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1.

Introduction

1.1

Project overview

Karaka North Village proposes building a residential subdivision at 348 Linwood Road and 69a Dyke
Road (Lot 1 DP 536479, Lot 2 DP 536479). This proposal is for a fast-track consenting referred project
for subdivision of an 81 hectare block in Karaka North to create an integrated rural village settlement,
comprising residential development and a local centre at the intersection of Dyke, Blackbridge and
Linwood Roads.
The application is for a subdivision of the land to create up to 850 residential sites, comprising medium
density and more traditional residential development, the creation of residential superlots, a twohectare local centre, a community commercial venue building, and an integrated network of large
private open spaces. The proposed project work will occur at Karaka North Village, 69a Dyke Road
and 348 Linwood Road, Papakura, Auckland.

The applicant, Karaka North Village, has applied for resource consents for land-use and subdivision,
bulk earthworks and enabling works to provide the associated infrastructure, including vested roads,
and the provision of an on-site water treatment and wastewater treatment and disposal system.
GHD was engaged to carry out a greenhouse gas (GHG) assessment and review of climate change
risks for the Development and to address the requirements of Point 8 of Appendix A as detailed in
section 1.3 below.

1.2

Purpose of this report

The purpose of this report is to document the GHG assessment and climate risk review for the
Development. This report will be included as a supporting document with the Resource Consent
application.

1.3

Scope of work

The scope of the project is to address the further information requested under clause 6(f) of Schedule
21 of the COVID-19 Recovery (Fast-track Consenting) Referred Projects Order 2020. The
requirements of clause 6(f) are for the Application to provide:
an assessment of the potential greenhouse gas emissions resulting from the project, including:
(i) quantification of greenhouse gas emissions in:
(A) the construction phase (horizontal and vertical); and
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(B) the operational phase, including the impact on transport emissions generated by the
design and expected energy use of each type of housing; and
(ii) consideration of options to avoid, remedy, and mitigate the greenhouse gas emissions that have
been identified; and
(iii) if a new wastewater treatment facility is proposed, consideration of the types of wastewater
treatment that can most effectively mitigate the greenhouse gas emissions generated by the treatment
process; and
(iv) identification of any climate change-related adaptation risks and the plans to mitigate those risks.

This report is structured the following way:
•

Items (i) and (ii) above are addressed together in Section 2

•

Item (iii) is addressed in Section 3

•

Item (iv) is addressed in Section 4

1.4

Assumptions
In carrying out this work, GHD made the following assumptions:

•

The life cycle GHG assessment only accounts for major materials such as building structural
elements, building envelope (roof, cladding, windows) and major civil components such as
roads, footpaths and stormwater drainage pipes.

•

GHG assessment was undertaken for the following life cycle stages as defined in the
methodology in Section 2.12.

•

Construction GHG emissions quantification was based on default values embedded in the
published material life cycle inventories – this was taken from the programme ‘eTool’.

•

Life cycle GHG estimates gave preference to using NZ data where it was available and
supplemented with other data as required such as that contained in the Australian National
Life Cycle Inventory Database (AusLCI).

•

Electrical energy supplied to the site has a GHG intensity of 0.12 as per ‘Measuring
Emissions: A Guide for Organisations’ released by the Ministry for the environment

•

Potable water supplied to the site has GHG intensity 0.031 as per ‘Be Water Wise’ released
by Watercare

1.5

Limitations

This report: has been prepared by GHD for Karaka North Village Limited and may only be used and
relied on by Karaka North Village Limited for the purpose agreed between GHD and Karaka North
Village Limited as set out in Section 1.1 of this report.
GHD otherwise disclaims responsibility to any person other than Karaka North Village Limited arising
in connection with this report. GHD also excludes implied warranties and conditions, to the extent
legally permissible.
The services undertaken by GHD in connection with preparing this report were limited to those
specifically detailed in the report and are subject to the scope limitations set out in the report.
The opinions, conclusions and any recommendations in this report are based on conditions
encountered and information reviewed at the date of preparation of the report. GHD has no
responsibility or obligation to update this report to account for events or changes occurring subsequent
to the date that the report was prepared.
The opinions, conclusions and any recommendations in this report are based on assumptions made
by GHD described in this report (refer section(s) 1.4 & 3.1 of this report). GHD disclaims liability arising
from any of the assumptions being incorrect.
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2.

Carbon assessment (items i and ii)

Section 2 of this report addresses questions (i) & (ii), copied below.
(i) quantification of greenhouse gas emissions in—
(A) the construction phase (horizontal and vertical); and
(B) the operational phase, including the impact on transport emissions generated by the
design and expected energy use of each type of housing;
(ii) consideration of options to avoid, remedy, and mitigate the greenhouse gas emissions that
have been identified;

2.1

Methodology

A life cycle assessment was undertaken to quantify (GHG) emissions in certain project life cycle
stages. This was done in accordance with the methodology and scope references in the NZ Ministry of
Business, Innovation and Employment – Building System Performance (BSP) Branch Whole-of-Life
Embodied Carbon Emissions Reduction Framework 2020.
The assessment has been completed using life cycle assessment software eTool in conjunction with
the Transport for NSW (TfNSW) carbon calculator, and manual calculations for elements that could
not be accounted for in eTool.
The assessment has quantified whole-of-life embodied carbon for both the product and construction
phase, which includes raw material supply, transportation, manufacturing, construction, and
installation processes. This is the ‘cradle to practical completion’ life of the development and is
outlined in Figure 1 below. These assessments also contain structural elements and building
envelopes, such as roof, cladding materials, and windows, as these components represent the bulk of
emissions. The assessments include major civil components, including roads, footpaths, water,
wastewater and stormwater drainage pipes. Operational carbon (e.g from use of buildings on site and
water treatment) was also assessed in addition to embodied carbon. This was calculated with an
operating basis of 50 years. The operational carbon includes emissions associated with operational
energy and operational water.

Figure 1

Whole of life embodied carbon showing cradle to practical completion and operational carbon
(Source: Whole of Life Carbon Reduction Framework, MBIE)
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The operational transportation associated with the development was independently assessed using
the Green Star Transport calculator provided by the New Zealand Green Building Council. The
operational energy assessment was carried out based on published data for typical energy use
profiles of New Zealand homes.
The assessment is based on two scenarios:
Base case: The first scenario, referred to as the ‘base case’, assumes a theoretical Karaka North
Development based on ‘Business as Usual’ design, configuration and development practices.
Proposed case: The second scenario is referred to as the ‘proposed case’. The proposed case
represents the Karaka North Village as set out in the Resource Consent application.
Each scenario is detailed further in section below.

2.2

Base case

The base case involved quantifying the GHG emissions, both embodied and operational, as well as
the expected water use for a ‘business as usual’ development.
This assumes a typical urban development, with specific elements including potable water supply and
reticulated wastewater connected to the Watercare network, a gravity wastewater reticulation, planting
and landscaping typical of an urban development and without the requirement of proposed rainwater
harvesting.
Below are the items that were assessed using the eTool software.
•

Bulk earthworks; including cut to fill, import to fill etc;

•

Development roading and pavement networks, including: roads, carparks, driveways,
footpaths, and kerbs;

•

Stormwater network, including piping and manholes;

•

Commercial area – power, electrical, plumbing, water and sewerage connections along
with the entire shopping centre building;

•

850 residential buildings (split into 615 two level homes and 235 single level homes). This
includes plumbing and electrical connections.

Additional items included in the base case but assessed manually, outside of eTool are detailed
below.
•

Potable water supply network, including piping supply from external water treatment plant;

•

Gravity wastewater reticulation network within the development, including pump stations, and
a wastewater trunk which connected the network to the external wastewater treatment plant
(WWTP);

•

External WWTP emissions (from the development only);

•

External WTP emissions (from the development only);

•

Operational transportation associated with the development;

•

Operational energy associated with the development.

The base case involves the water treatment plant and the wastewater treatment plant being located off
site. It was assumed that the potable water would be supplied from the Watercare network via a Bulk
Supply Point located at Karaka Reserve, Drury, and the wastewater network delivers sewerage from
the development to the Clark’s Beach wastewater treatment plant, as detailed in section 3.
It was assumed that no significant tree planting occurs in the base case. This is to differentiate a
typical urban development with the countryside character of the Karaka North Village. The sewer
network within the development is a gravity wastewater reticulation network within the development.

GHD | Karaka North Village Limited | 12556058 | Karaka North Development

6

2.3

Proposed case

The proposed case remains similar to the base case with regard to buildings, urban design and
population, etc; however, it is modelled according to the way in which the development is intended to
be constructed. Specific differences between the base case and proposed case for the purposes of
this assessment are:
•

Development has its own on-site water treatment plant instead of connection to the Watercare
network;

•

Development has its own WWTP as opposed to conveyance to an external WWTP;

•

The development’s wastewater network is a pressure sewer system as opposed to a gravity
sewer system;

•

The development contains tree planting to achieve the countryside character requirements.
Trees will offset carbon emissions via carbon sequestration;

•

Each residential site has a 2500 L rainwater harvesting tank;

•

The development has an overall reduction in total water supply, due to the rainwater
collection tanks.

2.4

Assessment results

The results from the assessment detailed above have been separated into two sections as follows:
•

Embodied emissions, which accounts for the GHG emissions in the extraction, transportation
and construction processes, and

•

Operational emissions, which refers to GHG emissions from all the activities related to the
use of the buildings & development over its 50 year lifespan. These include:

2.4.1

–

Operational energy use

–

Water use

–

Wastewater treatment

–

Transport

Embodied emissions

Table 1 below shows the overall embodied GHG emissions presented as CO2 equivalent emissions in
tonnes for the base case and the proposed case.
Table 1

Embodied emissions

Embodied GHG emissions (tCO2e.)
Item

Comments
Base case

Proposed case

Bulk earthworks

40,248

40,248

Roading and pavements

24,409

24,409

Stormwater network

3,130

3,130

Wastewater infrastructure

2,049

429

Water supply infrastructure

702

702

Commercial building

6,500

6,500

Residential building

60,794

61,083

Embodied emissions
saved due to
pressure sewer
system, instead of
gravity reticulation

Marginal increase is
due to addition of onsite rainwater tanks.
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Embodied GHG emissions (tCO2e.)
Bulk water & wastewater

Comments
2,420

Carbon savings
associated with onsite WWTP &
Disposal, compared
to conveyance to
Clark’s Beach

(1,265)

Sequestered carbon
as a result of tree
planting

7,241

Planting

Total

145,073

137,657

Embodied carbon reductions in the proposed development occur from the pressure sewer system
being installed as opposed to gravity reticulation as the pressure sewer system, the wastewater
treatment plant being on-site, installing rainwater tanks, and planting trees for carbon sequestration.
The majority of savings in embodied emissions are a result of the construction of the wastewater
treatment plant instead of building a pipeline to an external site.

Proposed case (tCO2eq.)
Bulk W & WW
1.73%

Planting
-0.90%
Bulk earthworks
28.71%

Residential
building
43.57%

Roading and
pavements
17.41%

Commercial
building
4.64%
Figure 2

Water supply
0.50%

Stormwater
2.23%
Wastewater
0.31%

Percentage breakdown of emissions in the proposed case

The GHG assessment reveals that the top three sources of embodied GHG are:
1. Residential buildings
2. Earthworks
3. Roading and pavements
The emissions quantified for these aspects of the design include the embodied emissions from the
products, transport, construction and maintenance.
The greatest emissions come from the buildings themselves in three key areas: the internal finishes,
the substructure and the superstructure.
With regards to earthworks, the main source of carbon is in the equipment required for excavation,
backfilling and compaction. This is almost entirely diesel consumed in the use of the earthmoving
equipment.
The largest source of GHG emissions in the roading and pavements arise from the concrete used for
roads, paths and paving.
Table 2

Source of development carbon emissions
GHD | Karaka North Village Limited | 12556058 | Karaka North Development
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Source of GHG emissions

GHG emissions (tCO2eq.)

Internal finishes

Floor covering – Carpet (glue
down/nylon)

12,697

Substructure

Floor, 100mm slab on ground
(concrete)

12,525

Superstructure

Timber Frame, Steel Sheet Roof
(low warranty)

7,177

Earthworks

Equipment

Excavation, backfilling and
compaction

21,476

Roading and
pavements

External works

Poured concrete in-situ

12,231

Residential building

2.4.2

Operational emissions

The operational emissions at the development include the emissions from both energy use and water
use at the village over a 50 year time period. Details on the GHG estimates associated with
operational energy use and water consumption are provided in the following subsections.
Note that a more detailed summary of the operational energy and GHG emissions assessment
associated with wastewater conveyance and treatment are dealt with separately in Section 3. A
summary of the results is included in this section.

2.4.2.1

Site wide operational emissions summary

The total operational emissions associated with energy and water use and wastewater at the site is
summarised in the table below.
Table 3

Operational emissions

Operational carbon emissions – 50 year basis (tCO2e.)
Item

Comments

Base case

Proposed case

Commercial

7,190

7,190

Residential

46,141

46,126

Marginal operation
carbon reduction due
offset as a result of
rainwater harvesting.

Wastewater

20,650

6,450

There are carbon
savings in operational
emissions with
wastewater treatment
plant on-site.

Total

73,981

59,766

Most of the savings in operational carbon arise from the reduction in emissions that would usually be
incurred from having a wastewater treatment plant off-site. Smaller savings come from off-setting
supplied potable water due to rainwater tanks being installed in the residential area.

2.4.2.2

Operational energy use and associated emissions

The following results show the emissions associated with the energy use from each fuel type for the
village.
Table 4

Emissions from energy use

Emissions from energy use – 50 year basis (tCO2e. )
Item

Base case

Proposed case

6,960

6,960

Commercial
Electricity
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Emissions from energy use – 50 year basis (tCO2e. )
LPG

221

221

Total

7,182

7,182

Electricity

42,405

42,405

LPG

1,961

1,961

Solid fuel

1,518

1,518

Total

45,884

45,884

Residential

Table 4 illustrates that for both residential and commercial operations, electricity use is the dominant
source of operational carbon and should be the primary focus of reduction strategies. While the
residential impact (in tonnes of CO2 equivalent) outweighs the emissions from the commercial
development, the commercial spaces are much more energy intensive. This means that while the
overall impact of improvements to the commercial spaces will be less than for the residential area, it is
likely that significant improvements can be made to the commercial energy use.

Operational GHG per m2

kg CO2/m2 per 50 years

1200
1000
800
600
400
200
0
Commercial
Figure 3

Residential

Operational Carbon Intensities of Commercial vs Residential

The results for operational water consumption capture the difference in emissions made from the
rainwater tanks that would be installed at each of the 850 residential lots in the proposed case.
The operational emissions would decrease from 265 to 250 tonnes of CO2 equivalent which leads to a
carbon saving of 15 tonnes CO2 equivalent due to the savings incurred from the use of rainwater tanks
on-site.
Table 4

Emissions from water consumption

Emissions from water consumption (t CO2-e)
Item

Base case

Proposed case

Commercial

8

8

Residential

257

242

Total

265

250

As well as quantifying the greenhouse gas emissions, the anticipated water usage for each building
was also quantified as reducing water usage is a key part of sustainable construction.
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Over a period of 50 years, the following water usage is anticipated based on Watercare typical values
for residential homes and BRANZ analysis for commercial spaces. These are slightly different than the
assessment results for the wastewater analysis as additional water used as a result of water network
losses and inflow & infiltration factors into the wastewater network have been accounted for.

Operational water usage
9,000,000
8,000,000

m3 per 50 years

7,000,000
6,000,000
5,000,000
4,000,000
3,000,000
2,000,000
1,000,000
0
Commercial
Figure 4

Residential

Water usage by building type

Operational water per m2
60

m3/m2per 50 years

50
40

30
20
10
0
Commercial

Figure 5

Residential

Water usage per m2

While commercial water usage is largely governed by the business requirements, there are
opportunities for reductions in residential water usage. A typical breakdown between the different end
uses of residential water is given below in Figure 6.
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Residental water use

Outdoor
12%

Other
6%
Shower
27%

Taps
14%

Washing
Machine
23%

Toilet
18%
Figure 6

Residential water use breakdown

To decrease the overall residential water usage and the associated carbon emissions, the reduction
strategy should be focused on showers, washing machines and outdoor water usage. This is beyond
the control of the Developer and outside the remit of the Resource Consent application.

2.4.2.3

Transport emissions

The anticipated transport modes for the location is currently almost entirely by car, as shown by
Figure 7 below. This was estimated using the NZGBC calculator, using the address 348 Linwood
Road as the location.

Figure 7

Estimated transport modes

Travel via car is the least efficient mode of transport commonly available, so any efforts to improve
accessibility to other modes will be beneficial. Refer to Figure 8 below for typical emissions intensities.
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Figure 8

Transport emission intensity for project

The village is proposed to include an extensive walking and cycling network, accommodate a bus
route, and a commercial centre, including a supermarket. Collectively, these will reduce the duration of
trips completed by the residents. This is both internally to the village via walking and cycling, and
externally to the village, with the provision of a supermarket and commercial centre meaning that
residents are not required to travel afar for common daily needs such as groceries and takeaways.

2.4.3

Emissions summary

The overall results for both embodied emissions and emissions associated with the operational energy
use for the base case and proposed case are summarised in Figure 9.

Emissions summary
Carbon emissions (t CO2 eq.)

250000
200000

73981

59766

150000
100000
145073

137657

Base

Proposed

50000

0
Embodied
Figure 9

Operational

Embodied and operational emissions from each case

It is evident that greater savings occur in the operational phase of the project lifecycle. This is largely
driven by the on-site wastewater treatment plant. The differences made in the proposed development
results in an operational carbon reduction of 14,215 tCO2 e., and the embodied carbon decreases by
7,416 t CO2 e. from the base case to the proposed case. Further opportunities for carbon reduction are
explored in the section below.

2.5

Carbon reduction strategies

The assessment has identified the main sources of GHG emissions. In addition to the GHG emission
reduction achieved through use of on-site water treatment and proposed residential rainwater tanks
further opportunities to reduce development life cycle carbon have been considered and are outlined
in Table 5 below.
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Table 5

Impact reduction options

Ref

Strategy

Description

Benefits

Constraints

Comments

1

Supplementary
Cementitious materials
(SCM)

Portland Cement used in concrete is one
of the major contributors to global GHG
emissions. The replacement of cement
with SCMs is a popular carbon reduction
strategy for concrete throughout the
world.

Reduced embodied carbon and makes
use of waste material from other
processes such as fly ash from coalfired
power station or blast furnace slag from
steel production.

The Thinksteps’ report identified a number of
constraints relating to the use of SCM in NZ.
These included:

Due to supply chain constraints and additional
cost SCM’s are unlikely to be economically
viable.

The New Zealand Standard NZS
3122:2009 for General Purpose (GP)
and General Blended (GB) cements
allows for up to 35% substitution with flyash or pozzolans, and up to 75% with
ground granulated blast furnace slag.

The New Zealand Green Building Council
(NZBGC) via the company Thinksteps
released a report titled Hidden emissions
and untapped potential of buildings for
New Zealand’s 2050 zero caron goal
which suggests replacing 30% of cement
with supplementary cementing materials
(SCMs). While cement makes up onetenth of the mass, it contributes to 7080% of the carbon footprint.
Concrete has the largest associated
emissions out of all materials, and a low
carbon concrete (25% cement substitute)
could reduce the embodied carbon for the
homes by 5%

a lack of local supply of SCMs, e.g. fly ash;

•

the high cost of imported SCMs relative to
the cost of Portland cement;

•

reluctance by customers, specifiers and
engineers to adopt them; and

•

conformance with the applicable New
Zealand concrete standards

Cost estimates obtained by GHD in course of
completing this assessment obtained cost
estimates indicating that concrete with up to
30% SCM can be 10% more expensive than
standard concrete.

2

Increased building
insulation levels

Improve the thermal performance of
external envelope elements (walls,
windows and roof systems) over
minimum building code requirements to
reduce the amount of active heating and
cooling energy required to maintain
indoor thermal comfort.

Increasing the minimum insultation
halfway to international standards will
likely result in a 36% saving in
heating/cooling costs1

Additional capital cost due to extra insulation
and increased wall thickness.

This change may become a building code
requirement by the time these houses are built,
minimum insulation levels are under review.

3

Minimum water star
rating of 4 for all fixtures.

Hydraulic fixtures and fitting used in the
development to be water efficient. E.g.
all taps, toilets and showers selected to
have high water efficiency ratings.

Reducing hot water usage reduces both
overall water usage and energy usage.

Reduced user comfort and range of fixtures
available.

The project could consider the potential to
include a restrictive covenant on the registration
of the land title, imposing requirements to install
high efficiency fixtures.

Heat pumps use vapour compression
cycle to transfer heat from ambient air
(or sometimes ground) via heat
exchanger to heat water. Heat pumps
use same technology as air conditioning
units but instead of transferring heat to
air it is transferred to water. Water is
heated and stored in a tank until used.

Hot water heat pumps can produce the
same amount of hot water for a third of
the electricity compared to a typical
electrical hot water cylinder.

Additional capital cost, payback of ~8 years.

Technology has recently become readily
available.

Use timber instead of steel framing and
commercial buildings.

Use of timber structural framing can
reduce reduced embodied carbon

Steel and concrete framed buildings may be
more cost effective than engineered timber.

4

5

1

•

Use heat pumps for
generation of hot water
instead of electric
storage.

Substitute materials with
higher embodied carbon

A 4 star shower head uses 25% less
water than a 3 star shower head,
potentially reducing the overall CO2
emissions for housing by 8%.

The project could consider the potential to
include a restrictive covenant on the registration
of the land title, imposing requirements to install
heat pumps for hot water generation.

MBIE H1 Consultation Document 2021
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Ref

Strategy

Description

for those with lower
carbon.

6

Reduce or avoid on site
fossil fuel energy.

Replace all LPG cooking/hot water
systems with electric alternatives.
Full electrification of buildings is
becoming a preferred strategy for low or
net zero carbon enabled buildings as it
provides opportunity to use 100%
renewable energy.

7

Use of on-site renewable
energy generation and
storage.

Solar PV systems provide a
technological solution to generate
electrical energy on site. These could
either be roof mounted, used as shade /
shelters over open car parks or installed
as ground mounted solar farm.

Benefits

Constraints

through material reductions. There is
local supplier of structural timber in the
Auckland region which would also reduce
transport emissions. Timber may also be
a more sympathetic material
architecturally suited to the rural setting.

Whilst timber can be reused or recycled at the
end of life it usually has more limited ongoing
application where steel can be recycled and
reused multiple times.

Based on current intensity of the NZ
energy supply, electric cooking and hot
water elements create around 50% less
emissions when compared to bottled
LPG.

Users may prefer the instantaneous heat of gasfired cooking and hot water, especially food and
beverage retail.

On-site generation can significantly
reduce the overall emissions associated
electrical energy.

PV panels are still relatively expensive in NZ
and coupled with climate conditions (relatively
low number of sunshine hours, cloud cover) The
financial pay-back period is unattractive.

Brings generation closer to the user
reducing transmission losses

Electrification of cooking requires use of more
expensive equipment such as induction cook
tops. These also increase electrical demand and
may involve upgrading electrical supply
capacities for the site and buildings to
accommodate the additional electrical load.

Battery storage systems have a high
environmental impact associated with them.

PV used in conjunction with battery
storage enables excess energy
generated but not used in the day to be
stored and used at other times, e.g. at
night.

8a

Decrease car use for
those accessing
services or employment
off site.

Improve public transport Bus transport to
city.

Comments

The project could consider the potential to
include a restrictive covenant on the registration
of the land title, imposing requirements to
prevent use of gas on-site in favour of full
electrification.

The cost / benefit of solar PV installations is
dependent on the way the electricity is to be
consumed. Specifically, is there a direct use
that does not require storage, or are energy
storage (batteries) required? The need for
batteries adds environmental and financial cost.
This is also in the context that NZ has low
emissions factors per kilowatt of power when
compared internationally.
At the Development Resource Consent level,
there is limited scope to achieve benefits from
PV installations. This may change with
residential home owners and commercial
property tenants electing to install solar PV
during the building process.

Emissions per passenger per km for
buses are almost half that of a person
driving a personal vehicle. They also
ease congestion.

Buses typically run at a financial loss, so would
likely need Auckland Transport to agree to
provide a bus service.

A suitable bus stop in or near the village is
allowed for. The timetable should be suitable to
allow residents to commute within reasonable
time frames to employment centres.
Residents should be made aware of potential
public transport connectivity when purchasing
the land.
Further emission reductions could be achieved
if Auckland Transport agree to run low emission
bus services to the site.

8b

9

Encourage low emission
transport within the
development.

High speed internet connection.

High speed internet connection will
enable residents to more effectively work
from home, reducing daily transportation
requirements to access work office.

Walking & cycling within village.

If people can safely walk and cycle within the village from home to the
commercial centre, this will reduce
emissions and improve wellbeing.

Footpaths have associated capital costs and
embodied carbon.
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The Village as proposed has an extensive
walking and cycling network.

3.

Consideration of types of wastewater
treatment (iii)

Section 3 of this report addresses question (iii), copied below.
(iii) if a new wastewater treatment facility is proposed, consideration of the types of wastewater
treatment that can most effectively mitigate the greenhouse gas emissions generated by the treatment
process.
The Karaka North Village development proposes an on-site membrane batch reactor (MBR) WWTP.
For the purpose of comparing an MBR plant with other wastewater treatment technologies, it has been
assumed that the most likely alternative treatment type is an aerated pond system. This assumption is
made on the basis that the closest existing treatment plants are pond systems. These currently service
communities at Clark’s Beach and Waiuku. It is noted that Clark’s Beach also runs an MBR unit. This
is assumed to run parallel to the pond system, with a nominal flow split of 70 % to the ponds and 30%
to the MBR.
To give an effective assessment of operational GHG emissions, the wastewater conveyance to an
offsite treatment plant is also considered. Operational emissions includes energy (electricity) for
conveyance, and the production of methane in the conveyance system. There is recognition that
sewer methane can be a significant source of GHG. For the purposes of this assessment, it has been
assumed that wastewater would be conveyed to Clark’s Beach for treatment and disposal. This is a
distance of approximately 20 km. By comparison, conveyance to the existing Mangere WWTP is
approximately 30 km.
For simplicity, and to provide an un-ambiguous assessment, incorporation of flows from other
populations and possible developments has been ignored.

3.1

Assumptions

The key assumptions made for this project and the associated GHG estimates are given in Table 6
below.
Table 6

Assumptions for the Karaka North Village related to wastewater handling, treatment and GHG
estimates

Item or parameter

Units

Option 1
New WWTP
located at
Karaka North

Option 2
Pump to and
treat at
existing
Clarks Beach
WWTP

Comment or reference

Assumptions common to both options
No. of properties

No.

850

Information provided from
Karaka Nth Village proposed
design

No. of people/
property

No.

3

No. of people, total

No.

2550

Wastewater flow
per property

L/d per property

420

Wastewater flow
per person

L/d per person

140

From above

WWTP Energy use
(estimate)

kWh/ year

548,000

Information provided from
Karaka Nth Village proposed
design

kWh/person/year

215

From above
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Item or parameter

Units

Option 1
New WWTP
located at
Karaka North

Option 2
Pump to and
treat at
existing
Clarks Beach
WWTP

Comment or reference

Raw wastewater
BOD unit loading

kgBOD/EP/d

70

Based on estimate of ~26
kgBOD/ person/ year in NZ
(Table 4, Water NZ, 2021)

Raw wastewater
TKN unit loading

kgTKN/EP/d

15

Based on estimate of ~5.3
kgTKN/ person/ year in NZ
(Table 4, Water NZ, 2021)

Dry Weather Flow,
ADWF

ML/d

0.357

From above population and
per person design
assumptions for Karaka Nth
Village

Allowance for wet
weather flow
(factor)

-

1.02

Assumption for pressure
sewers with little I/I

Average Annual
Flow, AAF,

ML/d

0.364

From above flow assumptions

Influent BOD load,

kg/d

178.5

Influent TKN load,

kgN/d

38.25

From above population and
per person design unit
loadings for Karaka Nth
Village

Scope 2 grid
electricity emission
factor for NZ

kgCO2-e/ kWh

0.1014

MfE (2020), Table 9

Maximum CH4
producing capacity
(theoretical from
BOD), Bo

kgCH4/kgBOD

0.625

Water NZ (2021)

Sludge yield from
MBR systems

kg TSS/ kg BOD
influent

0.70

Assumption (estimated typical
value) from previous projects
for MBR systems with sludge
age ~25 days

Sludge factor, Krem
for MBRs

kg BOD/ kg TSS
as sludge

1.16

Assumed conversion factor for
BOD from sludge (Krem) from
Table 6, Water NZ (2021)

Global warming
potential for
methane (CH4)

kg CO2-e per kg
CH4

34

AR5 GWP100 with climate
carbon feedbacks
(Table 2, Water NZ, 2021)

Global warming
potential for nitrous
oxide (N2O)

kg CO2-e per kg
N2O

298

Assumptions specific to options
Pumping rate from
Karaka to Clarks
Beach (when
pumps operate)

L/s

not applicable

13

Conservative allowance
including capacity factor for
pumps and considering RM
diameter, below

Diameter of rising
main (RM) pipeline
from Karaka to
Clarks beach

mm, ID

not applicable

150

Likely practical minimum
diameter for RM for
wastewater over required
distance

Area/ Volume (A/V)
ratio of RM pipeline

m-1

not applicable

26.7

From above

NHRT in pipeline at
AAF

h

not applicable

11.6
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Item or parameter

Units

Option 1
New WWTP
located at
Karaka North

Option 2
Pump to and
treat at
existing
Clarks Beach
WWTP

Comment or reference

Pumping distance

km

not applicable

20

Assumption (Karaka Nth to
Clarks Beach via new
pumping main pipeline,
hypothetical)

System head

m

not applicable

295

Allowance, based on a
velocity of 1.5 m/s for a 150
NB pipe.

Specific pumping
energy

kWh/ML/m

not applicable

4.95

Assumed overall efficiency
(pump, motor, drive) of 55%
for raw wastewater

Flow-specific
pumping energy

kWh/ML

not applicable

248

From above

Dissolved methane
at end of rising
main,

g CH4/m3
(mg/L as CH4)

not applicable

18

From above using Foley et al.
(2009) empirical model

MBR Treatment
process proportion

% Raw influent
load treated

100%

30%

Assumptions

0%

70%

Pond Treatment
process proportion
Methane Correction
Factor (MCF)

Fraction (max.
1.00)

0.03

Ponds: 0.2
MBR: 0.03

Table 5, Water NZ (2021)

Ponds Emission
factor for CH4

kgCH4/kgBOD

not applicable

0.125

Water NZ (2021)

MBR Emission
factor for CH4

kgCH4/kgBOD

0.01875

0.01875

Sludge factor, Krem
for MBRs

kg BOD/ kg TSS
as sludge

1.16

1.16

Assumed conversion factor for
BOD from sludge (Krem) from
Table 6, Water NZ (2021)

Ponds Sludge
removed

kgBOD/ year

not applicable

0

Assuming the Clarks Beach
WWTP ponds are not
regularly desludged (and not
in the period for this
comparison of GHG
emissions)

Ponds Emission
factor for N2O

kgN2O-N/kgN
(influent)

not applicable

0

Table 9, Water NZ (2021) for
aerated pond, assuming no
nitrification in ponds

0.01

0.01

Table 9, Water NZ (2021) for
Secondary (BNR) treatment

MBR Emission
factor for N2O

3.2

Methodology

3.2.1

Pumping from Karaka North to Clarks Beach

3.2.1.1

Energy

Where applicable (for Option 2), the assumptions stated in Table 6 were applied to estimate the GHG
emissions associated with grid electricity consumed for pumping raw wastewater via a single rising
main from Karaka North Village to Clarks Beach WWTP. The electrical energy was converted to a
Scope 2 GHG emissions estimate using the national factor for grid electricity in New Zealand (Ministry
for the Environment, 2020 – see Table 6).
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The pumping energy required was estimated using the standard hydraulic equation for water,
assuming the pipeline operates as one continuous rising main.

3.2.1.2

Sewer methane

Sewer methane generated in the hypothetical rising main for Option 2 (see above) was estimated and
included in the GHG calculations, assuming that this methane will ultimately be stripped to atmosphere
(either via air vents in the rising main pipeline, or within the WWTP after discharge from the pipeline).
There is general recognition that sewers can be a significant source of methane, but international
guidelines (e.g., IPCC, 2019) do not have clear direction on the methods, with general guidance only
on emission factors to be applied for estimation of these emissions. A country-specific or projectapproach is usually adopted. Refer to IPCC (2019) and the review by Liu et al. (2015).
Foley et al. (2009) proposed a simple empirical model for estimating methane production in a rising
main sewer, based on the observation that it is related to the wastewater HRT and the A/V ratio of the
pipe. This model, which consists of one simple equation, offers a tool for water authorities to predict
methane emissions from a rising main sewer and was applied here. The rate constant in the model
equation was originally calibrated from data collected on the Gold Coast (Australia), at warmer
ambient temperatures than would typically occur in the Auckland region. Therefore, this model is likely
a conservative estimate of sewer methane emissions relevant to this project.

3.2.2

Wastewater treatment

Two alternatives were considered for wastewater treatment:
•

Option 1: Wastewater treated locally in a new MBR plant with a nominal capacity of 2,550
equivalent persons (EP)

•

Option 2: Wastewater treated at Clarks Beach WWTP with a nominal capacity of within the
range 5,000 to 10,000 EP equivalent persons (EP). The wastewater load treated at this plant
was assumed to be split between the aerated ponds (nominally 70%) and package MBR
systems (nominally 30%).

The raw wastewater flows, loads and composition (BOD and TKN being relevant for the GHG
calculations) was assumed to be as per Table 6. These assumptions imply a relatively concentrated
raw wastewater of 500 mg/L BOD and 107 mgN/L TKN (i.e., conservative estimates), appropriate for
relatively affluent domestic communities.

3.2.2.1

Energy

Electrical energy use was estimated for the two treatment options considered (see above), as follows:

2

•

Option 1: Specific energy use of 215 kWh/ EP/ year, derived from an initial estimate2 of
548,000 kWh/ year for the proposed new at full load of 2,550 EP. This matches well with the
average value of 219 kWh/ EP/ year for Australian MBR plants (5 no.) in the size class 1,001
to 5,000 EP, based on data from the WSAA (2015-16) energy benchmarking project (de
Haas et al., 2018).

•

Option 2: Specific energy use derived from the average values as follows from the WSAA
(2015-16) energy benchmarking project (de Haas et al., 2018):
–

Aerated ponds (aerated lagoons): 35 kWh/EP/ year (based on 8 no. plants of this type
in size class 3 (SC3), ranging nominally 5,000 to 10,000 EP in Australia)

–

MBR: 219 kWh/EP/ year (based on 5 no. plants SC3 plants of this type in size class 2
(SC2), ranging nominally 1,001 to 5,000 EP in Australia. It is noted that the Clarks
Beach MBR package plants (2 no.) are relatively small (nominal average design flow
250 kL/d each, or approximately 1,250 to 1,800 EP each, assuming unit flows in the
range 140 to 200 L/EP/d).

Information supplied via email from Graeme Salmon (GHD) and Jack Taylor (Apex Environmental) dated 17 August 2021.
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3.2.2.2

Methane and Nitrous oxide emissions

Methane (CH4) and nitrous oxide (N2O) emissions from the WWTPs (both options, see above) were
estimated according to the methodology proposed in the guidelines from Water NZ (2021). The
emissions from the two treatment processes at Clarks Beach WWTP (i.e., ponds vs. MBR) were
calculated in direct proportion to the split in raw wastewater load treated in each process, assuming
the two process streams operate in parallel. Hence, for the methane emissions, the two process
streams were each separately regarded as a single treatment step (refer to Water NZ, 2021).
Other process-related assumptions around the treatment emissions estimates are given in Table 6.

3.2.3

Results

The results of the GHG emissions estimates are given below in Figure 10.

Figure 10

GHG estimates for two options considered in this study: wastewater treatment for Karaka North
Village provided at at Karaka North (new MBR plant) or Clarks Beach (combination of existing ponds
and MBR). Methane emissions for rising main from Karaka North to Clarks Beach included.

The results of the GHG emissions estimates, excluding sewer methane for the hypothetical KarakaClarks Beach pumping sewer main (assuming sewer methane is not counted in the GHG emissions
reporting protocol), are given below in Figure 11.
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Figure 11

3.3

GHG estimates for two options considered in this study: wastewater treatment for Karaka North
Village provided at Karaka North (new MBR plant) or Clarks Beach (combination of existing ponds and
MBR). Methane emissions for rising main from Karaka North to Clarks Beach excluded.

Conclusions

The GHG emissions for the proposed local Karaka North WWTP are likely to be lower (49 to 69%
lower3) than for the alternative of pumping raw wastewater over approximately 20 km to Clarks Beach
WWTP for treatment in the existing plant there, assuming that most of the load at Clarks Beach
WWTP is treated in aerated ponds. The key differentiators between the two options considered are
methane emissions from the ponds at Clarks Beach WWTP and the sewer methane emissions
associated with the rising main (if counted).
The proposed MBR plant does produce more nitrous oxide than a pond system, and also uses more
energy than a pond system. However, the amount of methane produced by a pond system outweighs
these two factors. Where conveyance energy and methane production as part of conveyance to offsite
treatment is considered, the proposed on-site MBR process offers a substantial reduction in GHG
production.

3

49% lower for the case where sewer methane emissions are not counted; 69% lower for the case where sewer methane
emissions are included.
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4.

Climate risk and adaption (iv)

A high-level climate risk review was conducted for Karaka North Village. This section of the report
presents a summary of the information collected during the review, including implications for design
and operation. The review has:
1. Identified potential climate change variables;
2. Considered the potential for these to cause physical risks to the buildings, water and
wastewater treatment plants;
3. identify appropriate adaptation and mitigation measures to reduce the impact.

4.1.1

Purpose of the climate change risk screen

The objective of this assessment is to identify climate risks and potential adaptative measures for the
development. This is in response to (iv) identification of any climate change-related adaptation risks
and the plans to mitigate those risks
This climate risk screen was performed by GHD using a customised framework adapted from
Australian Standard AS 5334-2013 Climate Change Adaptation for Settlements and Infrastructure. The
screening process provides a high-level assessment of the inherent vulnerability of the asset to the
physical effects of climate change and is intended to briefly establish the context for the risk
assessment and conduct broad identification and assessment of physical risks. This is executed via a
review of asset design information, and historical records of extreme weather events in the vicinity of
the development.

4.1.2

Climate change context

To successfully understand the risks posed to Karaka North Village from a changing climate, it is
necessary to define how the climate is changing and is likely to change in the future. New Zealand’s
climate is shaped by weather systems and large-scale climate drivers that vary over space and time.
This natural variability is now occurring against the backdrop of global climate change, and the climate
of New Zealand is changing as a result.

4.1.2.1

Climate variable definition

As per Appendix A of AS5334-2013, the climate variables considered in this assessment include:
•

Rainfall, including flooding from extreme events, and drought

•

Temperature, including extreme events and changes in solar radiation

•

Wind, including storms, cyclones, and extreme wind events

•

Soil variables, including earth movement from drought conditions

•

Sea level rise

•

Bushfires

These variables were used to provide an estimation of the likelihood of the climate-induced risks to
urban development at Karaka North.
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Historic climate data and climate projection data to identify climate change risks were sourced from the
references listed in Appendix D.

4.1.2.2

Emissions scenario and time slice definition

The most recent IPCC report, the Sixth Assessment Report (AR6), provides an overview of the state
of knowledge on the science of climate change and includes updated data since publication of the
Fifth Assessment Report (AR5) in 2014. AR6 introduces new climate change scenarios called socio
economic pathways (SSPs). The SSPs were developed concurrently with representative concentration
pathways (RCPs) and are made up of five different broad narratives which are broken down into
smaller time slices.
The Ministry for the Environment (MfE) and NIWA released a report for the expected changes in New
Zealand’s climate (temperature and many other climate variables) out to 2120 and draws heavily on
climate model simulations from the Intergovernmental Panel on Climate Change (IPCC) Fifth
Assessment Report. The 2015 Technical Report uses over 40 global climate models to produce
climate change projections as they relate to IPCC RCP scenarios.
These SSPs are described according to CO2 concentration levels and may also be described by
anomalies in global mean surface air temperatures for the period 2081-2100 relative to the average
period 1986-2005, refer Table 7.
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Table 7

Climate change emission scenarios from AR6

Global climate response

Climate scenario

Projected increase in global
surface temperature

IPCC
report
source

Strong immediate response, SSP1-2.6 atmospheric
Mean projected increase 2°C AR6 (IPCC,
emissions peak by 2020,
concentration of CO2
2021)
Anomaly range +1.3 to 2.9°C
with rapid decline in emissions projected at approx. 420 ppm
(by 2090 – 2100)
thereafter from global
by 2100
participation and application of
technologies
Slower response, emissions SSP2-4.5 atmospheric
Mean projected increase 3°C AR6 (IPCC,
peak around 2040, then
concentration of CO2
2021)
Anomaly range +2.1 to 4.3°C
decline
projected at approx. 789 ppm
(by 2090 – 2100)
by 2100
Slow response, application of SSP4-6.0 atmospheric
Mean projected increase 3°C AR6 (IPCC,
mitigation strategies and
concentration of CO2
2021)
Anomaly range +2.3 to 3.9°C
projected at approx. 953 ppm
technologies
(by 2090 – 2100)
by 2100
Little curbing of emissions, SSP5-8.5, atmospheric
Mean projected increase 5°C AR6 (IPCC,
continuing rapid rise
concentration of CO2
2021)
Anomaly range +3.8 to 7.4°C
throughout the 21st century projected at approx. 1135 ppm
(by 2090 – 2100)
by 2100 and continuing to
increase

Current atmospheric concentration of CO2 is at approximately 416 parts per million (ppm), up from
being stable at about 280 ppm prior to the industrial revolution and increasing by approximately 2.5
ppm per year (US National Oceanic and Atmospheric Administration, 2019). Global mean atmospheric
temperatures have increased approximately 0.9 degrees Celsius (°C) compared to pre-industrial
levels (NASA, 2019), and New Zealand’s climate has warmed in both surface air and surrounding sea
surface temperatures by around 1.1°C since 1910 (Section Atlas.6.2; MfE, 2020).
The climate change risk screen undertaken for Karaka North Village considered two climate change
scenarios, a mid-term extreme scenario (2050, SSP 8.5), and a long-term extreme scenario (2090,
SSP8.5). These time periods represent scenarios that are 29 and 69 years from now, and so have
relevance to both infrastructure with a long design life and houses and other buildings with shorter
design life.
This allowed a narrower focus for assessment and validation at two time slices, with the use of the
2050 scenario indicating the mid-term reality of climate change. The main reason for adopting the
2090 projection was to provide some perspective on the more extreme changes to climate that may
arise in coming decades (noting that the projections for these time extents may indeed arise much
earlier or later than indicated, if at all; such is the uncertainty associated with the climate modelling and
international responses to climate change) and whether these would eventuate into posing risks to the
development.
A summary of current trends in the frequency and intensity of extreme events for the Auckland area is
presented in Table 8.
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4.2

Climate risk screen outcomes

4.2.1

Climate risk screen outcomes

The outputs of the climate risk screen for Karaka North Village are presented in Table 8.
Table 8

Climate change risk screen for Karaka North Village

Climate risk pre-screening question

Conclusion and supporting information

Exposure

Impact

Does the site include areas that
have been impacted by extreme
events in the past?

Have past extreme events caused physical damage
or impacted the operations and maintenance of
similar assets or supporting infrastructure within the
project location? To what extent?

Past extremes of rainfall and winds have impacted the operation of assets in
the vicinity of Karaka North Village.
Extreme wind and rain events
Severe storms (including extreme rainfall, cyclonic winds and lightning) occur
in the Auckland area. On 22 November 2015 more than 2,000 Auckland
homes lost power overnight as the region was battered by strong
thunderstorms and wind.4.
The northern region of New Zealand was hit by more than 10,000 lightning
strikes on 22 November 2015 with over 1,300 occurring in the Auckland area.
The storm also affected the Coromandel, Waikato and Bay of Plenty areas.5
In an average November to April tropical cyclone season, one or two extropical cyclones typically pass within 550 kilometres of Auckland.6
In April 2017, Cyclone Debbie hit New Zealand’s North Island, followed a
week later by Cyclone Cook. The heavy precipitation, flooding and landslides
associated with both cyclones caused power outages and economic damage.
In 2017 and 2018, New Zealand had the highest extreme weather-induced
costs since 1969.7
Storms have caused energy supply interruptions in New Zealand. In April
2018, winds of over 100 km/h swept through Auckland, bringing down power
lines and interrupting electricity supply services to over 200,000 households
and businesses (close to 10% of the country’s electricity customers). Insurers
estimated damages to be over USD 72 million, making this the fifth most
costly storm of the century. Although power was restored within one day for
half of affected customers, some waited up to 12 days.8
Rainfall

4

'Very, very intense' thunderstorm batters Auckland | Stuff.co.nz
5 'Very, very intense' thunderstorm batters Auckland | Stuff.co.nz
6 NIWA, 2015, El Niño expected to produce severe tropical storms in the Southwest Pacific | NIWA, 14 October 2015
7
New Zealand Climate Resilience Policy Indicator – Analysis - IEA
8
https://www.iea.org/articles/new-zealand-climate-resilience-policy-indicator
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Several extreme rain and flood events have occurred in Auckland in 2021.
The storms have resulted in the most rain falling over Auckland in a single
weather event since 2017 with 90 mm coming down each hour during the
most ferocious parts of the storm. 9 West Auckland's Kumeu, Huapai, Ranui,
Piha and Henderson Valley were the worst hit with around 400 homes losing
power.
Half of New Zealand’s monitored weather stations indicate that precipitation
has increased since 1960, while the rest show either no significant trend or a
decrease. Most of the stations registering lower precipitation are in the
northern part of the North Island.10
Soil variables
In 2019/20, parts of the country experienced meteorological droughts and
extended dry periods. Auckland broke a climate record in February 2020 for
the region’s longest dry spell (i.e. consecutive days with less than 1 mm of
rain), reaching 40 days.11
Bushfires
In early 2019 a large bushfire in Nelson spread to 2,000ha of land and
caused 700 people to flee, while in 2017 the Port Hills fire destroyed nine
houses and led to the death of one person. According to Niwa’s fire weather
map, most of New Zealand is experiencing a low to moderate risk of fire as
temperatures remain low in most parts of the country. But in the Hawke’s Bay
region, south of Auckland on the North Island, the risk has increased to “very
high”12
A bushfire impacted north Auckland’s Greenhithe on 1 March 2021. The fire
started on private property and quickly spread to bush due to winds. 32
firefighters and a helicopter battled the four hectare vegetation fire that
caused the evacuation of three houses.13
Sea Level Rise
Locally, sea levels have risen around 16 cm over the past 100 years.
Measurements taken from the Port of Auckland tide gauge show an average
sea level rise of around 1.6 mm per year since 1899.14 Another study
reported that the relative mean sea-level rise (including vertical land
movement) at individual sites in Auckland was 1.67 (±0.08) mm/year (1899–
2018).15
What past or current trends can be
observed regarding frequency and
intensity of extreme events?

If any past or current impacts from extreme events
have been identified, consider whether projected
changes in the climate might worsen in the future and

An increase in the frequency and intensity of extreme weather events such as
storms and extreme rainfall events may impact the asset and supporting
infrastructure in the future.

9

West Auckland starts big clean up after rain, floods - NZ Herald
New Zealand Climate Resilience Policy Indicator – Analysis - IEA
11
NIWA, 13 Feb 2020, Auckland set to break dry spell record
12
https://www.theguardian.com/world/2020/jan/07/new-zealand-bushfires-flare-amid-fears-country-becoming-more-flammable
13
Stuff ,1 March 2021, Bush fire in north Auckland’s Greenhithe sees homes evacuated, helicopter called in
14
Sea level rise | King Tides Auckland
15
Coastal sea-level rise | Stats NZ
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the potential impact this may have on the asset or
supporting infrastructure within the project location

16

17

A summary of current trends in the frequency and intensity of extreme events
in New Zealand is as follows:
Projections show increased precipitation in most of the country except the
north-eastern part of the North Island. While an increase in summer
precipitation is expected in the northern and eastern regions of the North
Island, higher precipitation in the South Island would occur in winter. Very
extreme precipitation events are projected to become more
frequent throughout the country, increasing the risk of floods.16
Historic and projection data show an increase in annual rainfall. Annual
rainfall is likely to increase under the high emission scenario, with the
greatest increase in winter (1.6% increase in rainfall levels by 2050 and 1.2%
increase by 2090).
An increase of 1.1°C in New Zealand’s average daily temperature has been
measured from 1909-2016 (Section Atlas.6.2;MfE, 2020). In the period 1980
– 2014 a rate of increase of 0.1º – 0.3ºC per decade has been observed.
(IPCC, 2021).
Under the high emission scenario Auckland’s temperature is projected to
warm on average by 1.4°C by 2050 and 3.3°C by 2090 (IPCC, 2021)
Projections show a significant increase in the intensity and frequency of hot
extremes and significant decrease in the intensity and frequency of cold
extremes (Caloiero at al, 2017)
Projections show that under the high emission scenario, there will be a 1012% increase in lightning frequency.
The number of annual heatwave days increased at 18 of 30 sites during the
period 1972–2019 (MfE and Stats NZ, 2020).
The number of days with very high to extreme fire risk is projected to increase
by 71 per cent by 2040, and by a further 12 per cent by 2090 (Watt et al,
2019).
Since 1972/73, soils at 7 of 30 monitored sites became drier, while the 2012–
13 drought was one of the most extreme in the previous 41 years (MfE and
Stats NZ, 2017).
Annual mean precipitation is projected to decrease in the north and east of
New Zealand (medium confidence). There is medium confidence that river
flooding will increase in New Zealand. Aridity is projected to increase east of
New Zealand (medium confidence). Fire weather is projected to increase
throughout and New Zealand (medium confidence).17
Sea levels in Auckland are expected to rise with the global mean sea-level
rise, which was estimated as 1.7 (±0.2) millimetres per year for the period of

https://www.iea.org/articles/new-zealand-climate-resilience-policy-indicator
https://www.rnz.co.nz/news/on-the-inside/448881/ipcc-report-new-zealand-s-wet-regions-projected-to-get-wetter-and-dry-ones-drier
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1901 to 2010 as described in the IPCC’s Fifth Assessment Report (Rhein et
al, 2013).
Figure 12 shows the section of coastal regions expected to be below water
level in 2050 as highlighted in red. It is unlikely that Karaka North Village will
be affected by this.
-

If the project location has previously recorded
impacts, to what extent is it anticipated that the future
project design will avoid or mitigate the risks from
those impacts, and can adaptation responses be cost
effectively retrofitted in future?

Design inputs to mitigate impacts from future extreme weather events such
as tropical cyclones, heatwaves, drought and bushfires should be addressed
during design development as future retrofits are not anticipated to be cost
effective.

.
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The site is not expected to be impacted by the projected annual flood level in 2050, as shown by
the red sections in Figure 12.

Figure 12

Land projected to be below Annual Flood Level in 2050 and 2090, Coastal Climate Central
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4.2.2

Key climate change implications for Karaka North
Village

The climate risk screen has highlighted a number of potential key risks to Karaka North Village that
are expected to benefit from a design response. These key risks and adaptive measures for
consideration are summarised in Table 9.
Table 9

Climate risks that will require a design response

Climate risk area

Adaptive measures for considerations

Severe storms

Building (including roof and gutters) designed to relevant standard for cyclones.
Roof surface materials should consider appropriate structural integrity impact
resistance to large hail stones that have occurred in the project location and may be
more frequent in the future. Installation of a back-up power supply is recommended
to maintain power during an outage associated with storms.
Design has considered 1 in 100 year ARI flood levels and final siting of all
installations shall ensure that flooding shall not occur under a 1% AEP Site drainage
will be directed away from the building to existing ground levels to allow sheet flow
across site.

Drought and earth
movement

Sufficient cover over subgrade to be provided. Proper drainage design to maintain
moisture level within subgrade to a constant level as far as possible. Design
strengthened drainage elements resistant to settlement.
Design and construction to be informed by geotechnical and hydrogeological
conditions.

Increased air
temperatures

The project’s buildings and air conditioning systems should be designed based on a
slightly elevated maximum design temperature taking into consideration predicted
increases to the number of hot days to maintain good internal occupant thermal
comfort. This should consider for the design life of at least 25 years for air
conditioning systems prior to replacement.
Designers of asphalt roads and concrete pavings to consider potential impacts of
temperature increases and solar radiation in pavement design and construction to
minimise failure or reduced performance.

Bushfire

Installation of a back-up power supply is recommended to maintain power during an
outage associated with bushfires.

4.2.3

Summary

Based on the climatic projections for Auckland, climate change impacts were identified for Karaka
North Village relating to six major climate variables, namely precipitation, wind (including storms and
cyclones), temperature, soil variables, sea level rise and bushfire.
The completion of a more detailed climate risk assessment and adaptation strategy in accordance
with AS 5334-2013 Climate Change Adaptation for Settlements and Infrastructure would identify and
evaluate specific climate change risks, control measures and adaptation responses for the project.
However, as no severe risks outside current design considerations were identified during the climate
risk screen a detailed climate risk assessment is not considered necessary at this time if the
recommended design considerations are implemented, particularly those for severe storms.
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5.

Conclusions

5.1

Clause 6(f)(i) and (ii)

The base case Development scenario was found to produce 145,000 t/CO2e of embodied carbon.
The proposed case Development scenario was found to produce 137,700 t/CO2e of embodied
carbon.
The proposed Development has identified and proposes net savings of 7,300 t/CO2e of embodied
carbon.
The expected operational carbon for residential and commercial buildings of the Development, as
proposed (the proposed case) is 53,300 t/CO2e/yr.
The expected operational carbon for wastewater treatment, as proposed (on-site MBR and land
disposal) is 129 t/CO2e/yr.
The Development as proposed, incorporates operational carbon savings from rainwater harvesting
and on-site wastewater treatment and disposal of 299 t/CO2e/yr or 14,905 t/CO2e over a 50 year
design life basis.

5.2

Clause 6(f)(iii)

The GHG emissions for the proposed local Karaka North WWTP are likely to be lower (49 to 69%
lower18) than for the alternative of pumping raw wastewater over approximately 20 km to Clarks
Beach WWTP for treatment in the existing plant there, assuming that most of the load at Clarks
Beach WWTP is treated in aerated ponds. The key differentiators between the two options considered
are methane emissions from the ponds at Clarks Beach WWTP and the sewer methane emissions
associated with the rising main (if counted).
The proposed MBR plant does produce more nitrous oxide than a pond system, and also uses more
energy than a pond system. However, the amount of methane produced by a pond system outweighs
these two factors. Where conveyance energy and methane production as part of conveyance to
offsite treatment is considered, the proposed on-site MBR process offers a substantial reduction in
GHG production.

5.3

Clause 6(f)(iv)

Based on the climatic projections for Auckland, climate change impacts were identified for Karaka
North Village relating to six major climate variables, namely precipitation, wind (including storms and
cyclones), temperature, soil variables, sea level rise and bushfire.
The completion of a more detailed climate risk assessment and adaptation strategy in accordance
with AS 5334-2013 Climate Change Adaptation for Settlements and Infrastructure would identify and
evaluate specific climate change risks, control measures and adaptation responses for the project.
However, no severe risks outside current design considerations were identified during the climate risk
screen. A detailed climate risk assessment is not considered necessary at this time if the
recommended design considerations are implemented, particularly those for severe storms.

18

49% lower for the case where sewer methane emissions are not counted; 69% lower for the case where sewer methane
emissions are included.
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Appendix A
Base Case & Proposed Case
Calculation Sheets

GHD | Karaka North Village Limited | 12556058 | Karaka North Development

32

Base Case
Schedule item
Item
3
3.2
3.2.1
3.2.2
3.2.4
3.2.7
3.2.8
3.2.9
5
5.1
5.1.1
5.1.2
5.1.4
5.1.5
5.1.6
5.2
5.2.1
5.2.2
5.2.3
5.2.4
5.3
5.3.1
5.3.2
5.3.3

Civil

5.4
5.4.1
5.4.2
5.4.3
5.5
5.5.1
5.9
5.9.1
5.9.2
5.9.3
5.9.4
5.10
5.10.1
5.10.3
5.10.4
5.10.5
5.10.6
5.10.8
5.10.7
5.10.9
5.10.10
5.10.11

Horizontal

6
6.1
6.1.1
6.1.2
6.1.3
6.1.4
6.1.5
6.1.6
6.1.7
6.1.8
6.1.9
6.1.10
6.1.11
6.1.12
6.2
6.2.1
7
7.1
7.1.1
7.1.2
7.1.3
7.1.4
7.1.5
7.1.6
7.1.7

Qty

Unit

Source for carbon calculation
Earthworks
eTool

Grass - Mow, Strip, Terminate, Remove

700,000

m2

Fill - Cut to Fill
Fill - Import to Fill
Topsoil - Import to stockpile
Topsoil - Place from stockpile (Lots)
Topsoil - Place from stockpile (Berm)
Roading and Pavements
6.0m Wide Carriageway
Subgrade: Trim
Subgrade: Geofabrics
Sub-base: GAP 65
Basecourse: TNZ GAP 40
Surfacing: TNZ M/10 AC
Roadside Carpark Bay - Concrete Pavement
Subgrade: Trim
Sub-base: GAP 65
Binding Layer: AP7
Surfacing: Exposed Aggregate Concrete + 1
x layer 665 Mesh and 4kg/m3 black oxide
Individual Lot Driveways
Subgrade: Trim (18m2)
Sub-base: GAP 65 150mm
Surfacing: Broom finish standard Concrete
(150mm) + 1 x layer 665 Mesh
Footpath (1.8m wide) - Concrete Pavement
Subgrade: Trim
Basecourse: TNZ GAP 40
Surfacing: Exposed Aggregate Concrete including 4kg/m3
black oxide
Parameter Details
Kerb and channel
ROW/Driveway - Concrete
Subgrade
Sub-base: GAP 40
Binding Layer: AP7
Surfacing: Exposed Aggregate Concrete + 1
x layer 665 Mesh and 4kg/m3 black oxide
Dyke and Linwood Roads Works
Allow all plant material and labour to mill existing
chipseal surface and remove from site
Subgrade: Trim
Subgrade: Subsoil Drainage
Sub-base: GAP 65
Basecourse: TNZ GAP 40
Surfacing: Two coat chipseal with 3/5 Grade Chip
Vertical kerb and channel
675 x 450 catchpit
225mm RCRRJ Class 4 catchpit leads

350,000
30,000
140,000
81,000
5,420

m3
m3
m3
m3
m3

Footpath formation 1.8m wide, 125mm thick,
exposed greywacke aggregate with 3kg/m3 black oxide
Stormwater
Stormwater Pipes
225mm RCRRJ Class 4 at a depth of 0-2.5m
300mm RCRRJ Class 4 at a depth of 0-2.5m
375mm RCRRJ Class 4 at a depth of 0-2.5m
450mm RCRRJ Class 4 at a depth of 0-2.5m
525mm RCRRJ Class 4 at a depth of 0-2.5m
600mm RCRRJ Class 4 at a depth of 0-2.5m
675mm RCRRJ Class 4 at a depth of 0-2.5m
750mm RCRRJ Class 4 at a depth of 0-2.5m
800mm RCRRJ Class 4 at a depth of 0-2.5m
900mm RCRRJ Class 4 at a depth of 0-2.5m
1050mm RCRRJ Class 4 at a depth of 0-2.5m
1350mm RCRRJ Class 4 at a depth of 0-2.5m
Stormwater Manholes
1050 diameter manholes at depth of 0-2m
Wastewater
Gravity Sewer Pipeline

Unit

Qty

kgCO2 eq.

tCO2 eq.

Landscaping, site preparation

700,000

m2

5,681,981

5,682

External Works - Excavation, Backfilling & Compaction, Assembly only, 150yrs (m3)

380,000

m3

21,513,126

21,513

External Works - Soil at 600mm depth (m3)

226,420

m3

13,052,618

13,053

(TS) Asphalt Paved Road (m2)

56,800

m2

4,663,478

4,663

(TS) Asphalt Paved Carpark (m2)

19,000

m2

930,078

930

External Works - Concrete Paving, poured in-situ, 125mm thick

49,400

m2

15,747,817

15,748

19,000

m

1,356,115

1,356

Roading and Pavements
eTool
66,200
16,550
16,600
8,600
56,800

m2
m2
m3
m3
m2

19,000
2,900
1,000

m2
m3
m3

19,000

m2

15,300
2,300

m2
m3

15,300

m2

34,100
5,200

2

m
m3

34,100

m2

19,000

m

Kerbs - Concrete Barrier (In-situ)

1,300
200
65

m2
m3
m3

External Works - Concrete Paving, poured in-situ, 125mm thick

1,300

m2

416,549

417

1,300

m2

5,000

m2

3,300
1,300
850
500
5,000
1,300
18
90

m2
m
m3
m3
m2
m
No.
m

(TS) Asphalt Paved Road (m2)

5,000

m2

429,375

429

Kerbs - Concrete Barrier (In-situ)

1,300

m

97,955

98

2,400

m2

External Works - Concrete Paving, poured in-situ, 125mm thick

2,400

m2

767,563

768

m
m
m
m
m
m
m
m
m
m
m
m

Stormwater
eTool
Reinforced Concrete Pipe - 225mm, 50MPa, 2% reo by volume (lm)
Reinforced Concrete Pipe - 300mm, 50MPa, 2% reo
Reinforced Concrete Pipe - 375mm, 50MPa, 3% reo
Reinforced Concrete Pipe - 450mm, 50MPa, 3% reo (lm)
Reinforced Concrete Pipe - 525mm, 50MPa, 3% reo
Reinforced Concrete Pipe - 600mm, 50MPa, 3% reo (lm)
Reinforced Concrete Pipe - 600mm, 50MPa, 3% reo (lm)
Reinforced Concrete Pipe - 750mm, 50MPa, 4% reo by volume (lm)
Reinforced Concrete Pipe - 750mm, 50MPa, 4% reo by volume (lm)
Reinforced Concrete Pipe - 1050mm, 50MPa, 3% reo
Reinforced Concrete Pipe - 1050mm, 50MPa, 3% reo
Reinforced Concrete Pipe - 1050mm, 50MPa, 3% reo

2,930
3,300
2,840
1,940
610
1,550
1,290
230
10
180
200
100

m
m
m
m
m
m
m
m
m
m
m
m

306,227
412,007
391,834
313,451
109,055
297,600
248,054
449,768
21,516
65,868
72,862
36,844

306
412
392
313
109
298
248
450
22
66
73
37

260

#

405,185

405

2,930
3,300
2,840
1,940
610
1,550
1,290
230
10
180
200
100
260

No.

Sewer Manhole- Field 0- 2m depth - Pre-cast concrete pipe (NZ_Water_31)
Wastewater
TfNSW

Length

OD

150mm OD

6,960

m

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

6,960

150

510,750

511

225mm OD

4,176

m

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

4,176

225

456,454

456

300mm OD

2,784

m

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

2,784

300

448,280

448

No.

279

#

633,224

633

Length
110
1,400
5,600
5,100

OD
200
150
100
63

10,513
102,737
325,985
262,670

11
103
326
263

1050 diameter manholes at depth of 2-4m
Water supply
Water Supply Pipes
200mm NB
150mm NB
100mm NB
50mm NB

110
1,400
5,600
5,100

m
m
m
m

Combined Area of Commercial Blocks

6,940

m2

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool
Potable Water
TfNSW
Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool
Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool
Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool
Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool
Commercial Centre
eTool and MFE Guide

Retail blocks

Whole centre

6,940

m2

Suburban Shopping Centre - embodied

6,940

m2

6,458,650

6,459

Plumbing and
electrical

Plumbing, water and sewerage
Power and electrical connection

6,940
6,940

m2
m2

Plumbing, Water and Sewerage Connection, Commercial
Site Power and Electrical Connection - Commercial

6,940
6,940

m2
m2

24,304
16,957

24
17

Water consumption

5,173

m3/year

Table 63: Water supply emission factors from Measuring Emissions: A Guide for Organisations

5,173

m3/year

8,018
6,960,306

8
6,960

221,212

221

m2

39,373,336

39,373

m2

19,531,230

19,531

8
8.1
8.1.1
8.1.2
8.1.3
8.1.4
Building Reference

Commercial

Description
Earthworks
Bulk Earthworks

Carbon Assessment

Operational energy

Electricity use
LPG use

278

1,160,051
20,442

kWh/year
kWh/year

Residential

850 units with
rainwater tanks

Residential
Pluming and
electrical

Operational energy

850 Residential lot sub division
420 two level homes
180 two level homes
15 two level homes
215 single level homes
20 single level homes
Plumbing, water and sewerage for two level homes
Plumbing, water and sewerage for single level homes
Electrical fittings for two level homes
Electrical fittings for single level homes

150-190
190-240
>240
190-240
>240
113,700
56,400
113,700
56,400

m2
m2
m2
m2
m2
m2
m2
m2
m2

Water consumption

165,911

m3/year

Electricity use
LPG use
Solid fuel use

8,315
213
2,132

Water
Water and
wastewater mains

Water
Pump stations (6)

Table 9: Emission factor for purchased grid-average electricity from Measuring Emissions: A Guide for Organisations
Table 3: Emission factors for the stationary combustion of fuels from Measuring Emissions: A Guide for Organisations
Residential
eTool and MFE Guide
Karaka North Village two level homes Detached house steel frame embodied

113,700
56,400
113,700
56,400

m2
m2
m2
m2

397,908
197,376

398
197

865,030
429,101

865
429

Table 63: Water supply emission factors | Measuring Emissions: A Guide for Organisations

165,911

m3/year

257,162

kWh/household/year Table 9: Emission factor for purchased grid-average electricity | Measuring Emissions: A Guide for Organisations
kWh/household/year Table 3: Emission factors for the stationary combustion of fuels | Measuring Emissions: A Guide for Organisations
kWh/household/year Table 5: Biofuels and biomass emission factors | Measuring Emissions: A Guide for Organisations
Water
Length (m)
eTool and TfNSW

20,000

m

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

10,000

m

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

Wetwell

114,040

L

eTool - Fibreglass Water Storage Tank Template - Fibreglass Tank Shell

Storage tank

900,000

L

Diesel

12,000

56400

kWh/year
kWh/year

Two level homes Plumbing, Water and Sewerage Connection, Commercial
Single level homes Plumbing, Water and Sewerage Connection, Commercial
Two level homes Electrical Fittings - sockets, power points, wiring, embodied only (m2)
Single level homes Electrical Fittings - sockets, power points, wiring, embodied only (m2)

Potable water trunk

564

113,700

Karaka North Village single level homes Detached house steel frame embodied

Wastewater trunk

Concrete

1,160,051
20,442

8,315
213
2,132

kWh/household/year
kWh/household/year
kWh/household/year

42,405,480
1,961,059
1,517,718

257
42,405
1,961
1,518

OD (mm)
20,000

250

1,175,697

1,176

10,000

250

587,848

588

-

-

596,070

596

eTool - Fibreglass Water Storage Tank Template - Fibreglass Tank Shell

-

-

4,704,186

4,704

m3

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

-

-

144,958

145

L

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

-

-

32,517
198,403,661

33

Total

198,404

Optimised Case
Schedule item
Item
3
3.2
3.2.1
3.2.2
3.2.4
3.2.7
3.2.8
3.2.9
5
5.1
5.1.1
5.1.2
5.1.4
5.1.5
5.1.6
5.2
5.2.1
5.2.2
5.2.3
5.2.4
5.3
5.3.1
5.3.2

Civil

5.3.3
5.4
5.4.1
5.4.2
5.4.3
5.5
5.5.1
5.9
5.9.1
5.9.2
5.9.3
5.9.4
5.10
5.10.1
5.10.3
5.10.4
5.10.5
5.10.6
5.10.8
5.10.7
5.10.9
5.10.10
5.10.11

Horizontal

6
6.1
6.1.1
6.1.2
6.1.3
6.1.4
6.1.5
6.1.6
6.1.7
6.1.8
6.1.9
6.1.10
6.1.11
6.1.12
6.2
6.2.1
7
7.1
7.1.1
7.1.2
7.1.3
7.1.4
7.1.5
7.1.6
7.1.7
8
8.1
8.1.1
8.1.2
8.1.3
8.1.4
Building Reference
Retail blocks

Commercial

Plumbing and
electrical
Operational energy

Description
Earthworks
Bulk Earthworks

Carbon Assessment
Qty

Unit

Source for carbon calculation
Earthworks
eTool

Grass - Mow, Strip, Terminate, Remove

700,000

m2

Fill - Cut to Fill
Fill - Import to Fill
Topsoil - Import to stocklpile
Topsoil - Place from stockpile (Lots)
Topsoil - Place from stockpile (Berm)
Roading and Pavements
6.0m Wide Carriageway
Subgrade: Trim
Subgrade: Geofabrics
Sub-base: GAP 65
Basecourse: TNZ GAP 40
Surfacing: TNZ M/10 AC
Roadside Carpark Bay - Concrete Pavement
Subgrade: Trim
Sub-base: GAP 65
Binding Layer: AP7
Surfacing: Exposed Aggregate Concrete + 1
x layer 665 Mesh and 4kg/m3 black oxide
Individual Lot Driveways
Subgrade: Trim (18m2)
Sub-base: GAP 65 150mm
Surfacing: Broom finish standard Concrete
(150mm) + 1 x layer 665 Mesh
Footpath (1.8m wide) - Concrete Pavement
Subgrade: Trim
Basecourse: TNZ GAP 40
Surfacing: Exposed Aggregate Concrete including 4kg/m3
black oxide
Parameter Details
Kerb and channel
ROW/Driveway - Concrete
Subgrade
Sub-base: GAP 40
Binding Layer: AP7
Surfacing: Exposed Aggregate Concrete + 1
x layer 665 Mesh and 4kg/m3 black oxide
Dyke and Linwood Roads Works
Allow all plant material and labour to mill existing
chipseal surface and remove from site
Subgrade: Trim
Subgrade: Subsoil Drainage
Sub-base: GAP 65
Basecourse: TNZ GAP 40
Surfacing: Two coat chipseal with 3/5 Grade Chip
Vertical kerb and channel
675 x 450 catchpit
225mm RCRRJ Class 4 catchpit leads
Footpath formation 1.8m wide, 125mm thick,
exposed greywacke aggregate with 3kg/m3 black oxide
Stormwater
Stormwater Pipes
225mm RCRRJ Class 4 at a depth of 0-2.5m
300mm RCRRJ Class 4 at a depth of 0-2.5m
375mm RCRRJ Class 4 at a depth of 0-2.5m
450mm RCRRJ Class 4 at a depth of 0-2.5m
525mm RCRRJ Class 4 at a depth of 0-2.5m
600mm RCRRJ Class 4 at a depth of 0-2.5m
675mm RCRRJ Class 4 at a depth of 0-2.5m
750mm RCRRJ Class 4 at a depth of 0-2.5m
800mm RCRRJ Class 4 at a depth of 0-2.5m
900mm RCRRJ Class 4 at a depth of 0-2.5m
1050mm RCRRJ Class 4 at a depth of 0-2.5m
1350mm RCRRJ Class 4 at a depth of 0-2.5m
Stormwater Manholes
1050 diameter manholes at depth of 0-2m
Wastewater
Pressure Sewer Pipeline
180mm OD
125mm OD
110mm OD
90mm OD
75mm OD
63mm OD
50mm OD
Water supply
Water Supply Pipes
200mm NB
150mm NB
100mm NB
50mm NB

350,000
30,000
140,000
81,000
5,420

m3
m3
m3
m2
m2

Residential
Plumbing and
electrical

Operational energy

5,681,981

5,682

External Works - Excavation, Backfilling & Compaction, Assembly only, 150yrs (m3)

380,000

m3

21,513,126

21,513

External Works - Soil at 600mm depth (m3)

226,420

m3

13,052,618

13,053

(TS) Asphalt Paved Road (m2)

56,800

m2

4,663,478

4,663

(TS) Asphalt Paved Carpark (m2)

19,000

m2

930,078

930

External Works - Concrete Paving, poured in-situ, 125mm thick

49,400

m2

15,747,817

15,748

19,000

m2

1,356,115

1,356

66,200
16,550
16,600
8,600
56,800

m2
m2
m3
m3
m2

19,000
2,900
1,000

m2
m3
m3

19,000

m2

15,300
2,300

m2
m3

15,300

m2

34,100
5,200

2

m
m3

34,100

m2

19,000

m

Kerbs - Concrete Barrier (In-situ)

1,300
200
65

m2
m3
m3

External Works - Concrete Paving, poured in-situ, 125mm thick

1,300

m2

416,549

417

1,300

m2

5,000

m2

3,300
1,300
850
500
5,000
1,300
18
90

m2
m
m3
m3
m2
m
No.
m

(TS) Asphalt Paved Road (m2)

5,000

m2

429,375

429

Kerbs - Concrete Barrier (In-situ)

1,300

m

97,955

98

2,400

m2

External Works - Concrete Paving, poured in-situ, 125mm thick

2,400

767,563

768

m
m
m
m
m
m
m
m
m
m
m
m

Stormwater
eTool
Reinforced Concrete Pipe - 225mm, 50MPa, 2% reo by volume (lm)
Reinforced Concrete Pipe - 300mm, 50MPa, 2% reo
Reinforced Concrete Pipe - 375mm, 50MPa, 3% reo
Reinforced Concrete Pipe - 450mm, 50MPa, 3% reo (lm)
Reinforced Concrete Pipe - 525mm, 50MPa, 3% reo
Reinforced Concrete Pipe - 600mm, 50MPa, 3% reo (lm)
Reinforced Concrete Pipe - 600mm, 50MPa, 3% reo (lm)
Reinforced Concrete Pipe - 750mm, 50MPa, 4% reo by volume (lm)
Reinforced Concrete Pipe - 750mm, 50MPa, 4% reo by volume (lm)
Reinforced Concrete Pipe - 1050mm, 50MPa, 3% reo
Reinforced Concrete Pipe - 1050mm, 50MPa, 3% reo
Reinforced Concrete Pipe - 1050mm, 50MPa, 3% reo

2,930
3,300
2,840
1,940
610
1,550
1,290
230
10
180
200
100

m
m
m
m
m
m
m
m
m
m
m
m

306,227
412,007
391,834
313,451
109,055
297,600
248,054
449,768
21,516
65,868
72,862
36,844

306
412
392
313
109
298
248
450
22
66
73
37

260

#

405,185

405

Length
230
460
280
710
380
2,560
9,300

OD
180
125
110
90
75
63
63

9,066
10,034
5,053
9,739
4,175
23,351
69,026

9
10
5
10
4
23
69

Length
110
1,400
5,600
5,100

OD
200
150
100
63

10,513
102,737
325,985
262,670

11
103
326
263

6,940

m2

6,458,650

6,459

Plumbing, Water and Sewerage Connection, Commercial
Site Power and Electrical Connection - Commercial

6,940
6,940

2

m
m2

24,304
16,957

24
17

Table 63: Water supply emission factors from Measuring Emissions: A Guide for Organisations

5,173

m3/year

8,018

8

2,930
3,300
2,840
1,940
610
1,550
1,290
230
10
180
200
100
260

No.

Sewer Manhole- Field 0- 2m depth - Pre-cast concrete pipe (NZ_Water_31)
Wastewater
TfNSW
Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool
Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool
Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool
Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool
Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool
Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool
Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool
Potable water
TfNSW
Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool
Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool
Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool
Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool
Commercial Centre

110
1,400
5,600
5,100

m
m
m
m

Combined Area of Commercial Blocks

6,940

m2

eTool and MFE Guide

Whole Centre

6,940

m2

Suburban Shopping Centre - embodied

Plumbing, water and sewerage
Power and electrical connection

6,940
6,940

2

m
m2

Water consumption

5,173

m3/year

1,160,051

kWh/year

Table 9: Emission factor for purchased grid-average electricity from Measuring Emissions: A Guide for Organisations
1,160,051

kWh/year

6,960,306

6,960

20,442

kWh/year

Table 3: Emission factors for the stationary combustion of fuels from Measuring Emissions: A Guide for Organisations20,442

kWh/year

221,212

221

m2

39,373,336

39,373

m2

19,531,230

19,531

L

289,192
397,908
197,376
865,030
429,101
241,732
42,405,480
1,961,059
1,517,718

289
398
197
865
429
242
42,405
1,961
1,518

Residential
850 residential lot sub division
420 two level homes

150-190

m

180 two level homes

190-240

m2

>240

2

15 two level homes

eTool and MFE Guide

m

2

215 single level homes

190-240

m2

20 single level homes
Rain water tanks (2500L)
Plumbing, water and sewerage for two level homes
Plumbing, water and sewerage for single level homes
Electrical fittings for two level homes
Electrical fittings for single level homes
Water consumption
Electricity use
LPG use
Solid fuel use

>240
850
113,700
56,400
113,700
56,400
155,956
8,315
213
2,132

m2
#

Water

Karaka North Village two level homes Detached house steel frame embodied

Karaka North Village single level homes Detached house steel frame embodied

113,700

56400

Water tank - poly (embodied)
1,062,500
Two level homes Plumbing, Water and Sewerage Connection, Commercial
113,700
m
2
Single
level
homes
Plumbing,
Water
and
Sewerage
Connection,
Commercial
56,400
m
2
Two level homes Electrical Fittings - sockets, power points, wiring, embodied only (m2)
113,700
m
2
Single level homes Electrical Fittings - sockets, power points, wiring, embodied only (m2)
56,400
m
3
Table
63:
Water
supply
emission
factors
|
Measuring
Emissions:
A
Guide
for
Organisations
155,956
m /year
kWh/household/year Table 9: Emission factor for purchased grid-average electricity | Measuring Emissions: A Guide for Organisations
8,315
kWh/household/year Table 3: Emission factors for the stationary combustion of fuels | Measuring Emissions: A Guide for Organisations
213
kWh/household/year Table 5: Biofuels and biomass emission factors | Measuring Emissions: A Guide for Organisations
2,132
Water
eTool and TfNSW
2

2

m
m2
m2
m2
3
m /year
kWh/household/year
kWh/household/year
kWh/household/year

Treated Water Tank/
Potable Water Reservoir

IL4 Bolted steel panel tank - Steel volume – 5.5m3

m3

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

5.5

m3

124,410

124

Process Tanks

Concrete - Balance Tank, Anoxic Tank, Aeration tanks and MBR tanks (combined)
745 –745m3 m3
3
Steel - Balance Tank, Anoxic Tank, Aeration tanks and MBR tanks (combined) –35
35m3
m

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

745

m3

296,510

297

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

35

m

3

791,700

792

Asphalt – Hardstanding - 85m3

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

85

m

3

12,984

13

m

3

151,630

152

3

565,500

566

298,035

298

Hard Standing Area

Concrete - Buildings, Slabs, Plinths etc. – 590m3
Steel – Buildings, Slabs, Plinths – 25m3

Water

m2

Roading and Pavements
eTool

Residential

850 units with
rainwater tanks

tCO2 eq.

700,000

m
m
m
m
m
m
m

LPG use

kgCO2 eq.

Landscaping, site preparation

230
460
280
710
380
2,560
9,300

Electricity use

Unit

Qty

Wetwell
Pump stations (3)

Concrete
Diesal
Concrete Walls

Buildings

Concrete Floors
Steel Roof
Steel columns

Pressure Sewer

5.5

85
590
25
57,020
57

m

3

m

3
3

m
L

3

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

590

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

25

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

57,020

m
L

3

m
L

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

57

25

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

6,000

m
L

25,374

6,000

16,258

16

208,000

kg

External Walls - Precast Concrete Panels, Unspecified Reinforced Industry Average (kg)

208,000

kg

59,516

60

370

2

370

2

57,481

57

2

m
m

16,769

17

3,700

4

kg

370

m

2

Upper Floors - Concrete Slab, 150mm, 40MPa, 3.8% reo (m2)

m
m

Roof - Aramax 800 Structural Steel Roofing

kg

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

180
36,550

Square hollow section (SHS) steel column - 90x90 5mm thick

370

m

Grinder pumps for residential lot

180
36,550

74,825

75

Wastewater collection tanks

62,900

kg

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

62,900

kg

190,273

190

85

m3

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

85

m3

33,830

34

4,284

kg

Transport for New South Wales (TfNSW) Carbon Estimating and Reporting Tool

Cement for ballast
Pumps for commercial area

Planting

Total sequestered (kgCO2)

Tree dry mass

Total

(1,264,633)
190,972,044

(1,265)
190,972

Appendix B
WWTP Technology & Emissions
Calculation Sheet
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Project no.
Plant name

12556058
\\ghdnet\ghd\NZ\Auckland\Projects\51\12556058\Document Transfer\Incoming\2021_08_17 - WWTP Karaka North Layout Drawings
Karaka North WWTP

Proposed development, local WWTP, MBR plant proposed ---------------------->
Pressure sewers
No. of properties
No. of people/ property
No. of people, total

No.
No.
No.

Wastewater flow per property
Wastewater flow per person

L/d per property
L/d per person

WWTP Energy use (estimate)

kWh/ year
kWh/person/year

Raw ww COD load assumed
Raw ww BOD load assumed
Raw ww TKN load assumed

kgCOD/EP/d
kgBOD/EP/d
kgTKN/EP/d

Raw ww COD conc.from above mg/L COD
Raw ww BOD conc.from above mg/L BOD
Raw ww TKN conc.from above mg/L TKN

850
3
2550
420
140
548000
215
140
70
15
1000
500
107

From Jacobs (2019) report (link provided via email from Ian Ho, 25/8/2021)
Link to report:
\\ghdnet\ghd\NZ\Auckland\Projects\51\12520912\Document Transfer\Incoming\Southwest Planning Reports\WWTP Final Concept Design

Carbon Accounting Guidelines for Wastewater Treatment (Water NZ, 2021), originally from IPCC (2019)
Table 5: Methane correction factors for wastewater treatment processes
Wastewater treatment system
IPCC (2019) Classification
MCF
1
Aerobic
0.03
Aerated pond (high aeration)
Aerated pond (partial aeration) 1

Anaerobic shallow / facultative

0.2

Anaerobic pond

Anaerobic deep

0.8

Maturation pond

Aerobic shallow

0

Oxidation pond

Anaerobic shallow / facultative

0.2

Aerobic

0.03

Aerobic

0.03

Secondary (BNR)3
Secondary (non‐BNR)

2

1

3

3

Partial aeration can be assumed when mixing energy is <5W/m , a highly aerated system would have >10W/m
mixing energy (expert judgement). Aeration intermediate to this could apply an averaged MCF.
2

For example, trickling filters or rotating biological contactors and high‐rate activated sludge processes (short
sludge age, approximately <2 days) not designed for biological nutrient removal (BNR).

3

Suspended growth BNR activated sludge processes (e.g., SBRs, MLE, Bardenpho, A2O, MBBR, IFAS).

Treatment type

Table 6: Krem according to treatment type
Krem (kgBOD/kg dry sludge
Range
mass)

Aerobic treatment plants with
primary treatment (mixed primary
0.8
and secondary sludge, untreated
or treated aerobically)
Aerobic treatment plants with
primary treatment and anaerobic
sludge digestion (mixed primary 1
and secondary sludge, treated
anaerobically)
Aerobic wastewater treatment
plants without separate primary 1.16
treatment
Mechanical treatment plants
0.5
(primary sedimentation sludge)

0.65 – 0.95

0.8 – 1.2

1.0 – 1.5

0.4 – 0.6

Table 9: Emission factors (EFplant) for N2O from municipal wastewater treatment plants
Wastewater treatment system

IPCC (2019) classification

EFplant (kgN2O‐N/kgN)

Range (kgN2O‐N/kgN)

Aerated lagoon

Anaerobic shallow / facultative

0

0 – 0.001

Aerated pond

Anaerobic shallow / facultative

0

0 – 0.001

Anaerobic pond
Maturation pond

Anaerobic deep
Aerobic shallow

0
0

0 – 0.001
0 – 0.001

Oxidation pond

Anaerobic shallow / facultative

0

0 – 0.001

Secondary (BNR)
Secondary (non‐BNR)

Aerobic
Aerobic

0.01
0.01

0.00002 – 0.044
0.00002 – 0.044

Secondary (partial or intermittent
nitrification e.g., high rate
Aerobic (not listed by IPCC,
activated sludge or trickling filters
0.01
2019)
and similar suspended or fixed
growth processes)

≥0 (no data)

Treatment pond (with submerged
media, rock‐piles with circulation, Facultative
floating reed beds, etc.)

0.00002 – 0.044

0.01

Table 2: Global warming potentials from IPCC
GHG

AR4 GWP100

AR5 GWP100

CH4
N2O

25
298

28
265

Table 4: Parameters comparison of data sources for BOD and TN in raw wastewater
Reference
BOD (kg/person/year)
TN (kg/person/year)
MfE (2021)
26 (18 ‐ 26)
5.8 ‐ 11.1a
Metcalf & Eddy 5th T3‐13
Hauber (1995)

b

34 (18 – 44)

5.1 (3.3 – 6.6)

37 (18 – 48)

5.5 (3.3 – 9.5)

c
Beca data ‐ NZ Plant 1 (2020/21
23
summer)
c
Beca data ‐ NZ Plant 2 (2006/07
29
summer)

4.7
5.5

a

This range represents with and without multipliers NHH, FNon‐COM, FIND‐COM applied (see MfE, 2021; Table 7.5.7);
the true uncertainty range will be greater than this.

b

Based on 17 NZ towns and cities including trade waste; (BOD average excluding trade waste = 27
kg/person/year).

c

Based on measured influent load and population data.

Include Sewer CH4? ------> Choose 'Yes' or 'No'

Yes
No

AR5 GWP100 with climate
carbon feedbacks
34
kg CO2-e per kg CH4
298
kg CO2-e per kg N2O

Written by David de Haas (GHD), Aug-2021
Calculator Tool for GHG estimates of WWTPs
Uses Water NZ (2021) guidance for WWTP CH4 and N2O
NB: Requires checking by Project Director before client issue!

Item/ Parameter
WWTP location
Equivalent persons, EP
Dry Weather Flow, ADWF, ML/d
Allowance for wet weather flow (factor)
Average Annual Flow, AAF, ML/d
Influent COD load, kg/d
Influent BOD load, kg/d
Influent TKN load, kgN/d
Pumping wastewater via rising main
Pumping distance, km
System head, m
Specific pumping energy, kWh/ML/m
Flow-specific pumping energy, kWh/ML
Pumping Energy (Karaka to Clarks Beach)
Pumping Energy use, kWh/year
Pumping electricity, Scope 2 emissions (kgCO2-e/year)
MBR Treatment process (% Raw influent load treated)
Pond Treatment process (% Raw influent load treated)

Key
Value
Value
Text
Value
Other
Option 1
Karaka North

Option 2 Comments
Clarks Beach

2550
0.357
1.02
0.364
357
178.5
38.25

Not applicable
Not applicable
Not applicable
Not applicable

0
0
100%
0%

Sewer methane (CH4) emissions at end of rising main
Include Sewer CH4? ------> Choose 'Yes' or 'No'
NHRT in pipeline at AAF, h
Dissolved methane at end of rising main, gCH4/m^3 (mg/L)
CH4 emissions from sewer dissolved methane, kgCH4/year
Sewer CH4 Scope 1 emissions (kgCO2-e/year)

No
Not applicable
Not applicable
Not applicable
0

Wastewater treatment
Treatment (Electrical) Energy
MBR treatment specific energy use, kWh/EP/year
Pond treatment specific energy use, kWh/EP/year
Overall treatment specific energy use, kWh/EP/year

215
Not applicable
215

Overall treatment (electrical) energy use, kWh/year
Overall treatment (electrical) energy use, kWh/ML
Treatment electricity, Scope 2 emissions (kgCO2-e/year)

Input Change these values
Calculation Do not change these values (unless you are sure!)
Explanation
Output GHG estimate output values that report to the 'Summary' tab
Free field

548000
4123
55567

ADWF, Average Dry Weather Flow
Assume very low wet weather flow I/I, due to use of pressure sewers at Karaka
AAF = ADWF * wet weather factor
From assumed unit loading per EP
From assumed unit loading per EP
From assumed unit loading per EP
(Hypothetical, see below)
20 Approx. (Karaka North to Clarks Beach via new pumping main pipeline, hypothetical)
295 Allowance
4.95 Assumed overall efficiency (pump, motor, drive) of 55% for raw wastewater
1462

194262 See above assumption around low contribution to annual average flow from wet weather (due to use of pressure sewers at Karaka)
19698
30% Percentage based on ……??
70% Percentage based on ……??

Yes
23.3
34.0
4526
153869

(If 'Yes', Hypothetical, see below) (Sewer methane emissions not currently included in typical national GHG reporting protocols, but recommended for inclusion by IPCC, country-specific, limited guidance)
See Common Assumptions tab for assumed rising main diameter and A/V ratio, derived from assumed pumping rate
From Foley et al. (2009) empirical model - see Common Assumptions tab
Based on AAF (ML)

219 Average. Karaka North based on preliminary estimates for proposed new MBR plant. Clarks Beach based on MBR package plant units (2 no.) rated at 250 m3/d each; from WSAA benchmarking Average for SC2
35 Average. Clarks beach based on Aerated Ponds for SC3 (assumed for ~5001 to 10,000 EP) from WSAA benchmarking
90 Average based on weighting from percentage constributin to treatment (see above)
229315
1725 Based on AAF (ML)
23253

Methane (CH4) emissions

Lookup MCF for wastewater treatment
Methane Correction Factor (MCF) (fraction of 1), lookup
Ponds Emission factor (EF_CH4), kgCH4/kgBOD
MBR Emission factor (EF_CH4), kgCH4/kgBOD
Portion of BOD load treated in Ponds, kg BOD/year
Portion of BOD load treated in MBR, kg BOD/year
Sludge dry mass removed from Ponds, dry kg TSS/ year
Sludge dry mass removed from MBRs, dry kg TSS/ year

Krem according to treatment type for MBRs
Sludge factor, K_rem (kgBOD/ kg TSS as sludge) for MBRs
Ponds Sludge removed, Sremoved (kgBOD/ year)
MBR Sludge removed, Sremoved (kgBOD/ year)
Ponds F_TOW_Sludge (kg BOD/kg BOD)
MBR F_TOW_Sludge (kg BOD/kg BOD)
R (CH4 recovered), kg CH4/ year
Ponds CH4 emissions (kgCH4/ year)
MBR, CH4 emissions (kgCH4/ year)
Total CH4 emissions (kgCH4/ year)
Treatment CH4 Scope 1 emissions (kgCO2-e/year)

Secondary
(BNR)3
0.03
Not applicable
0.01875
0
65152.5
Not applicable
45607
Aerobic
wastewater
treatment plants
without separate
primary
treatment
1.16
Not applicable
52904
Not applicable
0.812
0
0
230
230
7809

Aerated pond
(partial
aeration)1
0.2
0.125
0.01875
45607
19546
0
13682
Aerobic
wastewater
treatment
plants without
separate
primary
treatment
1.16
0
15871
0
0.812
0
5701
69
5770
196171

Using Single Factor method, assuming parallel treatment in Ponds and MBR at Clarks Beach for tha above-listed Percentage split of raw influent load treated
Assuming that the Clarks Beach ponds are not regularly desludged (and not in the nominal reporting period for this comparison of GHG emissions)
Assuming that both at both Karaka and Clarks Beach the MBR waste activated sludge is dewatered and trucked off site for disposal (not anaerobically digested or directed to ponds)

Refers to lookup table (see next comment)
The conversion factor for BOD from sludge (Krem) can be estimated based on the values from lookup table (originally from Table 6.6A; IPCC, 2019).
From above - assuming that the Clarks Beach ponds are not regularly desludged (and not in the nominal reporting period for this comparison of GHG emissions)
Fraction of organics (BOD load) physically removed from the system as sludge (kgBOD/kgBOD)
Fraction of organics (BOD load) physically removed from the system as sludge (kgBOD/kgBOD)
Mass of CH4 recovered or flared from ponds (assuming covered and biogas collected/ flared/ combusted) (kg CH4/ yr).

Nitrous oxide (N2O) emissions
Lookup EF_N2O for wastewater treatment
Ponds Emission factor (EF_N2O), kgN2O-N/kgNinf
MBR Emission factor (EF_N2O), kgN2O-N/kgNinf
Portion of TKN load treated in Ponds, kg TKN/year
Portion of TKN load treated in MBR, kg TKN/year
Ponds N2O emissions (kgN2O/ year)
MBR, N2O emissions (kgN2O/ year)
Treatment N2O Scope 1 emissions (kgCO2-e/year)

Secondary
(BNR)
Not applicable
0.01
0
13961
Not applicable
219
65379

Aerated pond
0
0.01 Assumes fixed emission factors for N2O, as per IPCC (2019) Guidelines and as followed by Water NZ guidelines (2021)
9773
4188
0
66
19614

TOTAL GHG emissions (Scopes 1+2)
GHG emissions (Scopes 1+2), excluding sewer CH4
Treatment CH4, Scope 1 emissions
Treatment N2O, Scope 1 emissions

Units

tonnes CO2-e/year
tonnes CO2-e/year
tonnes CO2-e/year
tonnes CO2-e/year
tonnes CO2-e/year
tonnes CO2-e/year

kg CO2-e/EP/ year
kg CO2-e/EP/ year
kg CO2-e/EP/ year
kg CO2-e/EP/ year

Option 1
Karaka North
100%
0%

Option 2
Clarks Beach
30%
70%

0.0
55.6
0.0
7.8
65.4
128.8
-69%

19.7
23.3
153.9
196.2
19.6
412.6

50.5
50.5
3.1
25.6

161.8
101.5
76.9
7.7

GHG emissions for two options for wastewater treatment from Karaka
North
450
Total GHG emissions (tonnes CO2‐e/ year)

Item/ Parameter
WWTP location
MBR Treatment process (% Raw influent load treated)
Pond Treatment process (% Raw influent load treated)
GHG emissions
Pumping to Clarks Beach electricity, Scope 2 emissions
Treatment electricity, Scope 2 emissions
Sewer CH4, Scope 1 emissions
Treatment CH4, Scope 1 emissions
Treatment N2O, Scope 1 emissions
TOTAL GHG emissions (Scopes 1+2)

413

400
350
300
250
200
129

150
100
50
0
Karaka North

Clarks Beach

Treatment N2O, Scope 1 emissions
Treatment CH4, Scope 1 emissions
Sewer CH4, Scope 1 emissions
Treatment electricity, Scope 2 emissions
Pumping to Clarks Beach electricity, Scope 2 emissions
TOTAL GHG emissions (Scopes 1+2)

Appendix C
Climate Projection Data
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1

Climate variable

Mean maximum daily

Baseline data

19

Baseline

Climate Change

Climate Change

period

Projection 2050 RCP

Projection 2090 RCP

8.5

8.5

+1.4 (0.9 to 2.2)

+3.3 (2.3 to 4.5)

ie 20.4°C (19.9 to

ie 22.3°C (21.3 to

21.2)

23.5)

+1.5 (1.1 to 2.3)

+3.5 (2.4 to 4.8)

ie 24.3°C (23.9 to

ie 26.3°C (25.2 to

25.1)

27.6)

+1.3 (1 to 2.1)

+3.1 (2.3 to 4.4)

ie 12.6°C (12.3 to

ie 14.4°C (13.6 to

13.4)

15.7)

1981 – 2010

temperature (°C) – Annual

Mean minimum daily

22.8

1981 – 2010

temperature (°C) – Summer
(DJF)

Mean minimum daily

11.3

1981 – 2010

Temperature

temperature (°C) – Annual

Source

1

1

1

Days p.a. over 35°C

0.0

1981 – 2010

0 days

0 days

3

Days p.a. over 40°C

0.0

1981 – 2010

0 days

0 days

3

Highest temperature for

30.5

Discrete

+1.4 (0.9 to 2.1)

+3.3 (2.3 to 4.5)

2

ie 31.9°C (31.4 to

ie 33.8°C (32.8 to 35)

baseline 1986-2005 (°C)

event

32.6)
Highest temperature for

23.7

years on record at AWS (°C)

N/A

N/A

event

Days p.a. under 0°C

0

1981 – 2010

0 days

0 days

3

Days p.a. under 2°C

0

1981 – 2010

0 days

0 days

3

Lowest temperature for

6.9

1981 – 2010

+1.3 (0.9 to 1.9)

+3.1 (2 to 4.4)

3

ie 8.2°C (7.8 to 8.8)

ie 10°C (8.9 to 11.3)

1981 – 2010

N/A

N/A

1981 – 2010

+1.1% (-2.4 to 4)

+2.5% (-2.9 to 8.4)

ie 1225.8 mm

ie 1242.8 mm

(1183.4 to 1261)

(1177.3 to 1314.4)

-0.2% (-6.2 to 5)

-1.1% (-11.5 to 9.4)

ie 290.5 mm (273.1

ie 287.9 mm (257.6

to 305.7)

to 318.5)

+3.5% (-0.8 to 8.3)

+9.3% (-0.5 to 23.2)

baseline 1986-2005 (°C)

Lowest temperature for
years on record (°C)

1/06/1990
6.9
1/06/1990
1212.5

Mean rainfall (mm) - Annual

Precipitation

Discrete

Mean rainfall (mm) – Spring

291.1

1981 – 2010

(SON)

Mean rainfall (mm) –

229.7

1981 – 2010

1

1

1

Summer (DJF)
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Climate variable

Mean rainfall (mm) –

Baseline data

Baseline

Climate Change

Climate Change

period

Projection 2050 RCP

Projection 2090 RCP

8.5

8.5

ie 237.7 mm (227.9

ie 251.1 mm (228.6

to 248.8)

to 283)

+1% (-4.4 to 7.6)

+1.4% (-7.4 to 7.8)

ie 302.3 mm (286.1

ie 303.5 mm (277.2

to 322)

to 322.6)

+0.7% (-4.5 to 6)

+1% (-7.7 to 10.4)

ie 392.6 mm (372.4

ie 393.8 mm (359.9

to 413.3)

to 430.4)

+1.6% (-2.4 to 4)

+1.2% (-2.9 to 8.4)

ie 147.4 mm (141.6

ie 146.8 mm (140.9

to 150.9)

to 157.3)

1981 – 2010

N/A

N/A

N/A

1981 – 2010

+7.6% (-6.4 to 23.4)

+12% (-2.5 to 25.7)

1 to 5 lightning
strikes

1990-1999

ie 10% to 12%

ie 10% to 12%

increase in lightning

increase in lightning

frequency

frequency

299.3

1981 – 2010

Autumn (MAM)

Mean rainfall (mm) – Winter

389.9

1981 – 2010

(JJA)

Highest daily rainfall event
(mm) for baseline 1986-

145.1

1981 – 2010

30/07/1999

2005

Highest daily rainfall (mm)
for years on record at AWS

Maximum 1 day rainfall for a

145.1

Source

1

1

2

30/07/1999

20 year ARI event
Lightning

Severe fire danger days per

6,, 87

36

1981 – 2010

-2 to 35 days

-10 to 16 days

7

N/A

N/A

N/A

N/A

2

N/A

1981 – 2010

N/A

N/A

5

17

1981 – 2010

-1.4% (-2.8 to 0.3)

-2.8% (-5.2 to -0.5)

2

ie 16.8 km/h (16.5 to

ie 16.5 km/h (16.1 to

17.1)

16.9)

+0.6% (-1.5 to 5)

+1.2% (-2 to 5)

ie 81 % (79.3 to 84.6)

ie 81.5 % (78.9 to

year
Evapotranspiration (%)
Maximum wind gust speed

Daily variables

(km/h) for baseline
Avg. 9 am wind speed
(km/h)

Avg. 9 am relative humidity
(%)

80.6

1981 – 2010

2

84.6)
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Climate variable

Mean daily solar exposure

Baseline data

1

Baseline

Climate Change

Climate Change

period

Projection 2050 RCP

Projection 2090 RCP

8.5

8.5

+3% (-5 to 5)

+3% (-5 to 5)

1981 – 2010

Source

1

2

(MJ/(m ))
–

IPCC, 2021: Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S. L. Connors, C. Péan, S. Berger, N. Caud, Y.
Chen, L. Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J. B. R. Matthews, T. K. Maycock, T. Waterfield, O. Yelekçi, R. Yu and
B. Zhou (eds.)]. Cambridge University Press. In Press

–

IPCC WGI Interactive Atlas: Regional Information https://interactive-atlas.ipcc.ch/

–

NIWA, Climate change scenerios for New Zealand, https://niwa.co.nz/our-science/climate/information-and-resources/clivar/scenarios

–

IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K.

–

Intergovernmental Panel on Climate Change (IPCC). 2013. Climate Change 2013: The Physical Science Basis. Contribution of Work ing
Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F, D. Qin, G.-K. Plattner, M.
Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, U nited
Kingdom and New York, NY, USA, 1535 pp, doi:10.1017/CBO9781107415324. https://ofcnz.niwa.co.nz/#/localCharts

–

https://www.mpi.govt.nz/dmsdocument/6214/direct

–

MAF, 2011 Improved estimates of the effect of climate change on NZ fire danger MAF Technical Paper No: 2011/13 Prepared for t he
Ministry of Agriculture and Forestry by H. Grant Pearce, Jessica Kerr, Scion, and Anthony Clark, Brett Mullan, Duncan
Ackerley,https://www.stats.govt.nz/indicators/wildfire-risk
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