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Extended Abstract

Background: Water resource management in semi-arid regions faces major challenges due to
environmental conditions, such as flash floods and intense surface runoff. These areas are prone
to destructive flooding because of high-intensity convective rainfall, uneven precipitation
distribution, high evapotranspiration, sparse vegetation, and fragile soils. Accurate modeling of
hydrological processes—particularly peak discharge and runoff volume—is essential for
designing effective management measures, such as flood control, runoff regulation, and
vegetation restoration. Hydrological models, especially HEC-HMS, are widely used for
simulating rainfall-runoff processes due to their ability to integrate climatic, hydrometric, and
watershed characteristics. Parameter sensitivity analysis further helps identify influential factors,
reduce uncertainty, and improve prediction accuracy. In Iran’s semi-arid regions, flash floods
frequently cause severe damage. This study examines how vegetation restoration influences the
sensitivity of HEC-HMS parameters in two adjacent sub-watersheds of the Gonbad paired
watershed in Hamadan Province—one control (without restoration) and one treated (with
restoration). The main goal is to analyze how restoration affects parameters controlling peak
discharge and runoff volume. The study involves simulating rainfall-runoff processes, calibrating
and validating the model with observed data, and performing sensitivity analysis on key
parameters, such as curve number (CN), maximum retention (S), lag time, channel slope, and
Manning’s roughness coefficient. By comparing results between the two basins, the research
evaluates how vegetation restoration alters model performance and parameter responsiveness,
providing insights for improved water resource management and flood mitigation in semi-arid
environments.

Method: This study was conducted in the paired watershed of Gonbad, located in Hamadan
Province. Two adjacent sub-watersheds with similar physiographic and climatic characteristics
were selected, one as a control watershed (without any restoration interventions) and the other as
a restored watershed (subjected to vegetation restoration activities). The restoration operations in
the restored watershed included planting drought-resistant plant species and implementing
watershed management practices. The HEC-HMS hydrological model was employed to simulate
the rainfall-runoff process. The data required for model simulation included meteorological data
(precipitation, temperature, etc.), hydrometric data (streamflow), soil characteristics, and
watershed physical attributes. Ten years of observed rainfall and runoff data were used for model
calibration and validation, and various statistical indicators, including the Nash—Sutcliffe
Efficiency (NSE) coefficient and the Root Mean Square Error (RMSE), were applied to evaluate
model performance. Sensitivity analysis of the model parameters was carried out using a
percentage variation method (£30%) for key parameters, such as the Curve Number (CN),
maximum retention (S), lag time, channel slope, and Manning’s roughness coefficient.

Results: The vegetation restoration significantly affected soil properties, runoff simulation
accuracy, and parameter sensitivity in the studied watersheds.
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Changes in soil properties: Measurements indicated that both initial and final soil infiltration
rates were significantly higher in the restored watershed than in the control watershed.
Specifically, initial infiltration rates increased from a range of 3.82 to 4.76 mm/h in the control
watershed to a range of 130.2 to 144.4 mm/h in the restored watershed. Similarly, final infiltration
rates rose from 4.2 to 6.8 mm/h in the control watershed to 10.8 to 15.4 mm/h in the restored
watershed. Furthermore, the restored watershed showed approximately 20% higher silt content,
an average of 20% lower bulk density, and about 35% higher soil porosity than the control
watershed. Soil saturation moisture and field capacity also increased in the restored watershed by
approximately 30% and over 10%, respectively. These changes indicate an overall improvement
in soil quality as a result of the restoration activities.

Model simulation results: The HEC-HMS model demonstrated acceptable performance in
simulating watershed outflows, with NSE values exceeding 0.6 and RMSE values below 0.5. The
match between observed and simulated hydrographs was stronger in the restored watershed,
particularly at the peak discharge segment. Simulation accuracy in the restored watershed was
higher than in the control watershed, consistent with findings from previous studies. Deviations
in the hydrograph, especially during peak and recession phases, were more pronounced in the
control watershed, likely due to insufficient vegetation cover and increased surface runoff.
Sensitivity analysis results: The sensitivity analysis showed that the maximum retention (S) and
Curve Number (CN) parameters had the greatest influence on peak discharge. Specifically, a 30%
increase in CN led to an approximate 25% increase in peak discharge in the control watershed,
while this increase was about 15% in the restored watershed. Likewise, a 30% increase in
maximum retention resulted in a reduction of runoff volume by nearly 35% in the control
watershed, whereas the reduction was limited to around 20% in the restored watershed. These
findings suggest that the model’s sensitivity to these parameters was lower in the restored
watershed, which could be attributed to improved soil infiltration, greater water storage capacity,
and enhanced hydrological resilience. Other parameters, such as channel slope, lag time, and
Manning’s roughness coefficient, also affected peak discharge; however, their impact diminished
at higher levels of variation. For example, a 30% increase in Manning’s coefficient in the control
watershed resulted in only about a 5% reduction in peak discharge.

Conclusion: The results of this study indicate that vegetation restoration can have a substantial
impact on improving soil properties, enhancing runoff simulation accuracy, and reducing the
sensitivity of hydrological models to parameter variations. Improved soil infiltration capacity and
water storage potential in the restored watershed played a key role in reducing surface runoff and
increasing the reliability of hydrological predictions. These findings highlight the importance of
vegetation restoration as a practical and effective strategy for watershed management. They can
be applied to the design and implementation of water resources management and watershed
rehabilitation programs in similar semi-arid regions.

Keywords: Curve Number (CN), Hydrological modeling, Peak discharge, Runoff volume,
Watershed restoration
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Figure 1. Location of the study area
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Figure 3. Pictures of field and laboratory data collection

5,8 g (Solw Jd &y gy oyl ol o 48,5 0500 ol
Sbasy sl ohgt (SOiern siledse )3 03y
Copde 3 oddabpdy o )bl glagly) 5l (o« Se 8
u»‘.w‘ » aslllao U" Bhl CN Mbu 29y )Lo.») L u] éJLuO
15 ool ol 52516
(HSG!) S Sajelyyud 09,5 -

9 pddes ol SB (Sjdgyin slaog)S
Hoghte ool gly Bad s S (Sg)dn sl S
() Moy Jke) S (S5 Olaskiie 5 i glaosld
oslitl (B os g 5l I (556 cuols 5 o
bogs oA ,5 (sl lne ) oolitl b cledlbsl oyl 5
JS4D 5 C B A sloog,S s sl USDA (1986)
(it eSS 15La) Y (5 yidydis b sloSs 505 aib 5
SE ale) ol spdded b oSl g A og)S )
45 ganed D og)S )3 ()
o $5)8 £ Y

O3 oY)
S2iPe e Sl

Gl adyin syl 5l (S leieds HEC-HMS o
Joskegeme J((Sidgpre slasulp (giludnd
cshol iz d Jols Je nl 200 000 cilisie (slag g,
Jao > - J555 Jao g coulitlyn Jao i a3 Jao
S i oluwe Wile (58 Sluogad ol oje
Gy 4l ol g bty b glagy, dadalyl
Oygods o)l sleodly (wldlean  Jao 0 .Xgd e
S &g gy 9 Sedie )y os b Sloj sy
olej 38 JyS Jhe 290 (s S g pj aw 53 0L
wasude ) Ll Gloj sbapls 5 (gjlwand LL 5 g9y

o)l.mf: 039) )] “,j olals 4.«.»1.’7:.0 d‘x c&:.a:m L)"l Jo
siie SV S cllis lojls Lawg 45 SCS i
48l 4awgs (USDA Soil Conservation Service, 1986)

1 Hydrologic Soil Group


http://dx.doi.org/10.61882/jwmr.2025.1305
http://jwmr.sanru.ac.ir/article-1-1305-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-20 ]

[ DOI: 10.61882/jwmr.2025.1305 ]

OLIIS o g (039,80 (a3 pligd i Mo o uid (5350 L )dns

A Ol A8 (29; adg> > HEC-HMS Juo 5l oslail b Cllsy 0 550 (gl ol )l Camls Julos

Sg0 glhase ol 3 (n) Sigle g by
(Strickler, 1923; Chow, 1959) JS, ywl s, ;I caslllao
Pt e S Sy i)l 2 e oy (nl D ()2
5 Sigorir llas )3 03,8 jobdy 5 Cul dnll
@ 29)00 N 4 )yl 38> e slp (Sgyen
oo ahaie (pix 4 ade> ) o sladnlpl il slaie
9 2L by e iz a8le ol Shy sl ) (Sen
2 e Shy ghaie ) LAD Glupeads (550l
g 1515 ol (S b i 5 4] s oo 5
9 oy po05 9 S polad (b @lge 2929 (LS
sdalio | odlatwl b 56 pdow (6)lsenl oad b wyp
0,8 ol vgge (sladlailin] b duslie o puliius

Sislo (6335 copd adgl polde ¢ Sliwe slaosly bl 4
@ a9 b g 5 gl HISG ol s il Joso 5l (n)
(i g g5 wile dmanlpl yiun )3 sddoralin byl
Slgenl @A g (b glge 292y (BLS (hdgr (i
Cowen, ) ;o8 (soliy gy bl 2 SNl crdaws
Jols bl pl .0 Jleel (1956; Barnes, 1967
51565 LS Gy, 5o (Ll sy ol st
b lgeal g (+/410) lawgie glge (+e/)+)
slas ] gl y5 sl tp 55 s 33 (6+1-V-)
A dwle ¥

n=ng+YA, (%)

Lg]);coua));)lﬁAAn 94:[) RNy Oi).}ds
Olyed o o (1 ol e it il Jalse
55,5 Ja5 3 aaly] S 5 s ol
s 23y iy Ul (Gilwand (sl (3ol
asils YA YA yuolsi YO YOV Lojlo VR cglag b o
lze ooyl LYY e 4,58 Yo 5 Vo)A oylo YO ¥R
Ca G A5y dw dmalis ) cpl e 51 s oolizel ]
S a4y ol lp B85 90 9 Jao (el
sy aw lp lojenr Cypgoa uwly Anld as
oyl | Shsgoms & SlaigSar S plonl
sy w po bl Bllail p e IS pbody & 545 (s
LS oaly8

oy b (giloand @l (Jao 2L b)) sl
Do Lol dslio o) 05 dwlie ok (5 pSojl
@l on Bl wen g 2 Sy
gk cnl ) sl QUlgy (ABly polie g oad (gjlwdd
oo ady) 9 (NSE) caldSSlu- 5 cops sloylns
(8) Wsleo wolwlyy cds yioiuw (sl (RMSE) e lsy yo
5 odlitl (5) 5

_ q 24 (0i=P)?
NSE= 137 ooy ©)
RMSE= [y, 2P0 *)

Sy Sl bades nj ool )8 5 (BUS by g5
N Sapp 2039 El g (Siow (geid) sl &y o Sile
o g Slse il 3ol Sl lbasg 5 53 b )8
polie Clesl jo ladis p Cpl il dsbxe (sloylsale yglas
USDA 5,l5ltl Jolis ol 2 s yylS yn & bgypo ON
Las bled SCS
B g Co e Cardg Y

4 adppj e (LS Jide (Sigde)ie Cundy
Sl (] oAb ol 5 g Lo (hinid Alod dus
bl do)d (o) Cundy (aLS Jhds o515 bl
Odey 5 el (sl bl 5 (e (b k) (LS
0P 2905 B Ghdg b ol Sl s (aLS
ef @l Gy & Jb ol Yo gl
caslio cblis 5 Lo Vb w515 b bl srimd s
Lol SB

O0sSke ©)got 25 CN dgs 5 o gl ulesy
09)5 4 a2y b 8 o CON bl ol anlxe (S
bl Johia 5l (Seislgyn bulpd o S (Sajolsyin
2 a5 0 sl CN (559 (ke ¢ s 45 gl el
Jsey8 el Cawddy iz (cla g )8 Coluns dopd bl
il (V) daily ©)900 ON (559 (1l dnwlre

CNy = Z(;N‘;;Ai) (\)

A; 9i d).g)lf EP Y Joy)n (&R b)‘.o.z.f} CN; U] 0 LY
CNjl 50 S adol cla jlade iz 1 (6,8 g9 Coluno
A Aol (V) alal,y sllas

§ =220 _254 (¥)

CN )
Fregdhile Bk JB 350 o Sloj abols 130 ol
29l U 3L ploj ol gl & Ygane g ol Bl )Sgpam J&5
9 303le ()L 3 50 o (Sloj Alold 4 39 00 485 i
1 ozl U 43 sl el (imags ool y3nCul gl dlai
(1 alasly) 28 dwlore SCS a9 d3lg B1Sg)0 g,
2.578xL08x(1220_g)0.7

1900W§g . (\”)
Job L el cue pr0jg 136 (o Thag 0l 2 oS
Sy bwge (oxis o)led CN (0] (ol slaaalyl
i (32)3) adg> (Sig bawgie cad Wy g cdg>
Sllg)y 9 (AL Jidgy Gl 538 Jdod sl ashl
& ey opl b edlitwl Yedlw yider 2 Syl e
WS (oo SaS Sllgy 5 L 2 (LS Gidg U (gjlodnd
Sl o (Initial Storage) algl cuslinSS sl ial,b 5l
5 grel)l cpl a8 e edlatwl (Max Storage) cuisligSS
G o 2lS ide Mo b lad e e glaedly )b
3 odlial b SB (60358 5 5 o) ghaw (S)lgenl
515 3,51 USDA-SCS (1986) _loal] 52003
B9y Sl s (2 4 Sllyy JW gl (omimen
ol (2bg) el 5 23,5 02lisul SCS? woly 8IS 50
ool 22 4B S oy T (Sloinw g0 by, Sl daanlyl )

Tlag =

3 Kinematic Wave

1 Simple Canopy
2 SCS Unit Hydrograph


http://dx.doi.org/10.61882/jwmr.2025.1305
http://jwmr.sanru.ac.ir/article-1-1305-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-20 ]

[ DOI: 10.61882/jwmr.2025.1305 ]

OIS (e 5 (39) K (A pliaed Mo o a8 (3350 Lo ydin

VEF /Y oyles /el Jlo ul 0595 o pde asl g}

Jleel 3 pdydlast g byl oy Laily) 9 (Soiglgra
Arlimasita & ) sios slajls el p B Ols
(Lasminto, 2020

2959 Syl umlas Jdos (ly (i ol 5
obej «wiliyS Sl « (CN) g ojlads Jold Joo
Nt lieds «Sisle (6395 Cupd g ‘dua\);.] s ‘).ob
S g Jlogl Gl g A5 00y Mo Vet 5 VeE
0> 5 S o ol g 05 1al e HEC-HMS o
DSy olise gy il B nl Jl Bam a0 8 el by,
Ol duglio sl (silupnl s g b el Slyess & Jae
5 o 290 gyl (Jao l3le ) o g g
S (o By |y Sl Jlosl sla b,

ke 0 (Slalie codly polie 0; ol o &
N g odd (gjlw b slrodly yolis Py o Slaalin slaodls
it odly dlae
Pl 355 5 (s (g 93 4 Jdo Comlus Lo
5 0wz (sl 63l 5l eolawl b ogs sl yog) g 0
sobs g Copudy |y bl Sl 13U oy sbajljdle
G5 (] )3 &8 (Fwd Jelod e llo 13 A8 o0 (o) ol
yolyly o lysU oy Sl ol 428 )3 51,8 eolasinl 5y g0
Sly s gy Sl gl e wal3 (gl o y5ba
cdy des jlogh aeg BB blie Jao cuwlus Ll
ol b 5 i oad sl sloyially Lol ) i

o 290 Sl g Jae lyal cilise slahgy -V Jod

Table 1. Different methods of implementing the model and the investigated parameters
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Table 2. Average physical and hydraulic soil properties in the sub-watersheds of the control and restored watersheds
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Table 3. Average vegetation cover and surface indices of cover types in the control and restored basins
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Figure 4. The land use map of the control and restored watersheds
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Figure 5. The soil hydrological group map of the control and restored watersheds
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Figure 7. The results of the HEC-HMS model hydrograph simulation in the control and restored watersheds for the
periods of validation

Table 4. Model evaluation results
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Figure 8. The sensitivity of parameter changes to peak runoff flow for (a): control and (b): restored watersheds
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