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• CRC190445: support I WANT to be heard I WILL consider a joint hearing

Reasons comment:

According to my research, as a part of my Master of Urban Resilience and Renewal, I
believe that the required incorporation of Green Infrastructure (GI) into drainage consent
planning is the only viable method for implementing this new technology. GI mitigates
flooding, filters non-point source pollution, supports biodiversity and the natural
hydrological cycle, and the cost is comparable if not equal to conventional concrete.
Consent comment:

To require Stormwater Management Plans (SMP), in their Implementation Plans, a
minimum of 5% but optimally 30% surface area allocation to Green Infrastructure in urban
environments. I believe that the minimum requirement of 5% may be reasonably achieved
throughout central city Christchurch by the end of the Christchurch Long Term Plan in

2028.

31 August 2018

Consent Hearings

Environment Canterbury
PO Box 345

Christchurch 8140

Subject : Including Green Infrastructure in Stormwater Drainage Planning Mitigates Pluvial Flooding

To whom it may concern,
Recent studies confirm that if stormwater drainage plans were to require the use of Green Infrastructure (Gl) installations, such as

permeable concrete or bioswale/rain gardens, flooding in heavy rainstorms may be prevented. This strategy is part of the emerging
area of Sustainable Drainage Systems (SuDS), where Gl installations encourage the infiltration and temporary storage of stormwater
at a neighbourhood level. Gl installations were studied in both the Chicago and Christchurch alluvial planes, which considered soil
samples, current drainage systems, and flood flow annual probabilities, and it was estimated that incorporating 30% Green
Infrastructure into impervious development mitigates pluvial flooding during a 100-year storm event. It should be noted that the
marginal benefit of incorporating bioswale in urban environments greatly decreases above 30% coverage (Zellner et al., 2016).

Bioswale have not only shown positive results in mitigating flood hazards by reducing surface water runoff, but it provides tertiary
benefits such as the support of native biodiversity, ecological and hydrological cycle restoration, non-point source pollution
reduction, carbon sequestering, as well as improving the mental health of residents (Everett et al., 2016; Zhao et al., 2016).
Incorporating pervious concrete and bioswale is essential to mitigate flooding and pollution caused by large storm events in
Christchurch. For further information, please refer to the summary of research on pages 2 through 7.

Therefore, in support of the Christchurch City Council consent application number CRC190445, I request that the consent authority
make the following amendments:
1. Changes to the Proposed Draft Conditions- June 2016 document Section 3:
a. Specific guidelines for implementation of stormwater management within the catchment to achieve the following
objectives:
i. Improve ecosystem health
ii. Improve water quality
iii. Maintain flood storage and flow capacity
iv. Enhance mana whenua valuesi
v. Support neighbourhood-scale extra-over detention Sustainable Drainage System methods, including permeable concrete
and rain gardens;

2. To require Stormwater Management Plans (SMP), in their Implementation Plans, a minimum of 5% but optimally 30%
surface area allocation to Green Infrastructure in urban environments. 1 believe that the minimum requirement may be
reasonably achieved throughout central city Christchurch by the end of the Christchurch Long Term Plan in 2028.

Thank you for taking the time to review this submission.

Sincerely,

Adrianna Hess, MSc.

The effects of Green Infrastructure and Sustainable

Drainage Systems design on flood mitigation
By Adrianna Hess

Background
One of the emerging strategies to mitigate flooding in urban environments is to use Green Infrastructure in the creation
of Sustainable Drainage Systems (SuDS). SuDS are stormwater management installations that mimic natural hydrological
processes, and often utilise vegetated land surfaces; they attenuate flood impacts by temporarily storing water, often
filtering the pollutants at the source, and encouraging infiltration of stormwater into the ground (Hoang & Fenner,
2016). Traditional Grey Infrastructure on the other hand, refers to the conversion of pervious land (i.e., soil) and
vegetated land parcels to impervious cover such as asphalt and concrete, which both stops infiltration and speeds up
stormwater runoff, which leads to water quality pollution by flushing contaminants directly into waterways during storm
events (Yang et al., 2015).
One specific type of Green Infrastructure system, bioswale, which is shown in Figure 1 below, has been simulated and
analyzed by Zellner et al. (2016). This engineered piece of land collects rain through a cut in the curb, and allows street
runoffto infiltrate through sandy soil, thereby being absorbed by the grasses and trees planted within before gradually
filtering down into the groundwater table (Schulz, 2014). Green Infrastructure soils are typically engineered to contain
between 85% and 88% sand for optimal infiltration (Zellner et al., 2016).
Bioswale has not only shown positive results in
mitigating flood hazards by reducing surface water
runoff, but it provides tertiary benefits such as carbon
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sequestering, ecological and hydrological cycle
restoration, non-point source pollution reduction, as
well as improving the mental health of residents
(Everett et al., 2016; Zhao et al., 2016). As civilization
continues to rapidly urbanize, we must continually
assess our best management practices and improve
i

the way we interact with the natural environment;
one way of reducing humans' negative impact on
hydrological cycles, and thus ecosystems via
intensified urbanization, appears to be the
implementation of Green Infrastructure such as
bioswale and permeable pavement.

Figure 1: Bioswale in New York City (Shulz, 2014)

Both bioswale (shown in Figure 1 above) and permeable pavement (shown in Figure 2 below) helpto filter contaminants
and excess nutrients from incoming stormwater before it discharges into waterways (Auckland Council, 2017; Boogaard
et al., 2014). While the benefits of filtering contaminants and pollution may be obvious, the lesser-understood problem
of excess nutrients can become a health hazard to local residents. When fertilizing agents are washed directly into local
water bodies via drainage pipes, they accumulate and cause the rapid growth of toxic algae (Zhao et al., 2016). When
this toxic algae occurs where cities obtain drinking water, the results can kill unsuspecting residents, and leave millions
of others without drinking water for a week or more (Qin et al., 2010).

Figure 2: Permeable pavement demonstration (Harrison, 2011)

Context to Christchurch

Self-proclaimed as the Garden City, Christchurch endeavors to establish green spaces in every possible location, from
derelict lots to neighborhood parks (Harvie, 2016). Christchurch also has a history of stormwater infrastructure damage,
including pipe shearing and sewage contamination after major earthquakes (Giovinazzi et al., 2011). Due to the
vulnerability of Grey Infrastructure to earthquakes, implementing Green Infrastructure in SuDS designs (such as bioswale
or permeable pavement) may prevent earthquake hazards from disrupting stormwater drainage in the future.
The Landscape Green Infrastructure Design (L-GrID) model, which is discussed below, was based on a neighborhood
from Chicago Illinois that is almost identical to Christchurch; this neighbourhood experiences similar rainfall events, has
comparable water table elevation, and the same silty loamy soil composition as the alluvial plain upon which
Christchurch was established (Morrow et al., 1991; Wilson, 2006). Therefore, at this moment, the findings from the LGrID model study may be applied directly to Christchurch in a general sense; Christchurch could indeed benefit from
implementing a Green Infrastructure trial program if both effective placement strategy and coverage ratios of 10% to
30% are utilised. If Christchurch were to observe the flood mitigation effects of Green Infrastructure, it would be
possible to modify existing best management practices to include Green Infrastructure as a part of the SuDS strategy in
city planning.

Summary of Research
Zellner et al. (2016) have stated that if Green Infrastructure
is to be required by law, more information on patterns of
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implementation are needed. There has been little

cover

examination of how Green Infrastructure interacts with the

other components of the hydrological system, including

Sewer
intakes

roads and sewers, and their collective impact on
stormwater hydrology (Zellner et al., 2016). In response to
these problems, the Landscape Green Infrastructure Design

Impervious
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(L-GrID) model (shown in Figure 3) was created to illustrate

a typical urban neighborhood composed of 10m2 pixels,
which depicts either impervious or pervious ground. This
model also takes into account existing stormwater runoff,

and a northeast to southwest elevation slope. This 41<m2
simulated neighborhood considers the magnitude of storm

Outlets (on each downstream road intersection)
Figure 3: Landscape features of L-GrID (Zellner et al., 2016)

events, and shows that with as little as 10% coverage, Green Infrastructure can greatly contribute to runoff capture in
small storms, but it would need to be doubled or tripled to deal with larger storms in a similar way (Zellner et al., 2016).
Before running storm simulations, six different bioswale placement designs were created in order to compare drainage
effectiveness. As shown in Figure 4 below, these scenarios were tested using three different strategies, including

random placement, proximity to roads, and elevation.
After test runs were conducted for
24-hour storm events of 5- and 100-

year magnitude, Zellner et al. (2016)
found that the strategy based on
proximity (b) adjacent to roads had
the most effective infiltration,
whereas placement based on
(a) (b)

(c)

elevation, both (d) upstream or (e)
downstream, were equally
ineffective. For 5-year storm events
(84.5mm in 24 hours)+, just 10%
bioswale coverage prevented
neighborhood flooding, but for 100year rain events (178.4mm in 24
hours)+, 30% incorporation is

(d)

required to prevent neighborhood

= road = impermeable block = permeable block m = green infrastructure

flooding. It should be noted that the
marginal benefit of incorporating
bioswale in urban environments

Figure 4: Green infrastructure placement scenarios: (a) sorted random baseline, (b) adjacent to
roads, (c) away from roads, (d) upstream, (e) downstream, and (f) hybrid (Zellner et al. 2016)

greatly decreases above 30%
coverage (Zellner et al., 2016).

Links to other research

As this paper is fairly new, it has been cited only three times in other research. The first article recognizes that traditional
drainage approaches using Grey Infrastructure offer low adaptation to urban growth and climate change, and suggests
retrofitting urban drainage systems with Green Infrastructure (Alves et al., 2016). The second article not only recognizes
Green Infrastructure for its importance to ecological communities, but it suggests that the amenities resulting from
Green Infrastructure are enjoyed primarily by communities of higher socio-economic status; the author suggests that
Environmental Justice needs to be served to all communities, as decisions provisioning ecosystem services in urban
areas often neglect economically, socially, or racially disadvantageous communities (Marshall & Gonzalez-Meier, 2016).
The last paper asserts that biodiversity-led Green Infrastructure systems provide resilience to cities by mitigating
overheating, flooding and air pollution, creating ecosystem services to stop biodiversity loss, and supporting the health
and wellbeing of residents (Connop et al., 2016).
It's exciting to see thatthe scientific community is compiling research that supports this paradigm shift in urban design
to incorporate Green Infrastructure. This research also starts a discussion about how to reach all communities regardless
of socioeconomic status when implementing Green Infrastructure, because these amenities have a direct and positive
impact on the health, well-being, and the quality of life of urban communities (Marshall et al., 2016). However, the
application of Green Infrastructure remains a key challenge to public authorities and developers, because the
application-oriented frameworks required in mainstreaming Green Infrastructure are still lacking (Connop et al., 2016).
Therefore, Green Infrastructure initiatives may be most effectively implemented and observed at a City or District
Council level before national governments take notice of the benefits to be derived.

Rainfall quantities calculated using the High Intensity Rainfall Design System Calculator Version 3 (NIWA, 2017).

Critical Analysis of Methods
Green Infrastructure used as a drainage function of sustainable cities is a relatively new concept, having emerged at the
end of the 1980's (Lieberherr-Gardiol, 2008). The L-GrID modeling tool was designed to be an inexpensive and accessible
tool, which allows urban planners to explore how Green Infrastructure impacts flooded area and runoff volume (Zellner
et al., 2016). The major disadvantage of this model is that it is not an empirical test; all results from this particular
journal are merely calculated presumption. However, this disadvantage cannot be mitigated due to the impossibility of

constructing a 41<mi model neighborhood inside of a laboratory. Therefore, L-GrID may be used in conjunction with
other existing studies to more precisely quantify observed infiltration rates. Tools such as L-GrID are needed to inform
the development of planning and regulatory recommendations for stormwater management with an understanding of
how Green Infrastructure may work (or not) in a variety of situations (Zellner et al., 2016).

Recommendations

To fill the research gap regarding an understanding of how Green Infrastructure works in certain situations, a project
that implements and assesses SuDS is in order. If one could establish a flood risk analysis for a particular neighbourhood,
including historical data correlating rain events with resulting flood levels, it would be possible to (a) predict efficient
flood mitigation strategies using the L-GrID model, (b) implement SuDS and assess the accuracy of the models'
predictions with empirical observation, and (c) make well-informed recommendations to policy makers. After reading
through general discussions on Green Infrastructure, it appears that the major barrier to implementing this technology is
an inability to accurately create a cost-benefit analysis. Potentially, cities could save money by avoiding flooded property
damage using bioswale or permeable pavement, but several ongoing costs may be necessary, e.g. semiannual
maintenance of these installations to keep them working efficiently.

Conclusion

Beyond flood mitigation, Green Infrastructure as a part of the SuDS strategy contributes to local community health
savings and ecosystem services (Harvie, 2016). While the field of Green Infrastructure implementation is fairly new
(Lieberherr-Gardiol, 2008), the results of recent studies are very promising regarding a paradigm shift from Grey
Infrastructure to a resilient Green Infrastructure model (Zellner et al., 2016). If cities wish to be more resilient, mitigate
flooding, as well as prevent non-point source pollution and the resulting degradation of community water supplies, we
must act quicklyto require the implementation of Green Infrastructure systems in city planning.
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