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Abstract

The purpose of the current study is to analyze the frequency of peak flood discharge with a 100-
year return period in 206 Iran watersheds and to quantify it based on the most important factors. In this
regard, flood frequency analysis was performed based on annual maximum discharge data and fitting
of conventional continuous distributions in hydrology and fitting statistical tests. Then, for modeling, 8
parameters affecting the flood peak discharge including heavy daily rainfall, average vegetation, area,
perimeter, average slope, average elevation, length of the main river, and the slope of the main river at
the catchment area leading to the extraction of selected hydrometric stations. Also, the stepwise
regression analysis technique was used to determine the factors affecting the production of flood peak
discharge in the selected stations. The results of the study showed that the southwestern, southern, and
southeastern basins of Iran with peak discharges of more than 4000 m%s had the highest 100-year peak
discharges among the study basins. The results of the stepwise regression model indicated that five
parameters of area, heavy rainfall, elevation, vegetation, and slope of the basin with an adjusted
coefficient of determination of 0.72, standard error of estimation of 132.7, Akaike's information
criterion of 1.62, and variance inflation factor of 0.62 had the best performance in estimating the flood
peak discharge. The results of this study, considering its large spatial scale, which includes the whole
of Iran, can be used as a practical guide by the hydrologists and decision-makers in estimating the 100-
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year flood peak discharge in ungauged watersheds based on the most important factors affecting its
generations.

Keywords: Flood Peak Discharge, Modeling, Iran’s Watersheds, Stepwise Regression, Geomorphic
Factors.

1. Introduction

Flood is one of the most important natural hazards that has attracted a lot of attention from
managers and planners due to the heavy damage it has caused to human societies (Jahangir et al.,
2019). In fact, floods, as a type of natural disaster, have a significant negative impact on regional
development, and its catastrophes are characterized by sudden water flow, high intensity,
uncontrollable factors, and serious damages (Miceli et al., 2008). On the other hand, among various
types of natural disasters such as earthquakes, landslides, soil erosion, and tsunamis, floods are
considered to be the most common and destructive phenomena of the earth that affect the lives of
many people every year (Doocy et al., 2013; Salvati et al., 2018; Yari et al., 2019). High socio-
economic losses, human casualties, widespread destruction, and threatening living conditions are some
of the damages that floods can cause (Turgut & Tevfik, 2012). It can be stated that half of the deaths
occur due to floods (FitzGerald et al., 2010; Lee & Vink, 2015). In recent years, Iran has experienced
very destructive floods due to climate change and poor watershed management (deforestation,
overgrazing, and lack of flood control measures). For example, the recent floods (2019) in Iran have
affected 25 provinces, killed 77 people, and caused about $ 2.2 billion in damage to these 25 provinces
(Khosravi et al., 2020).

2. Methodology

In the first step, the Iran hydrometric stations that had discharge data with maximum long-term
annual peak records (at least 30 years) were collected from the Iran Water Resources Management
Company. In the next step, flood frequency analysis was performed based on the fitting of
conventional continuous distributions in hydrology and fitting statistical tests. After performing flood
frequency analysis and estimating peak discharge for 100 year return period, the watersheds boundary
of hydrometric stations was determined. In this regard, using a digital elevation model with 12.5 m
resolution and ARC GIS, Global Mapper, and Surfer software, the boundaries of the studied
watersheds were extracted. Then, using the watersheds boundary and digital elevation model, the
geomorphic parameters of the watershed such as perimeter, area, average slope, average elevation,
length of the main river, and the slope of the main river were calculated. In the next step, long-term
daily precipitation data of synoptic stations were collected from Iran Meteorological Organization.
Then, 95% of the non-zero daily precipitation series was calculated for heavy precipitation (Gu et al.,
2017). Using the IDW method, the long-term amount of heavy rainfall for each watershed was
determined in GIS software. The NDVI index was used to determine the mean annual vegetation. In
this regard, the vegetation time series for each watershed was extracted using Landsat images from
2000 to 2019 with a resolution of 30 m on the Google Earth Engine platform. After calculating the
100-year return period and possible parameters influencing the flood in the study watersheds, using
Pearson bivariate analysis and stepwise regression model, the most suitable models for estimating
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flood peak discharge were determined.
3. Discussion

The results of the study show that the southwestern, southern, and southeastern watersheds of Iran
with peak discharges of more than 4000 cubic meters per second have the highest peak discharges of
100 years among the study watersheds. Meanwhile, the Minab watershed, which ends in the Persian
Gulf, has a maximum peak flow of 100 years with a peak flow of 12,614 cubic meters per second. On
the other hand, the northwestern and northern watersheds of Iran with a peak discharge of less than
300 cubic meters per second have the lowest peak discharge, with a minimum discharge of 20.7 cubic
meters per second related to the Solan watershed in Hamadan province. The findings of the stepwise
regression model indicated that the five parameters of the watershed, including area, heavy rainfall,
mean elevation, vegetation, and mean slope with R? = 0.72 and significance level of 0.01, are the most
influential factors in the estimation of flood peak discharge. In addition, the results showed that the
three factors of watershed area, heavy rainfall, and mean slope have a direct relationship with peak
discharge but mean elevation and vegetation have an inverse relationship.

4. Conclusion

This study quantified the relative contribution of driving factors influencing the flood peak
discharge over 100 years across Iran. Considering its large spatial scale, which includes the whole of
Iran, it can be used as a practical guide by the hydrologists and decision-makers in estimating the 100-
year flood peak discharge in ungauged watersheds based on the most important factors affecting its
generations.
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period of 100 years in the study watershed (Authors, 2021)



VE0) DLl Y oled AN ol FF Jle (aoee (530,000 5 5 I i A

e 2 38 30 Jelse

sl Laesls o mws 5 e ol 5 s Sldllas ulalp O S s ezl 108 50 el e
AL dewl=e

Ol baasly ol il =t IS8 - 05w odaalllae (5 e sds (slealim) ConsVl Glaess s Cmlie s
13 e e ghS OVAY S0le L e 2o sk WY AE LS YE/Y 51 glos S b Laass o ol s o
S Y Sl Gy ol L o s o b et Glaes e o bs (58 5
et Gleall) coesVL L s Sl (S S H5 5 S S S ey a3 S b
i o danlllan (g a5 sden Slealinnl CnsVL (sladss > Laes slaanil sl by o 5lpal 5 4555 slealSan!
5 ool el gie 20 kS YU0) B YA Sl laass o las oS Sl OF 51 (S mls ol o - SS # 53
o Slad s e b Sl el Al 5 ol e S YN 5880 (i 5w e > ases Gl
Al 1y Jaen e ey S

Wang ) 3,15 S iy ege B (OLLL ) 5L g5 ol sl AL as - gl Sl
Ay e e VAT BVEY S5 sdmn 3 el () 45 ol 0T 30 oty plis)) (0o s (et alL, 2017: 1
5ot bt Jlms s 181 el S b glaas s (z — JS8) &S o i 5T (slps e
oSl Ll S 515 558 G s bogas iyl Bl b laass o Sos pme 31l 315 0o oy
Ot 03 1 LBl e 3SLe Ol S Olial 53 L pm Ab 5 Sl 2 VA0 5 VAT o 5w el ol b
Wl e 3108 o ka3 Jlie 5 0L o 4 (650 L as g cnd 3yl Sldlae gladss
Nl gl iy ool 53 (El-Hames, 20120 2) 558 a5 k5 53 OBl Sy (23 2 e bbb 5l S
Olians S bl 3 sLTcadl L5 5 das o 0L baaly el 5 - IS0 78 4 Sl Glaass - o
S 5 Blas oy VWY s Sl b Ol J Oliad 55 S5 03 &b 5 dao s V0 Cd (580 b
s dlm 3 1Sl a3 ¥ 5l i e U bt g S5 (S 31yl sddanllan laass o 53 1 o

Llodls ébjjt.“}uﬂﬁ\j ojsc\;;i)jbﬁé?h;ﬂ‘)\ﬂ\ uj.o g



A% SKer 5 g3k Jeslom! Olpl ol aad g 5o dlw Voo OV G513 Julows

Mt arre a0l
()
£ £
g 1
-] 5
: S AN ;
H ' 3
I
- o
Lasye i) g | <
4 £
H 2632000 ;
. 2000 - e .
T o eeeo
5 100 e
e B e £
= >
a 0 a
———
"o
£ H £
1 \ g
E g
2 ¢ 3
£ (e 2} " £
$ wiois E E
~ Loy 3
B ».-2
5 sm
| > wessa £ t £
& £ i b
-:- sm E i ::
mscme—
AT
“"wan N
(s)
£ £ £
B 8 H
e [

§ : § E
3 1 ] 3
+ y ":

VY o e gl
£ ’ 4 (395 9% Fackee) z
4 g &
o B n 12318 R

LN .
; n: o s
aisone e
& o
. .| e
Cl B wvoonr £ =
; T E
o el A 590 H
—— —
ware sSivre wwTre N

ey Aoy atal

@'L«JU&& duw‘,’-):‘ dlah v Cﬂ:fjb 859 b u)\:.u&_oq L) oﬂyuﬁljlifj% JA‘}F &LA.; 6}}7 k3 Jﬁ
(\i" Lb\fM}.‘?)

Figure 4. Spatial distribution of the adopted factors affecting the flood peak discharge with a
return period of 100 years in the study watersheds (Authors, 2021)



VE0) DLl Y oled AN ol FF Jle (aoee (530,000 5 5 I i A

)
"‘u’
N

k! JUS Jyb
{ regkes) -

e S0

- .

5 10200
5 moaw
5 e

YT

(err OB sy §) walsl £ S
Figure 4. Continued (Authors, 2021)

el a5 5o iy Dlalllae 3 e e 5 Sy s Sl e S S o EL
B 5 Osd) lisy Bl 40 Siiwe bl s adie ool (Tangetal, 20210 1 jass 5 45l 8l Sl
ol pldb mb sl (Guetal, 20170 2) 555 o drloes (ol 03 & Sk as slags, S
350 03 e 80 LYY o K 2L oS Col Sl baal ool ol 3ls Ol o =8 IS5 s K
e as SUe 5l 555 53 e e Yo Sl i S0 0L L OLal o 5 o8 Cpr Glaas e 5 el i
53 01 Pl assysban ol o o o Jled s Jled bl Cons 4 S bbbl cpl dils, 5
adxie Sladlas js CMw falS js ad e SOl alS iy (8 e s o sf Ol sl Jlad
Sy a3l 0S10 Al sl s ol o .(Machado et al., 2019: 3 5 « 505 g 2) Coosl 0ds A
BV dejlys pSle das e 0L baail (5 -1 K3) s 5,058 o = 5 eslised NDVI 2L 5l alS
NDVI jlicie U dies 016 sSandy 5 Goave S Ol Jlod slaas s> 5 &S o s +/6V L +/00 -y NDVI
Ol 4 55 (ALS by Bl L)ls sddandlas glaass > o 3 | aLS (il ey SLe /Y0 51 i
sl adlaie pl 53 BSU 5L 0T ol cle oS ol b g e Ol b 5 Oltns
s s, 48 Sl OF Ao s cpl il 58 S8 o o0 4 sddaalllas slaass o 3 ol Blss, Job
GhLie s 53 5 Jpb Sl s LS VAT b Lot ro gt 5550 Slos & 45 350k 25 ol
ol by Jsb Lo s o gt ol st 4 4 L 53S o  Cosr slaas s e dle 13505 sddianllas
dons e 0L et ol g o gmime (ool B35, 005 Jgb b plaad g 5 raplS Eoe 51
Sl bl T e 55 Aol Bt gy b ol 2o kS0 50Y (o sl ol B s S
DLt s ol = S8 0 0 bl ol ol 5 @l A 4B S s Ve Sy 2 S EG

3 e bl Bty ol b slaad s s doys +/Y Sl S ol JUS o laas s 51 i 51 i 83 e




Y4 San 5 53k Joslowd OIpl 2 pl slaad s 53 dla Vs O Sl o

Ol s ks (3L s 4 A3 YE/0 L2550 L O e ey Sl 5 s 5l e Sty Giaie 1581 oo ¥
3l los S i b U (sadinie slaars s 3l aalllas ol cdiosls LS YU s oS sboles ol b gy o OUS
(s ol o3 sdalimsan bl sl sl 63 S eslinal Sy g0 85 sl S 5 ALS b dasc]

S o 1l 6 (slaas = gl D Sy 23 S3ledibe sken 350 5 tedae glads

o yiags (Somar Jeloi

Sy 3 48 Sl (S baasily ool \ e 0 a0 adl glaosls il 3 O e 6 poiitesd o ol
Lo 5 (+/080) ol islsg,) s Lo s aS 3503 (1/0M) Cmls Ly 1) BLE| oy sSLo 0 ALY 0
ladaly /800 Jlaie L oK 2L s e OLES cpizmen ) ik 53 0d3aL] S 35 o JUs (4/8AY)
/Y0 Slaas L gLl s =0 NAV e b ol iy s (gsm Sa)ls OVl S (05 b dites 5 (553
Al e Sy 3 b e sSre Slaba

(Vevr gglf.l.“..;y) sl astlae 6L“J'.‘-*:"CJ‘9Q.9“"}3, Zﬁﬁﬁj:wwfb A J_,b

Table 1. Pearson bivariate correlation matrix between the studied variables (Authors, 2021)
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Table 2. Results of stepwise regression analysis and evaluation criteria for estimating the flood
peak discharge with a return period of 100 years in 206 Iran’s catchments (all variables are
significant at 99% level) (Authors, 2021)
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