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Abstract

The objective of this study was to create flood inundation maps for the Darekeh, Farahzad, Western Flood
Diversion Canal, and Kan River, focusing on return periods of 10, 25, 50, and 100 years. The HEC-Geo-RAS
software was employed to simulate the hydraulic properties of flow in these canals. The results revealed that the
largest flood extents occurred during a 100-year return period across all studied rivers. Hydraulic flow analysis
indicated that the floodplain area for the Kan River reached 292 ha during the 100-year return period with
predominant land uses in the flood risk zone comprising green spaces (203.8 ha) and a mix of service,
administrative, and commercial areas (80.8 ha). The Western Flood Diversion Canal inundated 99.6 ha,
primarily consisting of residential areas (57.2 ha) alongside industrial, workshop, and service-administrative uses
(26.1 ha). The Darekeh River floodplain covered 74.8 ha, mainly featuring green spaces (55.8 ha) and residential
areas (14.5 ha), while the Farahzad River floodplain extended to 34 ha predominantly made up of green spaces
(32.6 ha) and limited residential areas (1.2 ha). The findings highlighted that the Kan River (downstream of the
Western Flood Diversion Canal) and the Western Flood Diversion Canal possessed the most extensive
floodplains. Notably, residential, service, administrative, commercial, and workshop land uses were situated
within high-risk flood zones that carried significant economic value. The results of this study can be utilized to
identify vulnerable areas in Tehran at risk of flooding, guide urban development toward safer locations, inform
urban infrastructure design, and optimize surface runoff collection systems.
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Introduction

Urban flooding has become an increasingly significant natural hazard exacerbated by climate change,
urbanization, and population growth. In recent decades, identification of flood-prone areas has garnered
considerable attention from managers and planners. Studies indicate that the risk of flooding to human health and
property is projected to rise, primarily due to population expansion in vulnerable regions. By 2050, it is
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estimated that approximately 1.3 billion people will reside in flood-prone areas. Tehran, covering around 700
km?and home to over 9 million residents, is particularly susceptible to fluvial flooding. This vulnerability arises
from its foothill location, steep slopes, sparse vegetation, heavy rainfall, uncontrolled development in riverine
areas, and inadequate construction practices. Flood management in this densely populated metropolis is highly
complex. To mitigate potential damages, it is essential to accurately identify flood inundation areas associated
with various return periods. The HEC-RAS model serves as an effective hydraulic tool for this purpose,
providing critical information for emergency planning and guiding urban development towards safer areas by
accurately modeling the hydraulic properties of floods. This research aimed to create flood inundation maps for
the Kan, Farahzad, and Darekeh rivers, and the Western Flood Diversion Canal in northern and northwestern
Tehran using HEC-Geo-RAS software. The findings of this study will assist in identifying high-risk areas and
preparing comprehensive flood hazard maps for Tehran.

Materials & Methods

Data Analysis

Initially, the annual peak discharge data recorded from 1977 to 2017 at 3 hydrometric stations (Haft Hoz,
Soulaghan, and Lashkar) were collected from Iran’s Water Resources Management Company. Using Easyfit
software, the best-fit distribution for these data was determined based on 3 statistical goodness-of-fit criteria:
Anderson-Darling, Kolmogorov-Smirnov, and Chi-Square, all evaluated at a 95% confidence level.

Hydraulic Model Execution (HEC-RAS)

The HEC-RAS hydraulic tool was employed to simulate flood characteristics along the studied rivers for the
return periods of 10, 25, 50, and 100 years. Being developed by the U.S. Army, this model could simulate both
steady and unsteady flows while modeling floodplains.

The main inputs for the model included:

e Manning's Roughness Coefficient: Based on field visits and Cowan's formula, this coefficient was
assigned values of 0.015 to 0.017 for main river sections and 0.020 to 0.040 for natural beds and floodplains.

o Digital Elevation Model (DEM): A DEM with a resolution of 10 m was utilized to create a Triangulated
Irregular Network (TIN) in ArcGIS software.

e River Geometric Information: Using the HEC-Geo-RAS extension, river centerlines, banks, and cross-
sections (at 50-meter intervals) were extracted.

e Flow Information: This included details on flow regimes, discharges, and hydraulic boundary conditions.

e Hydraulic and Topographic Information: This encompassed roughness coefficients, river course
conditions, bridges, and both longitudinal and cross-sectional profiles.

After executing the model, flood inundation maps and hydraulic properties of the flood (such as flow velocity
and width) were generated. Subsequently, the flood extents were validated using Google Earth and previous
studies and the affected land uses were identified.

Research Findings
The study produced detailed flood inundation maps for the Darekeh, Farahzad, Western Flood Diversion Canal, and
Kan River, assessing flood extents for return periods of 10, 25, 50, and 100 years. The key findings were as follows:

1. Flood Extents by River:

o  Kan River: The largest floodplain was observed during the 100-year return period, measuring 292 ha.
This area comprised predominantly green spaces (203.8 ha) and a mix of service, administrative, and
commercial land uses (80.8 ha).

o  Western Flood Diversion Canal: The floodplain reached 99.6 ha, primarily involving residential land
(57.2 ha) and service-administrative uses (26.1 ha).

o  Darekeh River: The floodplain extended to 74.8 ha with green spaces (55.8 ha) and residential areas
(14.5 ha) dominating the landscape.

o Farahzad River: The smallest floodplain at 34 ha was characterized mainly by green spaces (32.6 ha)
and limited residential areas (1.2 ha).

2. Impact of Slope and Geometric Characteristics:

o  The steep slopes of the Darekeh and Farahzad rivers limited flood extents upstream, while reduced
slopes downstream significantly increased flooding risk. The Western Flood Diversion Canal also exhibited
increased flood extents due to similar topographical changes.

3. Hydraulic Structures:

o Many bridges along the rivers lacked adequate capacity to manage floodwaters, particularly during higher

return periods. The blockage of culverts due to sediment accumulation exacerbated flooding risks in urban areas.
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4. Affected Land Uses:

o Floodplains primarily encompassed green spaces, residential, and commercial-service areas, indicating a
high risk of flood damage. The presence of sensitive land uses within these zones necessitated improved
management and expansion of green spaces.

5. Flood Management Implications:

o The findings underscored the importance of effective flood management and urban planning. Identifying
vulnerable sites allowed for targeted interventions, such as improving water infrastructure, clearing culverts, and
preserving green spaces.

In conclusion, the study highlighted the significant flood risks in northern and northwestern Tehran, which
were driven by slope reduction, insufficient culvert capacity, sediment buildup, and human interventions. Urgent
measures were required to enhance flood management strategies and protect vulnerable urban areas from
flooding.

Discussion of Results & Conclusion

Impact of Slope and Geometric Characteristics on Flood Zoning

In the Darakeh and Farhzad rivers, steep upstream slopes limited flood extents; however, downstream areas
experienced a significant increase in flooding due to reduced slopes. In the Western Flood Diversion Canal, the
gradual slope decreased in the middle and lower sections promoted runoff accumulation, resulting in expanded
flood extents. Similarly, the reduced longitudinal slope in the Kan River contributed to a notable increase in
flood areas downstream.

Effect of Hydraulic Structures (Bridges and Culverts) on Flood Dynamics

Many bridges along the rivers and canals are inadequate in capacity to handle floodwaters, particularly
during higher return periods (25, 50, and 100 years). The blockage of culvert inlets due to sediment
accumulation and high runoff volumes has led to street flooding and further expansion of flood extents. This
situation heightens the risk of urban flooding and necessitates a re-evaluation and modification of existing
structures.

Impact on Urban Land Use

Floodplains in the studied areas primarily consisted of green spaces, residential properties, and
commercial/service land uses. The presence of residential areas and sensitive land uses within these floodplains
indicated a high risk of flood damage. Enhancing and expanding green spaces and water storage in vulnerable
areas can help mitigate flooding impacts. Factors like reduced natural slopes in downstream sections, river
section contractions, blockages caused by bridge piers, sediment accumulation, unauthorized constructions, and
unsustainable land use practices contribute to increased flood volumes.

Importance of Flood Management and Urban Planning

The results of flood-prone zoning through hydraulic modeling clearly identified both safe areas and
vulnerable sites. This information is essential for effective landscape design, urban ecology, and flood
management planning. Key actions to consider included strengthening water infrastructure, rebuilding bridges,
clearing culverts, and preserving green spaces.

The results of hydraulic simulations using the HEC-RAS model for the Darakeh and Farhzad rivers, the
Western Flood Diversion Canal, and the Kan River in the northern and northwestern Tehran Basin illustrated
flood zoning conditions for return periods of 10 to 100 years. The model outputs included inundation maps,
tables, and images, which were valuable for defining safe river boundaries, landscape and ecological design, and
urban management studies. The main findings of this study could be summarized as follows:

Darakeh and Farhzad Rivers: In the upstream sections, the floodplain extension was limited due to steep
slopes. However, as the slope decreased downstream, the width of the floodplain increased significantly. In the
Darakeh River, restaurants near the river were at risk of flooding. The maximum floodplain area for the 100-year
return period was 8.74 ha, primarily consisting of green spaces and residential areas. Factors contributing to
flooding included low slopes and the blockage and contraction of bridge culverts. In the Farhzad River, the
maximum floodplain occurred at the intersection with the Behrud and Moradabad tributaries, primarily affecting
private gardens and highlighting the need for effective green space management. The floodplain had expanded
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from Hemmat Highway to Marzdaran Boulevard, with Khoshmaram and Asbar bridges experiencing flooding
during high return periods. The maximum floodplain area for the 100-year return period was 34 ha, mainly
comprising green spaces and residential areas. Causes of flooding included narrowing and clogging of bridge
culverts, reduced slopes, and high runoff volumes.

Western Flood Diversion Canal: This canal played a crucial role in transporting floodwaters to the Kan
River. The expansion of the floodplain in the downstream areas of the canal was significant due to reduced
slopes. Several bridges, including the Ariafer Street Bridge, those near Yadegar Imam, Khosravi Bridge, bridges
after the Second Sadeghieh Square, Vali Asr Street Bridge, Salimi Jahromi Street Bridges, and Sattari Highway,
lacked sufficient capacity to manage high floodwaters. The largest floodplain area for the 100-year return period
was 99.6 ha, encompassing residential areas along with commercial, service, and workshop uses. Key factors
contributing to flooding in this area included high runoff volumes, reduced slopes, and insufficient capacity of
both the canal and its bridges.

Kan River (Upstream of the Western Flood Diversion Canal): The floodplain in this area was less
mountainous and steep, but it expanded towards the area of Azadi in Zibadasht. The largest floodplain for the
100-year return period was measured 66.1 ha, comprising green spaces and residential areas. Contributing
factors to flooding included narrowing and clogging of bridge culverts, construction along the riverbanks, and
reduced slopes.

Kan River (Downstream of the Western Flood Diversion Canal): At the junction with the Western Flood
Diversion Canal, the accumulation of flows had led to significant floodplain expansion. This floodplain extended
from the west of Tehransar to the east of Mehrabad Airport and continued towards Azadegan and Saveh
Highway. The largest floodplain for the 100-year return period was 231 ha, making it the largest in the region.
Major land uses in this area included green spaces (146.2 ha), commercial and shopping centers (80.1 ha), and
residential areas (4.7 ha). The extensive flooding in this section with a maximum width of 1,037 m was primarily
due to the accumulation of runoff from upstream catchments and slope reductions.

These findings provide critical information for effective urban planning and flood prevention measures in the
northern and northwestern regions of Tehran. The northern and northwestern basins of Tehran are particularly
vulnerable to floods. Key factors exacerbating this risk include reduced slopes, insufficient capacity of culverts
and bridges to handle floodwaters, sediment accumulation, and human alterations to riverbeds. There is a
significant risk of damage to life and property in residential, commercial, and green areas within the floodplains.
Urgent measures are needed to enhance the water transfer capacity of critical sections, reconstruct bridges, and
manage land use effectively in the river basins.
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Fig 1: Location of the northern and northwestern watershed and the main rivers in Tehran (Source: Authors)
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Fig 2: Longitudinal profile of the studied channels: A: Darakeh, B: Farahzad, C: West Floodway Channel, and D:

Kan. Reach a: Upstream of West Floodway, Reach b: Downstream of West Floodway (red arrow indicates the
connection of West Floodway Channel to Kan River) (Source: Authors)
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Fig 3: Flood inundation area of the Darakeh River with return periods A: 10 years, B: 25 years, C: 50 years, and
D: 100 years and E: 3D map of the 100 year period (Source: Authors)
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Table 1: Flood inundation area of the Darakeh River with 10, 25, 50 and 100 year return periods
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Fig 4: Images of 1. Downstream of Darakeh Square, 2: Upstream of Yadegar Imam Highway Aqueduct, 3:
Downstream of Niayesh Highway, 4: Upstream of Hemmat Highway (Source: Authors)




VErE OF yled A8 by P Dl (i 5,0l 5 Wl "

01355 e JUI gy JLail B pl e st b 51 50 e 00e it 5halim 3 Bty 5o O (g5l

Jold 1 sl b dusant b Som 2 JUI 5 b e 5l 20 kS 4 55 3 (Slaaned ) A plonil o2
S Syl 25 e 53) 3515 ark i (U Sl 8D reskS a5 sl 3 Bl sy
Ol sl b asln g (g3ladde mls ol o (5LadbS (Sam iy &) soms OF 51 5 (Gl 0 ol
55 Al e BWSIsLIsl e 5 55, o5 glaasli L wltsy, ol P e 53 M digy o ST e e
3 Sl b le ran a3y sdalie wlag; G b s s st GEL Lges 4l
S gy 128 a5l el Bl da3l o3 sdoe ol 3 e S e (Slialy 3 e sl 35S
JS8) el 4l il e fg (reshS Y 550) 0lylas e Sl B (0less p Ol o j8) Caad ol S50 350
sl o3ls iolas (Coam 0) JSs jn dlw N ey iS5l dyas b bl S KT gy (ot L58 pizean (0
qcu_.ﬂu,ej_pu. 8| -EE RGN 51V STFISTRUN % PUIC P LVA SPS ¢ SEPR CRISTINY WS- U TR SR
NVESUCIIN 51| PP WP P el 5> M plia i o fome 5o das e OLES el ol 20 YYV/A 5 YEV/E
Bt doas e g5 GLEl pl L Ve 500 (Yo Slaeysn 53 Ll b ly pramen S dalpt e S8 K
Ll sl o e U e e Ll S e VI L 595 b oLl LIKT cows b o3 oo
0350 Jlu 00 5V or iS5l 5,0 5 4l a2 OV/A 5 VV/E L (glabamd s ST das e OLES Y s
S e gy b3 ot s sl 3 AL, s se s aLTshe sl csVL 3 0 S8 e il o
Sloey 53 55 OV digy 2alS Jole o5 5, sVl 3 3l oo 255 | e el OLES La2S50 655 s
SV VY L S s bl e 5 S YA/E s TY/TL s sliad lag )8 ol 03 5 ilises 2851
(Y Jgdr) deas oo JoS25 1) 8 e slatig 53 (oS oty JL 00 5V gl iS50 6550 )3 e
el Sl Gsb dal i suisolis a8 Cnd Y/ Jl Y er B0y SliS5L 6553 55 O 558 sde iemen
e e 5 Sl sp s s A o LIS (K88 (Ko IS s sl asite Gl s Jew 5535
JUas! gslme S5 ol GV o e Rl (o5 A A ISl sl Sk 5555 5 S
el bl sl 53 e s e K05 51 55 01 53 Slismy 3gm s B & 4 B JBS Gee 0355 3 5

.(b E) C—-\ Jg‘;)



WV e o g 3 (Folo LDyl Ssahp $3ledde b O s shailag, xS Jow (slaossdons end

N

S1°20'10"E S1°22'0"E S1°20'10"E S1°22'0"E

L—oialy : b Al el

35°47'50

Moy b ailiogy e it o' g Sy b ailsdg;

35°46'0"N

35°44'10"N

35°47'50"N

35°44'10"

51°20'10"E 51°22'0"E 51°20'10"E 51°22'0"E



VErE OF yled A8 by P Dl (i 5,0l 5 Wl

Blragy dlo Vrv 6y gmaw Lot a5 e Vrr s Jla o :CLJLAYO o dlo Ve il Sl s b O kg 0 Js

100 years and E: 3D map of the 100 year period (Source: Authors)
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Fig 5: Flood inundation area of the Farahzad River with return periods A: 10 years, B: 25 years, C: 50 years, D:
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Table 2:Floodplain area of the Farahzad River with the 10, 25, 50, and 100-year return periods
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Fig 6:Images of 1: Waterfall Bridge, 2: Upstream of Niayesh Highway Aqueduct, 3: Nahjul Balagha Park, 4:
Between Hakim Highway and Marzdaran Boulevard (Source: Authors)
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Fig 7: Flood inundation area of the western floodway channel with return periods A: 10 years, B: 25 years, C: 50
years, D: 100 and E: 3D map of the 100 year period (Source: Authors)
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Table 3: Floodplain area extent of of the West Floodway Channel with the 10, 25, 50, and 100-year return periods
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Fig 8: Image of 1: Arianfar Street area, 2: Upstream of Sattari Highway, 3: Ekbatan Metro area, 4: Eram Park area
(Source: Authors)
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Fig 9: Flood inundation area of the Kan River upstream of the west floodpway junction with return periods A: 10
years, B: 25 years, C: 50 years, D: 100 years and E: 3D map of the 100 year period (Source: Authors)
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Table 4: The extent of floodplains in the 10, 25, 50, and 100-year return periods of the Kan River (upstream of the
western floodplain) (Source: Authors)
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Fig 10: Images of 1: Sangan Bridge, 2: Olympic Village, 3: Upstream of Jafari Highway, 4: Azadi Complex
upstream of Eram Park (Source: Authors)

BRGNS rlq;,\j:.»j,l:SQ/Y Jsb 4,8 015 8 5 o JUBS s ol S Bbts 55 0L o (siloand &alsl o

Lo gors Job e SalS Jds ol o835 3 G50 5 el g8 o 25 5l oS Blag; LS o slangy



VErE OF yled A8 by P Dl (i 5,0l 5 Wl "

535t n 0333 O Sy 2 oslo LS B e g8 wblis QLT ol S5 OBk a4 sl o 4 S >
AU 3 gdmn al 53 05Y Slgad 1 LGl V) JS8) 5,8 a1 53 1 sloms SlAcS g Sl (slas sams
g St 08 (o)) Sl s Sl (o500 adkaie pl 5o OO J 2S5 e gl Y DLl
M i sl ol onls Jioled L Vor iS5l 650y (08 O3 8 s e Syl oS Bbs g, Dl
5555 3 D gy o R 55 0 V4 e o > 3)ls bty b il Rl s 4 el 0L Sl A
g opl 3 8 S i 5 Sl e A90/A O mlan 5 e LS YV spus s L Ve iS5l
SLSa 4V ssd 5 LS AV L AL 5 ool o Sledst 68 VEVY L e sliad (68 (LS e 13
0> sl ol e SalS 0L G aS b 83 5dme 3 om0 Jads) Sl S bls 50
8095 53 Ol o 35,8 3de 5 Ay o 30 5 1o 0 /) gl 4 Ob o S 5 3,05 Ol Sl 2 s s
Lo 5o e gy B S e Sl Gl 858 Lol SiasOlis &8 el (8) 55 L Ve iS5
S des e a5 (ol dgd b oml) 8 08 o e (2005 il 02 U6 4 o f Jled-dles
GU )Y K8 cl OF Cud 2alS man 5 ks ol 3 4 5= slaclly, sles e ol g5 Mo

s e VTV s Sl it s gy 200

sir63E | srwe s seware
Lol

O wildogy e

JLevs S s I

35°42"

5 o635

Sfige, o509 8

35°40°'30"

35°38'40"'N




A\ e gt 9 (Folo Lol Ssahp $3ledde b O s shailag, xS Jow (slaossdons end

35°42'20"N

Wy B35

oWl ol5ss 5 A

35°40'30"N

% Dk
‘.Lr_,c‘/

W e
S

35°38'40"N

51°16'30"E 51°18'20"E

sdle Ve s Jleon :CcJL.uYO o dlo Vel Gl 50 b 01 S e el oS Bl gy OVw gduag )Y S
(QK.«\JJ&CJ>JLA\'. g)}bdu\z..vwm'_k

Fig 11: Flood inundation area of the Kan River downstream of the west floodpway junction with return periods e:
10 years, f: 25 years, g: 50 years, h: 100 years and E: 3D map of the 100 year period (Source: Authors)
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Table 5: The extent of floodplains in the 10, 25, 50, and 100-year return periods of the Kan River (downstream of
the western floodplain) (Source: Authors)
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Fig 12: Images of 1: West of Farhangian Town (Mehrabad Airport), 2: Upstream of Fath Highway, 3:
Downstream of Fath Highway, 4: Mother's Garden (Source: Authors)
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