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Original Paper Abstract

Traditional stormwater management, which often relies on engineered structures
such as drainage networks, is not only expensive but also negatively impacts urban
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water flow and harms the environment. In contrast, modern stormwater management
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methods, such as Low Impact Development-Best Management Practices (LID-
BMPs), focus on letting water soak into the ground and storing runoff locally. This

Keywords: n helps lessen the adverse effects of urban growth on the water cycle. Modeling and
Urban Watershed analysis conducted in the Islamic Azad University, Najafabad Branch watershed
Management, . PR .

] clearly showed that land-use changes and an increase in impervious surfaces have
Er.1V1r0nmenta1 Hazard led to a substantial rise in surface runoff across various sub-basins. To mitigate this,
Risk, ] researchers proposed 189 LID-BMPs (Low Impact Development-Best Management
Urban Flooding,

Practices) designs aimed at reducing flooding and improving runoff quality within
Low Impact Development. the university area. The modeling results indicated that fully implementing these
suggested scenarios significantly decreased flood volume. For instance, reductions
of up to 31,700 cubic meters were observed for a 25-year return period, and 26,400
cubic meters for a 10-year return period. These proposed surface runoff management
solutions, grounded in LID-BMP principles, were developed to be environmentally
compatible. Their core objectives include reducing surface runoff volume, increasing
infiltration, enhancing water quality, and improving urban environmental stability.
Ultimately, these strategies can play a vital role in flood control, strengthening
groundwater resources, and boosting ecological resilience.
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Fig. 1- The difference in flood discharge concerning the pre- and post-urban development of the basin (Lin et al., 2021)

U')‘ .\..SGA S5 u] wa..S laos 9 Lbu)l.....u G‘L».A u‘/,.ui_v u..&alf L (LID) )." WS 4.:.»94 6[&605) )‘ oolawl l; s.)}{...m S0 e
slbcasw ‘5*>|)Ja 9 PP olS clls (gilwe S slrazses dloul  pdydaal dlas 3leolawl ¢yl ol 6)51éo.:> Jols Lo g,
ply o asle> Syalol Lialidl g oy Lo 5 cbla> (ol CotnS dgupp dbanse mals Lols 0,S0g, ol sblse okiwd



Ry 6,9, b s o e g (£S5 1t 5 (6 LSS OhSes 5 golee

«(Lin et al., 2021) | ai,le (6 4 s Co e 0 gwlal Lol 055l9s ((Shahnazi, 2024) cuwl (559,80 b axwgs 4

0929 S oy e (6l (o9 Gl 3 Ly i g 1wl gliie (55500 b Ml Sy o pate g0 buw 2 =)
EIRY

S e cemslio Slaladl Al i o] (6 pdynml 5 5las (o520 30 Glaalls (Jow o (55l Jlotol 5 aute g i3l

oLl 80 S 50 s @le S el ppe jlnn (oo slacendly g ol (gl Dlaladl el sl gl 50 Vs St

g S pavad | O ccess b )JJJM] Gble @ gJ Colae b ailsog, @ adss b a.a:l)ﬂ bl c.‘a;! L Wl oo

il 4y o 5l (256 Glab Hlas 2alS y gogamme 43l aiilys o daid gy pes o (glogianes

b LS (asiiol g puitio ouisT b wilgis b Jow <o ke ly 21k =Y
aly36 o i BB LS oanT o Lol cails anlys aelsl plisan 5 Sl pio ol Jo 53 s S ke 45 (i s 3G
Sl poe ool e a4y mie (2lsn 5 T Sl imt 5 Sk ladae ot S De 5o 40 (nl p egdle g,
@yl Ko lsp g Ol 050 50 ot JBye slaglus! Slaladl s ooisT slsn 5 0T a5 cnl Lo olos (09 o
Sty 5990y Ol oS sl palis Cansl 005 0330 35,0 Wb oS 095 0 Su05 gy yliw 43 Ism g T a5 sl o ]
il (558 plab calize slag i 5 liebl pae 4y Cud 9o g O i Lulyd (0 a8 03K 0 o ) (gl b e

sl (5 e s (5323 by 30 s Sy ) g o pLE0N 0 slituano 2 puw (ol e =T
WBaly ey )l ol a5 el pwlal 5Ld SO a8 g0 Gl 1) Jos S S e 45T (60l g e g (S5 4l
ol 2z (SaolSEigSen dnsi sl |y o (e (8 e o 45 Bl o S ol a5 la oy
ST FOWRLNUR VY ‘_ng@l)la Gl S8 olles ailosls gl 0g5 o 1) Jw az LSS o o lal les 5l a5 NELYP
Lol (e g ypke dline S

el " Jolai (5,18 W (gl cawlio s yliro 9 (glolu sl g (Sl 3w ol 31 eolasw! o phims a4z LS (6 5wl Sy - €
G5 )0 gl a4 e g, 2 i 0SS JeSh Sl il 0SS 5l plete ouls ol Sleladl £45 g0 4 598 cod j9al
el oo 2SS o 03,910 1, o@.1)¢5‘élxé~_§|¢ml A9y 4 aS oo i, Ol gl s ralS s sl s,

S s o (ymly § Cemd¥ 0 1 s Wlgh s o0kih skt sl csojlw Slaludl =
|y o yhas eion oo & by T el ol bl g s e o0l &5 45 g3 a0 > (sl lelad
55 sl 6t s ke aims e LialiEl 1500 ol 3 1y o] il (s 45 Lo o dimo go LialS olSa 5y o

Syl ppl asg> IS 50 (5,56 ax Slelal ol a5 05,5

ol (o y D 0y 1 Sy Jol5 B> =T
CH PR TR SPERREINK - JCHN B GUN PN I PV [N AN JEURS SO P SN [ NP UCIC SRR CPORCH IR
Sl b o8 Wlboe Bl Hlas S atian Wigd oo (Hb s 5l 5 pSole & 5 uile, BBl 4 sln Ygene slojlu
ol 9 48T 4 o (5 Ojls Cudbge pas Ojgo j0 B ogh (b (14T @ b 5 las 0gd syl ]
RIS ARCE R PSR IR

i 510 )95 3t S o @3l 31 LT s oy (31 ey o g ke Dol 3 (g5l =Y



VE-Y Glaace) oF o)l oY 090 Gy dae g 5 o e dnliliad

Olsie 4 el dteogus o 5 OF Dlds ) bgype Colio 5 S e g Gyaeli s td (b (e Co e (o bLS)|
S5 ol 099> b 6t (ale )5 jleams oo al Bl (st €955 5 Sanl (028, (35 Slo (s et slaldd (o s Jlie
Ll5e syl wilowy g e 250 035wl B 1) Al (sLad 5 (s b (2138 g0 W (3 15T (laaddy il o g WS oo

ol o Jlaz falS g (2S5 e Sod)b Lo (imen g (LSl

] e Hlannt ¢ o S ke (raxo o § g (Eloiz] 00y CBlge 8,5yl 4o

Lol golaidl Gllasde qulul 5 Lads &0 4 Slogenal 0,5 25 golaidl Byo lei oo |y adlin g laas j0 o5 Jl> o
JB Gy a4 golasdl [l gy £95 5 amslr pldl (58 G 5l wSle (S lanme 5 (leixl slassly 5l (S
b oy ;0 galez (s Olpae g Wb 500 S Slegdge (nl 3550 0 (AS Dgldd (nlplo a5 ol
g plosl Sl Sy plaasie 5 605 liaeliy

el (Tl Hlw D S o gLl p 512 9 Co b Cod e Codlids
@)odﬁwmduoﬁudby&wlywjowp@oojm)oulsléﬁww)bo)@ Co pde
4 yonie abg e 0,8l 5 Lo l8 )] lawgs poza fare hildie CoSIbe g (65l diailgs 0,5 108 axel> ¢ (5,10 00 c(sladlate ¢ Lo
Sed o s pals gl sude Sbladl

! (1 ais (65 v il e Sy Cu i Sloladl gl
oeals g cad b rolialcgldasl iol58l el Jolay .ol Coddge Lol Jole Jolie plod ;o jhas o520 ;0 0,81 Sge Jolas
.\.wL’ O‘Msl;b°5 éac g,Jsé c.‘alﬁs é’alﬁ Sy, l) u\JL\)A‘ U”‘ »)9...»69 e.:l.»a)l.u

sl 3 STl g 9 (AT Sl 2 p3lao L
a8 bl e dasd oS3 axzld Ky i S e 5 |, eyl 50,5 bsel b s ol 3l Ll el > s olbl |
BT Gl G sl 03V nl s iy ood Sl 4 S5 K00 b Glej CddS 5l ey S5 sloyag g 0l Jud g0 ]

DS Oygo peln )90 &

w5l o bl pd (b5L 532 4ol
s Osete Sl Spaalin wp oo ol galsr (Glg e Sl e slagss (e 9975 b e @By 4 LT
L3k Gloasly cn e 5o Sl o iws o Gludl s (b mlie sl 652 a0l 2 Jolds bl (559 10 M 51 ey gL
PP P o PRSI CY san ] ,o Fasads SBlsl ply o Cwglis sllgs a5 5668 5 5 peul malsz oloul (sl (3l sb s )8 5l

=\

-\

-\



Ry 6,9, b s o e g (£S5 1t 5 (6 LSS

ohb of ey pow glagss,

o poeits o
| | | 1
JGs! 0 yud Sgds Jlaziw!
P obb el adss . . Sele b §2,b 5l

S ) 3 3
EORANOVINY B ceallomben [l RTINS BN ol et

.o Sobbais

K355 e 8) Ry P L AL

o )Sen 5 goles

S j buxo g ol

Ol (50 yhuw (A a3 39 duzxo oo laiwl

SL cusby Slsi g Com)

Sl g (o) 3 busmo o ogos B)lao

(Zhang et al., 2012) g 505 Gblw 40 olyb ©of o poe glabgy -¥ S5
Fig. 2- Urban Rainwater Management Methods (Zhang et al., 2012)

(Emadi et al., 2024) xbuw Cllsy Co pow (o GGV 2152 s Jordlygiws g GllasMo —Y Jaua

Table 1- Considerations and Implementation Guidelines for Novel Surface Runoff Management Methods (Emadi et al., 2024)

12! b Joddlygiws

lasdo

ol L 5 S5 Slalllas plov]
Obb <l Gslesz 5 (458 gl (b
el 4 ar g b el ol Ll
Jojais, g mle by cual

(sloyed (651055 sl 552,240

6oz bl b cslis § (Sis &y pglie (LS Clle
w2l oz | 6ol (6l cenlie (L2805 g (> ibo®
2Bl 0jg Jozt 5l pliabl gl ojle 51 () 20
2858 G50 e St sl Sl Bile sloaY leolanule
LS plite )l 5 5,105 sy (s ,400 2@

o slopl
(Green Roofs)

eslie o b celie ()80 (e
(o0 e bl 2T 3lz Bes 5 o5l (S
polie 5 (oo LS Ll
ol o 6 nT sl 5 (S50 s e
cloysd 6 IS g 0 Shas ol

bk 2l colan 6l cnlin cod b canlin oS Clsezle
ol gz 3l 65l glp (SR s (b0
LS e S T i 45 g ol ) solizle

P33 Dogo S G35 Slge 19938l 5 S CodS (o) 0

S 250y lapl ol s Gb slaazl o Shos 2l

ol gloil>
(Rain Gardens)

599,000 g (owlid e Slalllae ploxil
(S35 O35 9 (SR (Slapiec ()b
o3 cle sl cslie pllas Ll
e ol CuiS S sl o
cloygo (5l 5 0 ,Sloe ol

-obb ol Qi sl S cgdl sbole
O3l 4 of culas (ol (L2505 Glaptuns (b0
)0
i 3l g S el (sl CedeS b dlas olbssle
SUEVOS JU5 SO O SRR | P Y S VENCH J P

seoion
Gilwo msd
03 R)
(Underground

Storage
Systems)

(S 2T ) p3u34a5 wllae gg5 Gl

Sl Gosleez sy cnny slbay b

s Ay 4 ol Colas sl (iSe; sl s

Sy90 Sl 4 azgi b cenlio 13303585 pdlias g9 locisle
Slaz!

bt ol colan g s pslaes slp o p) slaay (k.

295985 glve L
(Permeable
Pavements)




VE-Y Glaace) oF o)l oY 090 Gy dae g 5 o e dnliliad

c8lo )50 ()5 el 9 (5,l0e5S Sl 532,000 cSlo390 (65 5ed 9 5l @ 5L ) 2@
b ©jge e el 5 (29 Of CelS b (SO 3l 6T ele g O cudS p Sb bl

S 5l laebl jglaie 4 gloyes SlislesT (sl (530,400 0

SU e b clin (S (pupns ooz oo 4 oL Of Colas gl caslio cols >l b0
ok Ol bl 9> Ges g ojluil (>l ib ol abal 5 Ol Gaz 6l o)L 58 ey olalS 5l soliile e 9 LJUL
gz andl> sl op plalS D] e ST 36 ) @ (Swf'les and
i Ditches)
rSm BE 5o s J 7S Sl i ol Cane sl gryaeln g O Sl b5l
Sloygs SIS 5 0 Shoe p o)l &g 3 el g lasgz o Shes p ©)llaie
Bsigs g9

W wl...u‘ r9 oKl LS)L‘"’“’ Omad g )JL! LSLQU"“') 99> 90 LSLDL.Q.S )l oolaul Ls O 6Lmo)i45) )‘ oolazwl 65))Lu.u
slass olBasls S 10 .l ouls oBiils abgza S 50 oy 00 slod S0, 3l oolawl 4 pladl ( L3 o 0 oal b (g0
oj.o.a ue(} chobsd.m u.:‘ )..uljm L BMP 9 LID LSL“C)"" B ! 0ds u)f J.]a.: L LID 6L4bcdo5m 0‘9"‘ L eojm Yo
SS9l LID slo SU o a5 Colan g plas ooz 5l 6l 0 U 00,805, cpl jo ccwnl 48,5 )18 colail 850 1)l x40
@ dogsb onl 50 pgd 0,y gl ge 00ld S5i yxe plan 4y Abal (y FH0F )0 e o (b glaclly, Bro g 0gd e
Jdseie slalas § e yo slocKow Sois slaasil 5,0 Ol (58,5 &,b 5l as cul O slvosu¥T 5 Vg S g Slgu, (gjluslals
Sy |y olBasls 9,0 sloassm 1 5l sae A aS cewl 0uls (g5l ool LID #,b VAR oRiils S j0 plply 0,5 o0 &9
A O 0aisS Colae Glgie 4 e Ble Ve Ges 0 e (Bl Y g Ve e 4ol G U 5l al il im0 aes 6

D¢ oo oolawl LID L;LQC).E

axdllan 0590 adlio (o LSl iy Cundgo
CanBga ;0 bl Cazs i o ol oo &Blg oLl Cazs o B,o 4l jo 50 bl cass aly oDl ol3T oKl § oDy o
S 18 e )Tkl Gaal l Jeb B8 4830 VY g ax 0 O) g leul b 5l oie Jled aaBs YA 5 ax 0 YV L3l
e g Qo] Slogbis e 4 G55 5l g ders 5 4 (el (L 4y Jlod 1 egheS YAD s Cmlna b 0Ll iz ()l 1o
FoghS YA+ liw e Cobune ol Sgazme (30058 9 09,5 9 Ol SOL 0 4 02 5l 5 Glar ) Lo el & gz 1ot
@G0 g o 5l g (LS ibe 5l s)le g S GlissS 4 SBrie Jlod jload @ly ledal )8 (s kS T )0 a5 e

88,5 oo stiie (9,5 adlate 4y e 5l 5 (55 5laS sl yae;



9 oo Sag, b Dl Ca e 5 (L2 6 S 5 S LIRSS Ol 5 goles

{71 PoiNical borcer of Najaf Abad city
| Poittical borcer of the cities of Isfahan pmvn§

oldol (law! jo axdllac 0550 03gumo Coxdgo alds —F JS&
Fig. 3- Location Map of the Study Area in Isfahan Province
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Fig. 4- Geological, Geomorphological, Land Resources, and Land Use Map of the Study Area
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Fig. 5- Mapping of internal university pathways and embankments constructed around the university for controlling
external floods
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Fig. 7- Sub-basin delineation map (right) and CN map (left) for exurban sub-basins
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Table 2 - Rainfall depths (mm) for various concentration times and return periods in the studied basin
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Table 4- Hydrological Parameters in the Study Area Catchment
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Fig. 8 — Location of exurban flood control structures and an overview of LID (Low Impact Development) designs
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Extended Abstract

Introduction: This paper examines the effects of urbanization and land-use changes on natural hydrological
systems, with a particular focus on the resulting increase in surface runoff, reduced water infiltration, and
heightened risk of urban flooding. The primary objective is to evaluate contemporary approaches for managing
urban floods through Low Impact Development (LID) and Best Management Practices (BMPs). This
assessment centers on a case study within the catchment area of Islamic Azad University in Najafabad, Isfahan
Province. Urbanization, coupled with alterations in land use, profoundly modifies hydrological patterns,
particularly in urban environments. Traditional stormwater management strategies are no longer adequate
given the escalating scale and intensity of rainfall events in urban settings.

Materials and methods: This study introduces LID-BMP techniques as environmentally sustainable solutions
for managing urban runoff. These methods encompass strategies such as rain gardens, permeable pavements,
underground storage systems, and green roofs. Their primary goals are to reduce runoff volume, improve its
quality, promote groundwater recharge, and mitigate the adverse effects of floods. The study was conducted
in the 294-hectare catchment area of Islamic Azad University of Najafabad. This region is characterized by a
mixed urban and semi-urban land use, exhibiting diverse topography, vegetation cover, and hydrological
features. Geographic coordinates, slope, and land-use changes were meticulously analyzed, and a detailed
assessment of the region's stormwater runoff and infiltration properties was performed using Geographic
Information Systems (GIS) tools. This research employed a descriptive-analytical approach, involving the
collection of data on rainfall, runoff, land use, and topography. Key hydrological parameters, such as the Curve
Number (CN) method, were utilized to model and estimate runoff. StormCAD software, in conjunction with
the Soil Conservation Service (SCS) unit hydrograph method, was employed to simulate surface runoff flow
and evaluate the effectiveness of various flood management techniques.

Results: The findings indicate that the expansion of urban areas within the study region has led to a substantial
increase in surface runoff, ranging from 30% to 40%. The conversion of land use, particularly from agricultural
and natural areas to residential and industrial zones, has diminished the soil's infiltration capacity and reduced
its ability to absorb natural rainfall. However, the application of modern LID and BMP methods yielded
promising results in runoff reduction. By integrating rain gardens, permeable pavements, underground storage
tanks, and green roofs, runoff was reduced by over 50% in several sub-catchments within the study area. A
variety of LID solutions were proposed for the university campus, including 189 potential designs for rain
gardens, permeable pavements, and retention basins. These solutions not only reduced runoff but also
improved water quality by filtering pollutants before they entered stormwater drains.

Discussion and Conclusion: The results underscore the significant potential of LID and BMP approaches in
mitigating urban flooding, especially in rapidly urbanizing regions. By integrating these strategies into urban
planning, cities can effectively reduce the negative impact of stormwater runoff on both the environment and
local infrastructure. The study also emphasizes the critical importance of incorporating hydrological
management into urban zoning and development plans. Implementing these methods can provide multiple
benefits, including reducing flood risks, enhancing surface water quality, replenishing groundwater supplies,
and alleviating the burden on traditional stormwater infrastructure.

Keywords: Urban Flood Management, Low Impact Development, Best Management Practices, Stormwater Runoff,
Hydrological Systems.
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