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Thank you for your email of 19 April 2021 requesting the following underthe Official Infermation Act
1982 (the Act):

In October 2020 the Ministry in conjunction with Statisties NZ published apaper titled "Our
Atmosphere and Climate 2020". This paper made asnumber of claims with regard to the
impact of climate change on fire danger and an.ncrease,in the risks of wildfire in NZ. The
data used to support your claims was based upen‘an analysis of Fire Danger Class levels at
twenty sites over a 17 year period.

Under the provisions of the Official Information Act Threquest from you the following
information:

o Copies of correspondencé_(letters, email, ete) received to date by the Ministry
supporting the findings of this report with'the respect to the increasing risks of wildfire
as a consequencg ofclimate change, and

¢ Copies of cerrespondence (leftersp“emails, etc) received to date by the Ministry
challenging or disputing thefindings of this report with respect to the increasing risk
of wildfire “as a consequence. of climate change and/or the methodology and data
used-to arrive at thisfindingpand if any, what action has the Ministry taken to address
any.eoncerms raised.

The Ministry-for the Environment has identified seven documents in scope of your request, as listed
in the attached table.

Some ' infofmation within these documents has been withheld under section 9(2)(a) of the Act, to
proteet the privacy.of hatural persons.

In‘terms of section 9(11) of the Act, | am satisfied that, in the circumstances, the withholding of this
{=information is noteutweighed by other considerations that render it desirable to make the information
available inrthe public interest.

As youmwill'note in the attachments, the Ministry for the Environment (the Ministry) received questions
fram ajournalist regarding the report. While these were not specifically in support or dispute of claims
made. inrthe report, we have provided them as they may be of interest to you. Note the original
questions were made via phone call, so we are only providing a copy of the Ministry’s response.



You will also note in the attachments that a meeting was held between Fire and Emerge
SCION and Stats NZ. The actions agreed upon in this meeting were that Stats NZ would

further information in scope.

You have the right to seek an investigation and review by the Office of the O
decision to withhold information relating to this request, in accordance with secti
The relevant details can be found on their website at: www.ombudsman.parli

responses to requests for official information on our OIA responses page sh féheres nse

has been sent. If you have any queries about this, please feel free t our Ministerial Services

team: ministerials@mfe.govt.nz. K
e % 2 Q E

Sean Poff

Director, Environmental Reportin é @



Document schedule

Document Document date | Content Decisions OIA sections
no. applied
1 2 November 2020 | [Email] Our Released in part S9(2)(a)
Atmosphere and
Climate 2020 -
detailed feedback %
2 6 November 202- | [Email] request to Released in part 89(2)(a)
meet - Our
Atmosphere and \
Climate 2020
3 22 November 2020 | [Email] RE Question | Released in part
from MfE on their
0OAC2020 Report
3.1 Attachment to email - | Release
Assessment of
multiple climate
change effects on
plantation forests in
New Zealand *
4 13 January 2021 [Email] Gore fi Released inpar S9(2)(a)
danger Media
5 11 November Re @Jt S9(2)(a)
2020- d research
6 19 February 20 inistry fc Released in part S9(2)(a)
e Envirorite @ ,
4 \ 2021
7 19 &21 88 | Released in part S9(2)(a)






From: s 9(2)(a)

To: John Robertson; Drew Bingham
Subject: Our Atmosphere and Climate 2020 - detailed feedback
Date: Thursday, 22 October 2020 9:25:37 pm
Attachments: image001.png

image002.png

Kia ora John and Drew,

Following my cheeky approach to Tash about the small correction and referencesto Fire and
Emergency, | learnt some of my colleagues in the wildfire area have got some‘cencerns around
the data (and assumptions) in the report.

| am not yet 100% across what those concerns are but | will be reaching oudin the next few
weeks we can all meet and discuss, and kickstart a more collegial woérking relationship be‘ween
our two organisations.

Best regards

s 9(2)(2)

From: Natasha Lewis <Natasha.Lewis@mfe,govt.nz>

Sent: Wednesday, 21 October 2020 6:45 PM

PR

Cc: Drew Bingham <Drew.Bingham@mfe.govt.nz>; John.Robertson
<John.Robertson@mfe.gost.nz>nKatherine Wilstwn <Katherine.Wilson@mfe.govt.nz>
Subject: RE: Kia ora! and ™ tiny bit of feedback

Hola| $9@)@)

Good to héar from you and thanks fer your feedbackion the report- will make sure to pass that
onto the téam as'they will love to Rear it. - s 9(2)(a)

l\ Av

Thanks for the correc ‘on reference for the report and will make sure that is logged as an error
so.the onliné reportis accurate.

I've copiediin John Robertson who is the Director responsible for Environmental Reporting at
presant — he will ensure the correction gets sorted but would I’'m sure be interested in any
feedback you may have on what data and evidence might be useful into the future — this new
indicator was a start but I'm sure there is more to be done and fire risk was certainly an area of
considerable media interest.

Drew Bingham was the science lead for the report so deserves a lot of the credit and can share it
with the team.

Katherine Wilson is the Director responsible for Adaptation so as you embark on a learning trip
with adaptation I’'m sure she can help connect you up with relevant members of the team.

Say hi to 9(52) — | hope you two enjoy working together. The little village of Wellington.



Hasta luego

Tash

Natasha Lewis (she/her*) —Deputy Secretary, Strategy and Stewardship
Ministry for the Environment — Manatu Mo Te Taiao

Mobile: 027 694 6278 Email: natasha.lewis@mfe.govt.nz Website: www.mfe.govt.nz
23 Kate Sheppard Place, Thorndon, Wellington 6143

*Curious about the use of pronouns on my signature block? Please read more heref o6
understand why it is important to me.

http://intranet/sites/all/files/Lockup-8pt.png

From: S _\¥V2a (N

Sent: Wednesday21 Octoberi2020.11:52 AM
To: Natashadewis'<Natasha.lewis@mfe.govt.nz>
Subject: Kia“yra! and a <iny bit of feedback

Hola Natasha,
Hope all is wellvat youriend. Last time we chatted it was post-lockdown and working remotely
was going great.

We've béen reading Our atmosphere and climate 2020 with our team and | wanted to pass a
little feedback to your team that the reference to the National Rural Fire Authority on page 44 is
outdated, as the NRFA is now Fire and Emergency New Zealand.

The'report is fantastic and very timely to my work and my colleagues in Risk Reduction, as we’ll
be embarking on a trip to Adaptation land and what it means for us.

| couldn’t find who in your team | could approach for this, so | though I'd take the opportunity to
say hi to you too.

Saludos,

s 9(2)(a)
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Notice: This email and any attachments may contain information that may be

legal privilege.

If you received it in error:
1. Please let us know immediately by return email and then delete the
2. You must not use, copy or disclose any of the information contained i

There is no warranty that this email is error or virus free.

Please Note: The information contained.i ed files may be confid*ential information,
and may also be the subject of legal / rily the official view of the Ministry for the

Environment. If you are not the i [ selosure or copying of this e-mail is unauthorised. If you
have received this e-mail in e g i 4
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This email nt and,protected by SmartGate™

ny attachments may contain information that may be subject to an obligation of confidence or the subject of

ived it inerror:

ase let us know immediately by return email and then delete the email and your reply.
ust not use, copy or disclose any of the information contained in this email.

is no warranty that this email is error or virus free.

is is a private communication, it does not represent the views of the organisation.



From: Drew Bingham

To:

Subject: RE: request to meet - Our Environment and Atmosphere 2020
Date: Friday, 6 November 2020 3:48:00 pm

Attachments: image002.png

+159(2)(@)
That sounds good, happy to keep it at a high level. Hope you have a good weekend as well.

Drew

From:
Sent: Friday, 6 November 2020 3:40 PM

To: Drew Bingham <Drew.Bingham@mfe.govt.nz>
Subject: RE: request to meet - Our Environment and Atm

Hi Drew, Q

O\O

Thank you for your message. Our main concern'is,t erstand the il of the datasets that

lead to the report’s fire risk statements f he region ink it will be beneficial

| am not a technical lead in this, but | u statements in the report do not

match our long-term trends (i.
At a later point, we may bene
the analysis/prediction s

This is high-level so nda rtable that it %i , as what’s more important
from our meetifigiis t portunity te.establish a m elationship for future work.

From: Drew Bingham <Drew.Bingham @mfe.govt.nz>
i ember 2020 3:25 PM

isk for a given region)
-funding research so we can improve

Have a

I think we have everything set up for the meeting, so looking forward to chatting next week.

Just wondering if you have specific points you’d like to discuss or if we need an agenda for the
meeting to help us prepare and have a more informed discussion.

Thanks,
Drew



From:
Sent: Friday, 30 October 2020 9:47 AM
To: John Robertson <John.Robertson@mfe.govt.nz>; Drew Bingham

<Drew.Bingham@mfe.govt.nz>

Subject: request to meet - Our Environment and Atmosphere 2020

Kia ora John and Drew,

Hope you are both well. @
As | mentioned in my email last week, we would like to meet and discu il of the Q
Wildfire Risk section in the “Our Climate and Atmosphere” report reléased earlier this m

We would like to understand how the process and methodol r completing the report was
decided and comment on some of the resulting consequ tions o tatements in
the main report and stats supporting the report. The main focuswof the di @ is identify

w -

what can be done to address some of the issues a ay i i ay be able to
support and work together on future reports.

At the meeting, we will have

And['$9(2)(a) from SCION,w a senior wi snce person with a long working

relationship with us. O (}

Please let me know nis a suita on the 11t r% ovember as we will all be in
Wellington at théti can meet on. Q
Best reg \ \

Notice: This email and any attachments may contain information that may be subject to an obligation of confidence or the subject of
legal privilege.
If you received it in error:
1. Please let us know immediately by return email and then delete the email and your reply.
2. You must not use, copy or disclose any of the information contained in this email.
There is no warranty that this email is error or virus free.
If this is a private communication, it does not represent the views of the organisation.




Please Note: The information contained in this e-mail message and any attached files may be confid*ential information,
and may also be the subject of legal professional privilege. It is not necessarily the official view of the Ministry for the
Environment. If you are not the intended recipient, any use, disclosure or copying of this e-mail is unauthorised. If you
have received this e-mail in error, please notify us immediately by reply e-mail and delete the original. Thank you.

This email was sent and protected by SmartGate™

Notice: This email and any attachments may contain information that may be  ubject to an obligation of.confidence or the subject of
legal privilege.
If you received it in error:
1. Please let us know immediately by return email and then dele ), the email and your reply.
2. You must not use, copy or disclose any of the information contai ed in this email.
There is no warranty that this email is error or virus free.
If this is a private communication, it does not represent ti.e views of the organisation.




From:

Sent: Wednesday, 9 December 2020 4:34 pm

To

Cc: Drew Bingham <Drew.Bingham@mfe.govt.nz>
Subject: RE: Question from MfE on their OAC2020 Report

MFE CYBER SECURITY WARNING
This email originated from outside our organisation. Please take extra care when clicking on
attachments.

pening

Hi- & Drew
Regards correct citation, the Pearce et al. (2011) report does include a statement (on pg 29 — see belo

across all models and station locations is around 70% (62% to the 2050s, and 74% to the 2080s). How
prominently as it should have been in other parts of the report, such as the Exec. Summary and

E fire risk was projected to increase by 71 per cent by 2040, and by a further 12 per, ) . act that: “The average season
length with ‘very high and extreme’ climatic fire risk increases by 71 per cent up to Y , whi 't necessarily the tidiest way as

around whether the observed trends over recent
around natural climate variations, which provi
yet.

Hopefully this helps clarify what we su ting ay of chan to@ %
Regards,- %
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From:

Sent: Wednesday, December 9, 2020 2:26 PM

To

Cc: Drew Bingham <Drew.Bingham@mfe.govt.nz>
Subject: Question from MfE on their OAC2020 Report

e

| trust this finds you well.

| have been in touch with Drew Bingham at MfE regarding our recommendations. One of the recommendations | sent wa
(Our Atmosphere and Climate 2020) report; such that the MAF report from 2011 and the results it presents (attached
0AC2020. According to_, these are the most recent and relevant research results available on this topi

is required in the OA| 2020
tion on pg 64 of

In response, Drew asks:

is fine, or that
on the web
instead, and updating

page that we originally cited, or that the statements on the Scion webpage that we cited are in hat we should be ci e

the paragraph as well with different findings.

| had a look through the report and did not see any sections that appear to readily supffo i i & equently in our report), but
ebpage

“I just wanted to clarify with you on the third point — is the recommendation that only the citation on s to be changed and e

ort is the basis o

there is a lot of technical information, so if the author tells me to use that report te's report, I'm happy to do so.

thoughts directly — rather than me risk

- - Can you please let us know your response to the query above? I've Cc'd
miscommunicating them by being the messenger.

Many thanks, S(2)@) 0

stems are subject to ongoing i ng and auditing. This monitoring and auditing service may be
provided by third parties. Such third parties cat i , P d stored on NIWA's IT systems
This email and any attach
to copyright. Any unautho
policy, Scion’s IT sys

ion which is legally privileged, confidential or subject
ail in error, please delete it. As part of Scion’s cyber security
lude 3rd party monitoring on our behalf.
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Assessment of multiple climate change effects on plantation forests
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Determining the magnitude of climate change effectsds crucial for informifig natienal economic strategies,
forest management and offsetting increasing carben emissions. This studyisynthesizes predicted climate
change impacts and future biosecurity threats to New, Zealand’s plantation forests. Projected productivity
increases for radiata pine (Pinus radiata D. Don), the m@in'.commercial forest'species in New Zealand, are slight
due to changing climatic conditions. However including photosynthetic effects from increasing CO,, productiv

ity gains across New Zealand averaged 19°per cent.by 2040 and 37 per.cent by 2090. This increased product

ivity results in marked increases in wind riskydue to trees becoming taller and more slender. The average
season length with ‘very high and extreme’ climatic firesisk increases by 71 per cent up to 2040 and by 83
per cent up to 2090. Currently, the most significant biotic disturbances in New Zealand plantations come from
two needle cast diseases, for which'climate projections shew slight increases or decreases depending on the
disease and region. Although insett pests currently cause littte damage te,New Zealand plantations, damage
may increase in the future with projécted increases in population and host susceptibility. It has not been pos

sible to fully account far the.effects of any néw introdu€tions of pésts and pdthogens and evidence from other
countries with a significant resource of planted forests suggest.this’should not be underestimated. Potentially
invasive weedy and«damaging tree species,areilikely to expand theirrange under climate change and com

pete more strengly with plantations.

Introduction

Climate_chande isgemergingyas one of ‘the key influences to
shape’the future‘of natural_and, anthropogenic systems across
the‘world (€ramer et al.£2014). As'forests cover about one quar
ter of the Earth’s land ‘'surface| areq, they play a major role in
current and projected,futures€arbon budgets. Determining the
influence of clinnate change on planted forests is of importance
as these forestsiprovide about half of the global wood supply
and are aital patural mechanism to offset future carbon emis
sions (Paymet'al., 2015). Increased disturbances to forests may
reducé carbon, stocks, result in substantial economic impacts
and have consequences for ecosystem functioning.

Considerable research has investigated how climate change
influences forest productivity. A recent review that synthesized
findings from 31 studies found that 87 per cent of them identi
fied positive changes in forest productivity when the effects of
climate change and increasing CO, were combined (Reyer, 2015).
Although gains in forest productivity are likely to occur as a result
of climate change and CO, increases, there is some uncertainty

around the magnitude of this response. Photosynthesis of C3
plants, including trees, increases strongly up to an ambient CO,
concentration of about 300-400 ppm. Current observations show
CO; rising above 400 ppm (Betts et al., 2016), and with increasing
CO, concentrations, relative photosynthetic gains by ongoing
increases in CO, concentrations become progressively smaller
(Kirschbaum, 2011; Hickler et al., 2015).

However, while there may be gains in productivity realized
through increased CO, and temperature up to the optimal value,
they may be counteracted to varying degrees by changes in abi
otic and biotic stressors (Reyer et al, 2017). Climate change will
influence the distribution and abundance of many forest pests
(Unless otherwise stated (i.e. insect pest), pest refers to all agents
injurious to trees or tree products (i.e. insects, pathogens and
weeds)) and alter the frequency and intensity of damaging abiotic
factors, such as wind and fire (e.g. Walther et al., 2009; Allen et al.,
2010; Anderegg et al., 2015). Predicted changes in these factors
under climate change have often been found to lead to reduced
productivity (Kurz et al., 2008; Seidl et al., 2014). Although a com
prehensive assessment of changes in productivity has to account

© Institute of Chartered Foresters, 2018. All rights reserved. For Permissions, please e-mail: journals.permissions@oup.com.
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Forestry

for the impacts of changes in all these factors, combined assess
ments such as in this paper have rarely been done in the past (e.g.
Chen et al., 2000; Wolken et al., 2011; Shanley et al., 2015).

New Zealand provides a useful case study for examining the
overall effects of climate change on plantation productivity as a
single species, Pinus radiata D. Don, covers 90 per cent of the 1.7
million hectare plantation resource (NZFOA, 2016). There is much
information describing the physiology and morphology of P. radia
ta, and how this species responds to changes in environmental
factors. Using this information, previous research has modelled
the growth of P. radiata under current (Kirschbaum and Watt,
2011) and future (Kirschbaum et al., 2012) climatic conditions
within New Zealand. The major needle diseases of P. radiata are
well known, and the spatial variation in the severity of two prob
lematic diseases (caused by Dothistroma septosporum (Dorogin)
M. Morelet and Cyclaneusma minus (Butin) DiCosmo, Peredo and
Minter) has been described under both current and future cli
matic conditions (Watt et al., 2011q, b, 2012q, b). Spatial vari
ation in wind risk under current and future climate has also been
quantified (Moore and Watt, 2015).

The primary aim of this study was to synthesize knowledge
describing the likely impacts of climate change on P. radiata plan
tations. Specifically, we summarize previously published ‘Studies
describing the impact of climate change on radiata pipe product
ivity and damage from wind and two of the major needle dis
eases of P. radiata. We complement this synthesis with additional,
previously unpublished, research describing the’potential impacts
of fire on plantations. A general more qualitative synthesis of the
literature was undertaken to describe the potential impactssof
biotic factors that includes a key report describing changes in
trade patterns and their effects onsthe origin of biosecurity risks
(Kean et al., 2015). We describe the_potential future impacts of
key diseases, weeds and insects that are either cufrently.in the
country or could pose major, incursion risks. We_concludeswith
sections describing key sensitivities highlighted by,the Study and
areas for further reseafch.

New Zealand’s climate and the location
of plantations

New Zealand’s«smean annualiytemperature at low elevation
sitesyrangesafrom 8°C if the south to 16°C in the north, with
colder conditions at, higher elevations, especially in the South
Island (Figure 1la)sVariationsbeétween summer and winter tem
peratures is geherally relatively small, especially in coastal
regions. Consequently, there are currently few periods with
extremelysot or cold conditions in the low to moderate eleva
tion areas ofiNew Zealand where plantation forests are grown.

Precipitatiomwithin most of New Zealand ranges from 500-2000
mm yr ~! (Figure 1b). Mountain ranges extending throughout New
Zealand provide a barrier to the prevailing westerly winds, dividing
the country into markedly different climatic regions. The west coast
of the South Island is the wettest area of New Zealand, with a num
ber of locations receiving over 5000 mm yr~*, whereas the area to
the east of the mountains, just over 100 km away, is the driest,
with annual precipitation reaching minima of 500 mm yr=.

New Zealand’s exotic plantation estate is distributed through
out most of the country, with the largest areas in the central
North Island. Substantial areas of plantation are also found in

the far north and east coast of the North Island, the upper South
Island and various locations along the east coast of the South
Island, especially in the far south (Figure 1c).

Materials and methods

Climate change projections

Values of meteorological variables,weré estimated for the whole of New
Zealand on a 0.05° latitude/longitude (=5 x 5 km) gdrid, using a thin-
plate smoothing spline tosspatially interpolate daily observational data
(Tait et al., 2006; Ministry for theiEnvironment, 2008xiait, 2008; Tait and
Liley, 2009). Climate ¢hange projections used in this study were derived
from the factorial combination of 12 Global Climate Models (GCMs) and
the SRES emissionpscenarios, B1 (low), A1By(mid-range) and A2 (high),
described bydMeehl et al. (2007). The®B1yALB and A2 scenarios approxi-
mately correspond to the newer representative concentration pathways
4.5, 6.0/and 8.5 (Rogelj et al., 2012). The 12)GCMs used in this study had
been ‘selected because of their utility in modelling 1971 2000 climatic
conditionsy(mean sea level pressure, temperature and precipitation) over
New Zealand from thedwidely‘used NCEP reanalysis (Kalnay et al., 1996;
Ministry/ for the Emvironment, 2008). They were as follows: CNRM,
CCEm@, CSIRO Mk3, GFDLZCM 2.0, GFDL CM 2.1, MIROC32, ECHOG,
ECHAMS5, MRI, NCARRUKMO-HadCM3 and UKMO-HadGEM1. Monthly tem-
perature and rainfall scenarios from each GCM were statistically down-
scaled to aresolution of 0.05° for 1990 (henceforth ‘baseline’), 2040
and 2090, using the methods of Mullan et al. (2002).

Modelling'forest productivity

The process-based model CenW version 4.0 (Kirschbaum, 1999) was used
to project productivity of P. radiata across New Zealand under current and
future climates (Kirschbaum and Watt, 2011; Kirschbaum et al., 2012).
CenW hasfbeen developed primarily for climate change investigations
and incorperdtesithe key processes and feedbacks between plants and
theirdenvironment that can operate on timescales ranging from daily (for
water, relations) to decadal and longer (for soil organic matter feedbacks
and wood growth). Kirschbaum and Watt (2011) demonstrated that
CenW can successfully model stand productivity of P. radiata under cur-
rent climatic conditions within New Zealand, providing confidence that
the model incorporates the key processes underpinning productivity.
CenW was parameterized for current climatic conditions using
growth data from permanent sample plots covering almost the com-
plete environmental range across which P radiata is grown in New
Zealand. These data consisted of 101 sites with 1297 individual observa-
tions of height and/or basal area from which diameters and volumes
were calculated. Using the parameter values determined by Kirschbaum
and Watt (2011), there was excellent correspondence between model
predictions and measurements of a range of tree dimensions.
Simulations were run under both current and future climatic condi-
tions using projections from the 12 GCMs and the three emission scen-
arios described previously. Future climate scenario outputs were used in
CenW with both constant and increasing CO, to isolate tree responses
to changing climatic conditions and elevated CO,. The results presented
hereafter are the mean of the 12 GCMs unless otherwise stated.

Wind damage

The risk of wind damage was quantified using the approach described
by Moore and Watt (2015). They investigated both the direct effects of
increasing wind speeds and the indirect effects of changes in stand
structure, which affects the underlying susceptibility to wind damage.
These impacts were investigated using representative growth rates and
climatic conditions for seven bio-geo-climatic zones for P. radiata in New
Zealand (Goulding, 1994). Site productivity metrics for these zones were
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Climate change effects on plantation forests
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m & Watt, 2011).

used to predict the stand structure (diameter, height, volume and spa-
cing) for three contrasting silvicultural regimes (pruned, unpruned and
carbon) under current and future climatic conditions. Stands grown
under a carbon regime are planted at a very high stand density and left
in perpetuity with the sole purpose of maximizing carbon sequestration.
This information was then input into a mechanistic wind damage model,
ForestGALES (Gardiner et al., 2000), in order to predict the critical wind

ealand maps of current (1980-1999) (a) mean annual temperature and (b) mean annual rainfall (after Wratt et al. (2006)), (c) the
on of plantation forests and (d) modelled wood productivity (as volume growth) of P. radiata under current climatic conditions (redrawn

speed required to damage mean trees within a stand. The average
annual probability that these critical wind speeds were exceeded was
estimated from frequency distributions of extreme wind speeds calcu-
lated from time series of observations from long-term meteorological
stations in each zone.

Although there is still considerable uncertainty around New Zealand’s
future extreme wind climate, an analysis carried out by Mullan et al. (2011)
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has indicated that extreme wind speeds are only likely to increase by
between 1 and 5 per cent under the A1B scenario, with no predictions of
any changes available under other future scenarios. We accounted for these
potential increases through increasing the mode of the extreme wind speed
distribution by 5 per cent for all simulated time periods (Quine and Gardiner,
2002). All results are expressed at the age of 30 years as an annual excee-
dance probability (AEP) which is defined as the likelihood of a damaging
wind event occurring in a given year, with values ranging from O to 1.

Fire risk

Fire danger ratings (using 1970 1999 as a baseline) were computed using
temperature, humidity, wind speed and rainfall data from the A1B emis-
sions scenario, previously described. These changes were applied to 20
weather station sites across New Zealand with at least 20 years of obser-
vations to calculate future daily Fire Weather Index (FWI) and fire danger
class values (Anderson, 2005). Fire risk is classified as being Low,
Moderate, High, Very High, or Extreme. The fire climate severity is quanti-
fied here as the frequency of days in each fire season that had Very High
or Extreme (VH + E) fire danger. Further details of the methods used in
this study are described by Pearce et al. (2011) and Simpson et al. (2014).

Projected changes in fire danger for the whole of New Zealand were
produced by spatially interpolating the changes predicted at each of the
20 station locations using the co-kriging technique (Goovaerts, 1999). The
co-kriging technique allowed inclusion of additional surface prediction
variables for station location (latitude/longitude), elevation and infortna-
tion from additional stations in data sparse locations (Pearce etial., 2011).

Disease damage

Damage from foliar pathogens is currently the sfost costly natural disturb=
ance to New Zealand plantation forests (Wattlet al.#2008). Dothistromd sep-
tosporum, which causes dothistroma needle blight isfcurrently the most
damaging forest pathogen of P. radiata@ plantations: Phytophthora pluvialis
(Reeser et al., 2013), which is associatedwith red needle cast, was detected
in 2008 and has the potential tanecause significant damage withiniplanta-
tions (Scott and Williams, 2014). Qyclaneusma minus whichsresults,in cycla-
neusma needle cast is alsé importént but of lessér, congern. Other pine
pathogens currently within New Zealand may cause sporadic or localized
damage but their nationalimpact is'not significant (Watt etal., 2008).

The approach wsed to determine damage from D. septosporum and C.
minus has beenfdescribed insdetail previously (Watt et*al, 2011q, b, 2012q,
b) and is briefly sumamarizéd in the followifgs Disease incidence and severity
data were collected from plantatiens throughout New Zealand over a 45-
year period) for dothistroma needletblight, and over a 34-year period for
cycldneusmayneedle cast. Diséase severity, See,, Was determined at the stand
level bysmultiplying the percentage of trees in the stand affected by mean
severity (percentage of needles,affected) on affected trees (scale 0 100).
Growth reduction génerallytoccurs when disease severity exceeds 20 per
cent, whereas diséase severity Values of 2 10 per cent (Table 3) are not likely
to significantly/impait growth. However, stands and individual trees growing
in disease-prone segionsymay have values at which significant growth loss
occurs. Multiple‘regression models of See, were developed for both diseases
fromgmeteorological data, described above, using the methods described
fullylby Watt et al. (2011b, 2012b). Using these multiple regression models,
spatialpredictions of See, Were made under current climate and to 2040 and
2090 using the climate change scenarios previously described.

Impacts

Climate change projections

Averaged across the 12 GCMs, mean air temperature in New
Zealand was projected to increase between the three emission

Table 1 Summary of the mean simulated changes in temperature,
precipitation and CO,. GCM minimum (min) and maximum (max) refer
to the GCM with the lowest and highest spatially averaged changes.
Variation of simulated changes between the GCMs is also expressed as a
standard deviation (SD) which expresses the variation between the
average NZ values between the 12 GCMs.

Year Emission CO, Temperature Rainfall

scenario  (ppm) change (°€) change (%)

Mean .GCM Mean GEM
Min  Max SD Min Max SD
2040 B1 457 0.7 04 .12 03 1.6 21 56 23
A1B 483 0.9 0.4 3 03721 00 5.0 1.6
A2 481 0.9 0.391.3%,. 03 0.9 56 43 26
20904 B1 538 1.3 0.7 23 04 26 47 7.9 3.8
A1B 674 2.1 1.2 34 0.6 3.2 1.5 129 39
A2 754 2.6 16 36 05 3.0 3.8 115 5.6

scenarios ¢by 0.7#0.9°C by 2040 and by 1.3-2.6°C by 2090,
although they inter model uncertainty outweighs the scenario
uncertainty (Table 1). Projected multi model mean increases in
rainfall for New Zealand under the three emission scenarios were
between 0:9 per cent — 2.1 per cent by 2040 and 2.6 per cent
=32 per cent by 2090, with significant inter model variation with
even, the sign ofsthe change differing between GCMs implying con
siderable uncertainty in regional and national precipitation projec
tions (Table™l). However, a consistent pattern in these simulations
was the ‘absefice of any extreme changes, with all model projec
tions*falling within the range between —5.6 and +12.9 per cent.
Changes under the A1B scenario showed the largest increases in
rainfall by’ 2090, with changes under the A2 scenario falling
between those under the B1 and A1B scenarios.

The mean 2090 projections for the A2 scenario (Figure 2) illus
trate the regional patterns of the expected changes in tempera
ture and precipitation. Expected temperature changes broadly
correlated with latitude, with expected warming ranging from
2.7°Cin the north to 2.2°C in the far south. Variation in precipita
tion also showed a latitudinal correlation, with rainfall increasing
in the already wet south western and elevated areas, while rela
tively drier areas along the east coast and in the north are pro
jected to become drier (Figure 2b).

Modelling forest productivity

Under baseline climatic conditions, there was wide regional vari
ation in predicted stem volume growth (Figure 1d). Values were
highest in the warm and moderately wet northern and western
areas of the North Island, reaching maximum growth rates of
>40 m? ha™* yr~! in the fertile Taranaki region. Productivity was
considerably lower within the South Island, partly attributable to
cooler temperatures that were generally sub optimal. Reduced
productivity was also attributable to excessively high rainfall
(>3000 mm yr‘l) on the west of the main axial mountain ranges
and relatively low rainfall (<750 mmyr‘l) on the eastern side. In
contrast, in the most southerly regions, where there is moderate
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Temperature -~ (a)
change (°C)
W29-30
W 28-29
027-28
026-27
[ 25-26
Hm24-25
M 23-24
022-23
H21-22
W 20-21

Precipitation
ratio

W 1.125-1.150
B 1.100-1.125
O 1.075-1.100
@ 1.050-1.075
M 1.025-1.050
[ 1.000-1.025
[J 0.975-1.000
O 0.950 - 0.975
M 0.925-0.950
M 0.900 - 0.925

Figure 2 Projected changes in temperature (a) and precipitatien (b) for 2090 fromsbaseline under the A2 emission scenario.

rainfall (Figure 1b) and little seasonal water! deficit, productivity
was predicted to be higher than in regions with greater rainfall
extremes (Figure 1d) but still considerably lower than in the North
Island, owing to the much lower temperatures.

Neglecting future increases in C@, isolates the effect of expected
climatic changes on future volume ‘productivity. Projectionsyté 2090
showed reduced productivity ifmnorthernsand low elevation ‘regions
and increased productivity ‘in ssouthern and™ Upland »regions
(Figure 3a-c), likely duefto shifts in temperature,towards the opti
mum range for P. radiata, which Kirschbaum and Watt (2011) found
to be at a mean annual air temperature of 12-15°C. These changes
in climatic conditions resulted in growth'gains for about half of all
plantations (Kirschbaumeet al., 2012)pwith mean changes in volume
productivity:within plantation forests'averaging +3 per cent by 2090.

Simalations, with increasing'CO,'led to productivity increases
during 2090 for all regions andyunder all emission scenarios
(Figuref3d-f). Increasing CO, completely reversed the losses in
low lyingsand northérly regions that had been modelled due to
climatic shifts. Productivity gains were predicted throughout
New Zealand ‘and«feached increases exceeding 100 per cent
within parts‘of the:South Island (Figure 3d-f). Within the current
plantation, estate, “simulations showed mean productivity
increases,to 2040 and 2090 of 19 per cent and 37 per cent,
respectively\(Kirschbaum et al., 2012).

Abiotic impacts

Wind damage

The AEP, which is defined as the likelihood of a damaging wind
event occurring in a given year, at the age of 30 years is given
for each silvicultural regime and emission scenario in Table 2.

Constant COz

Increasing CO2

Figure 3 Mean volume productivity ratio in 2090 compared to current
productivity with constant (top row) and increasing CO, (bottom row)
under the B1 (a, d), A1B (b, e) and A2 (c, f) emission scenarios.

For a 30 year old stand, i.e. at typical harvest age, the risk of
wind damage was relatively low under the baseline climate.
Under this baseline, AEP ranged from 0.094 for the unpruned
regime to 0.166 for the carbon regime (Table 2). Projections to
2040 for the pruned regime show that AEP was less than 0.2 for
all scenarios apart from the A2 emission scenario with CO, held
constant at 1990 levels where the AEP was 0.286. Projections to
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2090 showed that the AEP increased on average by 0.066, and
for four of the six scenarios, the AEP was >0.2 (Table 2).

The risk of wind damage for the unpruned regime was very
similar to the risk for pruned stands in both 1990 and 2040.
However, for projections to 2090, the risk of wind damage for the
unpruned regime was substantially higher than for the pruned
regime due to the higher ratio of height to diameter for this
regime. These increases were particularly marked for emission
scenarios that assumed a full response to increasing CO,
(Table 2). The risk of wind damage was markedly higher for the
carbon regime than for the other two regimes due to the higher
height to diameter ratio of trees. The carbon regime had very
high sensitivity to increasing CO,. For projections made to 2090,
scenarios that assumed a full response to increasing CO, had an
AEP that was on average 0.33 higher than those that assumed
no response, and the AEP of these three scenarios ranged from
0.639 for the B1 to 0.922 for the A2 emission scenario (Table 2).
Stands grown on a carbon regime tended to be overstocked, par
ticularly in the latter part of the rotation and the increased risk of
wind damage in such situations is consistent with experiences in
other regions of the world (Mitchell, 2000, Cameron, 2002).

The relative contributions of different factors on AEP at 2040
and 2090 were determined using previously described methods
(Hawkins and Sutton, 2009, 2011; Melia et al., 2015). Figure &
shows that currently, most of the variation in AEP is attributable
to location, with stand age and silvicultural regime alsoubeing
important. Under future climates, mean values of ‘AEP for a 30
year old stand ranged from 0.18 to 0.79 acress locations (data
not shown). Stand age accounted for 27 per ¢entfof the vafi
ance in AEP under future climates (Figuré 4). The change in
mean AEP for increasing stand agesfrom 20 to 30 years‘fanged
from 0.09 to 0.33 in 2040 and from 0:2yt0 0.49 in 2090.

Silvicultural regime was relatively important (Figure 4) under
future climates, accounting'forl9 per cent of the varianee in

Table 2 AEP of wind daimagefin 30-year-old stands as,a fumction of
simulation year, emission'séenario and CO, concentration for three
silvicultural regimes. Values shown represent the means across seven
bio-geo-climatic zones defined by their.currentiwind climate. Values of
AEP are differentiated by colour into the categories of AEP < 0.20
(green),0:2 0.5 (orange) and >0:5)(red).

Year Emission Inc. Silvicultural regime
scenario CO,
Pruned Unpruned Carbon

1990 0.110 0.094 0.166
2040 B1 N 0.152 0.141

2040 AlB N 0.164 0.155

2040 A2 N 0.154

2040 B1 Y 0.150 0.172

2040 Al1B Y 0.164 0.507
2040 A2 Y 0.164 0.197

2090 B1 N 0.186 0.182

2090 A1B N

2090 A2 N

2090 Bl Y 0.191 0.639
2090 AlB Y 0.850
2090 A2 Y 0.522 0.922

AEP (Figure 4). Mean AEP ranged from 0.21 under the pruned
regime to 0.24 under the unpruned regime and 0.50 under the
carbon regime (Table 2). The growth response to increasing CO,
had relatively little impact on AEP in 2040 but a greater impact
in 2090 at which time it was equal in importance to the silvicul
tural regime. Relative to other fagtors, both emissions”uncer
tainty and increasing wind speed had very little effect on AEP,
and together, they accounted fordess than 4 perseent ofithe
total variance during both 2040,andy2090 (Figure 4).

Fire risk

Under the baseline climate, dryland areas on the east coast had
the highest averagesnumber of VH + Efire’danger days per year,
while mény areas on the west'coast had a very few, or no VH + E
days«Theré was»widespread spatigl variation in the degree of
change'in frequency of VH +E days between baseline and future
climate (Figure 5). The regions with the most notable VH + E
increases were located,on thereastern coast in the southern half
of both islands.

Examination ofythe fire risk by location demonstrates the
high variation between sites with the frequency of VH + E fire
risk underithe baseline climate ranging from 0 to 40 days
(Figufen6). When averaged over all sites, the number of days
withyVH& E*fire risk was projected to increase by 71 per cent by
2040, and'by a further 12 per cent by 2090. All sites on the east
coa@st showed increases under climate change. The locations
with highest current fire risk, Christchurch and Gisborne, had sig
nificant further increases in VH + E fire risk by 2090 to 44 and
48 daysg~respectively. However, the most marked relative
changes‘,occtirred” in Wellington (lower North Island) and
Dunedifn (south eastern South Island) where VH + E fire risk
increased to 2090 by, respectively, 89 per cent to 32 days and
207 per.cent to 18 days (Figure. 6).

Increasing CO,
Emissions uncertainty
Wind (+5%)

Location
Age (20 or 30 years)
Silvicultural regime

100 T T T T 100
80 — 80
60 - —1 60

% %

40 - —1 40

20 —1 20
0 é | | | | g 0
1990 2010 2030 2050 2070 2090

Figure 4 Relative contribution of location, stand age, silvicultural regime,
increasing CO,, emissions scenario and wind speed to AEP. Values of rela-
tive importance used in the figure were extracted from Table 2 and rela-
tive importance was interpolated between years using second-degree
polynomials.
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Climate change effects on plantation forests

Biotic impacts
Distribution of pests

One of the most important changes likely to result from climate
change is a shift in suitable habitats for certain pests, which is
mainly linked to changing temperatures. Temperature influences
thresholds for pest growth and survival through events such as
frost frequency and the requirement for reproduction as deter
mined through accumulation of thermal units. A benchmark for
the effects of temperature on changes in distribution is provided
by the relationship of temperature with elevation and latitude
(Linacre, 1992). Average warming over the past century has

A

* Data Locations

I | | [ e
12 3 5 8 1012 15 1820 25430 3540 [days]

Figure 5 Multi-model-mean projections ‘of annual frequency of Very
High and Extreme (VH + E) forest fire danger over fire seaSen mionths
(Oct Apr). Note the non-linear colour scale. The locationsiused to con-
struct this figure are shown as blackedots, and actual fire risks, forithese
locations is given in Figure 6

been about 0.85°C (IPCC, 2013), with 2015 having been the first
year with temperatures more than 1°C above pre industrial
temperatures (Hawkins et al., 2017). Global meta analyses have
documented significant range boundary changes for 279 spe
cies, which, on average, have shifted poleward by 40 km over an
average timespan of 66 years (Parmesan and Yohe, 2003).

Geographic source of future pests

The main pathways for the arrival of pests and pathogens are
associated with international trade. This section reviews recent
changes in trade patternstand considers future trends based on
trade agreemients and expert opinion. New Zealand specific
import dat@ weresobtained from StatisticsyNew Zealand (2017)
and forgdata'going back to,1988, from Statistics NZ Infoshare
(2017).

Sincelthe 41980s, imports have increased from the estab
lishedytrading countries ‘of Australia, Europe, US and Japan.
However, the most significant change has been the dramatic
rise, of China as theWdominant importer to New Zealand
(Figure 7). In 1988;,0nly 1 per cent of New Zealand’s imports ori
ginated frem Ching, but in 2016 these imports represented
more than 16, per. cent.

Changes 'in the origins of imported goods and passengers are
expected to'result in changes in the profile of pest threats. In fact,
this has already been observed in several regions. For example, in
North America and Europe there has been an increase in insect
pest, and pathegen incursions originating from north east Asia
(Brockerhoff and Liebhold, 2017). Historically, the majority of forest
insects invading North*America originated from Europe but in the
last two 'decades, north east Asian species, including some high
impactinvaders, such as the Asian Longhorned beetle (detected in
1998) and\Emerald Ash Borer (detected in 2002), have become
more prominent (Aukema et al., 2010).
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Figure 6 Projected average number of days of the fire season with Very High and Extreme (VH + E) forest fire danger under current conditions and
in 2040 and 2090, at individual station locations and averaged for New Zealand across the 12 GCMs. Locations were grouped with respect to New
Zealand’s main mountain ranges, then ordered by latitude (northern-most left).
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Figure 7 Imports from New Zealand’s main trading partners, 1988-
2016 (Statistics New Zealand, 2017).

Based on import trends and bilateral/multilateral trade
agreements, one can assume that New Zealand’s imports from
east Asia will continue to increase. New Zealand’s traditienal
trading partners in Europe and North America are likelysto
remain important sources of imports, even though their relative
share may decrease, and Australia is likely to remain a key
source of imports owing to its physical proximity. While, trade
may arguably present the greatest risk of intredu€ing unwanted
pests and diseases, the increasing number of. international pas
senger arrivals to New Zealand presents anethefr important
pathway for possible pest incursion.

The volume of imports and the numbet‘of internationalwvisitors
may be primary drivers of pest propagule ‘pressure, bt severdl
other factors will also affect future"biosecurity risks.qForexample,
rapidly growing trade with néWatradingspartners may have'a dis
proportionate effect on biosecurity fisks because they=may host
pests that have not previously had access to New Zealand. Many
of the potentially mostjinvasive, species from NewZealand’s long
standing trading partners, hdve either, established themselves in
New Zealand already or_have been excluded by effective border
biosecurity 4neasures, tdrgeted at{Specific 'species or to mitigate
specific entryspathways. Such measuresrinclude, for example,
requirements for pest monitoring, control and treatment by over
seas. growers_and expofters, border inspection and additional
treatmeént requirements ifor imports, and post border pest surveil
lance andvincursion, response capability (Gordh and McKirdy, 2013).
Pest specific mea@sures are not necessarily in place for pests from
newer non traditiondl trading partners, although many pests may
be excluded’by generic measures to prevent pest entry. The great
est threat “may be from new ‘hitchhiker’ species (i.e. species that
are transported inadvertently on inanimate objects such as sea
containers or vehicles) that are difficult to manage because they
are not necessarily associated with particular pathways in a pre
dictable'way (Toy and Newfield, 2010).

Climatic similarities between New Zealand and the potential
incursion species’ native habitat will also be important for the
ability of pests and plant weeds to establish and develop pest
potential in New Zealand. In this respect the southeast Asian
countries will probably pose smaller risks due to their funda
mentally different climatic zones. However, pests from temper
ate and some subtropical regions are of greater concern.

Table 3 Variation in mean predicted stand severity, Seey, Of cyclaneusma
needle cast and dothistroma needle blight for New Zealand under
current climate and the B1, A1B and A2 emission scenarios, projected
for 2040 and 2090 within the North (NI) and South (SI) Islands.

Year Emission Cyclaneusma Dothistroma
scenario
NI SL NI SI
Baseline 6.40 2.17 10.9 4.26
2040 B1 6.18 3.56 10.0 5.04
A1B 6.16 3.96 952 5.44
A2 6.17 3.85 9.54 5.47
2090 B1 6.03 4.76 8.69 6.13
A1B 5.62 5:76 7.51 6.83
A2 5.25 6.17 5.82 7.89

Climate matching of current,and future climates suggests that
parts .©of north east "Asia, southern South America, western
Europe, and southern Africa, as well as cooler (e.g. montane)
regions in subtropical,countries may represent sources of spe
cies of growing biosecurity concern (Ridley et al., 2000; Peacock
and Worner, 2006; Bertheau et al., 2010; Kriticos, 2012).

Ddmage from tree pathogens

Within the m@jor plantation areas in the North Island, simula
tions showed that the severity of dothistroma needle blight and
cyclaneusma.needle cast are likely to decline throughout the
21° centufy under all emission scenarios; however, increases in
disease severity were predicted for large areas of the South
Island=(Table 3). With the exception of the west coast of the
South Island, the actual predicted severity remains relatively
low ‘eéompared to the damaging levels currently found within
the North Island. Although high disease severity is predicted
within the west coast of the South Island under both projection
periods (2040 and 2090), it causes little concern in the national
context because this area currently constitutes only 1.8 per cent
of the total New Zealand plantation area (Watt et al., 2011aq,
2012a).

There are also a number of other pathogens that could cause
considerable damage to plantation forests should they establish
within New Zealand. Pitch canker is a devastating disease of
Pinus spp., and P. radiata is known to be highly susceptible to
the disease (Ganley et al, 2011). Projections using process
based distribution models show that the potential New Zealand
distribution of this disease could expand from coastal areas of
the North Island under baseline climate to almost all of the
North Island and eastern parts of the South Island by 2080
(Figure 8) (Ganley et al., 2011).

Red needle cast caused by Phytophthora pluvialis causes peri
odic episodes of defoliation in New Zealand’s P. radiata planta
tions, particularly in locations exposed to frequent wet days and
fog over the cooler months. Phytophthora pinifolia causes similar
problems in Chile (Durdn et al., 2008) and could be problematic
in New Zealand if it were introduced. Perhaps a greater threat is
posed by pathogens that are new to science (e.g. P. pluvialis was
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Climatic Suitability
(Ecoclimatic Index)

[_] Unsuitable (0)
[ marginal (1 - 5)
[] Suitable (6 - 20)
[] optimal (>20)

Figure 8 Pitch canker Ecoclimatic Index for 2080 derived from NCAR-
CCSM for the A1B emissions scenario. Based on Ganley et al., 2011. The
squares evident in the figure reflect the resolution of the underlying cli-
mate change scenario.

unknown when the pathogen was first isolated from diseased P,
radiata foliage in 2008), or by those that’behave infunexpected
ways in a new environment. For instarce, Neonectria fuckeliana
(C. Booth) Castl. & Rossman was_well ‘known'in the Northern
Hemisphere as a wound invading fungus that was foundsonly
on spruce (Picea spp.) and fir (Abies’spp.) and caused little or no
damage. When it first established insthe Southern Hemisphere
on P. radiata, it caused severe damage to some plantations in
the lower half of thesSouth Island (Crane etial.,"2009) until a
successful control strategy was'developed.

Damage from tree, feéding insects

Although climate change effects ontfee feeding insects are rela
tivelyswell known‘in several,countries, and have been the subject
of a'considerable research effort, little research on this topic has
been ‘carried out in New Zedland. However, several general
reviews specific tosNew, Zealand exist, and one specific study on
effects by a potentially invasive defoliator was undertaken.

Climate change’can affect problems related to insect pests
through several, mechanisms including (i) changing the severity
of damage'by native or non native insects due to changes in cli
mati¢” suitability for the pest or the host tree (Battisti et al.,
2005; Marini et al., 2012), (ii) changing the likelihood of estab
lishment of invasive species that are not yet present in New
Zealand (Sutherst et al., 2007; Kriticos et al., 2013), and (i) as
an indirect consequence through interactions with other disturb
ance factors, such as increases in fire hazards due to tree mor
tality or pest susceptibility of stands through increasing wind
damage (Stinson et al., 2011; Hickey et al., 2012; Jenkins et al.,
2012).

Currently, only a few insect pests affect P. radiata plantations
in New Zealand. As there are no native Pinaceae in New

Zealand, most insects feeding on these trees are non native
species that were introduced accidentally, but see Berndt et al.
(2004) for a description of a native defoliator that has adapted
to feeding on pines. Fortunately, most of these species cause lit

tle or no damage at present. An exception is the woodwasp
Sirex noctilio that was a concern imthe past, but is now'largely
controlled through the introduction of biological contfol‘agents
and changes in forest management thatsreduce stand suscepti

bility to S. noctilio (Bain et al., 2012)yHowever, the pest status of
some of these species ‘could change as a result of /climate
change, and in other.countries, there are many.pestsof conifers
that could represent sefious threats to plantation forests in New
Zealand if they should ever becomegestablished in the country
(Brockerhoff @AdyBulman, 2014). Theseithreats could potentially
become evén more severe in the‘future:

Therefare hiundreds of damaging pests associated with conifers
that afe not yet present in New Zealand' (Brockerhoff and Bulman,
2014)."For example, theqEurasian nun moth, Lymantria monacha,
dnd the European piné’ progessionary moth, Thaumetopoea pityo
campa, would probably cause considerable defoliation if they
became established in“New Zealand (Withers and Keena, 2001;
Kriticos et al., 2013). A climate matching study has indicated that
there are also ‘@ mumber of North American bark beetles that
attack pinestand could present threats to New Zealand’s planta
tion forests. They. include Dendroctonus valens and Ips calligraphus
(Lantschneret al.,, 2017).

Most ofythe regions in New Zealand where conifer plantation
forests occur are expected to be climatically suitable for the pine
progessionary moth, and estimates of its impacts on pine prod
uctivity suggest that significant growth losses would occur if it
were introduced (Kriticos et al.,, 2013). In Europe, the main limit
ing factor for mostinsect pests is cold stress (Robinet et al., 2007;
Kriticoswet al., 2013). Hence, for many species, climate change is
expected ‘to increase the area with suitable climate (Robinet
et al., 2007). The situation in New Zealand is likely to be similar.
This, effect of climate change on climatic suitability is likely to
have “more far reaching implications for species from warmer
(e.g. subtropical) regions which currently are unlikely to become
established in New Zealand given its mainly temperate climate.
Several studies have suggested that climate change will increase
the risk of establishment of species from warm temperate or
subtropical regions (Peacock and Worner, 2006; Kriticos, 2012).

Climate change may also affect the severity of damage from
existing insect pests because warmer temperatures can be
expected to accelerate insect development and therefore lead
to an increase in population levels, especially in species that can
complete more than one generation per year. An example of
such a species is the Monterey pine aphid, Essigella californica
(Watson et al., 2008). Although this aphid is presently not con
sidered damaging in New Zealand, in parts of Australia with a
warmer climate (i.e. warmer than New Zealand’s current cli
mate), E. californica can cause considerable defoliation of pines
(May and Carlyle, 2003).

In other parts of the world, warming has been shown to
increase population levels and damage by the mountain pine
beetle and other bark beetles (Hicke et al., 2006; Marini et al.,
2012; Bentz and Jonsson, 2015; Bentz et al.,, 2016). Warming
can thus lead to an expansion of areas affected by tree feeding
insects (Battisti et al., 2005; Marini et al., 2012). The unprece
dented spread of the mountain pine beetle into the boreal
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forest east of the Rocky Mountains, as a result of climate
change, is of particular concern because it could cause substan

tial mortality of jack pine, Pinus banksiana Lamb., and other
eastern pines (Cullingham et al., 2011). Furthermore, warmer
temperatures, especially if associated with greater frequency of
drought conditions, can increase the susceptibility of trees to
attack and damage from bark beetles or wood borers such as S.
noctilio (Carnegie and Bashford, 2012). Both warming and
increasing drought incidence can lead to an expansion of areas
affected by tree feeding insects (Battisti et al., 2005; Marini
et al., 2012). Although no identified insect pest in plantation for

ests in New Zealand has yet been observed to have increased in
its severity through climate change, this is likely to occur in the
future.

Competition with weeds

The future prevalence of weed problems is likely to be related to
(i) the future distribution, growth and competitive strength of
the currently problematic weeds, and (i) the potential of weeds
that are either already present in New Zealand, but notwyet
widely distributed, or that could enter the country to become
problem weeds, especially under changed climatic conditions:

The weed species that compete most strongly with'P. radiata
within New Zealand are tall woody weeds. Within this‘gréup,
gorse (Ulex europaeus), Scotch broom (Cytisus‘scoparius), brack
en (Pteridium esculentum), blackberry (Rubus fruticosus) and
wilding conifers (e.g. Pinus contorta and¢Pseudotsuga menzigsif)
are the most competitive and invasive (Watt et al., 2008). In
addition, buddleja (Buddleja davidii)y Acacia spp. and pampas
(Cortaderia spp.) are problematic weeds'in some specific regions.
Tall shrubby species reduce plantation growth mofe, thdn short
species such as grasses and \herbacedus specigs, as they com
pete more vigorously for bothswater and light and dre’not as
effectively shaded out asgtrees grow taller (Richardson et al.,
1999; Watt, 2003).

Little research has investigated the, future distribution of the
most problematiciweedsspecies in NewyZealdnd under climate
change. Potter et al:y(2009) found that changes in climate will
have little effect omrthe potential distribution of broom, with all
regions remaining suitable, forythe) species. In contrast, it is
expected “that under future climate change, buddleja may
expandyits range within,the southeast of New Zealand (Watt
et al., 2010; Kriticos etal., 2011).

Expansion of«sleeper Weeds' is likely to pose a future threat to
plantation forests.«Sleeper weeds are weeds that are present in
New Zealand, but whose distribution or vigour is limited under
current climatic conditions. For instance, the exotic tree Melaleuca
quingtienerviaywhich is currently established in Auckland and
Northland, could become quite invasive if the species’ thermal
requitement for reproduction within northern areas of New
Zealand is surpassed in the future (Watt et al, 2009). Range
expansion of this species could have significant consequences as
M. quinquenervia has been found to be extremely difficult to con
trol in exotic locations, such as Florida (Austin, 1978; Woodall,
1983).

Kudzu (Pueraria montana) is a perennial, semi woody, climb
ing leguminous vine, which is extremely invasive and damaging
in the south eastern US. It has recently been found in northern

New Zealand. Although we do not currently have an estimate
of the potential distribution of this species, the distribution
where it is invasive in the US is quite similar to that of M. quin
quenervia. During the 1990s, kudzu has migrated northwards
in the continental US from its original distribution, a shift which
is in line with previous model predictions (Sasek and®Strain,
1990). This change demonstrates the responsiveness of the
weed to climatic conditions,and, highlights that.the potential
for range expansion under ‘climates change Should snot be
underestimated.

There is a risk that currently establishedwexotic*woody tree
species native to Adstralia may’ become more dominant compe
titors in New Zealand under a warmer climate. Acacia spp. have
very high growth, rates and can rapidly, occupy disturbed sites,
vigorously €ompeting with planted*Puradiata seedlings (Turvey
et al., 1983).7As tree speciesgthey can compete further into the
rotation than even tall weed species (Hunt et al., 2006), which
are_predomindntly shrubs...Some/ species have the ability to
resprout “after their Stems have been severed which makes
them hard to controlySeed germination is also often stimulated
byafire. The likely increases in fire frequency and severity will
make sites marewpredisposed to invasion by these species. Some
Acacia species ‘are’already a localized problem in northern and
eastern parts,of the country (Watt et al., 2008).

Climate change is also likely to affect growth rates of weeds
throughychanges in CO,, root zone water storage, temperature
and changing length of the growing season. If relative growth
of both™plantation trees and weeds increases at the same rate
then competition levels may not significantly change. However,
in agricultural settings there is evidence that weeds exhibit a
stronger peositive response to CO, than crop plants which is likely
to lead to reductions in crop yields (Ziska et al., 2011; Ziska,
201})=iIhe basis for this increased competitive behaviour of
weeds is unclear but may be related to the vigorous and gener
ally indeterminate growth habit of weeds and greater genetic
and, phenotypic plasticity associated with wild species (Ziska
and McConnell, 2015). The growth response of different weeds
to climate change has been shown to vary widely (Sheppard
and Stanley, 2014). As a consequence, increases in CO, have
been shown to preferentially select for more responsive invasive
species within plant communities (Ziska and McConnell, 2015).

Discussion

Climate change impact assessments of forest systems are often
dominated by a focus on biophysical factors, which generally
show positive effects of climate change on forest productivity
(Reyer, 2015). This is largely due to the growth response to ele
vated CO, (Hickler et al., 2015; Reyer, 2015), and even tempera
ture increases by a few degrees, or precipitation changes by a
few per cent, especially when coupled with increasing CO, con
centrations, may not be of great detriment to the physiological
growth potential of many forest stands (e.g. Kirschbaum et al.,
2012).

Other factors impinging on the fate of forest stands, on the
other hand, can be much more negative. This has been experi
enced most clearly by the expansion of the mountain pine bee
tle in North America (Hicke et al., 2006; Marini et al., 2012) that
has the potential to lead to the death of susceptible stands that
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had previously been protected by mortality of the insect pests
during severe winters (Cullingham et al., 2011). Because of the
tight linkage between temperature and distribution of the pest
species, its range expansion under future warming can be antici
pated with very high probability. This pattern is expected to pre
dominate for many pest species (e.g. Logan et al., 2003).

Similarly, wildfire risk is strongly linked to climatic factors
such as temperature, humidity and wind speed which, together
with stand attributes like fuel load and fuel moisture contents,
largely control fire risks in forest systems. These factors are gen
erally expected to change towards increasing fire risk in the
future (e.g. Flannigan et al., 2009; Pechony and Shindell, 2010).
Forest stands are also at risk from wind damage, although cli
mate change risks for wind are more nuanced and depend on
changes in climatic factors as much as changes in stand proper
ties (Moore and Watt, 2015).

For a balanced assessment of the combined climate change
effects of all agents of change, it is therefore necessary to con
sider all of the key aspects of change in an integrated assess
ment. This requires collaboration between different science
disciplines and the bringing together of different approaches
and numeric evaluations. The present work took a first stepsin
such an assessment by cataloguing the various changés, that
our forests might be subject to in the future. A further stage of
development in an integrated assessment would see the differ
ent processes combined in unified ecosystem models that‘can
also quantitatively integrate these processes#Although linkages
were included between predictions of productivity) and wind
damage, most effects that were assessed in this,stddy were not
linked in a dynamic way which is a lifitation of ‘our approach.
For instance, by direct inclusion ofspest and disease damageyin
a comprehensive model, the plant physielogical status could be
directly linked to plant susceptibility. to certdin diseases.
Conversely, any pest or disease,ddmdge could directly affect
plant growth, with consequences for future photesynthetic car
bon gain or, vulnerability to wind or fire damage. However, this
would require significantly greater system complexity and math
ematical integration of very differentymodel components. Such
integration will ultimately be needed for a true assessment of
climate chdngesimpacts and avoidance of any bias in climate
impact_assessments broughtaaboutby omission of any import
ant aspects ofisystem processes,andinteractions.

Sensitivities.dnd areds for future research

This review identified the growth response to increasing CO, as
a key sensitivity ofythe overall response of forest systems to
future climate change, but there is still considerable uncertainty
of theé magnitude of this response. Some workers have focused
on photosynthetic processes and expect large increases in CO,
responsiveness, especially under water limited conditions (e.g.
Lloyd and Farquhar, 1996; Franks et al., 2013). Others have
argued that stimulation of photosynthesis is inconsequential
under many natural conditions and can be overridden by other
growth limiting factors (e.g. Korner et al.,, 2007; Fatichi et al.,
2014). Others have presented a more diverse picture, suggesting
that CO, stimulated carbohydrate supply may stimulate growth
under some conditions, especially under low light or water
stress, but may have little effect on productivity in other

circumstances, such as under severely nutrient limited condi
tions (e.g. Ceulemans and Mousseau, 1994; Kirschbaum, 2011).
Empirical evidence in support of these various positions is mixed
(e.g.Norby et al.,, 1999; Nowak et al., 2004; Donohue et al., 2013;
Kirschbaum and Lambie, 2015), but a recent reanalysis of the
results of past short term CO, grewth experiments suggested
that future growth enhancemeént .may lie about<half, way
between the values calculated with censtant amdwincreasing
CO,, respectively (Kirschbaum“and kambie, 2015). Clearly, more
research is still needed. to, refine‘the likely growth response to
increasing CO, of plahtations in New Zealdnd, and=elsewhere.
That single factor €onstitutes the largest sihgle Uncertainty in
current modelling of plant, responses, to future conditions and
makes it stillddifficult to confidently forecast changes to prod
uctivity and'risk.of wind damage!

Current projections show,that, the risks to plantations from
the twio most damaging diseases in New Zealand are unlikely to
changeydmarkeédly. Nonetheless, further research should be
dndertakenfto examine the potential impact of the damaging
disease red needlescast (P. pluvialis) under current and future cli
mates: Currently, there'is also no significant damage to planta
tions from ifRsect pests. However, it would be useful to
determineshow climate change affects the climatic suitability of
plantation‘forest regions for a range of high risk species such as
bark beetles, and" defoliators. The impact of weeds on planta
tions inythesfuture is likely to depend on the degree to which
current ‘sleeper’ weeds and naturalised aggressive woody tree
species (e.g. Acacia spp.) can expand their range and increase in
vigour. The future potential distributions of these key weed spe
cies should be determined using process based weed distribu
tion modelss, Further research is also required to determine how
important weed ‘species will respond to climate change and
how_effectively they will compete with plantations in the future.
Given the potentially damaging role wind and fire are projected
te have on future plantations, it would also be useful to refine
ournspatial understanding of the impacts of these factors.

Conclusion

Overall, our analyses showed productivity gains for P. radiata
from the direct effects of climate change that ranged from rela
tively minor to substantial depending on the response to
increasing CO,. These simulations suggest that the direct effects
of climate change are likely to favourably affect forest product
ivity even if the potential CO, response is only partly realized.
Although fire risk is projected to increase in the future, most
damage is likely to ensue from the greater vulnerability of plan
tations to wind damage, that results from increased height
growth.

Changes in trade and increased global travel are likely to
influence the origin of future incursions of invasive pests, with
invasions from regions in eastern Asia likely to constitute a
growing risk. Currently, the most significant biotic disturbances
of New Zealand plantations come from two needle cast dis
eases, for which climate projections show very little change in
damage over the course of this century. Although New Zealand
does not currently have any damaging forest insect species,
population levels and resulting damage are likely to increase in
the future as warmer temperatures accelerate insect
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development and increase the susceptibility of host plants to
attack. Competition within plantations from aggressive woody
tree species, and in particular those originating from Australia is
likely to increase as a result of climate change.

The effects of climate change present global plantation for
ests with many challenges but also new opportunities. This
study quantifies the increases in productivity expected due to
climate change. Changes in wind conditions will have implica
tions for silvicultural practices, particularly for stands grown to
maximize carbon, while there will be significantly increased wild
fire risk to plantation forests. The future impact from biotic fac
tors are complex and often species dependent, but this study
highlights the major threat species and notes the highest risk
source locations. The results from this ambitious synthesis of cli
mate change threats should provide decision makers the fore
sight to mitigate against avoidable threats, adapt to committed
future changes and capitalize on future opportunities.
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From: Media

To: s 9(2)(a)
Subject: Gore fire danger
Date: Wednesday, 13 January 2021 11:34:00 am

Kia ora [S9@@)
Thanks for your questions yesterday.

The following can be attributed to Drew Bingham, the lead scientist for theOumatmosphere
and climate 2020 report:

e The sites discussed in OAC2020 were not ranked in orderof rate of change in
days with very high or extreme fire danger.

e The fire danger at the Gore site has remained low, though'it is one of six sites
identified as having a very likely inereasingitrend. Of.those Six;further analysis
shows Gore had the lowest increaseyin the number of'days per year with very
high or extreme fire danger. The data'shows this increase was very likely
between 0 and 1.7 days per de ade.from 1997 t0 2019.

e  Gore and Invercargill hadithree or less days peryear'on average with very high or
extreme fire danger betwee,1997-2019. In.comparison, sites like Tara Hills, Lake
Tekapo, and Blenheimshad an annual aferage'ef more than a month’s worth of days
with very high or {xtrem ) fire dangef:

For further backgr=und:

e Our.atmasphere and climate 2020 (Figure,22,includes a map on the annual
averagenumber ofweryhigh and extremedfire risk days, 1999-2019):

https //www.mfe.govt.nz/publications/environmental-reporting/chapter-3-
changes-in-our-climate-and-environment-observed

Cleers,
Marcus



From:

Sent: Thursday, 11 March 2021 3:02 pm

To: Drew Bingham <Drew.Bingham@mfe.govt.nz>;
Cc: Nancy Golubiewski <Nancy.Golubiewski@mfe govt.
Subject: RE: Recent NIWA-led research on wildfire risk

o cra Drew, SO @) N
[S9(2) (@ and | have discussed the edits to the wildfire risk webpage suggested

below. We also note Drew has already corrected the citation in the Atmosphere and Climate 2020

email (1 Decembe 2020)

o Welhaven't made the Siggested changel We use the ‘Where this data c i ie.
: a as i e National Rural Fire

we’re unsure what change to

Authority. The suggested change to ‘FENZ Fire Weather Syste
make - should ‘National Rural Fire Authority’ be changed to
ge w_h Stats™ better convey t e nuz

o From§9(2)(@) email: We support your suggestion to e
coloured according to the fuel type. We suggest a

way could be to edit their ShinyApp so that it is the locatio &a‘! e associatedt
o be included in tae Sta MM\ based on different fuel types and that care should be

more prominent disclaimer need
aken when comparing results from different location

e with the fore grass fire risk data. One

ected but there to better convey nuances with the fuel types. We've

el type, 2010-2019
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e We've also looked at the trend data and it doesn’t seem that fuel type has much influence on the trends (see graph below).
Because of this, we_don’t think it’s necessary to make the changes suggested (i.e., to colour the site name by fuel-type)

Whanganui (Spriggens Park) 4
Dannevirke {

Whangarei |

Auckland (Clevedon Coast) |




ing suggestio. A

nt disclaimer needs to be
n d ffe fuel types, and that should be taken when comparing

= Given these results, we're unclear about the need to
included in the StatsNZ website stating that data is bas
results from different locations’.

e We are happy to have further converstiion
We contacted $9@® and %@ (FENZ) in December about m g, but
approach to the webpage could cause some issues.

Otherwise, we have noted the suggestions abo development of £ i bpage, and suggest we all work more closely in future

(e g., everyone being ‘in the room’ when changesho are discussed) so e issues at the time.
Nga mihi, @ (L

ave the ShinyApp as is.

py to talk with FENZ again if you think our

ingham <Drew Bingham@mfe govt nz>
3 December 2020 4 06 PM

cy Golubiewski <Nancy.Golubiewski@mfe.govt.nz>; John Robertson <John.Robertson@mfe.govt.nz>; NS 9(2)(@)

ject: RE: Recent NIWA-led research on wildfire risk
ia ora89(2)(@
Thanks for the update, it sounds like you had a productive discussion.
We'll go ahead and correct the citation in the report.

I’'m also including- in this chain, as she will need to lead the response to the changes on the indicator website. | expect she will contact you to work
out exactly what the changes should look like.

Thanks for your time on this, I'm glad we were able to come to a resolution that all could agree upon.

Kind regards,



Drew

From:

Sent: Tuesday, 1 December 2020 3:01 PM

To: Drew Bingham <Drew.Bingham@mfe.govt.nz>

Cc: Nancy Golubiewski <Nancy.Golubiewski@mfe.govt.nz>
Subject: RE: Recent NIWA-led research on wildfire risk

Hi Drew,

[S79(2)(@)] and I had a productive meeting with [i§'9(2)(@)] from SCION yesterday. Ultimately we have come to the consensus that the data
presented in OAC2020 are of sufficient quality and appropriateness and therefore recommend that an error correction process need to be
initiated. It appears some of the original concerns resulted from the mistaken conflation of observed/historic index data withdnodelled projections. The
key recommended actions resulting from our meeting are largely the same as those | outlined in my previous email to yo ecific Ily:

e Request StatsNZ to edit their wildfire risk webpage, section Where this data comes from, to state “NIWA, and FEN

disclaimer needs to be included in the StatsNZ website stating that data is based on different fuel
comparing results from different locations.

e We recommend that a minor correction is required in the OAC2020 report; such that the MA
(attached) are used as the citation on pg 64 of OAC2020. According to[[S'9(2)(@) ], the
available on this topic.

As a result of our productive meeting yesterday, we feel an additional meeting with th¢ thre s yourself anc longer required.
However, if you wish to speak with me to clarify anything | am of course available for th would‘appreciate itaf you n know if you're happy to
pursue the recommended actions bulleted above.

For future iterations of such work, we (NIWA) have agreed to engage wit CION to check and evelop an improved methodology for
deriving these data.

Kind regards, §9(2)@ Q
From: Drew Bingham <Drew.Bingham@mfe.govt.nz>
Sent: Thursday, 19 November 2020 12:09 p.m.
To:
Cc: Nancy Golubiewski <Nancy.Golubiewski@ 0

Subject: FW: Recent NIWA-led research o
ing fast week (inclu d for them to convey their issues with the how we
that they w prefer to seach out to you (NIWA) directly, so good to hear they've

Hi FSENE)
Thanks for sharing this feedbac

FENZ have reached out t and we had a
reported on wildfj report and web

updated in the report. And as with their communication with you, they also voiced frustration at not
the \fport production.

s for Stats and- to work with you to verify the quality and appropriateness of the data used for our reporting. If

From:

Sent: Wednesday, 18 November 2020 3:27 PM

To: Drew Bingham <Drew.Bingham@mfe.govt.nz>

Cc:

Subject: FW: Recent NIWA-led research on wildfire risk

Hello Drew,

I hope this finds you well. | am reaching out to let you know we (NIWA) have received some critical feedback on the Wildfire Risk data presented in

0AC2020 via[l§79(2)(@)" at SCION (see below for his email). [§19(2)(@)] and | plan to organise a meeting involving ourselves, you,[§19(2)(@)!

(StatsNZ) and[[§'9(2)(@)" (SCION) at some point prior to Christmas so we can work through and resolveS8(@)@ concerns. In addition, §9(2)@) will be



speaking to82@@ directly in the near-future.
In the meantime, we are working through this internally at NIWA, and | wanted to let you know some of our thinking in response to89()(@ criticisms:

o Are FENZ aware. mg'[ data was bﬁ'ﬂa sed?

e Fire Danger ratings were provided for 30 locations. As shown in Macara & Sutherland (2017) and Macara et al. (2020), FENZ (Raws) stations
were selected for 11 of these locations.

e NIWA has a data sharing agreement in place where we can provide FENZ data to the public provided i) FENZ is acknowledged as its source, in
the following manner “FENZ Fire Weather System”, or otherwise as approved. ii) any Web based products that use FENZ RAWS observations
will need to acknowledge the source as FENZ.”

e As per Section 4 of Macara & Sutherland (2017), NIWA obtained explicit permission to use the data: “The authors wish to acknowledge Stuart
Waring from the New Zealand Fire Service (NZFS) for permission to use NZFS data in this investigation”. Based on NIWA’s data agreement as
above, such explicit permission isn’t required.

e For the 2020 iteration of this work, NIWA note we haven’t explicitly acknowledged FENZ Fire Weather System in<" e Macara et al (2020) Client:
Report, although that report refers the reader to the Macara & Sutherland (2017) report where explicit permyssio »w!'s acknowledged. The
StatsNZ webpage (https://www stats.govt.nz/indicators/wildfire-risk) does acknowledge the data source, howe ‘er it “oesf 0 inaccuratel
(“National Rural Fire Authority”).

o Proposed action: Ask StatsNZ to edit their wildfire risk webpage, section Where this data comes from, to' s e “NIWA, and FENZFyre Weat e
System”.

e Disappointing that NIWA didn’t come to SCION for advice, assistance, or peer review of their methods and results
e The data NIWA provided are simply generated using methodology as applied and runn‘ng o erationally via EcoConnect (software used for the
provision of weather and climate data to the public) and as presented online and p< licly a adable (https://firewea her. nz/). Asfaras
we are aware, there has been no change to the original methodology and share® IP wit" SCION.

o Flawed results NIWA authors inadvertently compared Fire danger rating frequen _es’ f forest vs grassland fire danger at_ifferent sites

e NIWA are well aware that stations have different fuel types (of our 30fecations, 18 st tions have geass, and Listations have forest). Fire
danger ratings at each of the 30 locations are based on the priman fuel type hat is selected fo4 ach statim Macara and Sutherland (2017)
and Macara et al (2020) describe the Fuel type that applies to €ach o she stat ons in the stat'on meradata tables.

e On the StatsNZ webpage (https://www.stats govt.nz/indicators/widfire= 5.4), when viewing the Graph i f State for All sites, the different fuel
types for each site are distinguished by the colour of the b. . e,0 the bars are indist nguthable (New Plymouth, Hokitika, Milford Sound).
Additionally, detailed methods including fuel type selechon a  provided on the St#.sNZ w\ b te.

e Proposed action: Ask StatsNZ to edit their ShinyApp so thanit is the location name;, n ) the \ssociated bar, which is coloured according to the
fuel type. Suggest a more prominent disclaimer ne\ds to be | cluded in thednatsNZ web e stating that data is based on different fuel types,
and that care should be taken when comparing resultsifro«" different location

o NIWA authors are unaware of the majord rrors and' s that exist in underpin rass curing data within the FWSYS required to calculate
grassland fire danger
e NIWA simply provided historicobserved daraiwhich is basel on the' perayonal calculatio™ per EcoConnect and the publicly available website
(https://fireweather.niwa.co. 5/)4Therefere the data are the ‘best’ a ailable, contemp, rarily relevant and used operationally. It is beyond the
scope of the present wi* ko acc untfor/update the'calculaons ind ght of such e™rs and g ps

e The study utilises only a limited time period (~20 yéars) ¢ impared to the longerstime serles usu_lly required to observe climate changes
e NIWA provide  tiydata @@, MFE and StatsNZierp hed the data and calcua ed t"ends. The trend calculations by StatsNZ are rigorous
and based on st tist'cal'significance/certa nty, W e criteria (e.g. wery likelu'ncreasing, likely decreasing, etc.) clearly defined in the Our
Atmosthere and"_limate 2020 report; “Measring and reporting tre’ d and an@=‘alies” infobox on page 28.

e Projections _ futuré fire danger inappropriately acknowledged
e At present i 'the OAC2020" eport, pg 64, Scion (2019) are cited for the fire danger projection information.
e ropose(raction: The OAC2020Qrepon’ s corrected, such that the MPI report from 2011 and the results it presents (attached) are used as the
citanon on pg 64. Che k'wish.Gran earce to see if any more recent research results are available.

Additional point fopfelarification
e Forthe| verall bod of work contributing to the Our Atmosphere and Climate 2020 report, NIWA are simply the providers of the data (and
implcitly he data’ ustodians, hence we were approached by MFE for this work). $%@®@ at times appears to have conflated this data provision

role w' h the data reporting role led by MFE and StatsNZ. That said, myself (and several others; s 9(2)(a)
§9(2)(@) " W9(2)(@)" not to mention the comprehensive internal reviews at MFE and StatsNZ) were involved in reviewing the report and
webpages.

Plea e standby for any updates from us, as well as arranging a mutually agreeable time to hold our meeting. | anticipate that among other topics, we will
d \cuss the proposed actions (bolded above) in that meeting.

Kind regards, $9(2)@

From: s 9(2)(a)
Sent: Wednesday, 11 November 2020 1:11 p.m.
T°S9(2)(ﬂ)

Subject: Fwd: Recent NIWA-led research on wildfire risk

From:[§°9(2)(a)
Sent: Wednesday, 21 October 2020 2:31 PM
To:[S9(2)(a) s 9(2)(a)



Subject: Recent NIWA-led research on wildfire risk

i
As discussed, I'd like to highlight some issues with recent research on wildfire risk undertaken by NIWA for MfE and Stats NZ.

The research formed the basis of a section of the just released MfE & Stats NZ report, Qur Atmosphere and Climate (see pp 44-45, and also
pp. 64). The NIWA research, described in contributory reports by Macara & Sutherland (2017) and Macara et al. (2020), quantified the
number of days of VH & E fire danger and trends for 30 locations over the period 1997-2020, using data obtained (and quality checked and
corrected where necessary) from FENZ's Fire Weather System which NIWA maintains for them.

As well as questioning whether FENZ were aware that NIWA were using their data (or at least some of it for FENZ fire weather stations, vs
NIWA or MetService’s stations in main centres), it is most disappointing that NIWA did not come to Scion for advice or ad¥istance to

complete this study, or at least for peer review of the methods and results. Scion was a partner with NIWA in the d t of the Fire
Weather System for FENZ, and shared considerable IP with NIWA via equations and methods for calculating fire

It is disappointing to see that as a result, some of the results from the study are flawed and are being circ:
national media (e g. RNZ, NZ Herald, Stuff, Newshub) and via national indicator data sets for wildfire ri
their broader national indicators). In calculating the frequencies of days of VH & E fire danger, the
compared forest fire danger against grassland fire danger for different sites, and unaware of the major el
underpinning grass curing data within the FWSYS required to calculate grassland fire danger. The study also
period (~20 yrs), compared to the longer time series usually required to observe climate
for many of the stations.

The report, and associated media, also merge the results from this latest NIWA,
collaboration with NIWA (for MPIin 2011). In fact, the headline that fire dange
research, not this latest NIWA study, although is not appropriately ackn

actually cite a Scion Connections article, not the main project reports

at least to approach FENZ to ask who the e
around the various government departi

| believe these issues with this r rch

with NIWA management given ti f collgboration with ase given the stifing hif ory of working together previously.

O
ND

Thanks,-
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Wellington 6143

Concerns Re Reporting on Forest and.Rural Fire Danger. Levels

Introduction

The Ministry for Environment/Stats NZ ‘Our atmosphere and climate 2020” report published in October
2020 includes a number of failings in the methods.used to supportithe commentary on ‘The Risk of
Wildfires Changing’. These include;

1)

Media Repor's

Aneéxample of what was reported as
alarmist and distorting statements by
theimedia on the Ministry for

Env ronment/Stats NZ Report was on
TV3 News on 15" October 2020. TV3
suggested there would be a 70%
increase in fire danger levels by 2040;

The 17 year period used, from the 30 siyes is'from 2020 te,2017,is insufficient to support such
findings. To use such a short period.to assess changesin fire danger levels do not fully reflect the
history on changes if any in the fire danger levelsthroughout the New Zealand forest and rural
landscape. The statements madeiin‘the report relating to “the Risk of Wildfires Changing’ has
resulted in misleading theidiscussions onth \ impacts of changes in climate to fire danger levels. This
has also allowed flawedssvatements to bemade by media on'this (opic.

In the Ministry forEnvironment/Stats NZ section of the report it refers to a 2017 NIWA Fire Risk
Assessment Report. From theGhirty sites referenced. in this"NIWA report eighteen sites involved a
fire risk’assessment using the Grasslands Fire Danger Class outputs from the NZ Fire Danger Rating
System (NZFDRS). The use of the Grassland Fire Danger Classes raises a number of concerns. The
GrasslandFire Danger Class.involves the use of the Initial Spread Index (ISI) from the NZFDRS, and
the degree of grassland curing. This degree of curing is a manual assessment at a representative
grassland sitesnea’th', Remote Automatic Weather Station (RAWS). It needs to involve a detailed
weekly inspectioniof changes in the dry matter levels along a 100 meter grasslands transect.




In addition Stuff also report on the 15 October 2020 that “By 2040, days with very high or extreme fire
danger periods are projected to increase by an average of 70 percent, due to hotter, drier and windier
conditions, the report says. The largest increases are projected for areas that are not accustomed to fire.
Wellington could experience a doubling to 30 days a year and coastal Otago a tripling to 20 days a year.”
Such statements cannot be supported by the facts.

Degree of Curing

The Degree of Curing component of the NZ Grassland Fire Danger Class required t ‘e asyessment of
levels of grassland curing at a site near each RAWS. The most satisfactory.mea'’s of estimating,the
Degree of Curing is by direct observations for an area which representsithe\“typical situation” \nwhich
most wildfires are expected to occur; ideally, the location should be within a few kilométers of a fire
weather station. Obviously this will require considerable judgemeént on the part of lgcalfiremanagers. A
permanent transect 100 metres in length should be establishéd fo! the Degree of Curing assessment
rather than relying on a roadside check or observations from asdistance. Ideally, the t ansect should be
marked with a steel post at each end as this permanent’inutallation will allow,comparisons to be made
not only during the current fire season, but also from-ene fine season t6 another

The sampling should be done by the same person, Observations are.netrequired to be made on a daily
basis but should be done at least every week ord0 days. Ten evenly spaced out samples (@ 10 m, @ 20
m, etc.) should be evaluated along the transect I'ne Care andjudgement must be exercised in making
the visual estimates of Degree of Curing, The best method is to,locate a 1.0 metre by 1.0 metre sized
frame (made out of small diameteswooden dowelling,light-weight aluminum or similar material)
immediately in front of the toe whereithe sampler has\paced the required distance. Mentally estimate,
by volume not cover, thesure? (i.es, dormant) or.dead material.in'each quadrat to the nearest 5
percent. Often the gras. mustbe pried apart to determine the,amoun "of dead material underneath the
current season’s growth, butstill undecomposed. Following this,:determine an average for the entire
transect.

Estimates of cured6r dead material less than 50 percent should be considered very carefully. These
situations,occur. only when no,litter (excluding decomposed material) or standing dead stems remain
fraim theé previous season’s'growth. Initially, when the observer is “calibrating” his/her visual
avsessment, and then,per odically, as a check, all the material within the frame should be clipped, the
de=d.and live material siparated and the volume of each determined by ocular means or by drying in a
forced-air drying oven and weighed on a electronic balance if such equipment is readily available. If a
camera_is available, a photo be taken at the time of each visit to the site from the starting post looking
down thedtransect and perhaps of a “representative quadrat” or two. A permanent record of the degree
oficuring assessments along with this photographic record should be kept giving the name of the
assessor, date of the assessment, the estimated percentages and the mean value. Before the use of the
Grassland Fire Danger Class, in any formal assessment/study, confirmation is required to ensure the
correct process is use to assess the degree of curing at any of the sites used in the study.

The impact of recent climate on fire danger levels in New Zealand

Further research to determine the impacts of recent climate on fire danger levels in New Zealand has
recently been completed (Dudfield, Pearce, Cameron - February 2021). Using a number of outputs from
the Fire Danger Rating System the research question was "Is the fuel available to burn over the past 20



years any greater than for the period prior to the year 2000". The research involved the analyses of fire
weather data for up to 60 years from 15 sites throughout NZ. This study looked to analyse three key
components of Drought Code (DC), Build Up Index (BUI) and Initial Spread Index (ISI) from the daily
outputs from the NZ Fire Danger Rating System. These historical data sets ranged in length from 24 to 59
years. The results from this largely qualitative analysis shows a trend that fuel availability for combustion
has seen an overall reduction over the past 20 years when compared with the period prior to 2000.

This study uses daily climatology records from 15 weather stations located within dif erent regions
throughout New Zealand. Data was obtained from the Fire Weather Systemamnanagd for Fire and
Emergency New Zealand by the National Institute of Water and Atmosphéric R"search (NIWA)pand
records for discontinued Meteorological Service of NZ stations updated to June 2020 with synoptic data
provided by MetService.

The study looked at two groups of fire danger indicators. These“ncldded:

1) The monthly maximum BUI, DC and ISI values from‘histéricavdata sets'for the 15 weather
stations ranging in length from 24 to 59 years. For stations with data.available for more than 20
years prior to 2000, this was trended againstithe 20 year periodfollowing 2000. For those
stations with historical indicators covering'a,24yeas period only, this data was split to compare
two 12-year periods

2) The number of days with DC greater than 300, BUI greatr than 60 and ISI greater than 10 were
identified, and a five-year rolling a“erage was then‘applied o each station.

The high level-results of this assessmentiare outlined'in T/ble 17 For the 90 fire danger indicators across
the 15 weather stations, 68 (77%) of.the'indicators'showed a no change to a nominal or notable
decrease, versus 22 (23%) of thefindicators showing a nominal to notable increase.

Kaitaial A.ucklal Gisbor4 Napier | Flotor4 Taupo | Uanga4 Para—ur‘ Masted HNelson | Blenhei| Chch | Q-town |Dunedi| Inu-gill
Mumber of years/pericd: 59 54 24 24 24 24 24 24 24 24 24 24 41 55 538
Days of Build Up Index
T 1 I | b 1% © |-8N.O | o |0 | 1 lo]|o
Days of Droaght Code
cloqNM I |¥| ol | ) 1|00
Days of Initial Spread l
Index > 10 $ o |§P0o (0|0 | O | J|o|lo |l |
Number of years/period: 59 54 56 23 54 46 41 56 23 56 27 58 41 55 53
Maximum BUI' by Month I
I for period I . o] o] f ‘- l 0 l ' " I l o
Maximum OC by Month l ‘I -
l For Period " I I l t o o ‘ -' o l o
Highest 151 pecmanth .
| for the period ‘ 1 ’ o l O l o) ' ‘ ’r ‘ O o
Ry Each arrow generally shows the movement between the cluster of years prior to 135%
Motable Increase * 5 compared with the 2000 to 2020 cluster of years.
Mominal increase I 17 The BUI, DC and 151 referred to above are defined as:
[ Ouverall no change (o] 34 1) The BUI is a numeric rating of the total amount of fuel avallable for combustion. It combines the
; l Duff Moisture Code and the DC.
| Mominal decrease 16 2) The Drought Code (DC) is a numeric rating of the average moisture content of deep, compact
Motable decreaze ‘ 18 organic layers. This code is a useful indicator of seasonal drought effects on forest fuels and the
a0 amount of smoldering in deep duff layers and large logs.
3) Initial Spread Index (151} is 3 numerical rating of the expected rate of fire spread. It combines the
effects of wind and FFMC on rate of spread without the influence of variable quantities of fuel.
Table 1: Summary of changes in fire danger for 15 weather station locations across New Zealand

In fact, more stations showed decreases in fire dangers for the period since 2000 compared to the
period prior to 2000, whether nominal or notable. Gisborne, Nelson, Blenheim and Christchurch mainly
showed decreases, including many notable decreases, plus Invercargill and Paraparaumu also showing



no change or decreases. Only two stations (Taupo, Wanganui) showed notable increases, with
significant increases for the number of days of DC >300 and maximum monthly BUI and DC values since
2000. The remaining stations showed more variable trends, with a mix of increases, decreases and/or no
changes in fire danger indicators for the two comparison periods.

such statements is misleading, emotional and indicates a lack of understanding o agement of
fire in the New Zealand forest and rural landscape.

Conclusions &
There is little evidence to show that there would be a 70% increase in fire danger. | by2040.T
Q’ ;~ n

The NZFDRS provides a sound scientific basis for answering key questions in mana ent of fire in
the forest and rural landscape, as well as supporting fire manag decision-making. What has
emerged in a recent research project into the number of day. ion at an
intense level — as indicated by elevated values of the BUI RS —it has
shown that this has remained the same or actually reduce f the weather
station locations analysed in the fifteen weather sites i reased fire spread

potential — based on the ISI component of the NZ S idespread decreases. Along
with the BUI and DC changes, this may be explai art by chafiging wind patterns and associated
iated wi a

increases in rainfall along the Southern Alps th natur al climate variability, as well
as longer-term climate change.
Based on this study, involving up to/60wears of fire w r data for a range of locations across the

country, it will take a major swing nt weathe o suggest that the average annual

frequency of elevated fire danger.levels‘across aland will i se dramatically over the next 20
to 40 years. Q
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Dear S 9(2)(a)

Concerns regarding reporting on forest andwural fire danger levels

Thank you for your letter of 19 February 2021 about concerns with reporting on forest and rural
fire danger levels in Our atmosphere and ¢’ mate 2070, The Ministry for the Environment (the
Ministry) places a high value onsthe quality of ouranalysis, and we always welcome feedback
on our reports.

| acknowledge your comments about the appropr ateness o the data used in relation to trends
and fuel types, and the resulting media interest<Particularly since'the Ministry received similar
feedback on the wildfire risk discussiondn the report.from other interested parties.

To addressthe matters raisedjtheMinistry worked with,officials from Fire and Emergency New
Zealand (FENZ), NIWA and Scion. We were able to, satisfy concerns that the data, analysis,
and statements’in the geport were correct, and that the data and trends in the report were
inte’preted and presentedicorrectly.

We think some ofthe ‘confusion may have stemmed from the use of two different data sources
n:the report/ Data.on days with very high and extreme wildfire danger were used to analyse
trends inthe past (and identified six sites with very likely increasing trends, and six sites with
very likely decreasing trends). Although the Ministry determined that the analysis was correct,
we_acknowledge the need to better convey the nuance with the forest/grass fire risk data in
the future.

Working with scientists at Scion, the Ministry also addressed a concern around the statement
about a projected 70% increase in fire danger levels by 2040. This statement is taken from a
modelling study (Watt et al., 2019), and is not extrapolated from the wildfire risk indicator data.
Following discussion, the Ministry updated the citation in the report so that it references the
most current and relevant research results that calculate this statistic.



These changes were considered sufficient to address concerns around messaging and data
handling stemming from the report, and the Ministry has committed to work more closely with
FENZ on wildfire risk data, analysis, and communications in our future reporting. While the
study you published (Dudfield, Pearce & Cameron, 2021) was not available‘to the Ministry
during publication of this report, it will be considered along with any other recent findings in our
next wildfire reporting.

Yours sincerely

Vicky Robertson
Chief Executive and Secretary«for the Environment





