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Urban flooding can result in severe damage to infrastructure, significant loss of
life and property, and substantial economic and social impacts. Blue and green
infrastructure plays a critical role in mitigating urban flood risk. This study
evaluates the contribution of ecosystem services to flood risk mitigation in the
Tabriz metropolitan area for a 2-year return period. In this study using Landsat
satellite imagery, land use/land cover data, meteorological information,
biophysical tables, Geographic Information Systems (GIS), and the InVEST
software, assessed the ecosystem service of urban flood risk mitigation in
Tabriz. The results indicate that in 1984, for a 2-year return period, the volume
of water absorbed and retained, along with the economic value of ecosystem
services for flood mitigation, was 4.28 million cubic meters and $10.87 million
for a 15-minute rainfall event, 3.17 million cubic meters and $8.04 million for
a 30-minute rainfall event, and 2.58 million cubic meters and $6.56 million for
a 45-minute rainfall event. In 2002, the corresponding values were 4.37 million
cubic meters and $2.01 million (15-minute rainfall), 3.21 million cubic meters
and $14.71 million (30-minute rainfall), and 2.60 million cubic meters and
$11.94 million (45-minute rainfall). In 2022, the values were 4.65 million cubic
meters and $33.25 million (15-minute rainfall), 6.15 million cubic meters and
$43.96 million (30-minute rainfall), and 5.20 million cubic meters and $37.14
million (45-minute rainfall). The results showed that in the metropolitan of
Tabriz, due to the insignificance of green infrastructure, these land uses have
not played a significant role in mitigating urban flood risk. In the potential for
absorption and retention of runoff in Tabriz, land use/land cover has played a
more significant role compared to the hydrological soil group. Furthermore, the
results suggest that ecosystem services have played a relatively significant role
in mitigating urban flood risk in Tabriz.
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EXTENDED ABSTRACT

Introduction

With global climate change and rapid urbanization, urban flooding has become increasingly frequent
and severe, causing significant damage worldwide (Tellman et al., 2021). Flood-related disasters are among
the most common and destructive natural hazards, leading to a growing proportion of populations at risk of
flooding (Rentschler et al., 2023; Tellman et al., 2021). In densely populated urban areas, floods result in
substantial human and economic losses, including infrastructure damage, reduced agricultural productivity,
disrupted communication systems, and risks to human health and safety (Alderman et al., 2012; Peng &
Zhang, 2022; Pham et al., 2021). Mitigating urban flooding is a critical component of urban planning and
disaster risk reduction strategies. Traditional mitigation measures, often referred to as gray infrastructure,
include urban drainage systems and flood pumping stations, which have been widely implemented to
manage runoff and reduce flood-related impacts (Prudencio & Null, 2018; Qi et al., 2021; Zischg et al.,
2017). However, these measures often require substantial financial investment and have limited
effectiveness (Sohn et al., 2019). In contrast, green infrastructure solutions—such as green roofs, rain
gardens, permeable pavements, urban green spaces, and urban forests—play a vital role in regulating
stormwater runoff through ecosystem services (Ahiablame & Shakya, 2016; Qin et al., 2013).

These measures are environmentally sustainable, require minimal energy input, and are often cost-
effective. In the metropolitan area of Tabriz, located in the Urmia Lake Basin, the city's topographic position
on a plain and the presence of two major rivers, the Ajichay and Quri, have historically contributed to
devastating floods. Rapid urban expansion, particularly following the Islamic Revolution, coupled with
widespread migration and unplanned development, has exacerbated flood risks in Tabriz (Yazdani et al.,
2018). Therefore, this study aims to evaluate the ecosystem services provided by green infrastructure in
mitigating urban flood risk in the Tabriz metropolitan area.

Material and Methods
This study employs a descriptive-analytical methodology with a developmental-applicative focus. Data
were collected from library resources, documentary records, electronic sources, surveys, and field
observations. The research utilizes the urban flood risk mitigation model from the INVEST 3.12.0 software
package. This model assesses urban flood risk mitigation based on inputs including a vector map of the
study area (watershed), rainfall data (in millimeters), a land use/land cover map, a soil hydrological group
raster map, a biophysical table, a vector map of built infrastructure, and a table estimating damages from
urban flooding. The model generates the following outputs:
1. Runoff volume, presented as raster data.
2. Runoff absorption and retention (in millimeters), expressed as a percentage of rainfall in a raster
file.
3. Runoff retention volume (in cubic meters), depicted in a raster file.
4. Flood risk, summarized in a descriptive table and represented through vector and raster data,
enabling identification of spatial variations within defined local boundaries.
5. Monetary assessment of flood-related damages.
6. Monetary valuation of the ecosystem service of urban flood risk mitigation, calculated using the
avoided damage cost method and presented in a descriptive table.

Results and Discussion

Across the three study periods (1984, 2002, and 2022), the soil in most of the ten districts of the Tabriz
metropolitan area, except for parts of Districts 4, 6, and 7 and minor portions of other districts, was
predominantly loam and clay. These soil types exhibit moderate to high runoff potential, meaning that a
significant portion of rainfall runoff flows over the surface rather than infiltrating the soil. Consequently,
most districts in Tabriz are at elevated risk of urban flooding due to their high runoff potential.
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The continuous urbanization, significant land-use changes, and increased construction and urban density
in Tabriz over recent decades have resulted in a substantial increase in impervious surfaces. These surfaces,
particularly those associated with high-density residential areas, have consistently contributed to the highest
runoff volumes across all three periods. Green infrastructure, including green spaces, agricultural lands,
and pastures, has played a more significant role in mitigating urban flood risk than water infrastructure in
all three periods, with the exception of one instance (a 15-minute rainfall event in 2002).

An examination of the land use/land cover (LULC) situation in Tabriz city indicates that the area of
impervious surfaces has been continuously increasing across all three periods (1984, 2002, and 2022), with
the exception of 2022, which saw a slight decreasing trend. Specifically, residential land use increased by
approximately 16.54% from 1984 to 2002, but then experienced a decrease of about 0.50% from 2002 to
2022. This increase in impervious surfaces has reduced the capacity of most districts in the Tabriz
metropolitan area to absorb and retain runoff, thereby heightening the risk of urban flooding. Continued
expansion of impervious surfaces in the future could further exacerbate flooding risks, potentially
submerging urban infrastructure, increasing economic losses, and threatening the stability of Tabriz.

The findings reveal that in 1984, for a 2-year return period rainfall event, the volume of water absorbed
and retained, along with the associated ecosystem service benefits for mitigating urban flood risk, were as
follows: for a 15-minute rainfall, 4.28 million cubic meters valued at $10.87 million; for a 30-minute
rainfall, 3.17 million cubic meters valued at $8.04 million; and for a 45-minute rainfall, 2.58 million cubic
meters valued at $6.56 million. In 2002, the corresponding values were: for a 15-minute rainfall, 4.37
million cubic meters valued at $2.01 million; for a 30-minute rainfall, 3.21 million cubic meters valued at
$14.71 million; and for a 45-minute rainfall, 2.60 million cubic meters valued at $11.94 million. In 2022,
the values were: for a 15-minute rainfall, 4.65 million cubic meters valued at $33.25 million; for a 30-
minute rainfall, 6.15 million cubic meters valued at $43.96 million; and for a 45-minute rainfall, 5.20
million cubic meters valued at $37.14 million.

Conclusions

The results showed that in the metropolitan of Tabriz, due to the insignificance of green infrastructure,
these land uses have not played a significant role in reducing urban flood risk. In the potential for absorption
and retention of runoff, land use/land cover has played a more significant role compared to the hydrological
soil group. Furthermore, the results suggest that ecosystem services have played a relatively significant role
in mitigating urban flood risk in Tabriz.
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Fig. 1. Map of the study area
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(cele) 1>= 2>= 9 <= 2<t<=9 2>= >2
A 0.13 0.14 0.16 0.2
B 0.5 0.48 0.44 0.39
al 0.46 0.56
a2 0.24 0.19
a3 0.62 0.8

1- Synoptic
2- Bell
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Table 2- Accuracy assessment values of images classified by maximum likelihood method
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(7.) Overall Accuracy  (/.) Kappa Coefficient Year
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97/4 96/6 2022
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Table 3- Biophysical table used in the InVEST urban flood risk mitigation n model

lucode Description NEH ty%el\go define CN_A CNB CNC CN_D SW_type EMC

0 Background 1 1 1 1 7000 0

1 High Intensity Urban districts 89 92 94 95 8000 0.107
Developed

Medium

2 Intensity Res districts 61 75 83 87 9000 0.077
Developed

3 Low Intensity 51 68 79 84 10000 0.041
Developed
Open Space

4 Developed Open space 49 69 79 84 11000 0.012

5 Bare Land 77 86 91 94 7000 0

6 Cultivated Land Small grain 63 75 83 87 5000

7 Deciduous Woods 36 60 73 79 5000 0

Forest
8 Pasture/Hay 49 69 79 84 3000 0
9 Water 1 1 1 1 6000 0
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Table 4- Mathematical relations of the INVEST model
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Relationship formula Lly, g, Relationship number

(P = ASax)?
Q,; = —maX) itP>2Shani 1
pt P+ (1 - A)Smax,i ’
254000
max,i — T - 2
1
Ro=1_ i \
P
R_ms; = R; - P pixel - area - 1073 .
Q _mg; = Qp,i- P.pixel.area. 1073 :
Affected.build , = Z . a(b,W)-d(b)
iew 6
Service.built |, = Affected.build , - Z . R_m3
LEW 7
RT = AtP[a; +a,1n (T — ag)Rg] 8
10 LU
Rgo = € 993(R%440)06 o
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Table 5- Data on land use/land cover in 1984 for the ten districts of Tabriz metropolitan in percentage

land use/land cover ol,l ibigs/ o1yl 6,

5| 1,5
i S 5yskas s oSy ) I O
o & . L ol : ; e
- (AaS) Bond 7aS)s PN b ®S (F9me e ol )
As5) (Yas) (bs) (fa5) (¥as) = bl
( \sS)
Pastur (Y oS)
Water R Green | Agric Waste  Open Low i High District
(Code - ge  Space | ylrural 104 Space Residentia Medium p gy o DISIICE
9) 8) (Code | [ang (Code5) (Code 1Density l}f]’;ldel}t“a ial
7) (Code 4) (Code 3) C eémz})/ Density
6) (Code2)  code 1)
- - 13.98 - 48.08 5.97 9.83 18.58 3.53 1
0.21 - 10.04 - 68.20 4.14 10.41 4.54 2.45 2
- - 1.71 - 65.60 1.70 6.17 10.72 14.09 3
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Table 6- Data on land use/land cover in 2002 for the ten districts of Tabriz metropolitan in percentage

land use/land cover al,l yiligs/ oolyl 50,
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(Code  (Code  gpace  Land (Code land Cod . . . 1stricts
9) 8) Cod 6) Cod (Code Density Density Density
( 70) e ( 50) e 4) (Code 3) (Code 2) (Code 1)
- - 10.98 - 23.59 - 23.38 28.06 13.98 1
0.17 0.022 7.72 - 45.53 2.55 34.63 6.79 2.59 2
- 0.011 3.07 - 48.19 - 21.17 12.93 14.62 3
0.62 - 1.83 24.37 6.91 - 9.73 25.51 31.02 4
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- 0.011 7.25 10.71 54.80 1.32 17.47 7.61 0.81 7
- - 0.79 - - - 3.73 66.95 28.52 8
- - 13.55 - 85.21 0.66 0.57 - - 9
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Table 7- Data on land use/land cover in 2022 for the ten districts of Tabriz metropolitan in percentage

land use/land cover oo, yiligs/ ooyl 50,8
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(Code (Code Green Lagn d (Code Waste  gpace  Residential  Residential  Residential Districts
9) ) Space 6) land (Code Density Density Density
(C%de (Cg)de 4) (Code 3) (Code 2) (Code 1)
- - 8.66 - 10.36 13.97 19.55 31.78 15.67 1
0.30 - 12.96 0.15 13.60 19.70 41.54 9.16 2.57 2
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- - 10.54 - 10.98 0.49 4.09 27.76 46.13 10
bl J5
0.101 0'0%009 5.73 8.07 3431 20.45 12.05 10.97 8.30 All
Districts

R DS A 3blo (m 53 Sy ClblagSS g bis cud )b

e Crtitiar OGS o (GaSie s +/+ 0+ YY) (6 e oo YVAY (3L oliee b s sl 4B 10 Si L LIYSY Lo o
0o o V/FY L o2 A ailaie g poms 5 Jsl sl a5, 0oy VoV g VAN FF/Fe LY o F o Gl oo 5 s (coSo e AIVY)
Gblie (e 5o DIFY) Glime oyt (DS 5o (gl 4o ¥o Sl LAYAY Jlo o wlesls ol s a1, 51 a3,
il osls ol s a1y 5T 4, aoys YIFY LA adlaie g poes b gl o a5, aoyo) +/14 g VAN FF/S- LY 5 F 8
0V 50 & Bhlis dcanSe yio FITN) Olime it SIS o alles Y iS5l 000 5 (sl aids FO Sai,b LIYSY Lo o
ailosls olazsl sg3 a1y ;3T 4, ao,s VY L A ailais 5 ages 5 gl glo 4, auoys VIAY BN FIYA L o5 &
(F Js)



0335900 9 (ylazruny y2
- Gt O yhad DL ot o5 | ConS (b 5

= 396000 604000 612000 620000 628000 596000 604000 612000 620000 628000
g L 1 L E z L L L L i (-]
] Map of runoff absorption and 2,39 b Uy eyl g 0iz s i .S g Map of runoff absorption and 2,39 b obly) chiisl § i e et §
b retention with a 2-year return i A ” retention with a 2-year return fi ¢ r':
& ! (P bydloYoudjh o ! sl ot by dloY el
¥ period and 13-minute rainfall ¢ 4 Sy *owo8 period and 30-minute rainfall il ihy *os
in millimeters (mm) MM) s s oy i millimeters (mm) (MM) e ot >
g PTIOVSIC S P S ol §
?Z Tabriz Urban Districts E f‘ Tabriz Urban Districts m
3 42-48 § 4 s §
Legend Lis, 4946 Legend L, I §-47
H g & g
2 s | $
N o N N
§ § 8 §
‘ HE-
5 T 9 §
2 g ¢ ¢
z = < ]
3 2 & 2
- - - -
§ § 3§ §
o TTI Ml 1984 o . I Moo 1984 .
HEERIERLIE 18 g 012 4 6 8 g
o : : i 7" T T T T
§ G40 612000 620000 628000 8§ 5 S 4000 612000 620000 628000 H
i * *

_ %000 604000 612000 620000 628000 N

§ Map of runoff absorption and 239 b wbls) ciil g wiz ol ans g

i me'ntion will_m a .2-.\'em* rt.eturn s B Sy ¥ 55 ﬁ

o peviod and 43-minute rainfall *

in millimeters (mm) (MM} s s caneo s

2 P el g

7 Tabriz Urban Districts -

~N N

8 | P §

Legend s, 35-39

a

a &

N N

- -

g N g

g S g

2 I]:-:-Kilamrlm 1984 <

Slor: 4 6 8 2

b v ' " v " T

S 396000 604000 612000 620000 628000 e

-+ +

o 0 glo Sl 5 allo ¥ iS5l 0)90 b 5y oW VAAY Jlo ik 51 bl by, Coblags g i lime csloasds —F JSub

Fig. 4. Maps of runoff absorption and retention rates resulting from rainfall in 1984 in Tabriz metropolitan with a 2-
year return period and 15, 30, and 45-minute rainfalls in cubic meters (m?), respectively, from left to right
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Fig. 6. Maps of runoff absorption and retention rates resulting from rainfall in 2022 in Tabriz metropolitan with a 2-
year return period and 15, 30, and 45-minute rainfalls in cubic meters (m?), respectively, from right to left
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