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ABSTRACT:
With the trend of cities growing, so does the size of impermeable surfaces from roads,
highways, roofs, sidewalks and driveways. Conventional engineering approaches for stormwater
management are often inefficient, expensive and polluting to downstream and proximate waters
and habitat. Using a low impact development (LID) approach, as an alternative management
strategy to conventional infrastructure, requires that stormwater is valued as a resource, not a
waste. Common types of LID infrastructure are green roofs, green streets, bio-retention ponds
and permeable surfaces, all of which are designed to mimic natural process. LID offer benefits
towards becoming more sustainable. This paper discusses and investigates the growing trend in
LID and its benefits and barriers. In addition, three diverse case studies in LID are evaluated
and summarized. Recommendations are offered around the need for societal change, acceptance,
more awareness, leadership, collaboration and incentives, to help cities and citizens become
more sustainable, reduce water and habitat contamination, minimize flooding and save money.
I.

INTRODUCTION:

According to the United Nations Population Fund (2016), currently half of the world’s
population now live in cities, and by 2050, 70% of humanity will be in urban settings. As cities
grow, so too does the size of impermeable surface areas, i.e., roofs, concrete sidewalks, asphalt
parking lots, roads, highways and driveways. Two thirds of the developed surface area in
municipalities are paved road for vehicles (EPA, 2000). In these urban impermeable
environments, stormwater no longer naturally infiltrates into soils, which result in sub-surface
aquifers not being recharged. Without the natural process of infiltration, urban stormwater
runoff then becomes an expensive nuisance issue for municipalities to manage. Conventional
approaches to managing stormwater are not sustainable. Stormwater is viewed as a waste,
requiring the water to be collected and diverted away by well understood engineering principles
and built ‘grey’ infrastructure: roadside drains, concrete gutters and channels, culverts, pipes,
pumps and tunnels. Because stormwater and snowmelt is in contact with urban surfaces, the
water can become contaminated with several types of pollutants, i.e., hydrocarbons, heavy
metals, toxic chemicals, bacteria, salts, pesticides, nutrients, herbicides and sediments (Godwin,
Derek , 2008). Traditional approaches would be direct this wastewater into the nearest water
body. It is not unexpected then, that the aquatic health of the downstream receiving waters can be
negatively impacted by continuous loadings of contaminated water quality (NRDC, 1999).
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Aging and under capacity stormwater infrastructure can also contribute to localized
flooding. Many regions are experiencing shifting rainfall patterns with increased numbers of
storms and with greater intensity of rain fall volumes. Flash flooding can result because the
capacity of the stormwater infrastructure is not sufficient for these larger storm events. Engineers
have traditionally designed their stormwater infrastructure capacity, based on climate norms with
a contingency for a 1 in 100 year rain event (EPA, 2015). Conversely, in the face of a warming
planet, shifting weather patterns, and more frequent and intense storms, contingency norms for
design capacity are being challenged.
Am emerging engineering approach that is an alternative to conventional grey
infrastructure is known as Low Impact Development (LID). The Environmental Protection
Agency (2000) defines LID as, “a land development approach that works with nature to manage
stormwater in accordance with simple principles”. These recommended principles for
implementing LID are: a) “keep water close to source, b) preserve landscape features, c)
minimize imperviousness, d) create functional and appealing drainage, e) treat stormwater as a
resource, f) reduce area of the built areas, g) promote natural movement of water, and h) protect
ecological and hydrologic functionality.”
As cities grow, their municipal leaders face large expenditures in expanding and
maintaining their often aging stormwater networks. In the USA alone, the Environmental
Protection Agency estimated the cost at $106 billion just for stormwater upgrades and
improvements to maintain the status quo (EPA, 2015). On the other hand, people are also
realizing there are social and environmental cost, by ‘not’ valuing the urban stormwater as a
resource and not using it to perform naturally, infiltrating into soils and offering many other
value-added benefits to a community (American Rivers, 2012).
This paper will describe and examine various elements of implementing a ‘low impact
development’ (LID) approach, as an alternative to conventional grey urban infrastructure, in the
context of more sustainable (green) infrastructure and engineering. The paper will present the
common types of LID infrastructure used, followed by examples of how emerging LID
approaches are supported. Several of the benefits that can be realized through LID will be
highlighted, in addition to examples of some barriers. Four case studies in LID are then
evaluated from a financial, social and environmental perspective. Recommendations based on
the literature evaluation are then offered before concluding.
II.

METHODS:

A literature review was performed on an abundant and diverse source of information, which
was primarily internet based. Selected sources were evaluated and case studies in low impact
development were studied and described.
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III.

TYPES OF LID INFRASTRUCTURE
INFRASTRUCTURE:

Green Roofs
Green roofs have been used for over four
thousand years with the first record of their use in the
Hanging Gardens of Babylon (GR Network, 2016)
2016).
Green
reen roofs absorb rainwater, and can be designed to
slowly release this water to additional catchments (rain
gardens) or into ground soils, which reduces flow
volumes and surface velocity of stormwater. These
vegetated roofs are specially designed and categorized
as either intensive or extensive roofs. An intensive roof
consist of a zone where plants can grow with deep roots ((trees and shrubs)) and they require
higher maintenance. Intensive roofs first require an engineering assessment of the structural
integrity, to accommodate an increased bearing load. An extensive green roof has a shallow
zone for plant roots (grass) that requires minimal maintenance and likely no structural
reinforcement to existing roof support (LID Centre, 2008). Green
reen roofs offer many other
benefits to cities. To various
ous degrees they filter the air, absorb
rb heat and carbon dioxide, provide
shade and can aid in reducing the urban heat island effect. Green roofs also reduce the building’s
need for external heat supply and reduce the need for air conditioning requirements,
rements, which in
turn reduces the amount
nt of greenhouse gas emissions associated with the building (GR Network,
2016).
A. Bio-retention Ponds
These structures come in various designs and sizes,
but are usually built at a larger scale to handle larger volumes
of stormwater. Common types are known as engineered bio
bioswales and wetlands and infiltration ponds. These larger green
structures are usually located adjacent to parking lots,
highways, urban parks and open spaces, along areas of
drainages susceptible to flooding and as overflow for
municipal sanitation systems (LID Centre, 2008)
2008). Bioretention and infiltration ponds are designed to collect higher
volumes of run-off and to allow the water to retain in
in-situ for
a period of time and infiltrate slowly into the engineered
placement of appropriate substrates that trap sediment and contaminates. Bio-retention
retention ponds
can also mitigate localizedd flooding by passively regulating run-off flows and velocities in urban
locations. Depending
ending the location and function of these green structures
structures, they can also be
designed to create habitats for flora and fauna, reduce urban heat island effect, beautify areas and
provide public spaces of enjoyment and recreation (Centre for Neighborhood Technology, 2010).
2010)

Photo: http://stormwater.wef.org/wp-content/uploads/2014/04/collage
content/uploads/2014/04/collage-42.jpg
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C. Green Streets
Green streets are known as ‘redesigned urban
throughways’ that uses stormwater run-off as a required
input. Green streets are designed with a variety of
intentional vegetated planters, rain gardens or aquatic
grassed swales on the side street. They are designed to
have the stormwater run-off flow into the planters and to
soak and infiltrate into strategically prepared soil layers
and mulch, which act as filters for numerous contaminants.
Depending on site specifics, additional sub-drainage may
be required. Green streets are designed to be attractive,
conducive to planting of appropriate trees, shrubs, grasses
and aquatic plants. They are also usually designed to slow
traffic patterns, enhance and expand public open spaces
and can be connecting hubs of green spaces in
neighborhoods to parks and schools (LID Centre, 2008).

Photo: http://stormwater.wef.org/wp-content/uploads/2014/04/collage2.jpg

D. Permeable Surfaces
Permeable pavements are specially designed to withstand
light vehicle traffic, while also able to absorb stormwater that can
infiltrate into the underlain soils. Permeable surfaces can be
constructed and used in various settings: residential landscaping,
driveways, open public spaces, parking lots, road shoulders, patio
and trails. Examples of different designs are porous asphalt and
concrete products, landscape blocks made of clay and recycled
plastic. While permeable surfaces can provide benefits of water
infiltration, there can be some complications in their usage. The
underlain soils need to be well drained to avoid saturation.
Clogging of the blocks internal pores can occur from natural
scouring and sedimentation deposits. In winter conditions, the
Photo: http://stormwater.wef.org/wp-content/uploads/2014/04/collage-3.jpg
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landscape blocks risk being damaged by plowing and scrapping activity. When they become
damaged and or clogged they need to be replaced. The use of salt in the winter can kill any
vegetation established within the blocks (LID Centre, 2008).
IV.

SUPPORT INITIATIVES for LID

Literature searches for this paper revealed an abundance of supporting information,
available to help cities and developers, to consider and implement stormwater LID approaches.
The information was in a multitude of forms: guides, manuals, tool boxes, training courses,
laboratory experiments and best management practices. The literature revealed a growing
enthusiasm for urban LID and other green urban development issues leading to transformation of
urban environments and moving towards more sustainable practices. Three examples of support
structures are presented.
A. Government:
The Province of British Columbia actively encourages communities and businesses to
begin planning for impacts of climate change and for cities and developers to shift towards green
development approaches, beyond stormwater management. In 2008, the BC Government
released, A Guide to Green Choices, which was a comprehensive and useful document to assist
communities and business in strategic sustainable planning around urban land and water uses.
The guide promoted the numerous benefits of LID for stormwater management and provided
advice for design planning and technical considerations. The guide encouraged collaboration
among all stakeholders, and the need for creativity, innovativation and to inspire leadership. The
green guide was also produced to be integrated into other BC government’s adaptive initiatives,
namely, the 2008 BC Climate Action Plan and their, 2011 BC Live Smart Water Program (Govt.
of British Columbia, 2016).
B. Non-government Organization:
For 70 years, the Federation of Canadian Municipalities (2015) has been supporting
municipalities. Among their several core programs is the Green Municipal Fund, which
provides financial support for a wide array of urban green projects and studies that, “provide
significant benefits to the environment”. The Federation will fund urban stormwater management
projects using low impact development techniques that include: rainwater collection and reuse,
green roofs, rain gardens for bio-retention, planters, trenches and permeable pavement
(Federation of Canadian Municipalities, 2015). All project applications for stormwater
management are required to validate that their LID methods will meet the standard ‘90th
Percentile Rainfall’ test. This standard design test is to show that engineered built features can
safely capture 90% of rainfall volume in 24 hours.
During the 2014-2015 year, the Federation funded over $50 million for 12 large scale
projects and provided an additional $5 million to 47 smaller projects (Federation of Canadian
Municipalities, 2015). An encouraging sign of the trend towards green infrastructure was made
on February 10, 2016, when the Honourable Catherine McKenna, the new Minister of
Environment and Climate Change, announced funding contribution of $ 31.5 million to the
FCM, for continuing support for green municipal projects under their mandate, to assist in
making communities more sustainable (Canada, 2016).
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C. Institution:
The Washington State University (2016), in the city of Pullam, WA, is approximately
200 miles east of Seattle WA. The university has become a regional leader in LID research
because of their dedicated LID research facility. Long-term research is completed on full-scale
replicated bio-retention ponds and on permeable pavements. Examples of research techniques
are: soil flow control, water quality treatment and flow through permeable pavement. Research is
also performed on how vegetation influences water flows within a LID infrastructure. From the
data generated, the university develops various models to predict LID performance at different
scales. Apart from pure research, the Centre also has a LID resource library and they help
municipalities develop watershed-scale management plans. The Centre also assists business and
industry to understand stormwater pollution and how to apply for various permits under State
laws (Washington State University, 2016).
V.

BENEFITS of LID:

The literature search and subsequent evaluation revealed several benefits of a LID approach.
This paper present four broad benefits.
A. Economic:
Proclamation of the cost savings that cities can experience through LID approaches for urban
stormwater management was common. Over time, the use of LID infrastructure reduced
expenses from ongoing capital replacement and operating & maintenance cost, because there
was less reliance of traditional grey infrastructure components and their dependence on
conventional maintenance and replacement obligations (American Rivers, 2012). In addition,
the value of the green infrastructure has increased over time, rather than depreciate like grey
infrastructure, and there was the potential of reduced requirement for land area (Centre for
Neighborhood Technology, 2010).
A broad survey, by the American Society of Landscape Architects (2016), requested of its
members to submit LID projects, that proved to be successful and deemed sustainable in
managing stormwater runoff. The society received 479 diversely designed projects from across
North America. The evaluation revealed that 55% of the projects had experienced reduced direct
costs, while only 15% of the projects had an increased direct costs. 30% of the LID projects had
no change in costs (ASLA, 2016). Although this survey was void of specific details, including
no date or a definition of the word ‘costing’, the survey did reveal a trend that LID can be a costeffective alternative solution to grey infrastructure.
A helpful costing tool for the planning of LID approaches was designed by the US
organization, Centre for Neighborhood Technology (2009). The web based, ‘national stormwater
calculator’, compares the performance, expenditure costs and benefits of LID against the
conventional grey stormwater methods. The calculator was designed to be a step-by-step
progression of inputting the various data into fields associated with a specific green and grey
project. The calculator then compared the two data sets, by selecting from various options of LID
infrastructure, and provided a summary of the total costs (Centre of Neigborhood Technology ,
2009). The website gave a simple example of comparing the benefits of converting a 7500 ft 2
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impervious parking lot, into a permeable surface parking lot, for a given volume of rainfall,
among other variables and coefficients. The calculator compared costs for construction, annual
maintenance and results of a life cycle cost analysis. In that scenario, although it cost $3500
more to build the LID, the annual O & M costs were reduced by 8% in the first year, while the
life cycle costs (net present value) were reduced by $24,000. In addition, the green parking lot
captured enough volume of water to correspond to a “reduction in impermeability by 45%”,
when compared to the conventional parking lot surface (Centre of Neigborhood Technology ,
2009).
B. Energy Reduction:
Reducing the amount of energy required for heating and cooling saves money. Using LID
approaches (green roofs, green streets, rain gardens, bioswales, bio-rention ponds and urban
trees) can reduced energy demands for heating and cooling for buildings, reduce the heat island
effect through shading and insulating of nearby buildings. Furthermore, captured runoff water
can be used to irrigate nearby landscape areas, flush toilets and be available for light industrial
needs, all of which reduces the need for potable supply and its associated expenses in treatment
and distribution (Godwin, Derek , 2008).
C. Flood Prevention:
Preventing urban flooding events benefits cities by not having to spend expenses after the
fact, nor having to pay for any resulting damage. It is widely accepted that there are increasing
extreme weather events, with more frequency and with intensity. The use of a well-designed,
constructed and located LID facility can slow stormwater flow velocities and naturally release
this water slowly over time. Urban flooding events depend several factors, such as the intensity
and volume of precipitation, geographical aspects, the built infrastructure and the designed
capacity of the stormwater network. Conventional stormwater infrastructure is often underdesigned for capacity, even though they may have been designed for a more typical 1:100 year
flood event, however, these once rare extreme events are now more common (American Rivers,
2012).
D. Health and Social
By reducing or eliminating stormwater loading into receiving waters, it helps to prevent
downstream populations, who use the water for consumption or recreation, from acquiring
debilitating water-borne diseases from biological pathogens or chemical hazards. Reducing
stormwater loadings also protects shellfish and fish habitats from chemical and biological
contamination and can avoid resource harvesting closures. Waterborne diseases can have a high
negative impact on people from lost productivity and incurring medical expenses. By using LID,
contaminants in the stormwater infiltrate into engineered substrates of soils and plants, where
natural physical, biological and chemical processes occur, providing effective forms of treatment
of urban stormwater runoff. (NRDC [a], 2011).
Green infrastructure is inherently aesthetically pleasing, which can result in a community
having more intrinsic value on a LID project. This creates valued-assets that may also provoke
the community to want more green projects. LID can also create public space for social good,
community participation, recreation and education, especially for youth. Thus, LID infrastructure
can lead to happier people. In a paper, by Kathleen Wolf (2014), a research social scientist at the
University of Washington, College of the Environment, she wrote about the health benefits that
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green infrastructure can offer to people and how it can contribute to more livable societies. The
simple presence of having many green spaces promotes community connections and even the
development of resilient communities. Experiences within nature can add to people’s improved
mental health, she called it an “antidote to stress” and people may even become more productive
(Wolf, 2014).
VI.
A.

THREE CASE STUDIES in LID APPROACHES:
Leadership and building capacity in LID, Bremerton, Washington

Bremerton is small city of 40,000 people, located 11 miles west of Seattle, on the west
coast of Pugot Sound. The city’s economic base relies on operations from a US Naval shipyard
and government services (City of Bremerton, 2013). Prior to 2009, the city discharged all its
captured stormwater and sewer overflow (untreated) directly into Pugot Sound via a network of
deteriorating 60 year old underground pipes. The discharges eventually contaminated the
shellfish downstream of the outlets and officials eventually closed the harvest for all people. In
2009, the State of Washington promulgated a new law regulating the water quality of all
municipal discharges into Pugot Sound. The city of Bremerton was the forced to apply for a
permit and to treat its stormwater runoff to comply with State standards for water quality. When
city planners calculated projected capital costs in the millions of dollars for treatment and
ongoing operations and maintenance costs in the tens of thousands annually, the city began to
explore options to reduce expenditures and work to become more sustainable in their planning
and operations. The city chose LID and have since become leaders within Washington State for
designing and implementing LID (Matel, 2010).
Rather than replace their aging grey stormwater infrastructure with more networks of
underground pipe, the city invested $50 million in building various types and size of LID
facilities: bio-retention and infiltration ponds, including rain gardens, green street features and
installing permeable pavement where applicable. The city financially encouraged all home
owners, schools and businesses to disconnect their roof drainage downspouts and let the
rainwater soak into the ground. They paid citizen up to $500 per building. These combined
efforts have redirected up to 80% of their urban runoff into these green structures. The city of
Bremerton determined that it was up to “ten times less expensive” to treat the runoff using green
infrastructure, rather than piping runoff into a stormwater treatment system (Stiffler, 2011). For
many years, the shellfish fishery was closed due to high concentrations of pollution coming from
untreated discharges. However because of these and other initiatives the water quality has
dramatically improved and shellfish grounds are once again opened for all including the local
aboriginal Suquamish Tribes (Stiffler, 2011).
The important elements of success in this case study were i) leadership from Mayor and
Council, ii) changing the corporate culture of staff from within in an effort to become more
sustainable, iii) investment into capacity building for engineering and planning staff - staff were
trained in modeling such as, ‘System for Urban Stormwater Treatment and Analysis Integration’
(SUSTAIN), a decision support system that aids in choosing locations and implementing Best
Management Practices for LID projects in their urban watersheds, and iv) integration of their
Comprehensive Stormwater Management Plan with other departments. This internal paradigm
shift led the city to recognize how influential their engineering staff were in making numerous
8

daily decisions about project strategies and how opportunities for green infrastructure were
created, accepted, modified or lost. Other municipalities now come to Bremerton to learn from
their successes (Matel, 2010).

B.

Pollution reduction using LID, University of Maryland

The Stormwater Laboratory at University of Maryland, College Park, Department of
Civil Engineering, completed a study to determine removal efficiencies of simulated pollution
(heavy metals and nutrients) in stormwater from constructed bio-retention models. Researchers
built two different sized models of a bio-retention pond in a laboratory and then built one model
within an existing municipal bio-retention pond (field model). The two lab models were
described as small (2.5 ft wide x 3.5 ft long x 2 ft deep) and a large (5 ft wide x 10 ft long x 4
deep). The field model dimensions were (7.5 ft wide x 7.5 ft long x 42 inch depth) and built near
the University parking lot. The 42 inch depth was limited because this was the maximum depth
of the existing facility. Both lab and field models were designed with specific base layers of soil
sizes, organic mulch and surface vegetation with shallow roots. Sampling points were strategical
placed for upper and lower profiles. Soil quality and profile analysis was determined before the
experiments. Stormwater quality was simulated with known concentrations of heavy metals and
nutrients and applied to the lab and field models, at a rate of 1.5 inches/hour for a 6 six hour
period. Samples of the infiltrated water were then collected at 30 minute intervals (EPA, 2000).
The results of this experiment exhibited excellent reduction of pollution (Fig 1). The
introduced heavy metals were nearly all captured by the experimented soil matrixes, in both the
lab and field models. Reduction in nutrients were favorable with the exception of nitrates. There
were higher tendencies for the bulk of the heavy metals and nutrients, to be captured in the upper
zone of the soil matrix. These contaminants would have undergone biological and physical
processes (decomposition, filtration, adsorption, ion exchange, and volatilization) within the
organic mulch, fine soils and shallow roots (EPA, 2000). A properly designed and constructed
bio-retention facility can be an effective method in reducing stormwater contaminates from
surface waters.

Combined Average
Small & Large Ponds
Reduction:
Field Pond

Cu

Metals
Pb

Zn

Nutrients
P
TKN

NH4+

90%

91%

70%

65%

71%

NO3*
20%

90%
97%

95%

95%

65%

51%

95%

17%

Fig. 1 of Reduction Lab and Field Bio-retention Models
*The poor reduction results for the nitrates were thought to be because of the di-nitrification process occurring
throughout the 6 hr event. Not mentioned was the long term impacts of contaminated soil loadings, effectiveness of
reduction using hydrocarbons, chemicals and herbicides.
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C.

Cognitive mapping and systems thinking in LID, Auckland, New Zealand

A study from the University of Auckland (Winz, 2011) used techniques of ‘cognitive
mapping’ and ‘system thinking’, to develop ‘mental modes’, in order to collect and quantify how
people viewed problems and solutions around different types of stormwater management
methods. The researcher’s interviewed 31 individuals of diverse backgrounds, from three
different communities who all had associations with water in an urban setting. The interviews
were completed on a 1 on 1 basis, asking the same questions over a 40 minute duration. Systemsthinking models were then developed from the information given by the 31 participants. Most
important within the developed cognitive maps, was the depiction of the associated
consequences and implications to people’s beliefs (concepts), by the use of arrows that linked
concepts and outcomes (Winz, 2011). These important links are known as ‘causal loop
diagrams’ and they represent the ‘feed backs’ of the interactions being played out. There are two
types of feedback loops and they each act to either reinforce or balance the interaction.
Reinforcing loops are found with exponential increases or decreases, while ‘self-controlling’
loops are associated with balancing out and reaching a plateau. It is these important interactions
that are the primary cause of the complexities in behavior around social-environmental issues
(Winz, 2011).
Even though all the participants understood the dynamics of urban stormwater, the results
of the mapping revealed there was no agreement by the group as to which solution to the
problem was best. Causal loop diagrams were created around three prevailing approaches in
dealing with stormwater problems. i) conventional methods of “grey” engineered infrastructure,
ii) low impact development mimicking nature and, iii) community led development approaches.
Each of the three themes were then explored in greater detail, with the participants linking all the
possible interactions from their beliefs. The study produced twenty eight cognitive maps with
1,300 concepts around three approaches to urban stormwater management. Several barriers to
agreeing on a single solution were noted, i) conflicting perceptions of risk, ii) what the problem
was, iii) the priorities of public expenditures, iv) the return on investment, v) time scales of short
and long term, vi) view-scapes, v) participants not fully understanding feedback loops, and, vi)
stakeholder engagement and ability to influence and resistance to change (Winz, 2011).
Winz discovered that developing cognitive maps and models from systems-thinking
analysis can be effective for organising held beliefs into different categories of people’s
perceptions. An individual’s pre-existing viewpoint about water and land use are based on many
variables and their perceptions greatly influenced what the community saw as a problem and its
possible solution. This case study revealed the importance of understanding what people’s
perceptions are around social-ecological systems, and revealed the need for greater diversity of
opinions into the LID approaches.
VII.

BARRIERS to LID:

A. Acceptance
Although there is increasing trend for LID, the concept is relatively new and naturally there
will be reluctance and resistance by people with different perceptions. People are easily
conditioned to think linearly and we have become accustomed to accept norms, i.e., manicured
urban landscapes. Designing an LID approach is a further challenge because it can highly
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contextualized when it involves different ideas from a community. Garvin (2011) wrote, the
process of change is difficult for people, organizations and municipal governments. Stepping
away from conventional thinking is challenging. People are generally resistance to change,
especially if they are not impacted by something. Thus, despite its importance, managing urban
stormwater run-off is not the most interesting for the public, unless one is directly impacted.
Often, stormwater management is just another public service taken for granted, where ‘out of
sight is out of mind’ is the prevalent thought.
B. Low Awareness
There is generally low awareness about green infrastructure by the public, developers, city
councillors and municipal staff. If the elected Mayor and Council do not embrace a vision
around sustainability, it can be difficult then, for municipal leadership to re-think their “business
as usual” approach, in managing urban stormwater using traditional grey infrastructure. It is not
enough, for a city to just erect a solar panel or to build a rain garden on Main Street and then
claim to be working towards sustainability. There ultimately needs to be a mindset shift towards
sustainable principles, followed by actions that aim to consider the ecological and social aspects
about their decisions. Mayor and Council can state publically their values and vision for a
municipal process that works towards more sustainable systems. These words then need to be
put into action, hopefully with the support of an informed public. Getting to sustainability
requires leadership and a willingness to take risks is required to push the boundaries on accepted
norms.
A 2008, study, from the Oregon State University on the barriers to LID interviewed local
decision-makers and residents from three very different communities. The study, which obtained
qualitative data through a series of facilitated workshops, found four main barriers to
implementing green projects. i) Lack of understanding by all of municipal planning process and
its connection to land use and water management. People were unaware of how individual shortterm land use decisions effected neighboring lands and water and future planning of the same
area. ii) Absence of leadership from State, Regional and Municipal administration to drive and
support green infrastructure projects. iii) Absence of technical information and assistance with
design and planning and no By-law or codes to adhere to, and, iv) No funding incentives for
developers, contractors and landscape architects to try and experiment with green infrastructure
projects. (Godwin, Derek , 2008).
C. Appropriateness
Despite any perceived benefits revealed on paper, LID projects may not always be
applicable or appropriate in urban locations for geotechnical reasons. As such, all proposed LID
projects are required to undergo various geotechnical and hydrological investigations. In
addition, a cost benefit analysis and a life cycle assessment for any proposed LID project is also
required. A cost benefit analysis includes all the estimated costs and possible constraints for the
project over a set period of time for specific location and context. Having a completed financial
view of a proposed LID, is essential for decision makers, to weigh and compare financial costs
against conventional grey infrastructure projects. In addition, a life cycle assessment is beneficial
to measure and evaluate performances around environmental, economic, and social themes from
cradle to grave (Daniel Esty, 2009). Only when all the information is known and accepted can
proper decisions be made.
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VIII.

RECOMMENDATIONS:

•

The need for a general mindset shift towards more sustainable principles, followed by
actions.

•

Cities can benefit by being innovative and they can save money and acquire
numerous value-added paybacks.

•

Municipalities must accept a new paradigm for managing their urban waters for the
benefit of people and the ecosystem. In the face of climate change with warming
temperature, shifting precipitation patterns, more frequent and intense storms, the
expression ‘business as usual’ can no longer be accepted.

•

Leadership is required from Mayor and Council to push past the status quo and begin
to be more sustainable. When citizens observe leadership at the top, it can be more
conducive to persuade people thought and get people on board.

•

Governments could make more efforts to promote the benefits of LID and green
development in general to the general public.

•

Governments and cities need to invest in capacity building initiatives around LID and
sustainability.

•

More incentives could be offered to encourage LID design. These can be based on
credit or bonus type initiatives, and reduced fees that all encourage developers,
designers, and builders to implement LID and other more natural infrastructure.
However, the private sector would want to see more predictable approval process and
changes municipal by-laws and code would be needed.

•

LID should not be done in isolation, but part of a larger whole towards connected
hubs of other green development projects. Using LID approaches can lead to an
integrated and adaptive management method, that are now needed more than ever as
populations come into cities, urban sprawl and in a changing climate.

•

Have patience and be supportive
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IX

CONCLUSION:
•

This paper presented an overview of various elements about low impact development,
as an emerging and alternative management approach, to conventional grey
infrastructure for urban stormwater. The forms of LID used are primarily green roofs,
green streets, bio-retention ponds and permeable surfaces, all of which function to
mimic nature and encourage stormwater to infiltrate into the ground. Researching this
paper revealed an abundance of LID literature on the internet from governments,
academic institutions and non-government organizations. The information was
primarily in the form of manuals, guides, best management practices, case studies and
research papers. It was discovered that many funding programs dedicated to LID
initiatives, aimed directly at municipalities. Most of the information found, espoused
the numerous benefits of LID infrastructure. The paper described several primary
benefits of LID, that being costs savings, both in the short and long term, increased in
value, rather than depreciate with grey infrastructure, reduced energy costs with
added benefits of moderating temperature to adjacent surroundings, preventing and
mitigating flooding, at a time of increasing weather events with greater intensity of
rainfall volumes. Benefits of LID were also found in the realms of improved health
and stronger social communities. Three diverse case studies were evaluated and they
revealed; how important it is to have leadership and to build capacity of municipal
personnel; how lab experiments in LID were effective in reducing heavy metals and
nutrients loadings from simulated stormwater quality; how after implementing LID
approaches, downstream water quality improved and shell fish harvesting was
reopened; how LID approaches can be highly contextualized, because people
perceptions of problems and solutions can be quite diverse. By understanding where
people’ perceptions, it helps to frame the issue so that various options for solutions
can be explored. A few of the barriers to LID, are centered on the concepts being
publically accepted, expanded general awareness and knowledge of LID and the
importance of having technical and financial information, for each site specific
proposed location, is important for decision-makers. Recommendations offered were
focused on the need to for cities to begin to change towards more sustainable
principles. The expression ‘business as usual’ can no longer be accepted.
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