.:_J (v:su d.ab-)jlac\.s b“g}""’)ﬂ 6[.!&&}))‘ fU‘SJA Jjﬁa.f« M)L;a QL..'I..' L}.“’LA) Q‘M
J)S-Lo..“ Lu)‘j LJ;}J A w‘ 3)[.{)3 ﬁ) &_,JUG.G gaMﬁb‘ @Lu LJALM"JJ .&;MLQOD‘}JN dobu“)\j L}ilﬂb Q‘mej

3 g Super 4 Sls ot L L]



" U 5 g ol e Mol Oy glaavd s> 53 0L 3550 1 228 BB B, b5

Wl il mbie s Shee st =l 5 e o pdl —0W (slaes sdome 3 gy ol tomials g
L 2503 o 3813 (95b5 ot Lo gie 5 5L3 Clly b Sl (S 03 5dome 4 ) Sl st o
i eSS 35S o 03 5 L s s pl A Bl 5 Slas i) OV 2, o) Sl 4 a5
S a5 o s s L sy K00 oS Il s sl als @l o gadl m O 63 5 53 O > )
3L Sy b 5 oed 45 e 53 nl s blenils o35 sl Loges 03 dme ol s ol
Sresgdoe 55 55 Sy opl o Sas n Jds 5 o do s Gl iy Sl eslinad (gl il el Ol s
JETIN Y ewlrjuu)m b s lse ol Lol (sl (g5l Ol ol &S sl b s 5 4l
S Sl 5 JAS Lnse ek A ol esliial oS bugte ol b plaes sl 3 A ol 5 e
S ol Ghs B ol ot 5 S e p Lglaas s 3 oS el Cllae s 5e 55 (1YAY)
el s sla S,

il s sl 5, Sdas /Y 51 R Ol o ls slaes sdee plad 3 55 S, o) IDOL 2
Clazm Sy onl o3 gLl Dk s b s b 4 g e s 4 gl —0 83 sdme 53 bl Lt
o b Sas s Gy el sl esliad plalo seanl o3 p (i)l 51 e el s Sl edel s
Solw B By onl Sl ol el onl e 53 sl el o B oL gles 5 oWl OLLS Ll
Sisim O s els Coillas 550 (WWAQ) e 5 (Sl L2 s foe b ool nay Sl . ites conlis ¢ s,
aslio 53 pulio 3 Shae (ICAR 5, Lol en) IDOL 55, do s ¥ 50 lls, oo b slad s 3 5
OYAY) OLLSer 5 0L ses 5 (VWA e 5 el i s fond woman tCenl axils s gla iy, b
el dT ed s 30

A 4l eSSl oS el by e gl 20U Sldlae 35 4 i) a3 Shes 0 iU B
2SS S sl edslorwsa laslgr wossdos opl 31 8 15 55 ks Glons obes 5 ol Sl sa
M%ﬁ;,wvﬁ)RMSE el Sl as hss opl oS gl 8w eals Ll ale Sl 36l
o=l Al L s s b aslis 531y 5 Shes o S ol oo Slallas (laes sidoes oIS s 3
s Ve 35 ot Lata s 53 s sl Sl 55 et slatas 53 edi 2l i b ans
x5 el a3l iy Slalla ) &“C‘A 23 st 3 ,Shas g anils glal)Sakils 5 Shae oS
Khopade and Oak, 2014: 75; ) <l osls 0L ;05 gla sy L awslio 53 1y 5 Slas op g 5o s fash
3 S do g LSt s, Lleas 1) i, opl 0155 e opl oLy «(Dalavl et al., 2018: 1515

Sheslial (b odd 03 ez +/0 S i Sy, o b oS bl 3 b aniS Sk 4SSl uaeen
53 = ety Sladllae 5o 5 a8l an g blie i Gl Ghas Gul 1 el e B e e B

Sl andls o 5 Sas 070 51 iy Ollgy o e L bl



Ve le ) oyl AY ol FY Jlo o aes (g 5,40b 5 5 Ll Yy

& S 4o .0

Sla oy 315 0L 35 0 85 5 Slalllas slaes sdome 53 Ol 35510 3 Cilies o 25 sla o) Al
oo 3 el Glacl s S e sl as sl s Jad B slaclsr s ol 5 g5Y Ol
3 S Lagas oo ol gy 3l sdal sty slasslyr 5 Sltalive 0L o 51 i sl 63V 5 s
Ols o A5 51 (0 o o5l i, 3l sdaliamsas (sl g 03 5108 dow) oo S 4ol Slalie 0L
03,50, IS UiS as LU |y el O > (slimr) i aomtiyn 5 ol o3 oy cnl sl 50 51 ol
350 e g Slmes sdomn 31 (ol )3 515 DL 55,0k dd il laessdons 3 Ay o e
g JMie 55 03 pdome 55 55 Jm nl b3l 28 sl 3 eddaes 5 /00 e 3| 2aS jlew WL A o
ol ol el /Y 4 s A o

(ol il b s b fald g (gl ddaly SO el g 03 = IS sy el e 51 (G s 0 S
e oS5 ALS o s il 5 s 5l S 5 el 0l s Slalllas (slaes gdms plas L5 oS ol Sl s o
s (3 950k A 2 3 3Ll =43 IS L O —o 53 lalllas 83 goms dile) gLl ki L ot

o Cidie glaesgdoe 53 S 5 Gl ADOL gl Sos, 5l Jool slacl s dla oy S5 Ol S
Lois of sslo dsles 4y 4 5 L IDOI s 315 0L oS el oy 3015 50 e s S0 4 S 355
CULs e Ly (ol 3 5 el dosn Y 31 Lt LT s iy b oS Sl il e piome (51
35 Gl e 5 s Shls 10 Sl el Shas s e 51 sl dali (ool sl S
by 5o adle B3 gdme dle) Bl o S b Lol ea b Ol o sl &S Sose s bl 5l e a0 5
2y b deo 55 sy ol 5l esldial (o

G ol 3 Ol e 5 ol s Lo gt > Shas 5 5 sbidon b g (slaes gdows pla 53 oS ol g5 onU S S
Slressdme 55 o slgn iy Ol 53 el g S an a5 Lo 0 se Jus Sl s S aliilue sl Llies,
sl g g ol (Solgniy & Oy Cda b Sisbaasd o 5 St (Sl S Gbls 5 (odxe Jlalllae

L Ol 5T laiasn 53 wblodd slgnty Ol s iblis 53 (Kb odd oy 0205 il Sl a5 L
s s Ol 5l Slaas g Lol 5 (ol oo ol (S5 (6 3ol s ile) 550813 (gla bs,y 3l eslinud
L sto glos Vo e sto (351 51355 e slgnty (2655 5 ol dDOI slabs; i > Shas a5 3]
s an S o e ddad Jalgy s 5 Lol gla s Blea 4 Bl 5 Sl gl 5 VL
S, 5 K5 A

Sylem sl B s 50 ol I cmlem U oS coal sy o sbas 1 s sl Al
5 Ao el sies b 5 558 O G jlas e OO &g el stes (33 al50h Ol e 5 AOTYTUVY
@L_;a Gl syl 0S5 Sdelans 5 (6 S 5 (5528 Y @)aﬁﬁiéuwf-): Ny C’L:" EREY

el o plomil Ol )



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

ke

23 et A el b g 53 OUlgy 3550 028 R as (255 (YA G sns ras 5 S
N C{ P OIS WP P PO PG N I PO PP S - Syl VI W USSP PPN | Lo
S O

& gt K5 gl Ao 53 SUlas 3550 2 225 B b3 OT40) e (s 3L hrad
5 S e 05,5 (Sl sl edige 5 psde o Jlles ais SV 48 pes ¢ ey Sliul 3
Ol xis o821 anb mlie 818200 Gols ]

s 3md y alale Sl i i OYAE) 3 gms g Sl o (6 28 5 Ob3 sams ] (OB
Ol ST g5 S ey OS5 T 805 53 2285 b s @B L 0T Aglie 5 o g
Ol S b A oKl ol S

i g 153,90 adllan Wl STy, 5550 2 55 028 Jbe ki b3, (WAA) oo« oml ol ¢ ol
MV=00 oo (1) Fr (ams 50l 5 Wi 0L o Jd 53 S las

s 5 QU 3,501 a8 Gbas il (VAT Gsne ool 2ig e bl b oM Ol g
e g BASIS H0les Ll o lame 5 Sl cams St o les ol DL pe|

=3l sLedls Ldw i 0 o8 B 5l (s SUlas pale dslie (VYA (izme ((gherms 530 (S
S ) Ol ol ] e 5 psde o ol ety OBl Ol 3 sl slan -
OB S b e 5 (5555LES psle oK1 106 S (reb SLOL L

Sl al 3,50 5 sl s gl (VAE) (gl cosly taan cady ol ke canbld o313 odoo ¢ s
g fame 5 b e S il e Ghles nss 0 38 S 5 pl Rb g 52 01 S3e Jelss s
ksl G oKl s

2 YV CUg5 5,50 (s 28 5Lty (1740 Ol (o3l pmmn 30,8 o3l i 313540 (S5l 45
e b S ey o By, R 163 90 Aalllas (s g sben oRiul WBU (slans o>
Dl A5 plaes GlaSal; 58 e 108 (3l e 5 oleme (S omel 5 Lla el 3 Il

ialas ¥ OS5, 3550 cgr (025 Loy (2l (TR (mldame ol 355 (5530 e is3le
Al S5 50n ol 135 4 DLl (S5 500n il S nss OAS Dbl 55 Grsm ol g 15350

o 43 ol 5,80 s SV¥slae oL, (1Y) (S as Sl el e JeiS L se
35 Ol Ol b Sy e e (S ratia oo hl

Lo plal ol ils lylinl iagde X Clr (632, 580508 d gl OYAY) (el cosl e



Ve le ) oyl AY ol FY Jlo o aes (g 5,40b 5 5 Ll \

Ao (S jlams 5 e mle (6555LES 3 (s Slac sl 5 psle 5,08 e Slles (ass 09,8 By,
.Q\jg_? LS Q\)U.JJ\ :Q\Jg_? JA ub: cr;: > cdbﬁJ\S szj]j).)%.a YY) (e (Solge

Dalavi, P., Bhakar, S.R., Bhange, H.N., Gavit, B.K., (2018). Assessment of Empirical
Methods for Runoff Estimation in Chaskaman Catchment of Western Maharashtra,
India, Int. J. Curr. Microbiol. App. Sci, 7 (5), 1511-1515.

Golshan, M., Ebrahimi, P., (2014). Estimation of the runoff by empirical equations in dry and mid-
dry mountainous area without stations (case study: madan watershed, Qazvin Province-lIran),
Bulletin of Environment, Pharmacology and Life Sciences, 3 (3), 97-106.

Gupta, B.L., Gupta, A., (1992). Engineering hydrology, Standard Publishers, New Delhi.

Hawkins, R.H., Ward, T.J., Woodward, D.E., Van Mullem, J.A., (2009), Curve Number Hydrology:
State Of The Practice, American Society of Civil Engineers.

Hong, Y., Adler, R.F., Hossain, F., Curtis, S., Huffman, G.J., (2007). A first approach to global
runoff simulation using satellite rainfall estimation, Water Resources Research, 43 (8), 1-8.

Horvat, B., Rubinic, J., (2006). Annual runoff estimation - an example of karstic aquifers in the
transboundary region of Croatia and Slovenia, Hydrological sciences journal, 51 (2), 314-324.

Inglis, C.C., De’Souza, A.J., (1930). A critical study of runoff and floods of catchments of Bombay
Presidency with a short note on losses from lake by evaporation, Technical Paper, No 30.

Jaafar, H.H., Ahmad, F.A., El Beyrouthy, N., (2019). GCN250, new global gridded curve numbers
for hydrologic modeling and design, Scientific data. Springer US 6 (1), 145 p.

Khopade, D.K., Oak, R.A., (2014). Estimation of Runoff Yield for Nira Deoghar Catchment Using
Different Empiricial Equations, The International Journal of Engineering and Science, 3 (6), 75-81.
Khosla, A.N., (1949) Appraisal of water resources analysis and utilization of data, Proceedings of

United Nations Scientific Conference on Conservation and Utilization of Resources.

Khosravi, K., Mirzai, H., Saleh, 1., (2013). Assessment of empiricial methods of runoff estimation by
statistical test (Case study: BandakSadat Watershed, Yazd Province), International Journal of
Advanced Biological and Biomedical Research, 1 (3), 285-301.

Langbein, W.B., (1949). Annual runoff in the United States, US Geol. Survey Circular 52,
Washington DC, USA.

Lewis, D., Singer, M.J., Tate, K.W., (2000). Applicability of SCS curve number method for a
California oak woodlands watershed, Journal of Soil and Water Conservation, 55 (2), 226-230.

Meresa, H., (2019). Modelling of river flow in ungauged catchment using remote sensing data:
application of the empirical (SCS-CN), Artificial Neural Network (ANN) and Hydrological
Model (HEC-HMS). Modeling Earth Systems and Environment, 5 (1), 257-273.

Plummer, A., Woodward, D.E., (1998). Origin and derivation of 1a/S in the runoff curve number
system, International water resources engineering conference, ASCE, Reston, USA, 1260-1265.
Raghunath, H.M., (2006). Hydrology, principles, analysis, design, New Delhi: New Age International

Pub.

Rawat, K.S., Singh, S.K., Szilard, S., (2020). Comparative evaluation of models to estimate direct
runoff volume from an agricultural watershed, Geology, Ecology, and Landscapes, 1-15.

SCS (1985). National engineering handbook, section 4: hydrology, US Soil Conservation Service:
USDA, Washington, DC.

Shi, Z.H., Chen, L.D., Fang, N.F., Qin, D.F. Cai, C.F., (2009). Research on the SCS-CN initial
abstraction ratio wusing rainfall-runoff event analysis in the Three Gorges Area,
China, Catena, 77 (1), 1-7.

Sobhani, G., (1976). A review of selected small watershed design methods for possible adoption to
Iranian conditions, Master of science degree, Utah State University.

Turc, L., (1955). Le bilan d’eau des sols: relations entre les précipitations, 1’évaporation et
I’écoulement, Journées de I'hydraulique, 3 (1), 36-44.

Varshney, R.S., (1979). Engineering Hydrology: New Chand and Bros.



