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EXTENDED 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 ot
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 Iran 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 m?/sec, respectively. It happened
at 17:00. The highest volume of rainfall penetration in Qalat and Chenar Rahdar was 5423 and
2546 thousand m?, 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.

Keywords: Cold Storage, Flood, HEC-HMS, Run off, Shiraz

* Corresponding Author Email Address: mjamiri@ut.ac.ir

DOI: 10.48308/envs.2022.1101

ConDod

Copyright: © 2023 by the authors. Submitted for possible open access publication under the terms and conditions of
the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


https://www.doi.org/10.48308/envs.2022.1101
http://orcid.org/0000-0003-1748-9036

YOAA-FAVYY bl...’a
@ b Jod g lwansd g OMw Wao 595 seSII o Lol
}‘)-wv ‘séwl.b.o Obg»\&o )b Ub‘s)

' Sasgi ool O g ol dlgvosxo “‘_,"&5)5:7 doo>

VEY XY (F) :V-YY  axo pole

siengs Alia

VEe [ BIA el 5
VE VY el

bguno 005

Shaslol Ol cwd was [ Fai)b g9y Judods ailsag, ol glas)l SLST iulidl 51 ool oMl 10 g ddslu
baptasmsST 4y (JHiSn (Sl lad 395 co Sl 4 098 o0 pslme Lane 3 lg g 00l )15 alS0g) fiar gl (23
Oloe Cupde s 0 60 08l) sl (g jslateds 995 3)ly (Do slacids ;o dilais slacSloy;
s ls (b ooyl 18 cuglsl o ol 51 AL eadolul Qllg, l5ee g M oty (12655 5 g5l cslil
s, o dilas Shoas o iergie ans] 00| 31 s S 0, 5yl ddgm 5 Slgld Sloaes o]
A poye g dihaie p gagad Gl 5 sleizl - goladdl glac lus g ols ) ads> )0 VWA slooy5,8 7 5 0
e Jlee 3 1 B sl s Mo Wge (el SlagSIl (2955 5 b g5le cSlis b S le sl
ORe5 S ey 0ls et | T L ablie (gog ond g Olly, (e (i b Orizmes 5 Sl
2 ke Sapde S8l 3 g ilpd St alsg) ol sads Ssilame Sypie bl o 0l
55Ty 00 adgs blg) olsme (6 jltend § Do Wo slagS it glie

alisy oyl Ol el S alsog; Sllllas (godgazme ;5 ()b o Ths ()2 sskaieds (g g Olg0
Yl ol 10 )b uaw el Cawats YNA B Y e o) Gloj o5l (b odgame 10 minoiylyb oS VY )
6wa)bwwrabul&,z{;ﬁ”§]‘bw)b ‘5&;3%‘AI'CGIS Gw)lo): Ja:.m)éﬁm;.ﬁ)snﬁlblsj
P2 lp ol a3 S s (Mo slajy) Blyiedr 9 00 gl Sl (gl ol VYl e e Bl e
i, L oo ojg; (sandigs AICGIS Lo ;10 5 00l i o slojg, dlows o ol )b oSy
aS YV gl VY g Y1 Lu)lo Y2 VNV 40817 clojg) 10 Ol £685 dus o 0 plosl Sz S
(S g 9,509, b g 0als Qb g e o Voo i Slalllas godgaze ;0 )L (5 Kils g, dw o 40
HEC-HMS _Si500s,000 Jow 5l oolitnl b Guow 0308 Slolids O g slooSl 5 (59> (slo S il

S gl et (Sllllae o3gamme )3 39290 slaads> ;5 5l S e 53 Sl 4 ()L o Ol

Ok Sty Wm0 &5 Yoz )0 0 (GaeS g 458 )0 L sty o5 ol i b it 9 L
el o e RO 30 41 shlem 1 o] e 5 yio s YV L liadS 5 &30 SbisS 3blio ;5 4o
i im0 53 Sy O 3 oy Sl 5 155 ol il o Sl ol Setypian ol
Casby B2y b g eads )b pliwl o (mxdans (slsp (gL carge (lal (Sols LSS pis il ol o
Ok Sllgy =k 3l oe gl el oad 51l )3 (Dl Sl AL £985 e ge dgn o35 4 gl |
G 5 051 xS yioyl5m 00 VF 5 OVVY Cod ey OB 5 oo laad s>y 50 Slily,y (yliee (o s a5 0l
it o GBI VYo + ol b o g 4l )5 i TAY 5 555 i ity <3 5 1o 10 55 Sy (0
03l5y% 53 358 (e (S 5 39 Sy lia YOFF 5 OFVY oiay laal) )l 5 OB 55 (AL 3985 oo

el g5 55 — iS5 Yl 15 T ol s o 35y e 38 TV L )5

asle Obly, copae caslio GlagSI 51 oolaiwl g oo QL}'.M.lf M eman Jlad sloasss )
3l 5Ll s Sla g Wl o 2 5 s oSl

5l «obly, HEC-HMS « s ¢l ps 1 g0l (g0 519

* Corresponding Author Email Address: mjamiri@ut.ac.ir
DOI: 10.48308/envs.2022.1101

O

e Lanzeo 550 olipg 09,5
i oyl oA ¢ i
ole!

5 Sopite sz ytolip 09,5
oSl cenns Laimo 90
ol ol il s Laeo

o Sy llio ful  oliiw/
NFeY Sargi ) 5 spmol o
s po (552 slog) o loles
Sl 4 G5b bt slodd 5
aolilas ;s Jllao sogumo ;o

.r’(f):]—rr.‘_,,_b,;mln}lc

Copyright: © 2023 by the authors. Submitted for possible open access publication under the terms and conditions of
the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


https://www.doi.org/10.48308/envs.2022.1101
http://orcid.org/0000-0003-1748-9036

OhlSen 5 (15 )5

30,5 OVY ¢ 18 PV sgu> (e YAV B Y- A Lo
ol sl as wiles 57 @gd ks Olyblre wlaly le>
Kangetal.,) s)ls )13 o)l g4, 10 oBsb 5 ol S
YOIV padl o)l b O 35 (golazdl bl 51 (2020
Sl 513 o sy 5o Gk g A3l 5l G HYs 9Lk
o e (VN1 ol bl Madlepn sosls o5L)
ol 05,5 25 5 o ool (Seislgyien Sl bl
slaalpl g glailog; slapl 2 )0 a5 35ls 18 (and
Sg o oddlive jadgdy laSl> o J>lo ey bl o
ol o 3l (L adly e w (Qiu et al., 2017)
ol sabls 4 Gyl GlagSl 5l aS cl u_J
5 L) sl o8y b a5 slaigFay 0,8 oo ol
kol sailog, 4 ol 5 (o8 gloasli Sl 0T ol >
Oz ol czge 5 adly JUl psl gads> yo
9 Cd c‘éi,‘o‘ J.u.u.c )l u] 35)9- L: 9 0 45‘.7‘-05) 64)[.)
2 (855 Jo el g by O 5 a0 BLbI bl
Sl 5 Gy bla o (Armon et al., 2018)

S9kaS

Vb e pdpex Wby, » oedle (2GS
S b o €989 g0 55 b 5o (rhaw slaclly,
ol Gl s elaizl —golamdl slacs lus a5 05
(ODonnell and Thorne, 2020) <ol J.cb b
S )L g s LSy (2555 (50575 bl LoD
Lol e05d g0 gmime Dl ol s (5w 5 5L,
lad 5 oS b o] bL3,l s aee Cundge Llsdj|
@ Olpier 45 305 (o0 s (Ao elyil 4 LSl e
5 SRS A (dobe D glailEsg; Dl
oz O] 0o SeSU a5 9508 0ylal SleSL Dl
o srosle g o iy 0 O 5l ol e ol

oliwdsS 5l ol (i, 5 Geey 8l ol SB s

EVRT
Dl 58 g (sl Lol 5 (2133l 0595l
Sl 0ad 53] (sladdg> (53505800 40 i e
$lp o) s yuses (Tang et al., 2005)
S e 5 LailEsg) > 4 55l Sludl Glas )8
ol g o1 pslome (o) 5 solamdl soslisl (sl 5,00
slajlalein 4 b lag )5 juis wilsog, 5 O
3 Pl (b (8885 665 [0 s 4 e Sl
o)l Solesys 5 ol slaglr (Sdgaee LS,
ol el (Schilling et al., 2014) ol ool dns
bl S8 501 (opdJow s ol Wl s
sloanze Gl s 65,5leS 2] 638 ol FsSne
o5 p Sl g Jb oz a5 cul g lbaSS
GIPl saddse (nnee Sllese 3)ly Comslaiome
2 PEESw G5 JhyeS M so,ble
9 o0 (6 palideds golaw (il g Jarme (So59099 90
O kol Jdo o855l 5 cllaw] ( oo wllas j eolaal
Sllg, pa (ial38l el ol ludl sadlge ol g ol
slabasd iSlas oo 2ol58l S 1ed ley Grals (e
(Garner et al., 2019) 55,5 oo oo CodS iS5
slaadg> ;0 e £939 Syl S Sral8l ez ga 9)l90 0]
gsla‘.'.‘?m u‘).‘al.?t.a )l éa L |) u)‘l...m 9 C] 00 )J))—|
GLLQ.HU...; L5°°“> olf;l.' el 03900 J.s..\.u ‘)U)L.M}
Soieds,uae bl 3l gladlge 1) O (il blors
Iy b Ol 3l oo, T sgu> g o0ges (olwliss
4, EM-DAT (& )158 elul .ol ools plaist sg5a
aS oLl sl e 4o o blxe YAF g0 (VY L
g g aldly p o golaidl O s Yo o Ll VY.
QJ‘)IASW‘OMULQ?)JIMVaaj)‘).Q AR 5).9
@ by B0g S o 5l oo FY g 0,blre VAT sl

)‘ as AR o0 uLw.a @LP D) )LJ S| 0o u){.».w

\FeY QL.M) f O)Le.:a AR 0,99 ~‘5!af;u P;l.c asllad

v



S 3l g O Wge 5> SlogSIl Lol

el el (S sl il osiz Gl 50,8
Pl gl o B 59, ¥ o el ()LadeS g
s Comms & 5l g 50 5988 51 g oud JeSts
55 2 JElgiSa e 50 oy, Sy 5008 55 >
Sreeil 6L crge 5 Canl ol LS5 55 jeiS
395 Zasb) (b 8T w355 00 (o) el
Jeir 03iS oz 50 g 00,8 2l pl)T Lusildl I,
Teixeira and Satyamurty, ) 855 co s £935 50
ol Kamgys 5l golass (2007; Seluchi and Chou, 2009
Jlo f)f Sols b aS Wloaww ;) aoes (pl 4y s o
Sloe slys 5 aip gl 5 Saslizs i80S i
o R A Cuom 4 )LadeS plw (nl g 09 o0 eSS
Sas)lgenl b )93 p )0 WS (o0 &5 liwgaia
! bl cunle Jdoar fimen 5 (S25 50 (elan
w8lo I ligain 5 S S s
Kumar et al., 2008; Ajayamohan ef al., 2010; Yin, )
wei> 4o (1949; Singh et al., 1978; Jadhav, 2002
o ey gl 50 (Sl JLideS slaptns 0z
ooy dael a5 cal aglaie o Dl sla )L (godes
S5dee w50y baaileog) lab 5 wad oL
by yeaS Ho s oo, (Wu et al., 2010)
OoSw YA (¥s O 10 5 ol ol qy
50 (l5 o iz O)ly o fJled Ceo 51 o1 gl 3]
3% e 989 crge 05> Slags)lgenl b 095 5 5
Ai and Qian, )l odls pl5 (g0, ‘_,,JLM, Sdos
ookl Jole jo case YLl 3ibcgi> j0 (2020
Skl coge JSubgiSa 00 - Sl ogl ulbl
3 Oy el 50 0gbion (dolo il (o5 e
e ge g odd s Jolo )3 (Sals JLadeS pinn
czye 4 oud ] (Brem d5eo 5 lgn o358 ol Sen
Xu,) ogio0 Jobo )0 OMew 5 )L, 5L £55
ol yor 40 b S Yo ¢ 515 10 0l obag, (2020

aleo g )0 (s (S5 025, (hol JIo (odad (se4l

ol 5 o858 laes Lt o 51 ol b5, o L
loas Ly Clly, 45 0,08 o olas jsul slaady> o
kol Gailog, a4 o8 slaarlpl g o Jrs 3k
O 5 LS, sl il g98y ey 5o g oad Jate
9 st 52l 0B 52y 5 a0y, O sVl Crge
é?‘”’ks’q )9[.7.90 dJaLA 9 Cd Coww L®) 45[5-»)5) ‘_ngo)‘}.l»)
i |, g s Ll ey (Mel et al., 2020)
S iyaely Caglyl 1o M £935 )0 (5 0l slo
Loas o)l 18 (Seigdshae slaplm cunse
3903 W11, 0 (y3505 (gl 0, (s oo o] g3l 5T
sl b olp! B8 ecsi> o (Tymvios et al., 2010)
S5 e )LideS 5l b b pyF sbaels b (i
Il s G gt 5 Gy e 31 85 el Sl
15 oolas, b (Alijani ef al., 2010) Wi oo
Sl 5l bass Glnl ppdled 5 2 Gtes
w2 ge 9 99hos olnl O)ly Jlo 0y laole (o (ogix
3y ety )| azaisw colisle,S o S sla )L £934
Rezaee oo oo olps &> 9 Olded (938 ol
Sy g 2y 29> Gblie o (Banafshe e al., 2015
S o oy Jgad (b Slagm lagglSon olnl (2
Sl2,538 )3 yrms (b 5 09,5 S Cusb, e s
Oygon |y 293 Casb; B ads Gl wrx 0 o0
QM) ua.?bod.’ Lol ‘.\45..»60 M 9 oé; 4...1.7u uu)la
S3Al g Casky lbmds Swb, e 4
Jib i8S Toazme 5 0390 oS IS (Sealizoga s
Gaald b 0y93 5 50 5 Gl pl o Si 4 G, b g 0o
3 e Sl 5885 wge STy plrsS (25
ol Gled @gml (Gl d @l liw g gl

Ghasemifar et al.,, 2017)

Sebsr MY 9

Nazemosadat and Shahgholian, 2014,

30 ki )9S i 4o .(MahmodAbadi et al., 2016;

\FeY QL.M) f O)Le.:a AR 0,99 ~‘5!af;u P;l.c asllad

£



OhlSen 5 (15 )5

L e u.‘l.ef)o aS Sl ol L:.w}uo <° w."}ﬁ‘ 9
Gl ool ddbhie o O dlas ;) Jlas! il
sl ot sl Hosseini et al. (2015)
HEC- (Sujslspnee Joo 5l oIS alssg, )b
Joe opl a5 ol oylias oyl s g 00405 eolawl HMS
b alyy Slly; @ileand 0 VL LT Gl
glabod oo JSTlas 0 Guores 9 Jlu g (s0y90
I Jle Yool xS GlacaS b 0,90 slilas OHw
33 SSasee Jae ol 5l Glee o 1A sl
adllaed g0 dbg> 0 S>S5 slaciiS il o0 lslas
! ;5 Rahimzadeh and Habibi (2018) .54.05 solaxul
G090 Smoim 9 ke SIS0 gilead
solazwl Jowe ol 5l oliasle S puusly, adg> 5o o] cusSsb
Jahanbakhsh et al. 0% Jol> gollas ls g 00,5
) aos,l Sl el ad9> aiwgn Sl -k (2018)
&lwaes HEC-HMS  So560g 000 Jow 5l eolaiwl b

VAYOS
O ate (GlgS s el 0oldl 5lasl 5l Ll Sas wilsog,
MP)Q\Y‘Q/\ oudé)jﬁ?ja‘_gb:)ﬁ))éd.&]awouh
Gl Sl g sloizl - golaill glac Lz 5 ol 2,
VO g 5lmd b (o led (i )0 (AL e les VO
Vo b g Covgm et el (Srbogi 0 e
St e 0)ly 1,8 03lg,0 o soedae OOl 4z B
Ol s s Vg (6 yrndl slagSl (2555 g o 1595l
St b orres 5 SBls p O s y0 ) B oyl
Sl pawseii |y T b ablie (gog5u wads adgs Slilg, o)lywe
—lhote Copie sl jo ol gt o eesa

3 g Gled SiS aldog, joul gase S

o0l (5 ol oSl (5lLL crge 09l Gl ]
Oy e 5o lailiae Gl JSas el
Dezfuli, 2020; Almazroui and Awad, 2016; ) 34 se
o2 .(Al-Nassar et al., 2020; Al-Shouhani, 2020
2 g ool Jld diliboe 5l b, b e b ey elSs
JUUSC IRV UK SO - JONP TSP NS
4S5 3l Syt Jled i yem (Gl Coon 4 Jlod
Gy ezse 9 48l b olpl e dled 5 bl
Panegrossi et al., 2020;) 54i oo i bl
(Shestakova and Toropov, 2020; Rousta et al., 2020
i el slo e 5 i80S il ip3 s 3
Slop so355 (nl Heme 5 Wlioo DLz Gl e Coon 4
503,5 cwS (B Cugh; )l S 5 5l Skl
ez ferz 5o Ll slaghl g8y e
Azizi et al., 2009; Nazemosadat and ) 595 o0 ] ]
sleonssy  ple wsle Odew  (Shahgholian2017
29 oley 2 0 g Sl (Bolal slomsy ((Sujglg e
et & Ygama 5 515 3525 ol Shgg, Jlatol IS
9 s Rl ol g58y BB Gloy eens S

odalio (Sojglyyiee @By & 4z b ol 590 (Fiie
HEC-HMS Joo .Caucs (o yiwd 5l 590 caltdS jo 00l
S 2L &S cl (g e slaJoe S
s ) ol yo e Jlaie sleejn o oYL
sl Jus 51 (6 HEC-HMS  Jow .cewl ools plazs
2By g obly, 4 (o)L bad gilwans slp slatl,
Rostamzad ef al. .ol 3 ol adg> mhaw ;0 SowelisS
g.)us) 6)Luw 9 u»)la Slals Q)ST)‘f 6‘).3 (2013)
Jue 5ol bl jo o8 sl aog> jo (e
| Derafshi et al. (2016).355,5 solacwl HEC-HMS
ol Yo g VA la JLs b Lol)l 60,5 Ol s
@S g 03503 gy 2 39,Ll usul adg> xlans Uiy,
—6yokiS 6,8 rals a5 sls Lis HEC-HMS Jow

Sl hals cage oxed )8 SRl o

\FeY QL.M) f O)Le.:a AR 0,99 ~‘5!af;u P;l.c asllad

I



S 3l g O Wge 5> SlogSIl Lol

dai s oSl g QdS B lelis) ) b,
s Obr Sriorr o Jled ez o g a8 S
G S | plaelpi gas L colisS (Blas b5l s
Sl om g g o0 o] 4 Cel) S 5l g5le S
S5 28Ul aibe el 6 0l ass> slaclly) 5555
Slile crizan 5 BT (555 (IS (ganw (1B
S350 Plee sazlye a4 colys o Sop p slodeis
sncsbes FAVIE 0305 olSen] s bl (S, nSilea
S o8] o 5 yio s DFFY liads olSi] o
05 ol ol Sl (S oyt sl e o FAYIY
T s &y Adg> pf g CawdVl e LAz o
0dd 4Ll ( Syl e 5l S S5 350 g 409>

91 meles (6 5SS oldl aall azs o

Voo el colis sliw M Cupoe il

31 oo adg Slly; Gl (g3lwdd g SOl

LS9, 9 dlge
Sllllas oogamme) 5l Sis aldog, ol ase>
—azl,o ppl asge gwg s> 5l (o (Gl
oy b a5 99,00 jledias ol jlee 5 (S0 Sib slo
kol il ads nl (@ fosiz 50 @0 yegkeS 1 FOY/Y
5 2 A3 St RS () S8 o 453,53
A 098 o oo Slllle sodgaome 1l 2KGSw
Gl o olis, o xio o gsSame o5 ledl slocS 0
Lol ganlpl ls Sas ailsog, iloads 00 ynS

[ s psl i
| PR ey

»»»»»»»»

)|).».m dl.vJUaA 00 9ux0 éﬁ‘;%y t..e:.S,.n - USS
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Fig. 3- Zoning of annual rainfall and events of flood in the Shiraz watershed in 2001-2019
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Table 2. Average monthly rainfall in the stations of Shiraz watershed in the 2001-2019
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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
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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 5. 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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Fig. 10- Accumulated 24-hour runoff hydrograph produced in Chenar Sookhteh (Nahr-e A'zam) basin from 100 mm of precipitation
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Fig. 11- 24-hour runoff hydrograph produced in Chenar Sookhteh (Nahr-e A’zam) basin from 100 mm of precipitation
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