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ABSTRACT

Introduction

One of the strategies for reducing flood damage is the zoning of flood potential of
watersheds. In other words, the separation of flood-prone areas and determining the
contribution of factors affecting floods can be of particular importance in developing
an appropriate solution for medium-term and long-term policies in the optimal use of
land. In this context, ecosystem services have been considered as a solution to reduce
problems arising from unsustainable management of natural resources. Flood damage
reduction is a regulatory service that shows the moderating effect of the ecosystem on
flood damage, sedimentation of water bodies, infiltration of salt water into groundwater,
and salinization of dry lands. Studying the capacity of land cover types and a
combination of permeability, peak flow, and surface runoff characteristics in an area
reduces the likelihood of dangerous floods due to the ability of that area to absorb water.

Methodology

In this study, in order to investigate the potential for flooding in the Boumehan and
Roudehen catchment, first the soil hydrological groups were determined, and then a
land use map of the catchment was prepared using Landsat 2021 satellite images. In the
next step, precipitation-runoff simulation was performed using the SCS method using
Arc-GIS and Model Builder software. In this method, information on previous soil
moisture, 2021 land use type, and soil permeability were used, and a map of soil
hydrological groups was prepared, precipitation from climatological stations inside and
around the catchment, and catchment slope were used, and the potential runoff height
was predicted using the Arc CN-Runoff tool and modeling in a GIS environment.
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Results and Discussion

The results showed that the soil moisture conditions during the study period were dry conditions and in terms of soil
hydrological group and permeability of the region, it included group A 25.08 km? (12.71%), group B 67.66 km?
(34.30%), group C 89.61 km? (45.42%), group D 14.94 km2 (57.7%). Group C, with the largest area, has low
permeability and high runoff production capacity. According to the results, the potential for runoff production in the
southwestern and somewhat western parts (a part with good permeability due to the type of soil hydraulic group) is low,
and in the northern and southern parts of the catchment, due to poor pasture use and urban areas, they have a higher
runoff production potential. The potential for runoff production in this catchment is relatively high because the
Roudehen-Boumehen region is a mountainous region and its slope is high. Also, from a geological perspective, the rock
types are mostly green tuff, tuff shale, agglomerate, and andesite-basalt rocks and some of the Karaj Formation, which
are impermeable, so they produce a higher amount of runoff during heavy rainfall. According to the results, the potential
for runoff production is low in the southwestern and somewhat western parts of the basin, and higher in the northern
and southern parts. The travel time in highlands and areas with lower infiltration is the fastest possible. The runoff
production calculation showed that considering that 70 percent of the basin area has low permeability soil of two groups
D and C. Also, more than 60 percent of the basin has a slope above 30 percent, therefore it contributes to the production
of runoff in the shortest possible time. What is important is that a very large part of the region has an altitude of more
than 1500 meters. Rangelands and residential areas that cover a large area of the region have a high flood production
potential. The results of the integration of the runoff map and the flood control service potential of the land uses showed
that in the urban land use, the potential demand for flood control is high, in the rangeland land use, it is medium, and in
the orchard land use, it is low. Finally, the flood control service budget map indicates that the supply of flood control
service (74.95 %) is more than the demand for flood control (16.86 %) and there is a lack of demand and supply in
about 8.18% of the catchmnt. The southern area of the catchmnt, where the cities of Roudehen and Boumehen are
located, has a higher demand for flood control than other areas, and for this reason, the ecosystems of these areas are
not able to absorb and control the volume of water that is generated during rainfall, which increases the likelihood of
flooding. In contrast, in the center of the catchmnt, the use of pastures and orchards and soil types A and B has the
ability to control floods and the supply of this type of service is high here. Also, in the north of the catchmnt, there are
areas with flood regulation supply that correspond to pastures with soil type C, but in areas where there is rock outcrop,
there is no flood regulation supply and due to the lack of human settlement, there is no demand. Therefore, the use of
flood regulation supply zones to prevent and reduce floods in areas of demand is essential for flood control and to
prevent human threats.

Conclusions

The urban catchment of Roudehen and Boumehen is a mountainous catchment with impermeable rocky mountains,
which in terms of geology are mostly green tuff, layers of lime and shale or sandstone, which affects the amount of
runoff and the lack of penetration in the soil. Shallow soil, high slope and low vegetation density cover contribute to
the flow and cause runoff and soil erosion. Therefore, the hydrological model of the SCS method and the determination
of CN values were used to estimate the runoff caused by heavy rainfall. The potential for runoff production in the
southwestern and somewhat western parts of the catchment is low, and in the central and southern parts of the catchment
due to poor land use and urban areas have a higher runoff production capacity, and also the northeastern parts of the
catchment produce the most runoff due to high slope, poor pasture land use and low permeability. The discharge rate is
high in areas with high slopes and urban areas. The travel time is the fastest in highlands and areas with lower infiltration
rates. Quantifying and predicting ecosystem services based on runoff regulation services and erosion reduction will help
prioritize and zone areas prone to runoff and erosion to explain management and prevention strategies. In the urban
area, the potential for ecosystem service demand is high, in the rangeland area it is medium, and in the garden area it is
low. The catchment also has the potential to store surface runoff. Because 26 percent of the catchment is made up of
soils with good permeability, which, due to their location on a lower slope and low elevation, can be suitable for surface
water containment and flood control. Rangelands and residential areas, which cover a large area of the region, have a
high flood-producing potential and, as a result, a high demand for flood regulation.
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Figure (10): Ecosystem services budget map for flood regulation
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Table (3): Area of ecosystem services budget for flood regulation

(2o ) ol (2o,0) Sl (oo yoskS) Coluwe a>dg

o/ </+\4 -0
N4 AR -f

\PINS #1aY QI -y
YIvy FIEY -y
#IT0 \Y/#F -\

AYA AYA Yana
VEITY YA \
ARIE ARVARN Y

Y¥/a0 VEIAA YYAY v
VOV - Ye/A- f
A-¥ VOIYA I\

S5 azxaly Coxy

Sas 3blie (saiaigy 5 Gaaglsl & Olyie Sllyy oerkis Sloss (s plannsST Slosd (e 5 (99ed o5 b
o 4y 425 b o S8 Jesly addllas 3ged SLLS S8 (SW)5k 5 (e o pal) s sl pale B9 DU,
i 6099 U g fosir glaciand jo Qlly, adg il oS ol (LiS rag = o235 2l 4ds> 50 wicssST s oedais
Jled o idu Grizren g eVl Uy, adgi (g s 0t bl 5 Bnd 68 Jdods adg> 0oz g (655 0 Sond 10 5 05
2 (Vo) Tond g Silo iS00 1) Qllg, cn om0l (5203985 5 hmd @i ()5 0l cod ety 49> (350
ey S SE Cod maday Qlly, iz sl bptewsST cod b a5 wo S ol Lgyl 5o OVl e 05l (slasllas
Sl gy 2 55 (V1) e 5 il e iomod s S lgiSy il 3blio 15 6 lgan g ol dilaie o 5 S Lyl
Cobyb ol sloced 5 bugie S 533500 b bl ;o a5 wisls las Sujslspane sl 2 Ol Sl s ey )8
Lol sloargy « ool (g 5 )5 4t b o] 32l 5 o0 adgy Oy, Judlty 4 azg b 05 g0 Sgaome Do &y Jow oeas
el CandS 4 e (pgagim (809, 1 pl Adg 50 a5 8ls s edel ey Juw oilat Caeds 4 je sladigy g M 1alS 6l
Ol cwl o pais az0g o g8 BB olile casmslis bl ol o YU as e conl o J 08 gl Lol 5l iy Jow
oaioylis dbg> cpl o YL Lol S >0 .conl o slolis jl iy oS aizias Qlly,y pudas gl oYL cod b lls g
S I o el Y s (A5 Gl )0 e e sl Lo a5 Cenline (o (nl il o 0285 439y )0 (S (e
G Cond jo ails I8 Jew Sl (B pme jo Dal 4y @bl cpl el Gl e Cwas ol &1 6l s sST 208l
Sloeh &5 ad5> a9iz odgaome Wilioe o5 EL (525 50 5 dansie &lie (6 2)15 50 ol ST CaonS LA il 5 0%
Shlus 5 e £589 YL Sl (om0 55 (Jod (e 5 ol LS Lo 1 piin e S50 sl LA ci)ls )18 (e 5 20,
oo Sl (Sl oloj 0 a5 ol e SS9 i a4 0B (e ol eptienwsST G0 O )leas Ll 18 1 20
By A gy 5l S g DLl g &l 6281 cds> 3550 50 Jlie jo a0 o0 (RlB ) Jew (08 )l Jloil pal (nl g aits
50,y iy 50 (T15) o lSap 5 "ol S 3abs amndWl sl o Caosd g5 el a5 &bl |, mw J S Ulgs
Gl s SB 633585 Rl b e Koz 5 DLl asile (ST (LS sla by a5 ol Gl Jew @il p (Sl )8

1 Dankers & Feyen
2 Bartlett
3Zhang 83



\Fe0 ,:ng_ FA .a)Lz..'l L“‘.a;_}} L‘_;j}j}é)}ﬂj:j})-t:ﬁ

Sl 2 Bebaie a5 Bl Lo elas adye s plaiwend s> Jlod )0 rizren WS L J55S )0 (coge SR Uy,
Sl g Jodoay g ALl S92y Jow pedais ad e 30 392y (K (Sopgn &5 pladwend o Ll wiltle €SB g b
SoodisS 1S lyicds sage L 45 las,lS (Vo 10) o Kan 5 lly 415 gabs 45 1) el 13,5 3925 o (2Ll ¢yl
Sl Wiz 8 5 s (809 gl adg> 50 g i g a8 S 8 az gl 090 Jew s (2alS Sz Wb il e b
&l w2 5l s Sele g i Grizren o SLEL 8L Sl Ol oo Lol 905 9925 e laonisS J 7S lyieds )50 9 (D
3,5 ooliiul ads> Cewsimly (oS bl ;3 DUy, J5uS Cumr O i slapiaisST Glarea

Sl S55enl 4 a5 g glailaie 5,55, aiejls Joww sl o ok oS aiis Coaly (l 00iiS s (B 0l glaaSl (ol i
s sl Lol a3 9 Vb Jow 0y Josliy aid 5500 1) adlaie 51 g0k g a5 (SgSin Bblie ol pnssST L2
Ghlo 1y aog> 5l oo o YO sgam 150,08 55 |y xbaw slacblyy 0,53 sty (pegem o239, 3l adg> Lol ol co ol Jums
axblge Dl S35 g (i O oo gl armilin fe g 9 (U el Cenns a4 50) oplats bl

References

Bartlett, M. S., Parolari, A. J., McDonnell, J. J., & Porporato, A. (2016). Beyond the SCS-CN method: A
theoretical framework for spatially lumped rainfall-runoff response. Water Resources Research, 52(6), 4608-
4627. https://doi.org/10.1002/2015WR018439.

Boyanova, K., Nedkov, S., & Burkhard, B. (2014). Quantification and mapping of flood regulating ecosystem
services in different watersheds—case studies in Bulgaria and Arizona, USA. In Thematic cartography for the
society (pp. 237-255). Cham: Springer International Publishing. https://doi.org/10.1007/978-3-319-08180-
9 18.

Burkhard, B., Kroll, F., Miiller, F., & Windhorst, W. (2009). Landscapes' capacities to provide ecosystem
services-A concept for land-cover based assessments. Landscape online, 15-15.

https://doi.org/10.3097/L0O.200915.
Chow, V. T. (1965). Bibliography: 1) Handbook of applied hydrology.
https://doi.org/10.1061/9780784401385.

Dankers, R., & Feyen, L. (2009). Flood hazard in Europe in an ensemble of regional climate scenarios.
Geophysical Research: Atmospheres, 114(D16). https://doi.org/10.1029/2008JD011523.

Ghabelnezam, E., Mostafazadeh, R., Esmali Ouri, A., & Hazbavi, Z. (2022). The importance of watershed
ecosystem services with emphasis on runoff yield and erosion control. Human and Environment, 62, 137-155.
https://sanad.iau.ir/en/Journal/he/Article/847705.

Ghafari Gilandeh, A., Sobhani, B., & Ostadi Babakandi, E. (2017). Estimation of Curve Number and Runoff
in ArcGIS (A Case Study of Meshkin Shahr City). Hydrogeomorphology, 3(9), 159-175.

https://dor.isc.ac/dor/20.1001.1.23833254.1395.3.9.8.8.

Hosseini, S. M., Jafar-Beiglu, M., & Geravand, F. (2015). Modeling of Hydraulic Behavior of Kashkan River
and Determination of Floodplain Limits Using HEC-Geo-RAS. Environmental Management Hazards, 2(3),
355-369. https://doi.org/10.22059/jhsci.2015.58102.

Hoseinzadeh, M. M., Nosrati, K., & Imeni, S. (2019). Determining curve number and estimating runoff yield
in Hesarak catchment. Applied Researches in Geographical Sciences, 18(51), 133-150.
http://dx.doi.org/10.29252/jgs.18.51.133.

Khaleghi, S., & Malekani, L. (2016). Simulation of flood hazard using GIS-based cellular automata (Case
study: Chirchir Catchment). Physical Geography Research, 48(4), 589-605.

https://doi.org/10.22059/jphgr.2016.60829.

84


https://doi.org/10.1002/2015WR018439
https://doi.org/10.3097/LO.200915
https://doi.org/10.1061/9780784401385
https://doi.org/10.1029/2008JD011523
https://dor.isc.ac/dor/20.1001.1.23833254.1395.3.9.8.8
https://doi.org/10.22059/jhsci.2015.58102
https://doi.org/10.22059/jphgr.2016.60829

VFeb sl FA o los (Y090 S39998 5908559 )R

Laal Mousavi, B.N., (2020), Potential of runoff hazard in urbanized catchment of Roudehen-Boumehen in
order ot sustainable development, Msc. Thesis, Shahid Beheshti University, Tehran.

Marino, D., Palmieri, M., Marucci, A., Soraci, M., Barone, A., & Pili, S. (2023). Linking flood risk mitigation
and food security: an analysis of land-use change in the metropolitan area of Rome. Land, 12(2), 366.
https://doi.org/10.3390/1and12020366

Nayyeri, H. , Amani, K., & Ganjaeian, H. (2016). Survey the Tarval Drainage Watershed Hydro
Geomorphology and Hydrology Indicators. Hydrogeomorphology, 3(7), 19-38.
https://dor.isc.ac/dor/20.1001.1.23833254.1395.3.7.2.8

Ostrom, E. (2009). A general framework for analyzing sustainability of social-ecological systems. Science,
325(5939), 419-422. _https://doi.org/10.1126/science.1172133

Quagliolo, C., Comino, E., & Pezzoli, A. (2021). Experimental flash floods assessment through urban flood
risk mitigation (UFRM) model: the case study of Ligurian coastal cities. Frontiers in Water, 3, 663378.
https://doi.org/10.3389/frwa.2021.663378

Vallecillo, S., Kakoulaki, G., La Notte, A., Feyen, L., Dottori, F., & Maes, J. (2020). Accounting for changes

in flood control delivered by ecosystems at the EU level. Ecosystem Services, 44, 101142.
https://doi.org/10.1016/j.ecoser.2020.101142

Walz, U., Richter, B., & Grunewald, K. (2019). Indicators on the ecosystem service “regulation service of
floodplains™. Ecological Indicators, 102, 547-556. _https://doi.org/10.1016/j.ecolind.2019.01.073

Zhang, Y., Zhao, Y., Wang, Q., Wang, J., Li, H., Zhai, J., ... & Li, J. (2016). Impact of land use on frequency
of floods in Yongding River Basin, China. Water, 8(9), 401, https://doi.org/10.3390/w8090401

85


https://doi.org/10.3390/land12020366
https://dor.isc.ac/dor/20.1001.1.23833254.1395.3.7.2.8
https://doi.org/10.3389/frwa.2021.663378
https://doi.org/10.1016/j.ecoser.2020.101142
https://doi.org/10.3390/w8090401


  Q =     ( P − 0 . 2 S ) 2  ( P + 0 . 8 S )


  S =  25400  C N − 254


  C N I I 𝛼 = C N I I ∗   322 . 79 + 15 . 63 𝛼  𝛼 + 323 . 52


  𝛼


    t  l a g =     L  0 . 8    ( S + 1 )  0 . 7  1900     y  0 . 5


    t  l a g =   2 . 587     L  0 . 8   (  1000  C N − 9 )  0 . 7  1900     y  0 . 5


   t lag


  V =  1  n   R   2 3   S 0   1 2      →  R = y   V =  1  n   y   2 3   S 0   1 2      →  V =   L  t       L  t =  1  n   y   2 3   S 0   1 2 → t =   n L    y   2 3     S 0   1 2


   S 0

