
 

   

 
 
 
 
 
10 February 2022 
 
 
Michael Reddell 
mhreddell@gmail.com  
 
 
Dear Michael 

Thank you for your request of 15 December 2021 made to the Reserve Bank of New Zealand – 
Te Pūtea Matua under the Official Information Act 1982 (OIA), as follows:  

In the Annual Review hearing at FEC this morning, the Governor was asked by MP Andrew 
Bayly whether the Reserve Bank had done its own modelling of climate change risks to the 
financial system. The Governor responded "yes". 

Please supply me with copies of the modelling the Governor was referring to and any write-
ups of it. 

Response 

The RBNZ works with more than 100 central banks and supervisors to understand climate-
related risks to the financial system through the Central Bank and Supervisors Network for 
Greening the Financial System (NGFS).  
 
The RBNZ’s view is that there are significant climate-related risks for the New Zealand economy 
and financial system. This means that we consider that sectors of New Zealand’s economy will 
be at risk of being affected by physical risks, such as drought, flooding and sea level rise, and 
transition risks, such as international and national changes in policy/regulation, trade, 
investment and consumer preference. We consider that it is inevitable that policies and 
conditions will change in response to this global challenge, and that New Zealand’s economy 
will be affected and changed by these global and national changes. New Zealand banks and 
their international counterparts have set up teams to monitor and understand these risks and 
to respond as necessary. 

While we are certain that there will be changes in the economy and financial system resulting 
from climate change and actions to mitigate climate change, the degree to which risks apply 
to financial stability will depend on a number of factors including how risks are understood 
and managed. New Zealand banks and their international counterparts have set up teams to 
monitor and understand these risks and to respond as necessary. For examples of New Zealand 
banks’ climate-risk disclosure statements and sustainability reports, please see the RBNZ’s 
responses to questions from the Finance and Expenditure Committee following the November 
2021 Monetary Policy Statement (link in table below).    
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As part of the RBNZ’s 2021 Bank Solvency Stress Test, we created a dairy farm model that was 
used to estimate loss rates for banks from a two-year drought. The results, including some with 
the drought effect split from the effects of the rest of the stress test scenario, are summarised 
in the attached RBNZ memorandum titled Prioritisation of climate-related risks for financial 
stability analysis and in an RBNZ Bulletin article titled Outcomes of the 2021 Bank Stress Test, 
which is available on the RBNZ website at https://www.rbnz.govt.nz/research-and-
publications/reserve-bank-bulletin/2021/rbb2021-84-03.  

The dairy farm model is also explained in detail in the attached presentation titled Vulnerability 
assessment of the dairy sector. Please note that these slides were presented before the model 
was used to run drought scenarios. 

Some information has been withheld from the Prioritisation of climate-related risks for financial 
stability analysis and Vulnerability assessment of the dairy sector documents being released to 
you under section 9(2)(ba)(i) of the OIA, to protect information which is subject to an obligation 
of confidence where the making available of the information would be likely to prejudice the 
supply of similar information, or information from the same source, and it is in the public 
interest that such information should continue to be supplied. In terms of section 9(1) of the 
OIA, I am satisfied that the decision to withhold the information is not outweighed by other 
considerations that render it desirable to make the information available in the public interest. 

The RBNZ has also published a Bulletin about the 2021 General Insurance Industry Stress Test. 
This is available on our website at: https://www.rbnz.govt.nz/research-and-
publications/reserve-bank-bulletin/2021/rbb2021-84-02. 

A key development in the past three years has also been our active collaboration with the 
macro financial work stream of the Central Banks and Supervisors Network for Greening the 
Financial System (NGFS). In the macro financial work stream, central bankers have worked 
closely with a consortium of modellers to develop scenarios with the aim of helping central 
banks and supervisors integrate climate-related risks into their work by providing a common 
starting point. The work resulted in two sets of scenarios released in 2020 and 2021, with a 
goal of updating and improving them annually.  

Engagement with the NGFS has been helpful in building the RBNZ’s capability to carry out 
climate scenario analysis, and we are currently analysing how best to use the NGFS scenario 
data in our stress testing programme. This work is highlighted in the attached memorandum 
Prioritisation of climate-related risks for financial stability analysis and the NGFS has further 
information on scenarios, including access to its modelling scenarios, available on its website 
at: 
https://www.ngfs.net/sites/default/files/medias/documents/820184 ngfs scenarios final versi
on v6.pdf.   

Work undertaken by the RBNZ in 2018, based on information available at that time, indicated 
climate change need not be a significant risk to financial stability, provided that all risks are 
proactively analysed, understood to the extent possible, communicated and appropriately 
factored into decision making. As such, our climate work includes a focus on the need to 
analyse, understand, disclose and manage climate-related risks. This information is available 
on the RBNZ website at: https://www.rbnz.govt.nz/-
/media/ReserveBank/Files/Financial%20stability/climate-change/Climate-Change-Overview-
of-potential-implications-for-financial-system-soundness.pdf.   
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6. One key development in the past three years is our active collaboration with the Network 
for Greening the Financial System (NGFS) macrofinancial workstream. This group of 
central bankers has worked closely with a consortium of modellers to develop scenarios 
with the aim of helping central banks and supervisors integrate climate-related risks into 
their work by providing a common starting point. The work has resulted in two sets of 
scenarios released in 2020 and 2021 with a goal of updating and improving them 
annually. Engagement with the NGFS has been quite helpful in building our capability to 
carry out climate scenario analysis, and we are currently analysing how best to use the 
NGFS scenario data in our stress testing programme. An overview of the scenarios and 
our tentative assessment of how best to use them are provided in Appendix 1. 

7. The two types of risk that climate change could present to New Zealand’s financial 
stability are physical and transition risk. Physical risk refers to costs or losses from adverse 
climate trends and extreme weather events like droughts, wildfires, flooding and storms. 
Transition risk is associated with moving towards a lower emissions economy, and could 
come in the form of new policies and regulations, or changes in available technology or 
consumer preferences. Transition risk represents uncertainty around the speed, timing 
and extent of changes needed to reach our emissions targets. Figure 1 is a framework 
used by the NGFS (2021) to show how physical and transition risks could translate to 
financial system risk. 

Figure 1: Transition and physical risk transmission to financial system risk 

 
Source: https://www.ngfs.net/sites/default/files/media/2021/08/27/ngfs climate scenarios phase2 june2021.pdf 

Material banking system exposures to industries vulnerable to climate risk 
8. Materiality of bank exposures to counterparties vulnerable to climate risk is a key 

ingredient for prioritising areas of risk relevant for financial stability. Exposures to 
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France, 2021; ECB, 2021). Furthermore, a disorderly or delayed transition towards 
emissions targets significantly increased the climate-related risk compared to an early or 
orderly transition in each of the central bank exercises where both scenarios were used. 

New Zealand specific research 
16. External research on New Zealand financial institutions’ vulnerability to climate risks or 

their counterparties’ vulnerability is generally at an early stage, but it is ramping up. The 
increased pace is partly due to financial institutions and some of their large 
counterparties working towards disclosure reporting, which will be mandatory in New 
Zealand from 2023 and based on the framework set out by the Taskforce for Climate-
Related Financial Disclosures (TCFD). 

17. Dairy and beef/sheep farmers’ financial vulnerability to drought risk: a small but growing 
literature finds that droughts historically have had a significant negative, direct effect on 
farmers’ profitability and balance sheets, but in the case of dairy this may be offset by a 
positive effect on world prices (Kamber et al., 2013; Pourzand et al., 2020). New Zealand 
weather conditions have less effect on world meat prices than they do on milk prices, 
making the beef/sheep meat sector potentially more vulnerable to physical climate risks.  
Moreover, the results suggest that if a severe, multi-year drought were to coincide with 
low prices (due to unrelated global market conditions), or other financial shocks such as 
emissions pricing or costly freshwater regulation compliance, then the financial impact of 
the drought could be much worse than the historical experience. It is also important to 
account for the highly uneven impact of a drought across farms, depending on 
geographic location in particular. Even if prices rise and this offsets the financial impact of 
the drought on aggregate, a subset of farms will likely bear the brunt of the costs. 

18. Incoporating droughts in stress testing: the Bank is beginning to ramp up its own work on 
joint drought and milk price risk, with the aim of building capability internally and also 
getting banks to think more about these kinds of risks and helping mitigate them 
through strategic decisions. The 2021 bank solvency stress test includes a drought 
scenario facing banks’ dairy borrowers, roughly comparable to the 2013 drought, 
together with depressed milk and rural land prices. Desktop modelling suggests that the 
drought component of the scenario alone would have a negligible impact on dairy 
insolvencies if the milk price were to stay at current high levels, but when combined with 
price shocks the drought has a significant additive effect (figure 3). For the combined 
stress test scenario, loss rates submitted by banks (subject to review) on dairy loans 
ranged from  (aggregate 4.6 percent), and the Reserve Bank 
desktop model gave a loss rate of 4.6 percent. 
 

19. Farm debt and climate-risk vulnerability: highly leveraged farms are generally the most 
vulnerable to climate-related risks. In the desktop diary stress test results shown in figure 
3, the additive effect of the drought puts an additional 20 percent of high-debt dairies 
(debt/kgMS>$35) into debt restructuring, compared with less than 4 percent of lower 
debt dairies. These results illustrate the importance of the distribution of debt and other 

s 9(2)(ba)(i)
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financial vulnerabilities. But this means that timely, granular farm-level and/or loan-level 
data will be required for the Bank to undertake more rigorous scenario analysis. 

Figure 3: Estimated share of dairy farms that would require debt restructuring under drought and/or 
milk and land price scenarios 

 
Note: Estimates are based on two seasons of financial projections from 2018-2019 dairy-level sample data, after 
which shocks are introduced into the financial model. The ‘drought only’ scenario keeps milk prices at $7.50 per 
kgMS. The ‘low milk price’ scenarios have the milk price going down to $5.50 and rural land prices falling by 27 
percent. Dairies classified as ‘requiring debt restructuring’ are those with both negative cashflow and required 
borrowing exceeding their assets weighted by assumed LVR thresholds for various types of assets. 

20. Flooding risk: this has been identified as a potentially important area of risk, partly due to 
the scale of banks’ exposures to housing. Westpac (2020) ran scenarios of flooding and 
erosion from sea-level rise and estimated that 2.3 percent of its residential mortgage 
portfolio, 2.1 percent of its commercial mortgage portfolio and 2.9 percent of its 
agricultural mortgage portfolio were at heightened risk. An internal Reserve Bank 
estimate using 2018 property valuations indicated that up to $22 billion of residential 
property was materially exposed to the risk from sea-level rise (Hoskin, 2018).1 Rigourous 
analysis of flooding risk will require location data on mortgage exposures, an area that 
the Bank is exploring as part of its programme to begin collecting loan-level data2. 

 
21. Insurance retreat from areas vulnerable to physical risks: recent research estimates that at 

least 10,000 properties in New Zealand’s four main cities will experience full insurance 
retreat by 2050 (Storey et al., 2020). Westpac (2020), in its flooding and erosion scenario 
analysis, identified insurance retreat and the ability of the regulatory system to adapt as 
key risk factors, and a previous Reserve Bank assessment also finds that insurance retreat 
is an important risk factor for banks (Hoskin, 2018). FSA plans to update these estimates 
at the national and regional level. 
 

22. Transition risk: the New Zealand government has set ambitious targets for emissions 
reductions: net zero emissions of all greenhouse gases except biogenic methane by 2050, 
and reducing emissions of biogenic methane to 24-47% below 2017 levels by 2050. Policy 
analysis suggests that for the government’s climate goals to be reached, the New Zealand 

____________ 

1 NIWA (2019) estimates the replacement values of buildings at risk from various levels of sea-level rise based on more recent climate modelling, but using 2016 valuations. 
2 There will be significant data privacy and governance issues to work through for both banks and the Reserve Bank before geographical information becomes potentially 
available through this project. 
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Approach and priorities for the coming year 
26. Based on evidence from international and New Zealand research and our current 

understanding, we plan to prioritise assessing these risk areas: drought risk for the 
agriculture sector, flooding risk for housing, transition risk from emissions pricing 
(particularly for agriculture), and interactions when more than one climate, or climate and 
non-climate, risk materialises at once (e.g. a severe drought and downturn in milk prices). 

27. There are several other areas of risks that are lower priority in the financial stability 
context but which nonetheless may warrant additional assessment, e.g. demand and 
pricing for air travel and international tourism, wildfires, ocean acidification (relevant for 
the seafood industry), flooding risk for commercial property and agricultural land, and 
physical risks for transport and energy infrastructure. 

28. In terms of work processes, FSA plans to continue to build our engagement with industry 
on climate risk assessment, mainly through the stress testing programme, alongside the 
Supervision department and in coordination with other government agencies especially 
in relation to regulatory guidance on climate-related financial disclosures. We also plan to 
continue to expand and work with our network in the research community in the small 
but rapidly growing area of financial and economic risk from climate change. 

29. Our intention is to build gradually over the next 18 months to a full scenario-based stress 
test, following a multi-step process:  

1. Including specific risk types in this year’s stress tests: exploring the physical risks of 
drought in the bank stress test and severe weather events in the General Insurance 
stress test. 

2. The 2022 bank stress test will contain a risk assessment of particular exposures that are 
important for financial stability in New Zealand. Mortgage, commercial property and 
dairy exposures are under consideration.  

3. This review of the existing work and gaps, learnings from other regulators’ climate-
related risk exercises, and analysis of the NGFS scenarios will help us design New 
Zealand-specific climate change scenarios. 

The main challenges that other regulators have identified in conducting climate change 
stress tests are data requirements, scenario design and industry engagement. These three 
steps should help us address these issues, and place the Bank and the industry in a better 
position to launch a full scenario-based industry climate change stress test, likely in 2023.  
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Appendix 1: NGFS scenarios and their relevance for New Zealand’s Financial 
Stability 

Introduction 
In June 2021, the Network for Greening the Financial System (NGFS) released its new climate 
scenarios and portal, aimed at helping central banks and supervisors to integrate climate-
related risks into their work by providing a common starting point from which climate risks can 
be analysed. The new scenarios replace those previously released by the NGFS in June 2020. 

The new suite of scenarios, henceforth referred to as ‘Phase II’, is made up of six divergent 
climate transition pathways, each associated with different physical and transition risks. Each 
scenario encompasses a different set of assumptions for how climate policy, emissions, and 
temperatures will evolve until the end of the century.  

The Phase II scenarios are categorised as ‘orderly’, ‘disorderly’ or ‘hot house world’. In orderly 
scenarios, climate policies are introduced early to enable a smooth transition, while in 
disorderly scenarios, policies are delayed or vary significantly across different regions and 
sectors, resulting in a high transition risk. Hot house world scenarios assume some jurisdictions 
introduce climate policies, but they are insufficient and severe physical risks become 
unavoidable and irreversible. These scenarios aim to help central banks assess the long-term 
risks to the economy and financial system if the current emissions trajectory continues. 

The Phase II scenarios contain a number of improvements, having been updated with the latest 
climate policies and countries’ commitments to reaching net zero emissions. They contain 
additional macroeconomic variables as well as metrics downscaled to the country level for 
approximately 132 countries, accessible via a revamped online portal. A second accompanying 
portal enables exploration and visualisation of the physical risks of climate change. 

Looking forward, the NGFS will continue to develop and enrich its scenarios to make them 
more comprehensive, including by adding further sectoral granularity and improving the 
integration of the suite of models, with the aim to be as relevant as possible for economic and 
financial analyses. In addition, the NGFS will present a number of case studies illustrating the 
use of scenarios by NGFS members and share key learnings related to the methodology of 
scenario based risk assessment. The NGFS will also keep collaborating with industry to ensure 
the scenarios are suitable for wider use, and aim to update the scenarios on an annual basis. 

NGFS scenarios Phase II overview 

Scenario descriptions 
Table A1 gives a high-level summary of the six new scenarios. The first of the orderly scenarios, 
Net Zero 2050, describes a world in which global warming is limited to 1.5°C above pre-
industrial levels, and net zero CO2 emissions are achieved by 2050 through strict policies and 
rapid technological innovation. In this scenario, ambitious climate policies are introduced 
immediately and policy adoption is smooth, while allowing for some regional policy variation. 
Although the physical risks from climate change are drastically reduced in this scenario, 
transition risks may be higher due to its fast-moving nature. 

New climate policies are also introduced immediately in the Below 2°C scenario, the second 
orderly scenario, however they only gradually become stricter, resulting in a two-thirds chance 
that global warming is limited to below 2°C above pre-industrial levels. In this scenario net zero 
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CO2 is not achieved until 2070, but both physical and transition risks would be low due to the 
more gradual nature of the changes made. 

Table A1: Summary of NGFS Phase II Scenarios 

Source: https://www.ngfs.net/sites/default/files/media/2021/08/27/ngfs climate scenarios phase2 june2021.pdf  

The first of the disorderly scenarios is Divergent Net Zero, where the world reaches its net zero 
target around 2050, but at a much greater cost due to inconsistency in policies implemented 
across sectors and a much faster fossil fuel phase-out. Despite a modelled temperature change 
in line with Net Zero 2050 and low physical risk as a result, the transition risk for this scenario 
is expected to be considerably higher. 

Delayed Transition also presents a disorderly scenario, this time because global emissions 
continue on their current track until 2030 at which point stringent policies are needed to limit 
global warming to below 2°C above pre-industrial levels. Both physical and transition risk are 
higher than in the orderly scenarios. 

Figure A1: New Zealand carbon price pathways for each scenario category 

 
Source: IIASA NGFS Climate Scenarios Database. 
 
Nationally Determined Contributions (NDCs) is a hot house world scenario where only those 
climate policies that countries have already pledged are implemented. Emissions decline 
eventually, and the transition risk is low, however the scenario leads to around 2.5°C of warming 
which is associated with moderate-to-severe physical risks. 
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Additionally, none of the agriculture data available at any level is broken down into dairy, 
horticulture or sheep and beef which are the most important agricultural groups in New 
Zealand. There is also no data on agricultural demand or production available at the New 
Zealand level; there is only an agricultural price variable. 

There are also a number of other variables available at the global level that have not been 
broken down to the country level, but may be helpful in more accurately estimating the 
potential physical and transition risks that climate change poses to financial stability in New 
Zealand.   

The NGFS identified several gaps in its scenario modelling that if addressed could facilitate 
more complete financial risk analysis going forward. Some of the more significant gaps in 
need of further work include:  

 gaps in existing research around the nature and size of impacts from physical risks, 
including exposure, vulnerability and adaptation 

 the explicit role of the financial sector in transition pathways 

 interactions between physical risks and transition pathways (NGFS, 2021). 

Use for the Reserve Bank’s work on financial stability 
Central banks and other financial regulators around the world have already begun using the 
NGFS scenarios for their own stress tests and climate scenario analyses. FSA has been actively 
collaborating with the NGFS Macrofinancial workstream, helping to guide the development of 
the scenarios and staying current on how the NGFS scenarios are likely to evolve next. FSA is 
in the process of investigating how the stress testing programme can get the most value from 
the Phase II scenarios in the next one to two years. The initial, tentative assessment based on 
the information summarised here is that the NGFS scenarios include a number of useful 
variables that can form a key part of climate scenarios used in the stress testing programme. It 
is likely that these will be used best in combination with other variables that are especially 
relevant for New Zealand, particularly for the agriculture sector. 

 

  









Purpose(s)
1. Improve our understanding of potential threats to financial stability from risks faced by

the dairy sector (including physical and transition risks from climate change).

• Report some results in the FSR, and maybe a public paper.

• Set up a model that can be adjusted flexibly and easily re-run on new survey data.

2. Inform scenario development for bank stress testing.

• Aggregate data do not tell us about concentration of debt and risk in the sector.
Micro analysis is needed for realistic modelling of dairy risks and bank exposures to
those risks.
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Purpose(s)
1. Improve our understanding of potential threats to financial stability from risks faced by

the dairy sector (including physical and transition risks from climate change).

2. Inform scenario development for bank stress testing.

Background
Builds on closely related previous RBNZ work:

1. Ashley Dunstan, Hayden Skilling, Matthew Newman & Zach Mounsey, 2015.

2. David Hargreaves & Gina Williamson, 2011.
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Data
• Sample of 290 dairy farms, 2018-19 season.

• Provided to us by MPI, along with some scenarios they were interested in.

• Farm info: region, farming system, no. of cows, land area, production.

• Balance sheet info: Livestock value, land & buildings, dairy investments, other fixed
assets, current assets, debt.

• Cash flow info: milk sales, livestock sales, other revenue, working expenses, rent,
interest, tax, capital expenditure, drawings, off-farm income.

• Items above give milk price, interest rate, total revenue, operating profit.
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Stress	testing	dairies:	what	we	did	initially	
with	MPI
Cleaned the sample: 

Dropped a dairy if:

• Off-farm assets make up 50% or more of its total assets.

• Off-farm income is less than negative $0.25 per kgMS.

• (dropped 14 out of 290 dairies)

Adjusted interest rate outliers:

• If initial interest rate is greater than 10% then adjust down to 10%.

• If initial interest rate is less than 2% then adjust up to 2%.

6



Stress	testing	dairies:	what	we	did	initially	
with	MPI
Sample is not representative of the population of dairies.

Applied population weighting by region and herd size.

• First expanded observations by region population weights x10. *

• Then expanded by herd size bucket weights x10.

• This helps get closer to the population regional distribution, and very close to the
population herd size distribution.

• Could switch the sequencing to get very close to the regional distribution instead. (?)

* Ended up with about 1.14 million observations, 100 times the NZ population of dairies.
Large expansion is useful because expansion is by integers which introduces a rounding
problem (which is worsened by sequential expansion if expanding just to population size).
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Stress	testing	dairies:	what	we	did	initially	
with	MPI
• Milk prices feed into cashflow, and negative cashflow adds to debt.

• If implied debt exceeds lenders’ willingness to lend (assets discounted by LVR
thresholds), the dairy is classified as non-performing or foreclosed.

• Assumed LVR thresholds:

Asset NPL LVR threshold Foreclosure LVR 
threshold

Farm & buildings 75% 90%

Plant & machinery 10% 25%

Livestock 50% 75%

Dairy company shares 75% 90%

Other & off-farm 50% 75%
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Stress	testing	dairies:	what	next?
• Interest rate shocks.

• The model is set up for this.

• Note: in the initial scenario exercise the median interest rate was shocked from
about 4.9% to 4.5% in the 2019-2020 season and then stayed at that level. Dairies’
deviations from the median interest rate were retained.

• Droughts.

• The model is somewhat set up for this. Droughts can vary by region and affect
dairies’ milk production and working expenses. But could be more sophisticated?

• Freshwater regulation?

• Emissions pricing?

• _______???

• And plan to see if certain farming systems are more vulnerable to the various shocks.
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