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Rapid Response Review using ScienceBrief.org
Time stamp: Published 14 January 2020. The evidence reviewed was published between 16 March 2013 to 12 January 2020.
Search keywords used for the Rapid Response Review: “Climate Change” AND “Fire” (also “Fire Weather” OR “Fire Danger”)

Matthew W. Jones !, Adam Smith !, Richard Betts 23, Josep G. Canadell 4, |. Colin Prentice®, and Corinne Le Quere 1
L Tyndall Centre for Climate Change Research, School of Environmental Sciences, University of East Anglia (UEA) 2 Met Office Hadley Centre, Exeter 3 College
of Life and Environmental Sciences, University of Exeter 4 CSIRO Oceans and Atmosphere, G.P.0O. Box 1700, Canberra, ACT 2601, Australia > Department of

Life Sciences and Leverhulme Centre for Wildfires, Environment and Society, Imperial College, London

Approach. We undertook a Rapid Response Review on the link be-
tween climate change and fire risk. 57 scientific articles were gath-
ered and evaluated using ScienceBrief. This document synthesises
the key points that emerged from the findings. Our review focuses
on papers published since the Fifth Assessment Report of the Inter-
governmental Panel on Climate Change (IPCC), with its cutoff date
of March 2013. The papers can be viewed on_https://sciencebrief.
org/topics/climate-change-science/wildfires. All papers show link-
ages between climate change and increased frequency or severity
of fire weather, though some note anomalies in isolated regions.
None of the papers support a widespread decrease in fire risk.

Summary. Human-induced climate change promotes the con-
ditions on which wildfires depend, enhancing their likelihood
and challenging suppression efforts. Human-induced warming
has already led to a global increase in the frequency and sever-
ity of fire weather, increasing the risks of wildfire. This signal has P LR
emerged from natural variahilitv in manv resions. includineg the
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Highest fire severity at intermediate forest age
Age-related flammability many studies in many places
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Recent Australian wildfires made worse by
logging and associated forest management

The recent fires in southern Australia were unprecedented in scale and sewverity. Much commentary has rightly
focused on the role of climate change in exacerbating the risk of fire. Here, wea contend that policy makers must
recognize that historical and contemporary logeing of forests has had profound effects on these fires” severity

and frequency.

Davwvid B. Lindenmayer, Robert M. Kooyman, Chris Taylor, Michelle Ward and James E. M. Watson

M are than 5.8 milllon hectares

of Australla burmed bebween
September 2019 and January
20, with several milllon maore hectares
burmed n subsequent months, Disoussions
among land managers, politicians, policy
makers and scientists have mow focused on
the origins and behaviour of the wikdfires 1o
try o ensure they do not happen again. Mot
unreasonably, muech of this discussion has
centred arcund the role of human-forced
climate change?, and the assodated
prolonged drowsght and extreme weather
conditions as major drivers of these recent
conflagrations. It is Clear that discussions
abionst links between climate change and fire
are warranted and showuld galvanize action to
halt climate change™.

However, the contribatiomn of 1and
management, and especially forestry
practces, o wildfires has often been
neglecied In these discussions. This s an
oversight given that land management 1s
wiell within the control of Australlans (unhke
global action to abate climate change) and
that there 15 an extensive body of sclenoe
avallable to decislon-makers. Some parts
of the forest Indusstry are now calling for
Imcreased loggimg within both the burnt and
unburnt forest estates'. Here we provide a
summary of recent scientific evidence of
the impacts of forestry on these fires and
discuss strategles to Ilmit fubure catastrophldc
conflagrations.

Forest logging and fire

Since European setilement, Australlan
forests have had a long history of land-wese
change. While the full extent of forest loss.
and degradation s unknown, some estimates
show that at least 309% of ewcalhypt open forest
and 309 of rainforest have been lost duae o
logging and agriculure®. hlost of this loss
oocurmed in the katier half of the nineteenth
century. More recently, indisstry reporis show
that between 1996 and 2018, 161 milbion
cubic metres of native forest was bogped

o

Fig: 1| Fires withim logged arcas of native forests. Southeast Austrakan fires {red) within metive

forests (greyl and previcushy lopped areas {Togging aneas’; black). The first imoegpe {left to right) is

af the debris remaining after logging in eucalypt forests in central Wichorss, the second and third

mages ars of the aftermath of lagging = East Gippsland, and the faurth image is of bumed Brush Bex

{l cpfostemon confertus) within the world heritape Gondwana Rsinforest {an ecosystern that has evolved
n the= complets ahse=nce of fine)l Logring areas are dierived from publdy available dista from Forestry
Carporation of MNEW and VidForesis, both of which underestesmnate the full extent of historic logseng.
Credit images 1-3 by C. Taylor, image 4 By B M. Ecoyman

listed as threatened with extinctbon are
directly affected by loss of habitat specifically
due b koegping”. However, this figure is an

by the forestry indiestry across Australis®
Logging operattons have had severe impacts
on bhodiversity; 181 forest-dependent species

HATURE ECOLOGY & EVIOLUTEDH | waa nature comynatecolaeod
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Nothing unusual here
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Seen in wet forests globally
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Empirical analyses of the factors influencing fire severity in
southeastern Australia

Davip LINDENMAYER "=, CHRis TAYLOR, AND WADE BLANCHARD

Fenner School nf Environment & Society, The Australian National University, Canberra, Australian Capital Territory 2601 Australia

Citation: Lindenmayer, D., C. Taylor, and W. Blanchard. 2021. Empirical analyses of the factors influencing fire severity
in southeastern Australia. Ecosphere 12(8):e03721. 10.1002/ecs2.3721

Abstract. Fire severity is a key component of fire regimes, and understanding the factors affecting it is
critical given the increasing incidence of wildfires globally. We quantified the factors affecting the severity
of the 2019-2020 fires in Victoria, southeastern Australia. We constructed statistical models of relationships
between fire severity (as reflected by two measures: Crown Burn and the composite measure of Crown
Burn/Crown Scorch) and the main and interacting effects of five key covariates: fire progression zone (re-
flecting fire weather), time since previous major disturbance in the forest, forest type, slope, and aspect.
The best supported models for the probability of a Crown Bum and the probability of a Crown Burn/
Crown Scorch contained evidence of a three-way interaction between fire weather, forest type, and time
since previous major disturbance as well as two-way interactions between (1) fire weather and slope, and
(2) fire weather and aspect. There was an increase in the probability of Crown Burn and Crown Burn/
Crown Scorch under more extreme fire weather in all forest types, with the effect espedally elevated in dry



Fire severity related to Stand Age
tetEn (CRE T SN K DRAE
North-east Victoria (2019-2020)
EZ M7 HAERSEE (20198 ~20204F)
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Lindenmayer et al. 2021 Ecosphere 12(8):e03721. 10.1002/ecs2.3721
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Logging elevated the probability of high-severity
fire in the 2019-20 Australian forest fires

David B. Lindenmayer =15, Phil Zylstra &%, Robert Kooyman &2, Chris Tayler', Michelle Ward &+ and

James E. M. Watson

ARISING FROW! D Eowrnan of ol Mtz Embegy & Frofution bt pac/fnl oo/ {0 103254 E -0 1D E4-& (200

In thetr recent artide, I Bowman et al." amabysed the severity of
the 2019-20 Australian epcalypt forest fires. Thelr findings are con-
mmm&ﬁuun{wmﬂaﬂd:ﬁ&nﬂ:ﬂmmmm
whizre npeﬁﬂuuuh]ﬂm[nd.eniﬂulrFlg_BtuE']
showed that for a given Forest Fire Damger Index (FFDI), logged
fiorests ahways bumed with a higher ty of canopy dam-
age than undisturbed forest (Fig. | in this artide). Thos, they have
demonsiraied that bogging Increased the probability of canopy dam-
age by 5-20% [Fig- 11 In general, the likelthood of cnopy damags
was stmilar for logged forests under the mildest conditions as they
were for undistarbed forests under high and very high fire danger
conditions (Fig. 1). In summary, data from ref. | mdicate that fire
weather bad the greatest influence on fire severity over the broader
landscape but such effecs were amplified by management =ffscts
{mamely, logging) where thess oocurned.

Beeyond the work by Bowman et al.' empirically confirming our
original conclusions that logging contribates to fire severity’, we
bseltize thiere are some sahstanittal problams in their sudy that war-
rant further discussion.

Inappropriate combination of crown fire and canopy
damage
Bowman etal ' examined camopy damage {sometimies termed crown
soorch) rather than crown fire. For the purposes of thetr paper and
this discussion, we bdieve that distingaishing between these cat-
egortes of tmpact s ouclal v quantifying relattonships bebwem
logging and fire s=verity. Crown scorch affecis follage B-16 times
higher than the flames’. so that scorch helghts of 20-25 m have been
recarded from low imenstty (200- 500 kW m-T) presoribed. burms®.
These scorch heights exceed the canopy hetght of many dry sclero-
piryll forests* but resalted from flame heights small enoagh (£2m)
to be controllable using the most direct and efective means™. In
contrast, crown fires are the most severe and Ln:}nernllaH.ekh'ld.n{
fire behanviour tn which entire trees are burning’, representing fame
hetghts 8- 16 times those in the crown scorch calegary.

Substantial ressarch® ? demaonstrates that crown fire 15 far less
ltkedly tn older and unlogged forests. In logged forests, indoding

canditinas™ . The lkdithood of crown fire then dedines as forests
further matare”. For smmple, a previous study'® showed that in
the 28 fires In Central Victorla, crown fire was seven times more
likely In young Mountain Ash regrowth forest {muoch of which
was bogged and subsequently regenerated) compared io unlogged
old-groewth fiorest.

In contrast to the strong trends quantified for crown fire o the
broader sctentific Hisrature (for exampls, refs. 15 fheere are weaker
trends for canopy damage (which 15 2 compostie cxiegory of both
canopy fire and canopy scorch)™™ . However, despite the problems
I their overall methodology, the data presented tn Bowman etal!
still show a significant relatinnship between logging and the prob-

ability of canopy darmage (Fig. 1)

Logging and lag effects on flammability

A second problem in Bowman et al.’ is thelr argument that the rate
of nathee forest logging has dedined in sastern mainland Austradia
and by tmplication was of imied tmportance relattve to ather fac-
tars. This ignores long-term lag effects on fire severty resulting
from widespread past logging . It also ignores the fact that current
logging 15 concentrated within particular forest types which are
often of kgh valoe for threatensd forest-dependent species’. Far
example, $5% of dearcutting has occurred in wet and damp forest
types across Victorla. The impacts of increased fire severity due to
past kogging can be significant for those localtzed areas and particon-
lar forest types.

Fire severity and plantations

Bowmam et al' argue that plantsttons are at sk of high-severity
wildfire. This effect 15 mnsarprising as tress in plantations are
typialy young (and wsually harvested before they reach 25 years
old). This places them within an age cohort where they ar= highty
fAammable and at fsk of high-severity fire. In additton, they state
that nom-native conffer plantations in New South Wales suffered a
greater propartion of area sustalning severe mnopy damage (70%],
campared with Eucalyptus plantations and native forests, where the
proportion was simibir (51% and 52%., respectively). Flhnttions



a) Victoria b) South NSW c) North NSW
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SUMMARY &

 Logged forest ALWAYS burns at greater severity than intact
forest

 Logged forest burns at greater severity under moderate
conditions than intact forest under extreme conditions

o FANT OERMLDE . AXERESNIZZMRCS DN K DTN, Bl
R THD
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Lindenmayer et al., 2022 — Nature Ecology and Evolution
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Stand age related differences in forest microclimate il

David Lindenmayer , Wade Blanchard, Lachlan McBurney, Elle Bowd, Kara Youngentob,

Karen Marsh, Chris Taylor

Fenner School of Emironment and Society, The Awstralion National University, Canbara, ACT 2601, Awstralia

ARTICLE INFO ABSTRACT

Keywards: Ouantifying spatio-temporal vamation n forest macroclimate 1s important to understand the habitat asscciations
Mieroelima of scome species, identify potential refugia, and manage forests in a changing climate. We quantifisd relationships
Tmmfe a between mucroclimatic conditions and stand age wsing a detaled case study of the Mountain Ash (Bucalyptus
:EUW-WE lighs flux regnans) forests n south-eastern Australia. We deployed sensor buttons to capture data on day-time and night-
old agel forest tHime seasonal (Julian Day) temperature profiles in even-aged stands that were 12-vears-old, 30—40-years-old,
Mountain Azh forests ~£2- 95 vyears-old, and 200+ -years-old. We constructed Bayesian generalised linear models (GLMEz) to quantify
South-eastern Auscalia the main and interacting effects of stand age and topographic factors and foliage cover on seasonal profiles for:

median, maximum and variability in day-Hime and night-time temperature.

The most parsimonious model for median day-time temperature included a main effect of midstory and
owverstory cover, both of which were inversely related to median day-ime temperature. The most parsimonious
model for median might-time tempemture measures included an additive effect of forest age and seasonality.
Temperatures for the voungest forests (that were 12-vears-old) were different from other age classes and were
characterized by the lowest median and minimum night-time temperatures.

The most parsimonicus model for day-time maximum temperature and day-time interquartile ranges included
an interaction between forest age and Julian day. Day-time maximum temperatures were warmest in 1 2-vear-old
forest. The coolest maximum day-time temperatures in summer were generally in old growth stands (200+ -year-
old). The greatest variability in maximum day-time temperatures was in 1 2-year-old forest whereas, in general,
old growth stands expenenced the least vanable day-time temperatures. Our sensor data alzo chowed that old
growth forests were characterised by fewer days abowe 30, 35 and 40 degrees than 12-year old forest. Our
empirical data contain compelling evidence that the youngest forests were characterized by the hottest day-time
temperatures, the coldest mght-time temperatures, and the most varable day-time and night-time temperature
regimes. Age class differences in stand strueture (g canopy height, prevalence of large old trees and dense wet
understorey) may explain stand age related seasonal differences in local micrechmatic conditions.

1. Introduction 2019: De Frenne et al., 2021) ranging from birds (Betts et al., 2018) to
ants (Boyle et al., 2021).
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Will thinning help reduce fire severity?
BRI N R DRASZERERMIT HD(CIZILOD ?

Analysis after 2009 fire 2009 DN KR DT
Analysis after 2019-20 fire 20195 ~205F DN AL DT

ANSWER o=
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* Generally no et
» Some cases thinning = ' fﬂﬁgﬁg@*%gﬁﬁwé
greater high severity fire 7=

Taylor et al. 2020 (Cons. Letters); Taylor et al. 2021 (Austral Ecol)
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New spatial analyses of Australian wildfires highlight
the need for new fire, resource, and

conservation policies

David B. Lindenmayer®"2{> and Chris Taylor®’

“Fenner School of Environment and Society, The Australian National University, Canberra, ACT 2601, Australia

Edited by Arild Underdal, University of Oslo, Oslo, Norway, and approved April 13, 2020 (received for review February 5, 2020)

Extensive and recurrent severe wildfires present complex chal-
lenges for policy makers. This is highlighted by extensive wildfires
around the globe, ranging from western North America and Europe
to the Amazon and Arctic, and, most recently, the 2019-2020 fires in
eastern Australia. In many jurisdictions, discussions after significant
losses of life, property, and vegetation are sometimes conducted in
the absence of nuanced debates about key aspects of climate, land,
and resource management policy. Improved insights that have sig-
nificant implications for policies and management can be derived
from spatial and temporal analyses of fires. Here, we demonstrate
the importance of such analyses using a case study of large-scale,
recurrent severe wildfires over the past two decades in the Austra-
lian state of Victoria. We overlaid the location of current and past
fires with ecosystem types, land use, and conservation values. Our
analyses revealed 1) the large spatial extent of current fires, 2) the
extensive and frequent reburning of recently and previously fire-
damaged areas, 3) the magnitude of resource loss for industries
such as timber and nulbloa nroduction. and 4) maior imnacts on

but also recurrent fires for the 23 million-hectare state of Vic-
toria, with a particular focus on forests. The majority of native
forest across Victoria is under public ownership and managed by
government for either wood production or as conservation re-
serves. The state is characterized by a wide range of ecosystem
types and high levels of biodiversity in many of these ecosystems
(8). We completed simple but detailed spatial and temporal
analyses that intersected the location and perimeter of current
and past fires with ecosystem types, land use, and conservation
values. Our analysis revealed pronounced impacts on particular
ecosystem types, areas of high conservation value, and the use of
resources for industry. These findings, in turn, underscore an
urgent need for new policies and approaches to land manage-
ment that we outline later in this paper.

Results
Across Victoria, wildfires burned ~1.5 million hectares during
= & 4 = 4 1
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Lindenmayer and Taylor 2020 PNAS
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Recurrent fire = 77% loss of old growth since
1995
SAFE I BN K =1995F A%, EmMD77% DV HK

Enhanced old growth conservation Facific Conservation Biology

Legend

MNumber of disturbanca old growth

B -1 Disturbancs

¥ 1 Disturbance

o TSRESS, | [l Undisturbed betwesn 1505 and 2020
5| I Non-OKd Growsh Forest and Woadiand

Fig. 3. Disturbance by wildfire, logging or a combination of both in Modelled Old Growth Forest and
Woodland between 1995 and 2020,

Lindenmayer and Taylor, Pac. Cons Bio. 2020
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Key summary points FF&HiRA > b

Significant increase in amt forest o AMNKEDFEEFENAKIR(CIENN
burning - 25ERHIC3~4EIRZ IR 53
Some areas burning 3-4 times in 25 e SILSERY(CA—ZAREY TS RTARER
years HEHEIEIN TUVBHIED ~60%T (4.

~ 60% of areas planned for logging in
East Gippsland in next 5 years burnt in
2019-2020

~ 30% of everything planned for
logging in Victoria burnt in 2019-2020

Fire is beating forestry for access to
trees

Lindenmayer & Taylor (2020) (PNAS)
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Hidden collapse is driven by fire and logging in a
socioecological forest ecosystem

David B. Lindenmayer™®" and Chloe Sato®

“Fenner School of Environment and Society, The Australian National University, Canberra, ACT 2601, Australia; and "National Environmental Science
Program Threatened Species Recovery Hub, The Australian National University, Canberra, ACT 2601, Australia

Edited by Alan Hastings, University of California, Davis, CA, and approved March 29, 2018 (received for review December 14, 2017)

Increasing numbers of ecosystems globally are at risk of collapse.
However, most descriptions of terrestrial ecosystem collapse are
post hoc with few empirically based examples of ecosystems in
the process of collapse. This limits learning about collapse and
impedes development of effective early-warning indicators. Based
on multidecadal and multifaceted monitoring, we present evi-
dence that the Australian mainland Mountain Ash ecosystem is
collapsing. Collapse is indicated by marked changes in ecosystem

randitian navkiziilavhi tha vanid daslina in naniilatiane af baurtana

Here, we use data from a series of multifaceted, long-term
empirical studies to describe the process of collapse in the
Mountain Ash (Eucalyptus regnans) forests of southeastern
Australia (Fig. SI) (9-11). This ecosystem supports the tallest
flowering plants on Earth with large, old trees approaching
100 m in height (12). The Mountain Ash ecosystem provides hab-
itat for species-rich animal and plant assemblages (including criti-
cally endangered taxa), generates most of the water for the ~4.5

millinn annals tn Malhanena ctaean loens nmnnnte af hinmnos
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Are fire refugia less predictable due to climate change?

LETTER

Brendan Mackey"”*(, David Lindenmayer-, Patrick Norman', Chris Taylor® and Susan Gould'
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Abstract
Fire refugia
and recovery. While studies have shown that the location of refugia is influenced by local

unburnt habitat within a wildfire’s perimeter—play a key role in wildlife persistence

topographic factors, growing evidence points to extreme fire weather becoming the dominant
tactor driving high-severity wildfires that result in the location of fire refugia being less predictable.
Between September 2019 and February 2020, a series of mega-tires in eastern Australia burned
largely in broadleat forest. We assessed burned and unburned areas of forest in eastern Australia
using Sentinel-2 satellite data, aggregated monthly over the fire season to calculate a fire severity
layer at a 20 m pixel resolution. We found that fires burned 5.7 x 10° ha—! of forest and woodland.
The total percentage area of unburned forest within the wildfire footprint was approximately 10%.
The majority (94%) of the unburnt forest and woodland patches within the fire perimeter
occurred as patches <1 ha (n = 842 622 and 111 707 ha) with far fewer large unburnt patches
(>100 ha) (n = 575 and 286 080 ha). Boosted regression tree analyses of the relationships between



Fire refugia ANHEEFDREH

« Extensive burnt forest in e 2019FH52020F DR IRIE R IE
2019-2020 SR
« 10% unburnt within total fire < #2 N EEFIEDOE10%NFRIAKE
footprint o SRIREEIIDI4% (1 hask B DX
* 94% unburnt areas are |ER]
patches < 1 ha « TARDIRBHIN(G, ROBILELNS
- Forest refugia need to be BNTLD (URERESNTLRERL) W

spared from extra disturbance  EH'H3
(not logged)

Mackey et al. 2022, Env Research Letters






Look at spatial conflict between logging and

biodiversity
iR EZ RO ZRBIN B IZICER

* Top 10% of priority areas for 70 threatened ~ « "7 k) 77 C|d. G IEfE70FE D 7-
species in Victoria are in coupes targeted for ) @T%fl—ciﬁ?iﬁ@ J:TﬁlO% A 71@%_%/& _l_

logging under Timber Release Plan

* VicForests legal counsel

e By 73 L RV ORERERM

These habitat distribution models (HDMs) use the modelling of a range of

8:25 am Fri 3 Jul

environmental variables to rank the relative likelihood of species’ occurrence on a
scale of 1 (low) te 99 (high). Mr Paul deposes that these HDMs, despite some
limitations, are the most useful data available to the defendant absent individual field

surveys in each coupe. Taking the greater glider as an example, nearly all of the
coupes marked as theoretically available for harvesting contain a likelihood score of NV — >
at least 32.0-49.3, and?he vast majority of the coupes contain habitat modelled with a j( :l: 0) ¢$ IZ ‘\— j: j[: ( @ 7 t ) X :l
likelihood score of 49,3—931 7 49 3-93 _(\\ ':E ?_ } [//ft é *L 7(,— E i‘m 75\\
. — VIRIAN

30 As an aside, the Court was not directed in submissions to the specific likelihood scores
in the subject coupes. However, given the plaintiff's evidence of actual sightings of at i *L C kJ )
least one of the three species in each of the subject coupes, such information would be

of little assistance.

31 Based on his review of the HDM maps, Mr Paul deposes that if the defendant were
restrained from harvesting in coupes likely (imeaning a score of at least 49.3) to contain
at least one of the three species, or their habitat, it would shut down all of the

defendant’s operations in the Central Highlands.

SC:TMS 7 JUDGMENT

BID T TRERDIIR & 73 > 7o R [X

| PFTTE
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The adequacy of Victoria's protected areas for conserving HMICEBRT2HWHDRELICHEITS
its forest-dependent fauna EZ M) THOFRERDEY) S IZOWT

CHRIS TAYLOR' AND DAVID B. LINDENMAYER*' (3

' Fenner School of Environment & Sociery, The Ausmalian Nariomal Unsversiy, 141 Linnaews Way,
Canberra, Awsralian Capiral Termitory, 2601 (david lindenmayer@ane edu. an) ; and “Threatened
Speaes Recovery Hub, National Environmental Saence Program, Fenner School of Environment &
Society, The Awstralian Nanonal University, Canberra, 2601, Ausmralian Capital Territory, Auwstralia

Abstract Metworks of protecred areas are a key component of efforts o conserve biodiversity. However, there
are concerns about an uncridcal focus on the percentage area of reserves without an assessment of how well for-
mal resaves are actually protecting biodiversity. In response, we completed a spatial analysis of the formal
reserve system in the Ausmalian state of Victoria, We quantified how well the reserve system caprured a crude
surrogate for vegetation communities (viz Ecological Vegetation Classes) as well as distribution models for an
array of threatened forest-dependent species. We found evidence of a high degree of overlap beowem arcas sub-
ject to intenswre forestry (clearcutting) operagons and the modelled disgibution of a suite of forest-dependent
specics. A key ourcome of our smdy was thar areas around sites subject o past loggng as well as new arcas pro-
posed for logeing under the Timber Release Plan in Victoria had significantly higher values for threatened forest-
depmdent species (as determined by habitat distmbution modek) than areas that had not been logged. We found
significant differences in the spatial characteristics of the dedicated reserve systems and informal protected area
networks, with the latter featuring much of its area dose to a tenure boundary where logeing occurs. Our empir-
ical analyses demonsiraong the impacts of ongomg logging operatnons on areas with high environmental surabal-
ity tor threatened species have important implicaiions. In particular, the current reserve sysiem B inadequate for
a suite of forest-dependent taxa, including critically endangered Leadbeater’s Possum (Gymmobelidews leadbeareri)
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- Removes almost all large old trees o KEREEAREFFINTHEL
- Sets back new habitat ~ 100-200 years  * FTUWERHZ1005E05

» Alters vegetation composition — especially J,EL‘% ;
__resprouters Bk f@uk“‘?ﬁh_ﬁ 3
~». Damages: soils for up to 80+ years | * LK
o E%'d:soﬁ
Lo Large reductions in water ylelds 1 ”'b %
L.Qlajor negatlve impacts on blrds plants %
mvertebrates - SR
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o EIevates medlum f|re risk :
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Disturbance gradient effects on birds
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Lindenmayer et al 2018 J. Appl Ecol 55 1626-36.
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Fire = maiﬁtueristurbance
Ef ATHEL
Mean mterval ~ed - 1§years*
TR % Ebm ~ 758150 £+
5 major firesin< 1Q’O years
(More mega-fires > ITm ha)
100 LA L2 5[E] DK N K¢
(1005 ha%z B R 2 ARIRIEN K &)

McCarthy et aI (1999) Forest Ecology & Management, 124, 193-203.
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Habitat island, killed in regen fire 2014
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Intact natural disturbance dynamics
Extensive old growth forest

Landscape Trap

Extensive young even-aged forest

If repeatedly logged

+11

High kiclogical legacies
High biodiversity value
Low flammability

Stand maturation / \l Stand maturation

~100 years
High-severity Low-severity
fire fire
Young age forest Mixed age forest
Some biological legacies High biclogical legacies
Adequate seed stores facilitate  Rapid recovery
rapid regeneration Medium flarmmability

Modified biodiversity

may become >

Fire

High frequency rebuming
High severity

High spatial contagion
Loss of old growth forest
Loss of biodiversity
Regeneration failure

Major
restoration
efforts

T

High flammability.

Ecosystem

/ Collapse

Fire

High severity

High spatial contagion

Extensive young even-aged forest

I’TITI

Low biclogical legacies
Low biodiversity

Impaired past-fire recovery
High flammability
Non-viable seed production
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The interactions among fire, logging, and climate change
have sprung a landscape trap in Victoria’s montane ash

forests

David B. Lindenmayer © - Elle J. Bowd

Received: 25 May 2021/ Accepted: 12 December 2021

- Chris Taylor

+ Gene E. Likens

@ The Author(s), under exclusive licence to Springer Nature B.V. 2021

Abstract Ecosystems are influenced by multple
drivers, which shape ecosystem state and biodiversity.
In some ecosystems, interactions and feedbacks
among drivers can produce traps that confine an
ecosystem to a particular state or condition and
influence processes like succession. A range of traps
has been recognized, with one of these — “a landscape

trap” first proposed a decade ago for the tall, wet
ld—ﬁllﬂri\:ﬂ J‘.-”-h 1'\1'\:"] J‘Iﬂ:ﬂﬂ J‘-”-L\ rﬁfﬂ-”-ll”- nl" ‘I:ﬁlﬂ-‘:c'\

wildfire and widespread clearcutting have transformed
historical patterns of forest cover from widespread
old-growth with small patches of regrowth embedded
within it, to the reverse. Indeed, approximately 99% of
the montane ash ecosystem is now relatively young
forest. Based on new empirical insights, we argue that
at least three key inter-related pre-conditions underpin
the development of a landscape trap in montane ash

Fevvaata A lamdamsnma tenm hoas hass cmssaae s tlhaoa
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Some colomze quickly




Others lost or continue to decline long after wildfire
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Steep decline — 64% of sites in 1997 to
~189% of sites in 2018/19

=i - 1997 D64%DIZPRH'. 2018/194F

[C[&~18% DimPhIC

eeeeeeeee

Lindenmayer & Sato 2018 PNAS, Lindenmayer et al. 2019 (Australian Zoologist)



Decline in Leadbeater’s Possum
270 HANS DA
« Site occupancy halved since 1997
« 1997 LB, IZFTD BRI
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Many (> 40%) forest birds are declining
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Summary F&H

« Possums, gliders and birds are
declining

 Logging in the landscape is a driver
of decline (fire is another)

« Birds = strongly linked to Old Growth

« Logging under TRP is occurring in
forests of high value for threatened
species (Taylor + Lindenmayer 2019)

 Logging is heavily fragmenting the
forest

« Reserve system inadequate

« MYB A I35 - BN LTS
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(Taylor + Lindenmayer 2019)
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Introduction

Abstract

Quantifying the long-term population trajectory of species and the factors affecting
these trends is a fundamental part of animal conservation. We describe the results
of a long-term investigation of temporal changes in the ooccumrence of arboreal mar-
supials in the wet eucalypt forests of south-eastern Australia. The assemblage
includes habitat specialists such as the vulnerable greater glider Petaurcides wolans
and the coritically endangered Leadbeater’s possum Gymnobelideus leadbeateri, as
well as common and widespread taxa. Using data gathered between 1997 and
2018, we gquantified relationships between site occupancy of four marsupial species
and spatio-temporal site and landscape-level variables. including the number of hol-
low-bearing trees at a site, and the extent of fire and logging in the sumounding
landscape. We found evidence that: (1) The number of hollow-bearing trees (which
are critical den sites for arboreal marsupials) has dechined substantially in the past
two decades. (2) There was a decline in all species of arboreal marsupials. (3) The
presence of all species of arboreal marsupials was posiively linked to the mumber
of large old hollow-bearing trees at a site. (4) The extent of logmng disturbance in
the landscape sumounding a site had a positive impact on the sugar glider Peraurus
breviceps but a negative effect on Leadbeater’s possum. This suggests that ongoing
logging will have further negative impacts on Leadbeater’s possum. (5) The pres-
ence of the greater glider and sugar glider declined with increasing amounts of fire
in the landscape. Negative fire effects are a concermn as montane ash forests are
increasingly susceptible to high-severity wildfires. Stronger efforts are needed to
meduce the extemt and frequency of logging and fire disturbance in mountain ash
forests to protect arboreal marsupial populations.

Mannan, 2006) or changes in landscape cover (Tschamtke
er al.. 2012; Fahrig, 2017).
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Lindenmayer et al., 2022; Animal Conservation
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Effects of altered fire intervals on critical timber production

and conservation values N SS$FERIREOZ(ED . HHTEERAMEREL
FREMEICIIFITHE

Geoffrey J. Car}f’a‘*c, Wade Bfanchard’ﬁ‘, Claire N. Foster™ and

David B. Lindenmayer™"

AFenner School of Environment and Society, The Australian National University, Canberra,
ACT 2600 Australia.
®National Environmental Science Program, Threatened Species Recovery Hub, Fenner School of
Environment and Society, The Australian National University, Canberra, ACT 2600 Australia.
{?Cnrrespnnding author. Email: geoffrey.cary@anu.edu.au

Abstract. Forests exhibit thresholds in disturbance intervals that influence sustainability of production and natural
values including sawlog production, species existence and habitat attributes. Fire 1s a key disturbance agent in temperate
forests and frequency of fire is increasing, threatening sustainability of these forest values. We used mechanistically
diverse, theoretical fire interval distributions for mountain ash forest in Victoria, Australia, in the recent past and future to
estimate the probability of realising: (1) minimum sawlog harvesting rotation time; (i1) canopy species maturation; and (i11)

A Lakitnd Lallasesn Fram Farsann MTMha Illealillamad Aaf maalicde ~ FHas fsedbmsmsala csranadicas tlhmmn lears abna d ama dtlhaaals 21T A



» Natural fire freq. = 75-150 years (McCarthy et al., 1999)

Fire regimes & rotation times
INKLI—A (BY) ¢0—T—33>20D%

BN ORESEE =75~1508 (McCarthy

« Optimal sawlog rotation =~ 100 years (Burgman et al., et aI., 1999)

1989) - = — o~ _~

o« IEFEAROEREO—-7T—33>=100%F (Burgman
et al., 1989)

 Relate fire frequency to timber rotation (chance trees get . ey

to harvest age) o NEBEEEARMO-T—2320B% (RHUXIESE
- P =0.21 at 80 years; P = 0.14 at 100 years il CE T D RIAA)

Few stands reach harvestable age « 80FTP=0.21, 100 &£TP=0.14

IRIEn]BE R BE (CE T BRI DT H

(High uncertainty of resource, poor financial
investment, need alternative feedstock)

(EROAHEEREN SV, BEFHBIRE
ARV, ABRPD HE)
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Stakeholder engagement in a Forest Stewardship Council Controlled e
Wood assessment
Chris Tavlor, David B. Lindenmaver *
Fenner School of Environment and Socicty, The Australian National University, Canberra, ACT, 2601, Australia
ABRBTICLE INFO ABSTRACT
Keywords: Forest certification has become an important element in the made of forest and wood products in many countries
Forest certification worldwide. We reviewed the Controlled Wood audit process under the Forest Stewardship Council (FSC), which
Forest management is one of the world’s largest forest certificadon schemes. We analysed an FSC Contmrolled Wood audit of logging

Logging on steep slopes
South-eastern Australia
Spatial analysis
Stakeholder engagement

operations conducted by VicForests (a government owned logging business operating in the Australian state of
Victoria) within the Upper Goulburn Water Supply Protection Area. Areas =307 in slope within the catchment
are deemed to be High Conservation Value Forests and they are not allowed to be logged. We: (1) analysed the level
of performance required to demonstrate compliance with the FSC Controlled Wood Standard; (2) identdfied
conflicts in the interpretation of standard; and (3) assessed the effectiveness of stakeholder engagement. Using a
Digital Terrain Model, we found that 160 cutblocks or 75 % of the 214 areas logged between 2004 and 20192 in

rha | Inner (ranlhoarn Watrer Snnnly Pratectinn Area were chararterized har 2slones =237 Henre thev weare sreaner

74% of all cutblocks > 30 degrees, 72% cutblocks logged harvesting exclusion zones

S HIREBD74% D I0EE. 72%0 RIEEE I ISR K15k % %1%
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Ecosystem accounting in the
Central Highlands of Victoria
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Initiative 7: Determine the | Timber harvesting operations in the Q Given the precarious nature of

future of East Gippsland East Gippsland Forest Management re;idual log sales to SEI_:E, ‘y’icForests

mixed species operations Area I(FMA) have not been profitable | will no longer be entering into any
for VicForests for many years. longer-term sawlog sales agreements

Forecast initiative cos&:@é' Operations currently lose up to following the Timber Sales Process
$5.5 million per annum, after the 2013 unless proposals to purchase

internal costs only

| distribution of corporate overheads. | sawlogs include a complementary

$ oM N ot = 0 L : E— proposal that has the effect of
A =Xk FyvTRXTYFEDFHRME  The reason for this loss is primarily rem?::uing Rk e ke s

BXE (FMA) TOAMUNFESEZE (1, related to the quantity and quality VicForests following the loss of sales

(24 7= > TVicForeststt (CF)2&  Of the available timber resources. of residual logs to SEFE.
A1 75 LT, B, =2z Ongoing harvesting since the
5. ;/—\ﬁ@%%%%’/\@a\b 118 1960s, and the addition of large VicForests' Order in Council requires

areas of forest to the conservation VicForests, amongst other things, to
15872 ) &AR5500 R )b@%ﬁé’i%} i reserve system since the 1980s operate on a ccn‘?mercial basisgln
LTWa, has led to a situation where few arvesting
productive stands, that are suitable operations in EaST Gippsland FMA
for harvesting, remain. For the not commercial.}lo address this
IBEDOFETIZ. 14— x L . foreseeable future, harvesting in East  situation in 2013-14, VicForests
v 725> REMAIZE T2 Gippsland FMA will, in general, be intends to:

KA UNFE R |3 P2 A 1 O iq coupes that are poorer quality, 5 WG AR ar his

Id only low volumes of sawlog, are
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* VicForests losses quadrupled in past 4 years

* VicForeststE DB 3B 45

12:37 pm  Mon 20 Apr

Comprehensive operating statement
for the year ended 30 June 2019

Continuing operations

Income from transactions |

Sale of forest products k_ 94,0 39 4 100,759
Other income from Victorian Government entities 18?1? 7,780
Interest income E 196 266
Other income 345 182
Total income from transactions 113,298 108,987
Expenses from transactions

Production expenses (71,973) (73,041)
Employee benefits expense (16,230) (15,569)
Roading expenses (6,154) (6,622)
Depreciation and amortisation (3,774) (4,007)
Borrowing expenses L1 17) (27)
Other operating expenses o (11,069) (7,108)
Total expenses from transactions k(109.217) 3(106.374)

Net result from transactions before income tax 4,0# 2,613

Income tax expense on net result from transactions (992) (787)
Net result from transactions after income tax 3,089 1,826
Other economic flows included in net result

Gain/(loss) on movement in provision for doubtful contractual
receivables 2.5.1,8.2 (38) -



Trade-off benefits versus costs
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« Victoria $110m-$192m better off without a native forest sector
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Potential gains in IVA with cessation of native timber harvesting }?*{&}*ﬁq]_u:btj:% ODIVA:I;EEI}JDOD__]"—‘E::K_-I:L

Cessation of harvesting native timber

. . . Current Known Potential Potential
would contribute net economic, social status gains gains- low gains- high
and environmental benefits to the Ceniral
Highlands. Known gains. calculated gains 1000

in carbon sequestration and water supply.
Potential gains: assumed gains in plantation
timber production to substitute for native
timber and estimated increase in tourism.
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Parliamentary Budget Office 2019, Keith et al., 2017 (NEE)
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Ecosystem accounts define explicit and spatial
trade-offs for managing natural resources

Heather Keith @, Michael Vardon, John A. 5tein, Janet L. 5tein and David Lindenmayer®

Decisions about natural resource management are frequently complex and vexed, often leading to public policy compromises.
Discord between environmental and economic metrics creates problems in assessing trade-offs between different current or
potential resource uses. Ecosystem accounts, which quantify ecosystems and their benefits for human well-being consistent
with national economic accounts, provide exciting opportunities to contribute significantly to the policy process. We advanced
the application of ecosystem accounts in a regional case study by explicitly and spatially linking impacts of human and natural
activities on ecosystem assets and services to their associated industries. This demonstrated contributions of ecosystems
beyond the traditional national accounts. Our results revealed that native forests would provide greater benefits from their
ecosystem services of carbon sequestration, water yield, habitat provisioning and recreational amenity if harvesting for timber
preduction ceased, thus allowing forests to continue growing to older ages.

cosystem accounting has the potential to contribute to the

policy process by re-framing debates about natural resource

management'”. Accounts help crcumvent polarzed argu-
ments about the relative imporiance of environmental versus
economic factors by systematically and regularly assessing the
costs and benefits of changing ecosystem assets and services.
Accounting Involves guantification, both spatially and tempo-
rally, In physical terms that can be linked to monetary values.
By Incorporating a range of ecosystem services In the accounts,
the analysls becomes broader than the often two opposing view-
polnts. Such an approach may facilitate a convergence of opinion
about the need for change—by demonstrating explicit compari-
sons between land wses—and a process for change by quantifying
physical and monetary metrics”. Finding selutions to conflicting
land uses becomes a process of maximizing benefits for the pub-
lic good, and mot Just economic growth and private gain. Hence,
ecosystem accounts may be critical for setting agendas for natwral
resource management at many levels: reglonal land wse conflicts,
national policies such as State of the Environment report recom-
mendations and international agreements such as the Sustainable
Development Goals'

The System of Environmental Economic Accounting (SEEA)Y &5
an internationally agreed statistical standard for combining emvi-
ronmental and economic information in a form appropriate for
policy-makers. This system provides a standard model for the pol-
loy process I which the production boundary of the economy lbes

the stages at which guantification In physical and/or monetary
terms can be applied to make comparisons.

Ecosystem accounting provides Information for decision-
making aboul trade-offs between the economy and the environ-
ment and activities within the economy, as well as evaluating trends
over tme and management options”. Indeed. ecosystem accounts
have shown that gains in environmental benefits can be achleved
alongside economic growth®. However, demonstrating the wtility of
accounting for specific dectsions has been difficult'™ 2, and 1s prob-
ably best tackled at the scale of a region in which decislons are made.
The technical nature of accounting 1s ofien poorly understood
by policy-makers and thelr reluctance to engage with accounting
may result from the difficult choices revealed™. Ecosystem services
comstitule one component of the SEEA; they have been ascribed
financial values™" and applied to comparisons of mukiple land
wses™, but it has been similarly difficult to demonstrate their direct
application to decislon-making'.

Here, we present a key advance In ecosystem accounting by
linking spatially quantified ecosystem assets and services with their
contributlons to Industries, In a form consistent with the SNA7,
as well as identifying the contnbwutions of ecosystem services not
Included in the SMA. Such ecosystem accounts have broad applica-
tons for iInforming land use and meso-scale economic management
decistons because many sources, bypes and scales of Information
are Integrated. Information includes collections of economic units,
such as businesses o Industries, capital within and owtside the
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The future of forestry

~ '+ Exit natl\/ Sorect logging =
better to manage for
biodiversity, fire; carbon, water
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