environments
Review

Post Construction Green Infrastructure Performance
Monitoring Parameters and Their
Functional Components
Thewodros K. Geberemariam
Department of Civil and Urban Engineering, New York University Tandon School of Engineering,
P.O. Box 23195 Brooklyn, New York, NY 11202, USA; tgm232@nyu.edu
Academic Editors: Yu-Pin Lin, Dirk S. Schmeller, Wei-Cheng Lo and Wan-Yu Lien
Received: 14 September 2016; Accepted: 19 December 2016; Published: 22 December 2016

Abstract: Drainage system infrastructures in most urbanized cities have reached or exceeded their
design life cycle and are characterized by running with inadequate capacity. These highly degraded
infrastructures are already overwhelmed and continued to impose a significant challenge to the
quality of water and ecological systems. With predicted urban growth and climate change the
situation is only going to get worse. As a result, municipalities are increasingly considering the
concept of retrofitting existing stormwater drainage systems with green infrastructure practices as
the first and an important step to reduce stormwater runoff volume and pollutant load inputs into
combined sewer systems (CSO) and wastewater facilities. Green infrastructure practices include an
open green space that can absorb stormwater runoff, ranging from small-scale naturally existing
pocket of lands, right-of-way bioswales, and trees planted along the sidewalk as well as large-scale
public parks. Despite the growing municipalities’ interest to retrofit existing stormwater drainage
systems with green infrastructure, few studies and relevant information are available on their
performance and cost-effectiveness. Therefore, this paper aims to help professionals learn about and
become familiar with green infrastructure, decrease implementation barriers, and provide guidance
for monitoring green infrastructure using the combination of survey questionnaires, meta-narrative
and systematic literature review techniques.
Keywords: green infrastructure; functional components; monitoring; parameters; performance;
runoff; uncertainty

1. Introduction
In the past, green space or green infrastructures such as parks, and open playgrounds were created
or protected by land use planners, developers or rules and regulations of municipalities to preserve and
protect the natural existing landscape and ecosystem functions. Green infrastructure defined as an open
green space that can absorb stormwater runoff, includes small scale naturally existing pocket of lands,
right-of-way bioswales, and trees planted alongside the sidewalk as well as large scale public parks.
Recently, the use of green infrastructure practices to supplement urban stormwater management and
retrofitting conventionally engineered drainage system has gained considerable interest in big cities
such as New York City, Boston, Chicago, Seattle, Montgomery County, Baltimore, Washington D.C.,
Paris and London [1–7]. In contrast to conventional/gray drainage infrastructure, which usually has
only one objective, green infrastructure practices can provide multifunctional benefits for different city
agencies and stakeholders. For example green infrastructure can contribute to air pollution control,
stormwater runoff volume and discharge rate reduction, water quality improvement, potential flood
risk management, urban heat island effects relief, wildlife conservation, and recreational needs [8–11].
However, despite the growing municipalities’ interest to retrofit existing stormwater drainage systems
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and recreational needs. [8–11]. However, despite the growing
municipalities’ interest to retrofit existing stormwater drainage systems with green infrastructure, few
studies and relevant information are available on their performance and cost-effectiveness [12–15].
with green infrastructure, few studies and relevant information are available on their performance and
cost-effectiveness [12–15].
2. Increasing Green Infrastructure Practices in Public Parks: Benefits and Tradeoffs
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Figure 1. Elements of green infrastructure.
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In general monitoring and evaluation of post-construction green infrastructure practices have
three step processes. However, additional sub-questions shall be addressed in order to formulate a
“well-organized” process see Figure 5 below [8,37,41,43,45]. These three step processes in conjunction
with the components of green infrastructure monitoring program (Figure 4) can be elaborated in each
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For example, if the models set up to monitor the performance of post-constructed green
For example, if the models set up to monitor the performance of post-constructed green
infrastructure practice using quantitative variables such as rainfall and its functional components as
infrastructure practice using quantitative variables such as rainfall and its functional components as
hydrology and hydraulics in a particular watershed, model result should provide us information on
hydrology and hydraulics in a particular watershed, model result should provide us information on
flow quantities, qualities, and time of concentrations, what is the stormwater runoff flow pattern and
flow quantities, qualities, and time of concentrations, what is the stormwater runoff flow pattern and
how much are going to flow into green infrastructure practices? What will be the volume captured,
how much are going to flow into green infrastructure practices? What will be the volume captured,
and velocity of flow in the green infrastructure practices? How will the post-constructed green
and velocity of flow in the green infrastructure practices? How will the post-constructed green
infrastructure manage and treat the stormwater runoff flows, the volume and concerned pollutants?
infrastructure manage and treat the stormwater runoff flows, the volume and concerned pollutants?
Moreover, the hydrology and hydraulics (H&H) functional components of the rainfall can also be
Moreover, the hydrology and hydraulics (H&H) functional components of the rainfall can also be
used to evaluate the performance of post constructed green infrastructure practices proposed as a
used to evaluate the performance of post constructed green infrastructure practices proposed as a
stormwater runoff volume control measures to provide storage function for a defined storm size in
stormwater runoff volume control measures to provide storage function for a defined storm size in
the CSO drainage systems areas. An example of this might be a constructed wetland, retention basin,
the CSO drainage systems areas. An example of this might be a constructed wetland, retention basin,
or right-of-way Bioswales. Since in many cases green infrastructures practices can perform beyond
or right-of-way Bioswales. Since in many cases green infrastructures practices can perform beyond
their design objectives of reduction of stormwater runoff volume or rate practices such as rain
their design objectives of reduction of stormwater runoff volume or rate practices such as rain gardens
gardens can allow infiltration and evapotranspiration with different performance monitoring
can allow infiltration and evapotranspiration with different performance monitoring variables and
variables and functional components. Therefore, care must be given during identification of
functional components. Therefore, care must be given during identification of appropriate qualitative
appropriate qualitative and quantitative variables to monitoring the performance of post constructed
and quantitative variables to monitoring the performance of post constructed green infrastructure to
green infrastructure to produce reliable results.
produce reliable results.
7. Conclusions
7. Conclusions
Monitoring many aspects and functional performance of post-constructed green infrastructure
Monitoring many aspects and functional performance of post-constructed green infrastructure
practices are very complex and need to use an appropriate level of scientific rigor. Although some
practices are very complex and need to use an appropriate level of scientific rigor. Although some
elements of post constructed green infrastructure practices with simple functions and objectives are
elements of post constructed green infrastructure practices with simple functions and objectives
easy to measure, it can be challenging to formulate generalized overall performance evaluation
are easy to measure, it can be challenging to formulate generalized overall performance evaluation
methodologies to evaluate using quantitative scientific procedures that encompass all the different
methodologies to evaluate using quantitative scientific procedures that encompass all the different
green infrastructure practices objectives. Monitoring the performance of post-constructed green
green infrastructure practices objectives. Monitoring the performance of post-constructed green
infrastructure practices requires a combination of qualitative or descriptive assessments with sound
infrastructure practices requires a combination of qualitative or descriptive assessments with sound
quantitative measures and statistical analysis. However, it is highly recommended to integrate
quantitative measures and statistical analysis. However, it is highly recommended to integrate
post-normal or contextualized science concept as one of the parameters to evaluate the social
post-normal or contextualized science concept as one of the parameters to evaluate the social robustness
robustness of the post-constructed green infrastructure projects in terms of its potential to appeal
of the post-constructed green infrastructure projects in terms of its potential to appeal stakeholders
stakeholders and expand over different geographical areas and municipal laws and regulations.
and expand over different geographical areas and municipal laws and regulations.
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