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Executive summary
Urban stream pressures
Urban streams in New Zealand typically exhibit degraded faunal (animal) communities,
a state referred to as “urban stream syndrome”. The key drivers of this degradation
include:


Changes in stream flows (the hydrology) – With urbanisation comes an increase
in impervious surfaces (for example roads, driveways and house roofs). This
creates an impermeable barrier over the soil, stopping rain from soaking into the
ground. The accumulation of water on top of these surfaces is highly
undesirable, so to prevent surface flooding during rain events we have storm
water networks that transport water directly into rivers and streams. The overall
effect on these rivers and streams is lower base flows, punctuated by more
frequent and severe “floods” when it rains. This in turn affects the animal
communities that live there – diversity declines as the community starts to
become dominated by species that are resilient to disturbance.



Changes in water quality – Storm water transports sediment and metals (such as
copper and zinc) into stream networks. Too much sediment can smother the
stream bed and, at high enough concentrations, the metals commonly found in
storm water are toxic to aquatic life. This can reduce the amount of stream life
and also alter the community structure. It’s common to see the loss of
“sensitive” bugs such as mayflies and stoneflies and a dominance of “tolerant”
bugs such as worms and snails.



Loss of natural character (stream modification) – The loss of riparian vegetation
(the plants and bushes along the edge) is a common effect of urbanisation.
Riparian vegetation has several important functions; it acts as a filter (filtering
out contaminants from run-off), it stabilises banks (reducing erosion and
sediment), it helps keep water temperature stable (by providing shade) and it
provides food (by leaves and insects falling into the water) and habitat (larger
woody debris provide great hiding places) for stream life. Further, the
channelization of streams to improve drainage reduces the variety of instream
habitat by creating straight waterways that lack pools and riffles which are
necessary for many animal species to survive. The most extreme form of
stream modification in urban landscapes is piping.

Why are streams piped and to what extent?
Stream piping is a common practise employed to improve the transport of storm water,
and increase the availability of land for development.
The true extent of stream piping in New Zealand is not known however we know that in
central Auckland most headwater streams are now underground. In Wellington piping
has been heavily employed in both the distant and recent past. During the development
of Wellington City the Kumutoto, Pipitea, Tiakiwai, Tutaenui, Waipiro, and Waitangi
streams were all piped.
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Between 2003 and 2008 GWRC consented the piping of 12.79 km of streams (including
nearly 5km in the Porirua catchment), over 60 percent of which were small
headwater streams.
Why are small headwater streams important?
The ecological importance of headwater streams is often overlooked, due to their small
size and the fact that they can have intermittent flows, ie at times they may be
completely dry. However headwater streams play a vital role in ecological function at
the stream, catchment and landscape scale. Organic matter (plant debris) is usually
retained for longer in headwater streams, allowing more time for it to decompose.
Dissolved organic carbon from the decomposing organic matter drifts downstream
providing food to microorganisms, which in turn provides food for other organisms.
Headwater streams are also particularly efficient at retaining and processing nutrients.
Further, their small size, bumpy stream beds and frequent obstructions (ie, downed trees
and boulders) means sediment transport downstream is typically very low.
Headwater streams comprise a significant proportion of the total river length – the River
Environment Classification (REC v2.3) database classifies approximately 50 percent
of rivers in the Wellington Region as headwater streams, and this is likely to be an
underestimate.
What effect does piping have on streams?
Piping is considered an important driver of the urban stream syndrome. Piped
streams support fewer animals due to a lack of food, because the lack of sunlight
suppresses primary productivity and there is very little terrestrial food (ie, plants and
insects that would usually fall into the stream). Burying a stream in a pipe also
effectively removes all habitat provided by the stream bed and the riparian zone, which
limits the number of species that the piped reach can support.
Water quality also starts to degrade because there is little potential for retaining and
processing nutrients and other contaminants.
The effects of piping are not limited to the piped sections. The increased rate of water
conveyance through piped sections means that the reaches downstream have a high
flood frequency. This combined with degraded water quality and poor downstream
dispersal of macroinvertebrates means ecosystem health downstream of piped streams is
generally poor.
When a stream reach is buried in a pipe, there is also the potential for that reach to then
become a barrier to fish migration. A large proportion of New Zealand’s native fish
species are diadromous, meaning they migrate between freshwater and the sea as part of
their lifecycle. Whether a pipe acts as a barrier is dependent on a number of factors,
including the height of the outlet, water velocity, and pipe length.
While piping a single short reach of river may have a relatively minor effect at the
catchment scale, the cumulative effects of many short reaches of many streams
being piped can be considerable.
What are the current rules around stream piping?
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The Regional Freshwater Plan (RFP) contains one specific policy on piping (Policy
7.2.15) which acknowledges that reclamation results in the destruction of the part of
lake, river or wetland reclaimed and classifies reclamation as a discretionary activity
(except for rivers of high natural character or Lake Wairarapa). This essentially means
that the officer assessing the resource consent must make the decision whether or not to
grant the resource consent, and if granted, what conditions might apply.
During the process of reviewing the operative plans, concerns were raised by GWRC
staff that the existing policy did not provide enough guidance for properly assessing
such consent applications. Further, the continuing loss of stream habitat indicates that
the current policy is not achieving the desired outcome.
To address this, much more stringent policies and rules have been incorporated into the
proposed Natural Resources Plan (pNRP). However the Section 32 Report for the Beds
of Lakes and Rivers (2015) recognises that establishing a regulatory framework that
seeks to avoid reclamation could increase development costs, and includes a
commitment to undertake a more detailed examination of the costs and benefits of
piping streams. To that end, the ecological and economic costs and benefits of stream
piping have been assessed using the Northern Growth Area in the Taupo Stream
catchment as a case study.
Results of the case study
Three scenarios were assessed:
Scenario 1 Status Quo – This scenario represents a future with no urban development,
ie, land use and stream networks are not expected to change. This provides a baseline
against which the other two scenarios can be compared.
Scenario 2 Full urban development with all streams retained – This scenario
represents a future in which the development area is converted into medium density
housing. It reflects a typical suburban environment, but includes a requirement to
maintain a 15m undeveloped corridor around every stream. The purpose is to assess the
environmental effects of urbanisation not related to stream piping, and to evaluate the
impact of retaining streams on the availability of land for development.
Scenario 3 Full urban development with all streams piped – This scenario represents
a future in which the development area is converted into medium density housing. It
reflects a typical suburban environment where all streams are piped. The purpose is to
assess the environmental effects of urbanisation specifically related to piping, and to
evaluate the increase in developable area that piping will provide.
Ecological assessment
Under scenario 1 the length of streams will not change, and they will continue to
support significant fish values and rich macroinvertebrate communities.
Overall impact = Negligible
Under scenario 2 the length of streams will not change, but fish and macroinvertebrate
(insect) communities are expected to be degraded. Specifically, several native fish
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species are likely to decline in abundance, and the biodiversity of macroinvertebrate
communities is likely to be reduced.
Overall impact = Moderate
Under scenario 3 all streams in the development area will be lost. This will result in the
eradication of all native fish populations and macroinvertebrate communities from the
development area. This is a much greater impact than expected under Scenario 2, where
streams are still expected to support aquatic life. Given the streams in the development
area make up a significant proportion of the total stream network in the catchment
(16%), this is also likely to have a considerable impact on biodiversity at the catchment
scale.
Overall impact = Severe
Economic assessment
Under scenario 2 it is predicted there will be a loss in revenue by protecting streams in
the development area (compared to Scenario 3 where all streams are piped). This loss is
predicted to be $69 million or $26,700 per 500m2 section.
This is essentially a cost to the developers, which is a result of the smaller number of
saleable sections available. The lost revenue exceeds the combined benefit of increased
amenity value (as buyers are likely to pay more for a section that has a low
environmental impact design) and lower earthwork costs (as not having to alter stream
beds generally lowers earthwork costs).
However, by protecting or restoring streams there is also a predicted gain of $48
million1 in natural capital value. This is essentially a benefit to society, and that
catchment area in particular.
The implication is that, under scenario 2 market forces will not provide adequate
incentives to ensure stream protection in the development area.
Concluding statements
The results of this assessment suggest that stream piping incurs a substantial
environmental cost, with financial benefits going to property developers and purchasers.
Even if all streams are retained, urban development will still impact stream health
within the Northern Growth Area, and the wider Taupo Stream Catchment. However,
the complete loss of all fish and invertebrate communities caused by stream piping
represents a far worse outcome.
The lack of market consequences from stream piping means that, as per current policies,
property developers and purchasers obtain benefits without having to pay the
1

There remains considerable uncertainty about the ecosystem services valuation. Given the paucity of information about the value
of ecosystem services in New Zealand, it would be highly desirable that research is undertaken that provides policy makers and
regulators with a far clearer idea about the value that the community places on the delivery of ecosystem services, both nationally
and, from our perspective, particularly in the Wellington Region.
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appropriate level of compensation to the rest of society for the environmental harm
caused.
The natural result is that without some form of policy intervention the amount of
stream destruction will exceed society’s preference.
Providing some regulatory mechanism that allowed developers to better account for the
impacts of stream piping would ensure that the housing market would factor in the
relative merits of green-field and brown-field urban development in a more socially
optimal way, ie, implementation of policy requiring stream protection is more likely to
impact on where development takes place rather than how much.
The results of this assessment are by no means an absolute measure of the effects
urban development will have in the Northern Growth Area; instead they represent
a possible future that provides a generalised insight into the potential ecological
risks of stream piping. Consequently, this report should not be used to inform
public discussion or legal proceedings specifically related to the development of the
Northern Growth Area itself.
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The costs and benefits of the pNRP stream piping provisions

1.

Introduction

1.1

Threats to stream ecosystems in urban landscapes
Streams that run through urban areas are subjected to a number of stressors,
and typically exhibit degraded faunal communities, a state referred to as “urban
stream syndrome” (Meyer, Paul, & Taulbee, 2005). A key driver of ecological
degradation in streams following urbanisation is hydrological modification.
Urbanisation increases the area of impervious surfaces in a catchment.
Consequently, the main precipitation transport mechanism in urban landscapes
is surface run-off; the potential for groundwater recharge or subsurface
drainage tends to be very low due to the impermeable barrier between soil and
atmosphere (Walsh, Fletcher, & Ladson, 2005). The accumulation of water on
top of impervious surfaces is considered highly undesirable in urban areas.
Surface flooding can damage buildings, impede transport, and is generally
inconvenient to the populace. To prevent flooding during rain events, towns
and cities have storm water networks that transport surface run-off from
impervious surfaces directly, and efficiently, to rivers and streams. The effect
on those streams is an increase in flashiness (i.e. higher frequency and intensity
of flood events) (Walsh, Roy, et al., 2005), as rain water that would naturally
be stored in soils, or groundwater, and slowly released into surface water
networks is, instead, discharged almost instantly (Booth et al., 2004; Booth,
2005; Walsh, Fletcher, et al., 2005). High flow events are an important source
of disturbance in stream ecosystems, the frequency and intensity of which,
exerts substantial influence over stream community composition (Reice,
Wissmar, & Naiman, 1990; Resh et al., 1988; Sousa, 1984; White & Pickett,
1985). As the hydrological regime of a river changes, the animals that live
there change in response. When urbanisation results in low base flows
punctuated by frequent and severe floods, species diversity tends to decrease
and communities become dominated by species that are resilient/ resistant to
disturbance (Davey & Kelly, 2007; Fausch & Bramblett, 1991; Melo, Niyogi,
Matthaei, & Townsend, 2003).
The effects of urbanisation on stream ecosystems are not limited to water
quantity, but also quality. Large diel variations in oxygen and temperature,
driven by low base flows, and large contaminant loads are an almost universal
symptom of urban streams (Walsh, Roy, et al., 2005). Surface run-off from
roads and roofs ‘picks up’ sediment and metals, such as copper and zinc, which
are then transported into stream networks via storm water infrastructure
(Forman & Alexander, 1998; Sartor, Boyd, & Agardy, 1974). Excessive
sedimentation has a range of negative effects in streams (Kemp, Sear, Collins,
Naden, & Jones, 2011; Ryan, 1991; Wood & Armitage, 1997), and, at high
concentrations, the metals commonly found in storm water runoff are toxic to
aquatic fauna. The input of these contaminants from storm water can reduce
the abundance of stream fauna, and alter community structure (Hickey &
Clements, 1998). Urbanisation also increases the concentrations of both
nitrogen and phosphorus in water bodies (Paul & Meyer, 2001), which can
impact stream ecosystems through increased plant growths and toxicity effects
(Biggs, 2000; Hickey, 2013, 2014; Matheson, Quinn, & Hickey, 2012).
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Urbanisation also denudes streams of their natural character. The loss of
riparian habitat vegetation is a common effect of urbanisation, as areas close to
the waterway are often cleared for development. Riparian vegetation plays
several important roles in ecosystem function. It acts as a filter, stripping
contaminants from run-off (Castelle, Johnson, & Conolly, 1994), it stabilises
the banks, thereby reducing erosion and sediment input (Finkenbine, Atwater,
& Mavinic, 2000), and it moderates instream temperatures by providing shade
(LeBlanc, Brown, & FitzGibbon, 1997). The riparian zone is also an important
contributor of food and habitat into rivers and streams. The leaves and
terrestrial invertebrates that drop into the waterway from riparian vegetation
plants are key food resources in some systems (Wheeler, Angermeier, &
Rosenberger, 2005). Larger woody debris also provides important habitat to
aquatic fauna, both directly as cover, and indirectly by modifying flow to
create pools (Larson, Booth, & Morley, 2001). Consequently the loss of
riparian vegetation during urbanisation has a substantial, detrimental impact on
aquatic ecosystems (Wheeler et al., 2005).
The engineering and channelization of streams to increase drainage
performance and developable areas is also common in urban environments
(Chin, 2006). Channelization reduces instream habitat complexity by creating
straight water ways that lack velocity heterogeneity and defined pool-riffle
sequences, have low cover, and have uniform bed substrates dominated by fine
sediments (Wheeler et al., 2005). The result is homogenous environments that
can support fewer species than natural streams (Horsák, Bojková, Zahrádková,
Omesová, & Helešic, 2009; Negishi, Inoue, & Nunokawa, 2002). The most
extreme example of stream engineering in urban landscapes is the piping of
entire reaches.
1.2

Stream piping
Stream piping is employed to improve the conveyance of storm water, and
increase the availability of land for development. In the past the ecological
values of streams in urban landscapes were given little consideration during
urban development, and piping was a common practice. As a result there are
extensive piped underground stream networks in urban areas throughout the
world (Elmore & Kaushal, 2008; Walsh, Roy, et al., 2005).

1.2.1

Current extent
At a global scale it is not possible to determine the number of streams that have
been piped. However, there are a number of studies in the international
literature that have quantified the length of stream lost within specific areas.
Stammler et al. (2013), found that 14% of all streams in south-western Ontario
are piped, with the most impacted streams being headwater systems (23% of
these streams were piped). This study included streams outside of urbanised
areas; those limited to cities have found a much higher level of piping. Weitzell
et al. (2016) found that the percentage of stream length buried in seven heavily
urbanised areas, cities and counties in the Potomac River basin (USA) ranged
from 23% to 51%. In a study conducted in the same area, Elmore & Kaushal
(2008) reported that 66% of stream within Baltimore city (Maryland, USA) are
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piped, with headwater streams being the most impacted. Similarly, up to 70%
of the streams flowing through London (UK) have been piped (Barton, 1992).
As with much of the rest of the world, the true extent of stream piping in New
Zealand is not known. Stream piping was a common practice during the
development of Auckland and most headwater streams in the heavily urbanised
isthmus are now underground (Wilding & Parkyn, 2006). Even larger water
bodies have been heavily impacted by the development of our largest city; in
some catchments 50% of perennial flowing streams have been piped (Herald,
2003).
Outside of Auckland very little is known about the true extent of stream piping.
However, Wellington Regional Council and Wellington City Council have
recently begun work to fill this knowledge gap by identifying where piping has
occurred in the past. This work is still in its early stages and the total length
and percentage of stream piped is as yet unknown. However, from the data
compiled to date it is clear that piping has been heavily employed in both the
distant and recent past. During the development of Wellington City the
Kumutoto, Pipitea, Tiakiwai, Tutaenui, Waipiro, and Waitangi streams were all
piped to increase land availability and improve the performance of wastewater
and stormwater systems (WCC, 2014). These streams alone represent a loss of
5km of waterway, which once would have provided a range of cultural and
ecological values. It is easy to dismiss the loss of those streams as an
unfortunate mistake made a lifetime ago. However, piping is an ongoing issue
in the Wellington Region, and between 2003 and 2008 GWRC consented the
piping of 12.79 km of stream (Table 1).
Because they constitute the largest fraction of stream length and are the most
economically feasible to bury, the smallest streams are among those most
affected by piping. Of the 12.79 kilometers of stream piped in the Wellington
Region between 2003 and 2008, ~ 62% of which were headwater streams.
Table 1: Length of stream piped in the Wellington Region between 2003 and 2008
Catchment

Length of streams lost

Porirua catchment

1.214km

Pauatahanui catchment

1.624km

Aotea Block

1.890km

Porirua City including all of Porirua catchment

4.728km

Hutt Valley

1.419km

Upper Hutt

2.219km

Wellington City except Porirua catchment

2.448km

Kapiti Coast

1.589km

Masterton

0.251km

Regional total

12.79km
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1.2.2

Headwater streams
As a rule, river systems are not linear. They do not transport water from a
single source via a single channel to a single discharge point at a lake, estuary
or ocean. Instead river systems are dendritic networks, and begin with a
multitude of small headwater streams that join together to become
progressively larger waterways, until they form/meet the river’s main stem.
Consequently, the character of any stream or river reach is determined by the
state of all the tributaries upstream, including the small headwater streams at
the top of the catchment (Freeman, Pringle, & Jackson, 2007).
The ecological importance of ‘headwater’ (≤2nd order (Storey, Parkyn, Neale,
Wilding, & Croker, 2011)) streams is often overlooked, due to the small size of
these systems, often intermittent flows, and the fact that many are zero-order
streams, meaning that they are not depicted on topographic maps. However,
headwater streams play an important role in ecosystem function, habitat
availability and diversity, and biodiversity (Freeman et al., 2007; Storey et al.,
2011).
Headwaters streams play a vital role in ecological function at the stream,
catchment and landscape scale. Organic matter in the form of leaves and
woody debris is often retained for longer in headwater streams than in larger
systems, allowing more time for organics to decompose and be transformed
into a palatable food source for microorganisms (Kiffney, Richardson, &
Feller, 2000), which, in turn, become food for other organisms (Richardson,
1992). The efficient transformation of organic matter to food in headwater
streams benefits the food webs of downstream environments (Wipfli,
Richardson, & Naiman, 2007). Dissolved organic carbon from decomposing
organic matter is transported downstream in a reliable pattern providing food to
microorganisms, and invertebrates drift downstream from productive
headwater sources, providing food to invertebrates and vertebrates alike
(Meyer et al., 2003; Wipfli & Gregovich, 2002; Wipfli et al., 2007).
Headwater streams also play a role in regulating downstream water quality and
sediment transport. Smaller streams tend to have a greater proportion of water
volume in contact with the surface of the stream bed, where most nutrient
processing occurs. Therefore, headwater streams are particularly efficient at
transforming and retaining nutrients, and reduce the potential for
eutrophication in larger systems downstream (Peterson et al., 2001). Similarly,
unmodified headwater streams also minimise sediment transport downstream.
Sediment resuspension is driven by high water velocities and high near bed
turbulence (Madsen, Chambers, James, Koch, & Westlake, 2001). The small
size, often bumpy stream beds, and frequent obstructions such as downed trees
and boulders, means the potential for sediment resuspension is typically low in
headwater streams (May & Gresswell, 2003; Meyer et al., 2003). Consequently
these systems retain much of the sediment that is washed into them, preventing
it from entering the larger systems downstream (May & Gresswell, 2003).
The importance of headwater streams is not limited to the processing and
transport of food, sediment and nutrients; the sheer number and length of
headwater streams within a catchment means they also comprise a significant
proportion of the available habitat. In the United States of America it estimated
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that headwater streams make up 80% of total river length (Benda, Hassan,
Church, & May, 2005; Meyer et al., 2003). Locally, Storey & Wadhwa (2009)
found that headwater (1st and 2nd order) streams contribute 78% of the total
permanent flowing river length in the Auckland region.
Little is known about the total length of headwater streams in the Wellington
region, as there has been no attempt to quantify the length of zero order
streams. However, the River Environment Classification (REC v2.3), a
database of catchment spatial attributes, summarized for every segment in New
Zealand's network of rivers, specifically classifies 49% of the river network in
the Wellington Region as headwater streams. This is likely an underestimate as
the REC detects fewer headwater streams than even the topographic map
series, and only classifies 1st order streams as headwaters. Nevertheless, it is
apparent that headwater streams provide a substantial amount of the river
network within the Wellington Region.
Headwater streams not only provide a great deal of habitat in river networks
due to their contribution to river length, but contribute to habitat diversity
across a range of spatial scales (Meyer et al., 2007). Between landscapes,
headwater streams differ due to climatic, geological and biological variation
(Meyer et al., 2003, 2007). Even at the sub-catchment level, habitats provided
by headwater streams can differ based on flow permanence (intermittently or
permanently flowing), hydrology, morphology, and riparian cover (Meyer et
al., 2003, 2007). Those same factors drive differences in habitat longitudinally
between reaches of individual headwater streams, and many of these systems in
the Wellington region provide permanent, intermittent and ephemeral habitats
within a short distance (Storey, 2010).
The extent and diverse range of habitats provided by headwater streams,
combined with the complex biological and chemical processes that occur there,
mean they are important contributors to biodiversity (Meyer et al., 2007).
Typically, the macroinvertebrate communities of individual headwater streams
are less diverse than those found in larger waterways downstream. However,
because of the variety of habitat provided by different headwater streams at the
catchment and landscape scale, there is often a greater species diversity among
these habitats than among larger waterways (Clarke, MacNally, Bond, & Lake,
2008; Storey et al., 2011). Furthermore, the headwater components of river
catchments may contain distinctly different macroinvertebrate communities to
the larger waterways downstream, due to the unique and diverse habitats they
provide and the refuge they provide from predation, competition and invasive
species (Collier & Smith, 2006; Meyer et al., 2007). This is especially true of
intermittent headwater streams, where the pressures and constraints of drying
can lead to a high degree of specialization and endemism (Dieterich &
Anderson, 2000). Consequently, the contribution of headwater streams to
regional biodiversity is often greater than what would be expected based on the
biotic community of individual streams.
In recent years there has been an increased effort to understand the ecological
value of New Zealand headwater streams, which has highlighted the high
biodiversity value of these systems. Storey and Quinn (2008), found that
invertebrate drift from perennial headwater streams in the Hawkes Bay
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maintains macroinvertebrate diversity in downstream intermittent river reaches.
Storey and Quinn (2008) also reported that, although the intermittent
headwater streams in the Hawkes Bay contain fewer taxa than nearby perennial
streams, they still support diverse macroinvertebrate communities and have
natural values worthy of protection. Auckland studies by Parkyn et al. (2006)
and Storey, Parkyn, et al. (2011), found that ephemeral and intermittent
headwater streams have important biodiversity values, including the presence
of taxa not found downstream. These studies also found that macroinvertebrate
diversity in intermittent headwater streams is similar to that in downstream
perennial habitats, and that, at the landscape scale, macroinvertebrate diversity
is greater among headwater streams than among higher-order systems (Parkyn
et al., 2006; Storey et al., 2011). In the Wellington Region, species diversity
has been found to be lower in intermittent headwater streams than in perennial
streams (Storey, 2010). Nevertheless, small intermittent headwater streams still
contribute to overall biodiversity in the Wellington region, as community
composition in these streams tends to be distinctly different from the
permanently flowing systems they flow into (Storey, 2010). The diversity of
macroinvertebrate communities in headwater streams means that, in urban
landscapes, where many larger waterways are channelized, piped or impacted
by storm water discharges, these systems can play an important role in
maintaining biodiversity. For example, Collier et al. (2009) found that the
small headwater seepages that arise in Hamilton’s extensive gully system
contain a high proportion of the cities caddisfly diversity, and allow taxa more
commonly associated with forested streams, to persist in the urban
environment.
1.2.3

Effects of piping in headwater streams
Piping has a range of direct and indirect adverse effects on the functioning of
stream ecosystems. Piping consistently reduces habitat availability, impedes
the dispersal of aquatic organisms (Blakely, Harding, McIntosh, &
Winterbourne, 2006), including fish, alters flow velocities and modifies
nutrient transport resulting in a decrease in uptake and primary productivity.
The net effect is a loss of biodiversity both within the piped sections, and in the
reaches upstream and downstream.
Burying a stream in a pipe effectively removes all existing habitat provided by
the natural bed and the riparian zone (Freeman et al., 2007). The new habitat
tends to be homogenous, both in terms of physical structure and flow (Neale &
Moffett, 2016). This lack of diversity limits the number of species that the
piped reach can support (Neale & Moffett, 2016). The lack of sunlight and
reduced potential for nutrient uptake (caused by shorter hydraulic retention
time) in piped streams supresses primary productivity. This, combined with the
reduced input of terrestrial food sources, means that piped streams support
fewer individual animals than natural systems, due to a lack of food (Elmore &
Kaushal, 2008; Paul & Meyer, 2001).
The effects of piping headwater streams in urbanised areas are not limited to
the piped sections. There are also important downstream effects. The increased
rate of water conveyance through piped sections means that the reaches
downstream have a high flood frequency (often exacerbated by additional
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storm water discharges) (Weitzell et al., 2016). Furthermore, the lack of
groundwater exchange, plant biomass, and depositional areas means there is
little potential for the treatment and storage of contaminant, sediment and
nutrients in piped sections of stream (Meyer et al., 2003; Napieralski et al.,
2015). Poor water quality and sub-optimal flow regimes, combined with poor
downstream dispersal of colonising macroinvertebrates through piped reaches
(Blakely et al., 2006; Meyer, Poole, & Jones, 2005; Neale & Moffett, 2016),
means ecosystem health downstream of piped streams are is generally poor.
Indeed piping is considered an important driver of the urban stream syndrome
(Kaushal & Belt, 2012; Weitzell et al., 2016).
A large proportion of New Zealand’s native fish species are diadromous,
meaning they migrate between freshwater and the sea as part of their lifecycle
(McDowall, 1990). Man-made structures are a huge impediment to these
migrations and can severely limit the distribution of diadromous fish species.
When a stream reach is buried in a pipe, there is the potential for that reach to
then become a barrier, preventing migratory fish from utilising habitats
upstream, or conversely, moving downstream to reach spawning habitats.
Whether a pipe acts as a barrier is dependent on a number of factors, including
the height of the outlet, water velocity through the pipe, length, and what
species are present (Baker, 2003; Baker & Boubée, 2006; Stevenson & Baker,
2009). When designed incorrectly, piped sections of stream can prevent
commercially, culturally and ecologically important fish species reaching
critical habitats (Elmore & Kaushal, 2008; Wigington et al., 2006).
While piping a single short reach of river may have a relatively minor effect at
the catchment scale in terms of overall water quality, hydrology, habitat and
community composition, the cumulative effects of many short reaches of many
streams being piped may be considerable (Meyer, Poole, et al., 2005). For
instance burying a 200 m section stream in a pipe may have no measurable
impacts on nutrient processing. However, when this is conducted in isolation
100 times in the upper reaches of the same catchment, the minor adverse
effects of each activity may accumulate, and drastically alter nutrient
concentrations and load lower down in the catchment. Such changes can be
gradual, and it is only when a catchment is considered in its entirety that the
cumulative effects of piping become apparent.
1.3

Control of piping through the pNRP
The operative Regional Freshwater Plan (RFP) contains one specific policy on
reclamation (Policy 7.2.15) which acknowledges that reclamation results in the
destruction of the part of lake, river or wetland reclaimed. Under the RFP,
reclamation is a discretionary activity, except in instances where it is proposed
in rivers of high natural character, in which case it is a non-complying activity,
or in respect of Lake Wairarapa, when it is categorised as a prohibited activity.
The Regional Freshwater Plan Evaluation report (2006) commented that Policy
7.2.15 was appropriate but highlighted that the policy did not provide guidance
on piping of streams and did not distinguish between streams of differing
biodiversity value. The report concluded that an approach that provides better
policy guidance with a corresponding rule structure that treated streams
differently according to their values is desirable.
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During the process of reviewing the operative plans, concerns were raised by
GWRC staff that the existing policy is too weak a tool against which to assess
consent applications for, or involving, reclamation and drainage of the beds of
rivers and lakes, and with which to prevent adverse effects, such as the
complete loss of habitat, natural character, mauri and other values associated
with water bodies. The continuing loss of stream habitat (see Section 1.2.1)
indicates that the operative policy and rules structure are not achieving the
desired outcome and that an alternative approach should be considered. To
address this, more stringent policies and rules have been incorporated into the
proposed Natural Resources Plan. These are outlined in Section 1.3.1.
1.3.1

Proposed Natural Resources Plan Policy and Rules
Policy P102: Reclamation or drainage of the beds of lakes and rivers









The reclamation or drainage of the beds of lakes and rivers and natural
wetlands shall be avoided except where the reclamation or drainage is:
partial reclamation of a river bank for the purposes of flood prevention or
erosion control, or
associated with a qualifying development within a special housing area,
or
associated with a growth and/or development framework or strategy
approved by a local authority under the Local Government Act 2002, or
necessary to enable the development, operation, maintenance and upgrade
of regionally significant infrastructure, or
associated with the creation of a new river bed and does not involve piping
of the river, and
in respect of (a) to (e) there are no other practicable alternative methods of
providing for the activity, or
the reclamation or drainage is of an ephemeral flow path.

For the purpose of this policy the piping or covering of a stream for a distance
greater than that required to form a reasonable crossing point is considered to
be reclamation of the river bed.
Rule R127: Reclamation of the beds of rivers or lakes – non-complying activity
The reclamation of the bed, or any part of the bed, of a river or lake:
a) associated with the piping of a stream, or
b) in a site identified in Schedule A1 (outstanding rivers), or
c) in a site identified in Schedule C (mana whenua)
is a non-complying activity.
Rule R128: Reclamation of the bed of an outstanding lake and associated
diversion – prohibited activity
The reclamation of the bed, or any part of the bed, of a lake identified in
Schedule A2 (outstanding lakes) and any associated diversion of water is a
prohibited activity.
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The pNRP section 32 report for the Beds of Lakes and Rivers states that “Of
the activities undertaken in the beds of lakes and rivers the piping of streams is
one that has the greatest environmental and cultural adverse effects”.
1.3.2

Implications of non-complying status
A non-complying activity status signals that an activity is highly undesirable
(generally inappropriate) and that resource consent applications under a
non-complying rule should only be granted under exceptional circumstances.
A non-complying activity status is generally reserved for those activities where
the potential adverse effects are great but do not necessarily warrant
prohibition. Councils can grant consent where an application can meet any of
the following (gateway) tests:





the adverse effects on the environment will be minor (disregarding the
adverse effects on those who have given their written permission, and
exercising the discretion to disregard adverse effects of the type generated
by activities the plan permits or is permitted by a national environmental
standard (ss104(2) and 104(3)(a)(ii))
the application is not contrary to the objectives and policies of the plan, the
proposed plan, or both (as appropriate - s104D(1)(b))
the activity can comply with any restrictions, conditions and permissions
specified in the Act, regulations or plan (s87A (5) (b)).

The non-complying activity status can be useful for situations where it is
intended that consents only be granted in exceptional circumstances (for
example in managing cumulative adverse effects on a resource that is at, or
close to, capacity). However, using the non-complying activity status in this
way requires clear, strong, objectives and policies to be included in plans.
Without such clear, strong, objectives and policies, there is a risk that the
threshold to meet the second test above (that of s104D(1)(b)) may be set too
low, inadvertently allowing consents to be granted where it may not otherwise
have been desirable to do so.
1.4

Requirement for a cost benefit analysis
The section 32 report for the Beds of Lakes and Rivers (2015) recognises that
“establishing a regulatory framework that seeks to avoid reclamation and
drainage could potentially increase development costs, however some of this
may be perceived rather than actual. In some circumstances, the retention of
natural features such as rivers and streams within residential developments may
attract a premium per lot. The potential increase in development costs to
prevent the destruction of important values associated with natural water
bodies is balanced against the costs incurred in trying to ‘daylight’ already
piped water bodies ($4000/m), or employing other methods to re-establish
natural values. The social, cultural and environmental costs to the community
of piping streams are considered too high and are not outweighed by the
economic and social benefits experienced by a smaller group of resource users
with a more permissive piping regime” (GWRC, 2015, p. 22).
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The section 32 report (GWRC, 2015) includes a commitment for the
Wellington Regional Council to undertake a more detailed examination of the
costs and benefits associated with the preferred option in respect of piping
streams, in consultation with other parties, prior to the hearing to provide
additional guidance to the hearings panel. To that end, the ecological and
economic costs and benefits of stream piping are assessed in this report using a
case study approach.
1.5

Important disclaimer regarding the appropriate use of this report
The results of this assessment are by no means an absolute measure of the
effects urban development will have in the Northern Growth Area; instead they
represent a possible future that provides a generalised insight into the potential
ecological risks of stream piping. Consequently, this report should not be used
to inform public discussion or legal proceedings specifically related to the
development of the Northern Growth Area itself.
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2.

Methods

2.1

Approach and justification
In this report the costs and benefits of stream piping are assessed using a case
study approach. The decision to limit the assessment to a specific area, rather
than take a whole of region approach, was based on a number of factors. The
current extent of piping at the regional scale and the historical values of the
streams that have already been piped are unknown. Therefore, assessing the
effects this activity has had to date is not currently possible. Furthermore,
limiting the assessment to a small spatial area reduces the data collection and
analysis required, allowing the report to be completed within the timeframes of
the planning process.

2.1.1

Case study area
The case study area selected for the assessment is part of the “Northern Growth
Area” (NGA) of Porirua City, which is comprised of 1042 ha of rural land
between Camborne and Pukerua Bay (Figure 1). The NGA is identified in the
Porirua Development Framework as one of the cities ‘strategic study areas’,
where substantial urban growth and intensification is anticipated, but where
sensitive environmental management is required. To that end, Porirua City
Council has developed a Structure Plan to guide the coordinated growth and
development of the NGA. Three separate areas (hence forth referred to as the
‘development area’), totalling 200.5 ha, are identified in the structure plan for
green field development between 2020 and 2032; the Pukerua Bay West
Development Area, the New Village Development Area and the Camborne
North Development Area (Figure 1). The hilly farmland within the boundaries
of the development area is the focus of this assessment.
The development area represents an ideal case study area as;






2.1.2

It is currently undeveloped;
As a strategic study area in the Porirua Development Framework, the
assumed trajectory of future for development is well documented;
The NGA as a whole is the focus of existing technical investigations being
conducted for the Porirua Whaitua Collaborative Modelling Project.
Consequently, key assumptions around impervious surface cover, road
area, and section size under a range of development scenarios have already
been developed; and
The area has been identified as requiring sensitive environmental
management

Case study area description
A network of small streams arise in the numerous gullies within the proposed
development area, most of which are connected to the QEII covenanted Taupo
Swamp (Figure 1). Historical aerial photographs suggest many of these streams
are either intermittent or ephemeral. However, a number of ponds, both natural
and manmade, appear to provide permanent aquatic habitat in many of these
infrequently flowing waterways. Riparian habitat composition differs markedly
between streams. Many of the larger, low gradient gully systems are well

PAGE 11 OF 68

TECHNICAL INVESTIGATION REPORT

The costs and benefits of the pNRP stream piping provisions

vegetated, and the streams contained within run through large tracts of flax and
pockets of native bush. Other streams, particularly the short steep systems
draining hill faces, have very little riparian cover and are surrounded by
pasture. In addition to the myriad of streams within the development area, a
small part of the Taupo flax Swamp complex is within the boundary of the
development area. The swamp is one of the largest and most important
remaining flax swamps in the Wellington Region and is a “nationally
representative topogenous lowland freshwater mire” with “regionally unique
and diverse vegetation and succession stages” (Cromarty & Scott, 1995)

Figure 1: Map of the development area, with the specific areas to be developed
labelled and the stream network illustrated
To our knowledge there has been limited work focused on characterising the
faunal assemblage of the streams within the development area. The
composition of macroinvertebrate communities in the streams in the
development area are unknown, as no invertebrate sampling has been
conducted to date. Furthermore, the New Zealand Freshwater Fish Database
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contains just two records of banded kokopu (Galaxias fasciatus) within the
development area. However, the two water bodies that the streams in the
development area flow into, Taupo Swamp and a tributary of Taupo Stream
have been extensively fished in the past, and contain important fish values.
Indeed the entire Taupo Stream catchment has been specifically identified in
Schedule F1 of the pNRP because of the habitat it provides for migratory and
at risk/threatened native fish. At ‘risk species’(Goodman et al., 2014) known to
inhabit these water bodies are longfin eel (Anguilla dieffenbachii), giant
kokopu (Galaxias argenteus), redfin bully (Gobiopmorphus huttoni) and
inanga (Galaxias maculatus). Shortfin eel (Anguilla australis) and banded
kokopu are also present, as are koura (Paranephrops planifrons). Given the
proximity of these waterways, there is no reason to assume that these species
are not also present in whatever suitable habitat exists in the development area.
2.1.3

Stream network mapping
To determine the potential for, and the effects of stream piping, the extent of
the stream network within development area had to be quantified. This was not
possible using existing maps of the stream network, as the vast majority of the
streams in the development are too small to be included on the Topo50 map
series or the River Environment Classification (REC). Instead, a detailed map
of the stream network in the development area was created for the purpose of
this assessment. This was achieved by using the hydrology toolset in the
Spatial Analyst module of ArcMap (10.1) to delineate the stream network from
a one metre digital elevation model (DEM) developed from light and radar (see
Figure 1 for resulting stream network), and ground truth-ing the resulting
output against aerial photographs..
The hydrological regimes of the streams in development area were determined
from the results of an existing model that predicts key hydrological indices (see
for a list of indices) for individual REC reaches (Booker et al. 2015). Five
streams within the development area are mapped on the REC, and key
hydrological indices for these waterways are directly available from Booker
(2015). Hydrological indices for other streams in the development area were
extrapolated from the modelled relationships between hydrology and upstream
catchment area at the nearest downstream REC reach (reported as ‘specific
flows' in Booker (2015), see for further explanation). The upstream catchment
area of each stream in the development area was calculated using the
Watershed tool in the Spatial Analyst module of ArcMap (10.1), and multiplied
by the modelled specific flows at the nearest downstream REC reach (Booker,
2015) to produce the hydrological indices presented in . As these values are
extrapolated from modelled data there is a high level of uncertainty around
them. These values are not suitable for use as absolute measures of
hydrological regime, and their use in this assessment is limited to determining
whether a stream is ephemeral of not.
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Table 2: Flow indices calculated for rivers within the development areas, adapted
from Booker (2015) and further information provided in NIWA’s NZ River Maps
Web tool
Index

Description

Calculation

Standardisation

Q5

one-in-five-year 7-day low
flow (m3 s-1)

20th percentile of annual
low flows assuming a
normal distribution of
minimum flow for each
water year after having
applied a running 7-day
mean to the daily flows

Divide by catchment area
to get specific Q5 (m3 s-1
km-2)

MALF

7-day mean annual low
flow (m3 s-1)

Mean of minimum flow for
each water year after
having applied a running
7-day mean to the daily
flows

Divide by catchment area
to get specific MALF (m3
s-1 km-2)

Mean Flow

Mean flow calculated from
mean daily flows (m3 s-1)

Mean of all daily flows

Divide by catchment area
to get specific mean flow
(m3 s-1 km-2)

Median Flow

Median flow calculated
from mean daily flows (m3
s-1)

Median of mean daily flow
time-series over all time

Divide by catchment area
to get specific median
flow (m3 s-1 km-2)

For context modelled hydrology data, combined with aerial photographs were
used to identify which streams in the development are likely meet the
following definition of an ephemeral flow path which is set out in the pNRP:
A river that:
(a)

does not have an active bed, or

(b)

has a bed that is predominantly vegetated, and

(c)

only conveys water during or immediately following heavy rainfall
events, and

(d)

does not convey or retain water at other times.

These steps were taken to identify streams that are likely to be ephemeral based
on the criterion above:
1. Watercourses with a recognisable, unvegetated active bed were identified
from aerial photographs (streams that do not meet criteria a)2
2. Modelled hydrology data was used to identify streams where median flow
is greater than 1 L s-1, indicating that the stream contains water outside of

2

Due to the low resolution of the available imagery, only on river was identified through this method
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heavy rain fall events (streams that potentially meet criteria b but not
criteria c)
3. Water courses that do not convey water outside of heavy rain fall events,
but retain water in ponded reaches and wetlands were identified from
aerial photographs (streams that potentially meet criteria b and criteria c
but not criteria d)
4. Streams that were not identified in Steps 1 to 3 were classified as
potentially ephemeral.
In total 14,571 m of waterway were identified within the boundaries of
development area using the geospatial analysis described above (Table 3).
Comparisons of the stream network within the development area and the entire
Taupo Stream catchment network indicate that this represents approximately
16% of the total stream length in the catchment. Furthermore, 7005 m of
stream within the development area was identified as either intermittent or
perennial (it was not possible to differentiate the two), and 7,566 m was
identified as potentially ephemeral (Table 3).
Table 3: The length and area of different water body types in the development
area under Scenario 1
Water body

2.2

Length/area

Total river/stream length

14.6 km

Perennial and intermittent stream length

7.0 km

Potentially ephemeral stream length

7.6 km

Length of ponded sections

0.7 km

Length running through wetland

0.50 km

Area of ponded habitat

0.43 ha

Area of wetland

0.54 ha

Scenario testing
To examine the potential environmental impacts of stream piping in the
development area, the effects of the following three scenarios were assessed:




Scenario 1 - Status quo (not as part of the economic assessment);
Scenario 2 – Full urban development with all streams retained; and
Scenario 3 – Full urban development with all streams piped.

It is important to note that Scenarios 2 and 3 are at two ends of a spectrum,
reflecting best case and worst case situations. The degree of piping that occurs
during actual urban development will be dictated by factors such as
topography, and is unlikely to be accurately represented by either of these
scenarios. However, by conducting a ‘bookending’ exercise, the spectrum of
effects can be presented, with an acceptance that in the real world the
ecological impacts of piping will lie somewhere along this spectrum.
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2.3

Scenario descriptions and development assumptions

2.3.1

Scenario 1 – Status quo
(a)
Overview
This scenario represents a future with no urban development, and land use,
impervious surface cover and stream network length are not expected to
change. The purpose of this scenario is to provide a baseline against which the
results of the two development scenarios can be compared.
(b)
Land use, parcels and dwellings
Under this scenario it is assumed that there will be no urban development and
the number and size of land parcels, the number of dwellings and land use
within the development area will reflect current conditions. Numeric estimates
of each of these factors are presented in Table 4.
Table 4: Assumed land use, parcel composition and the number of dwellings
under Scenario 1
Lot size*

Number of lots

Number of
dwellings

141 ha

1

1

25 ha

1

1

17 ha

1

0

1 – 2 ha

4

0

<1 ha

3

0

Total

11

2

Land use

100% (200.47 ha) mixed beef
and lamb farming

*Lot sizes are reported as the area within the development areas. Actual lot sizes are larger as they
extend beyond the boundaries of the NGA

The assumptions presented in the above table are based on information from
the following sources:



Land parcel and address information recorded in the Digital Cadastral
DataBase (Land Information New Zealand, Wellington, New Zealand);
and
Land use data recorded in AgriBase® (AsureQuality Ltd, Auckland, New
Zealand).

(c)
Population
Under this scenario, it is assumed that the number of dwellings will not change
from current, and population size will remain static as a result. The assumed
population size and density per dwelling is presented in Table 5.

TECHNICAL INVESTIGATION REPORT

PAGE 16 OF 68

The costs and benefits of the pNRP stream piping provisions

Table 5: Assumed population size and the density per dwelling under Scenario 1
Number of dwellings
2

People per dwelling

Population

2.6

5

The assumptions presented in the above table are based on information from
the following sources:



Address information recorded in the Digital Cadastral DataBase (Land
Information New Zealand, Wellington, New Zealand); and
2013 census data for the Wellington Region (Statistics New Zealand).

(d)
Impervious surface cover
Impervious surface cover under this scenario is assumed to reflect current
conditions. The sources and area of impervious surface cover in the
development under Scenario 1 are presented in Table 6
Table 6: Assumed impervious surface cover under Scenario 1
Source

Total area
(ha)

% impervious

Impervious
area (ha)

Impervious area as %age
of development area

Roofs

0.16

100.00%

0.16

0.08%

Roads

0.00

80.00%

0.00

0.00%

Urban open space

0.00

10.00%

0.00

0.00%

Stream corridors

22.05

0.00%

0.00

0.00%

Remainder of lot

178.26

0.05%

0.08

0.04%

Total

200.47

0.24

0.12%

The assumptions presented in the above table are based on information from
the following sources:



The LINZ Topo50 map series building footprint layer (Land Information
New Zealand, Wellington, New Zealand); and
Aerial photographs (Porirua City Council).

(e)
Hydrological features
Under this scenario it is assumed that there will be no reclamation or
modification of the existing hydrological features within the development area.
The assumed length and area of water bodies in the development area under
this scenario are presented as part of the assessment results (Section 3.1).
These, assumptions were based on information from the following sources:




A detailed stream network map developed specifically for this assessment
(see Section 2.1.3);
Past and present aerial images of ponded water bodies in the development
area (Porirua City Council and GWRC aerial imagery layers and Google
Earths historical imagery tool); and
Greater Wellington Regional Council’s significant wetland GIS layer.
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2.3.2

Scenario 2 – Full urban development with all streams retained
(a)
Overview
This scenario represents a future in which the development area is converted
into medium density housing. Land use, parcel composition, impervious
surface cover and population size reflect the typical suburban environment, but
are constrained by a requirement to maintain a 15 metre undeveloped corridor
around every stream (including ephemeral waterways). The purpose of this
scenario is to describe the environmental effects of urbanisation not related to
stream piping, and to evaluate the impact retaining streams will have on the
availability of land for development.
(b)
Land use, parcels and dwellings
Under this scenario it is assumed that there is four major land uses in the
development area, roading, urban open space, stream corridor protection and
residential. It is assumed that 25% of the 200.5 ha development area is required
for roading and urban open space, and a further 11% is required for the
protection of stream corridors. The remaining 128.6 ha is divided into 2572,
500 m2 sections, each with a single dwelling. A detailed breakdown of land
use in the development area under this scenario is provided in Table 7.
Table 7: Assumed land use, parcel composition and the number of dwellings
under Scenario 2
Total area (ha)

Section size (ha)

Number of
sections

Number of
dwellings

Suburban residential

128.6

0.05

2572

2572

Roading

40.1

Urban open space

10.0

Stream corridors

21.8

Land use

Total

200.47

0

2572

2572

The assumptions presented in Table 7 are based on information from the
following sources:




Section size and the area required for roads and urban open space were
provided by the Porirua Whaitua Collaborative Modelling Project team,
and represent what would be expected under a Business as Usual urban
development scenario; and
Stream corridor area was calculated using the Buffer tool in ArcMap
(10.1). A 7.5 m buffer was applied to a detailed map of the stream network
in the development area (see Section Section 2.1.3)), to create a 15 metre
corridor around every waterway. Corridor width was chosen based on the
minimum width of purposefully undeveloped land parcels surrounding
streams in existing suburbs near the development area. Stream corridor
width was chosen in this way as the streams in the development area are
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not wide enough (> 3 m) for the riparian setback requirements of the
Suburban Zone Rules and Standards of the Porirua City District Plan to
apply3.
(c)
Population
Under this scenario it is assumed that population size is a function of the
number of dwellings and the average number of people per dwelling in the
Wellington Region. Population size and assumed density per dwelling is
presented in Table 8.
Table 8: Assumed population size and the density per dwelling under Scenario 2
Number of dwellings
2572

People per dwelling

Population

2.6

6687

The assumptions presented in the above table are based on information from
the following sources:



The predicted number of dwellings (Table 7); and
2013 census data for the Wellington region (Statistics New Zealand)

(d)
Impervious surface cover
Under this scenario impervious surface impervious surface cover is assumed to
reflect that of a typical suburban environment. The source and area of
impervious surfaces under Scenario 2 are presented in Table 9.
Table 9: Assumed impervious surface cover under Scenario 2
Source

Total area (ha)

% impervious

Impervious
area (ha)

Impervious area as %age
of development area

Roofs

51.43

100%

51.43

26%

Roads

40.09

80%

32.08

16%

Urban open space

10.02

10%

1.00

1%

Stream corridors

21.77

0%

0.00

0%

Remainder of lot

77.15

30%

23.14

12%

Total

200.47

107.47

54%

The assumptions presented in the above table are based on information from
the following sources:


3

The Porirua Whaitua Collaborative Modelling Project team provided
estimates of impervious surface cover in the development area under a
Business as Usual urban development scenario.

Based on modelling data for REC reaches within the development area
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(e)
Hydrological feature extent
Under this scenario it is assumed that there will be no reclamation or
modification of the existing hydrological features within the development area.
The assumed length and area of water bodies in the development area under
this scenario are presented as part of the assessment results (Section 3.1). These
assumptions were based on information from the following sources:



2.3.3

A detailed stream network map developed specifically for this assessment
(see Section 2.1.3));
Past and present aerial images of ponded water bodies in the development
area (Porirua City Council and GWRC aerial imagery layers and Google
Earths historical imagery tool); and
Greater Wellington Regional Council’s significant wetland GIS layer.

Scenario 3 – Full urban development with all streams piped
(a)
Overview
This scenario represents a future in which the entire development area is
converted into medium density housing with all streams piped. Land use,
parcel composition, impervious surface cover and population size reflect the
typical suburban environment, and are not constrained by a requirement to
maintain an undeveloped corridor around every stream. The purpose of this
scenario is to describe the magnitude of the environmental effects of urban
development specifically caused by piping, and evaluate the increase in
developable area that piping will provide.
(b)
Land use, parcels and dwellings
Under this scenario it is assumed that there is three major land uses in the
development area, roading, urban open space and residential. It is assumed that
25% of the 200.5 ha development area is required for roading and urban open
space. The remaining 150.4 ha is divided into 3007, 500 m2 sections, each with
a single dwelling. A detailed breakdown of land use in the development area
under this scenario is provided in Table 10.
Table 10: Assumed land use, parcel composition and the number of dwellings
under Scenario 3
Land use

Total area
(ha)

Section size
(ha)

Number of
sections

Number of
dwellings

Suburban
residential

150.4

0.05

3007

3007

Roading

40.1

Urban open space

10.0

Stream corridors

0.00

Total
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The assumptions presented in the above table are based on information from
the following sources:


Section size and the area required for roads and urban open space were
provided by the Porirua Whaitua Collaborative Modelling Project team,
and represent what would be expected under a Business as Usual urban
development scenario.

(c)
Population
Under this scenario it is assumed that population size is a function of the
number of dwellings and the average number of people per dwelling in the
Wellington Region. Population size and assumed density per dwelling is
presented in Table 11.
Table 11: Assumed population size and the density per dwelling under Scenario 3
Number of dwellings
3007

People per dwelling

Population

2.6

7818

The assumptions presented in the above table are based on information from
the following sources:



The predicted number of dwellings (Table 10); and
2013 census data for the Wellington region (Statistics New Zealand).

(d)
Impervious surface cover
Under this scenario impervious surface impervious surface cover is assumed to
reflect that of a typical suburban environment. The source and area of
impervious surfaces under Scenario 3 are presented in Table 12.
Table 12: Assumed impervious surface cover under Scenario 3
Total area (ha)

% impervious

Impervious
area (ha)

Impervious area as %age
of development area

Roofs

60.14

100%

60.14

30.0%

Roads

40.09

80%

32.08

16.0%

Urban open space

10.02

10%

1.00

0.5%

Stream corridors

0.00

0%

0.00

0.0%

Remainder of lot

90.21

30%

27.06

14%

Total

200.5

107.46

60.0%

Source

The assumptions presented in the above table are based on information from
the following sources:


The Porirua Whaitua Collaborative Modelling Project team provided
estimates of impervious surface cover in the development area under a
Business as Usual urban development scenario.
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(e)
Hydrological feature extent
Under this scenario it is assumed that all existing hydrological features within
the development areas will be piped, reducing stream network length to 0 m.
2.3.4

Summary of scenario assumptions
A summary of the assumptions of each scenario is provided in Table 13.
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Table 13: Summary of key scenario assumptions
Scenario

Description

Land use

Section size

Sections

Dwellings

PopN

% impervious

∆ in stream length

Scenario 1

Status quo

Sheep and beef farming

<1 – 141 ha

11

2

5

12 %

0%

Scenario 2

Full urban development with
all streams retained

Suburban residential

500 m2

2572

2572

6,668

54 %

0%

Scenario 3

Full urban development with
all streams piped

Suburban residential

500 m2

3007

3007

7,818

60 %

-100%
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2.4

Ecological assessment methodology

2.4.1

Background
The approach to the ecological cost benefit analysis is hindered by a lack of
existing information on the stream network within the development area.
Consequently, there is a heavy reliance on modelled data to describe the
current state, and the predicted changes under the different scenarios are based
on the results of previous research and generic assessment protocols. The
results of these assessments are by no means an absolute measure of the effects
urban development will have in the development area; instead they represent a
possible future that provides an insight into the potential ecological risks of
stream piping.
Under each scenario the following indicators are assessed:




Stream length;
Native fish populations; and
Macroinvertebrate communities.

To assess how these indicators will respond to development under Scenarios 2
and 3 a range of environmental drivers were also considered assessed
including:



2.4.2

Contaminant and sediment discharges;
Hydrology; and
Stream morphology;

Scenario 1 – Status quo
The state of indicators under Scenario 1 were assessed through geospatial
analysis, collation of existing modelling data and, where, appropriate,
extrapolation of model outputs based on the available literature. As there is
limited data available for the study area, this scenario does not attempt to
describe the existing environment with a high level of certainty. Rather the
objective is to produce a realistic depiction of the potential ecological
landscape of the development area, against which the effects of the
development scenario can be assessed.
(a)
Native fish
The length of stream in the development area supporting native fishes was
determined from the results of a fish distribution prediction model developed
by Crow et al. (2014). This model is spatially based on the REC, and broadly
predicts the probability of capturing a species through electrofishing in
individual REC reaches (see Figure 2 for a map of the REC reaches within the
development area). Whether a species was present or absent in the REC
reaches in the development area was determined by assessing the predicted
probability of capture against a species specific presence-absence threshold
known as “Cohen’s cappa” (a full description of this methodology can be
found in Crow et al. (2014)). Unfortunately, there is insufficient data to
extrapolate the outputs of this model to the river reaches not included on the
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REC. Therefore, the length of stream supporting different native fish species in
the development area is likely to be underestimated under this scenario.
(b)
Macroinvertebrates
The composition of invertebrate communities in the stream reaches large
enough to be included on the REC were determined from the outputs of a
predictive model developed from the results of Booker et al. (2015). This
spatial model, accessed of NIWA’s River maps tool4, is based on the REC, and
predicts a suite of common biotic indices for each reach, based on the
probability that different taxa are present (see Figure 2 for a map of the REC
reaches within the development area). The indices modelled for each REC
reach are the Macroinvertebrate Community Index (MCI), overall taxa richness
(The total number of macroinvertebrate species predicted to be present) and %
EPT richness (The percentage of total taxa belonging to the pollution sensitive
orders mayflies (Ephemeroptera), stoneflies (Plecoptera), and caddisflies
(Trichoptera)). A narrative description of the likely composition of invertebrate
communities in the waterways too small to be included on the REC was
developed from the observations of Storey (2010) who described invertebrate
community composition across a number of headwater streams in Wellington.

4

https://shiny.niwa.co.nz/nzrivermaps/
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Figure 2: Map of the REC reaches in the development area for which
macroinvertebrate and fish modelling data is available. Labels denote reach
number

2.4.3

Scenario 2 – Full urban development with all streams retained
The assessment protocols described in ‘A guide for assessing effects of
urbanisation on flow-related stream habitat’ by Elliott et al. (Elliott, Jowett,
Suren, & Richardson, 2004) were the primary tool used to determine the
ecological impacts of urban development under this scenario, with the results
of Scenario 1 providing a baseline.
(a)
Stream length
Stream length was measured using the methodology described in Section 2.1.3.
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(b)
Native fish
The impact of urban development on native fish communities under this
scenario was assessed using the ‘Tier 2’ methodology prescribed by Elliott et
al. (2004). Using the look up table summarised in Table 14, a course
assessment of the effects to the fish species present in each REC reach in the
development area was made. The results of the look up table assessment were
then considered alongside the results of Scenario 1 to provide a narrative
assessment of the state of native fish populations.
Table 14: Predicted effect levels for fish communities (L, low; M, moderate; H,
high) as a result of various degrees of change in channel width, base flow, and
frequency of bed disturbance. (adapted from Elliott et al.(2004))

Flow parameter

Channel widening (%)

Base flow decrease
(%)

Increase in bed
disturbance frequency
(%)*

Change

10

30

50

10

30

50

50

100

300

Banded kokopu

M

H

H

L

L

M

L

M

H

Redfin

L

M

H

L

M

H

L

M

H

Eels

L

L

M

L

L

M

L

L

M

Torrentfish

L

L

L

M

H

H

L

L

L

Crans bully, upland bully

L

L

L

L

L

M

L

L

M

Salmonids

L

L

M

M

H

H

L

H

H

* This information is unavailable and only the first two parameters were used to inform assessments

This method required the change in channel width and base flow between
Scenarios 1 and 2 to be calculated for each REC reach using the methodologies
described in Elliot et al. (2004). The increase in impervious surface area in the
upstream catchment was calculated using the Watershed tool in the Spatial
Analysist module in ArcMap (10.1) and the assumptions presented in Table 9.
The following equation was then used to calculate changes in channel width.
∆ 𝑊𝑖𝑑𝑡ℎ = (.0003 × 𝐼𝑚𝑝2 + 𝐼𝑚𝑝 × .0211 + 1.0292)0.65 (1)
The equation presented above is based on established relationships between
catchment imperviousness, channel cross sectional area and stream width
(Elliott et al., 2004; Jowett, 1998) and Imp represents the increase in
impervious area as a percentage of catchment area.
Reductions in base flow were calculated for each REC reach using the simple
annual water balance method described in Elliot et al. (2004). Based on the
assumption that base flow is derived entirely from land surface recharge in the
upstream watershed and that, post-development, recharge is eliminated under
new impervious surfaces, change in base flow in each REC reach was
calculated using the following equation:
∆ 𝐵𝑎𝑠𝑒 𝑓𝑙𝑜𝑤 = (𝐴𝑡 − 𝐴𝑖 ) ÷ 𝐴𝑡
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Here At represents catchment area and Ai represents impervious surface area.
The lookup table presented in Elliott et al. (2004) was “developed from the best
judgement of stream ecologists at NIWA who have experience in assessing the
effects of habitat changes on stream communities. At present, more definitive
and precise relationships are not available. Hence, only broad categories of
effects have been used and the assessment of the likelihood of effects is
somewhat imprecise”
(c)
Macroinvertebrates
The potential impact of urban development on macroinvertebrate communities
under this scenario was also assessed using the ‘Tier 2’ methodology
prescribed in Elliott et al.(2004). Using the look up table summarised in Table
14, a course assessment of the effects to the macroinvertebrate communities of
each REC reach in the development area was made. The results of the look up
table assessment were then considered alongside the potential effects of any
changes in water quality or sediment transport during and post development to
provide a narrative assessment of potential changes in invertebrate
communities across the entire development area under Scenario 2.
Table 15: Predicted affects levels for invertebrate communities (L, low; M,
moderate; H, high) as a result of various degrees of change in channel width,
base flow, and frequency of bed disturbance. (adapted from Elliott et al.(2004))

Flow parameter

Channel widening (%)

Base flow decrease
(%)

Increase in bed
disturbance frequency
(%)*

Change

10

30

50

10

30

50

50

100

300

Mayflies, stoneflies and
clean-water caddisflies

M

H

H

L

M

M

L

M

M

Algal piercing caddisflies

L

L

L

L

L

L

L

M

H

Dragonflies

L

L

L

L

L

L

M

H

H

Beetles

L

L

L

L

M

M

M

M

M

True bugs (water
boatmen)

L

L

L

L

L

M

L

M

H

True flies (excluding
midges)

L

L

M

M

H

H

L

H

H

Midges

L

L

L

L

L

L

L

M

M

Snails

L

L

M

M

H

H

M

M

H

Crustaceans (shrimps,
crayfish, ostracods)

L

M

M

L

L

M

M

H

H

Worms

L

L

L

L

L

L

M

H

H

* This information is unavailable and only the first two parameters were used to inform assessments

Changes in base flow and channel width for each REC reach were calculated
using the methodology described in Section 2.4.3(b)
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2.4.4

Scenario 3 – Full urban development with all streams piped
All indicators were assumed to be completely eliminated by piping under
Scenario 3.
(a)
Stream length
The impact of urban development on stream length under this scenario was
assessed simply as the removal of all streams present under Scenarios 1 and 2.
(b)
Native fish
Piping completely changes the structure of the stream bed and banks, and
effectively severs all connections with the surrounding environment, including
the sun. Consequently, when quantifying the effects of this activity it is safe to
assume that it results in the complete loss of all existing permanent habitats
(although piped streams may still provide migration routes where there is open
habitat upstream). Accordingly, the potential impact of urban development on
native fish communities under this scenario was assessed as the removal of all
potential habitat predicted under Scenarios 1 and 2, and the complete loss of all
fish values in the development area.
(c)
Macroinvertebrates
The potential impact of urban development on macroinvertebrate communities
under this scenario was assessed as the removal of all existing habitat predicted
under Scenarios 1 and 2, and the complete loss of all macroinvertebrate
communities in the development area. It is accepted that this is a simplistic
view of the effects piping has on macroinvertebrate communities, as piped
streams do support some invertebrate life. However, it is known that that
biodiversity and the abundance of EPT taxa that rely on aerial dispersion is
even lower in piped streams than in heavily degraded open urban streams
(Blakely et al., 2006; Charbonneau & Resh, 1992; Meyer, Poole, et al., 2005;
Neale & Moffett, 2016), and it is likely they contribute little to regional or
catchment scale biodiversity.

2.5

Economic cost-benefit analysis

2.5.1

Background
The scenario assessment methodology of the economic cost-benefit analysis
differs from that employed for the ecological assessment, in that an expected
future under each scenario is not presented. Instead the economic costs and
benefits of retaining streams during urban development are assessed by
quantifying the market and non-market outcomes of developing the
development area under Scenario 2 (full urban development with all streams
retained within a 15m buffer zone) instead of Scenario 3 (full urban
development with all streams piped). Effectively this examines the economic
consequences of requiring green field residential property developments to
adapt to the natural land form determined by existing natural streams.
As outlined in Section 2.3, the analysis assumes that under both Scenario 2 and
Scenario 3 all of the 200 ha of land in the development area will be developed
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into residential subdivisions, which, after allowing for roads and open spaces
would mean that 150.4 ha would be available for housing. Assuming that these
are sold in 500 m2 individual plots, this would imply that under Scenario 3,
where all streams would be piped, there would be 3,007 sections available for
sale (Table 10). However, under Scenario 2, where a 15 metre exclusion
corridor is imposed around the 14.5 km of streams in the development area,
this would reduce the land available for urban development by 21.6 ha, thus
reducing the effective land availability to 129 ha or 2572 500 m2 sections
(Table 7).
To simplify the analysis it was assumed that developers would be able to
efficiently parcel all of the available 129 ha into 500m2 sections, i.e. no
allowance is made for actual land form constraints that might in practice limit
the ability of developers to parcel all of the land into 500 m 2 sections.
Conversely, it was also assumed that in the absence of waterway protections
developers would be able to develop all of the 150 ha available land into
saleable sections. Both of these assumptions are likely to be extreme in
practice. Our implicit assumption is that the two assumptions more or less
cancel each other out. That is, without stream corridor protections the number
of sections available for sale would probably be fewer than the 3007 assumed
and the number available with stream protection would probably be fewer than
2572, but the difference between the scenarios would still remain around the
435 fewer sections underpinning our calculations.
To remain consistent with housing and impervious surface assumptions used
elsewhere in the report we assumed that all sections are 500 m2 in size.
Analysis of other low impact design developments in New Zealand suggest
that section sizes are likely to decline so that the number of sections sold would
actually increase. However, our modelling of such impacts did not yield
materially different results to those produced when assuming constant section
size. Therefore, we used a constant section size to maintain consistency with
the ecological impact assessment.
It was assumed that regulations to protect waterways are totally effective and
have no significant additional administrative costs for councils. The costs of
the new regulations were assumed to be borne through a reduction in developer
profits, an increase in section prices, or a combination of the two. Here it was
assumed that the costs to developers primarily come through the lower revenue
generated from a smaller percentage of the development area being sold. Some
offset came from lower development costs associated with a lower requirement
for preparatory earth works and through an increase in section prices associated
with a perceived increase in amenity values related to more green space. These
positive offsets are typically not expected to exceed the reduced revenue from
fewer sections.
In addition to the increase in price associated with the amenity value of green
space, the cost benefit analysis uses estimates of the value to society from the
maintenance of ecosystem services provided by these streams. Although these
ecosystem services are the source of potentially the most significant benefit to
society, there is considerable uncertainty about what the true value to society
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from the provision of ecosystem services from streams actually is. See 2.5.2
below for a discussion of the valuation of ecosystem services.
The net benefit calculations are thus:
𝑁𝐵 = ∑ 𝐵 − ∑ 𝐶
𝑁𝐵 = (𝑒𝑣 ∙ 𝑆𝐶5 + 𝑎𝑣. 𝐷𝐿 + 𝑒𝑤𝑐 ∙ [𝐸𝑊𝐶 − 𝐸𝑊𝐿 ]) − (𝑙𝑝 ∙ 𝑆𝐶)

(3)

Where the benefits are estimated as the non-market ecosystem value (ev) of the
area of stream corridors (SC) plus the additional amenity value (av) of the area
of developed land (DL) being close to green space and the development cost
savings associated with lower earthwork requirements (where ewc reflects the
unit cost of earthwork activity, EWC is the level of earthwork required in
conventional developments and EWL the lower level of earthworks required in
low impact design developments). The costs are estimated as the developers’
foregone revenue from selling fewer land sections, land price (lp; $/ha) times
the stream corridor (SC; ha).
It should be noted that cost-benefit analysis is usually undertaken from a
society wide perspective. The key social, non-market factor in equation 3 is the
ecosystem value of the stream corridors. Although attempting to measure the
value of non-market services like ecosystem services is challenging, it is
important to include these values as they reflect the difference between market
outcomes and social preferences
It is the role of regulatory agencies such as regional councils to consider wider
societal preferences and effects in assessments related to natural resource
management. Given that the piping of streams creates significant ecological
damage (and therefore cost) and these damages are costly to reverse, it is
important for us to consider these effects, often non-market, in this assessment
around the non-market values (costs and benefits) is accounted for
2.5.2

5

Data and assumptions
This section goes through each of the items identified in equation 3 to explain
the assumptions and sources of information that underpin the quantification of
our net benefit (cost) calculations. A summary of the key assumptions and
inputs into the cost-benefit analysis and Monte Carlo calculations are presented
in Table 16. The background to these assumptions is presented in the
following subsections.

Non market component
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Table 16: Summary of cost-benefit analysis assumptions and Monte Carlo inputs
Indicator

Unit

Low

Central

High

Section price
Business as usual (BAU)

$

$225,000

$247,000

$270,000

% of BAU section price

-3.0%

2.7%

14.2%

BAU

% of BAU section price

8.5%

10.8%

15.2%

LID

% of LID section price

9.2%

10.0%

10.4%

$ per m of stream length

$800

$3,300

$9,800

Price premium for low
environmental impact
design (LID)
Developer landwork costs

Stream restoration costs

(a)
Ecosystem service valuations (ev)
An important assumption underpinning the cost-benefit calculations presented
here is the extent of ecosystem services provided by streams and the
subsequent value of these services. The valuation of ecosystem services
provides an estimate of the wider benefits and costs of streams which are often
do not have a market and therefore often excluded from cost-benefit analyses.
We acknowledge that there is typically more uncertainty with these values than
the benefits or costs associated with market values. To determine the influence
of this uncertainty on the final analysis we used Monte Carlo techniques to
capture this sensitivity.
Ecosystem services are the benefits that nature provides and are often classified
using Millennium Ecosystem Assessment framework (Millennium Ecosystem
Assessment, 2005). This framework decomposes ecosystem services into four
categories:





6

Provisioning – the direct provisions of goods and services by an ecosystem
(eg food, fibre, water)
Regulating – the regulation of biophysical and ecology processes (eg
climate, flood control)
Cultural – the support of human values (eg spiritual, aesthetic)
Supporting – ecological and biophysical processes like nutrient cycling
and soil provision that support the provision and regulating ecosystem
services6.

Although inherently integral to ecosystem services, supporting services are typically excluded from valuation to avoid double counting.
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The types of ecosystem services that are provided by streams located in the
study area (and our subjective assessment of their level of provision) include:
Provisioning: freshwater (low), wild foods (medium) – both primarily through
the contribution of the head streams to the downstream catchment area
Regulating: water regulation (medium), water purification (medium), erosion
control (medium), biological control (low), flood protection (medium)
Cultural: aesthetic values (medium/high), cultural heritage values (uncertain),
sense of place (medium/low), knowledge systems (medium), existence value
(high due to their contribution to the catchment network and the high expense
associated with stream restoration)
The ways that researchers have attempted to value ecosystem services can be
classified into four general approaches:





Direct market values, eg measuring the market value of outputs produced
by an ecosystem; measuring observed payments for ecosystem services;
and use of factor income and production function estimation approaches.
Cost based methods, eg measuring the avoided cost such as from manmade water treatment plants or flood protection devices; measuring
mitigation and restoration costs; and replacement costs.
Revealed preference methods, eg hedonic pricing and travel cost
approaches.
Stated preference methods, eg contingent and group valuation methods.

The approach adopted here is based on restoration cost methods, and uses
international evidence of the costs of stream restoration and daylighting
projects.
That is, what would be the potential cost to society at a later date to daylight
the piped streams and restore piped streams to more natural forms. Actual
costs of daylighting and stream restoration can vary widely and can exceed
$40,000 per metre of restored stream7. Here we have not used such extreme
figures in our calculation but rather a range of nine observations from five
studies that suggest stream restoration costs are likely to range from around
$1,000 to $10,000 per metre of restored stream8.

See (Buchholz, Madary, Bork, & Younos, 2016) which identifies the cost of restoring four streams in the US ranged from $US 1.4 million to $US
15.6 million, which translates into a range of $1,400 to $40,300 per metre in 2017 New Zealand prices.
7

Information sourced from: https://www.st.nmfs.noaa.gov/st5/Salmon_Workshop/11_Bair.pdf, http://lar.vt.edu/wpcontent/uploads/2016/03/Buchholz-Stream-Restoration-Revision-4.compressed.pdf, http://www.prp.cses.vt.edu/Reports_04/Mitigation_04.pdf,
http://onlinelibrary.wiley.com/doi/10.1111/j.1752-1688.2011.00635.x/abstract, and
https://www3.nd.edu/~rjensen1/courses/NatResEcon/Meadow%20Creek.pdf Information sourced from:
https://www.st.nmfs.noaa.gov/st5/Salmon_Workshop/11_Bair.pdf, http://lar.vt.edu/wp-content/uploads/2016/03/Buchholz-Stream-RestorationRevision-4.compressed.pdf, http://www.prp.cses.vt.edu/Reports_04/Mitigation_04.pdf, http://onlinelibrary.wiley.com/doi/10.1111/j.17521688.2011.00635.x/abstract, and https://www3.nd.edu/~rjensen1/courses/NatResEcon/Meadow%20Creek.pdf. These are all overseas studies
with costs converted into New Zealand dollars in 2017 prices. We were not successful in locating reports with cost estimates for New Zealand
stream restorations.
8
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Of course the cost of restoration is not necessarily the same thing as the benefit
to society resulting from the restored stream, but it at least provides an
indication of the types of expenditure that would be required in the event that
one chose to reverse a piping project at some time in the future. In this sense
restoration costs potentially represent the opportunity cost of stream piping.
Any development that requires stream piping implicitly imposes the restoration
cost onto society as this is the price of returning (or attempting to return) the
location to its previous state. Once a stream is piped, society foregoes the
ecosystem services provided by the stream in its natural state in exchange for
the marginal services provided by the urban development over the stream
corridor. By proceeding with such projects, society is implicitly accepting
these costs – our valuation approach is attempting to be more explicit about the
trade-off’s associated with such choices.
As we have stated there is considerable uncertainty about the valuation of
ecosystem services and the associated value of natural capital. Our purpose
here is not to provide a definitive valuation – indeed it is beyond the scope of
the current project. Instead it is to provide a plausible sense of the potential
scale of the natural capital consequences and thus provide a better sense of the
costs associated imposed to society from piping streams. Monte Carlo
simulation methods are used to capture some of this uncertainty. As presented
in Table 16, the cost-benefit analysis is based on a central stream restoration
cost of $3,300 per metre of stream, with the distribution analysis based on a
range from $800 to $9,8009.
Although there are obviously shortcomings in using international evidence of
stream restoration costs as a method of estimating the value of ecosystem
services from streams, this approach was preferred to other potential
approaches for a number of reasons. First, restoration costs are already in a
cost of capital basis so our calculations did not require any assumptions about
the appropriate choice of discount rates, which can be a source of considerable
uncertainty when assessing cost-benefit calculations.
In addition, despite a considerable number of international studies estimating
the value of ecosystem services10, the applicability of such international
evidence is of limited use for this study. This is because of the importance of
site and country specific issues of each biome. An additional issue is that
“stream” is not a typical classification in the meta-analysis studies, with
streams perhaps being somewhere between “inland wetlands” and “rivers”.
We also investigated using the choice survey based evidence derived by (Kerr
& Sharp, 2003) of Auckland residents willingness to pay for stream
enhancements but, given a lack of evidence about the perspective of local

As a cross reference reality check, applying the ecosystem service values for inland wetlands derived in (de Groot et al., 2012) when translated
into 2017 prices in New Zealand currency, and capitalised using a 4% discount rate would imply a value per metre of stream ranging from $300 to
$10,200, with a mean value of $2,500.
9

10

For example, (de Groot et al., 2012) undertake a meta analysis using 665 value estimates.
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resident’s from the Wellington region, we were not satisfied that there exists a
robust method for transferring their evidence of ecosystem service valuations
to our context11.
(b)
Stream Corridor (SC)
The land reserved for protecting streams is calculated as a 15 metre corridor
around the 14,570 metre length of streams observed in the three potential
development areas. This represents 21.8 ha of land to be designated as
protected stream reserves.
(c)
Amenity value of proximity to green spaces (av)
The estimate of the amenity value of being close to green spaces was based on
information (provided by Koru Environmental Consultants Ltd. (2009)) from
three New Zealand case studies of low environmental impact design urban
developments; Heron Point, Palm Heights, and Wainoni Downs. Across these
three developments, urban forms with lower environmental impacts were
estimated to yield a per square metre average price premium of 2.7%. The
range from -3% to +14% was used in the Monte Carlo distribution analysis.
(d)
Developed land (DL)
The total land available for development in the three identified development
areas (Pukerua Bay West, Camborne North, and New Village) is 200 Ha. Of
this 50 ha is deemed to be required for roading and open spaces, and 21.8 ha
for stream corridor reserves. This leaves 128.6 ha for development, which
translates into 2572 500 m2 sections (c.f. 3,007 sections without the stream
reserves).
(e)
Section prices
The analysis uses a section price of $247,500 per 500 m2 section, which
represents the annual average of the median section prices reported by
Quotable Value between January and March 2017. In the Monte Carlo
distribution analysis the quarterly median high and low prices of $270,000 and
$225,000 were used to determine the Beta distribution.
(f)
Earthworks (ew)
Without having to level so much land, or lay as much underground piping,
earthwork costs faced by developers are reduced. Analysis of data presented in
Koru Environmental Consultants Ltd. (2009) indicated that earthwork costs in
low impact design developments (such as those expected under Scenario 2)
average 16.5% less than conventional developments (with a range between -6
and -33%).

In addition to the usual issues relating to generalising the results of a specific study to another time period and geographical location, there were
also issues related to converting the (Kerr & Sharp, 2003) willingness to pay estimates onto a value per area basis, and also accounting for the
difference from our focus on total stream destruction and their focus on valuing marginal stream improvements
11

PAGE 35 OF 68

TECHNICAL INVESTIGATION REPORT

The costs and benefits of the pNRP stream piping provisions

2.5.3

Monte Carlo analysis
To determine the sensitivity of the results to the uncertainty around some of the
values used in the analysis, Monte Carlo analysis was conducted around a
range of the key input assumptions, in particular section prices, the price
premium for low impact design (ie the amenity benefit), the cost to developers
of land work with and without stream corridors, and the value of stream
restoration costs (see Table 16).
For each of these inputs into the cost-benefit analysis 20,000 random draws are
taken from a Beta distribution12 defined by the low, central and high estimates
presented in Table 16. When combined using equation 3, the Monte Carlo
approach generates 20,000 different cost-benefit calculations, taking into
account 20,000 different ways of combining the five critical inputs into the
cost-benefit analysis, as identified in Table 16. The net result is that central
estimates are augmented with confidence bands above and below, which may
not necessarily be symmetrical due to the Beta distribution used.
The strength of the Monte Carlo simulation is that it allows a wide range of
combinations between the different items (e.g. one simulation could effectively
assume that some assumptions are low but others are high). The use of 20,000
simulations reflects an observation that in practice this number of draws is
generally found to be sufficient to ensure that results are reasonably stable
between different samplings (i.e. a redraw of random estimates do not change
the distribution outcomes).

3.

Results

3.1

Ecological cost-benefit analysis

3.1.1

Scenario 1 – Status quo
(a)
Stream length
The length and area of different water body types in the development area
under Scenario 1 reflect current state conditions, and all 14,571 m of stream
identified using the geospatial analysis described in Section 2.1.3 will be
retained, including the 7,566 m of waterway that was identified as potentially
ephemeral (Table 17).
Table 17: The length and area of different water body types in the development
area under Scenario 1
Water body

Length/area

Total river/stream length

14.6 km

Perennial and intermittent stream length

7.0 km

Potentially ephemeral stream length

7.6 km

12

Using a Beta distribution allows the process to be informed by priors (eg accounting for uneven risks around the central estimate)
and for ensuring that the process does not include impossible outcomes (eg negative costs or prices).
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Water body

Length/area

Length of ponded sections

0.7 km

Length running through wetland

0.50 km

Area of ponded habitat

0.43 ha

Area of wetland

0.54 ha

(b)
Native fish
The development area is predicted to support important native fish values
under this scenario. Based on the fish distribution models developed by Crow
et al. (2014), the development area is predicted to contribute 15%, 11%, 9%,
and 32% of the total stream length in the Taupo Stream catchment that
supports banded kokopu, longfin eel, shortfin eel and inanga respectively. The
entire Taupo Stream catchment is identified in Schedule F1 of the pNRP as
having significant indigenous ecosystems because of the habitat it provides for
migratory and indigenous threatened/ at risk species. The results of this
assessment indicate that under Scenario 1, the streams in the development area
play an important role in supporting these fish values, and are worthy of
protection. The species predicted to inhabit each REC reach within the
development area (Figure 2) are presented in Table 18, and the total length of
stream in which each of these species are predicted to be present is reported in
Table 19.
Table 18: Fish species predicted to be present in each REC reach in the
development area based on Crow et al. (2014)
NZ Reach

Length

Inanga

Banded kokopu

Shortfin eel

Longfin eel

9008115

298

9008116

89










9008655

246









9008802

492









9009112

715













Table 19: Length of stream supporting different native fish species in the
development area under Scenario 1
Species

Present in
(m)

Banded kokopu

1840.47

Longfin eel*

827.24

Shortfin eel

715.48

Inanga*

715.48

* At risk species
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As previously stated, the length of stream supporting key native fish species in
the development area could only be assessed from those waterways large
enough to be included in the REC. This may have resulted in an underestimate
of the extent of fish habitat in the development area. However, underestimates
are likely to be minor. Although the entire Taupo Stream catchment is
identified in the pNRP as supporting the species listed in Table 17, for most of
the time their distribution within the development area is likely to be limited to
the larger perennial flowing streams.
(c)
Macroinvertebrates
Models developed by Booker et al. (2015) predict that the Macroinvertebrate
Community Index (MCI) for the REC reaches inside the development area are
between 80 and 100 (see Stark (1985) and Stark and Maxted (2007) for more
information on the MCI) (Table 20). MCI scores are indicative of fair
environmental condition, on a poor, fair, good, excellent scale. The total
number of macroinvertebrate taxa predicted to be present in the five REC
reaches in the development area ranges from 18 to 20, and the pollution
sensitive invertebrate orders Ephemeroptera, Plecoptera, and Trichoptera13
(EPT) are predicted to comprise 23-27 % of these taxa (Booker et al., 2015)
(Table 20).
It could be argued that as invertebrate communities are already somewhat
degraded, based on predicted MCI scores, further degradation is of little
environmental import. However that is not the case. Predicted EPT richness
and overall taxon richness under Scenario 1 approximate what has been
observed in other headwater streams in the Wellington Region, suggesting that
these systems have naturally low MCI scores, and further degradation should
be avoided. Indeed previous New Zealand studies have consistently found that
although headwater streams, like those in the development area, contain fewer
taxa than nearby larger streams, they still support natural macroinvertebrate
values that are worthy of protection, including the presence of taxa not found
downstream, (Parkyn et al., 2006; Storey, 2010; Storey & Quinn, 2008).
Table 20: Predicted biotic indices of macroinvertebrate community health for
each REC reach in the development area based on Booker et al. (2015)

13

NZ Reach

Length

MCI

%EPT

Taxa

9008115

298

92

26.7

20.6

9008116

89

88.6

23

20.1

9008655

246

91.9

26.3

19.4

9008802

492

91

24.9

20

9009112

715

88

23.8

18.3

Exlcuding Hydroptilidae, a family of pollution-tolerant caddisflies
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Based on the findings of Storey (2010) the number of taxa and the proportion
of the invertebrate community comprised of EPT taxa, are expected to be lower
in the intermittent streams upstream of those river reaches large enough to be
included on the REC. However, these systems potentially contribute to
catchment scale biodiversity by supporting an assemblage distinct from that
found in perennial streams, and potentially supporting habitat specialists, as has
been found with other headwater streams in the Wellington Region (Storey,
2010).
3.1.2

Scenario 2 – Full urban development with all streams retained
(a)
Stream length
The length and area of different water body types in the development area
under Scenario 2 reflect current state conditions, and all 14,571 m of stream
identified using the geospatial analysis described in Section 2.1.3 will be
retained (Table 21). The extra urban development under this scenario is likely
to decrease base flow in many of these streams due to reduced groundwater
recharge under impervious surfaces. However it is uncertain how this will
change the proportion of the stream network that is ephemeral. Consequently,
the length of ephemeral waterway predicted under this scenario is assumed to
be the same as under Scenario 1, 7,566 m (Table 21).
Table 21: The length and area of different water body types in the development
area under Scenario 2
Water body

Length/area

Total river/stream length

14.6 km

Perennial and intermittent stream length

7.0 km

Potentially ephemeral stream length

7.6

Length of ponded sections

0.7 km

Length running through wetland

0.50 km

Area of ponded habitat

0.43 ha

Area of wetland

0.54 ha

(b)
Native fish
Under this scenario the predicted changes in base flow and channel width
associated with an increase in impervious surface area is expected to have a
severe negative impact on fish communities within the development area. The
effects are predicted to be greatest for banded kokopu populations. This species
is predicted to currently inhabit all of the REC reaches within the development
area (Table 18), and populations are expected to be moderately impacted in
544 m (2 reaches) of stream and highly impacted in a further 1,296 m (three
reaches) under Scenario 2 (Table 23). It is likely that the abundance of banded
kokopu will decrease considerably in all streams where moderate impacts are
predicted, and they may be completely extirpated where the impacts are
expected to be high. Although extirpation is by no means certain.
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The length of highly impacted banded kokopu habitat in the development area
represents 10% of the total stream length predicted to support banded kokopu
in the Taupo Stream catchment and the length of moderately impact represents
a further 4%. The impacts of urbanisation under Scenario 2 are predicted to be
less for inanga and longfin eel (Table 23). However, these species are still
expected to be moderately impacted in 715m and 492m of stream length
respectively (Table 23), and reduced abundances of these species are likely.
The length of moderately impacted inanga and longfin eel habitat in the
development area represents 32% and 7% of the total stream length in the
Taupo Stream catchment predicted to support these species. On the positive
side, the impacts of urban development under Scenario 2 are predicted to be
low for shortfin eel populations and longfin eel populations in 715m and 335m
of stream length respectively (Table 23).
Table 22: Predicted effects of urban development on fish populations in
individual REC reaches within the development area under Scenario 2 (L, low; M,
moderate; H, high) (adapted from Elliott et al.(2004))
Base flow
decrease
(%)

Effect on

NZ Reach

Length

Channel
widening
(%)

9008115

298

15

9

M

9008116

89

37

22

H

L

9008655

246

16

9

M

L

9008802

492

53

30

H

M

9009112

715

39

23

Inanga

M

Banded
kokopu

H

Shortfin
eel

Longfin
eel

L

Table 23: The effects of urban development under Scenario 2 on individual fish
species as a function of stream length
Length of stream impacted
Species

Low impact

Banded kokopu
Longfin eel*

335

Shortfin eel

715

Inanga*

Moderate impact

High impact

544

1296

492
715

* At risk species

The Taupo stream catchment has been is identified in Schedule F1 of the pNRP
as a river or lake with significant indigenous ecosystems because of the habitat
is provides for migratory and indigenous threatened/ at risk fish species,
including banded kokopu, longfin eel, shortfin eel and inanga. Urban
development under Scenario 2 is predicted to have a moderate or high impact
upon banded kokopu, inanga and longfin eel across a substantial proportion of
their distribution within the Taupo Stream catchment. These results indicate
that even without stream piping, urbanisation of the development area will
likely have severe, undesirable ecological effects.
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(c)
Macroinvertebrates
Under this scenario the predicted changes in base flow and channel width
associated with an increase in impervious surface area is expected to have a
severe impact on macroinvertebrate communities within the development area.
The effects on pollution sensitive invertebrate orders Ephemeroptera,
Plecoptera, and Trichoptera14 (EPT) are expected to be high across 84% of the
length of stream large enough to be included on the REC (Table 24). Changes
in stream morphology and hydrology are not the only factors likely to influence
macroinvertebrate communities under this scenario, and increased input of
sediment and discharge of contaminants such as copper and zinc, will further
reduce the abundance and diversity of sensitive EPT taxa.
Although not directly assessed in this report, the macroinvertebrate
communities in streams upstream of the REC reaches listed in Table 24 are
also likely to be severely degraded by urban development. Macroinvertebrate
community health tends to decrease with increasing impervious surface cover
(Elliott et al., 2004), which is expected to increase by 53.6% across all stream
catchments in the development area. Perrie et al. (2012) reported that as little
as 10% surface cover is sufficient to cause severe reductions in EPT diversity
in Wellington streams. It is, therefore, safe to assume, that macroinvertebrate
communities will likely be uniformly degraded across all streams in the
development area under Scenario 2.
Reduced diversity of pollution sensitive stoneflies, caddisflies and mayflies,
will likely lead to a less diverse, invertebrate community dominated by tolerant
taxa, such as worms or molluscs. Given that the streams within the
development area make up a high proportion of total length of the Taupo
Stream catchment (16%), this could have a severe impact on biodiversity at the
catchment scale (Storey, 2010; Storey & Quinn, 2008).
Table 24: The effects of urban development under Scenario 2 on pollution
sensitive mayflies, stoneflies and caddisflies in REC reaches in the development
area (L, low; M, moderate; H, high) (adapted from Elliott et al.(2004))

14

NZ Reach

Length
(m)

Channel widening
(%)

Base flow decrease
(%)

Effect on pollution sensitive
EPT taxa

9008115

298

15

9

M

9008116

89

37

22

H

9008655

246

16

9

M

9008802

492

53

30

H

9009112

715

39

23

H

Exlcuding Hydroptilidae, a family of pollution-tolerant caddisflies
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3.1.3

Scenario 3 – Full urban development with all streams piped
(a)
Stream length
Under this scenario it is assumed that the length of the stream network in the
development area is reduced to zero and all hydrological features are reclaimed
and built on (Table 25).
Table 25: The length and area of different water body types in the development
area under Scenario 3
Water body

Length/area

Total river/stream length

0 km

Perennial and intermittent stream length

0 km

Potentially ephemeral stream length

0 km

Length of ponded sections

0 km

Length running through wetland

0 km

Area of ponded habitat

0 ha

Area of wetland

0 ha

(b)
Native fish
Under this scenario it is assumed that all native fish populations are extirpated
from the development area, as all available habitats are eliminated by piping.
Stream piping is predicted to remove 15%, 11%, 9%, and 32% of the total
stream length in the Taupo Stream catchment currently supporting banded
kokopu, longfin eel, shortfin eel and inanga respectively. This represents a
substantial loss of native fish habitat at the catchment scale, the extreme effects
of which far outweigh those predicted under Scenario 2. The length of the
stream that currently supports different fish species and will be lost through
piping under this Scenario is presented in Table 26.
Table 26: The length of stream supporting individual fish species that will be lost
through piping under Scenario 3
Species

Length of stream lost

Banded kokopu

1840.47

Longfin eel*

827.24

Shortfin eel

715.48

Inanga*

715.48

* At risk species

(c)
Macroinvertebrates
Under this scenario it is assumed that all macroinvertebrates are extirpated
from the development area, as available habitat is reduced to zero by piping.
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Given that the streams within the development area make up a high proportion
of total length of the Taupo Stream catchment (16%), this will likely negatively
impact biodiversity at the catchment scale (Storey, 2010; Storey & Quinn,
2008).
3.1.4

Conclusions: Ecological cost-benefit of different options
Under Scenario 1, where no future development is predicted, the development
area contains a network of rivers that support important ecological values.
Under this scenario there is predicted to be 14,571 m of waterway within the
boundaries of the development area, 7005 m of which is either intermittent or
perennial. This is a substantial proportion of the Taupo Stream catchment, and
accounts for 16% of the total stream network. Under Scenario 1 these streams
are expected to continue to support significant existing native fish values. The
Taupo Stream catchment has been specifically identified in Schedule F1 of the
pNRP because of the habitat it provides for migratory and at risk/threatened
native fish, and under Scenario 1 the development area contains 15%, 11%,
9%, and 32% of the streams in the catchment that support banded kokopu,
longfin eel, shortfin eel and inanga respectively. Predicted invertebrate
communities under Scenario 1 are assumed to be typical of headwater streams
in the Wellington Region and predicted EPT richness and overall taxon
richness are assumed to approximate what has been observed in similar
systems. Although these streams contain fewer taxa than nearby larger streams,
they are likely to support natural macroinvertebrate values worthy of protection
(Parkyn et al., 2006; Storey, 2010; Storey & Quinn, 2008).
Urban development under Scenario 2 is predicted to have a severe negative
impact on the ecology of the streams in the development area, even without
piping (Table 27). Stream length is expected to remain the same as under
Scenario 1, and the development area will continue to be an important
contributor to the network length of the Taupo stream catchment. However, the
increase in impervious cover under this scenario is expected to change the
hydrology and morphology of the streams in the development area, which will
affect the resident fauna. Urbanisation will likely reduce the abundance of
banded kokopu, inanga, and longfin eel in 14%, 32% and 7% of the streams in
the Taupo Stream catchment that support these species respectively. The
effects are predicted to be greatest for banded kokopu populations, which may
be extirpated from as much as 10% of the total stream length predicted to
support the species in the Taupo Stream catchment. Although this is by no
means certain.
Under Scenario 2 the predicted changes in base flow and channel width
associated with an increase in impervious surface area is expected to have a
severe negative impact on macroinvertebrate communities with in the
development area (Table 27). Hydrological, morphological, and
physicochemical changes are expected to severely reduce the diversity of the
sensitive invertebrate orders Ephemeroptera, Plecoptera, and Trichoptera
across 84% of streams large enough to be included on the REC. As impervious
surface cover is expected increase across the entire development area, it is
likely that decreases in EPT diversity will also occur across the streams not
large enough to be included on the REC. The effects of increased impervious
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surface cover on EPT diversity are likely to be exacerbated by increased input
of sediment and discharge of contaminants such as copper and zinc during and
after urban development. Reduced diversity of pollution sensitive stoneflies
caddisflies and mayflies, will likely lead to a homogenous less diverse
invertebrate community dominated by tolerant taxa, such as worms or
molluscs. Given that the streams within the development area make up a high
proportion of total length of the Taupo Stream catchment, this could have a
considerable impact biodiversity at the catchment scale.
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Table 27: Summary of the key changes to different indicators under each scenario. Green cells signify that no change is predicted from
current (Scenario 1), orange signifies where there is a severe negative change such decreased abundance, and and red indicates where
there is a extreme negative change, such as extirpation of aquatic fauna.
Indicator

Stream length

Scenario 1

Change under Scenario 2

Change under Scenario 3

The development area contains 14,571 m of
waterway, 16 % of stream length in the Taupo
Stream catchment. 7005 m of stream is either
intermittent or perennial, and 7,566 m is
potentially ephemeral

The development area contains 14,571 m of
waterway, 16 % of stream length in the Taupo
Stream catchment. 7005 m of stream is either
intermittent or perennial, and 7,566 m is
potentially ephemeral

The development area contains no open
streams, and contribution to the Taupo Stream
catchment length is nil

The streams in the development area support
significant fish values, and account for a high
proportion banded kokopu, longfin eel, shortfin
eel and inanga habitat in the Taupo Stream
catchment

Native fish populations are degraded by urban
development. Although some fish values are still
supported, banded kokopu, inanga and longfin
eel abundance is expected to be reduced across
14%, 32% and 7% respectively of the streams
that support these species in the Taupo Stream
catchment.

All native fish populations are extirpated.
Reducing the length of stream supporting
banded kokopu, longfin eel, shortfin eel and
inanga in the Taupo Stream catchment by 14%,
11%, 9%, and 32% respectively.

Fish

Banded kokopu populations may be extirpated
from as much as 10% of the total stream length
predicted to support the species in the Taupo
Stream catchment. Although this is in no way
guaranteed.

Macroinvertebrates
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EPT richness and overall taxon richness in the
streams in the development area are typical of
headwater streams in the Wellington Region,
and macroinvertebrate communities are worthy
of protection.

Streams in the development area still support
degraded macroinvertebrate communities. EPT
diversity and overall taxon diversity will be
substantially reduced across all streams, leading
to homogenous dominated by tolerant taxa. This
could potentially reduce biodiversity at the
catchment scale

All macroinvertebrate communities are
extirpated from the development area.
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Under this Scenario 3 it is assumed that all streams in the development area
will be lost, reducing the network length of the Taupo Stream catchment by
16%. This level of piping will result in the extirpation of all native fish
populations in the development area, and will have an extreme negative effect
on the native fish values of the Taupo Stream catchment. In total, piping is
expected to remove 14%, 11%, 9%, and 32% of the waterways in the Taupo
Stream catchment currently supporting banded kokopu, longfin eel, shortfin eel
and inanga respectively. Given that the Taupo Stream catchment is listed in
Schedule F1 of the pNRP because of the habitat it provides for these species,
losing such a high proportion of the streams represents a substantial
environmental impact, the effects of which far outweigh those predicted under
Scenario 2. Furthermore, under Scenario 3 all macroinvertebrate communities
are predicted to be extirpated from the development area. This is a much
greater impact than expected under Scenario 2, where streams were still
expected to support aquatic life. Given that the streams within the development
area make up a high proportion of total length of the Taupo Stream catchment
(16%), this will likely have a considerable impact on biodiversity at the
catchment scale.
3.2

Economic cost-benefit analysis

3.2.1

Market values
The net impact, without accounting for the ecosystem services provided by
streams, is that protecting streams in the development area under Scenario 2
(full urban development with all streams retained) will reduce the return from
land developments compared to Scenario 3 (full urban development with all
streams piped) by $69 million or by $26,700 per section (Figure 3 and Figure
4). This loss in revenue under Scenario 2 comes from the smaller number of
saleable sections available and the decrease in land sales. These losses typically
exceed the combined benefit of increased amenity value (and therefore sales
price to buyers from lower environmental impact designs) and lower developer
earthwork costs. Monte Carlo analysis indicates that the one standard deviation
(67%) estimated market impact of Scenario 2 versus Scenario 3 ranges from $105 million to -$31 million, with the probability greater than 95% that market
costs will exceed estimated benefits. The implication is that there is a very low
probability that market forces will provide adequate incentives to ensure stream
protection in green field residential developments in the development area.
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Figure 3: Monte Carlo distribution of total net impact for developers in millions of
dollars

Figure 4: Monte Carlo distribution of total net impact for developers in dollars per
section
(a)
Amenity value benefit
The average amenity value benefit of Scenario 2 compared to Scenario 3 is a
2.7% increase in land prices (based on Koru Environmental Consultants Ltd.
(2009)). Based on an average section price of $247,500, this implies a $6,800
premium on sections under Scenario 2. Across 2,572 (500m2) sections this
implies a $17.5m benefit accruing due to greater proximity to green spaces
from low environmental impact design practices under Scenario 2. This
amount reflects the likely increase in the amount that buyers would be willing
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to pay if the streams in the development area were retained during
development.
(b)
Earthwork cost reductions
Not having to alter stream beds generally reduces developers’ earthworks15.
This is estimated to equate to an average 16.5% lower earthwork costs in
Scenario 2 compared with Scenario 3 (see assumptions in Section 2.5.2(f)).
This translates to a $21 million dollar reduction in earthwork costs during the
section development stage. As illustrated in Figure 5, Monte Carlo simulations
suggest that the impact on earthwork costs could range from a $90 million
decline to a $20 million increase between Scenario 2 and Scenario 3. The
calculations suggest that there is a greater than 80% chance that earthwork
costs will be lower under Scenario 2 than Scenario 3.

Figure 5: Monte Carlo distribution of change in earthworks costs, in millions of
dollars
(c)
Revenue from section sales
Land prices in Scenario 2 are expected to be about 2.7% higher than Scenario 3
because of the higher amenity value of low environmental impact design.
However, this comes at a cost. The 15 metre stream corridor that is not
developed reduces the land available by 21.8 ha. Assuming sections are, on
average, 500m2 means there are 435 fewer sections available for sale in
Scenario 2 than in Scenario 3 (ie. 2,575 vs. 3,007). This represents a 14.4%
reduction, or loss of $89.6 million, in revenue from section sales between
Scenario 2 and Scenario 3. Taking into account of the lower cost of earthworks
(~$21 million) the overall reduction revenue from section sales is $69 million
or $26,700 per section in Scenario 2.

Although this is generally the case, protecting stream corridors will also complicate section layout, which can increase non-stream related
earthwork requirements. The reduction in costs associated with piping usually outweighs other cost increases, but not always.
15
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(d)
Non market implications
The Monte Carlo distribution of stream restoration costs based on the
assumptions presented in Table 16 is presented in graphical form in Figure 6.
The one standard deviation band around the mean assumption of $3,300 per
metre of stream ranges from $1,700 to $4,900.

Figure 6: Monte Carlo distribution of stream restoration costs, presented in
dollars per metre of stream
When applied to the 14.6 km of streams in the development area, the cost of
restoring streams implies a natural capital value of $48 million, with a one
standard deviation spread from $25 million to $71 million (see Figure 7).

Figure 7: Monte Carlo distribution of estimated total value of streams in the
development area, in millions of dollars
The central estimate of market costs resulting from reduced revenue for
developers and amenity benefits to property buyers ($68m) exceeds the central
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estimate of the non-market ecosystem value of the stream corridors ($48m) by
$21m16 (see Figure 8). However, there are two important caveats that need to
be placed around this bald result. First, Monte Carlo simulations indicate that
there is a 31% probability that the social benefits (in terms of lower
development costs, amenity value benefits to residents and ecosystem services
to the wider community and environment) under Scenario 2 exceed the cost of
lost revenue for property developers.

Figure 8: Monte Carlo distribution of estimated net benefit of stream corridors in
the development area, in millions of dollars

16

Calculations do not add precisely due to rounding.
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Figure 9: Monte Carlo distribution of estimated net benefit of stream corridors in
the development area, expressed in dollars per metre of stream
Indeed the results are highly sensitive to the valuation of ecosystem services
and there remains considerable uncertainty about what the true value of
ecosystem services provided by streams actually is. The critical tipping value
in our calculations is a stream ecosystem service value of $4,900. Ecosystem
services that support stream values above $4,900 would provide strong grounds
for stream corridor exclusion zones. This would result from annual ecosystem
service values of at least $13.00 per metre of stream with 4% discount rates or
alternatively ecosystem services of $3.20 with a 1% discount rate.
The second critical issue relates to distributional issues. Cost-benefit analysis
does not explicitly account for distributional issues but these issues are often
very important for policy considerations. In the context of stream piping, the
market benefits from property developments accrue to a few property
developers and purchasers, but the environmental costs are borne by the
community as a whole, as well as by future generations. Just because our
estimates indicate that the financial benefit from stream piping actions can
exceed the cost to the environment does not mean that a market failure does not
exist. The lack of market consequence from stream destruction means that the
property developers and purchasers obtain benefits without having to pay the
appropriate level of compensation to the rest of society from causing the stream
destruction. The natural result is that without some form of policy intervention
the amount of stream destruction will exceed the community’s social
preference.
Table 28: Summary of cost-benefit calculations, $ per 500m2 section
Net impact for:

Central

High*

Low*

% positive

Developers

-$26,400

-$16,300

-$36,500

1%

-$25,100

31%

Society
-$8,200
$8,700
* One standard deviation from central estimate
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4.

Discussion

4.1

Ecological assessment
The results of this assessment indicate that the development area contains
biodiversity values that would be severely degraded if stream piping was
conducted to facilitate urban development. Currently the development area
contributes approximately 16% of the network length of the Taupo Stream
catchment. These streams are expected to contain significant native fish values,
and may contribute between ~10%-30% of the banded kokopu, longfin eel,
shortfin eel and inanga habitat in the Taupo Stream catchment. The streams in
the development area likely support macroinvertebrate communities similar to
those observed in other headwater streams in the Wellington Region, and
although they likely contain fewer taxa than nearby larger streams, they may
well support natural macroinvertebrate values that warrant protection, such as
the presence of taxa not found downstream (Parkyn et al., 2006; Storey, 2010;
Storey & Quinn, 2008).
The piping of streams in the development area is expected to cause extreme
and irreparable damage to the biodiversity values they support. If the streams
in the development were piped all native fish populations would be extirpated,
resulting in the loss of a high proportion of the banded kokopu, longfin eel,
shortfin eel and inanga habitat in the Taupo stream catchment. Wholesale
piping of all streams in the development area would also extirpate all
macroinvertebrate populations, which, given that the streams within the
development area make up a high proportion of total length of the Taupo
Stream catchment, would likely have a considerable impact on catchment scale
biodiversity.
Urban development without piping would still have a severe effect on the
stream ecosystems in the development area, due to changes in hydrology and
morphology associated with impervious surface cover, and increased
contaminant loads. However, the impacts on biodiversity are not expected to be
as extreme as those that would occur if streams were piped. Post-urbanisation,
it is likely that the abundance of banded kokopu, inanga and longfin eel would
be substantially reduced across a high proportion of their range in the Taupo
Stream catchment. Hydrological and morphological changes after urban
development, combined with increased input of sediment and discharge of
contaminants such as copper and zinc are also expected to reduce
macroinvertebrate diversity, leading to a homogenous community dominated
by tolerant taxa, such as worms or molluscs.
In summary, even if all streams are retained, urban development will have a
severe negative impact on the ecology of the streams within the development
area, and the Taupo Stream catchment as a whole. However, the complete
extirpation of all fish and invertebrate communities caused by complete stream
piping represents the worst possible outcome for the aquatic ecosystems in the
development area. Furthermore, the environmental effects of urban
development without piping could most likely be mitigated through Water
Sensitive Urban Design Features, whereas, there is limited potential to mitigate
the effects of piping, other than through the enhancement of nearby streams as
an environmental offset. This however, would, be of limited benefit to the local
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fish and invertebrate population, and would still result in a net loss of total
available habitat.
It is important to note that the urban development scenarios tested in this report
are at either end of a spectrum, and reflect best case and worst case situations.
The ecological impacts of piping during actual urban development will lie
somewhere along this spectrum based on the extent of piping and the
ecological values of the area. However, it is clear from this assessment that the
baseline ecological effects of urban development are sufficiently severe that
any additional impacts from stream piping should be avoided.
4.2

Economic assessment
The cost-benefit analysis results presented here appears to be consistent with
current natural resources plans that consider stream piping to be a noncomplying activity, but do not provide sufficient evidence to suggest that
piping should be a prohibited activity. Although the cost-benefit analysis
indicates that the social benefits from green field urban developments are often
likely to exceed the loss of ecosystem services resulting from stream
destruction, a market failure still appears to exist.
Private market incentives, both through reductions in earthwork costs and
through increases in section prices due to the value that buyers place on
locating near natural form amenities, are very unlikely to be sufficient to
provide adequate incentives to ensure stream protection in green field
residential developments in the development area. Yet the loss of streams will
impose costs on the rest of society in the form of lost ecosystem services.
International evidence suggests that the cost of restoring streams (daylighting)
are non-trivial. We have used restoration costs that range from $800 to $9,800
per metre of stream to underpin our calculations, but there exist examples
where costs were considerably higher. This is a very wide range of potential
costs, but even the lowest figure is well above zero and implies that any stream
destruction is imposing economically meaningful costs onto society.
Such results are entirely consistent with the assessment that stream destruction
results in substantial levels of ecological damage, sometimes many years or km
distant from the site of the stream destruction. If developers and section buyers
do not face these costs, the natural outcome will be for the market to deliver
levels of stream destruction that exceed the community’s social preference.
Providing some regulatory or pricing mechanism that encourages developers to
better account for the wider social and environmental impacts of stream
destruction would ensure that the housing market would factor in the relative
merits of green field and brown field urban developments in a more socially
optimal way. That is, the implementation of stream protection is likely to
impact more on where development takes place than on its quantum.
There remains considerable uncertainty about what the true value to society
from the provision of ecosystem services from streams actually is. We have
used a restoration cost approach to provide an estimate of the implied
opportunity cost of stream piping. Although this provides some idea about the
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type of costs society would face to fix up regretted decisions, it does not tell us
what the size of such regret might be. This uncertainty perhaps reflects that
there is a wide range of values depending on the environmental attributes that
different natural forms embody, our level of understanding about the level and
type of ecosystem services provided, and differences in perspectives about the
value of these services.
This naturally brings us to our final point; there is a paucity of information
about the value of ecosystem services in New Zealand. It would appear to be
highly desirable that research is undertaken that provides policy makers and
regulators with a far clearer idea about the value that the community places on
the delivery of ecosystem services, both nationally and, from our perspective,
particularly in the Wellington region.
4.3

Important disclaimer regarding the appropriate use of this report
The results of this assessment are by no means an absolute measure of the
effects urban development will have in the Northern Growth Area; instead they
represent a possible future that provides a generalised insight into the potential
ecological risks of stream piping. Consequently, this report should not be used
to inform public discussion or legal proceedings specifically related to the
development of the Northern Growth Area itself.
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