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s u m m a r y

In urban stormwater management, ‘‘soft’’ solutions are being widely applied, including stormwater
source control. However, no specific resource-effective model is available to assess their effects at the
city-scale. As a consequence, source control regulations are often based on simplistic hydrologic assump-
tions. In this paper, we apply a top-down modeling approach to this problem, and we develop a simple
model of flow-rate attenuation in the sewer system, using a numerical empirical approach. Then, we
apply the model to source control regulations, assessing which type of regulation is more effective
depending on relative positions in a catchment. We show that a model requiring only two types of infor-
mation about a catchment (concentration time and pluviometry) can provide relevant information on
source control effectiveness. This information could be helpful, for example, to define a stormwater
zoning.

� 2015 Elsevier B.V. All rights reserved.

1. Introduction

Stormwater management in urban areas is a topic of growing
complexity. Besides the increasing size and vulnerability of the
urban systems themselves, which makes it more difficult to protect
people and assets from flooding, new objectives are set for storm-
water management in terms of protection of receiving water bodies
and resource preservation. New strategies have been elaborated in
the last decades, including Real-Time Control (RTC) of drainage sys-
tems, radar-based rainfall predictions, small-scale storage/infiltra-
tion facilities distributed all over a catchment (source control).
The Novatech international conferences, which arrived at their
8th edition in 2013, show the evolutions of these new strategies.

Some of these strategies brought to the development and use by
local authorities of advanced management and simulation models
at the city scale. For example, RTC is generally associated with
detailed models of sewer systems, allowing the optimization of
the system’s operation (Schütze et al., 2004; Labadie, 2007). How-
ever, other new strategies (in a general way, those involving ‘‘soft’’
infrastructures) did not produce specific modeling solutions at the
catchment-scale.

Stormwater source control is a good example: this strategy con-
sists of the implementation of stormwater management facilities
(often called Best Management Practices, BMPs) like storage ponds,
green roofs and porous pavements (Azzout et al., 1994; Revitt et al.,
2008) at the scale of urban parcels or housing estates. The purpose
is to mimic to some extent the behavior of the catchment before
urbanization (Booth and Jackson, 1997; Andoh and Declerck,
1999; Walsh et al., 2005). The main instruments for local authori-
ties to develop source control are regulations prescribing BMPs in
all new urban developments or renovations (e.g. Balascio and
Lucas, 2009). Source control regulations set the limit between the
spatially-distributed, private management of stormwater on one
side and the traditional, centralized public drainage system on
the other. A proper decision-making procedure, coupling source
control to other strategies of stormwater management, would be
required to set this limit together with the optimization of RTC
or of the other strategies applied. This procedure, requiring specific
modeling tools, would allow ‘‘source control optimization’’ as part
of a wider stormwater management optimization.

Research mainly focused on French case studies (Petrucci
et al., 2013) showed that source control regulations, despite their
wide use, are generally a compromise between strongly simpli-
fied technical considerations and pragmatical considerations of
applicability. Local authorities in charge of large and complex
sewer systems often have a detailed model of them, developed
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to support management and, in some cases, RTC. The models cur-
rently used are, for example, SWMM, Infoworks, MIKE, CANOE.
Although these models can be used, in principle, to find effective
source control regulations (Mouy et al., 2007), their application to
this purpose is often limited. For example, it is a current practice
to use models to determine the maximum acceptable discharge
at ‘‘bottlenecks’’ in the sewers. This maximum discharge, divided
by the upstream area, is then used as the regulation value and
applied to every parcel (Petrucci et al., 2013). Furthermore, the
adoption of source control regulations extends today to an
increasing number of local authorities that do not have an
already available model of their sewer system. Where no model
is available, its complexity and cost (involving the modeling
itself, but also data collection and upkeeping) discourage author-
ities from developing one.

As a consequence, many regulations are biased by conceptual
shortcuts. For example, most regulations are fixed on the basis of
a ‘‘the more the better axiom’’, assuming that a more strict regula-
tion (i.e. prescribing to manage more water at the parcel level) is
always more beneficial than a less strict one. This assumption goes
to the extreme of regulations that prescribe to manage all the
water at the parcel level (Urbonas and Jones, 2001), disregarding
efficiency and potential negative effects of excessive constraints
(Petrucci et al., 2013). Another recurrent shortcut is to fix regula-
tions on a uniform basis over large catchments (i.e. in the form
of a unique constraint for all new developments), neglecting geo-
graphical and topographical specificities, differences between
upstream and downstream areas, and any other structural or
hydrologic heterogeneity (Faulkner, 1999). More generally, the
aggregation of the flow-rate contributions from the individual
small-scale BMPs to the city-scale is usually realized as a linear
composition, disregarding all the flow processes occurring in the
drainage system, like the superposition and propagation of contri-
butions, backwater effects, and overflows.

The way to a more effective inclusion of ‘‘soft’’ infrastructures in
stormwater management at the city scale includes, as a necessary
but probably not sufficient condition (Roy et al., 2008), the devel-
opment of models having two characteristics:

� they should be able to describe the more significant processes at
the right scale and for the strategy studied. These processes are
not necessarily the same described by traditional sewer system
models.
� they should be ‘‘efficient’’ (or at least ‘‘reasonable’’) in terms of

data requirements: to study a city-scale long-term regulation, it
should not be required to describe each existing or planned gut-
ter or sidewalk.

A promising way to develop similar models is to adopt a top-
down reasoning. A top-down (or downward) approach in
hydrologic modeling means to ‘‘start with trying to find a distinct
conceptual node directly at the level of interest (or higher) and
then look for the steps that could have led to it from a lower level’’
(Klemeš, 1983). By contrast, the bottom-up (or upward, or reduc-
tionist) approach describes the behavior of a hydrologic system
at a given scale as the aggregation of processes at lower scales.
Most models, if not all, used today in urban hydrology (Elliott
and Trowsdale, 2007) follow this last paradigm, describing the
catchment as a combination of elementary components (sub-
catchments or grid meshes). The scientific debate about this oppo-
sition is long-lasting and rich (after Klemeš, 1983, for instance,
Blöschl and Sivapalan (1995), Bergstrom and Graham (1998),
Andréassian (2005), Sivapalan and Young (2005). The main argu-
ment of the promoters of the top-down approach is epistemologi-
cal: a complex system has emerging properties that cannot be
inferred by the properties of its components (Andréassian, 2005).

A bottom-up approach is unable to catch these properties, while
a top-down can.

From the authors’ point of view, the top-down approach has
another, more operational, advantage. Bottom-up models require
a detailed description of a catchment to analyze its large-scale
behavior, thus requiring large quantities of data to answer large-
scale questions (e.g. Lee et al., 2012). Conversely, a top-down
approach can provide ‘‘data-parsimonious’’ models, by trying to
answer a large-scale question at the scale where it is asked, using
only the strictly necessary data. This data-parsimony can be a sig-
nificant advantage in terms of applicability of the model by local
authorities, as it can reduce modeling costs.

The purpose of this paper is to illustrate the potential of top-
down modeling in urban hydrology: starting from a process that
is relevant at the city-scale level, but usually neglected in
policy-making about source control regulations (i.e. flow-rate
attenuation in the drainage system), we build a simple, data-
parsimonious model. Then, we test its implications for the
development of source control regulations that are more consis-
tent at the city-scale.

1.1. Flow-rate attenuation in pipes and its impact on source control

A hydrograph measured upstream and downstream of a pipe or
of a series of pipes is not just translated, but it incurs a deformation
and, in particular, its maximum flow-rate is attenuated (Kovacs,
1988; Fig. 1). In the absence of backwater effects, the shape of
the hydrograph at the outlet will depend on its shape at the inlet
and on the characteristics of the pipes where it flows through. In
terms of source control regulations, this implies that identical
hydrographs entering the drainage system at different points will
contribute differently to the cumulative hydrograph at the outlet
of the drainage system. Intuitively, the longer the path of the hyd-
rograph in the sewer, the greater its deformation, and the more
attenuated its peak flow-rate. Thus, a new urban development far
from the outlet will produce, in terms of peak flow-rate at the sew-
er’s outlet, a smaller contribution than the one of an identical
urban development closer to the outlet. Today, in many urban
areas, new developments occur upstream of existing settlements,
with paths in the sewer system reaching easily lengths of several
kilometers. This article aims to analyze if, in conditions representa-
tive of actual urban areas and sewer systems, the effect of the
attenuation process on the performances of source control regula-
tions is significant.

With this objective, this paper is structured in two parts: the
first is the development of a simple model of peak flow-rate atten-
uation in pipes (the attenuation model), based on numerical exper-
iments on a mechanistic model of flow in pipes (the flow model);
the second is the application of the attenuation model to source
control regulations.
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Fig. 1. Deformation of a hydrograph flowing in a pipe after Kovacs (1988).
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