Environmental Sciences (Environ. Sci.) 2023, 21(4):1-22

Original Article

Received: 2021.09.09
Accepted: 2022.02.09

ISSN: 2588-6177

Identification of flood atmospheric patterns and
simulation of rainfall to runoff conversion in Shiraz
Watershed

Hamid Jorkesh,! Mohammad Javad Amiri2*~, Ahmad Nohegar?

1 Department of
Environmental planning,
Kish Campus, University of
Tehran, Kish, Iran

2 Department of planning,
Management and
Environmental Education,
Faculty of Environment,
Tehran, Iran

How to cite this article:
Jorkesh, H., Amiri, M.J. and
Nohegar, A., 2023.
Identification of flood
atmospheric patterns and
simulation of rainfall to
runoff conversion in Shiraz
Watershed. Environ. Sci.
21(4): 1-22.

ABSTRACT

Introduction: Flood is caused by a sudden increase in the water level of a river due to heavy
rainfall, in which excess water flows out of the basin and the riverbed and enters adjacent areas,
causing extensive damage to the region's ecosystems and infrastructure. In order to determine
and implement a strategic plan in the direction of crisis management, understanding the
mechanism and development of the flood phenomenon and the amount of subsequent runoff is
a priority. In recent years, flood events have occurred in the catchment area of the dry river of
Shiraz; The most terrible flood event occurred on the 25th and 26th of March 2019 in the basin
and caused severe economic, social and human damage to the people of the city. By recognizing
the mechanisms and developing atmospheric patterns of flood generation, the first step can be
taken in flood control; Also, by predicting the amount of runoff produced, how to deal with it
can be identified. For this reason, in order to manage the environment of the dry river basin of
Shiraz, the present study tries to approach flood management based on recognizing flood
generating patterns and simulating the amount of runoff produced.

Material and methods: In order to study rainfall in the dry river of Shiraz, the daily rainfall
was obtained from 12 rain gauge stations in the area in the period 2001 to 2019. The rainfalls
were then sorted on an annual and monthly scale, and the rainfall was zoned using the Kriging
algorithm in ArcGIS. Also, rainfalls of more than 40 mm were extracted from 12 rain gauge
stations and were considered as flood events. For each rainfall station, the number of flood
events was determined and flood events were zoned by the kriging algorithm in ArcGIS. Next,
three events of flood on 16 February 2017, 26 March 2019 and 23 January 2020, when the
average rainfall in the Shiraz watershed was 100 mm every three days, were selected and
interacted with a synoptic approach. Atmospheric conditions and flood patterns were identified.
Next, using the HEC-HMS hydrological model, the amount of rainfall to runoff conversion in
each of the sub-basins in the Shiraz watershed was simulated.

Results and discussion: The results showed that the maximum precipitation occurs in February
and the minimum in July. The maximum annual rainfall is 627 mm in the mountainous areas
of Qalat and Golestan and the minimum is 245 mm in Maharloo Lake. Synoptic results showed
that the low altitude and cold-water trough at the level of 500 hPa in the eastern Mediterranean
along with the dynamic low-pressure system in lIran caused surface air instability in Fars
Province and by injecting moisture from the Persian Gulf to the massif. The weather has caused
floods in Shiraz. The results of rainfall-runoff modeling showed that the highest runoff in Sadra
and Qalat sub-basins were 5773 and 5076 thousand m?, respectively, and the maximum peak
discharge in Sadra and Qalat was 666 and 389 m3/sec, respectively. It happened at 17:00. The
highest volume of rainfall penetration in Qalat and Chenar Rahdar was 5423 and 2546 thousand
m3, respectively, and the lowest level of penetration in the Quran Gate was 247 thousand m?,
the main reason being the high density of residential-commercial use in this sub-basin.

Conclusion: Therefore, it is suggested that in order to manage the flood crisis in Shiraz,
controlling runoff produced in northern sub-basins such as Qalat, Golestan and Sadra and
increasing the level of permeability can be effective in controlling floods.
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Fig. 6- A) 500 hPa geopotential map, B) Sea level pressure map on Jan 23, 2020
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Fig. 7- Zoning map of rainfall on the days of floods in the Shiraz watershed

bl oo s

HEC-HMS Jde gl

Sllas oogaze o (g xe e Voo 5L gileans
ols olis HEC-HMS Jow b Glily, 0 o)1 o g 5l
9 DM djao loass>ny 0 Sy (28 Gt &S
o adgi Clily) e (saidon uizean 05 18 o550
2 &S 09z (F Jouz) 09 O 5 00 sloade> s o
s st B s et
S 39a5 A enl gy 5 Ly 5L (oSl (5 USss
Sroms & o9l yrane )3 9 0D hos SUly; 4
SAb 68 3 ol ejlgpe 5o b bz wpi

et b ollyy g ool 0L s pddssi alS Coge

Ao iy,

(HEC-HMS) Jao Coalad pae

5 YOAVYNE) Oolew sasdly 3o 51 taghy cnl 59
A oolawl HEC-HMS Jow  oxiwly gl (Y- VYIYF
5ol eolaiwl Nash jlae 5l gl Jdow g 4520 6l
o oolawl J\.Lo ‘5’1.3.)) 6‘)—.’ YV-Y-NNIYY) Pow (5‘“5‘3
g9 9 U caye Sl mls e g wges Gl s
(V) Jgoz 50 ol el g o solil Uas Slayye (1 Slee
5 0dd dwslae HEC-HMS Joo L oudigjlwacs o
S ol gg090 Oyl GLsS g Comas o sme Loy T S

S5els 0 oyl )l (giluars 5 55l 4y 08 Jus

\FeY ULM) f o)l.o.ib AR 0,99 ‘.‘_Ja._,;us f9l.c asllad

VY



S 3l g O Wge 5> SlogSIl Lol

Oboy Se b @lly; g 035 obs 5,k 358 (e o SliwsrsS koo Oz i B g 5l ed el Coom 4 0L
@ Ay s yamn ;0 9 odd ddgi (laiBs Yo 5 Sz ol 5o phicl s 45 B gu > adg> ) 50 Ll
b bz Cr S Sl 5 nb ol @z kS Sl sgzy Joay el

)|)3..:: By A_:)lg...a ‘Sﬂ&L&a c@, By HEC-HMS Ju.h Asfli))‘ 9 6’““"5 al:.n -y J,..\?
Table 3- Results of calibration and evaluation of HEC-HMS model in observational events of flood in shiraz
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Table 4- Results of runoff simulation in sub-basins of Shiraz study area in 100 mm rainfall
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Table S. Results of runoff simulation in dry river hydrometric stations of Shiraz in 100 mm rainfall
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Fig. 8- 24-hour runoff hydrograph produced in Ghalat mountainous sub-basin from 100 mm of precipitation
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Fig. 9- 24-hour runoff hydrograph produced in Sadra residential sub-basin from 100 mm of precipitation
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