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Figure 1. The geographical location of Leaf River watershed in America.
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Table 1. Notation of hydrological concepts used in research.
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Figure 3. Schematic diagram of SCS-CN-based lumped conceptual rainfall-runoff model.
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Table 2. Ranges and initial estimates of parameters in Leaf River watershed (SCS-CN-Based model).

ol Sl Solde el Sl ST,
number  parameters lézggels Es\t]gﬁfeted Number  parameters lézggels Estimated value
1 CNg 50-99 67.200 8 Cs 0.01-10 0.68
2 K 0.001-5 3.779 9 BCOEF 0.005-1 0.893
3 0.01-1 0.690 10 E 0.10-2 1.951
4 a 0.01-10 5.715 11 Sabs 20-5000 189.121
5 B 0.1-10 8.731 12 O¢ 50-500 94.347
6 C: 0.01-1 0.01 13 0. 5-100 17.493
7 C, 0.001-1 0.147 14 PANC 0.5-0.9 0.824
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Table 3. Ranges and initial estimates of parameters in Qarasou subbasin (SCS-CN-Based model).

ol S A e s S ol iyl lie
initial . initial .
number  parameters Estimated value  Number  parameters Estimated value
Ranges Ranges
1 CNy 50-99 71.312 8 Cs 0.05-1 0.643
2 K 0.0009-120 88.228 9 BCOEF 0.001-1 0.767
3 A 0.01-15 7.261 10 E 0.10-5 2.285
4 A 0.01-20 8.974 11 Sabs 50-5000 200.432
5 B 0.1-20 6.583 12 ¢ 50-100 75.618
6 Cy 0.01-10 0.01 13 Ow 1-100 45.617
7 C, 0.001-1 0.00189 14 PANC 0.001-1 0.669
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Figure 4. Observed runoff and simulated runoff model during the calibration period in Leaf River watershed.
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Figure 5. Observed runoff and simulated runoff model during the Validation period in Leaf River watershed.
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Figure 6. Observed runoff and simulated runoff model during the calibration period in Qarasou subbasin.
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Figure 7. Observed runoff and simulated runoff model during the validation period in Qarasou subbasin.
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Table 4. Annual rainfall, observed runoff, simulated runoff and relative error in Leaf River watershed.

oyl Ju (mm) S, (Mm) o odalive Ul (Mm) ol aules Ul s Sl Ao
number  year Rainfall (mm) observed runoff (mm) simulated runoff (mm) relative error

1 1953 4413 1.607 1.571 2.240
2 1957 4.041 1.141 1.196 -4.82
3 1958 4.027 1.309 1.057 19.25
4 1959 3.637 1.004 0.812 19.12
5 1960 3.487 1.096 0.833 23

6 1961 5.667 2.861 2.900 -1
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Table 5. Annual rainfall, observed runoff, simulated runoff and relative error in Qarasou subbasin.
oled Jl (mm) S L
Rainfall (mm)

(mm) ol odalin ;_JU)J (mm) ol A.w-:bu ;_JU‘)J L;.w.v 6\.14;— Loy

number year observed runoff (mm) simulated runoff (mm) relative error

1 1387 4.223 1.809 1.936 -7.020
2 1381 4.370 2.430 2.582 -6.255
3 1382 4.306 2.064 1.893 8.284
4 1383 5.190 2.422 2.597 =7.225
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Table 6. Percent estimates of hydrological components in Leaf River watershed.

oyl Lo (1) Ao ys (mm) o Sle o)l Lo (1) Ao ys (mm) Kl
No. Components Percent(%)  Average(mm) No. components Percent(%)  Average(mm)
P) Sx,L S(EV,
1 P50k 100 4.18 9 W) 56.076 1.5613
Rainfall evaporation
aJ ol olas(l 5 25(TR
2 S kil 0.191 0.008 10 (TR 11.148 0.7111

initial abstraction transpiration

S 5P, 5 a5y 2s(EV
3 A AR 99.808 4172 o o EY o 22724
effective rainfall evaporation
3 a(F o L (RO
4 >k 80.239 3.354 12 —H2(ROY 19.330 0.808
infiltration surface runoff
:$a3(DR Lo 0L ~(THR
5 (PR 13.014 0.544 13 o S (THRY 8.851 0.370
drainage Through flow
; 3,a(PR L oL ~(BF
6 g (PR 4138 0.173 14 b S~ (BFY) 4784 0.200
percolation base flow
30c 3 ,5(DSP, lls,(TRO
7 e 25(DSR) 5.358 0.224 5 Fs 5A(TROY 32.966 1378
deep seepage total runoff
i i
it e 354 0.574 0.024

(DPRy) deep percolation
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Figure 8. Schematic estimates of hydrological components in Leaf River watershed.

e ad g (51 (4o 53) dhe (05 J550en 15 3,51 2 -V g
Table 7. Percent estimates of hydrological components in Qarasou subbasin.

oyl Lo (RN (mm) o Kle o)l Lo (1) Ao s (mm) Kl
No. components (%) Percent  Average(mm)  No. components (%) Percent  Average(mm)
P) S, . 5(EV,
1 (P st 100 4.639 9 A(EV) 32.3345 1.500
Rainfall evaporation
o3l las(l 5 (TR
2 i () 1.0519 0.0488 10 (TR 12.9338 0.601
initial abstraction transpiration
S 5oU(P, 35 5 o3(ET
3 A AR 98.9523 4.5904 11 855 2S(ET) 452683 2.1016
effective rainfall evaporation
3 i(F o Ul ,(RO
4 >4k 46.4388 2.1543 12 <U5,(RO9 52.5134 2.4361
infiltration surface runoff
:Sa3(DR Lo 0L ~(THR
5 SR 1.1364 0.05272 130 o S (THRY 0.7307 0.0339
drainage Through flow
5 3,4(PR L oL ~(BF
6 s 25(PRY) 0.4054 0.018816 14 +h S (BFY 0.0043 0.0002
percolation base flow
ses 3 55(DSP, lls,(TRO
7 e 25(DSR) 0.0056 0.00026 5 Fs 5A(TROY 53.22 2.469
deep seepage total runoff
St Ees 34
8 S5 S 0.001 0.0000633

(DPRy) deep percolation
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Figure 9. Schematic estimates of hydrological components in Qarasou subbasin.
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Figure 10. The results of the model in the first tanks in Leaf River watershed.
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Figure 11. The results of the model in the first tanks in Qarasou.subbasin.
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Figure 12. Hyddrological components of the model showing the overall runoff in Leaf River watershed.
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Figure 13. Hyddrological components of the model showing the overall runoff in Qarasou subbasin.
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Table 8. Comparison of performance criteria and runoff ratio for two hydrological models (Leaf River watershed).

Je
Model
SCS-CN ;580 Je Hymod 5440 Jbo el
conceptual model SCS-CN conceptual model Hymod Indicator
sl 9 S oo sl 9 s e
calibration Validation calibration Validation
0.8129 0.8327 0.8521 0.8354 (NSE)
1.401 2.53 1.241 2.474 (RMSE)
0.8715 0.8609 0.86 72.44 (KGE)
uU\)J “’i‘f"
0.32 0.27 0.34 0.31 : i

runoff ratio
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Table 9. Comparison of performance criteria and runoff ratio for two hydrological models (Qarasou subbasin).

Je
Model
SCS-CN ;580 Je Hymod 5440 Jbo el

conceptual model SCS-CN conceptual model Hymod Indicator
sl 9 P oo sl 9 s e

calibration Validation calibration Validation
0.64 0.61 0.75 0.72 (NSE)
1.32 0.89 1.24 0.76 (RMSE)
0.65 0.66 0.85 0.78 (KGE)

uU\)J “’i‘f"

0.50 0.35 0.50 0.45 : i

runoff ratio
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Table 10. Comparison of average rainfall, observed runoff, simulated runoff and relative error for two

hydrological models.

SCS-CN s s¢ie Jute
conceptual model SCS-CN

Hymod s s¢i0 Jte

conceptual model Hymod

oSk Sk
;Jﬁ)l{ ‘_')Uj) s_')Uj) u:"<L:‘ uUlj) Loy u:"<L—" s_')Uj) u:isl,:n uUlj) Loy u:"<L—"
S 5 . ) . ) . j . .
s (mm) odaline o ldemlee N o sl o ldemlee N o sl
S average s (mm) ) (mm) (mm) o (mm)
rainfall ’ '
(o) O erved SmUted G obsarved  SMUEd (Gl
v runoff v v runoff v
runoff (%) error runoff (%) error
(mm) o (mm) (mm) o (mm)
i 45 > 4.18 1.49 1.35 32.29 9.395 1.45 34.68 2.68
o 3 and 5> 4.63 2.31 2.36 50.97 -2.164 2.34 50.53 -1.29

O3p wshre b I s 5 Je (SO0
e 3 Shes )y a0 andllas ol 53 b e 0T
ol i) a3 2 sLizdol SCS SN
350 Dllas (Sl 50) Cre wb - Olgew
2 pwe S a5 (ol 8 15 eslinl
i b 55 Jde oLyl s asls L pdS s
Slayye 5SSk 4o slaslel pslia 1 eslizal L
5 (NES) CalSSl - by 5 (RMSE) Ut
03 02 e KGE) S -5 oo

Yo

o gy $35) PSO r‘i)}ﬁ‘ Log Jas el
aip Qv LSS L5 (oo e iasl 5 0L 52
Lo oiie Ml S oS Sindy o plnil (Jbe 51
(e jasiia e3gdowe 53 Jho la sl 5L) e
o 3 okdadsl aspliie ol o s
anles a2yl (6w 5 03 | > PSO {,.:wjfj\
NI
035 osehe S odilol SCS —CN Jube
= B 5 ol gbeesls leslinal L1y Clly, oS

O Gz 5 odsed dawlee &l3s, Jowily G



Ol)So g ,5,L5 4 5

Sladul b et 5 Je S50k sl sl
350 4l 53 53 SSysba Al s 4
5 oS s e ww s cpl s sl
o alis e sladn b Ol poay elaw Uy,
Ak Lol 3luand sl i, Sl s cplaly 5
R R R L
S5 Ll wse Sapae il
o) bddbe g5 opl Sl il ol sl s &
(S5 Oy dal, s clpl sl
Ly Lil o dpam BB g5 05 Sl pin
Sl s Ses glabas w0 5 5 5 S0 age Sy
SCS-ON Jie iducald, 5 Copt o35 wodd
Sl b ol Olgeas ) Shsy ol el sl
Sl O Gble s Ll Sl goleans
5w S SU e SeS L s e

338 g0 (Boma Olay (n oS

93 5> 5 (UAV 5 AN A/ el
ol sty (/AN 5 /AT X/OF) s

s 5 el 053 ) edel ey =k
K3y 23 ilwand 5 Jhe VL o LSS
3 g p a5 Glp Bl palie ol 4
o5 Sl 0 5 MY L O e
T PV s SR A V)X R
PRI -S SN | RG| SARPLY ol ez SISV
Al o (528 o) A ad s bajlae s
as g slazel LB o P slacsls Oss Dy s
Oldlas (ol 53 Gas ab e Olgew S
ol 45 S 13 eslinal 5 50

Je 3 5 Shes lajlas g oolie Lo a
Coze bl s o ams | O i (¢ 5 Hymod
Sadte Lo & G skizSol SCS Ju Lol

1.Arnold, J.G., Engel, B.A., and Srinivasan, R. 1993. Continuous time, grid cell watershed model,
application of advanced information technologies. Effective management of natural resources.
ASAE Publication, 04-93. American Society of Agricultural Engineers, Pp: 267-278.

2.Boughton, W.C. 1966. A mathematical model for relating runoff to rainfall with daily data.
Civil Engineering Trans I.E Australia, 38: 2. 779-787.

3.Boughton, W.C. 1968. A mathematical catchment model for estimating runoff. J. Hydrol.

(New Zealand), Pp: 75-100.

4.Boyle, D.P., Gupta, H.V., and Sorooshian, S. 2000. Toward improved calibration of
hydrologic models: Combining the strengths of manual and automatic methods. Water

Resources Research, 36: 12. 3663-3674.

5.Choi, J.Y., Engel, B.A., and Chung, H.W. 2002. Daily streamflow modelling and assessment
based on the curve-number technique. Hydrological Processes, 16: 16. 3131-3150.

6.Cooper, V.A., Nguyen, V.T.V., and Nicell, J.A. 2007. Calibration of conceptual rainfall-
runoff models using global optimisation methods with hydrologic process-based parameter

constraints. J. Hydrol. 334: 3. 455-466.

7.Crawford, N.H., and Linsley, R.K. 1966. Digital Simulation in Hydrology'Stanford Watershed

Model 4.

8.Douglas, E.M., Jacobs, J.M., Sumner, D.M., and Ray, R.L. 2009. A comparison of models
for estimating potential evapotranspiration for Florida land cover types. J. Hydrol.

373: 3. 366-376.

9.Geetha, K., Mishra, S.K., Eldho, T.I., Rastogi, A.K., and Pandey, R.P. 2008. SCS-CN-based
continuous simulation model for hydrologic forecasting. Water Resources Management,

22:2.165-190.



10.Gupta, H.V., Kling, H., Yilmaz, K.K., and Martinez, G.F. 2009. Decomposition of the mean
squared error and NSE performance criteria: Implications for improving hydrological
modelling. J. Hydrol. 377: 1. 80-91.

11.Heaney, J.P., Sample, D., Wright, L., and Koustas, R. 1999. Geographical information
systems, decision support systems and urban stormwater management. US Environmental
Protection Agency, National Risk Management Research Laboratory, Office of Research and
Development.

12.James, D. 1970. An Evaluation of Relationships Between Streamflow Patterns and
Watershed Characteristics Through the Use of OPSET: A Self Calibrating Version of the
Stanford Watershed Model.

13.James, L.D. 1972. Hydrologic modeling, parameter estimation and watershed characteristics.
J. Hydrol. 17: 4. 283-307.

14.Liou, E.Y. 1970. Opset: program for computerized selection of watershed parameter values
for the Stanford watershed model.

15.Mandeville, A.N., O'connell, P.E., Sutcliffe, J.V., and Nash, J.E. 1970. River flow
forecasting through conceptual models part III-The Ray catchment at Grendon Underwood.
J. Hydrol. 11: 2. 109-128.

16.Michel, C., Andréassian, V., and Perrin, C. 2005. Soil conservation service curve number
method: how to mend a wrong soil moisture accounting procedure?. Water Resources
Research, 41: 2.

17.Mishra, S.K. 1998. Long-term hydrologic simulation using SCS-CN method. Tech report.
National Institute of Hydrology, Roorkee-247 667. UP, India.

18.Mishra, S.K., and Singh, V. 2013. Soil conservation service curve number (SCS-CN)
methodology (Vol. 42). Springer Science and Business Media.

19.Mishra, S.K., and Singh, V.P. 2002. SCS-CN-based hydrologic simulation package.
Mathematical Models of Small Watershed Hydrology and Applications, Water Resources
Publs., LLC, Highlands Ranch, Pp: 391-464.

20.Mishra, S.K., and Singh, V.P. 2004a. Long-term hydrological simulation based on the Soil
Conservation Service curve number. Hydrological Processes, 18: 7. 1291-1313.

21.Mishra, S.K., and Singh, V.P. 2004b. Validity and extension of the SCS-CN method for
computing infiltration and rainfall-excess rates. Hydrological Processes, 18: 17. 3323-3345.

22 .Nash, J.E., and Sutcliffe, J.V. 1970. River flow forecasting through conceptual models part I-
A discussion of principles. J. Hydrol. 10: 3. 282-290.

23.Ponce, V.M., and Hawkins, R.H. 1996. Runoff curve number: Has it reached maturity?. J.
Hydrol. Engin. 1: 1. 11-19.

24.Saghafian, B., Noroozpour, S., Kiani, M., and Nasab, A.R. 2016. A coupled ModClark-curve
number rainfall-runon-runoff model. Arab. J. Geosci. 9: 4. 1-13.

25.Singh, V.P. 1989. Hydrologic systems: watershed modeling (Vol. 2). Prentice Hall.

26.Singh, V.P. 1995. Computer Models of Watershed Hydrologyl Water Resources
Publications. Littleton, Colorado.

27.Singh, V.P., Frevert, D.K., Rieker, J.D., Leverson, V., Meyer, S., and Meyer, S. 2006.
Hydrologic modeling inventory: cooperative research effort. J. Irrig. Drain. Engin.
132: 2. 98-103.

28.Vrugt, J.A., Gupta, H.V., Bouten, W., and Sorooshian, S. 2003. A Shuffled Complex
Evolution Metropolis algorithm for optimization and uncertainty assessment of hydrologic
model parameters. Water Resources Research, 39: 8.

29.Vrugt, J.A., Ter Braak, C.J., Gupta, H.V., and Robinson, B.A. 2009. Equifinality of formal
(DREAM) and informal (GLUE) Bayesian approaches in hydrologic modeling?. Stochastic
environmental research and risk assessment, 23: 7. 1011-1026.

30.Wagener, T., Boyle, D.P., Lees, M.J., Wheater, H.S., Gupta, H.V., and Sorooshian, S. 2001.
A framework for development and application of hydrological models. Hydrology and Earth
System Sciences, 5: 1. 13-26.

Yy



Gorgan University of Agricultural
Scionces and Natural Resources

J. of Water and Soil Conservation, Vol. 24(1), 2017
http://jwsc.gau.ac.ir

Assessment of basin hydrological components
by modified conceptual continuous rainfall-runoff SCS-CN

S. Golnarkarl, *M. Pourreza-Bilondiz, A. Khashei-Siuki’ and M. Amirabadizadeh®
'M.Sc. Graduate, Dept. of Sciences and Water Engineering, University of Birjand,
?Assistant Prof., Dept. of Sciences and Water Engineering, University of Birjand,
3 Associate Prof., Dept. of Sciences and Water Engineering, University of Birjand
Received: 11/03/2016; Accepted: 06/06/2017

Abstract

Background and Objectives: Since the problem of predicting and runoff estimating play a key role
in integrated water resources management, therefore hydrological modeling especially continuous
rainfall-runoff modeling may be most important part of water resource planning which is released
from reservoir dams. Thus continuous daily hydrological models are useful tools for estimating
runoff from rainfall. These models are able to estimate the runoff in ungagged basin. The purpose of
this paper is to provide a continuous simulation model for Hydrologic forecasting so that investigate
dominancy or dormancy of the processes.

Materials and Methods: In this study rainfall-runoff processes involved in modified SCS-CN
model calibrated in Leaf River Watershed located in US and Qarasou subbasin located in west of
Iran through PSO optimization algorithm developed in MATLAB programming language with 9000
simulation numbers. Nash-Sutcliffe Efficiency (NSE) is used as objective function and the decision
variables (14 parameters) within the specified range are randomly initialized. Optimum parameters
were extracted through PSO. This model is calibrated and validated with two periods 1957-1961 and
1953 for Leaf River Watershed and two periods 1381-1384 and 1387 for Qarasou subbasin
respectively.

Results: Model parameters were calibrated and Validation for two case studies. Comparison of the
observed and simulated runoff carried out based on three performance criteria: Nash-Sutcliffe (NSE)
and Kling-Gupta Efficiency (KGE) and Root Mean Square Error (RMSE). Proposed model
performed these three statistics respectively for leaf River Watershed 0.81,0.87,1.40 as calibration
period and 0.83, 0.86, 2.53 as validation period. Reasonable values for these criteria is also attained
in Qarasou subbasin but due to more reliable data, better results is expected in Leaf River watershed.
A result comparison of the SCS-CN model with Hymod as a simple conceptual model, both with the
same inputs revealed latter model can simulate hydrology behavior of Leaf River Watershed and
Qareso River Watershed slightly better. This may be originated due to fewer model complexities and
thus less parameter uncertainty of Hydmod. In spite of this superior skill in runoff simulation of
Hymod, special capabilities of modified SCS-CN model which calculate hydrological components
(baseflow, percolation, throughflow, surface runoff and initial abstraction) may prove usefulness and
efficiency of this new model easily.

Conclusion: Modified SCS-CN model as a conceptual model calculates daily runoff using rainfall
and potential evapotranspiration dataset. This model may be used to assess annual hydrologic
components as well as total runoff values. Based on the results, the dominancy of the infiltration,
evaporation and surface runoff processes were approved in Leaf River Watershed. These three
processes but in reverse order is ranked in Qarasou subbasin as main hydrological components.

Keywords: Long-term hydrologic simulation, Hydrological components, Curve number method,
Optimization algorithm PSO, Conceptual Model Hymod
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