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Wellington 6140 
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tel.  +64-4-472-2733 
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Reference: 20210278 
 
 
30 August 2021 
 
 

 
Dear  
 
Thank you for your Official Information Act request, received on 21 June 2021.  You 
requested the following: 
 

- Every Cost-Benefit Analysis for Budget 2021 or other Budget 2021 
guidance document which includes a shadow price of carbon 

- Any documents relating to the development, setting, use or implementation 
of a shadow price of carbon in Government decision-making since June 1, 
2020, excluding Treasury Report number T2020/3332. 

- Where any document falls under the scope of this request, please release it 
in full, including sections which might otherwise be considered out of scope. 

 
On 15 July 2021, I wrote to you to extend the time limit for deciding on your request by 
an additional 30 working days, due to the consultations necessary. 
 
Information being released 

Please find enclosed the following documents: 
 

Item Date Document Description Decision In Scope of 
Request Part 

1.  Week of 18 
January 
2021 

Title: Application of carbon price in 
analysis 

Description: An update produced by the 
Ministry for the Environment and sent to 
government agencies who had been 
working on climate data and modelling 
matters.  

Release in full Q1 

2.  2 November 
2020 

Title: Climate modelling used for 
references in considering shadow 
pricing 

Description: Internal Treasury working 
document on data sources. 

Release in full Q2 
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3.  19 October 
2020 

Title: Shadow pricing update for tsy 
colleagues 

Description: Internal Treasury briefing 
document  

Release in part Q2 

4.  15 October 
2020 

Title: Shadow pricing npv sensitivity 
summary  

Description: Working document 
analysing impacts of shadow pricing on 
example policies and investments 

Release in part Q2 

5.  30 
September 
2020 

Title:  Update on Climate Change Action 
Plan: Integrating an interim shadow 
emissions price into government 
investment and regulatory decisions 

Description: Produced by the Ministry 
for the Environment as a brief for Chief 
Executives.  

Release in part Q2 

6.  30 
September 
2020 

Title: Briefing: Climate Change and 
Sustainability Chief Executives Board 
Meeting 30 September 2020 

Description: Internal Treasury document  

Release in part Q2 

7.  28 
September 
2020 

Title: The Social Cost of Carbon and the 
basis for its estimation in New Zealand 

Description: Paper shared with Treasury 
by Resource Economics Ltd 
(unsolicited). 

Release in full Q2 

8.  20 August  
2020 

Title: Waste levy expansive shadow 
price MFE example 

Description: Produced by the Ministry 
for the Environment as part of analysis 
of impact of shadow pricing on example 
policies and investments 

Release in full Q2 

 
I have decided to release the relevant parts of the documents listed above, subject to 
information being withheld under the following sections of the Official Information Act: 

• advice still under consideration, section 9(2)(f)(iv) – to maintain the current 
constitutional conventions protecting the confidentiality of advice tendered by 
Ministers and officials, and 

• under section 9(2)(j) – to enable the Crown to negotiate without prejudice or 
disadvantage. 

Some information has been redacted because it is not covered by the scope of your 
request.  This is because the documents include matters outside your specific request. 

Information publicly available 

The following information is also covered by the first part of your request and is publicly 
available on the Treasury website: 
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Item Date Document Description Website Address 

9.  26 November 
2020 

Shadow pricing cbax guidance 
nov 2020 

https://www.treasury.govt.nz/publicati
ons/guide/cbax-tool-user-guidance 
 

10.  26 November 
2020 

Shadow pricing treasury cbax 
model Sep 2019 

https://www.treasury.govt.nz/publicati
ons/guide/cbax-spreadsheet-model-0 

 
Accordingly, I have refused your request for the documents listed in the above table 
under section 18(d) of the Official Information Act: 

• the information requested is or will soon be publicly available. 

Information to be withheld 

There are two additional documents covered by the first part of your request that I have 
decided to withhold in full under the following section of the Official Information Act: 
• advice still under consideration, section 9(2)(f)(iv) – to maintain the current 

constitutional conventions protecting the confidentiality of advice tendered by 
Ministers and officials. 

 
In making my decision, I have considered the public interest considerations in section 
9(1) of the Official Information Act.  
 
Please note that this letter (with your personal details removed) and enclosed 
documents may be published on the Treasury website. 
 
This reply addresses the information you requested.  You have the right to ask the 
Ombudsman to investigate and review my decision.  
 
Yours sincerely 
 
 
 
 
 
 
Nicky Lynch 
Manager, Climate Change 
 

https://www.treasury.govt.nz/publications/guide/cbax-tool-user-guidance
https://www.treasury.govt.nz/publications/guide/cbax-tool-user-guidance
https://www.treasury.govt.nz/publications/guide/cbax-spreadsheet-model-0
https://www.treasury.govt.nz/publications/guide/cbax-spreadsheet-model-0
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Application of carbon price in analysis 
 

Introduction 
Over the last six months agencies have been working together to improve the consistency of 
the carbon pricing in Government analytical outputs.  This document brings together this 
work into one place and/or points to other documents that provide more detail. 

 

Types of carbon prices (emissions reference price pathways) 
There are a number of different emissions price calculations that could be used as a 
reference in different contexts.  The two types of carbon price paths agreed to are the 
‘shadow price’ and the ‘NZU price’ (New Zealand unit is an ETS term).  The shadow price and 
NZU price series are conceptually different and are applied in different situations.   

 

Shadow price work stream 
• New Zealand’s commitment to reach greenhouse gas emission reduction targets has 

implications for evaluating new central government policies or investment decisions 
in cost –benefit analyses (CBA). 

• New policies or investments that significantly increase greenhouse gas emissions 
(‘emissions’) imply an economic or fiscal cost in that an equivalent volume of emissions will 
have to be reduced elsewhere. Likewise, decisions that result in significantly reduced 
emissions imply a benefit in the form of the avoided cost of reducing an equivalent volume 
of emissions elsewhere. These costs and benefits of emissions (or avoided emissions) should 
be included when central government agencies (Agencies) are monetising costs and benefits 
including in CBAx. This approach is called ‘shadow pricing’. 

• More detailed information on shadow prices is included in 2021 Budget Guidance which 
agencies have access to on CFISnet, and in updates to CBAx guidance here: 
https://www.treasury.govt.nz/information-and-services/state-sector-
leadership/investment-management/plan-investment-choices/cost-benefit-analysis-
including-public-sector-discount-rates/treasurys-cbax-tool 

• The shadow prices were developed by a small cross agency group in 2020 with 
representatives from MFE, Waka Kotahi, MOT, EECA, MBIE and Treasury. There were 
a number of potential price paths to choose from all with pros and cons; we decided 
on using the High-Level Commission on Carbon Prices (HLCCP) price paths even 
though they are aligned to a <2 degrees target (and not <1.5). Shadow prices will 
updated annually as information on the future cost of abatement improves. 

• The shadow prices will also be used in ClPA (climate implications policy assessment) 
to value increases or decreases emissions for applicable Cabinet papers. 
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• The shadow price is calculated out to 2050. For situations where a longer term 
shadow price is required then the 2050 price can be rated forward by 2.25% each 
year. 

• It is recommended by the shadow price working group that agencies should be using 
these shadow prices when monetising costs and benefits in their CBA going forwards 
unless there is good reason not to. 

Shadow price path by year Low - Real Central - Real High - Real 
2021 $61 $92 $122  

2022 $63 $94 $125  

2023 $64 $96 $128  

2024 $66 $99 $131  

2025 $67 $101 $134  

2026 $69 $103 $137  

2027 $70 $105 $140  

2028 $71 $107 $143  

2029 $73 $110 $146  

2030 $74 $112 $149  

2031 $76 $114 $152  

2032 $78 $117 $156  

2033 $80 $120 $159  

2034 $81 $122 $163  

2035 $83 $125 $166  

2036 $85 $128 $170  

2037 $87 $131 $174  

2038 $89 $134 $178  

2039 $91 $137 $182  

2040 $93 $140 $186  

2041 $95 $143 $190  

2042 $97 $146 $195  

2043 $99 $149 $199  

2044 $102 $153 $203  

2045 $104 $156 $208  

2046 $106 $160 $213  

2047 $109 $163 $217  

2048 $111 $167 $222  

2049 $114 $171 $227  

2050 $116 $174 $232  

 

 

NZU price work stream 
• To define and agree to a NZU price a small cross agency group came together with 

representatives from MFE, MBIE, MOT, and MPI. 
• The NZU price is the ETS price faced by emitters/foresters. 
• The price is consistent with WEM (with existing policy measures), this means that it 

only accounts for current policy measures and does not account for future 
targets/budgets or levels of ambition. 
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• The NZU price paths agreed: the low price was the ETS price floor ($20), the high 
price was the ETS price ceiling ($50) and the central price was the mid-point ($35). 

• These prices are not predictions (as this will be influenced by future policy) but 
rather price paths based on current settings assuming no further climate actions are 
taken in the future. 

• These prices have been used in the preparation of the late 2020 emissions 
projections and should be used in emissions modelling (not CBAs) when a NZU price 
is required. 

• It is recommended by the NZU price working group that agencies should be using 
these NZU prices in their emissions modelling going forwards unless there is good 
reason not to. 

NZU Price path by year Low - Real Central - Real High - Real Low - Nominal Central - Nominal High - Nominal 
2021 $20.00  $35.00 $50.00 $20.00 $35.00  $50.00 

2022 $20.00  $35.00 $50.00 $20.40 $35.70  $51.00 

2023 $20.00  $35.00 $50.00 $20.81 $36.41  $52.02 

2024 $20.00  $35.00 $50.00 $21.22 $37.14  $53.06 

2025 $20.00  $35.00 $50.00 $21.65 $37.89  $54.12 

2026 $20.00  $35.00 $50.00 $22.08 $38.64  $55.20 

2027 $20.00  $35.00 $50.00 $22.52 $39.42  $56.31 

2028 $20.00  $35.00 $50.00 $22.97 $40.20  $57.43 

2029 $20.00  $35.00 $50.00 $23.43 $41.01  $58.58 

2030 $20.00  $35.00 $50.00 $23.90 $41.83  $59.75 

2031 $20.00  $35.00 $50.00 $24.38 $42.66  $60.95 

2032 $20.00  $35.00 $50.00 $24.87 $43.52  $62.17 

2033 $20.00  $35.00 $50.00 $25.36 $44.39  $63.41 

2034 $20.00  $35.00 $50.00 $25.87 $45.28  $64.68 

2035 $20.00  $35.00 $50.00 $26.39 $46.18  $65.97 

2036 $20.00  $35.00 $50.00 $26.92 $47.11  $67.29 

2037 $20.00  $35.00 $50.00 $27.46 $48.05  $68.64 

2038 $20.00  $35.00 $50.00 $28.00 $49.01  $70.01 

2039 $20.00  $35.00 $50.00 $28.56 $49.99  $71.41 

2040 $20.00  $35.00 $50.00 $29.14 $50.99  $72.84 

2041 $20.00  $35.00 $50.00 $29.72 $52.01  $74.30 

2042 $20.00  $35.00 $50.00 $30.31 $53.05  $75.78 

2043 $20.00  $35.00 $50.00 $30.92 $54.11  $77.30 

2044 $20.00  $35.00 $50.00 $31.54 $55.19  $78.84 

2045 $20.00  $35.00 $50.00 $32.17 $56.30  $80.42 

2046 $20.00  $35.00 $50.00 $32.81 $57.42  $82.03 

2047 $20.00  $35.00 $50.00 $33.47 $58.57  $83.67 

2048 $20.00  $35.00 $50.00 $34.14 $59.74  $85.34 

2049 $20.00  $35.00 $50.00 $34.82 $60.94  $87.05 

2050 $20.00  $35.00 $50.00 $35.52 $62.15  $88.79 

 

I am happy to respond to any questions on this ainsley.smith@mfe.govt.nz 
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Model What do the prices mean Target Range References
NZIER Stage 
2 for Zero 
Carbon Bill 
Nov 2019 
 
 

Equivalent to full marginal cost of 
2050 target. 
“Implied carbon price that would 
be required to meet each 
emissions target.” Page v of 
stage 2. 
 
“The implied carbon price is best 
characterised as an economy-
wide average price on firms’ 
emissions…..since we don’t know 
what [other] measures the 
government will take, we 
simulate an economy wide 
price.” Page x of stage 1.  

Net zero long lived and cap 
on methane. Big focus on 
tech and forestry. 

Results are provided as a 2020 –
2050 average in the stage 2 
report. (Christina’s spreadsheet 
blocks them out slightly more). 
 
Average price 2020 – 2050 
Non fungible 75% red in SLG = 
$1039 
Non fungible 50% reduction in 
SLG = $518 
Fungible 75% = $271 
Fungible 50% = $518 
 
Allow 80% of a net zero all gases 
and 20% from intl @ $150/ tonne 
= $567 (but doesn’t include 
outflow) 

Stage 2: 
https://www.mfe.govt.nz/sites/default/files/
media/Climate%20Change/economic-
impact-of-meeting-2050-emissions-targets-
stage-2-modelling.pdf 
 
nzier modelling for zero carbon bill stage 2 
results november 2019 
(Treasury:4372753v1) Add to worklist    
 
nzier modelling for zero carbon bill stage 2 
results november 2019 
(Treasury:4372753v1) Add to worklist      
page 185 
 
nzier stage 2 results 2019 spreadsheet 
version from mfe nov 2020 
(Treasury:4372769v1) Add to worklist 
 
Stage 1: 
nzier economic modelling 2050 target 2018 
(Treasury:4365607v1) Add to worklist 
 

CMV 
modelling 
for 
Productivity 
Commission 
Enquiry 
August 
2018 
 

Equivalent to full marginal cost of 
2050 target. Appears to be all 
gases fungible. 
“In the modelling, the central 
policy lever for the government is 
its influence over the emissions 
price” page 43. 
 
“All sectors covered [by ETS], 
including agriculture. No 
international trading” page 55 

Net zero all gases.
Exogenous prices up to 
2030. Big focus on tech. 
 
“PD” = policy driven, i.e. 
slow tech progress 
“DD” = disruptive transition 
i.e. rapid tech progress 
“SD” = stabilising 
transition. Tech like 

Best to use all six scenarios
 
PD net zero = 80 in 2030, 200 in 
2050 
 
PD net zero = $55 in 2030, $157 
in 2050 
 
SD net zero = $55 in 2030, $250 
in 2050 

prod comm transition to a low emissions 
economy final report 2019 
(Treasury:4365570v1) Add to worklist 
Chapter 3 esp pages 43, 55, 61 
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methane vaccine that 
reduce need for disruption 

HLCCP 2017
 
 
 

 

 

Change from 
baseline 
scenario 

Emissions price - annual 
average 2020-40 ($/tCO2-e) 

Emissions price - annual 
average 2020-50 ($/tCO2-e) 

Emissions price at 
2030 ($/tCO2-e) 

Emissions price at 
2040 ($/tCO2-e) 

Emissions price at 
2050 ($/tCO2-e) 

Baseline           
SQ - Mod $215 $109 $367 $39 -$176 
A – Mod $540 $966 $521 $1,227 $2,437 
B – NF – 50  $538 $978 $495 $1,273 $2,458 
B – NF – 75  $569 $1,039 $523 $1,349 $2,629 
B – F – 50  $480 $518 $712 $552 $693 
B – F – 75  $325 $271 $555 $243 $141 
C - Wide (30Mt) $806 $1,056 $1,034 $1,211 $2,012 
C - Wide (40Mt) $427 $406 $672 $409 $383 
C – Wide – Int-$150 $150 $150 $150 $150 $150 
C – Wide – Int-$250 $250 $250 $250 $250 $250 
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Shadow pricing and climate change

Slides 2 – 6 summarise the proposal

Slides 8 – 26 provide extra detail if needed

19 October 2020
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• Your views on the economic case for shadow pricing?

• Your view on the best process from here to further consider and/or 
approve the approach in TSY, across agencies, and with Ministers? 

• Any other feedback?

Questions for discussion

2
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• New Zealand has committed to emission reduction targets, therefore 
• New policies or investments that increase emissions will move NZ further away from its target reductions. 

This implies a fiscal or economic ‘cost’ in that those emissions will have to be reduced elsewhere.

• New policies or investments that decrease emissions will move NZ closer to its target reductions. This 
implies a potential fiscal or economic ‘benefit’ in the avoided cost of reducing those emissions elsewhere. 

• Shadow pricing is the inclusion of these costs/benefits in CBA analysis to avoid mispricing 
public investments. It’s different from the ETS price.

• The UK, France, USA, World Bank, IEA all apply (different) shadow prices.

• Currently some NZ agencies use a shadow price, but it’s not consistent.

• Treasury committed to work with MFE on a consistent methodology in 2018 as part of govt
response to the Prod Comm inquiry. We’re also involved because we own CBA guidance 
that would make this happen.

Core principles

3
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• The cost of alternative ways to reduce emissions (the counterfactual in CBA) has a big 
range. For example, instead of an EV subsidy the Crown could:

• Reduce supply of ETS permits, or
• Introduce a different complementary policy e.g. a regulation on vehicle efficiency or directly fund a 

charging network, or
• Purchase international emission reduction units or allow emitters to trade in them.

• There are political economy and technological uncertainties over the cost of these 
counterfactuals and where those costs would fall – setting a shadow price range to reflect 
the cost/benefit to the Crown is a judgement call. 

• An interagency group proposes an interim shadow price derived from the 2017 ‘High Level 
Commission on Carbon Pricing’ (HLCCP) benchmark values of future internationally traded 
prices. We would be assuming that this reference range represents the ‘counterfactual’ for 
NZ i.e. the marginal costs of reducing the equivalent amount of emissions through 
alternative measures.

What’s being proposed

4

Generally lower 
marginal cost

Generally higher 
marginal cost

$20-$50

?? $4 - $45 - $875 ??

$50 domestic price in EU currently, HLCCP intl price of $75 - $155 in 2030
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Our judgement is that the HLCCP values are a credible interim shadow price because:  

a) The current ETS and emissions budget is aligned to our 2050 target, not our more ambitious 2030 
target, meaning significant additional non-ETS levers will be needed to reach the 2030 target, likely 
including government purchase of international units.  

b) The likelihood that some complementary policies will come at a high unit cost (e.g. subsidies, R & D).

c) This would be an interim shadow price, updated every year as information improves.

An interim shadow price range

5
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We would adopt a mid 
line in this range or the 
high end of the range 
as a central scenario, 
and require sensitivity 
testing around it.
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Impacts

• The new range would tilt CBA (NPVs) more in favour of climate friendly policies or investments.

• NPV is not the only determinant of investment decisions so ultimately the shadow price would 
influence rather than direct decisions.

• ‘Test driving’ on recent CBAs is still underway. But so far:
– Some CBAs have a much more positive NPV with the new shadow price (e.g.  waste levy 

increase).

– Some NPVs don’t change much with the new shadow price (e.g. clean car standard).

– We suspect infrastructure won’t be sensitive but are doing the calculations (CRL, NZTA, hospitals, schools).

Next Steps

• We informally committed to complete this before the end of 2020 and get it in 2021 CBAx and B21 
guidance.

• We’d need to quickly complete internal work and confirm TSY view with the interagency group, 
possibly report back to CEs mid-November.

• Unsure whether we should inform Ministers as part of regular advice e.g. in December, or seek 
Ministerial consideration.

Impact of shadow prices, next steps

6

s9(2)(f)(iv)
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Part Two: Detailed Background
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What is shadow pricing?

8

• A shadow emissions price places a value on future greenhouse gas emissions emitted or reduced. 
• The purpose is to incorporate emission reduction targets into decisions on new policies or investments in e.g. 

infrastructure, transport, industry.
• This is important because NZ has committed to emission reduction targets.

• Placing a value on future emissions or future avoided emissions is therefore important to start ‘pricing in our 
targets’ in CBAs.

• Deciding not to quantify the benefit of reducing emissions towards the targets (or the costs of increasing emissions) 
risks mispricing public investments and a sharper and potentially more disruptive transition later on. 

• It is called a ‘shadow’ price because it is based on estimates of total marginal costs of meeting a given emissions 
reduction target, not market prices in the ETS.

New policies or investments that increase emissions will move NZ further away 
from its target reductions. This implies a fiscal or economic ‘cost’ in that those 
emissions will have to be reduced elsewhere.

New policies or investments that decrease emissions will move NZ closer to its 
target reductions. This implies a potential fiscal or economic ‘benefit’ in the 
avoided cost of reducing those emissions elsewhere. 
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• Social cost of carbon
– Estimated cost of global damage from one additional tonne of CO2-e

– Highly dependent on assumptions, essentially a judgement.

– Used by UK (until 2009) and USA (until 2017). 

• Target consistent shadow price (recommended here)
– Estimated total marginal cost of meeting a particular emissions reduction target per tonne CO2-e. (refer also 

to slide 27 for a diagram illustrating total marginal cost)

– Can be linked to a global target e.g. no more than 2 degrees of warming, or to a domestic target e.g. NZ net 
zero long lived gases by 2050.

– Highly dependent on assumptions, essentially a judgement.

– Used by France, UK, World Bank, IMF, EBRD

Types of shadow prices

9
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NZ’s targets (1)

• The current Provisional Emissions Budget and ETS are aligned to the (shallower) 2050 trajectory, which is our 
domestic target under the Zero Carbon Act.

• Open question how NZ will ‘bridge the gap’ to meet the 2030 target, which is our international target under the 
Paris Agreement (the Nationally Determined Contribution). There is a general assumption that international 
units will be required to reach this target. At present this is most likely to be govt purchase.

• The 2030 target itself is being reviewed by the Climate Change Commission who may recommend it becomes 
more ambitious to align with global ambition to limit warming to 1.5 degrees.
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NZ’s targets (2)

11
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Abatement required to meet 2050 trajectory 

Abatement required to meet 2030 trajectory 

Sectors 
covered by the 
ETS

Sectors 
outside of the 
ETS

Additional 
abatement 
required to 
meet the 2030 
target

BAU emissions

New Zealand’s current Provisional Emissions Budget and ETS unit supply settings are 
aligned to this level of abatement – i.e. to reduce emissions from BAU forecasts to the 
2050 trajectory.

Note 1: the emissions budget and ETS unit supply settings will be adjusted again in 
2021. The Crown can adjust ETS supply annually from that point.

Note 2: Under this arrangement, the ETS does not achieve all the required 
abatement to reach the 2030 target (i.e. does not reflect total marginal cost of the 
2030 target). While firms can use the ETS price for planning, the Crown needs to 
consider the costs of reaching its overall targets.

Note 3. The Crown is also likely to introduce complementary policies  
 alongside the ETS to address 

a wider set of externalities over longer timeframes than individual 5 year emissions 
budgets  

s9(2)(f)(iv)
 

s9(2)(f)(iv)
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ETS and non-ETS sectors behave differently

12

Abatement required to meet 2050 trajectory 

Abatement required to meet 2030 trajectory 

Sectors 
covered by the 
ETS

Sectors 
outside of the 
ETS

Additional 
abatement 
required to 
meet the 2030 
target

BAU emissions

A new policy or investment that aims to decrease
emissions in ETS sectors will also reduce demand for 
permits (NZUs) within a given NZ ETS supply cap, 
reducing NZU prices and allowing for more emissions 
elsewhere. Therefore total emissions do not change but 
ETS prices are lower. This is called the waterbed effect. 
(this also applies to new policies or investments that result 
in increased emissions – the increases are offset by NZU 
price rises and total emissions don’t change)

A new policy or investment that decreases emissions in 
non-ETS sectors will decrease New Zealand’s total 
emissions, taking it closer to both of its targets (the reverse 
applies to new policies or investments that increase
emissions).

Em
is

si
on

s 
vo

lu
m

e 
 (n

ot
 to

 s
ca

le
) 

Item 3
Page 17 of 58



1. Will the waterbed effect always apply?
– The ETS currently has high liquidity (NZU stockpile).

– Therefore increases or decreases in supply as a result of new policies or investments may have no (or 
limited) impact on NZU price, and therefore no (or limited) additional abatement or emissions elsewhere. In 
other words, the waterbed effect wouldn’t apply and total emissions would change.

– NZ ETS price controls may also limit the ability of the ETS price to respond to supply changes.

– However, on balance we judge that while the waterbed effect could be muted over the short term, it 
WILL apply over time because the Crown plans to manage down the stockpile, and ETS price controls are 
designed not to be reached. This is a key assumption.

2. Will the Crown adjust the ETS cap to control for the waterbed effect?
– The Crown could agree to a new policy or investment that aims to reduce emissions in an ETS sector, 

inducing the waterbed effect, reducing ETS prices but not reducing total emissions.

– But the Crown could also reduce the supply of NZUs into the ETS by the same amount, increasing NZU 
prices back up, and meaning that total emissions reduce.

–
This 

is a key assumption. 

3. These assumptions will require regular review. The Crown has 
signalled a 30 year transition; this will involve trial and error.

Key assumptions part 1: the waterbed 
effect

s9(2)(f)(iv)
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Scenario 1: The Crown 
decides to proceed with 
a new policy or 
investment designed to 
reduce emissions in an 
ETS sector, and reduce 
ETS supply accordingly 
to ensure total emissions 
decrease.

A wide range of alternatives to any policy

1. Reduce ETS unit supply. This would involve an economic cost proportional to the 
increase in ETS unit prices. Fiscal impacts are uncertain, depending on the balance between 
reduced auction volume and higher unit prices. We assume this will not always be the 
Crown’s preference (see following slide).

2. Other new policy or investment. Seek equivalent reductions through 
complementary measures in ETS or non-ETS sectors such as regulations, subsidies, or 
information campaigns. These measures have a wide range of possible fiscal or economic 
costs. Regulations tend towards economic cost, while subsidies imply fiscal cost. In general, 
complementary measures tend to come at a higher cost than ETS units. However, some may 
come at very low cost per tonne abated (e.g information campaigns on energy efficiency) 
while others may involve high cost speculative investments (R & D).

3. Purchase or trade international units. The nature of future trade in international 
units is currently uncertain. NZ aims to negotiate market access over the coming years. 

Under current settings, ETS participants are not exposed to the costs of ‘bridging the gap’ to 
the 2030 trajectory, leaving the Crown to manage that additional abatement; the Crown could 
either purchase additional domestic abatement or purchase and retire international units to 
reach the 2030 target, at a fiscal cost. 

In general, we expect the Crown would use domestic abatement up to the price of 
international units, though in practice the Crown may purchase international units at a 
premium for other reasons such as speed-of-access or managing the pace of domestic 
transition.

The High Level Commission on Carbon Pricing (HLCCP) value range is the best available 
credible estimate of future traded values.

Allowing emitters to trade internationally would have complex effects. If international prices 
were higher than domestic prices, domestic emitters would be worse off while low-carbon 
domestic traders would be better off. The inverse would apply if international prices were 
lower than domestic prices.

These alternatives have a 
wide range of possible fiscal 
and economic costs.

In the face of uncertainty we 
need to make a judgement.

Our judgement is that the 
HLCCP values are a 
credible estimate of the 
benefit (avoided costs) 
because:  

a) The ETS and 
emissions budget is 
aligned to our 2050 
target, not our 2030 
target, meaning 
significant additional 
non-ETS levers will be 
needed to reach the 
2030 target, and 

b) The likelihood that 
some complementary 
measures will come at 
a high unit cost (e.g. 
subsidies, R & D).

Generally 
lower unit 
cost

Generally 
higher unit 
cost

How can the ‘benefit’ of the avoided emissions be quantified? 
The benefit will be equal to the avoided cost of alternative methods of reducing 
emissions to reach the target. The main alternatives are listed below:
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• As noted in the previous slide, simply reducing ETS unit supply is always an option for the Crown instead of 
introducing a new policy or investment. 

• However, reducing ETS unit supply (tightening the cap) also has drawbacks due to distributional and political 
economy considerations of a higher ETS unit price. 

• And there are likely to be other benefits from new policies or investments (addressing spillovers, network effects etc).

The government should set the 

ETS cap as close to target as possible 

within these constraints.

Why not just reduce ETS units supply 
every time?

15

$

Tighter cap

Marginal benefit (value of abatement,
e.g. the avoided cost of 
international units)

Marginal cost (distributional/political economy)

Cap

Marginal cost2

$

Tighter cap

Marginal benefit

Marginal cost1

Cap1 Cap2

Complementary policies (e.g. subsidies, regulations, 
information campaigns) can 

ease these constraints by easing 

NZU scarcity/price within the ETS 

Market, allowing reduction in ETS unit supply. 
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Scenario 2: The 
Crown decides to 
proceed with a 
new policy or 
investment that will 
increase
emissions in an 
ETS sector.

A wide range of alternatives to any policy
How can the ‘cost’ of the additional emissions be quantified? 
The cost will be equal to the cost of alternative methods of reducing emissions 
back down to a baseline level. The main options are listed below:

These alternatives have a 
wide range of possible fiscal 
and economic costs.

In the face of uncertainty we 
need to make a judgement.

Our judgement is that the 
HLCCP values are a 
credible estimate of the cost 
of future emissions 
because:  

a) The ETS and 
emissions budget is 
aligned to our 2050 
target, not our 2030 
target, meaning 
significant additional 
non-ETS levers will be 
needed to reach the 
2030 target, and 

b) The likelihood that 
some complementary 
measures will come at 
a high unit cost (e.g. 
subsidies, R & D).

1. Do nothing and allow ETS prices to rise. This would involve an economic cost 
proportional to the increase in ETS unit prices. There may be net fiscal benefit in higher auction 
revenues. We assume that this will not always be the Crown’s preference (see previous 
slide).

2. Introduce other policy or investment to reduce emissions. Seek equivalent 
reductions through complementary measures in ETS or non-ETS sectors such as regulations, 
subsidies, or information campaigns. These measures have a wide range of possible fiscal or 
economic costs. Regulations tend towards economic cost, while subsidies imply fiscal cost. In 
general, complementary measures tend to come at a higher cost than ETS units. However, 
some may come at very low cost per tonne abated (e.g information campaigns on energy 
efficiency) while others may involve high cost speculative investments (R & D).

3. Purchase or trade international units. The nature of future trade in international 
units is currently uncertain. NZ aims to  negotiate market access over the coming years. 

Under current settings, ETS participants are not exposed to the costs of ‘bridging the gap’ to the 
2030 trajectory, leaving the Crown to manage that additional abatement; the Crown could either 
purchase additional domestic abatement or purchase and retire international units to reach the 
target, at a fiscal cost. 

In general, we expect the Crown would use domestic abatement up to the price of international 
units, though in practice the Crown may purchase international units at a premium for other 
reasons such as speed-of-access or managing the pace of domestic transition.

The High Level Commission on Carbon Pricing (HLCCP) value range is the best available 
credible estimate of future traded values.

Permitting emitters to trade internationally would have complex effects. If international prices 
were higher than domestic prices, domestic emitters would be worse off while low-carbon 
domestic traders would be better off. The inverse would apply if international prices were lower 
than domestic prices.

Generally 
lower unit 
cost

Generally 
higher unit 
cost

Item 3
Page 21 of 58



• As noted in the previous slides, for any given new policy or investment, the counterfactual scenario could involve 
changes to the ETS, alternative complementary measures such as regulations, subsidies, or information 
campaigns, or purchase/trading in international units.

• There is a wide range of possible costs of these alternative measures.

• The wide range of possible costs reflects a number of uncertainties:
– political economy uncertainties (government choices on levers and who bears costs),

– future technologies that may or may not reduce abatement costs, 

– the best mix of low cost abatement (e.g. energy efficiency) versus higher cost actions to reduce emissions long term (e.g. R & D)

– The nature of international trading arrangements and prices

• Given this uncertainty, there’s no ‘correct’ shadow price for NZ.

• Therefore instead of identifying an optimal value, the approach is to apply consistency across public sector CBAs.

• While some complementary measures will come at negative or low economic or fiscal cost, our judgement is that 
many will come at a higher unit cost than the NZ ETS (which is capped at $50). We also expect that the costs of 
bridging the gap to the 2030 target will involve unit prices higher than the ETS. More detail on possible future 
abatement costs is included in slides 29-30.

• Therefore adopting shadow price values in a range above the likely ETS range is considered a credible 
approach.

Key assumptions 2: future abatement 
costs

17

Item 3
Page 22 of 58



The HLCCP value range 

18

A range is used 
because of 
uncertainty over 
future traded 
carbon prices.
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IPCC 1.5 2030
low overshoot

~NZ$250 - $800
IPCC 1.5 2050
low overshoot
~$750 - $1500

NZIER (ZCA) 
2020-40 
average
$325-$569

NZIER (ZCA) 
2040-50 average
$163-$1979

NZIER 
(NZTA)

NZ$/tCO2e 
(2018)

Modelling for Zero 
Carbon Act done in 
2018. This estimate 
is high because it 
does not include 
international trading.

IPCC – based on 
estimated technology costs 
aggregated globally 

FRANCE. Set in 
2020. Target 
consistent with 
national net zero 
2050 target. High 
because of estimated 
technology costs in 
French industry, 
compensating for 
perceived lack of 
international 
progress. Assumes 
limited international 
technology 
cooperation. Silent on 
international trading.

UK. Set in 2012, 
based on estimated 
costs of keeping to 2 
degrees. Includes 
global trading.

World Bank, IMF. 
[Proposed for 
NZ]. High Level 
Commission on 
Carbon Pricing 
(HLCCP, Stiglitz and 
Stern, 2017) 
international carbon 
prices based keeping 
to 2 degrees, 
assumes countries 
use a mix of  
domestic measures 
and international 
trading.

NZ modelling from 2018. Held prices low to 2030 
then modelled various technology scenarios out to 
2050 linked to HLCCP assumed range (Fig 3-21). 
Silent on international trading.

IEA. Based on estimated 
costs of keeping to 1.8 
degrees.

Comparing NZ and international approaches
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• Lack of domestic estimates.

• Internationally credible, used by others.

• Offers a range of values, enabling sensitivity test 

• Represents an increase but not radical compared to status quo. 

• Represents best available estimate of future internationally purchased/traded units, assuming countries use a mix 
of carbon pricing and other policies. This is particularly relevant to our 2030 target which will likely require purchase 
or trading in international units. 

• But, as always, this is essentially a judgement call.

Key Assumptions

• Assumption: HLCCP values would be a proxy for fiscal or economic costs of reducing emissions through either a) 
ETS supply changes, b) additional complementary policies or c) international trading or purchase.

• We acknowledge that the stated objective of the Zero Carbon Act is to limit warming to 1.5 degrees but the HLCCP 
prices are aligned to 2 degrees.

Other ways to manage uncertainty

• In line with CBAx guidance, a range of values is used (high, mid, low) to better account for the uncertainties. 

• Shadow values will be reassessed annually, as they are in the UK, to reflect latest knowledge. 

• Less about the ‘correct’ value, more about consistency, comparability, and reducing duplication of effort 
among agencies.

Why use HLCCP values?

20
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Some NZ agencies are already using 
shadow prices

21
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Impact on NZ investments?

22

• Will influence CBA metrics, especially benefit-cost ratios (or net present value) results.

• Highly dependent on emissions intensity of proposed policy or investment, and spread of those emissions over 
time.

• Many new policies or investments will be emissions neutral.

• Highly dependent on other costs and benefits in any CBA.

• Important to remember that metrics are only one part of policy or investment decisions:  

Investment decision

Strategic alignment

Implementation risk

Benefit-cost ratio

Fiscal constraintsUn-monetised impacts

Item 3
Page 27 of 58



Sensitivity to shadow price will vary

23
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MFE waste example. Impact on 
emissions intensive proposal.
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• As for other CBAx values, agencies are asked to apply the recommended values but can also apply their own 
values as well, as long as they justify their approach.

• Agencies would be asked to apply shadow prices over the timeframe that benefits or costs are expected to accrue 
i.e. there is no fixed time period required in CBAx guidance.

• There is no exclusion for particular sectors. Agencies can use the recommended values or present an argument 
why they wish to also use other values. 

• The ‘preferred’ value range will be either the mid or high price track (tbc). Agencies will be asked to apply the 
preferred track and then sensitivity test at lower (and if possible higher) values.

• CBAx guidance has been drafted here: cbax supplement on climate change sept 2020 (Treasury:4337843v2) Add 
to worklist

Other implementation details

26
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Appendix 1: Stylised marginal abatement cost curve for a 
transition to a low carbon economy

27

Emissions Volume (mt CO2-e)

Abatement 
cost ($)

10050 150 200

Shadow pricing ideally represents the full marginal cost of a given emissions reduction target and transition to a low carbon economy

Marginal abatement 
cost of 150 million 
tonnes of abatement

Marginal abatement 
cost of 200 million 
tonnes of abatement

Each block represents a given technical abatement opportunity (e.g. 
energy efficiency in houses). It’s height equals cost, its width equals 
volume of abatement. 

Project x
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Appendix 1 cont…. counterfactual of no project x ; total cost 
of transition goes up

28

Emissions Volume (mt CO2-e)

Abatement 
cost ($)

10050 150 200

Shadow pricing ideally represents the full marginal cost of a given emissions reduction target and transition to a low carbon economy

Marginal abatement 
cost of 150 million 
tonnes of abatement

Marginal abatement 
cost of 200 million 
tonnes of abatement

Each block represents a given technical abatement opportunity (e.g. 
energy efficiency in houses). It’s height equals cost, its width equals 
volume of abatement. 
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Appendix 2: Uncertain future abatement 
costs

29

Uncertain magnitude

• The NZ ETS unit price is currently capped at $50 with regular review.
 

• One model for the Zero Carbon Act suggested economic costs of $20 - $240 per tonne over 2020 – 2050, while 
another model generated $325 - $1979 over the same period. 

• MFE analysis of NZ abatement costs in 2030 ranged from approx -$200 to $250 per tonne. Assumptions included 
price parity of EVs & no limits to land conversion (MFE MACC work, 2019).

• A scan of recent NZ policy proposals shows direct fiscal costs $4 - $86 and economic costs of up to $300. 
International literature suggests costs may be higher (see following slide).

• New Zealand doesn’t currently have access to international trading

• The HLCCP estimate for internationally traded prices is Stiglitz and Stern (2017), at NZD$75 - $155 in 2030.

• In 2021 the Climate Change Commission will present more up-to-date modelling of NZ’s total marginal abatement 
cost for the 2050 target (not the 2030 target).
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Appendix 2 (contd) International 
examples of abatement costs

30
Source: Gillingham and Stock, 2018
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Uncertain distribution
• Costs of additional measures can be fiscal (e.g. subsidies) or economic (e.g. 

regulation). 
– For example, a grant to fund a factory to install insulation can come at fiscal cost, but unlock economic 

efficiencies.

– An increased waste levy might come at very little fiscal cost but substantial economic cost.

– Crown purchase and retirement of international units would come at fiscal cost.  

• Time dimension. Investments can take a long time to reduce (or increase) 
emissions. 
– For example investing in R &D can come at a very high fiscal cost per tonne if not successful in unlocking 

later abatement, or very low fiscal cost if it is successful; either way the outcome will be subject to 
considerable time lag. 

Appendix 2 (contd) More re: distribution 
of abatement costs

31
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Policy or investment Original emissions value 
($/tonne)

Original CBA metric Impact of proposed range Notes Source data agency

Higher relative impact

State Sector Decarbonisation $25 constant value NPV -$11 million NPV increases to $25.1m using high end of proposed 
values

Shadow price pushes NPV from negative to positive in this 
example. 558kt lifetime reductions.

EECA

$50 constant value NPV -$4 million As above As above. EECA

Waste Levy Extension 
$25 in the present to $42 in 2030

NPV $3 million NPV increases to $81m using high end of proposed values
MFE

Clean Cars Discount (2019 CBA) $20 in 2020 to $25 in 2028 then 
constant at $25

NPV $439 million Not quantified, see next column. The CBA tested an increase in original carbon values by 20%, 
which increasde NPV to $459m, and BCR increased from 2.0 to 
2.1. MOT concluded that other factors have a higher influence 
including price elasticity of demand for light vehicles.

MOT

Clean Cars Discount (2019 CBA) $20 in 2020 to $25 in 2028 then 
constant at $25

NPV $632 million NPV increases to $749m using high end of proposed 
values

Limited impact because emissions reductions are a small part of 
benefits (most are fuel savings), and they decline over time.

MOT

Flatbush Main Street Collector Link 
Project

$65.58 constant value BCR 1.84 BCR doesn't change significantly: moves to 1.99 using a 
constant price of $240 into the future (higher than high 
end of proposed range)

Shadow price has small impact because the emissions reductions 
are small compared to the direct benefits of the transport 
initiative. A scan of four other NZTA CBAs shows less than 1% of 
benefits are from emissions, indicating that the shadow price will 
have a limited effect.

NZTA

Central Rail Loop $40 constant value Emissions reductions account for 0.016% of the 
benefit stream at $40/tonne

Not quantified, see next column. Likely to be very small given that emissions reductions are a 
small component of total benefits.

MOT

Warmer Homes Extension $0, emissions impact not valued NPV $238.3 million NPV barely changes: $238.46 m
Very low emissions impact from this initiative ~2.4kt lifetime EECA

Lower relative impact InfraComm? entirely state funded
Infrastructure Commission
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Memo 
To: Climate Change and Sustainability Chief Executives Board 

From: Ministry for the Environment Date: 30 September 2020 

Re: Update on Climate Change Action Plan: Integrating an interim shadow emissions 
price into government investment and regulatory decisions 

 
Key Points 
1. A cross-agency working group (Ministry for the Environment, The Treasury, Ministry of 

Transport, Waka Kotahi NZTA, with Climate Change Commission observing) has 
developed a potential interim approach to shadow emissions pricing, based on 
international experience. This work has been presented to the broader cross-agency 
climate change policy, modelling, and sustainable finance groups. This note provides an 
overview of the findings and seeks direction on next steps. 

2. A shadow emissions price places a value on future greenhouse gas emissions emitted or 
reduced, usually with reference to international and/or national emissions goals. 
Typically, a shadow price is applied to each future year over a given period, creating a 
‘shadow price path’. The path itself is typically updated regularly as new information 
comes to hand on the costs and benefits of emissions reductions. 

3. Inclusion of a shadow emission price path in financial analysis of investment and policy 
decisions is common internationally, used for example by the World Bank, France and 
the United Kingdom as a tool to ensure decisions are more likely to be future-proofed. 
The shadow emissions price path is not a forecast of ETS allowance prices: the ETS is 
one of many tools to reduce emissions and its prices reflect ETS design choices rather 
than total marginal abatement costs. 

4. Under the Climate Change Action Plan, an action item is to develop a methodology to 
incorporate the current and future cost of emissions into investment and intervention 
decisions consistently across government, including through shadow emissions pricing 
(recommendations 7.5 and 16.6). The Climate Change Commission has also written to 
Ministers recommending that target-consistent shadow emissions prices be incorporated 
into investment analysis of COVID-19 recovery investments.  

5. New Zealand Government agencies currently use a range of different shadow emissions 
prices – there is no consistent approach. A centrally agreed shadow price path is 
recommended to increase consistency and comparability in Government investment 
decision making, including in cost-benefit analyses. As an interim approach, the New 
Zealand government could adopt the mid-high values from the range produced by 
the High-Level Commission on Carbon Prices, while noting that is likely to under-
estimate values consistent with a 1.5C pathway. 

6. The Climate Change Commission is developing new economic modelling tools that will 
provide updated assessments of the costs of meeting New Zealand’s domestic 2050 
climate target. The interim shadow emissions price path should be reviewed once the 
Commission’s advice is available and the government’s responses are in place. 
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International and NZ examples: types of shadow emissions price paths  
The working group considered a typology of different types of emissions prices that are used 
as references in different contexts. International and New Zealand examples of these are 
shown in Figure 1 below, with more detail on these examples in Annex 1 and 2. 

1. A social cost of carbon, represents the full global damages from one extra tonne of CO2-
eq, a theoretically optimal but practically difficult approach. Example: the United States 
social cost of carbon 2010-2016 (dashed line). 

2. Target-consistent price paths estimate the price path required to achieve a particular 
emissions goal. Three variants are: 
2.1. The full global marginal cost of actions required to meet the target. Examples: UK 

(solid black lines); France (orange dash-dot); IPCC 1.5C scenarios (red arrows)    
2.2. Estimated global carbon market prices to reach the target, assuming other 

supporting government policies are also in place. Examples: High-Level 
Commission on Carbon Prices (blue area) as used by World Bank, IMF and EBRD. 
A recent NZIER report for Waka Kotahi recommended the midpoint of this range in 
2020 (blue star); IEA Sustainable Development Scenario (dotted line) 

2.3. New Zealand domestic estimated prices to achieve the 2050 target. Examples: 
Concept-Vivid-Motu analysis for the Productivity Commission’s “Net-zero in New 
Zealand” report (yellow shaded area)1; NZIER computable general equilibrium 
(CGE) analysis for the Zero Carbon Act (green shading).2  

3. ETS allowance prices. Companies with compliance obligations may use an ETS-based 
shadow price to align commercial decisions with anticipated ETS market prices.   

 
Figure 1: International and NZ reference emissions paths/ranges (2018 NZ dollars/tCO2) 

 

 
1 Note that these scenarios were constrained to start from $25/t in the short term. 
2 The range shown corresponds to the B-F-50, B-NF-50, B-F-75 and B-NF-75 scenarios, which are for 
a 25-50% reduction in biogenic methane by 2050, and net-zero emissions in other gases. 
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The rationale for an interim approach   

The Climate Change Commission will be providing advice in 2021 on emissions budgets, 
New Zealand’s 2030 NDC, policy direction, and ETS settings. It is proposed that the 
government adopt an interim shadow emissions price pathway to support decision-making in 
the meantime. 

For an interim shadow emissions price pathway, the pragmatic purpose should be to ensure 
that upcoming investment and policy choices are more likely to be future-proofed, rather 
than to seek a theoretically optimal outcome (for which we lack sufficient analysis at this 
time). 

International practice (OECD, World Bank, IPCC, UK, France) suggests using either a social 
cost of carbon (difficult to calculate) or a target-consistent international benchmark. Use of 
an appropriate international benchmark would ensure that actions to reduce emissions 
domestically are more appropriately valued and more consistent with a net-zero future. For 
New Zealand, this particularly important in light of the potential future cost to the Crown of 
purchasing international emissions units to meet the difference between our domestic 
emissions budgets and more ambitious international target. 

Box 1: What is the relationship between a shadow emissions price and ETS 
allowance prices? 

The shadow emissions price path is conceptually different from the market price in an 
emissions trading scheme (ETS). A shadow emissions price path is a tool to ensure the 
value of future emission reductions or increases is factored into financial analysis of 
investment and policy decisions. The shadow emissions price path is not a forecast of 
ETS prices or economic costs that would actually be incurred. 

The ETS price reflects the value of traded emissions rights to those in the market given 
the constraints on supply of these rights to emit imposed by current policy.  An ETS is 
typically only one of many policies that governments implement to meet their climate 
targets. ETS market prices will be affected by many factors, including: 

• The level of the ETS cap and how this is aligned with domestic and 
international climate targets 

• Incomplete sectoral coverage of the ETS 
• Scheme design details, for example auction price floors and cost containment 

reserves 
• The quantity of banked allowances from previous years  
• The government’s decisions on complementary policies, which can lead to 

lower ETS market prices where reductions are driven by these other policies 
• Participants’ expectations around future government decisions on ETS 

settings 
 

In the NZ ETS, many of these settings are new or are under review and may change in 
after the Climate Change Commission provides advice in 2021. As part of the 
government’s response to the Climate Change Commission, consideration could be 
given to what role ETS market price (and projections of forward prices) could play in 
investment and policy assessment once New Zealand emissions budgets and ETS 
settings are finalised and bedded in. 
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The potential applicability of domestic values could be revisited once new modelling from the 
Climate Change Commission is available, and government decisions are taken on revision 
of New Zealand’s 2030 NDC, domestic emissions budgets to 2030, and ETS settings.  

Suggested price path 

The values produced by the High-Level Commission on Carbon Prices (HLCCP) are a 
widely-understood benchmark for below-2C consistency. This range (extrapolated to 2050) 
is used by the World Bank, IMF, and EBRD, and the mid-point was the reference for 
NZIER’s recommended shadow price of NZ$90/tCO2-eq in recent advice to Waka Kotahi. 

As an interim approach, the New Zealand government could adopt the mid-high 
values from this range while noting that is likely to under-estimate values consistent with a 
1.5C pathway, given that: 

- The IPCC special report suggests that prices fully consistent with 1.5C are likely to 
be significantly higher.  

- The high end of this range is similar with prices in the IEA SDS scenario, a 1.8C 
scenario.  

- These values are calculated for below-2C consistency, not 1.5C. 
 

High-level Commission on Carbon Prices ranges for <2C (rounded, 2018 dollars) 

  2020 2030 2040 2050 
High 120 NZ$/tCO2-eq 155 NZ$/tCO2-eq 190 NZ$/tCO2-eq 240 NZ$/tCO2-eq 
Mid   90 NZ$/tCO2-eq 115 NZ$/tCO2-eq 145 NZ$/tCO2-eq 180 NZ$/tCO2-eq 
Low   60 NZ$/tCO2-eq   75 NZ$/tCO2-eq 100 NZ$/tCO2-eq 120 NZ$/tCO2-eq 

 

Application of the shadow emissions price path 

The shadow price path could be incorporated into cost-benefit analyses of upcoming 
government investments and policy decisions including Treasury’s CBAx tool, business case 
analyses for Budget 2021, COVID recovery investments, and other agency-led investment 
analyses. It may also be relevant to the forthcoming Cabinet report-back on associating a 
dollar value with CIPA assessments.3 

It should be emphasised that the outcome of a cost-benefit analysis is only one piece of 
information involved in decision-making. While it assists decision-makers with prioritisation, it 
does not on its own dictate investment outcomes or policy decisions. 

The High-Level Commission on Carbon Prices analysis covers the energy (fossil fuel 
combustion), industrial and transport sectors: areas where New Zealand is likely to be a 
technology follower. The analysis does not however consider agricultural emissions, land-
use change or forestry, so it does not provide a basis for valuing emissions or sequestration 
in these areas. We suggest that as an interim approach, New Zealand’s shadow emissions 
price apply to decisions that impact energy, industrial and transport emissions. 

 
3 ENV noted that work is underway to develop an approach to associate a dollar value with emissions and 
emission reductions over time, which could be incorporated into CIPA disclosures to provide additional 
information to decision makers, and that the Minister for Climate Change will report back to Cabinet on this 
work in due course (ENV-20-MIN-0022) 
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As the shadow emissions price path is an input to financial analysis and not an explicit price 
faced in the ETS or by economic agents, there is no “shock” associated with its introduction 
that would require a slower phase in (for example, by scaling up from current ETS prices).  
 

  

Examples     
 

Several recent examples of cost-benefit analyses can be used to illustrate the effect that 
inclusion of a shadow emissions price path can have on cost-benefit analyses.  

1. The recent Waste Levy Extension is a Cabinet approved policy that will raise the cost 
of waste sent to landfills. The impact analysis for the policy assessed a range of 
options. For the chosen option, the NPV was estimated as a positive impact to the 
total economy of $3M, using a carbon price based on ETS price projections of $25 
rising to $42 in 2030.  Recalculating the NPV using the HLCCP range improves the 
NPV from $3M to $55M (mid-range) or $81M (high-end).  
 

2. 

Box 2: Under an ETS cap, do additional actions give additional emission 
reductions? 

One question that arises when considering use of a shadow price in financial analysis 
is whether, in the presence of an ETS cap, emission reductions achieved through 
investment or policy intervention simply displace other reductions that would otherwise 
have occurred in the ETS (known as the “waterbed effect”). While this is theoretically 
an issue in a system with a fixed cap, international experience points to different 
outcomes. In the EU ETS, additional reductions from renewable energy policies 
contributed to a surplus in the system, but this surplus was addressed later through 
cancellation of units, tightening of the ETS target, and establishment of a Market 
Stability Reserve to withdraw any future surplus on an ongoing basis.  

New Zealand’s ETS cap is flexible, being set annually on a rolling basis. This provides 
an opportunity for ETS caps and other policies and investments to be set coherently, 
and for ETS settings to be adjusted over time to take account of other interventions. 
The major review in 2021, following advice from the Climate Change Commission on 
budgets, policies, and ETS settings, will provide an opportunity to align ETS settings to 
any additional investments and policies that have occurred. In addition, the NZ ETS 
price floors and cost containment reserve provide guard-rails to the system that result 
in unit supply not being fixed.  

As part of the development of government’s Emission Reduction Plan (in response to 
the Climate Change Commission’s advice on emissions budgets, a framework to more 
clearly articulate the respective roles of the ETS, other policies, and direct government 
investments should be developed. 

s9(2)(f)(iv)
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3. The Ministry of Transport’s cost-benefit analysis of the proposed clean car standard 

undertook sensitivity testing for a range of carbon price paths. The results show that 
these do not have a decisive impact in the overall CBA results, with the NPV ranging 
from $1.6B for a price path based on ETS projections to $1.9B for an assumed 
maximum carbon price path starting at $100 in 2020 and rising to $250 in 2050. 

Review of the interim shadow emissions price path 
The Climate Change Commission is developing new economic modelling tools that will 
provide an updated assessment of the domestic costs of meeting New Zealand’s 2050 
target. In 2021 the Commission will advise on matters including 

• Whether to strengthen New Zealand’s Paris Agreement Nationally-Determined 
Contribution (NDC) 

• Recommended emissions budgets for the first three budget periods to 2035 
• Recommended policy direction to meet the budgets 
• Recommended ETS settings 

 
The Commission’s analysis will provide significant further information on which to assess the 
most appropriate shadow emissions price methodology and values. The interim shadow 
emissions price path could therefore be revised when government decisions are taken in 
response to the Climate Change Commission, and regularly thereafter. 

Building in regular review of a shadow price path is recommended to enable adjustment in 
light of new information on abatement costs, and to manage risk from setting shadow prices 
too low (fails to avoid later costs or benefits) or too high (brings too much cost forward in 
time). 

Review after the Climate Change Commission’s advice should include further work to 
understand international methodologies and their applicability in the New Zealand context, 
including the appropriateness of including national emission reduction costs and ETS prices.   

Climate Change Commission views on this proposal  
Informal feedback from members of the Climate Change Commission (noting that this is not 
a formally adopted position of the Commission) indicates that adoption of the HLCCP price 
range would not be unreasonable as a placeholder until further analysis is carried out and 
further decisions are taken in 2021. However they note that the HLCCP range has a number 
of serious limitations: it is not 1.5C consistent, these are explicit (market) carbon price levels 
not full marginal costs, the linear extrapolation to 2050 may not be well supported (noting 
that the IPCC ranges see prices rising faster after 2030), and New Zealand’s costs may 
deviate from global trends. They see a risk that choosing an inappropriately low value for a 
shadow carbon price could raise New Zealand’s emissions and compliance costs, and 
increase the risk of stranded assets.  

To mitigate this risk, they suggest clear communication of the interim nature of these shadow 
price values and how they would be applied, application only to government investment 
decisions in sectors where New Zealand would be an international price taker consistent 
with HLCCP assumptions (i.e. stationary energy, industry, and transport but not land-sector 
investments), and applying a range including a higher sensitivity path consistent with 1.5C.  
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Annex 1 Description      Sub-genres Potential application Practicalities & international use 

1. Social 
Cost of 
Carbon 

Calculated 
global damages 
from one extra 
tonne of CO2-
eq.     

 Cost-benefit analysis of NZ 
government policy and 
investment decisions for 
optimal response to climate 
change in global context. 

Calculating the SCC is subject to huge uncertainty, with estimates varying widely 
depending on modelling assumptions (including the quantification of climate 
damages and choice of discount rates).  

A global SCC was used in the United States between 2010 and 2016. No current 
values exist in New Zealand. 

2. Target-
consistent 
emissions 
price path 

Reflects the cost 
of meeting a 
particular 
emissions 
reduction target 
e.g. global 
below-2C or 
1.5C, or New 
Zealand’s 2050 
target.   

2.1 Calculated full 
marginal cost of meeting a
global emissions target. 

Cost-benefit analysis of NZ 
government policy and 
investment decisions for full 
alignment of NZ decisions with 
a global target. 

Can be thought of as the global carbon market price if the assumption is made that 
carbon pricing delivers all emission reductions (i.e. assumption that no other 
policies are implemented).  

The UK’s shadow price pathway is of this type, referenced to an international 
target of 475 ppm by 2050. France’s shadow price pathway is set for consistency 
with carbon neutrality in 2050. 

2.2 Calculated global 
explicit (carbon market) 
prices consistent with 
achieving a global target, 
assuming countries use a 
mix of emissions pricing 
and other policies. 

Cost-benefit analysis of 
government policy and 
investment decisions for 
achievement of New Zealand’s 
target (but not necessarily in 
optimal way). 

This price path will be lower than in 2.1, as countries are assumed to use 
additional policies to carbon pricing.  

The High-Level Commission on Carbon Prices developed price paths of this type 
for a <2C target, which are used by the World Bank, IMF and EBRD. The 
International Energy Agency’s SDS scenario (a 1.8C scenario) is also of this type. 

For New Zealand, international target-consistent prices are particularly relevant in 
the period to 2030, as meeting New Zealand’s Paris Agreement NDC will likely 
require purchase of offshore emission reductions.  

2.3 Calculated for a 
national emissions target 
e.g. estimate of domestic 
marginal costs of NZ’s 
2050 target 

Cost-benefit analysis of 
government policy and 
investment decisions if NZ had 
domestic-only targets and 
policies. 

Can be based on NZ conditions. The Climate Change Commission is developing 
modelling tools that will provide new estimates of marginal costs for NZ domestic 
transition.  These marginal costs will not necessarily equal ETS prices if other 
policies are used alongside the ETS.  

Earlier calculations were undertaken for the Productivity Commission and by 
NZIER for the Zero Carbon Act process. 

3. ETS 
(Emission 
Trading 
Scheme)  
prices 

Current ETS 
market prices, 
futures, long-
range forecasts. 

 Alignment of commercial 
decisions with anticipated ETS 
market prices by companies 
with compliance obligations. 

Easy to establish and easy to understand. Multiple scenarios would typically be 
required e.g. low, medium and high price forecasts. If the NZ ETS is fully aligned 
with domestic targets and/or fully linked internationally and not supplemented by 
other policies, ETS prices could eventually converge with those in 2.2 or 2.3. 
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Annex 2: Further information on approaches 
 

Social cost of carbon 

The OECD recommends using the “social cost of carbon” as a shadow price in 
environmental cost-benefit analysis: this is a measure of the monetary value of damages 
globally from one tonne of additional greenhouse gas emissions4.  

From 2010 to 2016, the United States government applied a global social cost of carbon to 
its cost-benefit analyses of environmental regulations. Their mid-range scenario gave a 
social cost of carbon of $42 USD (2007) in 2020, rising to $69 (USD 2007) in 20505. They 
also calculated a “high-impact” scenario which yielded a social cost of carbon triple these 
values, to represent the marginal damages associated with lower-probability higher-impact 
outcomes. 

The US EPA’s 2016 website noted that “the projected net present value of carbon dioxide 
mitigation benefits over the next forty years from three vehicle rulemakings was estimated to 
range from $78 billion to $1.2 trillion ($2010), depending on which of the four SC-CO2 
estimates were used”6 From 2017, the social cost of carbon methodology was revised to 
include only domestic US climate damages, resulting in a significantly lower calculated social 
cost of carbon. 

There are numerous challenges in calculating a social cost of carbon, including the difficulty 
in quantifying climate damages at different temperature levels (the understanding of which is 
rapidly evolving) and debate over the appropriate choice of discount rates. The High-Level 
Commission on Carbon Prices and the IPCC Special Report on 1.5C (see reference list for 
links) both noted that existing assessments of the social cost of carbon may be 
underestimates.  

Target-consistent shadow prices 

Because of the challenges in calculating a social cost of carbon, a number of countries and 
organisations take the approach of a “target consistent” shadow price. In this case, the 
shadow price path reflects the global marginal cost of emissions-reducing actions that are 
necessary over the coming decades to meet a target.  

The United Kingdom 
The UK shadow emissions price paths are published in the Green Book supplementary 
guidance7: valuation of energy use and greenhouse gas emissions for appraisal and are 
typically used for valuing emission impacts in policy appraisal and cost benefit analysis – 
particularly for the energy and transport sectors. The calculation reflects the costs required 
to limit global temperature increases to 2 degrees centigrade above pre-industrial levels.  

 
4 https://www.oecd.org/environment/cost-benefit-analysis-and-the-environment-9789264085169-
en.htm 
5 https://19january2017snapshot.epa.gov/sites/production/files/2016-
12/documents/sc_co2_tsd_august_2016.pdf 
6 https://19january2017snapshot.epa.gov/climatechange/social-cost-carbon_.html 
7 https://www.gov.uk/government/publications/valuation-of-energy-use-and-greenhouse-gas-emissions-for-
appraisal 
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From 2030 the UK uses a target-consistent approach – that is, they work back from a global 
emissions reduction target, and use this to estimate the likely flows of carbon and associated 
price (i.e. for the purposes of calculation, global carbon market prices are assumed to 
converge to global marginal prices by 2030).  Low, Central and High price paths are 
calculated, with the central path reaching £81 in 2030 and £231 in 2050. In the period before 
2030 sectors covered by the EU ETS are treated differently: up to 2020 the shadow 
emissions price for these sectors is determined by EU ETS market price forecasts, and then 
from 2020 prices converge to reach target-consistent levels in 2030. Sectors not covered by 
the ETS have a higher price based on target-consistent marginal costs from 2020 to 2030. 

At the time the UK methodology was developed in 20098, the EU ETS cap locked in 
collective emissions over a five-year period, so additional actions to reduce emissions in 
these sectors arguably would not lead to a reduction in emissions9. As such, a decision was 
taken to reference the shadow emissions price to EU ETS market prices in the short term. 
Note that New Zealand’s ETS is not structured in this way: with annual caps set on a rolling 
basis, plus the effect of price floors and the cost containment reserve, the UK logic to apply 
market prices does not apply in the same way. 

The UK shadow prices have not yet been updated to reflect the UK’s new net-zero 2050 
target. 

France 
France’s national low-carbon strategy (Stratégie Nationale Bas-Carbone)10 adopted in April 
2020 updated France’s policy settings for alignment with carbon neutrality in 2050. It adopts 
shadow price (la valeur tutélaire du carbone)11 recommendations of €250 (NZ$426) in 2030, 
rising to €500 (NZ$852) in 2040 and €775 (NZ$1320) in 2050. This analysis considers 
bottom-up technology costs, as well as consistency with the IPCC 1.5 report. It also notes 
that with significant international collaboration on technology development, costs after 2030 
could be slightly lower (the blue range in the figure below). This is the only national analysis 
considered in this paper that is designed to be consistent with limiting warming to 1.5C. 

 
8https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/24
5334/1_20090715105804_e____carbonvaluationinukpolicyappraisal.pdf 

9 In practice, collective EU ETS emissions were lower than the cap, and some of the resulting surplus in 
allowances was cancelled later through subsequent policy changes.  
10 https://www.ecologique-solidaire.gouv.fr/strategie-nationale-bas-carbone-snbc 

11 https://www.strategie.gouv.fr/sites/strategie.gouv.fr/files/atoms/files/fs-2019-rapport-la-valeur-de-laction-
pour-le-climat_0.pdf 
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Source: La valuer de l’action pour le climat, Rapport de la commission présidée par Alain Quinet, 
France Stratégie, February 2019. 

The World Bank  
In May 2017, the High-Level Commission on Carbon Prices12, led by Joseph Stiglitz and 
Nicholas Stern, concluded based on an extensive review that a range for explicit carbon 
prices of US$40-80 per ton of CO2e in 2020, rising to US$50-100 per ton of CO2e by 2030, 
is consistent with achieving the core objective of the Paris Agreement of keeping 
temperature rise below 2 degrees, provided a supportive policy environment is in place. 

The World Bank uses this range13, applying the low and high estimate of the carbon price for 
investment analysis in different circumstances (e.g. asking different questions around project 
viability for projects that reduce or increase emissions). Given that the High-Level 
Commission report does not prescribe carbon price values beyond 2030, the low and high 
values on carbon prices are extrapolated from 2030 to 2050 using the same growth rate of 
2.25% per year that is implicit between the 2020 and 2030, leading to values of US$78 and 
$156 by 2050.  

This range is also used by the IMF and EBRD. 

 International Energy Agency (IEA) Sustainable Development Scenario  
The International Energy Agency’s Sustainable Development Scenario provides a scenario 
for the global energy sector consistent with holding warming to 1.8 degrees. This scenario 
has explicit carbon prices in developed countries of US$100 (NZ$154) in 2030, rising to 
US$140 (NZ$215) at the end of the scenario period in 2040. 

 
12 https://www.carbonpricingleadership.org/report-of-the-highlevel-commission-on-carbon-
prices 
13 http://documents.worldbank.org/curated/en/621721519940107694/Guidance-note-on-shadow-
price-of-carbon-in-economic-analysis 
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IPCC special report on global warming of 1.5C 
In the IPCC’s special report on global warming of 1.5C14, scenarios corresponding to holding 
temperatures below 1.5C with low overshoot had marginal carbon prices of approximately 
US$180-US$500 in 2030 and US$480-US$1100 in 205015.   

New Zealand emissions price calculations for Productivity Commission and Zero Carbon Bill 
Two major economic analyses informed development of the Zero Carbon Bill: analysis for 
the Productivity Commission by a consortium of Vivid, Concept, and Motu (VCM), and a 
separate analysis by NZIER.  

VCM’s estimates were generated by linking a highly detailed energy and industry model with 
a detailed national scale, spatial, partial equilibrium model of rural land use. The bottom-up 
linked model focuses on the incentives and outcomes within specific sectors. The NZIER 
study uses computational general equilibrium (CGE) model that has less sectoral and 
technology detail, but is capable of directly calculating macroeconomic results such as GDP, 
GNDI, employment, exports, etc. and considers  

Given the difference in modelling approaches across the VCM and NZIER studies, and the 
range of scenarios considered, the Ministry for the Environment concluded in its summary of 
the economic modelling that it is plausible that the relative costs and benefits of transition 
may fall somewhere in between the VCM and NZIER results.   

 
14 https://www.ipcc.ch/site/assets/uploads/sites/2/2019/02/SR15_Chapter2_Low_Res.pdf 
15 These costs are for CO2 only, and taken from Figure 2.26 of Chapter 2. 
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Briefing: Climate Change and Sustainability Chief Executives Board 
Meeting 30 September 2020 

Purpose 
This is your regular meeting with CE colleagues. We would be interested to get a read-out of 
the discussion. 
 
Key points 

 

Out of scope

Next 3 pages deleted as out of scope
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• Treasury publically committed to work with MFE on a consistent methodology in 2018 
(in response to a recommendation from the Productivity Commission). We 
deprioritised this work in 2019 due to other commitments. Since mid-2020 we have 
been working with an MFE-convened interagency group to support this work. 
 

• It’s important to note that if shadow pricing was implemented: 
o As per current CBA practice, agencies would still be able to use their own 

values as well, where they make that justification; 
o The values would be reviewed and updated regularly as knowledge of the 

cost of abatement in NZ improves; 
o Benefit cost ratios are not the only driver of investment decisions; government 

would retain its ability to include other factors including strategic alignment, 
fiscal constraints, implementation risk etc. 

 
• In August, the group produced a note (in the meeting papers) outlining one option 

that NZ could apply a range of values representing the best estimate of future 
internationally traded emissions prices (Stiglitz and Stern, 2017). This is the 
approach used by the World Bank.  
 

• On the substance:  
o There has been no final decision on what values to apply  
o While we support shadow pricing in principle, we are also now undertaking 

some extra internal due diligence on the proposal, in particular to ensure we 
are very clear on the assumptions1.  

 
• On the process: 

o We consider important to complete our own internal due diligence on the 
proposal because Treasury has ownership of the annual CBA guidance 
updates in which any shadow pricing approach would be published. 

o We have consulted cross-Treasury at working level and the next step is to 
ensure Treasury management are sighted on this (we have approach Tim Ng 
for assistance in peer review), before going back to the interagency group 
ideally within the coming 2 weeks. 

o The steps for approval after that are not yet clear. We would like to ensure 
that a) Climate CEs are well aware of any final proposal and b) Ministers are 
informed / advised before any new shadow price is applied, given the 
possible high degree of interest in 2021. 

 
Drafted by: TRED, September 29 2020 

 
1 For example, an important question is how complementary measures (such as subsidies, standards) will interact with the 

ETS. If a new investment decreases emissions in an ETS sector, demand for ETS units will decrease, lowering prices and 

increasing emissions elsewhere, and total emissions do not change (waterbed effect). However, this effect can be 

counterbalanced by the Government reducing the ETS cap by the same volume, which decreases emissions overall and 

generates a ‘benefit’ in the form of getting closer to the target. In turn this raises the question of whether the Crown could 

simply reduce ETS supply instead of making the investment. Therefore, assumptions over Government choices and 

management of the ETS cap are key to shadow pricing, and also link strongly into wider questions of how to assemble a 

climate policy portfolio. 
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1 Introduction 
The social cost of carbon (SCC) is the estimated total cost to society that results from the emission of 
a unit of a greenhouse gas (GHG), measured as its CO2-equivalent. The SCC has been used in policy 
analysis of the benefits of policies that reduce GHGs, both in New Zealand and elsewhere.1  
 
Often the SCC has been calculated from an estimate of marginal social damage costs of emissions at 
a global level.2 This recognises that GHGs, and CO2 in particular, are very long lived and mix 
thoroughly in the atmosphere so emissions from any one country result in damaging effects across 
the whole planet. However, measuring costs that fall outside an individual country is different from 
how social costs are usually measured and this needs justification. 
 
This note reviews the theoretical basis for the SCC and suggests that, when using it for policy analysis 
in New Zealand, it is not useful or appropriate to base it on estimates of marginal global damage 
costs. Rather the SCC for New Zealand should be based on the marginal cost of emission reduction to 
achieve national emission limits established to meet international commitments. The argument is 
based on the following: 
 

1. It is the wrong number – Social costs are defined as the means to an end; they are not an 
end in themselves. The reason for estimating a social cost of emissions is so the socially 
optimal level of emissions can be identified, and by implication, the optimal level of output 
from activities that produce emissions. This optimal outcome can be achieved via emissions 
pricing or other regulatory intervention, such that the marginal control costs equal (or are 
no higher than) the marginal benefits of control. However, pricing GHG emissions3 at 
marginal global damage cost would not optimise emission levels because this is not how the 
socially desired level of emissions has been defined internationally and domestically.  
 

o Internationally the socially desired level of emissions is defined by the Article 2 
objective under the UNFCCC4 of avoiding dangerous interference with the climate 
system, and by targeted maximum levels of temperature increase under Article 2 
of the Paris Agreement. These objectives are applications of the precautionary 
principle, rather than equating marginal costs and benefits.  
 

 
1 For example, it is the basis for the costs of GHG emissions in the Economic Evaluation Manual (NZ Transport 
Agency 2018). 
2 See Nordhaus (2016), for example 
3 We use ‘pricing’ here as shorthand for regulatory intervention to ensure marginal benefits = marginal costs. 
4 United Nations Framework Convention on Climate Change 

Item 7
Page 50 of 58



  2 

Objectives for individual countries are also defined with reference to the principle 
under which developed nations, such as New Zealand, take greater initial action 
than others.  
 

o Domestically, the NZ Government has defined objectives and emission budgets 
consistent with these international commitments and principles. 
 

These defined emission limits represent New Zealand’s socially desired level of emissions. In 
contrast an outcome which equates marginal domestic costs of abatement to marginal 
global damage costs may bear no relationship to the international commitments. 
 

2. It is an inconsistent approach to analysis – If New Zealand did decide to use global damage 
cost as the basis for its emission targets, it would be including the wellbeing impacts on 
people outside New Zealand in its decisions. If this is valid for climate policy, arguably it 
should be used consistently across all policy issues, eg by pricing imported goods on the 
basis of external costs of production in other countries or measuring consumer surplus 
impacts for tourists rather than just the retained benefits of their expenditure. Defining the 
SCC based on marginal abatement costs is both consistent with achieving the socially 
desired level of emissions and with taking a consistently New Zealand-centric approach to 
cost benefit analysis (CBA) of policy decisions. 
 

3. It is highly uncertain – the models used to estimate global damage costs have been criticised 
for their reliance on uncertain assumptions, inputs and functions. 
 

The marginal global damage cost of GHG emissions may still be a useful number for the New Zealand 
Government to consider in setting national limits, but needs to be used alongside the agreed 
objectives consistent with the precautionary principle and the principle of greater developed nation 
effort. 
 
In the remainder of this paper, we outline these arguments in more detail. 
 
 

2 Rationale for Using Social Costs 

2.1 Why Measure and Apply Social Costs? 
Social costs and benefits are estimates of costs and benefits from the perspective of society. All 
effects of an action are measured as the impacts on the aggregate wellbeing of all individuals, not 
just the impacts on participants in a market. The reason for measuring social costs and benefits is so, 
by equating marginal costs and benefits, resources can be used to provide the greatest net benefit to 
the community as a whole.  
 
Although not necessarily clearly articulated as such, maximising societal wellbeing (or Kaldor-Hicks 
efficiency)5 is widely treated as the objective of New Zealand Government policy and provides the 

 
5 Vilfredo Pareto (1848-1923) had specified the initial definition of optimal or efficient resource allocation: that 
a policy change is desirable is everyone is made better off or at least some are made better off and no one is 
made worse off. Later the compensation principle was suggested by Hicks (1939) and Kaldor (1939). According 
to Kaldor, the policy or project is still desirable if the gainers would be able to compensate the losers such that 
everyone is still better off (or not worse off). The Hicks criterion is that the losers would not be able to bribe the 
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theoretical basis for CBA. Efficient (wellbeing-maximising) resource use can be achieved: (1) by 
resources and pollutants being priced at their marginal social costs within a competitive market, eg 
by a charge on emissions or other external costs equal to marginal damage costs;6 or (2) through 
these costs being used as “shadow prices” by regulators to estimate efficient allocation as an input 
to policy design or project appraisal.  
 
The full damage costs of GHG emissions include the effects on people in other countries as well as 
New Zealand. These costs have been estimated and used in CBAs in several countries, including 
Australia,7 the UK8 and the USA.9 Global damage costs of carbon are included in the NZ Transport 
Agency’s Economic Evaluation Manual (EEM).10  
 
However, although pricing conventional pollutants, such as small particulates and NOx, at their 
marginal damage cost would be expected to produce socially optimal outcomes for New Zealand 
(assuming otherwise competitive markets), pricing GHG emissions at marginal damage cost would 
not result in the desired level of emissions because equating marginal costs and benefits is not the 
agreed domestic or international objective. 

2.2 The Objectives of Climate Policy 
GHG molecules are long-lived and mix thoroughly in the atmosphere, so the impacts of GHG 
emissions from New Zealand are borne largely by other countries. Because this characteristic of 
GHGs applies to all countries,11 they have little or no incentive to act alone, so commitments to 
reduce emissions are being coordinated internationally.  
 
The internationally agreed objectives are based on the precautionary principle12 rather than 
equating marginal costs and benefits. This includes the UNFCCC Article 2 objective of “stabilization of 
greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous 
anthropogenic interference with the climate system” and the Article 3.3 principle that parties “should 
take precautionary measures to anticipate, prevent or minimize the causes of climate change and 
mitigate its adverse effects.” 
 
With other countries, New Zealand has agreed to limit its emissions within national emission 
budgets,13 responding to principles and objectives in the Paris Agreement which include: 
 

 The objective of “Holding the increase in the global average temperature to well below 2°C 
above pre-industrial levels and pursuing efforts to limit the temperature increase to 1.5°C 
above pre-industrial levels, recognizing that this would significantly reduce the risks and 
impacts of climate change” (Article 2.1(a)).  
 

 
gainers not to undertake the project or policy. The implications are that, a policy is desirable if society is better 
off in aggregate, regardless of whether gains are redistributed. See discussion in Johansson (1991). 
6 Baumol and Oates (1988) 
7 Austroads (2012) 
8 Watkiss (2005)  
9 Scovronick et al (2019). We note that estimates of the SCC used in US Federal CBAs now includes only damage 
costs rather than those in other countries also (Rennert and Kingdon, 2019)  
10 NZ Transport Agency (2018) 
11 Some large countries may face significant impacts from their own emissions. 
12 See, for example, Bourguignon (2016) for definitions 
13 Ministry for the Environment (2019a) 
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 The principle of “common but differentiated responsibilities and respective capabilities, in 
the light of different national circumstances” (Article 2.2), which is the same basic principle 
as included in the Kyoto Protocol to define different levels of commitment for developed 
(Annex I) and other parties.  

 
These objectives and principles are behind New Zealand’s decision to reduce emissions to net zero 
by 2050. Achieving this commitment will have costs, but the marginal costs for New Zealand will not 
necessarily bear any relationship to the global marginal damage costs (MDCs). 
 
In this context, using an SCC based on global damage costs for climate policy analysis has the 
potential to lead to inefficient resource use as illustrated in Figure 1. It shows a vertical line 
representing New Zealand’s emission limitation commitment, and the costs of emission reduction as 
an upward sloping marginal abatement cost (MAC) curve. The intersection of these two lines 
represents the maximum abatement cost per tonne that New Zealand has agreed to; it is the 
efficient cost (Ce) because New Zealand’s target (or commitment) is its socially desired level of 
emissions. It is not that there is some underlying better estimate of the socially desired level of 
emissions; the international process and domestic policy response has defined the objective. 

Figure 1 Inefficient Emission Reductions 

 
Pricing emissions at Ce in competitive markets would be expected to achieve the targeted level of 
emissions. In comparison, Figure 1 shows two possible levels for the MDC, which are either lower 
(Global MDC(a)) or higher (MDC(b)) than Ce. There are two possible outcomes from using an SCC for 
policy analysis or design (eg an emissions price) based on Global MDC. 
  

 Using Global MDC(a), policies that are lower cost than Ce may be rejected (shaded area (a)), 
meaning that higher cost options might need to be used to achieve the target or that the 
target is not achieved. 
 

 Using Global MDC(b), policies that are higher cost than Ce are approved in analysis (shaded 
area (b)) and some lower cost abatement options are not used. 

 
Ce is a more valid estimate of the SCC than is the global MDC. It is the emissions price that, in 
competitive markets, would result in socially desirable levels of emissions and resource use. 
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2.3 Taking an NZ Perspective 
Typically, a government, be it national or local, will make decisions on behalf of the people it 
represents. Central government seeks to improve the wellbeing of all New Zealanders, whereas local 
government is usually concerned with the effects on the people within a specific region or city. 
Effects on people beyond the boundaries of New Zealand or the local region are not measured when 
evaluating policies. For example:  
 

 if measuring the net benefits of policies or investments in tourism, a CBA counts the value 
of the tourists’ expenditure (amount spent less the resource costs of provision) but not the 
additional wellbeing benefits (consumer surpluses) enjoyed by those tourists;14 
 

 if evaluating policies to encourage electric vehicles (EVs) the costs of imported vehicles 
might be an input to a CBA, but any external costs of production are not counted. These are 
regarded as being of concern to the producing country. 

 
This demarcation is not always applied so strictly. For example, the repeal of legislation placing an 
obligation on oil companies to sell a percentage of fuel as biofuel was stated as being partly because 
of the environmental impacts of production in other countries.15 And New Zealand placed limits on 
the imports of emission units to the ETS when these were regarded as having low environmental 
credibility (emissions leakage in other countries). But importantly, the resulting policy changes were 
made at a strategic level and in the form of blanket restrictions on imports, rather than the effects in 
other countries being used to adjust estimates of external costs for use in CBA.  
 
If taking a New Zealand-centric approach, as is usual in CBA, the damage costs of CO2 emissions 
originating from New Zealand falling on New Zealand are very small; they are effectively zero. 
However, what is more significant is that any emissions from New Zealand impose a cost because 
there is a requirement either (1) to take additional action to come back into compliance with the 
national cap on emissions (presuming business as usual emissions are greater than the cap) or (2) a 
reduction is required in other activities that would otherwise have taken place. In other words, if the 
New Zealand commitment is the socially desired outcome, Ce (in Figure 1) is the SCC.  In a fully 
competitive market, including all sources and sinks, the price of NZUs would equal Ce. In the absence 
of an efficient ETS, Ce could be estimated using an abatement cost model. 
 
Using marginal abatement costs for the SCC is suggested by other researchers16 and is used in the UK 
for policy analysis. The UK Government originally used a global damage cost-based approach for the 
SCC in public policy purposes, but following the introduction of limits on emissions, the approach 
shifted to one based on estimates of the marginal abatement costs to meet specific emissions 
reduction targets. Now, “short-term traded carbon values” are used to for valuing the impact of 
government policies on emissions from sectors covered by the EU ETS.17 Short-term traded values 
are estimated from the average daily settlement prices of end year EU Allowance (EUA) futures 
contracts of 2018 and 2019 vintages, averaged over a period of three months. 
 

 
14 These might be taken onto account to the extent that they determine the demand for future tourism in New 
Zealand 
15 https://www.beehive.govt.nz/release/biofuel-law-change   This built partly on advice provided by the 
Parliamentary Commissioner for the Environment (2010) 
16 See, for example, Morgan et al 2017; Pezzey 2019 
17 UK Department of Business, Energy & Industrial Strategy (2018) 
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Using the same approach in New Zealand, the current NZU price would be used. However, although 
this is an available price, it might not be the right price. The cost to New Zealand of another kg of CO2 
is the marginal cost of coming back into compliance. This is the maximum unit cost of reducing 
emissions amongst the full set of actions taken to limit emissions, assuming that the Government 
pursues a least cost emission reduction strategy. The NZU price is limited in this regard because the 
ETS does not include all sources (notably agricultural emissions are currently excluded) and includes 
some price controls.  
 
A better approach would be to use a modelled estimate of the marginal cost of emission reduction 
to meet current and proposed future emission limits. MfE has developed some marginal abatement 
cost (MAC) curves for emission reductions and is funding the development of more sophisticated 
economy-wide models. The results of this process should yield values for estimating the marginal 
costs of New Zealand complying with its obligations.18 

2.4 Uncertainty 
Regardless of the theoretical arguments against use, there are practical arguments also. Pindyck 
(2013) suggests that Integrated Assessment Models (IAMs) used for assessing the expected damage 
costs of emissions (and the SCC) “have crucial flaws that make them close to useless as tools for 
policy analysis.” In a later paper he suggests that “calling these models ‘close to useless’ is 
generous”! (Pindyck 2015). For Pindyck, the fundamental flaws are: 
 

1. Arbitrary inputs - certain inputs are arbitrary but have huge effects on the results the 
models produce. An example is the discount rate. There is no consensus among economists 
as to the “correct” discount rate, but different rates will yield wildly different estimates of 
the SCC and the optimal amount of abatement that any IAM generates (see Box 1).19  
 

2. Uncertainty over climate sensitivity – very little is known about climate sensitivity, ie the 
temperature increase that would eventually result from a change in the atmospheric CO2 
concentration, but this is a key input to any IAM.  
 

3. Damage functions, ie the relationship between an increase in temperature and GDP. There 
is no theory and no data that we can draw from to estimate these effects. As a result, 
developers of IAMs simply make up arbitrary functional forms and corresponding 
parameter values. 
 

4. Impacts of catastrophic climate change – IAMs can tell us nothing about the likelihood or 
possible impact of a catastrophic climate outcome, eg a temperature increase above 5°C, 
but the possibility of a climate catastrophe that is (or should be) the main driving force 
behind a stringent abatement policy. 
 

Building on Pindyck and others, Pezzey (2019) argues convincingly that the SCC based on damage 
costs can never be defined accurately. He notes problems that include ethical disputes about 
intergenerational time discounting and equity weights for rich and poor regions and the difficulty of 
estimating damage costs for levels of temperature change which are beyond historical precedents. 
Given these difficulties, he suggests marginal abatement costs as the next best alternative. 

 
18 Other approaches to estimating carbon costs are discussed by Denne and Bond-Smith (2010). 
19 He notes these differences in inputs largely explain why the analyses of Nordhaus (2008) and Stern (2007) 
come to such strikingly different conclusions regarding optimal abatement. 
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Box 1 Impacts of Discount Rate on Damage Cost Estimates 

As an example of the effects of changing discount rate, Figure 2 shows the impacts using one IAM 
(the Dynamic Integrated model of Climate and the Economy or DICE model); it shows the impacts 
of changing the growth-corrected discount rate (defined as the discount rate on goods minus the 
growth rate of consumption). 

Figure 2 Social cost of carbon and growth-corrected discount rate in DICE model 

 
Source: Nordhaus (2016) 

 
 
While agreeing with the difficulties suggested by Pezzey, the argument here is that marginal 
abatement costs are the right approach, regardless of whether marginal global damage costs can be 
defined accurately.  
 
 

3 Conclusions 
Using global damage cost as the basis for defining the SCC for use in policy analysis or design, would 
not produce a socially desirable level of emissions. As optimal resource use is the reason for defining 
an SCC, almost by definition the global damage cost is not the SCC for New Zealand. 
 
The marginal cost of emission reductions to meet agreed national targets is a better basis for 
defining the SCC for New Zealand. It can be defined via market prices in an efficient and 
comprehensive ETS or, more likely, it can be estimated using an abatement cost model. 
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Adjustment of Waste Levy expansion using interim shadow price

Emissions price calculations 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
NZIER applied carbon price $26.21 $27.47 $28.80 $30.19 $31.65 $33.18 $34.78 $36.46 $38.22 $40.07 $42.00
Interim shadow price - low $60.00 $61.50 $63.00 $64.50 $66.00 $67.50 $69.00 $70.50 $72.00 $73.50 $75.00
Interim shadow price - mid $90.00 $92.50 $95.00 $97.50 $100.00 $102.50 $105.00 $107.50 $110.00 $112.50 $115.00
Interim shadow price - high $120.00 $123.50 $127.00 $130.50 $134.00 $137.50 $141.00 $144.50 $148.00 $151.50 $155.00
Rate up factor - low 1.29 1.24 1.19 1.14 1.09 1.03 0.98 0.93 0.88 0.83 0.79
Rate up factor - mid 2.43 2.37 2.30 2.23 2.16 2.09 2.02 1.95 1.88 1.81 1.74
Rate up factor - high 3.58 3.50 3.41 3.32 3.23 3.14 3.05 2.96 2.87 2.78 2.69

NPV adjustment calculations 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Option 7.2 - $0.469m $1.275m $3.008m $3.936m $4.175m $4.428m $4.697m $4.980m $5.280m $5.581m

Discount factor
1.00 1.06 1.12 1.19 1.26 1.34 1.42 1.50 1.59 1.69 1.79

Adjusted NPV series
Interim shadow price - low - $0.548m $1.347m $2.871m $3.384m $3.228m $3.072m $2.917m $2.762m $2.608m $2.449m
Interim shadow price - mid - $1.048m $2.608m $5.632m $6.734m $6.519m $6.303m $6.087m $5.869m $5.650m $5.417m
Interim shadow price - high - $1.547m $3.868m $8.393m $10.084m $9.810m $9.534m $9.257m $8.976m $8.692m $8.385m

Original
Interim shadow price - 
low

Interim 
shadow price - 
mid

Interim 
shadow price - 
high

Unadjusted NPV $2.814m $2.814m $2.814m $2.814m

Additional revenue gain from 
higher shadow price PV$

- $25.185m $51.865m $78.545m

Adjusted NPV $2.814m $27.999m $54.679m $81.360m
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