
Biogeosciences, 15, 349–352, 2018
https://doi.org/10.5194/bg-15-349-2018
© Author(s) 2018. This work is distributed under
the Creative Commons Attribution 4.0 License.

Preface: OzFlux: a network for the study of ecosystem carbon and
water dynamics across Australia and New Zealand
Eva van Gorsel1, James Cleverly2, Jason Beringer3, Helen Cleugh4, Derek Eamus2, Lindsay B. Hutley5, Peter Isaac6,
and Suzanne Prober7

1Fenner School of Environment and Society, The Australian National University, ACT, Canberra, Australia
2School of Life Sciences, University of Technology Sydney, Broadway, NSW, 2007, Australia
3The UWA School of Agriculture and Environment, The University of Western Australia, Crawley, WA, 6020, Australia
4CSIRO Climate Science Centre, Canberra, 2601, Australia
5Research Institute for the Environment and Livelihoods, Charles Darwin University, Darwin, NT 0909 Australia
6OzFlux, Melbourne, VIC 3159, Australia
7CSIRO Land and Water, Floreat, 6913, Australia

Correspondence: Eva van Gorsel (eva.vangorsel@anu.edu.au)

Published: 16 January 2018

This special issue of Biogeosciences synthesises and inter-
prets the research outputs and results from OzFlux, the Aus-
tralian and New Zealand Flux Network. The OzFlux com-
munity dedicates this special issue to Dr Ray Leuning, who
made profound and significant contributions to our knowl-
edge of land–vegetation–atmosphere interactions and gener-
ously offered his thoughtful consideration to students and
early career researchers globally. His dedication to teach-
ing was expressed through direct interactions, as a regular
lecturer in the flux course in the USA, and the annual data
workshops that he originally organised for OzFlux and that
continue in his honour. Ray personally visited many poten-
tial sites for the OzFlux network across Australia and New
Zealand, where his insight ensured that best practice and
fit-for-purpose measurement methods were used that were
appropriate for each location’s unique situation. Ray, with
colleagues, founded OzFlux in 2001 (Beringer et al., 2016)
and continued to guide OzFlux as it grew its depth of un-
derstanding and grew in size, scope and impact. Ray’s vi-
sion of interdisciplinary science was realised when OzFlux
was supported via the Australian government’s National Col-
laborative Infrastructure Scheme’s funding to the Terrestrial
Ecosystem Research Network (TERN) in 2009.

Carbon is naturally circulated between the atmosphere,
ocean and terrestrial biosphere on timescales ranging from
sub-daily to millennia. Exchanges with geologic pools oc-
cur on even longer timescales. In addition to this natural

carbon cycle, anthropogenic emissions occur predominantly
through land-use change and fossil fuel emissions (Achard
et al., 2014). The Earth’s natural carbon sinks (oceans and
terrestrial) continue to remove about half of the global emis-
sions of carbon dioxide that are released via human activity
into the atmosphere (Jones et al., 2016). As a result of these
processes, atmospheric CO2 concentrations have increased
from about 277 ppmv in 1750 to > 400 ppmv in Novem-
ber 2015 (Le Quéré et al., 2016, and citations therein). Ter-
restrial ecosystems have been taking up increasing amounts
of CO2 albeit with a sink strength that varies greatly between
years, especially in the semi-arid and savanna vegetation of
Australia (Poulter et al., 2014; Trudinger et al., 2016). Like-
wise, dry temperate eucalypt forests can be a very large sink
for carbon (Hinko-Najera et al., 2017; Leuning et al., 2005),
although these highly productive ecosystems can become a
carbon source due to the direct and indirect effects of climate
variability (van Gorsel et al., 2013). Bristow et al. (2016)
show in this special issue that clearing of woody vegeta-
tion from the tropical savanna results in carbon emissions
double the size of that reported for savanna burning. Rain-
fall is an important driver of photosynthesis in Australian
ecosystems, and fluctuations of rainfall and productivity in
Australia have been associated with multiple climate indices
(Cleverly et al., 2016; Rogers and Beringer, 2017). Aus-
tralia’s climate has always been characterised by extreme,
high-impact weather events such as cyclones, storms, fire
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weather and heatwaves. The “Angry Summer” heatwave of
2012–2013 (Climate Council, 2014) reflected the resilience
of Australian vegetation (Ma et al., 2016), although that re-
silience is being tested as longer droughts, more severe heat-
waves and strengthened land–climate feedbacks increase in
frequency and intensity due to climate change (van Gorsel
et al., 2016). Like extreme weather, fire has a transforma-
tive impact on Australian ecosystems and the carbon cy-
cle (Beringer et al., 2016; Whitley et al., 2017). The car-
bon cycle is intrinsically linked to the water cycle and no
more so than in Australia, “a land of drought and flooding
rains” (Dorothea Mackellar, http://www.dorotheamackellar.
com.au/archive/mycountry.htm). The strong influence of wa-
ter availability on net carbon fluxes in Australian landscapes
provides an important constraint on plans to reduce Aus-
tralia’s greenhouse gas emissions using land management
practices.

A more detailed understanding of the dynamic soil–plant–
atmosphere continuum is critical to explain and predict past
and future trends and variability in the terrestrial carbon and
water cycles, and this knowledge is required by resource
managers and policymakers seeking to manage carbon and
water resources. Differential allocation of resources (i.e. wa-
ter, carbon, light) between roots and shoots by grasses com-
pared to trees supports the hypothesis that tree cover in the
Australian savanna is determined primarily by resource limi-
tation (Haverd et al., 2016). Root water uptake is a key deter-
minant of observed differences in the behaviour of C3 woody
and C4 grass components of savanna ecosystems (Whitley et
al., 2016). Contrasting patterns of root water uptake result in
seasonal variations in phenology on canopy, understory and
ecosystem scales, with consequential effects on photosyn-
thetic production (Moore et al., 2016a; Whitley et al., 2017).
Trees and grasses have been shown to have distinct light-use
efficiencies, which affects photosynthesis and enables gross
primary production (Moore et al., 2017) to be tracked and in-
ferred from phenocam networks on the ground or from space
for some ecosystems (Moore et al., 2016b). Restrepo-Coupe
et al. (2016) showed in this special issue that satellite-based,
remotely sensed data are more strongly related to the photo-
synthetic potential of ecosystems than to actual photosynthe-
sis, and that these data can be used for large-scale estimation
of photosynthetic production across the Australian continent.

Natural fluxes must be measured to better understand
land–climate interactions, feedbacks and climate regulation.
Flux networks are integrated through their common infras-
tructure and data (Isaac et al., 2017). Research advances
by the OzFlux community have led to improved, process-
oriented application of gap-filling and partitioning of carbon
fluxes between gross primary production and ecosystem res-
piration (Beringer et al., 2017; Isaac et al., 2017; McHugh
et al., 2017). In this special issue, OzFlux has also con-
tributed to our understanding of micrometeorological meth-
ods for measurements of trace gases (for example methane
and N2O) over grazed pasture in New Zealand (Laubach

et al., 2016). Hunt et al. (2016) find that intensive pas-
ture management with irrigation does not necessarily lead
to carbon losses under the pasture; provided that the car-
bon in cattle excreta is returned to the pasture, even gains
are possible. Soil in Australian temperate forests is a con-
sistent sink for methane, showing little response to temper-
ature and driven largely by variations in soil moisture con-
tent and, conversely, air-filled porosity (Fest et al., 2017).
These studies are made possible by networks of flux tow-
ers using the eddy covariance method, contributing to an
improved process-based understanding that is central to the
building of models and their verification. Regional networks
like OzFlux further contribute to integration of these data and
findings across a global network, FLUXNET, which has op-
erated since 1997 (Baldocchi et al., 2001) and continues at
hundreds of research sites around the world.

This special issue reflects the breadth of scientific re-
search to which Ray made significant contributions, includ-
ing (i) methodological aspects of observations and their inter-
pretation (Beringer et al., 2017; Isaac et al., 2017; McHugh
et al., 2017); (ii) upscaling ecosystem-scale measurements to
regional and larger scales using remote sensing and physical
modelling (Haverd et al., 2016; Laubach et al., 2016; Moore
et al., 2016b; Restrepo-Coupe et al., 2016; Trudinger et al.,
2016; Whitley et al., 2016); and (iii) analysis of carbon, water
and energy cycles in response to land use and climate change,
extreme weather, and fire (Bristow et al., 2016; Hinko-Najera
et al., 2017; Hunt et al., 2016; Moore et al., 2016a, 2017;
van Gorsel et al., 2016; Fest et al., 2017). Ray’s approach
to science was to always capture process understanding and
integrate this into models that could be used to deliver pre-
dictions and solutions. An in-depth overview of Ray’s sci-
entific achievements is given in Cleugh (2013). We remem-
ber him well for his quotes, often given with a sincerity that
showed his unshakable moral centre: “Work not published is
work not done” (we have a responsibility to give back to so-
ciety); “Don’t publish ephemera” (put forth your best effort
to answer important questions); “What is your hypothesis?”
(only when we are testing hypotheses are we engaging with
the scientific method); “Know thy site” (go out there, expe-
rience, learn and understand how the ecosystem and the in-
strumentation work); “Health warning: this lecture contains
equations” (because sometimes they are required for proper
understanding); and “Beat the drum” and “Ring your bell”
(let others know what important discoveries you have made).

Ray made an enormous contribution to science, and his
research will have an enduring impact as evidenced by a
large and increasing number of citations and the use of his
work in textbooks. His work will also continue through the
many colleagues, postdoctoral researchers and postgraduate
students with whom he has generously shared his knowl-
edge. Not only has he taught in many summer schools and
courses around the world, but many of us experienced how
Ray would simply take a day out of his very busy work life
to discuss a scientific problem. He would give support all the
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way through, from rigorously answering the scientific ques-
tion to publishing the answers in a peer-reviewed publication.
Ray had an impeccably high standard that he also expected
of the community and this has held the community in good
stead through rigorous publications. He always insisted on
getting the best value out of the science we did. Through his
engagement, Ray has certainly helped the OzFlux commu-
nity to go all the way from a loose collection of colleagues
involved in flux work, through to the coordinated network
that is OzFlux, which collects high-quality data that have
been published in this special issue and as well numerous
other publications. His legacy has ensured the future success
of OzFlux.

One of Ray’s favourite books was Of Men and Numbers:
The Story of the Great Mathematicians (Muir, 1961). It in-
cludes Sir Isaac Newton’s quote “If I have seen further, it is
by standing on the shoulders of giants”. Ray was a true in-
tellectual giant to the OzFlux community and we would not
have been able to make the contributions to FLUXNET and
the wider scientific community if it were not for him. On
12 February 2018 it will be 2 years since Ray left us. He
is sorely missed but we are deeply grateful for the contribu-
tions he has made to both the OzFlux and the wider scien-
tific communities. We are grateful to Ray for his wonderful
collegiality, his tremendous contributions to science and his
willingness to share his great knowledge with all of us.

Stefan K. Arndt, Mila Bristow, David Campbell, He-
len A. Cleugh, James Cleverly, Derek Eamus, Cacilia Ewenz,
Benedikt J. Fest, Peter Grace, Anne Griebel, Saman-
tha Grover, Vanessa Haverd, John Hunt, Nina Hinko-
Najera, Peter Isaac, Georgia Koerber, Johannes Laubach,
Michael J. Liddell, Craig Macfarlane, Ian D. McHugh,
Wayne Meyer, Caitlin E. Moore, Elise Pendall, Ali-
son Phillips, Rebecca L. Phillips, Suzanne M. Prober, Na-
talia Restrepo-Coupe, Susanna Rutledge, Cassandra Rogers,
Ivan Schroder, Richard Silberstein, Cathy M. Trudinger,
Eva van Gorsel, Camilla Vote, Tim Wardlaw and Rhys Whit-
ley.
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