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1- Hydrologic modeling System

2- Soil Moisture Accounting
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Figure 1. Zaremrod watershed and its location in the mazandaran province

1- Hydrologic Engineering Center-Hydrologic Modeling System

3- Randullabad

4- Digital Elevation Model

2- Active Learning Method
5- Sungai Kurau
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Figure 2. Schematic of continues soil moisture accounting algorithm (Bennett, 1998)

1- Evapotranspiration
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1- Canopy-Interception Storage

7- Inter flow

2- Surface-Interception Storage
4- Upper Zone 5- Tension Zone

3- Soil-Profile Storage
6- Grounwater Storage
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Table 1. Calibration performance of HMS SMA algorithm (1385-1387)
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Table 2. validation performance of HMS SMA algorithm (1387-1389)
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1- Nash—Sutcliffe Efficiency

2- Mean Absolute Error

3- Root-Mean-Square Error


http://dx.doi.org/10.52547/jwmr.11.21.198
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.21.5.9
http://jwmr.sanru.ac.ir/article-1-805-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-17 ]

[ DOR: 20.1001.1.22516174.1399.11.21.5.9]

[ DOI: 10.52547/jwmr.11.21.198 ]

vy
Sloaalie blis 5 (gjlodus polio Hyges
100 y = 0/7689x + 1/0232
3 80 R = 0/5548
_; 60
E 40
< 20
0
0 20 40 60 80 100

slp 0ad ilwand 5 Glalie aljg) bwgis (03 aulie ¥ S
(\\NAQ—\\“AV 4.»])9) dol.\.o.n) W‘? 0y93
Figure 4. Compare observed and simulated average daily flow
of calibration (Daily scale, 1385-1387

shanlio Llis ;5 (g5loaus polis Hloges

100 y = 0/5722x + 1/1858
.3 80 R = 0/6585 ®
% 60
4 40
2 20
0 8
0 50 100 150
S polie

slp 0ad ilwand 5 Glalie aljy) bwgis (03 dulie = F S
(\Y’Aa—\\”/\v Slale U»L:.o.a) Wls 5)9.)
Figure 6. Compare observed and simulated average daily flow
of calibration (Monthly scale, 1385-1387)

Sloaalie blis 3 gilodud polae jlages

100 y = 0/841x + 0/4189

3 80 R = 0/6527 o
X 60
—é 40
) 20
0

0 20 40 60 80 100
Silwdnds polie

Sl oad (ilwand 5 (Shanlie ailjy) lawgie (23 dulis —A S5
(WYAB-VYAY &Yl oliis) ol 095

Figure 8. Compare observed and simulated averag7e daily flow
of calibration (Annual scale, 1385-1387)

WA bl 5 5lo VY o)l /o233l Jlos 50l 0595 e dolidimgsy

o (gjlwdnd 5 Shalieo SIS0

2,100 — A
=§\80 I ) oaalia (2
§60 1
- 40
);20
3 ‘.. ’,‘Tvkj A
L) Tt e T e e LT
ANMNOMAN®OMOON ANMO W o
T OMNOMNNNO—OOLWmO S O
A A NNMMST IO DND OO
(ss)obes

Powsly 093 (ly odd (gilwand o Slalie IS, Y S
(WAD-AYAY g, polie)

Figure 3. Observed and simulated hydrograph of calibration
(Daily scale,1385-1387)

o1d (gilodnd ¢ (Jhalie Bl Sy 0

,‘.150 a5 )l Al 2
,—\“") ) eaalia (2
3100
\§‘50
j; -
2 o N SRS W W *
- O DNV NN OO 0N
DNaOaSaaT ST DT OO T O M
A NN®MOS NN OO
(39200l

Pxily 093 (1 048 (gilwdnnd g Slanlie SIS 0 -0 S5
(\WAD-\YAY wlale oliie)

Figure 5. Observed and simulated h dro%raph of calibration
(Monthly scale,1385-1387)

o (gilodnds g (Slalie 81590

,_bgo ) saalia 2
160 ‘
v§ 40
120
..)\ R | - TogrT W mnr
——" 0 L0 e s T A e LT,
3, A ~NOO O AN OO A SNMmO WNn o
T oMo M NN O - OO WNn o - O
A NN OO NN N OO
(3s2)oke;

ely 0)93 (gl 00d (il g Flaalie Bl 5550 -V S5
(WAD-VYAY &Yl ywliio)

Figure 7. Observed and simulated hydrograph of calibration
(Annual scale,1385-1387)


http://dx.doi.org/10.52547/jwmr.11.21.198
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.21.5.9
http://jwmr.sanru.ac.ir/article-1-805-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-17 ]

[ DOR: 20.1001.1.22516174.1399.11.21.5.9]

[ DOI: 10.52547/jwmr.11.21.198 ]

vof S g

Slosalie blis )3 gilwdni polis lages

60 y = 0/4616x + 2/2583
R?=0/4126 &)

o o

o

¢l ol Lo
RN WD WU
o o

o

20 40 60

Sl and Mo
299 Sl Slwlre g (Slanlin dljg; bawgio (o5 duolie V- S

(\Y‘AV—\Y‘A‘\ A:‘)a) uoL.n.a) u.?uw)l.u.c‘

Figure 10. Compare observed and simulated average daily
flow of validation (Daily scale, 1387-1389)

Sharlio Jlis )5 (gilwawis yolis Hyges

60 y = 0/8741x + 0/922
2 R? = 0/5998 s
bY
3
™
0 10 20 30 40
Sl polio

239 Slp Flwlrs 5 Slalie ailjg) lawgio (23 dugliam IV JS5
(VZWAV-VYAR ilale jolita) (omius lizs]

Figure 12. Compare observed and simulated average daily
flow of validation (monthly scale, 1387-1389)

Sloanline blis 5 (gjlwdd polas Hlagel

60  y=0/3955x + 2/5538

3 50 R = 0/2635 ®
_;40 ®
‘3 30
420 o o
10 3 @

0

0 10 20 30 40 50
Silw dud ol

0y9d LSI)-B LS:L.wl?u 9 u.s‘J.&wLw.a 45‘)'5) la.m9§.a =R 6\;.».3‘[9.@ -\¥ JSw‘;
(\\”/\V—\\N/\‘\ &Yl wu.a) W)ul

Figure 14. Compare observed and simulated average daily
flow of validation (Annual scale, 1387-1389

5 ol edlaiwl b cglate Jloj sla yolide )3 3gp)l5 Ailbdg;y by (gilwdnd

o4 L;)Luw 9 @L“”L‘M dl)fs).)a.lb

60 a5l Al 2
/;550 ) eaalia (2
=§\40
v§3o f
- 20 l
210 A o4
3/: 0 == : — L
AN MO A NMON A NMO N A
S OMONNNO—AOONO S D
AT AN NOMO®O ST T 0OIND OO
(as)oles

eyliiel )53 (gl odd (giluwand o Slalie GBS g -4 IS
(WAV-\YAR « &g, olico)

Figure 9. Observed and simulated hydrograph of validation
(Daily scale,1387-1389

odd (3l 4 g (Shalie Bl )5y

60 0 6 Yl Al

n

Y 50 &) saalia

4, 40

%30

- 20 (

%

;,10 v |

3‘0;....4 .

_ A O DNV TET NN OO 0N
NOSTOT OSSO T O T O ™M

A HNN®mMO S I NN OO

(39))0k;

eliisl 0)93 (sl 0ad (Gilwaned 5 Shialie BI)Sg e VY IS5
(WWAV-AYAR lale o)

Figure 11. Observed and simulated hydrograph of validation
(Monthly scale,1387-1389)

o1 (gl 9 (Slalie B Sg)un

60 - L Al
/—‘\")50 ) saalia
&) o ]
:}\40
%30 f
- 20 l
%
w10 ‘ ."
\13:0"‘ : £ — -
NN OO A NN A NN DN
ST oMo N INAN O« O oW o S O
T AN NN <N NN OO
Galobes

iwyliiel 080 (gl 0ad (gilwandd o (Slaalie IS g0 - VY S
(ZWAV-AYAR ¥l i)

Figure 13. Observed and simulated hydrograph of validation
(Annual scale,1387-1389)


http://dx.doi.org/10.52547/jwmr.11.21.198
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.21.5.9
http://jwmr.sanru.ac.ir/article-1-805-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-17 ]

[ DOR: 20.1001.1.22516174.1399.11.21.5.9]

[ DOI: 10.52547/jwmr.11.21.198 ]

Y0

Mo & 29 b g mls oul 4 deg boamdh gpudn
g5 laslie aljy; laod bawgle obj)l slajline
S S e (Frwlisl g mily dpe ) 6359]
sl silwand » SB cugh oaiS dubre v 55Nl
9 8ysef ol b a8 Cawl adly ol gl &lje; lawete
5 09) ohlSan 5 il (1)) S5 (8) olises
9 6 ok el callas (V) olSen 5 Zud o)
ol 4 SMA L (SG3dgyan (silw]se )3 (A) Sionld
Al das g lad wlie ;0 SMA & Koy 4
wmd o Yl oo b duglio 15 (6 icwlis (ojludus
03,S5 o3kl (gilwdnns > dlale wlide 5l ol &5 Jbb po
Sgpbie b aJse jI QU= h)l gilwand 5> g
Je i om Jy g odlitel Cglite Sl
O it > e (Sloj elde b llgm Al
G dg b sl gl ywlie 1 .05 o Wl 1) (5350
S yiae wdad o pbwl (godaie lady o ) oxiwly 4SL)
oz bl S Jas giloand o Wlgie K> sl wlibe
ol 5l ggiome ods 05 (oo ) e Sl g (o)
HMS 2ol S o odlisil (gjlodmd ) oliio
Flalyd p Gloj wlide dw pa 3 p5l o 3 SMA
Sizs bylyd o ol 5l seladle ngie 5 035 pine
¥ by ceyed (sly Jio dmd o i &S sl aLil
9 25 el Jlie S QL pimen sl prine
cage Juo ol i) sleeyes 3 ol ln 559
oylil YK gdod b 2gd 0 (gilwJlo o L oy
Gy Slsie HMS SMA o268l ¢ sy ol 5 o
Sty oS dalale (0 odid (6 S0l ).ooT sloojes plo
229 )5 4 B0 39,015 550l 0395 L oo (Sufglgyden
leMbl glapimms sl 51 a8 2ad 0 dlpin
ool Gl $EE 5 ksl 2 il
oMl 55:8> (gilwannd (ly Joo )3 )5 3590 sl il
298 1l Jlo ¥ 1 i Sloj slooygs sl Jio 9 995
0y y dilale Jloj olde zuls g 3580 Cono U
» Casbad pie (imen 9 jatule Jo 5 SYeb Sl
ooy Cud i d9upe b Ll 20 38> (sla g8l
05 Ly eSS e ety i gl Jolas
b pSojlul «BlSgpnm slocuwnd am 35 3lp
s sl s 4 sl coles o 5 sl (23 ol <8
L by s 038 s 4 jl 5 SMA 2,50
e oty 2,505, aoblyy iy st 25Ty
O Jad o sl allia slba el dsgeone 4S50k 4

LS 1y il gl a8 Cal Sae g

WA il g 5l TV oyl /omd3h Jlo sl 059> o e doliings

(Jo 80 o 1> SMA 150,651 (ol ol )by owiwly 51
Slwend 4 8l b yiall oo (a3 I lizabol (s
pod Jlo 9o GlSgonn (gluans J & WS
o e g alale Gloj ubie o8 €85 wes e
g sl Bl Slalie BlSg)un b iy aljy) el
Loy s wVlo (obie & o plide 93 cpl p» Joo
ol 4 amd pbl |y gilwand Cul ausly (g cd>
g Slale (olde )3 i b 4 NSE g 1 ol &5 oime
s MAE Culys 5 Mg i3 S Hlade & alljy,
polie g o0d wiie olie oym M & RMSE
oS &iligy g albale glagplids )3 wmd o L 1) (g
ool ds yn a8 Wog AVl whie 3 olps (ol Jlade
ol cwl oy i Jde 0l S MBL eS polde
Slp o @ OT sl yialb g Jdo a8 Cowl opl odimd oyl
Slods Ls"«":“‘“’b uoL.a.a 9 Oil 3 & ilwds
LHEC-HMS Juo s Slae b)) saios ol 5l Can
sblie ) 42l Jhe Ko lyie 4 SMA 0,65l
wosl ol g Sllyy (sileand sl e Slej
NS o Jn Soto Vo 0193 o 1, K5 5 5 Ll
b oelply wdles SB LS cogb; e 4 il &S
B b GYsb ey slaoysd el Olgie (hey o)
el ojox Guejni ol pld g SB Cugby Sl (88
33 S eg)ad oKl 4 3529 b0 S (gilwand 1) Uy,
5 05> A syl olKs] 395 9 o)'?> 9
@ oje 5l gy Sk o] (SW)k bl ) eslazsl
bl 2 (Sgdene sl el Bis
POl 32850 10 CuliS dous sl dnlge 031> 3gueS L A
& sl 4Vl g wlale wljy, Sloj wbie 4w 5
b ol @l a8 b pbl sl ylJlS AYAD-IVAY
NSE(R? jluie pyide b b alale gloj Lwlie
sy g Gl 423 |y giloderd (3355 « RMSE s MAE
R? lg alis, wlie 4 cons 4Vl wlio » o
oLz 1y silodud sus 55 RMSE 5 MAE 4 NSE
b Ja..s)A dLJa.:\ ol)’.,,o &Sl o.;.l a.x:.moLi:d L'),»J WLl
doje 0 opmen Cwl odp Sloj (plie Jsb
aldSSlom i S e cape @y (o)l
o 5 lale olide 13 RMSE 5 5Sike sllas (clls
oo & S 1y e Jils 5 Sl 5 4 Al
Clhe (V)ohSen 5 Lu)S gobs b a8 wudls &Yl
Slale Sloj ywlie o5 8,8 donis o o JS 50 il
g Cwl 038 Joo yo g §38 b ilwand
Gl 018 (gilodnd 5 o odalie by cadlSg)am


http://dx.doi.org/10.52547/jwmr.11.21.198
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.21.5.9
http://jwmr.sanru.ac.ir/article-1-805-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-17 ]

[ DOR: 20.1001.1.22516174.1399.11.21.5.9]

[ DOI: 10.52547/jwmr.11.21.198 ]

2

10.

11.

12.

13.
14.

15

16.

17.

18.

19

20.

21,

S Casby e Je ) ooliinl b cglite Sloj slagplie )3 39,005 439, (b silodsd

&l
Abushandi, E. and B. Merkel. 2013. Modelling rainfall runoff relations using HEC-HMS and
IHACRES for a single rain event in an arid region of Jordan. Water Resources Management, 27(7):
2391-2409.
Alizade, A. 1998. Principles Applied Hydrology. Publishing Center of Astan Quds Razavi , Mashhad,
Iran. 636 pp (In Persian).
Bashar K.E. 2012. Comparative performance of soil moisture accounting approach in continuous
hydrologic simulation of the Blue Nile. Nile Basin Water Science & Engineering Journal, 5(2):1-10.
Bennett, T. 1998. Development and Application of a Continuous Soil Moisture Accounting Algorithm
for the Hydrologic Engineering Center Hydrologic Modeling System (HEC-HMS). M.Sc. Thesis,
Department of Civil and Environmental Engineering, University of California, Davis, USA. 358 pp.
Broumandnasab, S. 2002. Flood Hydrology in Urban Basins. Shahid Chamran University, Ahvaz,
Iran. 328 pp.
Darvari, Z. and K. Soleimani. 2007. River Flow Simulations Using Artificial Neural Network (Case
Study: Kasilian Basin). 9" National Conference of the Irrigation and Reduce Evaporation, 1-10 pp.,
Kerman, Iran (In Persian).
Dehghani, N., M. Vafakhah and A. Bahremand. 2016. Rainfall-Runoff Modeling using Atrtificial
Neural Network and Neuro-Fuzzy Inference System in Kasilian Watershed. Journal of Watershed
Management Research, 7(13): 128-137
Fleming, M. and V. Neary. 2004. Continuous Hydrologic Modeling Study with the Hydrologic
Modeling System. Journal of Hydrologic Engineering, 9(3): 175-183.
Ghafouri, M., B. Saghafian, H.R. Taheri Shahr Aeini and S. Bagheri shouraki. 2010. Simulation of
Daily River Flow in Karoun Basin Using HEC-HMS Model. International Conference On Water
Resources, 1-9pp., Shahroud, Iran (In Persian).
Garcia, A., A. Sainz, J.A. Revilla, C. Alvarez, J.A. Juanes and A. Puente. 2008. Surface Water
Resources Assessement in Scarcely Gauged Basins in the North of Spain. Journal of Hydrology,
356(3-4): 312-326.
Gholinezhad, K. 2011. Check Flooding to Separate Wet and Dry Periods Based on Historical
Statistics and Long-Term Rainfall-Runoff Simulations (Case Study: Nekaroud Basin, Golurd Sub-
Basin). M.Sc. Thesis, Islamic Azad University, Science and Research Branch, Tehran, Iran. 124 pp
(In Persian).
Hasanpour Kashani, M., M.A. Ghorbani, Y. Dinpazhouh and S Shahmorad. 2015. Rainfall-Runoff
Simulation in the Navrood River basin using Truncated Volterra Model and Artificial Neural
Networks. Journal of Watershed Management Research, 6(12):1-10.
Hydrologic Engineering Center. 2000. Hydrologic Modeling System HEC-HMS Technical Reference
Manual, U.S. Army Corps of Engineers, Institute for Water Resources.
James, L.D. and S.J. Burges. 1982. Selection, Calibration and Testing Of Hydrologic Models, in
Hydrologic Modeling of Small Watersheds. Edited by Haan C T., Johnson H P. and Brakensiek D L.
American Society of Agricultural Engineers. Monograph, 5: 437-472.

.Kisi, O. 2004. River Flow Modeling Using Artificial Neural Networks. Journal of Hydrologic

Engineering, 9(1): 60-63.

Razmkhah, H., A.M. Akhound Ali., B. Saghafian and F. Radmanesh. 2014. Comparing the
Performance of Different Loss Models in the Rainfall-Runoff Modeling of the Karoon Ill Basin.
Journal Management System, 6(19): 17-36 (In Persian).

Rehan Shaikh, M.D., R.N. Sankhua and R.P. Thanedar. 2012. Continuous Hydrologic Simulation
Using Soil Moisture Accounting Algorithm of Randullabad Watershed, India. Journal of Engineering,
Scince and Management Education, 5(1V)

Sharifi, M.B. and M. Salehi. 2005. Application of Neural Networks in River Flow Forecasting in the
Basin Kardeh. Iran Water Resources Management Company, Khorasan Regional Water Authority,
Enforcement agency: Mashhad Ferdowsi University,Iran. 1-11pp (In Persian).

. Taheri Shahr Aeini, H., M.R. Ghafouri, B. Saghafian and S. Bagheri Shouraki. 2012. Evaluation of

Fuzzy Novel Method and a Conceptual Approach for a Long Term daily Streamflow Simulation.
International Journal of River Systems, 3-4(20): 249-260 (In Persian).

Tali-Khoshk, S., M. Mohseni Saravi, M. Vafakhah and S. Khalighi-Sigaroudi. 2014. River Daily Flow
Prediction using Neuro-Fuzzy Model (Case Study: Taleghan Watershed). Journal of Watershed
Management Research, 5(10): 56-67.

Zorkeflee, A.H., H. Nuramidah and S.Y. Mohd. 2009. Integrated river basin management (IRBM):
hydrologic modelling using hec-hms for sungai kurau basin, perak. International Conference on Water
Resources, 1-7 pp., Shahrood, Iran.


http://dx.doi.org/10.52547/jwmr.11.21.198
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.21.5.9
http://jwmr.sanru.ac.ir/article-1-805-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-17 ]

[ DOR: 20.1001.1.22516174.1399.11.21.5.9]

[ DOI: 10.52547/jwmr.11.21.198 ]

Journal of Watershed Management Research, Vol. 11, No. 21, Spring and Summer 2020 ...........ccceuiviiniiiininininiiniiiinnene. 207

Simulation of Zaremrod River Flow in Different Time Scales Using Soil Moisture
Accounting Model (SMA)

Terife Edrisi', Mahmoud Habibnejad Roshan? and Behnoush Jafari Gorzin®

1- Graduated M.Sc. Student, Sari Agricultural Science and Natural Resources University
2- Professor, Sari Agricultural Science and Natural Resources University,
(Corresponding author: roshanbah@yahoo.com)
3- Ph.D. Student Sari Agricultural Science and Natural Resources University Resources University
Received: 12 May, 2017 Accepted: 21 January, 2020

Abstract

River flow simulation has particular importance to be aware of the river flow and
determining flood discharges in the future periods. Different hydrologic processes such as
interception, surface depression storage, infiltration, soil storage, percolation, and groundwater
storage would be considered in continuous hydrologic modeling. Considering the different
methods of hydrological simulation, continuous simulation has a best prediction because of the
dry and wet conditions modeling during the long-term period. HEC-HMS model uses Soil
Moisture Accounting (SMA) algorithm to simulate the long-term relationship between rainfall,
runoff, storage, evapotranspiration, and soil losses. In this study, soil moisture accounting model
(HMS SMA) was applied to determine the effect of soil moisture on runoff generation,
evaluating of flows simulated, in the Zaremrod watershed, Mazandaran province. Daily R-R
data (4 years, from 2006 to 2010) and monthly evapotranspiration data, Digital Elevation Model
(DEM-25m) and the drainage network map were used for the calibration and validation of
model. The results of simulation revealed that monthly scale with maximum value of the
determination coefficient and Nash—Sutcliffe efficiency and minimum mean absolute error and
root-mean-square error manifested the most accurate simulation in the calibration and
validation. Generally Results of the research showed capability of HEC-HMS model with new
model for losses calculation (SMA) for river flow simulation in the Zaremrod watershed.
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