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Climate Data Challenges
in the 21st Century

Jonathan T. Overpeck,’* Gerald A. Meehl,” Sandrine Bony,* David R. Easterling*
Climate data are dramatically increasing in volume and complexity, just as the users of these
data in the scientific community and the public are rapidly increasing in number. A new paradigm

of more open, user-friendly data acess is needed to ensure that society can reduce vulnerability
to climate variability and change, while at the same time exploiting opportunities that will occur.

More Is Less: Signal Processing
and the Data Deluge

In addition to the already large body of digital
instrumental data available erse holdings
around the globe, a substantial number of critical
obsenvations, such as many carly emperature ob-
servations, are not yet widely available as dgtal
reoords. It is important © create i
central repositoies of these data in 8 manne:
firmly defines the arigin and nanure of the data and
also ensures that they are fieely available (7, 2). In
addiion, an increasing array of pakoclimatic proxy
records from human and natum] archives, such as
hisorical documents, trees, sediments, caves, corals
and ice cores, are being generated. These records
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The Exploding Volume of Climate Data

Documenting the past behavior of the climate
system, as well as detecting changes and their
causes, roquires the use of data from instrumental,
, saielliie, and modelbased sources.
The earliest instrumental (thermometer and ba-
rometer) records stretch back o the ol
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Extremely powe riul computers are needed 1 belp biokogysts to handle big-dats traffic jams.

magnitude of future dimate change depends on what sooety decides m now in trrm of emissiors
redudtions. Taking lite action produces the greatest warming as reflacted by the RCPB.S trajectory, whereas
aggressive reductions as representad by RCP2 6 result in stabilized warming at a much lower level
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Challenges and Opportunities
of Open Data in Ecology

0. ). Reichman,” Matthew B. Jones, Mark P. Schildhauer

Ecology is 2 synthetic didpline benefiting from open access to data from the earth, fife, and social
sciences. Technologicl challenges exit, howster, due  the dispersed and heterogersous naturs

of thasa data. ion of methods and

of robust metadata can ingease data acmss

but are not suffident. Reprducitility of analyss i also impottant, and axsartable woddiows are
addressing this issue by @pturing dita provanance. Sodological challanges, induding inadequate rewards
for sharing dats, mist also be resolved The estabiishment of well-urated, federated data repositories
will provide a means to preserve dat while promoting attribution and acknowiadgement of its use

[ eoloy is an inegative, collaborative dis-

P. BRyAN HEIDORN

dressing the profound envirnmental concems
we face today and, inevitably, in the fsture.
Unfortunaicty, only a sl fraction of eco-
logical data evercollecied is readily dscoverable
and acoessible, much less wsable. Basod on our
awn experience building di archives for cool-
oy, we estimaie that less than 1% of fhe sco-
logical data collecied is aocessible afier publication
of associated result (6, 7). Rather fhan providing

SPECIALSECTION

direct access to data, we share interpretations of
distilled data through presentations and publica-
tions. T realie advances that are possible though
ecological and environmental synthesis, we noed
10 solve e technological and seciological ehal-
lenges that have limited openaccess i daty. Whilk
“open data” will enhance and accelerate scientific
advance, there is also a need for “open science™—
wihere not only data but also analyses and methods.
are preserved, providing betier ransparency and
reproducibility of resulfs.

Solving Technology Challenges

Reviews of ecaogical informatics have de-
scribed tree major technological challenges:
data dispersion, heterogeneity, and provenance
(&, 9. Fomysiems and hebitas vary acoss the
globe, and dat are collecied at fousands of lo-
cations. Although brge quantities of dita represent-
ing relatively few data sets are typically managed
by major rescarch projects, insituies, and agen-
cies, most coological dat are difficult to discover
and proserve because they are coniined inrelatively
smell data sek dispersed among tens of thousands.
of independent researchers. Data heemgeneity
creates challenges due to the breadth of topics
studied by ecologists and the varied experimental

To make good

Current Biology 24, 84-07, January 6, 2014 ©2014

decisions

from www sciencemag.org on March 18, 2011
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The big ecological questions inhibiting effective
environmental management in Australia

Joumal of Ecology 2013, 101, 58-67 doi: 10.1111/1365-2745.12025

FORUM
Identification of

100 fundamental ecological questions

William J. Sutherland®, Robert P. Freckleton?, H. Charles J. Godfray?,
Steven R. Beissinger?, Tim Benton®, Duncan D. Cameron?, Yohay Carmel®, David A.
Coomes’, Tim Coulson®, Mark C. Emmerson®, Rosemary S. Hails'®, Graeme C. Hays"'

Vol. 35: 165-175, 2007
doi: 10.3354/cr00723

The complexity of predicting climate-induced
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!School oi Biological Sciences, University of Aberdeen, Zoology Building, Tillj
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We are drowning in information while starving

for wisdom. The world henceforth will be run by
synthesizers, people able to put together the right
information at the right time, think critically about it,
and make important choices wisely.

—Edward O. Wilson, Consilience: The Unity of
Knowledge (1998)
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The Australian Centre for Ecological Analysis and
Synthesis was to provide support for:

‘disciplinary and inter-disciplinary integration,
synthesis and modelling of ecosystem data to
aid in the development of evidenced-based
environmental management strategies and
policy at regional, state and continental scales’
(Www.aceas.org.au).
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Major findings

Australia's fire regimes are closely correlated with the latitudinal gradient in summer monsoon activity. Frequent,
low intensity fires occur in the monsoonal north, and infrequent, high intensity fires in the temperate south,
demonstrating a trade-off between frequency and intensity. That is, very high intensity fires are only associated
with very low frequency ﬁre regimes in the high biomass eucalypt forests of southern Australia. While these
forests i y intense fires, these regimes are exceptional, with most of the
continent dominated by grass fuels, typically burning with relatively low intensities. Fire is rare in
dense-canopied vegetation, such as arid Acacia shrublands, due to sparse fine fuels, and rainforests, due to the
combination of sparse fine fuels and infrequent microclimatic conditions suitable for fire.

The app we have to define i le fire regimes, using a combination of remote
sensing and thematic data, expert elicitation and literature review, will provide insights into the spatiotemporal
patterns of fire, informing models !hat predict effects of cllmale change on fire reglmes Our approach can be
applied globally, providing opp to P Py p

The climatic correlates of recent fire activity provide insights into the vulnerabilities of Australian fire regimes to
global environmental change. Maximum fire activity occurs at high levels of mean annual rainfall and potential
evapotranspiration, where fuel loads are typically high and fire weather seasonally severe (Figure 2), consistent
with the predictions of recent conceptual models (Meyn ef al., 2007; Bradstock, 2010). Annual fire activity is
severely constrained at low values of either mean annual rainfall (biomass limited) or potential
evapotranspiration (fire weather limited). We expect that fire regimes in high rainfall areas, such as southern
Australia, will be most strongly affected by changes in the frequency of severe fire weather, while fire regimes
in low rainfall areas, such as central Australia, will be most affected by changes in productivity and fuel
abundance, possibly as a result of changes in rainfall or atmospheric CO, concentration.

How will this affect Australian ecosystem
science & management?

The generation of a broad fire regimes map for Australia will help to regional app to fire

) Ecosystem
Network

%

zaceas

Australian Cantre for Ecologieal Analyss & Synthass

Pyrogeography: integrating and evaluating existing
models of Australian fire regimes to predict climate change impacts

Principal Investigator: Brett Murphy?®
Group Members

Matthias Boer', David Bowman?, Ross Bradstock?®, John Carter?, Geoff Cary®, Mark Cochrane®,

Tropical

s

idCEdS

Australian Contro for Ecological Analysis & Synthesis

Fire regimes vulnerable to
changes in fuel abundance

Fire regimes vulnerable
to changes in fuel
moisture content
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Figure 2: Climatic control of maximum fire frequencies throughout Australia, and climatic zones with fire regimes vulnerable to
changes in either fuel abundance or fire weather. The contour lines describe a surface representing the upper bound (39%
quantile) of AVHRR satellite-derived fire frequency (1997-2010) (expressed as fires year); highest fire frequencies occur at high
levels of mean annual rainfall and potential evapotranspiration, where fuel loads are typically high and fire weather seasonally
severe. The dashed line represents the climatic envelope occupied by the vast majority of the Australian continent.

Outputs and products

Murphy B P., Williamson G.J. & Bpwman D.M.J.S. (2011) Fire regimes: moving from a fuzzy concept to

management. A concept that arose from the working group is that of 'fire countries’ - broad biogeographic areas

with similar patterns of fire regimes and fire management issues. Such a concept will help scientists convey to
that fire pprop! for one 'fire country’ may be entirely mappropna(e for

another (e.g. grazing as a fire managemenl tool in central Q vs. the ian Alps). Tl

we have developed to quantify the vulnerability of fire regimes to changes in fuel abundance and fnre weather

will allow land managers to better predict the impacts of global envi change on y 2
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Project Objectives

function,

Fire is a critical process in
gas concentrations, and human health, satety and property Yet our understanding of the drivers of fi re vegnmes remains
limited. Only recently has there been impetus to form unifying theories of the biogeography of fire at regional and

and ecosy

ng theories have yet to be rigorously evaluated using extensive, continental-scale datasets.

¢ fire regimes are related to environmental conditions is made urgent by rising atmospheric

1ssociated prospects of rapid climate change. Given the strong effect of CO; on vegetation

d of climate on fire weather and fuel availability, future dramatic shifts in fire regimes have
and even of the predi ges tend to be highly uncertain.

address important kr ge gaps in the biog phy of fire in Australia by:

o classifying and mapping broad fire regimes at a continental scale. A continental description

s is a key step in understanding the global drivers and constraints of landscape fire, as well

ite change effects by providing potential analogues for future fire activity

ition in fire regimes and their relative importance

for assessing the vulnerability of fire regimes to change.

ralia’s fire regimes, we if i If map, defining classes
litter, grass, shrubs) and fire lypes (e.g. surface, crown, and ground). Classes were
rate classification to derive a map of twenty broad fire regimes (Figure 1). Using expert
arch, we validated each fire regime and characterised typical and extreme fire intensities
+-derived active fire detections were used to determine seasonal patterns of fire activity

he most likely impacts of climate change on fire regimes would be via changes in: (1)
»rt- to medium-term fire weather, affecting the availability of fuel to burn and rates of fire
d a climate space with axes representing annual means of (1) rainfall (a surrogate for
potential evapotranspiration (a surrogate for fire weather). Plotting a surface representing
frequency (1997-2010) within this space (Figure 2) allowed us to infer the likely driver of
20 broad fire regimes. The location of fire regimes relative to this surface indicates whether
eather are likely to be the main drivers of change.

» map interactively go to hitp:/Avww.aceas.org.awportal/
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Taroom Shire Potters Flat Site Vegetation
Transformation Details

The Taroom Shire Potters Flat site is part of the project describing
vegetation transformation at different sites across Australia. The
project reports on the effects of use and management on plant
communities using three components of vegetation condition:
regenerative capacity, vegetation structure and species composition.
The study covers the temporal scale starting from the start of
european settlements in Australia to the current decade
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This map illustrates where place-based, localised documentation of Indigenous biocultural knowledge has occurred.

Please refer to the toolkit for references highlighting: (1) methods of IBK documentation and use; (2) larger scale reviews of
IBK (e.g. at regional and state levels); and (3) related resources (e.g. legal and health issues).

(please be patient as the map may take a little time to load)
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ABSTRACT

Aim A third of all modern (after 1500) mammal extinctions (24/77) are Australian
species. These extinctions have been restricted to southern Australia, predomi-
nantly in species of ‘critical weight range’ (35-5500 g) in drier climate zones.
Introduced red foxes (Vulpes vulpes) that prey on species in this range are often
blamed. A new wave of declines is now affecting a globally significant proportion of
marsupial species (19 species) in the fox-free northern tropics. We aim to test
plausible causes of recent declines in range and determine if mechanisms differ
between current tropical declines and past declines, which were in southern (non-
tropical) regions.

Location Australian continent

Methods We used multiple regression and random forest models to analyse traits
that were associated with declines in species range, and compare variables associ-
ated with past extinctions in the southern zones with current tropical (northern)
declines.

Results The same two key variables, body mass and habitat structure, were asso-
ciated with proportion-of-decline in range throughout the continent, but the form
of relationships differs with latitude. In the south, medium-sized species in open
habitats of lower rainfall were most likely to decline. In the tropics, small species
that occupy open vegetation with moderate rainfall (savanna) are now experiencing
the most severe declines. Throughout the continent, large-bodied species and those
in structurally complex habitats (rainforest) are secure.

Main conclusions Our results indicate that there is no mid-sized ‘critical weight
range’ in the north. Because foxes are absent from the tropics, we suggest that
northern Australian marsupial declines are associated with predation by feral cats
(Felis catus) exacerbated by reduced ground level vegetation in non-rainforest
habitats. To test this, we recommend experiments to remove cats from some loca-
tions where tropical mammals are threatened. Our results show that comparative
analysis can help to diagnose potential causes of multi-species decline.

Keywords
Comparative methods, critical weight range, introduced predators, mammal
extinction, marsupials, random forest models, tropical conservation.
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How different is ACEAS ACEAS support
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23Final reports published 12 ARCs stemming from ACEAS activity

939 Downloads of the most popular
ACEAS final report ‘Conserving
koalas in the 215t century’ to Oct. 2014

65 Analysis and
synthesis activities

2 ACEAS groups

provided advice directly to
government

747 participants
2/ organisations
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85,452 visualisations
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to the ACEAS ACEAS portal
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2012 140 /W, Apps -0 mammal
Facebook +t . visualisations
page likes 3 independent
9 230 14+ Refereed web sites
, >29 conference journal articles

views address Twitter
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data deluge
trans- trans-
organisational ' disciplinary

synthesis
network

working groups

you can:
* set research priorities
 have advisory panel membership

* peer review of publications

have access to:

* analysis team

* wiki sites

* spatial visualisation
and data delivery

* proprietary software
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