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Extended Abstract
Introduction: Today, climate change and the subsequent alteration in precipitation patterns have caused

floods, which have overshadowed urban management. The financial and human losses caused by urban
floods have significantly increased, and there are no signs of their reduction. Urban flooding occurs when
the amount of precipitation exceeds the capacity of the drainage channel network, which lacks sufficient
capacity. Two main factors contribute to the exacerbation of damage caused by urban floods. The first factor
is population growth and the expansion of urbanization. The second factor is heavy rainfall caused by climate
change, which plays an essential role in intensifying and accelerating the hydrological cycle, potentially
altering the amount and frequency of precipitation. This factor impacts the probability of flooding, runoff
volume, and peak flow. It is particularly pronounced in arid and semi-arid areas where rainfall is typically
brief but intense. One critical urban infrastructure is the runoff collection network, which is subject to
increased wear and tear due to the growth of impervious surfaces. Changes in rainfall patterns resulting from
climate change have amplified the occurrence of urban floods, which makes essential the use of new
approaches such as low-impact developments (LIDs).

Materials and methods: In this research, the runoff collection network of district 10 of Tehran Municipality
was simulated, and its performance was evaluated under current and future conditions. This district is located
in the relatively dense fabric of Tehran metropolis, has a population of 327,000 people, and covers an area
of 807 hectares. The simulation and evaluation of the runoff collection network’s performance, using the
vulnerability and reliability indices, necessitate a precise model with detailed information. To accomplish
this, SWMM version 5.1 software was used for simulating the runoff collection network. The study area was
divided into 285 sub-catchments to allow for more detailed simulation of the sub-channels. Information such
as slope, area, and the percentage of impervious space was incorporated into the catchment data using
ArcMap software version 10.3.1. The sub-catchment width parameter was calculated by dividing the sub-
catchment area by its greatest length, employing Q-GIS software, and then applied to the sub-catchments.
The LARS-WG model was also employed to generate the micro-scale output of climate models
exponentially. To simulate the network under current conditions, historical precipitation data from Mehrabad
synoptic station was used. For simulating future conditions, precipitation data from the climate models
presented in the sixth climate change report were employed. Among the climate model predictions, the
scenario with the highest projected rainfall was chosen as the pessimistic scenario. Subsequently, low-impact
development tools (LIDs) were employed to enhance the network's performance against climate change.
Specifically, swale and permeable pavement, which are recognized as two of the most common and efficient
LIDs, were selected and implemented under three different scenarios.

Results and Discussion: The runoff collection network of district 10 in Tehran municipality was simulated
under current and future conditions using the SWMM hydraulic model. Initially, the SWMM simulation
model was applied to the current rainfall conditions, considering various return periods. The results indicated
that the total runoff volume for the 2, 5, and 10-year return periods was 45.9, 51.14, and 59.7 thousand cubic
meters, respectively. This increase in runoff volume led to an increase in vulnerability from 10.4 to 12.2
percent and a decrease in reliability from 97.5 to 95.8 percent. In the second stage, the runoff collection
network was simulated under future conditions using climate change data from the SWMM maodel. Previous
studies' findings were used to determine the most suitable climate model for the sixth climate change report.
The top 5 climate models were identified, and the model with the highest precipitation was selected as the

Integrated Watershed Management, Summer, 2023, 3(2), 30-46 Avrticle Type: Research

¢ doi: 10.22034/IWM.2023.2002072.1077 Online ISSN: 2783-4581



Integrated Watershed Management, Summer, 2023, 3(2), 30-46 Avrticle Type: Research

¢ doi: 10.22034/IWM.2023.2002072.1077 Online ISSN: 2783-4581

pessimistic scenario. The simulation results for the network under future conditions revealed an increase in
runoff volume, reaching 64.04 and 72.18 thousand cubic meters for the 5 and 10-year return periods,
respectively. Consequently, the vulnerability index increased to 12.7 and 13.9 percent for the 5 and 10-year
return periods, respectively. Meanwhile, the reliability index stood at 95.3 and 94.3 percent during the same
return periods. Then, two low-impact development tools of swale and permeable pavement were selected to
improve the network performance and were introduced to the pseudo-model under three scenarios. The
results showed that after the use of LIDs, the total runoff volume decreased by an average of 10.5% in the
first scenario, an average of 17% in the second scenario, and an average of 21% in the third scenario. This
reduction in water flow volume caused the vulnerability index to decrease by 8.3% and the reliability index
to increase by 98.9%.

Conclusion: In this research, the stormwater collection network of district 10 of Tehran Municipality was
simulated using the SWMM software under current and future conditions. The network simulation under
current conditions was based on the precipitation data from Mehrabad synoptic station, while the simulation
under future conditions used precipitation data from climate model outputs of the sixth climate change report.
After simulating both scenarios, the performance of the network was evaluated. The simulation results
indicated that as the return period increased, the vulnerability index increased, while the reliability index
decreased. The impact of LIDs on the network was further investigated through a re-simulation with LIDs
incorporated under three scenarios. The results showed that the implementation of LIDs improved the
network's performance, leading to a reduction in vulnerability and an increase in reliability. Furthermore, the
results demonstrated that LIDs had better efficiency in improving the performance of the stormwater
collection network under lower return periods. It is recommended that future studies use optimization
methods to better implement these LID tools, aiming to reduce costs and enhance their effectiveness.

Keywords: CMIP6, Drainage system, LID, Reliability index, urban flood

Citation: Hosseinzade Kuhi, H. (2023). Investigating the effect of climate change on urban flooding
and reducing vulnerability using low-impact development (LID) practices. Integrated Watershed
Management, 3(2), 30- 46. doi: 10.22034/iwm.2023.2002072.1077
Copyrights:

Copyright for this article is retained by the author(s), with publication rights @
granted to Integrated Watershed Management. This is an open-access article
distributed under the terms of the Creative Commons Attribution License

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




g o £ o (Fo—FF) Slxio IF+¥ Ll ¥ o losd cpgms Jlw  judul (sbe oo zolo ca poto

doi: 10.22034/IWM.2023.2002072.1077 TYAY-FOAY : g sl L LS 8

axwgl S )1 31 31 (5 350 3 U (5 T LS g (5 300 W 33 ol gk 31 (w5 98
s

¥ 295 00y (i
U‘f‘ ‘L}‘)‘ef ‘U‘J'ef olKisls ‘M)M cuSlisly ‘g.j GL».A 09; wgﬁiw‘é
hosseinzade96@ut.ac.ir : J gowmmo ol o™

OFY/ ¥ iy gu,b VECYYIVY g 55550 gu,b VECY/VITY sl s fu )

oS

S Sl (§ygl@nar A ol adlo JL3s &1 1) (6l Mo 1y Giul3dl oyl 695U i b (oSl ol 039 5l
P15 arwgi sl ol ST bylpd St 3 99290 09 posans Gy o il O 230 9 J 568 ol el ) olgisay
b OlR 6100 1+ alilaio Slly, (5591 goxr Sl gy o 30 Ogid g0 MBS Hakiie (e 4 (ng (5B (ylgieas (LIDS)
SWo,90 carnd LT po Sy g K] ()b SLrodld 1 (ilwdnds ST 9 39590 Ll pd ;3 SWMM l380e 5 51 oolicw!
ol B iyt ot 45 s 53135 ol (Lo s 31 Joko 8 ool s o0liias] 39 90 g oyl M g Jlas 1+ 90 oF CedF3l
e s oolisiw! (ST daylps ()b SleMbl lgicds g3 ybuw oy ailioudy 9 Wad 0510 Jaw sciold ObT ygo 3 gloosls b 1y
b as ol (Lid 29290 audg 30 (gilwdmd gl od (uyy s obaobl 5 (5 dycmml Gloas s I oolisul b 4l o Slas
bl EalS 03 AB/A B AV/D 51 g y2 iy sbionalol g 458U S 1331 0wy VW/F 6 1o/F 31 6 pkpicommol cJlus Ve B Y 51 a3l 0590 33!
SRy pbebl (a3l 5 a0 )3 WA VY (Jlus Ve 98 oS3l oo y90 50 (6 pdyml (a3 5 ST byl (g5 lustnnd o sl
i g el aSul 0K as dgute S piudeki 3lwg) 9 AL (S92 T oS Arwg Il 93 s kol Cews @ AF/Y 9 A/
Jgl g2l 0 a5 (5 5bar 4l Jals’ JS Gllg,y x> LIDS (655,54 51 (g 45 010 (LS gulis .o (B yro jLw dds Joo &1 92 )L dnw
Ot el ouds aiwls S ©llgy maxe 31 aeyd VY (0l pguw 925l 50 9 oy WY (xlo 090 g25Lew 53 (o y0 1478 (SSlse
313 lis g3y ol -Cawl 0uis duo y3 AMA B (5 5 0y buabs! 1331 9 o0 MY G (6 pdscamw] LidlS crgo Ollgy pzxe> ials
o ol Ol i 31 (L Ol ble 28 S Fgo 515 5T o drwgi sbaylnl &5

Oy ool 50,135 (Ol (69T @nr Al (6 323 yLisodl (a5 L (6 30 OV ((LID) 51 oS amurgi' gyl 300 1 gudS” (sbdo5lg
e

GLQ)‘)J‘J é)joﬂabéfduw—‘ Mljssw &_JM)J(QJJS‘M)J‘ ) (\f’T)C “5&95 °°‘)U“"‘”‘> :olew!
Xo¥P X)) o] sloojs> gol> oo il oS dngs

@ ® 3T o s b L] ilgd ol g1 Lgames allie ol () o5 (6l ol 3>
Sl gy e pses lp o ptd Colicg 5o Sl & jsoa 480 nl 50 00 Ola Slallas ples




YY VEY hinals ¥ o)l s Jlo cjuel sloojs ol Cupote

S ol Sidans g S gblie s St Jele
E Vb @ud b Ll obeS Sae sl Ygane Sk
‘A_J)L.M: &59 JLQ.O‘ P9 Sl )‘Jf].usb ‘Mégo
b Wlg e oeldl Ol et oal, 2017
S35 peinme jsboay o Lo B)b 655! (4o LB
(Jlaplyeay all anily gy w58
Vooro (Sl a5 iblie o aas o ylas Sligiss
B waes e Fy Yo ad by olisS e (sl
Dl €989 5 )L S5 59, 2 (ool DS
Al-Zahrani et al.,) col sgpie 5 i (5,00
o Ay Supde g ey rlple 2017
23 SNy SF S Glyeds (L ok (s 0
() s o Sl el Slis
s, (Santiago et al., 2021) ¢l (5,9,
sl Kal, 51 S olgeas JLID L 31 oS arwgs
Sl g D Sl s gl Lol
5 Sxslenr Slapiunn Jold bolnl cnl g oo
3985 9 6, 500,¢ slopimas (b ol saze soliul
Sdpdsh Gl L byl cal Wpdise pisdsh
Sy ol bl 2l Goslesr 5 b
Al )0 g ool pals | (6 ol 4l b oais )l
22 oo 2By (65l s Sl

g—l sl 4ds () Lo g golaidl bl
Sy GBS o rlan DUl e S (e 0
SRS 3ol 5 DDl Jla G2l DUl Gl >
gy so sled 4 Lo LID (5,5 ,54 sblye alox)|
Gilwand b g agh i 4 asll o
ol LID (6,5, 5a 5 a5y o ,Slas SWMM
5 (VV0) o, 4 Khalighi Sigarodi .04 o
A (6 ka0 SWMM Jow (sawl IS iy

S50 G0k Slagy 4w cou 1) Gy, syelae

Ls‘b?: o.>|)' Oy

doddo
sobiieds o)lgen o0l 4 B andS 5l (ke gale>
WS Joe 5l g 4 Sy, ads 5 s slaex
(Chocat et al., 2007) wlazd 5 S & |, Slaols
5 l) Dada bbb )0 Lo 3l ol o
09N 9 R Selipd  lead 5Kl
Jdo ol e canlinn  iSay sladilels 35>
.(Neupane et al., 2021) wil leodw ol aslis
Fhb adads s § O 50 slacd i w4z L
LMSMT)lfmeqgid)j]@?W&%
ol Sl S A sloaly 595 5 o
w2y Slgiee oy (nl In) )ls 929 Glimes
S5 (6 e Slacdlw Sal g g9y Jlsl B il
5 Gy drwy & 4> L (Zhou et al., 2019)
Ul 4 )b 5l (@b e pdy Sk polaw als
ool Dol g lade sl ol jes 4 aS oul boS
S slaez 4l o Sloe Wilg o @eldl s 5l 3L
Bineshetal., ) aas 3 sleidless |, daw Ol
3gaS 3l (6 pods s .(2019; Ghodsi et al., 2020
Sy g a8 Seaas by, 6 lans 4t cod)l
A b,k b bl 51 55,0 Gl oS amo o0 7
5o kol Jole 9o (Tasca et al., 2018) sgis 5 oo
Jol 3,10 0925 (6 i Dl GwL, W] RVRWA}
G4z L a5 (lingd S s Cones A,
ALl ((Sjslg e 4z 50 Gl slacollad
Silva et al., 2014; Movahedinia ) aas oo (i3l
3ol wal Sail (Jele g (et al, 2019
A5 > ol g Wl o aS Cewl o8l Ol s
5 Ol Nlg¥ o g 3l cage LEE (SO3e09 000
ol (Dongetal., 2017) aas ,oss 1) 5,0 Slsl 2

1. Low Impact Development



S5 anwgs slalnl 5l 6 pFo,00 b s pdycm] 2ol 5 6 oM g peldl jois Sy Y

1) slabis 2 sla Sogll Jb g gl (20 «lly; w2
g o, £V s, FO-A e 4 i @
Je Ver BY cunSil slao,ge j0 ausyo YY-AY
Ol gl Lot b pizee lagl o pals
g lw dw 2 Cod o LID oS o ,Sles a5 wisls
0,99 liel L (RCP8.5 4 RCP4.5 RCP2.6)
o, les a5 Jl> o ol ails LtalS wig, sk
aFie Kgy 5 03 Ly shls baylnl cul S
soliztnl 25 sy g 4 (VYY) 5o g LeR 5l
ol Ol sy byl i o Oblg, J s o LID
ol sl o 5l oolainl b imghy (ol joaxisls
SWMM oo izpd g o8l jss oty 5155
oolitul o g b Sl g9 50 DUl (gilwdnd Cg
3hoolaiul as ols lis b .ol 48,5 0 40 LID
5 gn el a5 Ll 4o 1 oS angs (slo 3
oalawl pae > 4y e |y Qlilg ) e 2o )0 Y-
g Jazaeri 50 adlas ;o oms zals byl )
oS damgi Sl ;b (cwyp 4 (V0 YY) ] Kan
zol o ol plid mls ab gilwass SWMM
Ol et (hg) 5o (Jlo Ve a5l o905 M
Obl iy g,y 50 ey VY (sl g2 bew)
YA Sg5 alily gy 50 oy Y (pgo (590,Lw)
el abls ol as )0 O oS 5 g, )0 g o0
GPo) riestatl plpeay Sei Al zes

A gloll ddlaio ;o axlllass g0
ailaie T laiyl 2 el et 1 Ghgsy (ol 5o
Cod A_:L"}) 6)3"&/:;.} AS...M: b)il.o.c 9 A.xIUa.ob)g.n
odd dumlio aSD (ad oy b g (o) p Ll 2 (0
Olyrsar Jl oS anwgs slo)lpl 655, b oSl
S0 S el W) 5 (g sla Sl 5l (S

5o Shaslie Oy, adllas ol Ho wols 1,3 Sbj5 )
Sllg, b oseie d o lse (25
aly 5 00,8 Aulio Jao bugt o s3lins
PR S A oa gy Olayg,y A 4y bgs e NS
2Uly 5l olis a5 cul sdnliwwsa +/OY 4 +/AD
axllaod g0 dalaio ;o Ollg, (g3lwdd jo Jow YU
Joe 51 (V- YA) o), g Ivanovi¢ asdlae o .0 )ls
oaus oolaiw! O w6 5lwads Jud=s 51y SWMM
Ol ol 5o 9,55 et LBk s o) n b
cel Wlgh oo LID 5l oolatul a5 el oals oold
ol gmals g Ollg) e (gduo 0 Ve dga> jals
g ADdI coagh 5o 09d Gt S b
Sty 5 $slol sniicenl (V1) GlSea
2l S s Sk elde 5 Gl 4ed Ll
adllas opl yo losls 13 wjpoee 1) O
arle 6l 5 il lagasls cuss
ML s (g3l Joe 51 00l b puras 10
&% o)l w6 S el sla g, 9 (2Ll 2
as ol gl mls cwl saslcwsdy oyl olas
GG Sl S oEx st sk
lasdlas )0 a3 )ls 1) O &y Lo (6235 S
Sy (YoV0) oL Ken o Tagizadeh lowg oS
RPN TV SO PEY,
S8 A XY diie b b, S Sy,
dilaio Cpyl llyy (65l aa 4K Cansl 00 oasy
syl § cow 5 SWMM l5ble i 5l eoliasl |y
a5 ol s b o g jludands LIDS (6,05, 54,
9 958 Slaalil 4y S () SB35k
0 G ) SR @l pdided sbasslg,
550 5l eiSih oyes (RIBI L iz )l Sy
OhSen 5 YaNg .osd oo awlS LIDS (5.5 IS4
Sl el e, 5l Sy olsieas |, LID (Y- YY)
Ol gl (30,8 cwyp (seal8l Dl s sg I
Wl o dnllland yg0 dibais ;5 o LID Ly 45 ols

1. Nash Sutcliffe



AN VFeY ul...,.....ul.: Al o)Lo..i'; P g JL.» ‘).c;u] LELQ")'P (v:nl:> Co e

oS! .(Mousavi Janbehsarayi et al., 2023)
)h}s\’ WJQM‘SLA.SQQA@SjW
2 P cage 8k 6Nl pens b (oeld]
PRI R G?LL:..A uT 6)916“'? Sl o,Slae
pkel (deeS 5 oollisnd oarde e Jrmws
s dxlllaesge adlaie jo Clly, 28 o JUIS
S 5l 9 Slgs GLLS 4 378 Coow 1Y - e
S U 2925 5 ouds Sgazme gol3T Lls 4 Jlad
3ol Gl b oot cely (LLs g0 cpl jo Lo
S9 dgid ddlaie o)l ccewdYl gladsg> o )L
sb kel 5 =8 s (Sn s ol
Dy oo 0alive K8 F0T (598 laizai sla b L
@95 anyS Wl Ol el Ve adlaie 5,000
sllpl @S a5 el o Ses ) n Cux
Aol abls o, Sles dge Sz A Sl oS Arwg
Ole )l 00 ddlain (5,545 5 (SLiwl Condse

el ool SY S o

@95 o.>|)' Oy

ol G5 el sl ST s

gy 9 Olgo

axdllod j g0 ddlaivo

Olpedr Olps oloped Vo adhie iagn ol jo
L oadlais ool .canl ools Q! axlllass g0 ddlais
5 (S35 po 039970 53 Ly 158 YTV sgu>  rox
el S AV T Colawe g o)l 18 s
Gble 4 (o0 OV) aalhie ol 5l jisw (5 s
YO) 5SS idu g oo ool plas| SeSus
ouiladl oy YA g o)l plais!l plee 4 (as )0
4O °li:"""i‘ u.:).u_iub).: QL’T}.Q,O QS.....:W oli:.m..:“
oK) cpl oldlpe Olaizs o)ls I8 adlais oyl
Jsb a0 OV 5 Jli o ax o YO/
WWAZ A Lo a5l o] ol els )l conl (3,0
Cowl o doo YYV/V Ve )L Sl 9 o

3950500 N
9 @ @131 bl
s t ; =g il
3950000
3943500
3949000
3948500
3948000

3947500

39470600

RGP V¢ adlaa

O e e —

531000 531500 532000 532500 533000

534000 534500

axdlaos ygo adlaso JSliwl 9 (6905 ComBgo —) S
Figure 1- National and provincial location of the study area
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Table 1- The 6 and 24-hour rainfall values of Mehrabad station under the SSP1-2.6 and SSP5-8.5
scenarios (Hassani et al., 2022)
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Table 2- Performance evaluation indicators of runoff collection network before applying LIDs
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Table 3- Vulnerability index of the runoff collection network under the scenarios of using LIDs
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Table 4- Reliability index of the runoff collection network under the scenarios of using L1Ds
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Figure 3- Changes in network vulnerability and reliability indicators before and after applying LI1Ds
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