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Abstract: In this study, to measure the output sensitivity of hydrological models to the morphometric
parameters of the catchment area upstream of Dez Dam, a rainfall-runoff model has been developed
through ArcHydro and HEC-GeoHMS extensions in the GIS environment. Rainfall-runoff model using
three-digit models Elevation with an accuracy of 12, 30, and 70 meters and with the same initial
conditions were implemented in HEC-HMS software. The statistical value of the least error in the initial
step showed that the use of a 30-meter digital model gives the model coefficients with higher accuracy
than the 70-meter model. Also, the error value of the Nash-Sutcliffe coefficient in the case of using
digital height model layers with dimensions of 12 meters and 70 meters, in the initial output, is equal
to -3.66 and -3.79, respectively, which is much higher than the response of the model made with The
layer is 30 meters (-0.079).
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Introduction: HEC-HMS hydrological modeling system is designed for runoff development simulations in
watershed system. Large basins, runoff and flood of natural or small urban watersheds are designed. Hydrographs
calculated by this model directly or in combination with other software for various purposes of studies such as
water supply, urban drainage, flood forecasting and flow rate, the effect of land use change It is used in dam
overflow design, flood control studies and reservoir system exploitation. Currently, sensitivity analysis plays a key
role in flood analyzes and its use is wise for short-term and long-term analyzes. Sensitivity analysis provides
powerful insight in studying model results, which is important in drawing conclusions from hydrological modeling,
including hazard risk or hazard reduction.

In this research, based on the three basic principles in the automatic generation of the model structure in the
software environment, the morphometric parameters of the ballast watershed of the Dez Extraction Dam, and the
rainfall-runoff model through ArcHydro and HEC-GeoHMS add-ons in the GIS environment based on three cell
sizes 12. 30 and 70 meters are available. The models produced with the initial conditions are implemented in HEC-
HMS software during one year. Using the minimum error statistic in the initial step, the models produced with
different demarcations of the watershed sub-basins are compared.

Considering the importance of topographic mesh size and dimensions, in this research, firstly, the effect of other
mesh sizes in the same conditions is presented for the best response in modeling and extracting the parameters
required for modeling.

Material and Methods: In the present study, the catchment area upstream of Dez Dam up to the independent
hydrological boundaries determined by the level 2 catchment sub-basins of the Ministry of Energy, in order to
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determine the amount of flows occurring in the area of the dam and long-term investigation of floods in a
statistically available period. considered. Dez Dam, the first of the series of multi-purpose dams, was put into
operation on March 23, 1341. With the construction of Dez Dam, a 65 km long lake has been created behind the
wall of this dam, which holds 3.3 billion cubic meters of water. The main purpose of building dams such as Dez
Dam is to provide the necessary power to generate electricity, control floods and regulate water for irrigation
purposes. Fig. 1 shows the location of Dez Dam downstream of the closed boundary of its catchment area.
ArcHydro and HEC-GeoHMS extensions have been selected in the GIS environment along with the HEC-HMS
model to simulate the rainfall-runoff model.

Results and Discussion: In order to analyze the structural uncertainty in a software simulation example of
hydrological systems, in this research, using the morphometric parameters of the catchment area upstream of the
Dez dam, a rainfall-runoff model was developed through ArcHydro and HEC-GeoHMS extensions in the GIS
environment based on Three cell sizes are about 12, 30 and 70 meters. The generated models with the same initial
conditions were implemented in HEC-HMS software. The basis of superiority of each model produced with
different boundaries was the least error in the initial step. Finally, the 30-meter model was chosen to carry out
calibration and validation in a continuous period of hydrometric statistics. The superiority of the 30-meter model
compared to the model with a 70-meter base was concluded from the height figure, the higher accuracy of the
model coefficients, and also, compared to the 12-meter layer, the reduction of the statistical deviation.

Due to the fact that in the modeling process, the actual number of water flow was available, therefore, performing
a validation based on the flow estimation numbers in a period can guarantee the confirmation of the simulation.
However, models faced with a large amount of data as input parameters will show inefficiency as well as models
developed with a dense and heterogeneous structure.

Here, the method of preparation of precipitation-runoff models of Dez dam independent catchment area was
completely software. Therefore, the reason for the huge difference in the error in the models based on DEM of 12
and 70 meters cannot be attributed to an error other than the calculation method. D8 algorithm in environmental
modeling as a well-known routing method will find the flow to the exit point based on the cell density. This method
makes extracted watercourses the criteria for demarcating watersheds.

Conclusion: Heterogeneous distribution of watersheds and as a result the inclusion of heterogeneous parameter
values such as trending coefficients as the most important of these discussed in this article, leads to statistical
deviation and as a result error in the calculation output. In the sensitivity analysis of the parameters (CN-LagTime-
K-X), it can be concluded that among the necessary parameters in the Muskingum K coefficient model, the most
important parameter and the LagTime coefficient (delay time) have the least effect on the analysis of rainfall-
runoff process and modeling accuracy.

© 2022 University of Zabol, Zabol, Iran.

— This is an open access article distributed under the terms and conditions of
|@ @ | the Creative Commons Attribution 4.0 International (CC BY 4.0 license)

(http://creativecommons.org/licenses/by/4.0/

20



Ol G (adiga sl S 33

V4-Y)Y e cwﬂjjﬂﬂ&a
https://doi.org/10.22034/IJWER.2022.150107

o3t b EL s (5099 5 Juho 43 S pliuSulo (g y Cumilus i
HEC-HMS 41 #lp ¢ 3
(39 o 33 9T 469> 353 590 axlllan)

¥ souo yuol & 15 Loy T opm T e (ko T (6 55 o (> S (6 5T 0,15

Sl 5 ooy oK it 5 535 298 (plyme i 03, i’
Oyl @5 s3,ls5 oIS (caige 5 (8 0aSils () yae (piige 05,5 ool
Ol et 598 Gl B Silaie T 28 18 o0l pwiign —lyee guiige 55507
Ol cngid o) s plol olKtils ool (wiigs 09,5 ¢ Loliwl

hossein.mohajeri@khu.ac.ir : J ghumo 835 )55  Sig S| G ™

MNY vfeenervacst,s o6

ijwer.uoz.ac.ir 4 i o850y i

n@j Voo AY/oY i pdy o

Sloiahl 4 Consd ( Siisly s sladoe (29,5 Coalis i jgliie 4 (e (nl )0 oSy
HEC- 5 ArcHydro slaaslodl &,k 51 Glls -5, Jow <o 5o o CawdVh 3 pl adg> (6509890
8o lls elanyl ped, Jaw aw sl oolawl b Gllgy- )b Joo sl a8l aswgs GIS lass ;o GeoHMS
Al yo ez (1 5aS o lo] e 00,5 |, HEC-HMS 38l 5 50 lasG &gl byl bg yia Ve 5 Yo VY
GVl C L 1) Jow ol e Vo Joo 4 G (650 Vo s088, Jaw 5l oolaml a5 oly lid adyl
L glas,l 088, Jow sloas¥ sl oslainl &jgo 0 Sl (i3 cu po sl lads (yuioren 000 so Cuwsdy
oo el 5l yitn Jlows &5 Sl YIVR 9 -VIFF L 2l ol 5 adsl (295 50 (s Vo 5 65 VY ol
ol g 4l (Y Camng e 4y 650 VY Jow Jnl bl go (-0 V) g5ie Yo Y L sodas e
03ls & yg0 (5 kel Bzl L 1) leasg> 15 2] sl cag o0ls plxil (g0is) o i clawlne poe> (gaslas
30 dw 03g05me 43 (o> slaslas; 8,91 Jlade ra jglateds sadosld dnwgs Jow Coles o .ol |l g Sl
g cadlo |y =+ /+ VA Jlade Jow lyz! Jol (gl o o i sllas oS a0 lid iz oyl =l as oalaal

Sl @Bl alS /D lade 4y wawasly o3l o Huiwlg Al e gl 5l oy

39 dus 3ol &g ¢y 098, Jow «olilym il Jow calus Judo (o lgands’

sy w55 Uy - 5L leanT b iluans

&'y Jow ol .(Jain et al., 2000) ol ooy >,k 550l doddio =)
J> i @l Pl ol oy 00game 2 28 sly HEC-HMS (Sijslyie ilodis pioes

21


mailto:hossein.mohajeri@khu.ac.ir

RULCEE ST

e gy 5o gLl 098y Joho Comwlus Jodaxd

Sad9> Suisly e ileand | Jol> mls S e
HEC- Jow a5 025 oo ;ylid O o jo NS (gailsog,
Sl Hloy95 5 Bl J> 50 (oYL Zds 5 HMS
Jaw 3l eslaw! (ol o .(De sliv et al. 2014)
» s Jelse S cowlas s gl HEC-HMS
Wsles ads> (2,5 50 pml gleads> s 5 dew
A Cod bads> ) (Suislo,ane L8, aS ol las
loads> ) Srdow » Sho Jolse g (o rué (29>

B osliiul 3,90 B9, b adg> (25,5 e 2 b L
454> asllas (Khosroshahi et al. 2005) <ol olulis

alol> bl as ol las liwjes bl SLegl ).._—;J
3,8 (6,850 (CN) szwis ojleds (o9, b Jow 12 5
(Neshat et al. 2006)

slaJalos )3 solS (i Comles BT pol> > 50
sl dss olp ol 5l eslaiwl g o)ls OMw 4 by s
(Perrin et al., ol Glaies > S wily 9 Do oligS
s anlllas jo saiaily iin Comlus 361 2007) .
3ol GpSams by j0 AT WS e obml Jow
SRl L sl Sy aler (Sl sileae

.(Beven et al.,2008) cuwl ggeo o>

¢ HECGeoHMS jl ooliil L (2017) | Son 4 Olayinka
LIDAR s ¢l ) Jos 6,655 g ArcGIS 10.2
Sl ly ol )5 anss g ¢ i8S slaosls (DEM)
ool (Siiglyrad silwdae 5 pl Ade mrw
So3lgen oz > et oS sl (lad g wis S
Olgies g el iy ySsl GIS 3 HEC-HMS jf eslicsl L
s dassi 5 (Suiita 0 ) el b

85 e dilate sl ms i sl

Golwdds Jow G ol L (2019) ol Sen  Natarajan
L o)k sl olaggy e 5 0Ly @sl @20 Ul oLk
&8y Koraiyar ungaugedasys> ,0 1499 ,Llg YV 5o
OmedS A g o Tiruchirappalli ol Cgim o
31 Jlezes (2] Jos 5l o g 5205 sl o5
HEC-GeoHMSg (GIS) L8l 5> Sledol g b oo
slass jl asdlas ol jo .ol oolatwl sl GIS Bll a5

22

S en ol mle Jols (Plue 5l orws atels
b el sleas s> M 5 Sl (555 glaasy
(Sampath et al., 2015)cwl ooy >)b «S>o5 50 b
yebay Jae pl lawg ool dcwlxe slaldl Sy 00
Slaal gly o slaylble s b geali 0 L i
WSS $2Sey Glool ki sl Gl
(2l @5 s )-*-‘L‘ Oy 209 Jew (St
S oper g o J S Slalllas dass 53 (b

(Rajkumar et al., 2021; 55, oo ,I5 4 ()55 pitwsw
Singh et al., 2014).

Sype sty 4 (K Gileand Joo 2 2L
b9y 2 6y il (S sy Jg ols T 50 eslinul
w0 lbjliel s (miuly ol plnl b 6500 »
gt Sl I So3g8o0 pue anlllae 90
By Sl ade (Do wlBIL Joe Glkail 5 655l
adlior K08 Byb sl Jae sla el by (mily ol
JBlas Lo conl cnl QUls = (3,6 slo Joe ol )18 les
Sgd JU peds g laoler (o e 4 S92 g0 slaosls
Sz g o cwle Joe S e crlnle
e o 509 cemlie GbsS Logyl iz sla i
Gt el e b pladse oz oS
ebin @y olass (35 05 D90 ;0 45 33,5 o0 ol e
b yiehly podiins (5 S o3Il (392 (a8L 5 (nly sl
sgd oyl o lhs olxl czge wilgl oo
ol & Jogzme sl el )y (Tassew et al., 2019)
g iy Jolie po 1) (Jgd BB 2o Gosle Slwlra

aleiige el (Ll

Wan'ang Misai p pl as9> sl s HEC-HMS (> o
<ol (Olshe et al., 2010) o eolain! aul> &) g0a
asllla 3550 52l sloadsm 1o Jow (Sniian sl S0
Sl g (DEMs) Jlozws glay)l o Jaw o5 L
285 )3 swsyp 590 HEC-GeoHMS b 4y ArcGIS
Vb Jo 85 pled sl 38155 mlpd 5 (o ol 2
3 Sop gl A s o i lallas g sl Casoas -8
a5 08,5 Al (eoed Oy Jed b sdgame
ot 1y o b8 3 009 el (Jow JlSlo  Soumn



1F4) )LQ-] Al O)Lo.nfé Y 0990

Oln! O (owiige Gl idg s

Slp Oles Ll jo e ojlail ple STHacl iegsy ool
sleyal)b sl 5 ilodoe jo (pogul (p ke
205 oo bl e 5L5 590

gy g olge =Y
Glojye 50 e CawdVl 5l ads> ol (gl 50
sl Geads> nj sgum lawgs a5 (Sijsls e S
SIe (el jglateds cCewl 00l (ad 5,05 e Va0
Al oy g S 03game 3 g0l sl o)
SR B e s o gilel 0y90 Sy 5o Bl Bk
iz laas ady 5l s atess 50 dw Cawl ool a8 S
28,8 18 ol o g 9,50 VYY) wianl VY o o)5kate
Jsb @ glazl o s cpl ojless cuty o 30 v &lasl b
Sleken YIY Slos by b a5 onal 0525 4 y2aslS 70
Sl Lol os ams o sl 045,01y Ol CaSe e
Gr 25z oY oy om0 e i glaas
el kol B ilae cya Ol oulas 5 odew J S
o Al po Cewdmly 50 1) 50 S CueBae N ISS
Joe siloted lp weoee led 355 5 pl s>
;o HEC-GeoHMS 4 ArcHydro (sl slodl SUlg - 5,
el o sl HEC-HMS oo ol ya 45 GIS aome

Sllsy sk Jomo arawgi -1 -Y
Soadodl LUy bl Joe sieans sl
ol o 4 GIS laxs ;o0 HEC-GeoHMS 4 ArcHydro
Jow 5l (6l ol saisliesl HEC-HMS o
I, as9> Jow laol HMS-HEC jl38le 5 5o Ulg - 4,
Lo o cdslllass g0 ab9> DEM sloaiis 3l eolawl b

5 s 4Ly GeoHMS-HEC adlsd! ) oslicel L GIS
8t augs ol Jae B0 i e 1t e
90k e et Ol (S Suz Ol e
b adl gl s ase ) gliul cole 0
o> sollinsl Coxdgn dnlol jo 050 )5 ploil anl ]

W ‘_,’_Q)M 059y 63gdote &

23

5 lal yoss (51, SCS axlg 81,5 9,000 3 SCS e
Sl jlade 00,8 solaiwl Qlls, a0 o)L o
AL S Sl <Y pln S e g 2l (20 Sl
g 003l el ‘;I;FL» aslyd il edel Caws 4 lade
5Ty 20 Mg lp e Joe Dlgred oad &l Jus
Qo> o Sl iz sleo sy gl O p>
A olganiy aline bylpd o Sldlas plu glp 5 ol
Jee a5 wols s (2019) ) SKen 5 Tassew
S5 e Lalys b HECHMS, Sojols oo
St Sy Jao S sams s oo
ol Gyl g vae a5 wels las b il )l
@b ol GeesT by 9 Syder aly SIS g us ol
DM DaaclisS (i sl Joe G Oleen
Joli Jao S 5 e sl lne by (3llae o iy
S Olgreas Snyderasly G819 i (oll Bl 5 9005
sl ) oituials, mls M Gwmgin Joe
03,5 &l dalllas 0 )90 dilaie ;o o wils laglwals

oW

by S g9l (280910 2 She Jalge Sl g anlllas
Sl Glis (33 g adg> 51 BSg,008 (o e 25k )
Ol 4 Sl ) Conlas (i (b O oS
as’ wio,S oo oyl (Heydari et al., 2020) sl SN,b
4 Ay Lcsjj GilwJoe )0 09250 Conlad suc plod
pae 3l ol sy asly s s lwand Gl 2! oy

el o Joe 4gi 0gou 3l L3069 (g il lacoalad
S0 ader 0wl b aw asliul b gy opl jo
Sty sbyelly s e i b 0 Jue LSl
,» HEC-GeoHMS 4 ArcHydro slaadl=l 3,k
& f= Y. 9 Yo Ay «5]9J“" o}bj‘ dw d..al.: ﬁGIS e

ol 53 &gl Ll b o 0055 (sl Joe 2335 00 403
oolaiwl bos F oo 1>l HEC-HMS j138ls 5 o Jlo SO
L oo adgs slo Jow adgl o5 jo Uas o 58 o)l )

395 0 duslie 10 L 5l slaadgm 5 Dglite (gaiy)ye

32 S Sns L ol ple g ojlail Coenl 4 axg |



RULCEE ST

e gy 5o gLl 098y Joho Comwlus Jodaxd

A5M00VE - SETE . S5R0UE S0 0TE 65T0NDTE

AFDTN

IFUIN

HFII"N

15500 N

15900 E S0°0' 0 E 550000 GIENNE

400N

300N

0N

Fig. 1 Location of the study area - Dez Dam.
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Table 1 Statistical summary of the error in the initial implementation of the model in 12, 30 and 70 meter strucures

Model title Title simulation Observations Difference  Percent
Volume (MM) 7828.63 6089.40 1739.23 0.286
DEM 12 meter Peak Flow (M3/S) 6619.10 5689.10 930.00 0.163
layer Time of Peak 12Mar2005, 00:00 12Mar2005, 00:00
Time of Center of Mass 18Jan2007, 08:15 23May2006, 21:18
Volume (MM) 7828.63 6089.40 939.23 0.154
DEM 30 meter Peak Flow (M3/S) 6619.10 5689.10 470.00 0.083
layer Time of Peak 12Mar2005, 00:00 12Mar2005, 00:00
Time of Center of Mass 25Jan2007, 08:15 23May2006, 17:48
Volume (MM) 8228.63 6089.40 2139.23 0.351
DEM 70 meter Peak Flow (M3/S) 7359.40 5689.10 1670.30 0.294
layer Time of Peak 12Mar2005, 00:00 12Mar2005, 00:00

Time of Center of Mass

28Jan2007, 08:15

23May2006, 11:28

Fig. 2 Model made with 30 meter DEM layer.
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Table 2 Statistical summary of the error at the end of the calibration step.

Model title Title simulation Observations Difference Percent
Volume (MM) 7101.71 6089.4 1012.3 16.620
DEM 30 meter Peak Flow (M3/S) 2105 5689.1 -3584.1 -63
layer Time of Peak 12Mar2005, 00:00 12Mar2005, 00:00
Time of Center of 25Jan2007, 08:15  23May2006, 17:48
Mass
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Fig. 5 Observational and computational hydrographs in the validation stage of the 30-meter model.
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Fig. 6 Dez dam height changes in WOBS ground monitoring system.
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Fig. 7 Flow hydrographs and structure of Dez dam.
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