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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
water flow and harms the environment. In contrast, modern stormwater management
methods, such as Low Impact Development-Best Management Practices (LID-
BMPs), focus on letting water soak into the ground and storing runoff locally. This

Received: 2024.07.10
Accepted: 2024.12.15

Keywords: 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, . . .
] clearly showed that land-use changes and an increase in impervious surfaces have

Environmental Hazard e . . . .

) 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
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

Low Impact Development.

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.

https://doi.org/10.30486/JEML.2025.140403211209578

Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

Copyright: © 2023 by the authors. Submitted for possible open access publication under the terms and conditions of the


https://sanad.iau.ir/en/Journal/jeml
mailto:%20Kazemimailbox@yahoo.com

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

LID- (g sbd 599, b oo Co oo 9 (0151 (52005 yaudd 9 (5 s SLOIRS g5
oHw! 13T oliiND g yawdig sea g9 31O Wl T 095 259 390 axfllae ) BMP
(SLT G g
Tobbele Clod a7 (6 s Sgmanac® cobolS dozes ww ¢ soloe ol

Ol U] Cizi U] iz asly | codleo] ST olKils o pudigo g (8 0dSCEID o)yt  cundigo 05,5 o 6,50 (sozily )
Ol bl iz oMol ST olSiils b cizes uly o purikigeo g (5 oAt (gylio wdigo 05,5 ¢ boliw] T
Ol oledol o oMol ST olKiils o8]y 55) Slgdol axly co] Slellas Sliins 35 0 o yboliwl -F

Ol s ol oMol ST GlC2s s edles Aoy o eskigro 5 25 0uSCEils iplion prkique 0,5, Lolis] ~F

m.kazemi@phu.iaun.ac.ir : Jstus o s Sy pSIl oy ™

0uS rallio g i
Aoewd ;...Km )"LgLQdi;.m‘ 5 assle PERRSTR (_gL(bo)'Lw 2 e as ’_’z_]a..u Lgl.{e;‘:lj\s) Co e (Sl GL“ui’S) MSﬁ‘_wlc

I3 5t Cou 1) Cannjlaome g 0ol (s id G599 000 ;0 gllasl Ol el YU slaan sy ogdle

Lg)LMmJ.oé 9 .)5.1: » 4(LID'BMP) )lef AMy asle ul.:b) w).n.\.a kJJ}’ ‘.ngg)‘Jﬁ) ‘JJLD.A ) .\...:eou_.o

s .. o . . o dzesw b
obly, o8> Sl Julowi sl a)ls aSt Ol a2 (gilo et (it SIS 20l 5 Sy, (rdge il

Corlue 4 0bTazs oty oMol ol T olSils abogma g LS VYYVY Crlue 4y jusul 09> )+ 005050 4o LASAARTAREEN W3
— oy g, 9 Zable a1 g (g0 IS Gae a1 meghy ol 08,5 13 solatul 5)ee S YA AARA PR VA FAIERSVNY
uL?Lu‘ 9 alises L.)LP )l fo‘ U"‘ el o;.\.ou.r LSMT)S u){.».w w).uxo LSL‘b?")L"“ u,uo.l el ‘_,’J.».lm

o8l g eol)l (65,5 Ol sy aS oy lis sl oy okl ol3T olKisls sl 039> o RN EN

(oS wlols’
Egermo ;o Cawl ouls alizes lrasg> ) 0 oraw Qlly,y axgs LB 2ol38l cel ndyldsas Fslaw

) _ ) (S 5l ]
u‘)».a W) DLQ,.MMJ olKisls 00gdZe o ul)‘j) t.,u.ﬁaS Oguf 9 u)L.m u...mlS G‘JJ LID-BMP C/Jo YAQ

bl (sypiny Sbs

(S e Mo

[ U)L.u o> Wl YO w.f)b 0,99 L’ djus\.é BN ‘6°Lﬁ'z~‘i"‘-‘w LgL(bﬁ.l)L:.m J.alf Lgl).?l b u)L..w d.,.a:lf
ol sl Sal, canl 4l 2alS oy VFF -+ b all Vo cetS5h 098 53 5 canSia e ¥AV -
P e ‘(BMP) dge (o pde Lgl‘a’ui"ﬁ) 9 (LID) )J‘wf dxwgs g )5)44 La ‘ L;da.w glslj) Co pde )
) S asgs b,
Casbi g ol CoieS Sgngp 398 LTl e mas g, oo 2lS B by gy agma b S 5Le gl
l abe Cosl oMo J5uS )0 650 1B il g Wload (b 6ed Sy lme 0k

QS Ll gy base 655100 2alidl g e )




Ry 60,9, b s o e g (2B (60 5t 5 (g0 S S OhSes 5 golee

o

AN

9 e JSto b 093 (608 S8l (5708 g dmgi Ao 50 45 098 o0 C8L Sl e 5 Sl (25 50 S ed fReS 0j9 el
Al 0,Shes 09565 b bL3 | jo orbaw slos] Cu e (5,40l sl a8 5 15 o508 bl ol ee g 53,400 0 o0 2yl )
Slolyr (b 6l 5 b (2505 5T i el daTanl ] g o s daT 09 0y ) 5ol ST e ol sl
2360985 oo ol 5 (AL (idgy 565 5 (LS 0 @l dlanly 4 0587 o bdo e (nl 0 b s g laTanl T 28 b 5
‘jd W‘Js‘ M.CL) “Su..a)):) dl{bu] wLuc d.:d.:.; r:d.c 9 adlaie ‘5).;&&5.&) U‘.Jblf)) 09){.: 5( 9 Lb_'m)l.‘ ‘LmraL! w aLQuL)L})
g, s> sloclly, JUnl b ol mlie coisS ialS eizes 5 sad e slonl,r obml 5 Odew Sa

(Xuetal, 2017) sigd o Csdimly >y 4 oloonds slom Fogll 5 l51b dam el g e
S92 4 Lo sle,5uS 4 o g ST 0 ol i A B (5,90 40 L b_?r.b.w ol 6o >3 sly 938059, 5 ! sl e 4o
oo 1=l 51 (Sab 5l ol b slac @ds 5 colas (g jslaes slapius (Goodarzi & Hossaini, 2019) el sl
doanie o805 ol Wlgi oo bap] meme (b 5o G e 45552 5 s (554 bl ;3 Glyes 5 il
13 0hk 31 lyise o a8 4 4 el by, b ol Jlamiol ayled sloml 64 aelz 5l 610 0 e ms o |y SHSie
Sy )3 75 BB a5z adyo dlap] (Sogll 5 s 5l Glly, (ad 2yl 5l S5l s esdle 5 9503 )10 05 (L Joee
st Slaosli (508 g e 8 iy «Cures iul33l (Tabatabaei Yazdi etal., 2009) o j5| Josds o)) g (b ol polie
L s ppl ledss> (5995890 50 (s Dlpis b ol oy el do ST j0 Logas Lo 5 cols sl e 09005
S ez g Banll g lofens may> 5 s )3 (S43 (P5 Arogi Oj50 & Loges Sladi Gl 955 bl o gl 4 o3
SRS 2SS D Ca e 39 (5300 51r3,S9, 45 b 50 Sl 035y lacbew @8 5 JWEl w5 y5lmez bl 2 oo 5
lly, o pae (Zha et al, 2021) )l ST il amils aw O b 45> sloan] B U, sl i Slas a5 ola o,
g 9 (S L;'z.b.u <Uly, oeals &l el 00 28 (S s A S Yl aS Sl (0 3ol 40 ods u_:bi: v fr.'a.w
ol yRamgsy (il )5 e alox 5l .(Rezaeietal., 2021) 045 oo 0olaiwl (5 s 3ble jo (LID) 5l oS arwgs slobs, ol coas
Gurb 5l anwss 5l Gy Sojglg s s Sles Lad> 4 Glgs o0 w5 0t (v slaclly, (g sled So) 4 i (diie
2 Sy Uy b ok iy 5151 Glabl 5 b 2 nl 039> saniple) 5 (2505 slagSl Li ab Slats slml [ Laa>
0)5).0‘ ] ] u‘.\:s).er» (_glf G?LE.M: u—uﬁ) S0 o M\)‘Sa ULMO-‘ l'QKSM"))" (BIXICI' et al., 2020) o; o)L...J‘ 55995 u.ul.,.c.‘o
g e3,S azgs Jlul dnwgs pogie 4 (Dlly) CueS g CuhsS 2 395 b dnwgs SIS A 6l Ol e sla et I 6ol
NS (50 0t s (LID) 1 oS dnagi slaghy, s BMP) (S e dige slaghy) Jold 45 oS0 e o ()00 (slacs39)9355
3 e ol by 6 s lacllyy Copae g ool I SG (LID) 1 4S axwys s SaSS .(Lin et al., 2021)
0 Slig s el SiS5 el 5l (sl Slasl 5 ool w5 URDl 2 e Sl ol 65 4 40 o ille oy e
SlacSiSs b s e b slolly, ale e 53 bl atls o Sogll L 2alS 5 loaie ialS 1o |, 655 fee gl
s 0 Sas) 3l 65 oxe b bl o Jlasiul gblie cyyai 5 Culad s ;0 iz ablis (giludig 5 colo o pas
(Dong et al., 2021) 3405 w0l 3 (5 A alo yor dl 30 g 5,0, £45 ool j0 1, 0 9kaie dix eolitwl (g5le die) (rbaw Ol Co pae



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

IS 20800 JLis ol 5l (226 Olilas Gess 5 OMhw St 5SS J5uS 50 siyaaby Ban b s ed by, Slallas
ool DM Za e )3 (g Sl iy oS 5 SBE (SSa lryasln 5 Gl eeedl Gorin sl (n s

.(Goodarzi & Hossaini, 2019)
gl aile) pdil3gd g Gaw (LS wiile) pdydeds Bblie Jold (L31) 6 )15 £95 e gl Gl 5o Guiod (nl Jins (slo it
oo e YO DY) il ctFil sloo,ss 1o (Sl Sl s S v Bl 51 30k Olsee 5 Geleo 5 bapls callans]
slahy) Jold (oleiidnn (o e slagts; 5 (DEM) elis)f sogd; slaadds (wlil o ( 59255 5 (o) cnd g (L B0+ Y
Sy DUy, e Jold ainly (sl it g Sl (331500 9 p 30398 pshaw ((s89& alil s« SL azely o ok wile BMP 4 LID
2920y oSl a2 95 b (6508 o slaogen Dokl sl sl p olRals YL Cud b 5 3485 £adge 4 g a5 005 (e
9ol ial33l 4 s 5 Sl 03505 wl 5 00 sos 5 Slkes & y5oa LID (slag b @bl sl yzl el Y 2 e s 5 o5
ot bl dialign o pae ¢ gonll Sl s 51 AU 6 i e g el sla bl £e8g A ax gl g cedBl Dl sl o oRiSNs
Gzl 4z plsie 4 oals] 10 Gd Copae jo IS5 (Byme lsie 4y il oo ol (60 ,Shes 5 S el yo Sl

055 )18 axgi 5,90 Sl oS arwg sla by,

Pl arwgd sl pg) Coms )5 § OV o oo

(St drwgd § Caures il ‘b_o.:.lé\ Sl s Jodo @ a5 el Glea bl 31 (g )les )0 ppe slo il 5l S o Co poe
ol Jolge Jdo ayoauay il 05 e jloin Jlul dnwgi gl b Sllas o 355 5l (G b e Sl 48l (6 i Coonl
OWie (nl b abilie (sl (plahy) B el dnwgs (i 483 93 Jow gl S e oz)le el (0 Sy J 50 (e
oIl g Jow Sllas el 6lp oulal Sl S5 plaie 4 iablraiz Glajls g e Sam @ 4295 b coz)ly (nl oS ool

(Khajehnejad et al., 2024) 54 oo ai3-bids Sl as ol ol 5o sals> (6,510l

Q / \ ‘ ) 4 Ly
| _

/ \

[

(Lin et al., 2021) G adg> dxmgi o g Ja..éuln)bw OOHew <0 weldi — ) S

Fig. 1- The difference in flood discharge concerning the pre- and post-urban development of the basin (Lin et al., 2021)
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Fig. 3- Location Map of the Study Area in Isfahan Province

T Aigy Sl 00 jgame (4l s — s [ SeiSS digy Olelss )l 50 el aey sB 0 5l obl cas s o ol dde>
Olyie ©oS g 039 (ST liee gy (nl LS Wiy Lol 305 0 Dz (635 10 Olnl lardle Cved Gy a4 Gl
P 0> Rlsl 9 pgs 0lhgs )3 loz (e Gopldl ol atay g 5L alp (b ) A Cul Sl oud oael 5 (SIS 0 ST
3y S ly Jols conl 8l (9015, obl ciz ad5> 50 45 kS degazme ol (o ,ST5 o508 5| sy 5 axdly JulSS
5 ke slaanly 5o (55,50 BT alons (33558 o)l 0 (39550 anld il ot oS (LS (lie 4 4 At 05 (90

Dgdige oS dazme jslS Do a4 ailn S Slaasly )5 5 ns A gl O 50 4 )l

ot o SR




VE-Y Glaace) oF o)l oY 090 G daaxe §oi> g Co e dolilad

T
-

o= -

2 g0 039430 (L)) (62515 9 (1] @iln (S 59l98 9095 (ol oy el —(F) S
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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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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