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Extended Abstract

Introduction

Effective urban water management is a cornerstone of sustainable development and public safety in a rapidly changing global
climate. The growing variability in weather patterns, characterized by longer dry spells punctuated by intense, short-duration
storms, places unprecedented stress on city infrastructures. This is particularly true for cities in arid and semi-arid regions, where
drainage systems were often designed based on outdated hydrological data and can no longer cope with current precipitation
extremes. In recent years, the increase in the frequency of seasonal precipitation, especially in arid regions, and the improper
design of flood collection networks in such areas have caused inundation of streets and residential areas and disruption of
citizens’ daily activities. In addition, flooding of urban streets in various locations has caused the spread of environmental
pollution and health hazards, threatening human health. These problems have been observed in many urban basins in Iran in
recent years. Addressing this dual threat of flooding and pollution requires a paradigm shift from simply disposing of stormwater
to actively managing it as a valuable asset. Urban runoff can be harvested as a supplementary water resource. This approach, not
only mitigates flood damage but also provides an alternative water source for non-potable uses, such as irrigation and industrial
cooling, thereby reducing pressure on conventional water supplies. Therefore, designing and improving urban runoff collection
networks to address the mentioned problems is an inevitable necessity and is of great importance. In this study, a runoff collection
system in a semi-arid urban area has been simulated. In this case study, short-term but high-intensity rainfall, uneven temporal
distribution of rainfall, and impermeable surfaces (e.g., asphalt and concrete) increase the risk of sudden runoff and further
highlighted the need for careful design of runoff management infrastructure. The simulation’s primary objective is to model
the hydraulic performance of the existing network under extreme rainfall scenarios and to propose and test optimized design
configurations that can enhance the system’s capacity, reduce flood peaks, and facilitate the safe capture of runoff for subsequent

use.

Materials and Methods
The city of Anbarabad located in the south of Kerman is one of the areas where heavy rains in different seasons cause urban

flood events. This city has two distinct climatic conditions: hot semi-humid in the west and hot arid in the east. The highest
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precipitation occurs in winter and autumn. The area that will be studied is the urban district of Anbarabad with an area of 684
hectares. In this study, the runoff collection network of Anbarabad was analyzed and optimized hydraulically using the SWMM
5.2. The information required by the model includes meteorological data (rainfall pattern, rainfall duration, input hyetographs,
and other rainfall characteristics, intensity-duration-frequency curves, design rainfall, etc.) and spatial data (urban road map,
land use map, soil type map and topographic map) along with runoff statistics. To determine the design rainfall, intensity-
duration-frequency (IDF) curves were extracted. Prior to this, a data homogeneity test was performed using the run test method
on the monthly rainfall data of the reference rain gauge station for the statistical period 1390 to 1399, which was obtained from
the Iranian Meteorological Organization. After the sub-basinization operations in ArcGIS 10.8, the outlet hydrograph of each
hydrological unit of the urban basin was calculated for a 10-year return period and based on that, the peak inflow discharge to the

runoff collection network was determined and at the end, the network was hydraulically improved.

Results and Discussion

A comprehensive hydrological and hydraulic analysis was conducted to evaluate the performance of an urban drainage network
under extreme flood conditions. A comparison of outlet hydrographs before and after channels modification (for a 10-year return
period flood) revealed an increase in the peak discharge. This rise is attributed to the enhanced conveyance capacity of the
modified system, which now routes water more efficiently towards the outlet, thereby altering the flood peak characteristics.
The simulations revealed that physiographic characteristics substantially affect the hydrological behavior of each sub-basin.
Sub-basins with steeper slopes, larger impervious surface areas, and higher equivalent widths generated higher runoff volumes.
This variability in response underscores the importance of considering spatial heterogeneity in watershed management plans.
Hydraulic simulation results indicated that 49 out of 56 nodes in Anbarabad’s flood collection network experienced flooding.
Among these, 28 nodes recorded the longest flooding duration, and node J21 exhibited the highest flood volume. The identification
of such critical nodes is essential for prioritizing rehabilitation efforts and allocating resources effectively. Furthermore, the
hydraulic analysis revealed that the existing runoff collection network in Anbarabad was undersized for the flood event, causing
numerous stormwater channels to exceed their design capacity. This systemic inadequacy is a common issue in many rapidly
urbanizing areas where infrastructure development lags behind land-use changes. Finally, based on the observed results, the
geometric dimensions of stormwater channels were modified to provide the necessary capacity for flood conveyance. This
intervention successfully eliminated flooding in previously affected nodes, demonstrating the critical importance of evidence-

based, calibrated engineering solutions in building urban flood resilience.

Conclusion

The ongoing process of urbanization represents one of the most significant human impacts on the natural hydrologic cycle.
The change in land use from natural and agricultural covers (e.g., forest, pasture) to urbanized ones (e.g., residential, commercial,
industrial) has significantly heightened the challenges associated with urban watershed management. These changes reduce
infiltration and increase both the volume and velocity of surface runoff, overwhelming traditional drainage systems. In this
paper, the simulation of the surface runoff collection network of Anbarabad city located in Kerman province was performed
using the SWMM 5.2 model. This widely recognized model was selected for its robust capability in simulating dynamic runoff
processes and complex hydraulic routing within urban drainage networks. The modeling results were presented in the form of
tables and graphs including peak discharge, cumulative runoff volume and peak flood flow time for each urban hydrological
unit. Also, variations in outlet discharge across different network sections were quantified, enabling identification of critical
zones contributing significantly to runoff production. This spatial analysis is crucial for implementing cost-effective mitigation
measures where they are most needed. Subsequently, hydraulic simulation of the network revealed specific nodes experiencing
overload or flooding conditions. These hydraulic bottlenecks were carefully analyzed to understand the underlying causes of

system failure during storm events. Then, the necessary corrections were made at these points and finally, a modified surface
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runoff collection network was proposed that can effectively prevent runoff and improve the safety and welfare of citizens.
The results obtained allowed the assessment of the contribution of each region to runoff production and the identification of
priority areas for the implementation of surface runoff collection systems. This methodology provides a scientifically grounded
framework for urban planners to enhance flood resilience in rapidly developing cities, particularly in water-scarce regions like

Kerman province.
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Table 2. Characteristics of urban sub-basins in the study area
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(m) Joles 2 o Colus el ) osled Jolae 56 b Colue slpjeled
Equivallent width Slope(%) Area(ha ) Sub-basin No Equivallent width(m) Slope(%)  Areaha) Sub-basin No
231.02 0.660 7 S31 370.41 0.573 323 S1
325.58 0.775 16.8 S32 294.19 0.659 22.3 S2
136.81 0.746 5.5 S33 121.41 0.295 8.22 S3
351.9 0.439 24 S34 154.01 0.157 9.78 S4
247.68 0.739 13.4 S35 298.65 0.503 17.8 S5
227.73 0.563 20.2 S36 299.65 0.290 7.9 S6
317.38 0.159 19.9 S37 33.86 0 0.3 S7

54 0.666 0.81 S38 161.53 0.915 8.82 S8
225.26 1.263 10.7 S39 112.12 3.030 1.11 S9

250 0.431 11.6 S40 237.47 0.484 14.7 S10
281.48 0 15.2 S41 392.28 0.321 24.4 S11
174.54 1.049 6.65 S42 123.04 0.652 5.66 S12
187.17 0.866 10.8 S43 201.2 0.602 6.68 S13
114.51 0 7.1 S44 226.95 0.354 12.8 S14
97.32 0.157 6.19 S45 251.41 0.567 13.3 S15
67.09 0.432 1.55 S46 88.81 0 2.86 S16
155.85 0 8.12 S47 127.09 0.199 6.38 S17
81.36 2.662 2.75 S48 152.23 0.895 5.1 S18
213.96 2.796 7.66 S49 412.87 0.378 21.8 S19
176.47 1.764 9 S50 120.76 0.380 6.34 S20
128.52 3.355 3.83 S51 272.28 0.722 11.3 S21
104.85 2.024 5.18 S52 179.29 0.757 7.1 S22
151.81 6.363 3.34 S53 258.62 0.377 15 S23
191.85 1.221 9.42 S54 364.08 0.872 29.2 S24
171.42 1.519 5.64 S55 394.14 0.399 29.6 S25
203.94 3.070 9.3 S56 327.39 0.162 20.2 S26
376.31 0.299 25.1 S57 227.35 0.532 12.8 S27
251.17 0.780 16.1 S58 228.82 0.360 12.7 S28
181.58 0.255 7.1 S59 125.88 0.354 3.55 S29
259.82 0.512 15.2 S60 221.26 0.759 8.74 S30
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Table 3. Characteristics runoff collection network
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Table 4. Hydrological simulation results for the design rainfall with a 10-year return period

Sllgy ceps S o0 T;:;” J;O‘t’;fle sl s Sllgy ups Sy 2 J;Tb{” Ji“t’”fb sl s
Runoff  Peak flow & s TR Runoff ~ Peak flow o .o‘a . TR
cofficient  (CMS) runoff  precipitation ~ Sub-basin coefficient  (CMS) runoff  precipitation ~ Sub-basin

(CM) (mm) (CM) (mm)
0.959 1.1 83.36 86.9 S31 0.916 3.49 79.63 86.9 S1
0.991 2.8 86.12 86.9 S32 0.93 2.74 80.83 86.9 S2
0.952 0.82 82.72 86.9 S33 0.935 1.06 81.22 86.9 S3
0.934 3.08 81.2 86.9 S34 0.937 1.29 81.43 86.9 S4
0.943 1.86 81.92 86.9 S35 0.939 2.39 81.63 86.9 S5
0.923 2.32 80.23 86.9 S36 0.98 0.18 85.14 86.9 S9
0.952 2.98 82.74 86.9 S37 0.942 1.22 81.9 86.9 S8
0.973 0.13 84.59 86.9 S38 0.946 0.05 82.19 86.9 S7
0.947 1.54 82.29 86.9 S39 0.956 1.22 83.09 86.9 S6
0.948 1.68 82.35 86.9 S40 0.938 1.95 81.51 86.9 S10
0.943 2.11 81.93 86.9 S41 0.938 3.23 81.5 86.9 S11
0.953 1.01 82.85 86.9 S42 0.948 0.82 82.38 86.9 S12
0.941 1.47 81.73 86.9 S43 0.957 1.04 83.17 86.9 S13
0.938 0.94 81.51 86.9 S44 0.941 1.75 81.8 86.9 S14
0.937 0.81 81.43 86.9 S45 0.943 1.86 81.99 86.9 S15
0.965 0.25 83.89 86.9 S46 0.958 0.45 83.23 86.9 S16
0.944 1.14 82.03 86.9 S47 0.945 0.9 82.14 86.9 S17
0.957 0.42 83.13 86.9 S48 0.957 0.79 83.15 86.9 S18
0.955 1.17 83 86.9 S49 0.944 3.04 81.99 86.9 S19
0.945 1.27 82.09 86.9 S50 0.944 0.89 82.01 86.9 S20
0.96 0.6 83.4 86.9 S51 0.951 1.68 82.64 86.9 S21
0.946 0.74 82.18 86.9 S52 0.952 1.07 82.76 86.9 S22
0.966 0.54 83.98 86.9 S53 0.94 2.03 81.72 86.9 S23
0.946 1.34 82.2 86.9 S54 0.928 35 80.62 86.9 S24
0.991 0.94 86.14 86.9 S55 0.931 3.65 80.86 86.9 S25
0.948 1.35 82.4 86.9 S56 0.938 2.68 81.52 86.9 S26
0.935 3.24 81.27 86.9 S57 0.941 1.75 81.81 86.9 S27
0.937 2.11 81.4 86.9 S58 0.942 1.75 81.85 86.9 S28
0.953 1.07 82.79 86.9 S59 0.961 0.56 83.51 86.9 S29
0.94 2.06 81.69 86.9 S60 0.952 1.31 82.76 86.9 S30
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Fig 6. Illustrating the location of junctions and canals and their status in terms of flooding
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Fig 7. Inflow hydrograph to Junction 21 for the 10-year return period design discharge
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Table 5. Hydraulic simulation results for design rainfall with a 10-year return period
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Sl o> IS el (S SOl olels ) N o o 5lo S S0l wlelw )
(Mm?) (MP/8) Juow Hour of max °)5. Mm?) (/) o Hour of max °)5.
Flood Volume Max Flow flow Junction Flood Volume Max Flow flow Junction
2.818 1.719 1.04 J29 34.144 3.92 5.32 J1
14.221 2.393 5.45 130 11.387 2.543 4.7 2
11.236 1.91 5.45 J31 0.002 0.005 0.19 J4
9.89 1.712 5.45 J33 0.044 0.084 2.23 J5
3.864 3.421 0.67 134 0.6 0.316 1.84 J6
12.51 2.12 2.99 I35 5.585 1.442 4.88 J7
6.074 1.061 5.45 J36 0.371 0.429 0.44 J8
21.514 3.33 5.46 J37 3.485 0.767 5.35 J9
12.811 2.047 5.45 J38 0.452 0.676 0.36 J10
11.02 2.626 4.02 J39 10.352 3.181 1.88 Ji1
4.518 0.821 5.43 J40 38.536 4.783 5.31 J12
19.579 2.134 5.41 J42 11.815 3.782 2.99 J13
9.196 1.431 3.89 J43 2.781 2.612 0.58 J14
4.897 0.943 5.47 J44 11.394 2.001 5.45 J15
14.09 0.76 5.4 J45 11.315 1.873 5.43 J16
0.958 0.056 5.35 J46 10.77 2.039 5.35 7
7.728 1.273 5.43 J47 2.297 1.688 0.88 J19
6.31 1.214 5.47 J48 2.739 1.838 0.9 J20
4.494 0.811 5.39 J49 74.625 7.037 5.35 121
6.362 1.168 5.45 J50 4.187 2.63 1 123
6.647 1.049 5.44 J51 19.908 3.215 5.47 124
0.004 0.009 1.74 J52 13.262 2.124 5.46 125
23.331 2.612 3.98 J53 6.07 1.085 5.45 126
25.655 2.79 5.39 I54 0.069 0.174 0.2 127
2.018 0.503 5.26 128
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Table 9. Dimensions of canals in current condition compared to modified condition
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Fig 9. Runoft hydrograph at the outlet of the study area (before and after canal modification)
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