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INTRODUCTION
1

My full name is Adrianna Marie Hess. I hold the qualification of Master of Urban Resilience
and Renewal from the University of Canterbury. I am submitting evidence on behalf of
myself.

2

Over the past two years, I have studied the river and coastal geomorphic processes of
Canterbury, and how they interact with urban environments. I have an understanding
hydrology and hydrodynamics, flooding from coastal, fluvial and pluvial sources, catchment
processes, river mouth environments, sea level rise, and theoretical and numerical
modelling, all of which are essential for effective resource and environmental management. I
have reviewed urban resilience strategies in Vietnam, the United Kingdom, the United
States, and New Zealand.

3

I have collaborated extensively with pavement engineers in Australia, drainage engineers
and commercial building inspectors in New Zealand, and the University of Chicago’s Urban
Data Visualisation Laboratory concerning the implementation of Green Infrastructure and
Sustainable Drainage Systems.

4

I am generally familiar with the New Zealand Building Code, as well as methods of approving
Alternative Solutions for implementation under the Building Consent Authority.

5

I have read the Environment Court’s Code of Conduct for Expert Witnesses, and I agree to
comply with it. My qualifications as an expert are set out above. Other than those matters
identified within my evidence as being from other experts, I confirm that the issues
addressed in this brief of evidence are within my area of expertise.

6

I have not omitted to consider material facts known to me that might alter or detract from
the opinions expressed.

SCOPE OF EVIDENCE
7

In 2016, I reviewed Green Infrastructure and Sustainable Urban Drainage Systems
installations all over the world, with case studies in Portland, Oregon and Chicago, Illinois.
The conclusions of this review were included in my original submission. For completeness I
attach a copy of my original submission as “Attachment A”.

8

My evidence will be restricted to:
 Three types of Sustainable Urban Drainage Systems (SUDS) installations, also
referred to as Green Infrastructure (GI)
 Benefits and Limitations of SUDS
 Recommendations to amend the wording of some of the present recommended
conditions and to propose a number of new conditions to CRC190445.

BACKGROUND INFORMATION ON SUSTAINABLE DRAINAGE SYSTEMS
9

The building of traditional urban infrastructure involves the conversion of pervious land (i.e.,
soil) to impervious cover such as asphalt or concrete roads, corrugated roofing, etc., which
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both stops infiltration and speeds up stormwater runoff. During storm events, pollutants
such as decomposed litter, motor oil, herbicides, etc., which settle on impervious surfaces,
flush directly into aquatic ecosystems (Yang et al., 2015) where they cause non-point source
pollution and sedimentation. In the “Assessment of Current and Future Stormwater
Contaminant Load for Christchurch”, Golder (2018) acknowledged this problem, and stated
that most of Christchurch’s stormwater runoff will enter urban streams and any dissolved or
suspended contaminants will affect stream water quality.
10 One of the emerging strategies to mitigate stormwater runoff is to implement Sustainable
Urban Drainage Systems (SUDS), such as pervious concrete, pervious asphalt, or rain
gardens. SUDS capture and treat stormwater naturally through infiltration, rather than
discharging contaminated runoff directly to waterways via drainage systems. SUDS (as an
infiltration system) are described by Golder (2018) as one Best Practice scenario, where the
amount of stormwater entering the system is reduced before it needs treatment, and that
the treatment efficiency of areas that discharge to ground is assumed to be 100% (Golder,
2018).
OVERVIEW OF PERVIOUS CONCRETE AND PERVIOUS ASPHALT (PERVIOUS PAVEMENTS)
11 Pervious Concrete recreates the natural hydrological system, where rainwater soaks and
filters through the earth, and replenishes the groundwater table. Pervious concrete contains
no fine aggregate (sand), and the cement binder creates a system of interconnected voids
that promote rapid drainage of water (Tennis et al., 2004; ACI, 2010). Its’ surface is smooth
enough for both foot and automobile traffic, even though 15 – 25 percent voids are
achieved in the hardened concrete (FHWA, 2012). Figures 1 and 2 show typical cross
sections of pervious concrete pavement.

Figure 1: Pervious concrete surface
layer demonstration (Harrison, 2011)

Figure 2: Pervious concrete pavement cross section. Recommended subbase layer of SUDS
installation depth to be 1 meter containing 40% void volume aggregate (adapted from EPA, 2010)
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BENEFITS OF PERVIOUS PAVEMENTS
12 The major benefits of pervious concrete and pervious asphalt are reduced stormwater
runoff, reduced pollution and nutrients in waterways, enhanced Health & Safety benefits,
and noticeable reductions in the Urban Head Island (UHI) effect. With high levels of
permeability, “first flush” rainfall (that part of the runoff with a higher contaminant
concentration) filters into the ground, and as it drains, contaminants are decomposed by
microbial activity, which then improves water quality (FHWA, 2015). When applying these
systems to “contaminated land”, the stone reservoir beneath the paving course can be
additionally seeded with commercially available microbes, which are designed to breakdown
contaminants. This microbial population is known as “biomass”, which breaks down
contaminants, particularly in oil spill clean-up. One study showed a reduction in petroleum
contamination in the effluent to 2.4% of the oil applied to pavement (22g/m 2/year from
deposition of 900g/m2/year) (Pratt et al., 1999).
13 Pervious pavements provide Health & Safety benefits by reducing the amount of standing
water on pavements, which cause both hydroplaning and reduced visibility due to
splash/spray potential. In addition, these pavements reduce road noise emissions due to the
open structure that absorbs noise at the tire-pavement interface, which benefit both road
workers and the surrounding community (ACI, 2010). Reductions in the need for de-icing
salts have also been realised, as melting snow absorbs through the voids rather than
refreezing as ice. The University of New Hampshire Stormwater Center reported a 75% or
greater reduction of de-icing salt applications. While the system does not remove chloride,
the drastic reduction of de-icing chemicals required is an effective method for reducing
chloride pollution (Roseen et al., 2014). There have been concerns about the use of pervious
concrete in areas subjected to severe freeze– thaw cycles, however, available field
performance data from a number of projects indicate no signs of freeze–thaw damage
(Delatte et al. 2007; ACI 2010).
14 Recent research has identified pervious pavements as a “cool pavement technology.” Due to
their high air-void structure, these pavements can mitigate the Urban Heat Island effect by
reducing stored pavement energy and allowing for rapid cooling via evaporation and
convective airflow (Cambridge, 2005; Li et al. 2013; Stempihar et al., 2012; EPA, 2008).
LIMITATIONS OF PERVIOUS PAVEMENTS
15 Along with its many benefits, there are some limitations associated with pervious concrete.
First, the vast majority of pervious concrete projects constructed to date were designed to
carry light automobile traffic only, ranging from driveways and parking lots to residential
streets, alleys, and other low-volume roads (FHWA, 2015; Tennis et al. 2004). Within these
applications, pervious concrete has been used as the surface course, as a drainable base
course (often in conjunction with edge drains to provide subsurface drainage), or as a
drainable shoulder (to help provide lateral drainage to a pavement and prevent pumping)
(FHWA, 2012).
16 However, as it is a more robust installation, with diligent engineering the use of pervious
asphalt pavements for highways is possible for some situations (FHWA, 2012). There have
been some porous asphalt pavements used for road and highway pavements such as the
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Arizona Avenue/SR 87 in Chandler, Arizona, and Maine Mall Road in South Portland, Maine
(Palmer, 2012; Peabody, 2010). However, the use of asphalt should be avoided where
possible, as petroleum products experience volatile price fluctuations and exposure to
oxidized bitumen emissions is probably carcinogenic to humans (McClean et al., 2011;
Olsson et al., 2010; Rhomberg et al., 2015).
17 Pervious concrete exhibits significantly different characteristics from conventional concrete,
such as material characteristics (primarily lower paste contents and higher void contents)
and hardened properties (notably density and strength). As a result, the current established
methods of quality control/quality assurance (e.g., slump, strength, air content) are in many
cases not applicable (ACI, 2010). Therefore, alternative methods such as the Taguchi
method, should be applied to assess the compressive, splitting-tensile, and flexural strength
of pervious concrete, in order to optimize mixture design and performance (Joshaghani et
al., 2015).
18 Pervious concrete, when installed as a SUDS installation excavated to 1000mm deep, can be
more expensive than conventional concrete, and in Christchurch, on average will cost 15%
more to install1. It should be noted that these figures were calculated without accounting for
drainage system installation. In addition, both pervious concrete and pervious asphalt
pavements are recommended to receive annual maintenance with regenerative air sweeper
trucks. One study showed that without maintenance, porous pavements reach a total loss of
porosity after nine years (Sañudo-Fontaneda et al., 2018). However, when tested in the field,
Firth found that one residentail driveway that had not received maintenance for 10 years
still operated a permeability rate of 310mm/hr, which is above the Coucil requirement at
120mm/hr. Firth’s hydrovac system, which is specifically designed to clean pervious
concrete, increased permeability in this case to 5,500mm/hr2.
SUMMARY OF BENEFITS AND LIMITATIONS OF PERVIOUS PAVEMENTS
19 While many cities in New Zealand utilise rain gardens (Auckland Council, n.d.) in SUDS
infrastructure, pervious pavements have not. The benefits often outweigh the limitations of
this infrastructure, particularly when installation costs are reduced by eliminating drainage
installation and hydro-excavation charges for connecting to mains. Further savings may be
realised as a result of flood prevention both during large storm events and post-earthquake
damage, which uplifts or shears delicate drainage pipes.
Benefits/Advantages
 Reduction in contaminants and excess
nutrients in water runoff and sediment
loading (Auckland Council, 2017; Boogaard
et al., 2014; Lebens, 2012; Houle et al.,
2013)
 Reduction in Stormwater runoff volume
(Lebens, 2012)
 Cost effective technology for stormwater
management, by reducing need for

Limitations/Disadvantages
 Pavement structure drainage course initial
costs are often higher (shown to be 15% in
Christchurch1); however, this may be offset
by cost reductions realized from avoiding
drainage infrastructure installation (Houle et
al., 2013)
 Potential clogging with dirt and organic
debris requiring specialized maintenance
such as regenerative air sweepers other

1 Statement based on findings in Appendix C: Comparison Cost of Pervious and Conventional Concrete Installations in Christchurch.
Drainage systems not included in conventional concrete quote comparison, and may offset the 15% premium shown above.
2 Findings taken from Appendix D: Firth Permeable Pavement Presentation.
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Benefits/Advantages
drainage structures (Houle et al., 2013;
EPA, 2014)
Recharges groundwater supplies (Starke et
al., 2010)
Enhanced safety via improved wet-weather
visibility and reduced tire spray and
hydroplaning (ACI, 2010; Lebens, 2012)
Absorption of noise from tires and engines
(ACI, 2010; Lebens, 2012)
Cools stormwater temperature during
summertime before discharge and
mitigates Urban Heat Island effects
(Lebens, 2012)
Improves water and oxygen transfer to
nearby plant roots (CTC & Associates, 2012)
Resilience to earthquakes through
independence from drainage pipes
Porous pavements can be constructed to
treat areas at risk of oil spill contamination
if additional biomass is applied (Lebens,
2012; Pratt et al., 1999; FHWA, 2015)
Snow and ice melts faster, reduction in deicing salts (Lebens, 2012; Roseen et al.,
2014)
Credits in green construction rating
systems (i.e., LEED; Greenroads; IgCC)

Limitations/Disadvantages
cleaning mechanisms (UNHSC, 2012;
Sañudo-Fontaneda et al., 2018)
 Limited use for heavy loading areas where
sharp turns are probable (FHWA, 2015)
 Some variation from standard construction
practices (FHWA, 2012)

OVERVIEW OF RAIN GARDENS
20
21 Like pervious pavements, rain gardens demonstrate the ability to retain both suspended
solids and mineral oil through reducing peak stormwater discharge (see figures 3 and 4
below). In addition to the benefits of infiltration, rain gardens support native biodiversity,
ecological and hydrological cycle restoration, carbon sequestering, and improves the mental
health of residents (Everett et al., 2016; Zhao et al., 2016).

Figure 3: Rain garden cross section

Figure 4: Example of a rain garden in New York City
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22 Rain gardens are the most beneficial when applied to existing impervious concrete
roadsides, or to areas where permeable pavements are not applicable (such as intersections
or heavily trafficked highways). Through hydrological modelling, Zellner et al. (2016) found
that when rain gardens are placed adjacent to conventionally paved roads, incorporating
30% rain gardens into impervious infrastructure may prevent flooding during a 100-year
storm event in Christchurch3. It should be noted that the marginal benefits of incorporating
rain gardens in urban environments greatly decreases above 30% (Zellner et al., 2016). I fully
endorse CCC’s incorporation of rain gardens into their proposed stormwater drainage plans,
and I believe that they should be implemented at higher ratios than what is currently
planned.
COMPLYING WITH NEW ZEALAND BUILDING CODE - CLAUSE E1 SURFACE WATER
23 When used as SUDS, pervious pavements and rain gardens fall under the New Zealand
Building Code (NZBC) Clause for Surface Water E1 (the full provisions for NZBC E1 are shown
in Appendix B below). Both of these installations achieve NZBC objective “E1.1 (a) Safeguard
people form injury or illness, and other property from damage, caused by surface water”.
Permeable pavements also achieve objective “E1.3.3 (f) avoid the likelihood of damage from
superimposed loads or normal ground movements”, as these systems are resilient to
earthquake (superimposed loads) and normal traffic loading (normal ground movements).
ACHIEVING THE PURPOSE OF THE RESOURCE MANAGEMENT ACT
24 SUDS achieve the purpose of the Resource Management Act 1991 (the Act), the objective of
which is to promote sustainable management of natural and physical resources.
Furthermore, utilising SUDS, which provides natural filtration of contaminants through
infiltration, will help CCC to more effectively achieve the purpose of RMA Section “15(1) No
person may discharge any - (a) contaminant to water or into water, and (b) contaminant
onto or into land in circumstances which may result I that contaminant (or any other
contaminant emanating as a result of natural processes from that contaminant) entering
water”. I believe that by continuing to build urban infrastructure in a way that allows the
concentration of contaminants within stormwater systems to enter aquatic environments,
CCC is in direct conflict with the objectives of the Act.
RECOMMENDATIONS
25 The application-oriented frameworks required in mainstreaming SUDS are still
lacking (Connop et al., 2016). Therefore, I believe that SUDS will be most effectively
implemented and observed at a Regional Council level in order to empirically observe the
effects on stormwater quantity and quality. While permeable pavements are not recognised
as an Acceptable Solution under the NZBC, these installations meet the Alternative Solution
criteria as set out in NZBC Clause E1. Environment Canterbury (ECan) can assist Christchurch
City Council (CCC) in creating this framework by requiring the addition of permeable
pavements in their Building Consent Authority policies and procedures.

3 Statement extrapolated from findings in Chicago, Illinois, where silty loamy alluvial soil samples, current drainage systems, flood
flow probabilities, and 100-year storm event volumes (NIWA, 2017) are comparable.
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26 The US Department of Transportation recommends that as best practice, the ratio of
pervious pavement areas to impervious areas should be 1:5 (20%) for most conditions
(FHWA, 2015). Zellner et al. (2016) recommends a maximum ratio of 1:3 (33%), as studies
show that the marginal benefits of SUDS greatly decrease above this figure. As a starting
point, I recommend that within the first 10 years of granting this consent, CCC should be
required to achieve a 1:20 (5%) incorporation of SUDS where impervious areas are
concentrated in Christchurch. Installations could include, but are not limited to, bike lanes,
foot paths, driveways and parking areas. This timeline accommodates training staff on how
to install and maintain SUDS structures, and it also takes into account the cumbersome
process of building infrastructure. I believe that Christchurch should set a goal of 1:30 (33%)
SUDS incorporation in urban areas at the end of 30 years. Realistically, best management
practices should be no lower than that of the US Department of Transportation at 1:5 (20%).
27 My recommendation are as follows:
 Require CCC to achieve a 1:20 (5%) ratio of SUDS to impervious surface in central
city Christchurch by 2028, and set a goal for a 1:3 (33%) ratio by 2043
 Require CCC to add permeable concrete and permeable asphalt as Acceptable
Solutions within its policies and procedures as a Building Consent Authority in
order to decrease barriers to implementation
 Work with modelling tools developed by the University of Chicago (or other) to
inform the development of planning and regulatory recommendations for
stormwater management with an understanding of how SUDS may work (or not) in
a variety of situations
 Recommend that permeable concrete subbase aggregate be seeded with
“biomass” to treat areas that receive petroleum contamination
 Advise CCC to partner with University structural engineering students to study the
benefits, limitations, lifecycle, etc., of SUDS
RECOMMENDED CHANGES TO EXISTING CONDITIONS
28 I recommend some amendments to the Resource Consent Application and Assessment of
Effects on the Environment (June 2015). These amendments are in response to the matters
discussed earlier in this evidence. The text recommended for deletion is identified as strike
through and recommended additional text is underlined.
29 Comprehensive Stormwater Network Discharge Resource Consent (CSNDC) Application
Section 1.4 CSNDC Consent Objectives:
1.4.1 Waterways
Receiving environment objectives for waterways can be summarised as:
1. Enhance ecological values.
2. Decrease sediment input to prevent adverse effects on water clarity and aquatic biota.
3. Reduce copper, lead and zinc levels in surface water to prevent adverse effects on aquatic
biota.
4. Reduce nutrient levels to limit excessive growth of macrophytes and filamentous algae.
5. Improve sediment quality to prevent adverse effects on aquatic biota.
6. Enhance tangata whenua values and provide for the values and interests of Ngai Tahu
associated with freshwater resources.
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7. Prioritise neighbourhood-scale extra-over detention Sustainable Drainage System
methods, including permeable concrete, permeable asphalt, and rain gardens;

30 I further recommend that the CSNDC Application requires in the Ōtākaro / Avon River
Stormwater Management Plan, a minimum of 5% but optimally 33% surface area allocation
to SUDS, in particular pervious pavements, in all new developments that will result in
impervious infrastructure. I believe that a 5% incorporation of SUDS in urban built
environments may be reasonably achieved throughout the Avon River catchment area by
the end of 2028.
CONCLUSIONS
31 Implementing permeable concrete, permeable asphalt, and rain gardens, will allow CCC to
fulfil its obligations under application CRC 190445, where the “discharges will occur in
accordance with Stormwater Management Plans that demonstrate the means by which the
quality of stormwater discharges will be progressively improved” (ECan, 2018). Moving
stormwater management plans toward infiltration and away from conventional drainage
systems will improve the quality of stormwater before it reaches aquatic ecosystems,
thereby reducing non-point source pollution and sedimentation.

Adrianna M. Hess, MSc.
24 October 2018
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APPENDIX A – Rainfall Infiltration Rates
According to NIWA (2018), during a 100-year rainstorm in Christchurch, 138mm of rain falls within
24 hours, which equates to 138L/m2, or 0.138m3 per square meter of land area. Typical permeable
concrete infiltration rates fall between 81 to 734L/m2 as shown in figure 6 below (Tennis et al., 2004;
Obla, 2007). It is recommended that this installation contains at least 1m3 of engineered bed
aggregate beneath the permeable concrete surface, containing 40% subsurface void volume within
the gravel base.
Each square meter of this installation provides approximately 0.4m3 water storage capacity. During
the 100-year rainstorm outlined above, 0.138m3 of water would enter this system in 24 hours. If a
ratio of 3:1 impervious to SUDS coverage is implemented, the resulting 0.552m 3 (0.138m3 + 0.414m3
surrounding runoff volume) of rain water would enter the 0.4m3 installation. Depending on the
drainage capacity of the surrounding subsoil, flooding in this case may be minimal or completely
avoided.
According to the standards set out by the New Zealand Building Code, Verification Methods and
Acceptable Solutions uses the annual return interval of 10 years rather than 100. During a 10-year
rainstorm, Christchurch receives 85L/m2, or 0.085m3 per square meter of land area. At a ratio of 3:1
SUDS incorporation, each 0.4 cubic meter installation would receive 0.34m3 of water in 24 hours.
Therefore, according to the NZBC E1, permeable pavements which include the recommended 1meter subbase depth, are compliant with New Zealand Building Code, and qualify as an Alternative
Method.

Figure 5: typical pervious concrete properties
(Tennis et al., 2004; Obla, 2007)
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APPENDIX B – Mandatory Provision for Building Work in the New Zealand Building Code Clause E1
Surface Water
OBJECTIVE
E1.1 The objective of this provision is to:
(a) Safeguard people from injury or illness, and other property from damage, caused by surface
water, and
(b) Protect the outfalls of drainage systems.
FUNCTIONAL REQUIREMENT
E1.2 Buildings and sitework shall be constructed in a way that protects people and other property
from the adverse effects of surface water.
PERFORMANCE
E1.3.1 Except as otherwise required under the Resource Management Act 1991 for the protection of
other property, surface water, resulting from an event having a 10% probability of occurring
annually and which is collected or concentrated by buildings or sitework, shall be disposed of in a
way that avoids the likelihood of damage or nuisance to other property.
E1.3.2 Surface water, resulting from an event having a 2% probability of occurring annually, shall not
enter buildings.
E1.3.3 Drainage systems for the disposal of surface water shall be constructed to:
(a) Convey surface water to an appropriate outfall using gravity flow where possible,
(b) Avoid the likelihood of blockages,
(c) Avoid the likelihood of leakage, penetration by roots, or the entry of ground water where pipes
or lined channels are used,
(d) Provide reasonable access for maintenance and clearing blockages,
(e) Avoid the likelihood of damage to any outfall, in a manner acceptable to the network utility
operator, and
(f) Avoid the likelihood of damage from superimposed loads or normal ground movements.
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APPENDIX C – Comparison Cost of Pervious and Conventional Concrete Installations in
Christchurch
The following figures were obtained using pricing from local suppliers in the greater Christchurch
area:
Pervious Concrete Residential Driveway 100m2
Excavation Equipment
800mm pit run, base course
Pervious concrete
Disposal of excavation
Labour
Petrol
Total

Price
1,500
1,550
2,500
1,600
4,000
800
11,950

Conventional Concrete Residential Driveway 100m2
Contractor 1 Quote
Contractor 2 Quote
Contractor 3 Quote
Average Price
Premium for Pervious Concrete

Price
10,700
10,438
10,036
10,391
15%

*Quotes from 3 contractors above does not include installation of drainage systems.
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APPENDIX D – Firth Permeable Pavement Presentation
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Images sourced from New Zealand Institute of Landscape Architects
https://nzila.co.nz/media/user/PDF's/Permeable%20pavements%20NZILA%20August%2017reduced.pdf
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ATTACHMENT A: Original Submission
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 (GI) installations, such as
permeable concrete or rain gardens/rain gardens, flooding in heavy rainstorms may be prevented. This strategy is part of the
emerging area of Sustainable Drainage Systems (SuDS), where GI installations encourage the infiltration and temporary storage of
stormwater at a neighbourhood level. GI 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 rain gardens in urban environments greatly decreases above 30% coverage (Zellner et al.,
2016).
Rain gardens 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 rain gardens 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:
32 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 values;
v. Support neighbourhood-scale extra-over detention Sustainable Drainage System methods, including permeable concrete
and rain gardens;
33 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 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, rain gardens, 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 runoff to 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).

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

Rain gardens has not only shown positive results in
mitigating flood hazards by reducing surface water
runoff, but it provides tertiary benefits such as carbon
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
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 rain
gardens and permeable pavement.

Both rain gardens (shown in Figure 1 above) and permeable pavement (shown in Figure 2 below) help to 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 lesserunderstood 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
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(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 rain
gardens 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
implementation are needed. There has been little
examination of how Green Infrastructure interacts with the
other components of the hydrological system, including
roads and sewers, and their collective impact on
stormwater hydrology (Zellner et al., 2016). In response to
these problems, the Landscape Green Infrastructure Design
(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,

Figure 3: Landscape features of L-GrID (Zellner et al., 2016)
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and a northeast to southwest elevation slope. This 4km2 simulated neighborhood considers the magnitude of storm
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 rain gardens 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.

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)

After test runs were conducted for
24-hour storm events of 5- and 100year 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
elevation, both (d) upstream or (e)
downstream, were equally
ineffective. For 5-year storm events
(84.5mm in 24 hours)+, just 10% rain
gardens coverage prevented
neighborhood flooding, but for 100year rain events (178.4mm in 24
hours)+, 30% incorporation is
required to prevent neighborhood
flooding. It should be noted that the
marginal benefit of incorporating
rain gardens in urban environments
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-Meler, 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 that the 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.
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+

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 4km2 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 rain gardens 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 quickly to require the implementation of Green Infrastructure systems in city planning.
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