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Abstract— Sustainable stormwater management practices (SSWMP)
is an integral component towards green building. The proponents of
green building (GB) have continued to realize the future benefits of
green SSWMP on the built environment and the ecosystem. Better and
greener ways of stormwater management are gradually been put to
practice and this shows great promise. This paper presents a
comprehensive literature review of sustainable stormwater
management practices (SSWMP) on building construction sites among
construction stakeholders. The review is based on various literature
that have been published in peer-reviewed journals. Through a
systematic review of recent literatures, generic sustainable stormwater
management practices where identified. A number of SSWMP were
identified from reviewing 54 selected past studies. The paper presents
three categories of the SSWMP. The three main categories of SSWMP
identified are: structural management practices, non-structural
management practices, and low impact development. This paper would
enhance policy makers' and advocates' understanding of SSWMP for
GB and help to further promote the GB concept. This paper lays a solid
platform for researchers to conduct further studies into the topic and
makes contributions to the knowledge base. It is recommended to have
a holistic thought of sustainable stormwater management approaches,
allowing the most effective and efficient opportunities for integration
of techniques into the planning, design, and the actual construction
processes.
Keywords: Green Building; Stormwater management; Management
practices; Structural management practices; non-structural
management practices; Low impact development

I. INTRODUCTION
The shift from conventional to green or sustainable construction
is on the increase the world over, and it places so much
prominence on the need for a reduction on the impact building
construction activities have on the environment and a reduction
in resource use [1]. Sustainability of construction sites is one of
the main rating criteria for green buildings, and stormwater
management is a key component [2]. Major green building
rating systems such as Leadership in Energy and Environmental
Design
(LEED),
Building
Research
Establishment
Environmental Assessment Method (BREEAM), Green
Building Index (GBI), Comprehensive Assessment System for
Building Environmental Efficiency (CASBEE), Building
Environmental Assessment Method (BEAM) and Green
Building Labeling–Assessment Standard for Green Building

(GBL-ASGB) etc. have stormwater management as a criteria.
Poor management of stormwater could have an adverse impact
to the sustainability of the natural environment [3]. There is an
urgent need for efficient stormwater control on building
construction sites. Due to an increase in impervious surfaces,
the natural patterns of water flow has been altered [4]. As a
result, construction managers are increasingly devicing more
environmentally sustainable means of stormwater management.
Due to an increase in building construction projects, there is an
increase of paving surfaces, due to pedestrian walkways, road
construction, and roof surfaces. These areas reduce the natural
grasslands and vegetation which creates hard scapes [5]. These
results in to the increase of rainfall runoff volume that causes
erosion and flooding, peak flow, discharge duration, and
pollutants been washed off to other waterbodies, which distorts
the natural flow of water , pollutes water bodies such as streams
and rivers, and general urban hydrology [6]. Waste and
pollution transported by stormwater constitutes quantity and
quality problems, affecting public health and the quality of the
environment [7]. Aside the preservation the natural
hydrologic functions, many studies have identi�ied the
possibility of stormwater management to reduce the
pollutant loads in stormwater, especially for total
suspended solids and heavy metals. Hence the need for a
review of stormwater management practices.
II. RESEARCH METHODOLOGY
This study is based on a systematic and comprehensive review
of relevant literature from past studies on sustainable
stormwater management practices on building construction
sites. Many construction management researches have used
literature review as a methodology for promoting/increasing
knowledge on specific topics or areas of interest [8]. The
review was based on the review of academic literatures
obtained through internet searches using scopus search engine,
web of science and google scholar. The searches where done
using the following key words and phrases; “stormwater
management”, “low impact development”, “structural method
of stormwater management”, and “non-structural stormwater
management methods”. It is worthy of note that other key words
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or phrases could be used for this literature search but the ones
chosen was for convenience purposes to have a number of
papers that can be adequately managed. 102 papers where
initially identified but after going through them, 54 where
deemed as best suited for this research based on the following
criteria:
Papers reviewed must be papers that where based on
qualitative and/or quantitative methods of research
The papers must be from peer reviewed journals.
The search was conducted under the “article title, abstract,
keywords” “section with document type “article or review” and
date range was set at “published all years to present”.
III. REVIEW OF SUSTAINABLE STORMWATER
MANAGEMENT PRACTICES

Permeable
pavement
Green roofs
Swales
Rain gardens
Constructed
wetlands
bioretention

[4, 10]
[17]
[18, 19]
[20, 21]
[22, 23]
[24]

There is no denying the fact that the conventional method of
stormwater management uses best management practices to
control flooding, the aim of low impact development is to
incorporate more natural methods instead of infrastructuresbased designs to provide solutions. A typology of a low impact
development site is shown in fig 1. below. It shows how the
many low impact development practices can be incorporated on
the same site.

Stormwater management practices refers to practices/actions
taken with the intention of either reducing to the barest
minimum or completely eliminating the impact of stormwater
runoff on the natural environment. After an extensive literature
search several classifications of stormwater management where
identified. Some studies classified stormwater management
practices as source and non-source management practices while
others classified them into three namely low impact
development practices, structural and non-structural methods of
stormwater management. But for the purpose of this study, the
later categorization is preferred. This research therefore studies
low impact development practices, structural and non-structural
stormwater management practices
A. Low Impact Development
Low Impact Development is used as an alternative method of
managing stormwater to imitate the natural flow of water
through passive designs to control stormwater runoff at the
source rather than controlling it at a centralized location in the
watershed [9]. Some examples of low impact development
include but are not limited to practices such as green roofs,
swales, rain gardens, constructed wetlands, permeable
pavements through the use of commonly used surface materials
( porous asphalt, porous concrete, cement brick, ceramic brick,
sand base brick, and shale brick)[10] and rainwater harvesting
[9, 11]. The above LID practices have metamorphosed from
ecological experiments to a regular practice based on laid down
rules and norms [12, 13]. The various practices of low impact
development has the capacity of reducing and possibly
preventing the following; urban flooding, sewer overflows,
preventing pollutants from construction sites gaining access to
receiving waters, restoring the hydrology cycle, enhances the
replenishment of groundwater, reduces urban heat island effect
by evaporative cooling and helps promote and sustain wildlife
[14-16]. Table I shows some low impact development practices
for stormwater management as identified in peer reviewed
literature with the corresponding sources.
TABLE I. LOW IMPACT DEVELOPMENT PRACTICES
Practices

Source

Fig. 1. Low impact development on site

B. Structural Stormwater Management Practices
Structural methods of stormwater management have been given
different definitions by various authors. Moraes, Cancio [25],
[26] defines structural stormwater management strategies as
that which has its main area of interest in physical approaches
and investments in engineered infrastructure for enhanced
stormwater drainage. Structural methods of stormwater
management involves treatment measures that are principally
concerned with the collection, transportation or detention of
stormwater with the aim of improving the quality of stormwater
and also make provision for its reuse [27]. Structural
stormwater management practices are classified into three types
namely; source, pathway and receptor [28]. Some stormwater
management practices using the structural approach are
highlighted in table II below;
TABLE II. STRUCTURAL STORMWATER MANAGEMENT
PRACTICES
Practices
Diversion of runoff to garden
beds
Rainwater tank/reuse scheme
(ie. garden watering, toilet
flushing)
Infiltration and collection
system (bio-filtration system)

[29-31]

Source

[32, 33]
[34, 35]
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Native vegetation, mulching,
drip irrigation systems
Dry detention basin
Buffer strip
Constructed wetland
Pond and sediment trap
Lake
Litter trap (gross pollutant trap)

[36]
[37, 38]
[39, 40]
[40, 41]
[40, 42]
[43]
[44]

C. Non-Structural Stormwater Management Practices
Pollution that results from stormwater flows can be mitigated
by adopting non-structural approaches/strategies which is
targeted at reducing the rate at which pollutants gain access to
drainage systems from the building construction site [45]. This
method is usually adopted in areas where flooding is inevitable
and the resources to adequately manage the event of a flood is
unavailable. They are generally cheap and flexible in nature.
Non-structural stormwater management strategies
for
mitigation of flood impacts focus upon preventative action and
rely predominantly on behavioural changes in order to be
effective [45]. Non-structural practices can be in various forms
such as a more comprehensive planning and resource
management efforts [46], it could also be non-physical
interventions such as regulation or education [47]. Table III.
Presents some non-structural stormwater management
practices.
TABLE III. NON-STRUCTURAL STORMWATER MANAGEMENT
PRACTICES
Practices
Education
and
staff
training(e.g.
awareness
raising
and
behaviour
change campaigns)
Solid waste management

Pollution mitigation (e.g.
street sweeping)

Environmental
considerations on
construction sites
Strategic planning
institutional controls

Brief explanation

Source
[1, 48]

Control of solids waste to avoid
blockages and reduction in
hydraulic capacity of the
drainage system.
Reduction in the discharge of
pollutants that emanates from
solvents and other building
materials into the stormwater
drainage system.

[49, 50]

and

[51, 52]

[53, 54]
[1]

IV. DISCUSION OF FINDINGS
This study was set out to review the various stormwater
management practices on green building construction sites.
Several management practices where identified under the
categories of low impact development, structural, and nonstructural methods as presented in tables I, II and III
respectively. These practices are discussed further in this
section.
Low impact development practices as identified in table I are
concerned about construction methods and processes that either
assist in reducing the quantity of stormwater runoff onsite or
reducing the speed of runoff mostly through natural methods.

For instance green roofs reduces stormwater velocity and the
use of permeable pavement aids in rainwater retention and
reduction in the flow volume of stormwater. Typical examples
of pervious/permeable pavement includes permeable asphalt or
concrete, interlocking pavers, grassed paver surfaces, and many
proprietary mixes for walking, driving, and parking surfaces
etc. the infiltration rate of stormwater in permeable pavement
varies from 2.4 to 4.0 mm/min [34] . The same can be said of
other low impact development practices such as the use of
swale, rain gardens, constructed wetlands and bioretention
stormwater management practices.
The structural practices for stormwater management involves
the construction of engineered structures to prevent flooding as
highlighted in table II. This includes construction of drains to
channel stormwater, use of stormwater storage tanks to collect
rain water for use in the construction process and for other
useful purposes on site. The structural methods of stormwater
management as identified in table II are all aimed at preventing
flooding through physical means or physical structures. From
the literatures reviewed it is noted that when there is heavy
downpour, the resulting stormwater can be diverted to garden
beds which aids in reducing its speed through plant roots, and
stems, thus preventing erosion of the soil. The collection of
rainwater in rainwater tanks reduces the quantity of stormwater
runoff and also reduces the likelihood of flooding. Other
identified structural practices perform either one of the
following purposes; prevention of flooding by creating
channels for stormwater passage, preventing building materials
or wastes generated on site from gaining access or entrance to
water ways by providing barriers/traps, providing storages for
stormwater collection and finally providing physical measures
for reducing the flow velocity of stormwater.
For the non-structural stormwater management methods,
behavioural change strategies including capacity building,
social norms and commitment where advocated in the
literatures reviewed as a means of reducing the inflow of
pollutants into stormwater. Some of the identified practices
been practiced globally include pollution prevention practices
on site such as sweeping, strategic waste management plans
before the commencement of the building project, management
of solid wastes and preventing such waste from entering water
drains, educating and training construction workers so as to
create awareness on stormwater management practices with the
sole aim of creating a change in behaviour. The application of
non-structural methods aids in the reduction of litter in
stormwater [54]. The behavioural changes brought about by the
use of non-structural methods include; keeping stormwater
drains clean and clear at all times, the storage and management
of liquids or solvents used in construction works properly so as
to prevent it finding its way into stormwater, securing loose
materials and wastes, and finally avoiding the washing of
construction tools and equipment into stormwater drains.
V. CONCLUSION AND RECOMMENDATIONS
There are several practices for stormwater management under
the categories of low impact development, structural methods
and non-structural methods. Each of these practices identified
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from literature can be utilized depending on the peculiarities of
the construction sites, the environmental and general climatic
conditions of a given area. Also, the local construction laws,
rules and regulations governing stormwater management
practices in the geographical area where the construction is
taking place is a major determinant factor in deciding which
method of stormwater management to adopt. It is recommended
that a combination of these practices should be blended for
sustainable management of stormwater on building
construction sites.
ACKNOWLEDGMENT
The authors acknowledges the support of the Malaysia ministry
of higher education for the sponsorship under the fundamental
research grant scheme No: 203. PPBGN. 67111515
REFERENCES
[1]

[2]
[3]
[4]
[5]
[6]

[7]
[8]
[9]

[10]
[11]
[12]
[13]
[14]
[15]
[16]

Wang, S., H. Wang, and Y. Deng, Effect of meteorological
conditions on onsite runoff control for reducing the hydrological
footprint of green building. Journal of Cleaner Production, 2018.
175: p. 333-342.
Illankoon, I.C.S., et al., Key credit criteria among international
green building rating tools. Journal of Cleaner Production, 2017.
164: p. 209-220.
Otegbulu, A.C., Economics of green design and environmental
sustainability. Journal of Sustainable Development, 2011. 4(2): p.
240.
Eaton, T.T., Approach and case-study of green infrastructure
screening analysis for urban stormwater control. Journal of
Environmental Management, 2018. 209: p. 495-504.
Zhang, B., N. Li, and S. Wang, Effect of urban green space changes
on the role of rainwater runoff reduction in Beijing, China.
Landscape and Urban Planning, 2015. 140: p. 8-16.
Askarizadeh, A., et al., From rain tanks to catchments: use of lowimpact development to address hydrologic symptoms of the urban
stream syndrome. Environmental science & technology, 2015.
49(19): p. 11264-11280.
Barbosa, A.E., J.N. Fernandes, and L.M. David, Key issues for
sustainable urban stormwater management. Water research, 2012.
46(20): p. 6787-6798.
Li, Z., G.Q. Shen, and X. Xue, Critical review of the research on
the management of prefabricated construction. Habitat
international, 2014. 43: p. 240-249.
Damodaram, C., et al., Simulation of combined best management
practices and low impact development for sustainable stormwater
management. JAWRA Journal of the American Water Resources
Association, 2010. 46(5): p. 907-918.
Li, H., et al., The effect of different surface materials on runoff
quality in permeable pavement systems. Environmental Science and
Pollution Research, 2017. 24(26): p. 21103-21110.
Nickel, D., et al., German experience in managing stormwater with
green infrastructure. Journal of environmental planning and
management, 2014. 57(3): p. 403-423.
Buehler, R., et al., How Germany Became Europe’s Green Leader:
A Look at Four Decades of Sustainable Policymaking’. SolutionsFor aa sustainable and desirable future, 2011.
Köhler, M. and M. Keeley, The green roof tradition in Germany:
The example of Berlin. Green Roofs: Ecological Design and
Construction. New York: Schiffer, 2005: p. 108-112.
Matsuoka, R.H. and R. Kaplan, People needs in the urban
landscape: analysis of landscape and urban planning contributions.
Landscape and urban planning, 2008. 84(1): p. 7-19.
Montalto, F., et al., Rapid assessment of the cost-effectiveness of low
impact development for CSO control. Landscape and urban
planning, 2007. 82(3): p. 117-131.
Nowak, D.J., D.E. Crane, and J.C. Stevens, Air pollution removal
by urban trees and shrubs in the United States. Urban forestry &
urban greening, 2006. 4(3-4): p. 115-123.

[17]
[18]
[19]

[20]
[21]
[22]
[23]
[24]

[25]

[26]

[27]
[28]
[29]

[30]
[31]
[32]

[33]
[34]

[35]

[36]

[37]

De-Ville, S., M. Menon, and V. Stovin, Temporal variations in the
potential hydrological performance of extensive green roof systems.
Journal of Hydrology, 2018. 558: p. 564-578.
Xie, J., et al., Study on storm-water management of grassed swales
and permeable pavement based on SWMM. Water (Switzerland),
2017. 9(11).
Ghadim, H.B. and L.S. Hin, Simulation of rainfall-runoff response
in ecological swale with on-line subsurface detention using
infoworks SD. Water Environment Research, 2017. 89(9): p. 862870.
Yuan, J., N. Dunnett, and V. Stovin, The influence of vegetation on
rain garden hydrological performance. Urban Water Journal, 2017.
14(10): p. 1083-1089.
Pille, L. and I. Saeumel, Only cooling and saving water? Effects of
rainwater management measures on biodiversity: A metaanalysis,
in Acta Horticulturae. 2017. p. 481-485.
Moore, T.L., C.M. Rodak, and J.R. Vogel, Urban stormwater
characterization, control, and treatment. Water Environment
Research, 2017. 89(10): p. 1876-1927.
Eger, C.G., D.G. Chandler, and C.T. Driscoll, Hydrologic processes
that govern stormwater infrastructure behaviour. Hydrological
Processes, 2017. 31(25): p. 4492-4506.
Lucke, T. and P.W.B. Nichols, The pollution removal and
stormwater reduction performance of street-side bioretention
basins after ten years in operation. Science of the Total
Environment, 2015. 536: p. 784-792.
Moraes, L.R.S., et al., Impact of drainage and sewerage on
diarrhoea in poor urban areas in Salvador, Brazil. Transactions of
the Royal Society of Tropical Medicine and Hygiene, 2003. 97(2):
p. 153-158.
Saraswat, C., P. Kumar, and B.K. Mishra, Assessment of stormwater
runoff management practices and governance under climate change
and urbanization: An analysis of Bangkok, Hanoi and Tokyo.
Environmental Science & Policy, 2016. 64: p. 101-117.
Lloyd, S.D., T.H. Wong, and C.J. Chesterfield, Water sensitive
urban design: a stormwater management perspective. 2002.
PUB, Managing stormwater for our future. Singapore: Public
Utilities Board. 2014a.
Potts, A., M. Adams, and T. Cahill. A high-density, low impact
development with infiltration in a limestone area: The village at
Springbrook farms. in Low Impact Development: New and
Continuing Applications - Proceedings of the 2nd National Low
Impact Development Conference 2007. 2008.
Austin, G., Design and performance of bioretention beds for
removal of stormwater contaminants. Journal of Green Building,
2012. 7(1): p. 17-27.
Kraus, H., et al., Defining rain garden filter bed substrates based on
saturated hydraulic conductivity, in Acta Horticulturae. 2014. p. 5764.
DeBusk, K.M. and W.F. Hunt Iii, Impact of rainwater harvesting
systems on nutrient and sediment concentrations in roof runoff.
Water Science and Technology: Water Supply, 2014. 14(2): p. 220229.
Gerolin, A. and N. Le Nouveau, Which role played by rainwater
harvesting for runoff management? Eau, l'Industrie, les Nuisances,
2015(378): p. 41-46.
Valinski, N.A. and D.G. Chandler, Infiltration performance of
engineered surfaces commonly used for distributed stormwater
management. Journal of Environmental Management, 2015. 160: p.
297-305.
Chang, N.B., M.P. Wanielista, and A. Makkeasorn. Innovative
design of low impact development in support of green building
initiative. in 6th International Conference on Environmental
Informatics, ISEIS 2007. 2014.
Wilson, C.E., et al., Comparison of runoff quality and quantity from
a commercial low-impact and conventional development in Raleigh,
North Carolina. Journal of Environmental Engineering (United
States), 2015. 141(2).
Winston, R.J., C.E. Wilson, and W.F. Hunt. Evaluation of a
commercial low impact development and an adjacent traditional
development in Raleigh, NC for hydrology and water quality. in

107

[38]

[39]
[40]
[41]

[42]
[43]
[44]
[45]
[46]

[47]
[48]
[49]
[50]

[51]
[52]
[53]

[54]

American Society of Agricultural and Biological Engineers Annual
International Meeting 2013, ASABE 2013. 2013.
Wilson, C.E., et al. A comparison of runoff quality and quantity from
a urban commercial infill low impact development and a
conventional development. in World Environmental and Water
Resources Congress 2013: Showcasing the Future - Proceedings of
the 2013 Congress. 2013.
Tafuri, A.N. and R. Field, Treatability aspects of urban stormwater
stressors. Frontiers of Environmental Science and Engineering in
China, 2012. 6(5): p. 631-637.
Jia, H., et al., Field monitoring of a LID-BMP treatment train system
in China. Environmental Monitoring and Assessment, 2015. 187(6).
Flynn, K.M., B.W. Linkous, and M.T. Buechter. Operation and
maintenance assessment for structural stormwater BMPs. in World
Environmental and Water Resources Congress 2012: Crossing
Boundaries, Proceedings of the 2012 Congress. 2012.
Monaghan, P., et al., Balancing the Ecological Function of
Residential Stormwater Ponds with Homeowner Landscaping
Practices. Environmental Management, 2016. 58(5): p. 843-856.
Nicholas, H., et al., Effect of floating treatment wetlands on control
of nutrients in three stormwater wet detention ponds. Journal of
Hydrologic Engineering, 2016. 21(8).
Armitage, N., The reduction of urban litter in the stormwater drains
of South Africa. Urban Water Journal, 2007. 4(3): p. 151-172.
Parkinson, J., Drainage and stormwater management strategies for
low-income urban communities. Environment and Urbanization,
2003. 15(2): p. 115-126.
Wang, M., et al., Conventional and holistic urban stormwater
management in coastal cities: a case study of the practice in Hong
Kong and Singapore. International Journal of Water Resources
Development, 2016: p. 1-21.
Taylor, A.C. and T.D. Fletcher, Nonstructural urban stormwater
quality measures: building a knowledge base to improve their use.
Environmental Management, 2007. 39(5): p. 663-677.
Estache, A., Infrastructure and development: A survey of recent and
upcoming issues. Rethinking infrastructure for development, 2008.
2: p. 47.
Urbonas, B., Assessment of stormwater BMPs and their technology.
Water Science and Technology, 1994. 29(1-2): p. 347-353.
Krieger, F. Caltrans storm water management program: Overview
of new requirements driving the implementation of structural BMPs.
in Joint Conference on Water Resource Engineering and Water
Resources Planning and Management 2000: Building Partnerships.
2004.
Notaro, V., et al. Identification of the best flood retrofitting scenario
in an urban watershed by means of a Bayesian Decision Network.
in WIT Transactions on the Built Environment. 2014.
Al Bakri, D., S. Rahman, and L. Bowling, Sources and management
of urban stormwater pollution in rural catchments, Australia.
Journal of Hydrology, 2008. 356(3-4): p. 299-311.
Bateman, M. Meeting the regulatory challenge: The effect of
TMDLs on municipal stornwater permits and watershed
management. in Proceedings of the 2005 Watershed Management
Conference - Managing Watersheds for Human and Natural
Impacts: Engineering, Ecological, and Economic Challenges. 2005.
Boulet, M., et al., Behaviour change: Trialling a novel approach to
reduce industrial stormwater pollution. Journal of environmental
management, 2017. 204: p. 272-281.

108

