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Beringer and co-authors submitted a nice overview and synthesis of the OzFlux network where its importance 
is well documented and explained. For the nature and content of the paper however I think that it should be 
submitted as “Review and synthesis” and not “Research article”. The main limitation in the paper that I think 
must be addressed is that OzFlux includes both Australia and New Zealand (as also cited by the authors) but 
the paper is only on Australian sites. This is an important limitation. I can understand that there could be data 
policy limitations and issues however at least in the general part of the description the New Zealand sites could 
be added and described. Clearly it would be better if the sites can be added also to the analysis.  

• We will work with our colleagues to include all available long term sites in NZ to the data tables and 
analysis.  We will include additional information on the history of the NZ science as well as differences 
between the two countries within the OzFlux network in terms of climate, instrumentation, etc..  We 
anticipate to redraw figures as necessary.  

 

Other comments:  

• Affiliation 23, the word “Australia” is missing  
o Will correct 

• Affiliation 25 is not an affiliation 
o Will remove 

• It would be important to stress the unique characteristics (in general) of the Australian sites respect to 
the rest of FLUXNET and why their contribution is crucial globally.  

o The reviewer raises a good point here so we will take the opportunity to add the following text, 
“Australian vegetation is quite dissimilar to the northern Hemisphere as a result of continental 
isolation, tectonic-geological history and climate that results in the dominance of 
sclerophyllous, evergreen, woody species that do not fit in well with the common global plant 
functional types as discussed in Peel et al. (2005).  The ancient nutrient poor soils of Australia 
have driven the evolution of woody and sclerophyllous vegetation such as eucalyptus and 
acacias which are characterized by the presence of small, rigid, long-lived leaves (Peel et al., 
2005).  The eucalypts and acacias are predominately evergreen broadleaf plant functional types 
and represent a large fraction of this type globally as represented in global climate models.  The 
OzFlux network is the only source of flux information for the eucalypts and acacias that 
dominate the continent and, as these life forms are not significantly represented in natural 
biomes outside Australia, OzFlux is of considerable importance to FluxNet in completely the 
global picture.  These vegetation groups occur primarily in arid and semiarid climates that 
dominate the Australian landscape (this paper) and provide a crucial source of information in 
understanding the role of semiarid vegetation in the global carbon cycle (Ahlström et al., 2015; 
Poulter et al., 2014).   
 

• Line 100: other more recent examples exist respect to Running 1999, I suggest to add them also to 
better highlight the role of eddy covariance measurements in recent activities.  

o A good suggestion.  We will add a number of references covering the breadth of the role of EC 
in remote sensing better. i.e. (Anav et al., 2015; Moore et al., 2016; Running et al., 1999; 
Schimel et al., 2015). 



 

• Line 110: you forgot Europe, that is an historical network that together with AmeriFlux were the start 
of the FLUXNET. . .  

o We didn’t intend to make an exhaustive list here but will add one of the most important ones, 
the European flux network. 

• Lines 167-168: it refers to standard protocols that however should be better explained at least with 
references. The same is valid for the list of common measurements present at all the sites: it would be 
an important info to add.  

o We refer the reader at this point in the text to the section describing this in the paper 
documenting the network setup and modify the text as “OzFlux established an agreed set of 
core measurements and common protocols for measurements of carbon, water and energy 
fluxes across the national network (see section 3) to provide consistent observations to serve 
the land surface and ecosystem modelling communities.” 
  

• Lines 174-178: it is not clear which are the tasks specific of the central hub respect to the site managers. 
Who is doing the quality control and processing – postprocessing?  

o We suggest modifying the text to “The central node implements a centralised database and 
provides feedback on live data feeds (equipment failure) and measurement quality to site 
operators. Individual site operators have responsibility for tower operation, data processing and 
quality control using OzFluxQC, gap filling, post-processing and are then required to deliver 
data streams to the central database.” 

• In the Section 5.2 it could be added the importance of the OzFlux sites also in the empirical upscaling 
models since they are covering unique climate and vegetation.  

o This is another good point and we will add the following “Finally, flux tower information for 
Australia has been used in empirical upscaling methods (such as machine learning) that uses 
gridded satellite information and meteorology to produce global estimates of carbon and water 
budgets (Jung et al., 2009, 2011).  These utilised some of the earlier data from Howard Springs, 
Tumbarumba and Wallaby Creek in the la Thuile fluxnet database that helped constrain the 
global uncertainties.” 

• I suggest to add the significance of the correlation in figure 5. In addition the use of MODIS LAI 
should be better evaluated. It is not a measurement and has uncertainty: why not using measured LAI? 
Or if satellite data are needed why not Vegetation Indexes (direct measurements)?  

o It is not currently straight forward to add the significance to the plot.  If this is important then 
it can be done and we leave this to the editors discretion.  Yes we point this out in the paper 
“Note that the magnitude of LAI from the MODIS LAI product utilised in this paper varies 
from site based estimates but has been used for consistency.” We make a stronger case for its 
use in the text as below “Here we use MODIS LAI purely in a relative sense to assess the 
relative differences in cover and how they may influence the observed fluxes.  Many sites have 
no LAI measurements and some others have ad-hoc measurements over time.  In addition, we 
know that the magnitude of LAI from the MODIS LAI product utilised in this paper varies 
from site based estimates but has been used for consistency. ”. 

• Still on Figure 5, there are mixed the interannual variability and spatial variability. This makes the 
analysis difficult to interpret because in the network there are sites with long time series and sites with 
only few years of data. A possible solution could be to redo (or add) the figure using only average 
multi-year data (analyzing only spatial variability).  

o The review makes a good point about mixing spatial and temporal variability and we were 
concerned about this.  We checked the data used it is was in fact site averaged data so the figure 
just includes spatial variability.  We will keep the figure as is but amend the caption to read ” 
Simple heat map of Australian OzFlux tower measurements to identify the correlations 
between fluxes, driving variables and ecosystem indices using all site averaged data for 
available site years to represent spatial variability.” 



• The table 1 is quite large and difficult to read and use. I suggest a more condensed version and the rest 
probably as supplementary data, better if directly as csv file. I suggest also to report the coordinates of 
the sites with at least 4 decimal digits: these data will be used by people working in remote sensing 
and it is important to give the best information available. 

o Will submit the site history information as a supplement. 
o Good idea.  We will add further decimal places to the coordinates 

 

Anonymous Referee #2 

The manuscript provides detailed introduction of the background of OzFlux network and its evolution. 
Synthetic description for various Australian sites is also informative. However, first of all, there is a 
discrepancy between the title (Australian and New Zealand flux tower network) and the contents (data only 
from Australian network). I would recommend changing the title to fit the contents such as "the Australian 
flux tower network". More desirably, the authors could modify discussions significantly including the data 
from sites located in New Zealand. Otherwise the main discussion would not match the title emphasizing 
"Australian and New Zealand flux tower network".  

• This comment is similar to reviewer 1 and we address that above 

Secondly, I would like to encourage the authors to include more target-oriented data analyses. Figures 4-6 
express static relationships between meteorological elements and carbon- and water-cycle components, and 
that would be important basic information. However, the authors could expand their analyses based on their 
matter of interest expressed in the introduction, for example, risks of fire, disease, management practices and 
land-use changes under future climate change. Technological advances have also accelerated during the past 
several years for better regional estimates based on both up-scaled flux-tower data-sets and inversion analyses 
(I suppose that CSIRO is one of the leading institutes on the topic). How well the Australian tower flux data 
would contribute to solve some of such issues or improve estimates of regional and global carbon- and water-
cycles? I suggest that the authors would show some more new hypothesis or attempts in the manuscript in 
order to answer such questions using the Australian data-sets. At present, the manuscript includes sufficient 
information of introduction of Australian flux sites and reviews of their studies, however, original scientific 
findings are relatively limited.  

• Clearly thematic and systematic issues based analyses are crucial in advancing the science and 
our understanding of Australian ecosystems.  However, this is an overview of the network and 
specific analyses are beyond the scope of this paper.  However, these are outlined as future 
directions and opportunities for the network and will be the focus of OzFlux science in the 
coming decade. We also already discuss the utility of the flux information for regional 
modelling and remote-sensing.   Moreover, there are a number of papers in the special issue 
that address these explicitly.  We will make better connections to these in the paper. 

 

Specific comments: Pages 4-5 “The role of flux research in Australia”: I would recommend referring more 
papers from Oceania and stating more region-specific issues. In particular, more recent papers would have 
been published for topics listed in Page 5, lines 93-100.  

• More recent references will be given as below.  This section is however addressing how EC as 
a method can address, however, we will rewrite this list as follows: 

1) providing accurate, continuous half-hourly to annual estimates of sinks and sources of 
greenhouse gases and water from ecosystems for carbon accounting and water management 
that is particularly important in such an arid country as Australia (Hutley et al., 2005; 
Raupach et al., 2013);  



2) evaluating the effects of disturbance, topography, biodiversity, stand age, insect/pathogen 
infestation and extreme weather on carbon and water fluxes particularly cyclone, fire and 
heat waves in the Australian environment (Beringer et al., 2014; Bowman et al., 2009; van 
Gorsel et al., 2016; Hutley et al., 2013);  

3) examining the effects of land management practices, such as harvest, fertilisation, 
irrigation, tillage, thinning, cultivation and clearing, especially agriculture in the region 
(Bristow et al., 2016; Campbell et al., 2015; Rutledge et al., 2015); and  

4) producing important ground-truth data for parameterising, validating, and improving 
satellite remote sensing and global inversion products (Anav et al., 2015; Moore et al., 2016; 
Running et al., 1999; Schimel et al., 2015), particularly phenology (Ma et al., 2013; Moore 
et al., 2016) and water balance. 

 

Pages 12-15 “Biotic and abiotic controls on land-surface exchanges”: This part well describes specific 
characteristics of Australian surface processes. However, the contents was relatively limited in the past studies 
and showing only Fig.5. More original and new scientific questions would be desirable to be discussed. For 
example; were there any long-term trends detected in spatial distribution of each flux, biomass, LAI, species 
composition, etc.? Since the OzFlux seemed to have a good collaboration with TERN as described in 
“Introduction”, I would expect that the data and understandings obtained by TERN could be used for 
interpretation of long-term trends in biotic and abiotic controls on land-surface exchanges. 

• We feel that these are best discussed in the section on “Future outlook” and we already have 
questions posed on drought response and disturbance.  The reviewer highlights an important point 
about long term trends and currently the network is limited in long term sites that have enough 
years to attribute temporal changes.  This is a good suggestion from the reviewer so we will add 
the following paragraph to the Future outlook section. 
 

o “While there is no significant influence of temperature on NEP or GPP across Australian 
biomes the strong dependence of these variables on MAP indicates that even in currently 
well-watered areas the combined effect of increased temperature and VPD, similar or 
reduced water availability will potentially place these systems under stress.  OzFlux then 
is well positioned to provide continuous assessment of the long-term condition of these 
ecosystems and provide early warning across multiple ecosystems of changes in plant 
performance as the planet moves into the more forceful climate of the Anthropocene. It 
should be noted that the network is relatively young with only 3 sites with data over 10 
years.  As such the ability for OzFlux in conjunction with other TERN Facilities to decipher 
long term trends is currently a limitation that can be improved only with time.” 

 

 

References 

Ahlström, A., Raupach, M. R., Schurgers, G., Smith, B., Arneth, A., Jung, M., Reichstein, M., Canadell, J. 
G., Friedlingstein, P., Jain, A. K., Kato, E., Poulter, B., Sitch, S., Stocker, B. D., Viovy, N., Wang, Y. P., 
Wiltshire, A., Zaehle, S. and Zeng, N.: Carbon cycle. The dominant role of semi-arid ecosystems in the trend 
and variability of the land CO₂ sink., Science, 348(6237), 895–9, doi:10.1126/science.aaa1668, 2015. 

Anav, A., Friedlingstein, P., Beer, C., Ciais, P., Harper, A., Jones, C., Murray-Tortarolo, G., Papale, D., 
Parazoo, N. C., Peylin, P., Piao, S., Sitch, S., Viovy, N., Wiltshire, A. and Zhao, M.: Spatiotemporal patterns 
of terrestrial gross primary production: A review, Rev. Geophys., 53(3), 785–818, 
doi:10.1002/2015RG000483, 2015. 

Beringer, J., Hutley, L. B., Abramson, D., Arndt, S. K., Briggs, P., Bristow, M., Canadell, J. G., Cernusak, L. 



a, Eamus, D., Evans, B. J., Fest, B., Goergen, K., Grover, S. P., Hacker, J., Haverd, V., Kanniah, K., Livesley, 
S. J., Lynch, A., Maier, S., Moore, C., Raupach, M., Russell-Smith, J., Scheiter, S., Tapper, N. J. and Uotila, 
P.: Fire in Australian Savannas: from leaf to landscape., Glob. Chang. Biol., 11(1), 6641, 
doi:10.1111/gcb.12686, 2014. 

Bowman, D. M. J. S., Balch, J. K., Artaxo, P., Bond, W. J., Carlson, J. M., Cochrane, M. A., D’Antonio, C. 
M., DeFries, R. S., Doyle, J. C., Harrison, S. P., Johnston, F. H., Keeley, J. E., Krawchuk, M. A., Kull, C. A., 
Marston, J. B., Moritz, M. A., Prentice, I. C., Roos, C. I., Scott, A. C., Swetnam, T. W., van der Werf, G. R. 
and Pyne, S. J.: Fire in the Earth System, Science (80-. )., 324(5926), 481–484 [online] Available from: 
http://www.sciencemag.org/content/324/5926/481.abstract, 2009. 

Bristow, M., Hutley, L. B., Beringer, J., Livesley, S. J., Arndt, S. K. and Edwards, A. C.: Greenhouse gas 
emissions from tropical savanna deforestation and conversion to agriculture, Biogeosciences Discuss., In 
prepara, 2016. 

Campbell, D. I., Wall, A. M., Nieveen, J. P. and Schipper, L. A.: Variations in CO2 exchange for dairy farms 
with year-round rotational grazing on drained peatlands, Agric. Ecosyst. Environ., 202, 68–78, 
doi:10.1016/j.agee.2014.12.019, 2015. 

van Gorsel, E., Wolf, S., Isaac, P., Cleverly, J., Haverd, V., Ewenz, C., Arndt, S., Beringer, J., Resco de Dios, 
V., Evans, B. J., Griebel, A., Hutley, L. B., Keenan, T., Kljun, N., Macfarlane, C., Meyer, W. S., McHugh, I., 
Pendall, E., Prober, S. and Silberstein, R.: Carbon uptake and water use in woodlands and forests in southern 
Australia during an extreme heat wave event in the “Angry Summer” of 2012/2013, Biogeosciences Discuss., 
0, 1–31, doi:10.5194/bg-2016-183, 2016. 

Hutley, L. B., Leuning, R., Beringer, J. and Cleugh, H. a.: The utility of the eddy covariance techniques as a 
tool in carbon accounting: tropical savanna as a case study, Aust. J. Bot., 53(7), 663, doi:10.1071/BT04147, 
2005. 

Hutley, L. B., Evans, B. J., Beringer, J., Cook, G. D., Maier, S. M. and Razon, E.: Impacts of an extreme 
cyclone event on landscape-scale savanna fire, productivity and greenhouse gas emissions, Environ. Res. Lett., 
8(4), 045023, doi:10.1088/1748-9326/8/4/045023, 2013. 

Jung, M., Reichstein, M. and Bondeau, A.: Towards global empirical upscaling of FLUXNET eddy covariance 
observations: validation of a model tree ensemble approach using a biosphere model, Biogeosciences Discuss., 
6(3), 5271–5304 [online] Available from: http://www.biogeosciences-discuss.net/6/5271/2009/, 2009. 

Jung, M., Reichstein, M., Margolis, H. A., Cescatti, A., Richardson, A. D., Arain, M. A., Arneth, A., 
Bernhofer, C., Bonal, D., Chen, J., Gianelle, D., Gobron, N., Kiely, G., Kutsch, W., Lasslop, G., Law, B. E., 
Lindroth, A., Merbold, L., Montagnani, L., Moors, E. J., Papale, D., Sottocornola, M., Vaccari, F. and 
Williams, C.: Global patterns of land-atmosphere fluxes of carbon dioxide, latent heat, and sensible heat 
derived from eddy covariance, satellite, and meteorological observations, J. Geophys. Res., 116, G00J07, 
doi:10.1029/2010JG001566, 2011. 

Ma, X., Huete, A., Yu, Q., Coupe, N. R., Davies, K., Broich, M., Ratana, P., Beringer, J., Hutley, L. B., 
Cleverly, J., Boulain, N. and Eamus, D.: Spatial patterns and temporal dynamics in savanna vegetation 
phenology across the North Australian Tropical Transect, Remote Sens. Environ., 139, 97–115 [online] 
Available from: http://www.sciencedirect.com/science/article/pii/S0034425713002423 (Accessed 19 October 
2013), 2013. 

Moore, C. E., Brown, T., Keenan, T. F., Duursma, R. A., van Dijk, A. I. J. M., Beringer, J., Culvenor, D., 
Evans, B., Huete, A., Hutley, L. B., Maier, S., Restrepo-Coupe, N., Sonnentag, O., Specht, A., Taylor, J. R., 
van Gorsel, E. and Liddell, M. J.: Australian vegetation phenology: new insights from satellite remote sensing 
and digital repeat photography, Biogeosciences Discuss., 1–30, doi:10.5194/bg-2016-175, 2016. 

Peel, D. R., Pitman, A. J., Hughes, L. A., Narisma, G. T. and Pielke, R. A.: The impact of realistic biophysical 
parameters for eucalypts on the simulation of the January climate of Australia, Environ. Model. Softw., 20(5), 
595–612, doi:10.1016/j.envsoft.2004.03.004, 2005. 

Poulter, B., Frank, D., Ciais, P., Myneni, R. B., Andela, N., Bi, J., Broquet, G., Canadell, J. G., Chevallier, F., 



Liu, Y. Y., Running, S. W., Sitch, S. and van der Werf, G. R.: Contribution of semi-arid ecosystems to 
interannual variability of the global carbon cycle., Nature, 509(7502), 600–3, doi:10.1038/nature13376, 2014. 

Raupach, M. R., Haverd, V. and Briggs, P. R.: Sensitivities of the Australian terrestrial water and carbon 
balances to climate change and variability, Agric. For. Meteorol., 182-183, 277–291, 
doi:10.1016/j.agrformet.2013.06.017, 2013. 

Running, S. W., Baldocchi, D. D., Turner, D. P., Gower, S. T., Bakwin, P. S. and Hibbard, K. A.: A global 
terrestrial monitoring network integrating tower fluxes, flask sampling, ecosystem modeling and EOS satellite 
data, Remote Sens. Environ., 70(1), 108–127 [online] Available from: <Go to ISI>://000082884500009, 1999. 

Rutledge, S., Mudge, P. L., Campbell, D. I., Woodward, S. L., Goodrich, J. P., Wall, A. M., Kirschbaum, M. 
U. F. and Schipper, L. A.: Carbon balance of an intensively grazed temperate dairy pasture over four years, 
Agric. Ecosyst. Environ., 206, 10–20, doi:10.1016/j.agee.2015.03.011, 2015. 

Schimel, D., Pavlick, R., Fisher, J. B., Asner, G. P., Saatchi, S., Townsend, P., Miller, C., Frankenberg, C., 
Hibbard, K. and Cox, P.: Observing terrestrial ecosystems and the carbon cycle from space., Glob. Chang. 
Biol., 21(5), 1762–76, doi:10.1111/gcb.12822, 2015. 

 


	o This is another good point and we will add the following “Finally, flux tower information for Australia has been used in empirical upscaling methods (such as machine learning) that uses gridded satellite information and meteorology to produce global...

