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Urbanization increases impervious areas and results in more runoff generation.
More runoff generation can increase the risk of flooding. Therefore, it becomes
necessary to use runoff control measures. Low impact development (LID) methods
are among the runoff control measures. The bioretention cell is one of the low
impact development methods that has been noticed due to the significant reduction
in runoff volume and increase in infiltration. However, the overall performance of
the bioretention cell varies in different areas and different designs. In the present
study, the performance of bioretention cells was evaluated under different design
conditions. Also, the SWMM model was used in the modeling of the study area to
evaluate the performance of the bioretention cells. The results of the present study
showed that the bioretention cells are capable of reducing flood and increasing
infiltration. Bioretention cells reduced the peak discharge by 65 to 25 percent for
rainfall with a return period of two to 20 years. The results also showed that by
increasing the thickness of the surface layer of the bioretention cell, there would
be even more runoff reduction. Increasing the saturated hydraulic conductivity of
the soil layer of the bioretention cell also increases the performance of this low
impact development method. The present study shows that the use of infiltration
based low impact development methods, such as bioretention cell, can help in
improving the hydrological conditions of urban areas.

Cite this article: Mehri, M., Hashemi, S. M., & Javadi, S. (2025). Hydrological Performance of the Infiltration Based Low
Impact Development Under Different Design Criteria. Journal of Water and Irrigation Management, 15 (1), 131-145.
DOI: https://doi.org/10.22059/jwim.2024.360802.1107

©N0IS

BY NC

© The Author(s).
DOI: https://doi.org/10.22059/jwim.2024.360802.1107

Publisher: University of Tehran Press.



https://doi.org/10.22059/jwim.2024.360802.1107‎
https://orcid.org/0009-0009-3378-7851
https://orcid.org/0000-0001-9962-1437
https://orcid.org/0000-0003-1008-0254
https://creativecommons.org/licenses/by/4.0/

VP ke Jglosleds a3k 0,90

- -
FYAT-4T) :Jf;//"‘rid U’/“:I ’hf/ h:f;{)

Homepage: https://jwim.ut.ac.ir/

i

o 213 b jlixo o 9 g3 K P drwgl (SN 3999 300 8 Shes

Ts3lsn globs | BT il gugoann | (5 pte0 3o

milad.mehri@ut.ac.ir :asblly .l p) oyl (ol s olKuisls anb qolio g (659liS GBI o655l (6 y9lid 0uSiiily col (wdige 093 .
14bLly ol olps colps sl b mlie 5 (g5y0liS HBASily (gjsliS (gysld eaSiisly ol wdige 09)5 (Jotuo olimgl .V

mehdi.hashemy@ut.ac.ir

javadis@Ut.ac.ir :asbl, -l eyls o) yad ol e onb alio 5 (55ysliS SIS ¢(55,5LiS (5 oSl el pusiigee 09,5 ¥

2SS

Al OleWb!

Fobe Sllgy g 258 e 5k CUly) Mg 4o )3 9 B zslaw il cage g3l red
S o My @98 Sllgy S8 slasdg, Sl edlinal calply e (Rl G Jlas g e
Sloibgy 3 (S o 151y Canl SBlgy S8 pg5 sln sy alas 3| SIS anwss o
ol 485 51,8 453,90 3985 (il g Uy, e a2 BB (LalS Jdoa o Cul SIS dag
2 Gl Golate calisee (sl Syl (gly g calisee bl )b Wlocuws j Joly gol> 5 Shas Jb oyl b
OEzeh L8 LS Gbjilee e (b Lulyd cod Sletunj saly 3Slas Sl iagl
i odlaiw] dslllaedyge dilaie (silw Jde )3 SWMM Juo il Sleciuuy doly 3,Slos oy 1y
SloCauny j anlg 3 I 1) 398 iul38l g M yialS Se] Sl 5 dolg a8 ol Lis iagh puls
50 CiS 3l slooygd b )k (sl 203 YO B FD ke &y adlate | (295 Clly) g5l (2ol cage
OBl Slocuusj doly (aw Y Culbus il b oS o i ines gl ab dlo Y- U
Gge g Slocunj oty SB Y bl Sy coli (oI350 3029 Sy, St pials
slagty) xS0 amd e (LS ple Giagh 9o JleS dawg gy cpl 2Sdes lH
Bble (Sojgopten Lulyd 290 3 Slgioe (Slocuuj Soly (ymen) 398 p (oo JleS dawgs

Al 038 SaS (6 4

gy i il £o3

VY[V sl s g U
VEY/AND 15,5530 G )b
VYNNG 1y iy o )b

VEF/-YIYY 2y L) g U

o jlgads’
b Mo
il <o pto
loCausy j A

S sSay L

SWMM /s

iliso (b glajlus o5 Sgi p (ine S g (Suigderien 3,Shes (VFoF) flobs e odlsn 5 (shaten (odln Do (s o DUk
DOI: https://doi.org/10.22059/jwim.2024.360802.1107 V¥ VYY (M) V0 «sylo/ 5 of y o 4 puiti

oI olSsly )Ll Ao 1yl



https://creativecommons.org/licenses/by/4.0/

Y lplSat 3 o o/ cilises >y 518 lore o 39t e oS s it 3,5t

doudo .
s @3l (25 GRIB g Sllyy Gl e p gy A8l S0 (Se5lgken sBALLE  agllasl U (3l 0
)So &Sl GYosb loj e g Canl aub Jlad G b plie g oges sacE Loy (Jlsel 4 @ jlus
» 9 sibops x5 (Shuster et al., 2005; Luo et al., 2022) 345 o Mols” o] o oS o) y9 238l o 351
el gjlopd o5 oy Ui UK 40,55 53 (s od Mo jlad Slyess (695 2 hled zobaw (il aonss
Oz D9de Slly) @ol (20 ey sl OB lagles g ol wlagy (23 lie 9 (P Ul Sbx
aw dopd 4 LSa (g5l g 51 (BB oM > iol38l g SSU CMew )yl; cod gble oS b LS s
e s b e 5 Mo 23 (Si 35 iligh (b sy Ko g5 @ b pissis
(Feng et al., 2021) 5445 0 LS Gdbdy golaw (pl ColeSS w555 b duslie ;0 1 LU3ea5 olaw

Capde yorbs Slagls) jl (S sl 908 Cllyy Cupte slalyy drwgs gjlo e Sl al
A2l) bz sy 3 Slgy S5 9 LID (slaigy aslige (LID) SlaS dawgs clagsdg, scseed Ul
LS S5 b dreg 3l S lalyd 4 ]y (oped sloase iy b S g odliul (e socSluy;
S S3gaSlsS bl gy supl adgs 3 LID (o by 5,Slas o)y ((EcKart et al., 2017; Zhu et al., 2019)
g a2 Al |y bawgie 5 Sog8 (S85k @By CUly) o> S3e jsboas Wlgi oo LID (slagby) o5 oy (L5 o
S ez 3l 1o,d OV/A Wlgs o LID wie sYsb Slles (sl g duopd AF/F 50 Gllgy ials &5 Sl
oSlie ades 10 (6,500 Ligh (Yin et al, 2020) sad yialS s pd YA« U1y ¥l Cllgy 9 5,5 1) eVl
Gl oy Cusl 5Sae LID (slaps, o Jboonl b ans jials allo e 5 Ve wod cbeaiSil o)ed b i)k sy
o Jled & posls o (Zhuang et al., 2023) wils 3l (KiS K sasaile oSTie gblis y3 Gllyy Ca e
LID slagiy) r5i4 1 Jos (nyipte 485> 5 ol 5518 Curdge 5 LID )b Sl &8 s ooy ol
a IV e Gllgy o s Wlgi oo LID (g5lwdigs slag b a5 ol lis uouls j eddplos] gy .l
(Yangetal., 2023) a2> ials +/0 d90>

Sl Jilis & icbly) wo 28l Ul o col LID (slobsy o mte J| (o (BRC) slacanj 251y
s ool & (93909 sloosiy YT p 2 (lS g 555 5 s Gl ¢ e) ol daome 4385 @yl ol
alg 90 3l 29y 9 (89959 b y> (2008) Davis .(Hunt et al., 2008; Yang & Chui, 2018) )5 |, uejy; o
gy asdly ¥R aS oy )8 wyp cov Jo 90 & K05 Sdedy |y A.x;.li),o oKily dbgoro ;3 bl Mlocuu
& lp Wlg e Slocun; aly a5 o ol (2008) Davis yiagh zols IS jbas .Cavgn gedgdr ol
&S Wdg SooS (S ojluil 4 Sllsy mBg 5l o )d VA Ll Phe (g0 drwgi (SU5elg 0 ol 3l il J8le
sl 2 0Bl sSle (izen WSS Sbml (298 Ol g 9 IS ] 399 (b e JS Slecunj ol
2 &S SleCuunj daly S (2011) DeBusk and Wynn . sdalie obsl Slecum j 15ls 93 (sl o y> OA 4 ¥4
Lol oy gl W3l S8 oy 0390 1y 392 08 sl S5 S bl syglaes slp iz g oS pgmnsly
2oy A% 5 AV i ) SESOL e ol el g Ol e Cudbge b Sl doly o5 O L
can 3l w lias g « 50 M )0 Sleciuwj slaisly 5, Slos aslllas 4y (2017) Willard et al. .cusl o3l> jials



V1FoF (Jol o sloss o 35l 0490 o5 ylof 5 f <o pito \AE3

Slocws; slassly 5l (9,5 Cllyy a5 Sl )lS, (gl ol s s sl Slecuwj sladsly ol 5,55 Jlo
b by ez )0 Gidls as > WA 5 by ol o Lials as > A dle can oyed oyl gl ) WS Wgs
Ol e 50 (il Lo AF 5 ol gl 3 el Lo AY Lo n Sl g 5 Sl 2929y Sl (slasoly
B b ol u“b:lf 3 Sl dh»lg aS ol ol guls ol csls drg WleCum slasly ol 5l b
Sl ) 1) Bl j doly S 418, (2019) de Macedo et al. .ol sxile 8L 530 jein Jlo can | o W)LS,
sdolcandds ol 153,85 ol el Sl )93 ol )3 Ol (09 i ;> a5 S 0y93 b yd ¢ iy LoglylS
2 glbacs ks 18,5 e o boob i Sbeuw) daly lp 1) s Ve Gllyy cuslinSs lodily bawgio
o.)l.é.};ol.))y 0)1.353 G i )...C lan] d]).g A.,lyuﬁ Jal.nw) Jo-lﬂ Jawy DA.::D).P'-S LTJU]B) JMLJ cg.j O P yawd
And ialS Chas 4 Suid Juad Job g3 JBlas |y ol asgs 0 O clolis 95,5 1,8
Sllgy JyiS 3 (Jed bl 5, Slos Slocums j dnly SloS drwgs igy aS oy lis sadplodl (sl yingh (aw )y
&S Cuwl 398y e SlaS drwgr sla igy dlen I Slecunj dly &5 CaS LU i en D) b slbasses
S5 2 iwe LID (sl gy 0,8kas )05 3 1) woiej sloee] s (ISl (i 35 sl 9 Ul cudlinS L
LID (slagsbgy sl 3,Skas atels o ool 4 a3l aialy asagy cul (Sl Ll 5 S Ll & e
a ol ol jiagh o Slllhe W oSS (gl biwly pwen o (Eckart et al., 2017) Coul 5bj sl 3585 p s
cov SloCuw ) Wly (Soidsyn 3 Slas Jobs yingh ;0 .Cuol 03,8 KloCuu) sy 2, Slos | ols g0y
Gllgy Copae Jao 5l diwly cpod )0 .85 JI)E o) pdyee cliloCuns) bty Y (gly calisee slb byl
§) Sy pols imet ddllasdyse dilate i peh b 03litel 5350 LID 3,Skas )y glp SWMM _ocbaus
2 Ao jebay job Giaeh 0 Sl ol 0 Slas il a8 S a5 > ol 4 gyl VY ddlais
SUlyy o Bl 9 3985 e laljBl )3 wlotunj aaly 3See (b5l =) KBS 8 (o) p0y90 2 slagis
oy il (2o Sy gl (23 330 5 G ) Slecj oy 5 Shae (25l -V caddland)ge adss Sl (295
JJLOW) dLZbJ.>|9 DJ).:.MS u"l"))‘ -¥ ‘u;)'tw bla 9 oMo > u,u.thlf o JJLOWMJ) A>]9 .))ﬂa& u.)b))‘ -y
Colue gl g Slecuw slaasly pl il plaS o 15 g5 (iuli8l g Gllyy (ials blod jl ddlais )5 sadiosls )l,8
oly SB 4 g odaw &Y 28 Olasein ;o Slusd 186 b)) =0 5 Slecu; oly 2 4y ond iSa digg

lbuﬁs) 9 é‘,o -Y

4&‘%6}90 M " 0‘ oY

Gble 51 VY ddlhis 5yb j0 a5 HlSe £O Colue g 4 Cwl glddlhais Jols ingh dddllasdyge ddlaio
ssbar ol ome) 6l g Conl @STyte sl (6y0d <8l gyl adlate ) ol 485 15 e ()l yed
25l o Se s Si8,5 0T ggdas i dilate cpl CLl LYs il e 559 5 (SeSume odes
S e pSlite b dgry iz en Cunl odd carge adlae (ol 3 1) GMgsed (L)L &S 2,8 o)A )L
P PleS amwgi la by 05,84 5, Slee &5 b oo ) el (pl o 5005 Slly) W cage
Iy SWMM e ;5 (st (daw Cllg,y (syglans a5 gj95 g alllandygo dilaie (V) JSC5 il 4595390



y¥o lplSat 3 o o/ cilises >y 518 lore o 39t e oS s it 3,5t

J Tehran City - Iran | Study Area

District 13

-

Sl 35 Pt < oglon canl osalia B () US> osdods ol Sylaols 3 52l (agy ol Jolye
Sllgm 5ok Jbo S5 SWMM .1 odlitl adllasd o dilaie _sxaw Sllsy (63l Jio ;> SWMM o jl s
ozt Joo ol (o pd sloase ofigw) sl ase (Sdgue 5 Suidaie il ledie oy
gl sy adg> Gl Sl g 4jos 9 0)5 |y (ped sradg )3 LID cilisee sy, (silode (Ul
0, 0es ol sliwly > sl imgh 4> (Swathi et al., 2018) sad o pbxl 1) Su)L mBy calisw

Soil layer |

—
[Surface layer |

b

Making
changes in the

design specifications |
of BRC layers

Designing
based on references
and the study
area conditions

in runoff volume reduction
in flood volume reduction

Designing bioretention cell

in peak discharge reduction
in delaying the peak discharge
in g volume
3 . Applying designed Comparative evaluation
[;'::: :n:;::::: BRC in the developed —>{ of the results before and
i hydraulic model after using of BRC
SWMM hydraulic model Evaluating the effect of changing the

characteristics of BRC layers on its
hydrological performance

development

Rainfall data,
geometric data of
the conduits and

subcatchment

data

" 'Fig'ure' ‘2. Flowchart of the present study

ol 2 48 wgdpe sl (bS i i Sy lsisar a5 b (8,5 150 L SWMM )3 (e O My
Obyr 9398 s Sl ggeome 5 Sk (63959 o oW b loj 4 i b (e b Bos ) e
2D AR yxT dd g i B 3D Ded o Al Bas | b Ojyaods g Kidle dolee I eslaiwl b oS cunl g,

68 s pobods g 48,8 Jai > laatuee JUIS Sy licds adg ) o xdam bly,y duwlme (sly SWMM
JOE S plgisar adgm s (38,550 b s cnl @ g amles jlainyse JU (ope plp asge s yoye



V1P F Jol o ylacs o0 35l 0,590 e ylof 5 of o puto "

Aoles A8 o odliiw] asgs ) Cllsy (05 duole (sly Sisle dboles jl SWMM cdsgn 55 b (5 ye0n  Lilatinno
:(Rossman & Huber, 2016a) uib o pj & )q0ds SWMM  Jio 1> sadbosliiwl Siile
Q=R A (V
Cuol (alato A (MIM) Cul ddgn 5 lawgio Cud S g adge ) pdaw (65 5 Cunl Cjle N o s dleo (pl )
S Jsie 0l ) d i) g (455505 o35 (i) W o2 b hbates JUIS Sy glae (lyisay & JS5 hbatns
s 3 S5 R g A) 39 0l A el Sgyion £l 35 R S 0 Jas (canl asgo s JSb > sis e b6
g g 3)ly SWMM 3 ladidgs 5 (sl (63959 palie (lgics W g S i (slajiel )l (et (s o g @yo yie
rob Gl 53 olitaldjge sy )l D9 e dwilne adg 5 e Slloym Bl (gileJie d > g d e
(V) JSs )3 ol ool (slacdlSgnle o a9y allu Ve g Ve gty 093 CutSh (slooygn b il i (slagyd)l Jols
byl adllas e dilate (IDF) lol i-cotem i (sl goxio ) oyl oyl 45 CuiS Wb pwinpen ot o3l i
(9 CuiS il (sloysd b 55l (sl 3yl Bes meod palie A5 gl Sl Cglite sSsl g, ) ookl b ol
g i e YYIEA 4 YOO XVAY OVNYF s cospis dllo Yo g Ve ey

—
<

T T
I 20-year return period 10-year return period [l 5-year return period [l 2-year return period

.u-uu-uluulmuhllljhlﬂuuu | jhhhhhlﬂhhhhmuhuumul
10 30 50 70 90 110 130 150 170 190 210 230 250 270 290 310 330 350
Time (min)

Figure 3. Rainfall hyetographs used in the present study

Rainfall (mm)
=3 I ~ w - n a 2 =] E-3
T
Il

Silocuus s dly 398 3 (ks IS dtwrgh gy 6 5 554 T Y
Jolis SloCunsj dnly clls oy odlo jd cCunl ouds oSt 881 Y piis 5l cogre Hla | MileCum j daly S
OY s SB Y daw Y Jols Y daw pl 0,5 o )8 ddlate aub lbSB g9y p a8 cunl 28 Y aw
2o ooy 9 LS Aby e (>daw &Y (Rossman & Huber, 2016b) (¥ JS5) cuol (g5lwo p3d
&S D oo bl S 50 S 4Y Clasuin Cuwl dlocu j 1oty 4 odds LiSaj bl | oadbas 3 bl
ly (ordaw &Y )3 ondigyglaes Cllg) Bl bl wlacuw j aoly 51 53 d9290 (2L Jhdy 5l Coles y ogMle
wles 53 &S ol (gilwopdd Y wlocuu; S5ty claaY 5l 4Y 3T e dei 395 > Ses loj cp5pS
ly 4 (639y9 Sllgy slp ok (silwopsd clad el Bua b &Y ol D dalss dilaie anb clbSK L
&S 2y Jygod Silwopsd OY sl sl e, (Hoffmann et al., 2020) 39 0 48,5 e slocons
B4 Slocuny; oy (¥) S5 el 1) Al g5 catSilo)es b )k 5l (86 Sl (9,80,55 oblgs 4 )l
olts ) ol 28 5 @90 slagle saed 5 o b oyl dhend ol ingh > srbad S



Wy Olyad g 50 Moo/ ilo (b 50y lro Co 3947 4 o oS drwg) (S o)y bt 3 NMas

ki ] adllaas yga dilaie Jae Lulys o golie ool ohb slyiall 45 5,8 o b s s Amd
dilaio )3 Cllg) Ag5 )3 30 zobaw jlaw)> ¥NO cadlate 3 39250 Ko Cadgione & dagi b pols gl
58 ddlaie sl Lls plos By g > Wleuw) slaasly pinper b (IS b Slocu; dolg b addllasd)ge
hobls Bk g slaplasle jl (36 QUly) Slecun laasly ool (G2)565) (=8 slaglbls ) 9 85
Wo gsazme )3 25 00 Gxglann 1y aglls ploa Sl 3l Olly, (Lanye) (ol glagbls 1 525 o0 gleer

W 4B )5 S ddlllesdyge ddlaio )d SleCuwj Jolg

Overflow ET Rainfall Runon
E A
Surface layer 150 mm Infiltration

A

Vv

OO K XK X >
Native soils of the study area

Infiltration

Figure 4. The bioretention cell used in the present study (PWD, 2014; Hoffmann et al., 2020)

DB ypdyge o Blacuns doly (slaa¥ )3 Sl b (S5lgyhn b izen pols Siagh
w0 &S 39 (6350 90 S Y Ll S cola o Gl g (daw 4V Cwlus (o Gl c8)S
5 C8)5 )8 ewimdyge gl Y00 U jao ofl 3 (rlaw 4 Cwlis uis (85 )18 Jlaisyge Y Gl puss
sshie ol sl 8,5 )8 w390 Sl o yio oo Ve B Sy 0jl 0 S Y gldl (Slgpie colin s
axlllasd yge dilaio bayl i 5 mlio (olwly Slocuugj sy oY Clasuin ol culs ol 50 5 ke 45 eb o len
(o oo Y0+ U o ) Slocawsj doly odaw Y Culsus p3 poii jl 36 (Sojloyin 5l L 13 Ol
3 o8 Seidanien b ized O B ) pdy90 latns a5l ] Clasuie plu (ublbaSs cob |
Olyds polde & 5,5 lo b rizpd b oz Do) ed & 55 SB Y gldl (Sdgpae colin >y
S LY elal Sy colin Celo  jiale Vo b Sy 5 o &Y calied jio o YO0 b o
.(PWD, 2014; Hoffmann et al., 2020) s bl mlio i 9 39390 J8lis polas yolwly

e gl Y

T 49 5 39 1331 g iy J oS 55 Wlouus 3 dorly 9 5Shes 1) .Y

sdalio JB (8) S5 5 (1) Jsir > adlaedjge ddlais )3 Slocuus) lasly (35,80 (Sijglori 3)Sles
lossly 35,84 S lulyd sl adex | (295 Clly) pom sl osd Glo (V) gz 53 S )joboplen canl
S84 5l g g Al Ve B 95 CutS3l slaoygd b )k sl o i asSopio FAVY BTYVY il wilocns
oy b o)l sl cuipa |y saoyn £F U VO Lials ases 5l 93 Ollyy wo Slecuw slassly
ol CuiS b 0yed Linl38l b Slecuj daly 5 Slos ials saimd lis ases pl b lis dllw Yo U 9> culSL



V1P F Jol o ylacs o0 35l 0,590 e ylof 5 of o puto YA

UiblS Coge Slecuu; laisly (68,84 il ol odld lis (0-A) IS5y &S jsbler unpn g
lasly 65,54 05 adllaes jgo dibate ((rdaw sla] (6 pslaes wiumms 2 3ljle CUlgy) OMew o> 4255 L3
Slooyed b iyl (dlp b Al g g 90 CuiSHL glroyea b iyl gl OMw JolS Blo Coge Slocus
8l il CuSeyia YYS g AY 4 cuSayia Yo¥Y 5 YS¥F 1 ity QMoo w35l Ve 5 ) S
s 0)5 s S Wlou woly (655l am b Ve g Ve 35k 93 0 (gl (V) Jgio & 295 L iz

WSlo Bl adllasdge ddlaio )

Table 1. The hydrological impact of bioretention cell on catchment area

Scenario Return period Runoff volume Infiltration Flooded node Peak_time
(year) (m®) volume (m%) (No.) (min)
4372 438.6 14 204.5
Before applying 5 5439 561.7 36 203.3
bioretention 10 6201 656.6 57 202.5
20 6614 7105 68 201.7
2 1064 1939.4 0 219.7
After applying 5 1578 3062.4 0 216.7
bioretention 10 2126 3786.2 3 216.7
20 2379 4198.5 3 214.7
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Figure 5. The hydrological impact of bioretention cell on flood volume and peak discharge
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Figure 6. Bioretention cell runoff reduction performance change due to the change in the subcatchment area which is
draining to the bioretention cell (V stands for volume)
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Figure 7. Bioretention cell infiltration performance change due to the change in the subcatchment area which is
draining to the bioretention cell (V stands for volume)
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Figure 8. The impact of changes in the surface layer thickness of the bioretention cell on its hydrological
performance
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Table 2. Changes in the soil layer saturated hydraulic conductivity of the bioretention cell and its impact on the
bioretention cell hydrological performance

Saturated hydraulic conductivity (mm/hr)

Hydrological Impact Return period (year) 1 10 30 70 120
2 50.5 67.3 75.3 75.9 76

Runoff volume reduction 5 40 55.4 66.7 73.7 74.1

(%) 10 36.1 50.8 60.2 69.4 72.4

20 34.8 48.6 58 66.7 70.6

2 317 59.4 64.9 66.4 66.5

Peak discharge reduction 5 17.6 24.1 40.9 55.6 56.5

(%) 10 13 18.7 25.7 37.7 46.7

20 10.7 16.3 22.6 29.8 38.3

2 99.8 100 100 100 100

Flood volume reduction 5 81.4 93.9 100 100 100
(%) 10 65.9 83.2 93.7 99.7 100

20 58.2 77 89.2 97.5 99.8
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1. Low impact development (LID)
2. Guangdong
3. Tianjin
4. Bioretention cell (BRC)
5. University of Maryland
6. Storm water management model (SWMM)
7. Intensity-duration-frequency
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