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Abstract: This paper concerns the design of a geographic location system to identify urban road
sections susceptible to runoff accumulation through the analysis of the efficiency of surface drainage
networks. To this end, a combination of Geographic Information Systems (GISs) and stormwater
models was proposed. First, GIS hydrology tools were employed to generate all the information
required to characterise urban catchments geometrically. Then, a synthetic storm was created from
precipitation data obtained through spatial interpolation for a given return period. Finally, the three
main hydrological processes occurring in catchments (precipitation loss, transformation and routing)
were simulated using the Hydrologic Modeling System (HEC-HMS). The system was tested through
a case study of an urban catchment located in the city of Santander (Spain). The results demonstrate
its usefulness in detecting critical points in terms of runoff accumulation, according to the efficiency
of the existing surface drainage network.
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1. Introduction

Urban growth during the second half of the twentieth century heightened the defi-
ciencies of urban infrastructures in terms of rainwater drainage, favouring the occurrence
of floods and diffuse pollution [1]. These phenomena are the result of urbanization of
catchments, which entails three main changes with respect to their original condition:
(1) increased percentage of impervious surface, (2) existence of barriers to water flow
(e.g., buildings) and (3) modification of natural water patterns (drainage networks) [2].
Urban development upstream of a catchment causes an alteration in its inflow hydrograph,
which increases its runoff volume and resulting flow, whilst the time elapsed from the
onset of rainfall until the maximum flow rate is reached (i.e., the time of concentration)
decreases [3]. As a result, the likelihood of flooding downstream of the catchment increases.

This scenario highlighted the need for adapting classical hydraulic and hydrologic-
related concepts to the urban environment, focusing on the particular rainfall-runoff
dynamics of these areas and the assessment of the hydraulic capacity of built-up drainage
systems. As a result, the complexity of urban drainage has led to a breakthrough in the
development of computer models to facilitate stormwater analysis over the past three
decades [4]. In this vein, the most sophisticated advances in the field of stormwater
computing concern 2D hydrologic models such as InfoWorks ICM [5], XPSWMM [6] or
MIKE+ [7].

However, these tools are not open-source software, which limits their extrapolation
potential. An alternative to these models can be found in the combination of a Geographic
Information System (GIS) and 1D stormwater tools [8]. GIS enables creating the spatial
information related to the geometry of the hydrological elements present in urban areas,
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whilst stormwater models use this information as inputs to simulate the processes occur-
ring in them. Although some efforts have been made in recent years to integrate both
components for runoff determination [9-13], this approach considered them separately to
make its potential application as flexible as possible.

The choice of how to choose these tools depends on their compatibility and computing
power. Under these premises, the location system proposed in this paper was based on the
integration of ArcGIS [14] and the Hydrologic Modeling System (HEC-HMS) [15], linked
via HEC-GeoHMS [16]. ArcGIS includes Arc Hydro [17], which provides ad-hoc tools
for the discretization of catchments, whilst HEC-HMS contains a variety of methods to
model water quantity in urban catchments. The latter has been found to outperform other
urban stormwater programs such as SWMM, MIKE 11 NAM or WEC-FLOOD because
of its low complexity and computation effort, as well as its friendly user interface and
prediction accuracy [18]. HEC- HMS was also preferred over empirical approaches like the
Rational Method since the omission of routing processes in its formulation hinders its use
for lumped hydrological modelling [19].

Urban drainage is commonly addressed through the modelling of sewer networks,
assuming that catchment delineation can be undertaken from a network topology consisting
of manholes and pipes. However, catchment areas are actually limited by the location of
surface drainage inlets, which are the elements intercepting water in origin [20]. Therefore,
the geometric characterization of catchments from these inlets and the analysis of their
rainfall-induced water flow discharge capacity should be the first concern when addressing
flood risk in urban areas. In this context, the objective of this paper was to develop a
new method combining open access data with free hydrologic models in a geographic
location system for the detection of urban road sections sensitive to flooding. This method
focused on the evaluation of the efficiency of surface drainage networks to mitigate runoff
accumulation, which differentiated it from former approaches oriented to the modelling of
underground drainage systems.

2. Materials and Methods

The proposed location system consisted of the design of three interrelated compo-
nents, namely catchment discretization, precipitation and hydrology modules. The latter
was simulated in HEC-HMS from the data generated in the first two modules, which
were mainly developed in ArcGIS. Figure 1 summarises the tasks carried out to develop

each module.

[ CATCHMENT DISCRETIZATION ] [ PRECIPITATION ] HYDROLOGY

Terrain preprocessing Fitting rainfall data Precipitation loss

Arc Hydro Tools Spatial interpolation Transformation

Catchment re-delineation Design storm Routing

Figure 1. Breakdown of the proposed methodology into catchment discretization, precipitation and
hydrology modules.
2.1. Catchment Discretization Module

One of the most important steps in the development of the proposed location system
was the generation of geometric information to characterise the hydrological elements
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forming urban catchments. Hence, the goal of this stage was the delineation of subcatch-
ments from a predefined stream network through a series of tasks carried out in ArcGIS
using its add-on Arc Hydro.

2.1.1. Terrain Preprocessing

Since this research concerned the modelling of urban catchment, the representation
of the terrain could not be approached using a model containing information about the
ground surface, i.e., a Digital Elevation Model (DEM). Urban areas are characterised by the
presence of diverse types of objects on their surface, which highlights the need for a Digital
Surface Model (DSM) that captures both natural and built features. However, DSMs are
not a widely available resource worldwide.

In the absence of this data and considering that most of the objects influencing water
flow in urban areas concern buildings and roads, a DSM was manually created from the
combination of a Digital Elevation Model (DEM) in raster format with two feature layers
showing the location of buildings and roads. In a recent study, Wu et al. (2019) [21]
highlighted the drawbacks of the “stream burning” algorithms commonly available in
GIS, especially due to their allocation of constant elevation offsets. The abrupt jumps
caused by this approach are not desirable when dealing with a theoretical stream network
created from a flow accumulation map. However, this abruptness was sought in this case
to represent built-up elements that perform as brusque artificial barriers for flow patterns.

For this purpose, the first step consisted of creating a buffer of a distance equal to the
width of the lanes around the roads to represent the surface covered by these infrastructures.
Then, a small negative elevation value was allocated to this layer, in order to force water
to flow throughout roads once there, simulating the effect of curbs. Similarly, the layer
containing the surface occupied by buildings was slightly elevated to make the water flow
around these obstacles. Finally, both layers (roads and buildings) were superimposed on
the DEM to create the DSM sought.

2.1.2. Arc Hydro Tools

The set of Arc Hydro tools [22] included in ArcGIS 10.2 enabled completing the
process of catchment delineation. First, the DSM was refined by correcting inconsistencies
in relation to neighbouring cells. Then, the flow accumulated in each cell forming the
catchment was determined from a flow direction map obtained according to the eight-
direction (D8) flow model. A threshold of flow accumulation was established to determine
the cells with which to form the stream network. Finally, the catchment was delineated
from the flow direction map and the stream network, whose sections were taken as the
outlets from which to define the subcatchments.

2.1.3. Catchment Re-delineation

The process ended with a new division of the subcatchments according to the loca-
tion of the inlets forming the surface drainage network. This task was accomplished by
associating each drainage inlet with a batch point. Hence, the catchment was divided into
subcatchments according to both the natural landform of the area and the artificial water
interceptions represented by the surface drainage inlets.

This approach contrasts with the traditional and straightforward delineation of catch-
ments based on the division of sewer networks according to the location of their manholes,
providing a novel and necessary means for evaluating urban drainage at origin. The dis-
cretization of subcatchments according to the position of the manholes is a simplification
of the real situation, in which water is first captured by surface inlets and then conveyed
throughout the pipes of sewer networks.

2.2. Precipitation Module

The purpose of this module was to design a synthetic storm associated with a return
period for the subcatchments using daily rainfall data measured over a period of at least 20
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or 30 years, in order to obtain reliable conclusions from precipitation data [23]. Since these
data are usually provided in point format, the Geostatistical Wizard tool of ArcGIS was
used to carry out their conversion into a continuous surface with values of rainfall. The
remaining tasks in this module were undertaken with the support of MS Excel spreadsheets.

2.2.1. Fitting Rainfall Data

Rainfall data consisted of a set of daily precipitation measurements with unknown
patterns of distribution. The first task in this module was to obtain the maximum daily
rainfall for a certain return period with which to assess the efficiency of the surface drainage
network. In line with the recommendations found in specialised literature [24,25], a 10-year
return period was selected for this purpose. This is consistent with the common magnitude
of urban catchments, which have short times of concentration and high peak flow rates [26].

To find the best fit to the pattern of precipitation measures in each observation point,
the Kolmogorov-Smirnov (K-S) and Anderson-Darling (A-D) goodness-of-fit tests were
calculated for 64 different probability distributions. The accuracy of these distributions
was appraised by checking whether their associated K-S and A-D statistics (D and A?)
were greater than their corresponding limit in the table of critical values or not.

2.2.2. Spatial Interpolation

Spatial interpolation was used to create a precipitation map from the point values
of maximum daily rainfall calculated in the previous step. Interpolation techniques are
usually divided into deterministic and geostatistical methods [27]. The former rely on
mathematical functions to predict values at unknown locations based on their degree of
similarity in relation with neighbouring data points (Burrough & McDonnell, 1998), whilst
the latter incorporate statistical procedures to provide probabilistic estimates of the quality
of the interpolation surface according to its spatial autocorrelation [28]. Table 1 summarises
the main characteristics of the six methods used to interpolate precipitation.

Table 1. Main features of the interpolation methods used.

Family Method Principle Advantages Disadvantages
Inverse Distance Weights the data points Simplicity. Works well Weights are not
Deterministic Weighting (TDW) inversely by distance to the with different kinds affected by
ghing prediction location of data points arrangement
Radial Basis Fits a curve to a series of data Capable of working Unsuitable if large
Functions (RBF) points to minimise the with small amounts of variations in short
surface curvature data points distances occur
Global Polynomial Fits a polynomial by capturing Computationally Acrc:rga;zc():lr?;ﬁeatsss
Interpolation (GPI) coarse-scale patterns in the data lightweight prop y
data complexity
L. Ordinary Kriging Similar to IDW, but considering . Unbiased space Inapprgprlate for
Geostatistical ) . interpolator. Avoid non-stationary data.
(OK) the spatial trend of data points . .
edge-effects High complexity
Simple Kriging Snar:slsfr:coﬁ(c))lrfé zgzlrﬁil;lenﬁ:s;ne Easier to compute Its assumptions are
(SK) p than OK often unrealistic

Empirical Bayesian
Kriging (EBK)

of data
Automates the calculation of
parameters of a kriging model
(e.g., OK or SK)

Minimal interactive
modelling. Accurate
for small datasets

Long processing times.
Limited customization

The goodness of the predictions obtained through these interpolation methods was
measured through cross-validation, which consists of the three following steps [29]: (1) re-
moving a point from the set of measured points, (2) estimating the value at the removed
point using the remaining points and (3) calculating the predicted error in the estimation by
comparison with the measured value. The goodness-of-fit of the cross-validation process
was measured through the Root Mean Square Error (RMSE) and the Pearson correlation co-
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efficient, representing the sample standard deviation of the differences between measured
and predicted values and their linear relationship, respectively.

The prediction map obtained from spatial interpolation provided information on the
maximum daily rainfall at each pixel within the workspace. From these values, the average
precipitation of each subcatchment was calculated using zonal statistical techniques.

2.2.3. Design Storm

Témez (1987) [30] developed a regionalization study in Spain that enabled obtaining
rainfall intensity from values of precipitation and storm duration. Hence, in relation to
the IDF (Intensity-Duration-Frequency) curves, this formulation omits the frequency and
becomes the Intensity—Duration (ID) law expressed in Equation (1). These curves stem
from the union of ID points representing average intensities at intervals with different
duration, such that they all correspond to the same frequency or return period.

2801 _p0,1

P
[= iRF 2011 1)

where P; is the average precipitation in each subcatchment (mm), D is the storm duration
(min) and RF is the regional factor, which denotes the variation produced in precipitation
due to location and can be consulted in the Highway Design Manual for Spain [31].

Since the design of these storms was oriented to urban areas, a storm duration D
equal to the time of concentration in the catchment was assumed [32]. In turn, this time
of concentration was determined as the longest flow path in the catchment using ArcGIS,
based on the filled DSM and flow direction map.

With rainfall intensity and storm duration as inputs, the Alternating Block method [33]
was applied to design synthetic storms. It consisted of calculating values of precipitation
(blocks) for different duration intervals or blocks At, 2At, 3At..., such that D = n-At.
Then, these blocks were distributed alternately on each side around the highest value of
precipitation in order to design the synthetic storms sought.

2.3. Hydrology Module

This module aimed at outlining the hydrological processes that take place in urban
catchments, which were divided into precipitation loss, transformation and routing. These
three steps were run in HEC-HMS, based on the information generated in the two previous
modules. The hydrological response of urban catchments was simulated with and without
considering their existing surface drainage systems in order to evaluate its efficiency to
capture runoff.

2.3.1. Precipitation Loss

The first causes of precipitation losses are infiltration and surface retention. These
losses were measured through the Runoff Curve Number (CN) method proposed by the
Soil Conservation Service (SCS) [34]. The CN expresses direct runoff generated by rainfall
according to Equation (2).

N o
254 + 5%
where P is the runoff threshold expressed in mm, a coefficient indicating regional vari-
ation in soil moisture at the beginning of rainfall. The calculation of this coefficient was
approached by correlating its categories with those of a land cover database, which is a
very common source of data in GIS format.

The second factor affecting this process is the imperviousness of the surface. The
delineation of the areas covered by buildings and roads was instantaneous from the layers
prepared in the catchment discretization module. The contribution of other elements to
increasing the degree of imperviousness of urban catchments, such as parking spaces, was
calculated by measuring their areas with the support of aerial photography.
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Finally, the presence of surface drainage networks involves flow diversions at the loca-
tions of their inlets. According to Subramanya (1982) [35], the flow over a drain grate (F;)
can be assimilated to a spatially variable flow discharged through an orifice. Consequently,
this was expressed using the one-dimensional formula shown in Equation (3).

Fd = Cd'Ah'\/z'g'd (3)

where C; is the discharge coefficient of the grate, A, is its opening area (cm?), g is the
standard acceleration of gravity and d is the water depth at that point (cm). The discharge
coefficient varies depending on the geometry of the grate. The Flumen Institute [20] carried
out a study of the interception capacity of several different grate configurations, resulting
in the discharge coefficients compiled in Table 2.

Table 2. Characteristics of the grates considered.

Model Length (cm) Width (cm) Total Area (cm?) Opening Area (cm?) Cq
1 78.0 36.4 2839 1214 0.200
2 78.0 34.1 2659 873 0.245
3 64.0 30.0 1920 693 0.330
4 77.6 34.5 2677 1050 0.270
7 97.5 47.5 4825 1400 0.240
8 97.5 95.0 9650 2800 0.220
9 195.0 47.5 9650 2800 0.160
1 78.0 36.4 2839 1214 0.200
2 78.0 34.1 2659 873 0.245

2.3.2. Transformation

Synthetic hydrographs provide an empiric representation of the response of small
catchments to short and uniform rainfall events. Among them, the SCS hydrograph is one
of the most widely used and cited models in specialised literature related to surface hydrol-
ogy [36]. It is triangular and provides the basic hydrological parameters of a hydrograph.
Based on the observation of a series of hydrographs caused by short and uniform rainfall
events, Equation (4) was developed to relate duration of the net precipitation (D), peak
time (), lag time (¢;) and time of concentration (t.). The relationship between the last two
terms, by which f, was expressed as 60% of t;, was empirically defined by the SCS [37].

ty = 0.5-D +t; ~ 0,5-D + 0.6+t @)

Since this triangular approximation is too simple, the SCS technicians proposed a
conversion of the pair of values flow-time from the analysis and study of many real
hydrographs, such that the peak values for all of them were equal to 1. The application of
this transformation was found to result in a much more realistic representation of what can
really happen in a catchment.

2.3.3. Routing

This process consists of determining a hydrograph at a certain point from another
hydrograph located upstream of that point [38]. The Muskingum method is one of the
most widely used approaches to characterise routing, due to its simplicity and ease of
application [39]. Routing storage (S) over a reach was divided into prism storage, which
is proportional to the outflow (O), and wedge storage, which depends on the difference
between inflow (I) and outflow (see Equation (5)).

S =K [X-I+(1-X)-O] )

where X is a dimensionless constant allocating more or less importance to prism or wedge
storage, whose value ranges between 0 and 0.5, depending on the slope of the reach. K
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can be assimilated to the travel time of the kinematic wave from one end of the reach to
the other [38]. The simulation interval was checked to be greater than 2-K-X in all cases;
otherwise, the reaches would have been segmented into several subreaches until that
condition was accomplished.

3. Results and Discussion

The proposed method was applied to the city of Santander (Spain). For magnitude
reasons, the results were limited to a specific catchment located in the Monte-Corbanera
neighbourhood, in the north of Santander, since the hydrologic simulation of the whole city
would be unapproachable in computational terms. The Santander City Council supplied
the feature layers of the surface drainage network, roads and buildings at a scale of 1:5000.
The DEM was acquired from the National Centre of Geographic Information (CNIG) in
ASCII format with a cell size of 5 m. The Ministry of Environment and Territory of the
Cantabrian Government supplied a Corine Land Cover (CLC) 2006 map at a scale of
1:100,000. Finally, daily rainfall data between 1954 and 2003 with a resolution of 1 km?
were obtained for the whole city from the Santander Meteorology Group [40]. Since these
data were not integrated in ArcGIS but exported separately to HEC-HMS in the form of
statistics per subcatchment, there was no need to resample them to the same cell size.

3.1. Catchment Discretization Module

Figure 2 shows the DSM obtained after applying the terrain preprocessing to the
original DEM. The visual inspection of this map demonstrates that buildings and roads
were the most and least raised elements in each zone of the DSM, respectively. Thus, water
was forced to flow alongside buildings and through roads, wherever appropriate. The
DSM stemming from this process could be considered more rigorous than a LIDAR-based
DSM since the latter is very susceptible to registering noisy data. In contrast, vector layers
as those included in the proposed approach are much more reliable and easy to update.

— Stream network
[ ] Subcatchment
Digital Surface Model (m)
N > 0.00

[ >17.25

[ 1>3450

[ > 51.75

Bl <69.00

Figure 2. Digital Surface Model (m) and delineation of the Monte-Corbanera catchment.

An accumulation threshold of 5000 cells was set to define the stream network after
several tests with different values, which proved that the subsequent networks started to
converge at that limit. The re-delineation process according to the surface drainage inlets
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resulted in a catchment formed by 67 subcatchments (see Figure 2). According to the total
area of the workspace, this involved 1.02 subcatchments per hectare.

3.2. Precipitation Module

The Wakeby function was found to provide the best fit for most of the rainfall data
series at the measured points according to the K-S and A-D statistics, followed by the
Johnson SB distribution. This function has three shape parameters, which enables fitting
a variety of different patterns. From the values obtained for a 10-year return period, six
maps of maximum daily precipitation for the whole city of Santander were drawn using
three deterministic IDW, RBF and CPI) and three geostatistical methods (OK, SK and EBK).
In general, the latter yielded more accurate and gradual interpolation surfaces than the
former, since observed rainfall data fulfilled the assumptions of normality and stationarity,
which enabled maximizing the potential and precision of geostatistical techniques. Among
the latter, an RMSE of 1.073 and a Pearson correlation coefficient of 0.926 (significant at the
0.01 level) between measured and predicted values suggested that OK provided a slightly
better interpolation surface (Figure 3a) for the catchment area than SK and EBK.

The application of zonal statistics to this map enabled obtaining the average intensity
for the study catchment through Equation (1). According to the time of concentration
of the catchment, the storm duration was 150 min (see Equation (4)). From these values
and a regional factor of 8.75 [31], the hyetograph for the Monte-Corbanera catchment was
calculated using the Alternating Block method. The values of precipitation thus obtained
are depicted in Figure 3b.

0 100 200 m
—

el el wd
N oo W
L1y

E 24

ecipitation (mm)
_ e o
I

L

Pr
=)
=

P e L
o W oo
R

Maximum daily rainfall (mm)
67.1
m7]2

Time (min)
(a) (b)

Figure 3. (a) Maximum daily rainfall (mm) obtained through spatial interpolation. (b) Design

hyetograph for the study catchment.
3.3. Hydrology Module

The CN of each subcatchment was determined by relating land cover types to runoff
threshold categories [31] according to the CLC map and applying Equation (2), as depicted
in Figure 4. The percentage of imperviousness was directly measured using aerial pho-
tography of the catchment from the area covered by roads, buildings and parking spaces.
Although these areas might not be 100% impervious, the coupled consideration of this vari-
able and the CN sought to reproduce surface permeability across the catchment accurately.
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Figure 4. (a) Land cover map of the Monte-Corbanera catchment. (b) Values of curve number

associated with the types of surface in the study area.

The seventh of the types of grates listed in Table 2 was found to provide the best fit
to the characteristics of the surface drainage network of the Monte-Corbanera catchment.
All other inputs required to build the hydrology module were geometric features of the
catchment, such as slope and lag time or length of individual reaches. The final scheme of
the Monte-Corbanera catchment in HEC-HMS is depicted in Figure 5, which represents the
67 subcatchments connected by either junctions (J;) or discharge points (D;). Junctions are
nodes whose function is simply to join two subcatchments and give continuity to the stream
network, whilst discharge points also reduce water flow, representing the stormwater inlets
of the existing surface drainage network.

Outlet
+  Junction

* Discharge Point
- Longest Flow Path
= Centroid

— Reach

Subcatchment

Figure 5. Schematic representation of the nodes (junctions and discharge points) in the Monte-

Corbanera catchment.

Although the storm lasted 150 min, the duration of the simulation was increased, since
runoff continues after the end of the downpour until water is lost by infiltration, retention
and diversion processes. Based on the influence of these processes on the Monte-Corbanera
catchment, simulations were run for a period of 240 min. Furthermore, the simulation
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interval was set to the minimum value allowable by HEC-HMS (1 min) in order to minimise
continuity errors in the network schematised in Figure 5. To quantify the efficiency of the
existing surface drainage network in reducing runoff, the values of outflow volume for
each node in the catchment were computed under two scenarios: with and without the
existing surface drainage network (Figure 6).

24 4

Iy
22 4 m Without surface drainage
_ 20 m With surface drainage
Els-
‘;16—
g 14
=
- 12 A
=4
310-
]
§8
056
4
2
0 L e B e L s e e p e S e e LI B p e S S S S B T
o o = o [se Bl ol ol ol = W o 1 0 0 WL W D
R R R A SRR ALAALA ARSI AR AR ARAAZIIRAZR A2
== s =2 = = 2 A a 2R 2B ee BB
Node

Figure 6. Outflow volume (mm) in the nodes of the study catchment, with and without surface
drainage network.

The results demonstrated the usefulness of the system in identifying critical points
(peaks) in terms of drainage. Furthermore, the differences between the two simulated
cases highlighted the effect of the existing surface drainage network, whose presence
considerably attenuated both flow rate and volume. To verify the significance of these
differences, statistical tests were conducted. An exploratory analysis revealed that the
values of outflow under both scenarios were not normally distributed according to the
Saphiro-Wilk test (p-values < 0.01). Consequently, the Mann-Whitney U nonparametric
test was applied to compare both samples of data. Again, the p-value yielded by the
test was below a significance level of 0.01, thereby providing statistical evidence of the
significant impact of the existing surface drainage system in the hydrological response of
the study catchment.

However, some elements (J3-4, ]7-8, J10-11, J12-13, J14-15, ]24-25, D36-37, ]55-56, ] 57-58
or J61-62) still showed high values for both parameters. Most of these elements belonged to
the group defined as junctions, i.e., they were in areas unconnected to the drainage network.
This fact, coupled with the degree of surface imperviousness of upstream subcatchments,
explained the accumulation of runoff volumes at these junctions. Regarding node D36-37,
which was the only case in which the surface drainage network was unable to drain runoff,
its high values were due to the upstream subcatchments draining into it. Their areas were
not large enough to enable permeable surfaces infiltrating some of the runoff generated,
which resulted in an excess of water volume that the existing surface drainage network
was incapable to deal with.

This situation can lead to runoff accumulation in the road sections associated with
these elements. As illustrated in Figure 2, the approach taken to build the DSM forced the
stream network to coincide with the roads in the study area. Consequently, the parts of the
stream network connected to these problematic junctions and discharge points served to
identify which road sections were more sensitive to runoff accumulation. The presence of
these high outflow volumes should lead to the design of rehabilitation strategies aimed
at their reduction at such problematic sites. This plan should consist of either expanding
the conventional surface drainage network or, preferably, implementing best management
practices for attenuating runoff accumulation at strategic areas [41]. As proof of the validity
and reliability of the results achieved, these drainage deficiencies have led the City Council
to implement the first option for rehabilitating this specific neighbourhood through a
two-step initiative [42,43].
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4. Conclusions

This paper proposed a new method combining open access data with free hydrologic
models in a geographic location system aimed at detecting urban road sections prone
to accumulate large runoff volumes after a rainfall event, based on the analysis of the
efficiency of surface drainage networks. The knowledge provided by this system, which
was founded on the novel oriented combination of two tools such as ArcGIS and HEC-HMS,
is destined to lead to an improvement in urban water management since it enables focusing
on the rehabilitation of the most critical urban areas in terms of runoff accumulation.

The approach presented in this paper differed from the trend found in previous urban
rainfall-runoff studies, since it focuses on the discharge capacity of the inlets forming
surface drainage networks, instead of the common practice of analysing the behaviour of
underground sewer systems. Drain inlets are the elements really defining catchment areas
since they are responsible for intercepting water flow at origin. Therefore, any hydrologic
calculation in urban areas should be developed based on both the natural elevation model
of the region and the artificial flow interceptions caused by these surface drainage inlets.
However, current models lack this level of detail and assume that catchment areas are
delineated from the manholes of existing sewer networks.

Since this location system includes parameters related to the types of surface and their
degree of imperviousness, its applicability is not restricted to urban areas but can also be
extended to model rural catchments. More specific conclusions drawn from this study are
provided below:

e In the absence of a DSM of the workspace, the overlay of a DEM and rasterised vector
layers containing data about buildings and roads is a suitable alternative to produce
this information.

e  The common size of urban catchments discourages the discretization of the design
storm for their subcatchments, as shown through the case study where the hyetographs
of the 67 subcatchments were almost identical.

e  The hydrological methods chosen to model precipitation loss, transformation and
routing are fully compatible with a location system fed by spatial data, since they use
inputs that can be easily obtained through GIS-based editing techniques and zonal
statistic tools.

Although the results achieved through the study catchment in Santander were con-
sistent with the actions taken by the City Council to improve its drainage systems, their
accuracy should be appraised quantitatively by comparison with monitored data at specific
drain inlets. Replacing the role of stormwater models by multi-attribute scoring methods
implementable in GIS might be another future field of investigation to increase the applica-
bility of this approach. Further research should also focus on testing this location system
using different data resolutions in order to reduce potential sources of uncertainty related
to the scale of the inputs and the size of urban catchments.
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