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Abstract. In the last 20 years, the FLUXNET network pro-
vided unique measurements of CO2, energy and other green-
house gas exchanges between ecosystems and atmosphere
measured with the eddy covariance technique. These data
have been widely used in different and heterogeneous ap-
plications, and FLUXNET became a reference source of in-
formation not only for ecological studies but also in model-
ing and remote sensing applications. The data are, in gen-
eral, collected, processed and shared by regional networks
or by single sites, and for this reason it is difficult for users
interested in analyses involving multiple sites to easily ac-
cess a coherent and standardized dataset. For this reason, pe-
riodic FLUXNET collections have been released in the last
15 years, every 5 to 10 years, with data standardized and
shared under the same data use policy. However, the new
tools available for data analysis and the need to constantly
monitor the relations between ecosystem behavior and cli-
mate change require a reorganization of FLUXNET in order
to increase the data interoperability, reduce the delay in the
data sharing and facilitate the data use, all this while keeping
in mind the great effort made by the site teams to collect these
unique data and respecting the different regional and national
network organizations and data policies. Here a proposal for
a new organization of FLUXNET is presented with the aim
of stimulating a discussion for the needed developments. In
this new scheme, the regional and national networks become
the pillars of the global initiative, organizing clusters and be-
coming responsible for the processing, preparation and dis-
tribution of datasets that users will be able to access in real
time and with a machine-to-machine tool, obtaining always
the most updated collection possible but keeping a high stan-
dardization and common data policy. This will also lead to

an increase in the FAIRness (Findability, Accessibility, In-
teroperability and Reusability) of the FLUXNET data that
will ensure a larger impact of the unique data produced and
a proper data management and traceability.

1 Introduction

The FLUXNET network is a self-organized network of eddy
covariance sites managed by scientists that share data, ideas
and competencies across the globe (Baldocchi et al., 2001).
The eddy covariance technique (EC) (Aubinet et al., 2012)
allows a direct and non-destructive measurement of green-
house gases (GHGs) and energy exchange between the sur-
face and atmosphere at the ecosystem scale (500 m to 1 km
around the measurement point) and typically half-hourly
time resolution.

Since the first examples of year-long measurements (e.g.,
Black et al., 1996; Valentini et al., 1996), the use of EC data
became more and more common not only to study single
ecosystems from an ecological and physiological point of
view (e.g., Reichstein et al., 2007; Law et al., 2002; Mahecha
et al., 2010; Luyssaert et al., 2007; Besnard et al., 2018) but
also as ground observations in modeling development and
validation and remote sensing applications (e.g., Bonan et al.,
2011; Friend et al., 2007; Williams et al., 2009; Balzarolo
et al., 2014; Jung et al., 2020). The large range of possible
applications and the wide interest in these measurements led
first to the creation of regional and continental networks such
CarboEurope (Dolman et al., 2006) and AmeriFlux (Novick
et al., 2018) (followed by other continents, for example, with
AsiaFlux, OzFlux, LBA and ChinaFlux; see Yamamoto et al.,
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2005; Beringer et al., 2016; Restrepo-Coupe et al., 2013; Yu
et al., 2006) and then to the organization of the FLUXNET
network of networks in which all the regional networks con-
tribute with a variable number of sites and years of data.

In the context of FLUXNET there have been different
initiatives to facilitate discussion and cooperation across
networks with specific conferences and meetings (start-
ing in 1995; see Baldocchi et al., 1996) and the prepa-
ration of FLUXNET synthesis data collections with the
aim to make the data available to wider communities.
The main FLUXNET collections were produced in 2001
(Marconi dataset; Falge et al., 2005), 2007 (La Thuile
dataset) and 2016 (FLUXNET2015 dataset; Pastorello et
al., 2020), including an always larger number of site-years
(97 in Marconi, 965 in La Thuile and more than 1500 in
FLUXNET2015) and providing standardized data ready for a
large range of heterogeneous applications. These collections
were needed because each regional network applies its own
processing and formatting scheme (including different vari-
able names and units), and this prevents an easy use of data
across sites in different continents. In recent years, Ameri-
Flux and the European networks worked toward a standard-
ization that also highlighted the uncertainty introduced by the
data processing (Pastorello et al., 2020), but this is still not
sufficient to replace global initiatives. However, the prepara-
tion of a FLUXNET collection requires a great effort that in-
volves data collection, data policy agreement, common data
quality controls and feedback with the site owners for cor-
rections, processing and finally preparation of the products
and their distribution, including the maintenance of the web
services for the data distribution, user tracking, updates of in-
formation, etc. All of this considers that FLUXNET per se is
not a funded initiative, there are no structural funds to main-
tain its operation, and the synthesis datasets were created on
the initiative of single groups often in the context of specific
research projects. This is why 6 and 9 years passed between
one FLUXNET synthesis collection and the following one.

The heterogeneity across regional networks is, however,
something difficult to avoid. These networks are in fact based
on general goals and scientific aims that can be different
and can require specific design and processing. For exam-
ple, the National Ecological Observatory Network (NEON)
was planned using a hierarchical system to represent dif-
ferent ecoregions (Schimel et al., 2007), and the sites are
highly standardized in terms of setup. Also, in ICOS (Inte-
grated Carbon Observation System) the stations are highly
standardized, but the design is driven by the single country’s
decisions and priorities. In AmeriFlux an open participation
is instead possible, and everybody can register their sites in
the network without an overall design or standardization of
the tower setup, allowing diversity and bringing under the
same network sites designed for specific and heterogeneous
research projects. In addition, single sites can be linked to
other national or regional initiatives that could impose spe-
cific ways to prepare and distribute the data collected. Finally

but often one of the most important aspects, there are dif-
ferent views, sensitivities and readiness with respect to data
sharing and data use policies, which is often linked to the
need of visibility (of both the single sites and the regional
networks) that ensures proper funding to sustain the activi-
ties. These are key aspects which are fully justified and diffi-
cult to change at the global level in a short or medium period
and which therefore need to be considered in a reorganization
of the FLUXNET network structure.

2 New needs and the role of FLUXNET

The need of ground observation data is increasing continu-
ously, and there are new examples of modeling and synthe-
sis applications that require (or would require) direct mea-
surements updated frequently. One example of such activi-
ties is the FLUXCOM initiative (Jung et al., 2020), in which
satellite and meteorological spatialized data are used as input
in a machine-learning (ML) ensemble to predict net ecosys-
tem exchange, gross primary production, ecosystem respira-
tion and other energy fluxes at continental and global scales.
These data often represent a link between the observations
in FLUXNET and the large-scale modeling initiatives. The
ML algorithms need observations for their parameterization,
and the FLUXNET data have been successfully used in their
training (e.g., Tramontana et al., 2016). Although the rela-
tions between drivers and fluxes can be “learned” by the
ML also using past data, the availability of new stations is
crucial to improve the quality of the predictions and reduce
their uncertainty. This is particularly relevant if new data
cover under-sampled areas (Papale et al., 2015), extreme cli-
matic events (Mahecha et al., 2017; van der Horst et al.,
2019), different land management practices and, in general,
the effect of the climate pressure on ecosystems (Anderegg
et al., 2020). An annual production of these bottom-up em-
pirically upscaled estimations could, for example, be used as
additional input in the Global Carbon Project (https://www.
globalcarbonproject.org, last access: 14 November 2020) an-
nual report (e.g., see Friedlingstein et al., 2019) on the carbon
balance of the globe, for which currently the FLUXNET data
are, in general, not sufficiently used. The provision of a stan-
dard, continuous and global dataset of surface–atmosphere
exchanges of GHGs is also a fundamental step to include the
eddy covariance fluxes in the list of the Essential Climate
Variables (ECVs) defined by the Global Climate Observing
System (GCOS) for the empirical observation of processes
related to climate change (Bojinski et al., 2014).

The same is valid for the remote sensing community
that needs ground validation data frequently and with
high-quality standards, like in the case of the Ground-
Based Observations for Validation (GBOV) of Coperni-
cus Global Land Products (https://land.copernicus.eu/global/
gbov/home/, last access: 14 November 2020) or the Com-
mittee on Earth Observation Satellites (CEOS) Land Product
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Validation (LPV) subgroup (https://lpvs.gsfc.nasa.gov/, last
access: 14 November 2020) that already cite FLUXNET as
a potential source of data but currently can not find a valid
contribution because the data do not overlap in time with the
most recent sensors (e.g., the Sentinel constellation).

The remote sensing community is also developing new
tools that require near-real-time data (or with minimal de-
lay) for the validation of their products, which can also be
of interest to the FLUXNET community. An example is
the ECOSTRESS initiative for the evapotranspiration esti-
mation for which FLUXNET data have been already used
(Fisher et al., 2020), but additional missions requiring a set of
rapidly and directly available flux data will probably appear
in the near future (e.g., sun-induced fluorescence or radar-
based products on soil moisture and canopy structure). Fi-
nally, there is a set of potential new fields and applications
that today are only partially using the FLUXNET measure-
ments but would benefit from a stronger interaction with the
eddy covariance community. These include, for example, the
near-term ecological forecasting (Dietze et al., 2018), the use
of FLUXNET data in weather forecast models (Boussetta et
al., 2013) and the near-real-time monitoring of agriculture.

If we want to have the FLUXNET data used more and in-
tegrated with other scientific disciplines and also to start new
cross-discipline collaborations based on recent or even near-
real-time data, we need to change the way in which the data
are shared in order to make their use more easy and suitable
for new applications. In particular, we need to work to ensure
fast updates of the collection and easy and direct machine-
to-machine data access and data use capabilities with a clear
and easy to apply data use policy. Unfortunately, we are not
yet there, and the use of an updated and standardized set of
data still requires extra effort (and a set of competencies) that
only a few users are able to afford. For example, Fisher et
al. (2020) in their paper present very clearly the list of is-
sues to address to create a usable collection that spans from a
largely heterogeneous data format (more than a dozen), pro-
cessing level and collection mechanism to the need for ad-
ditional reformatting, processing, and quality assurance and
quality control (QA/QC) before the data can be used.

The characteristics of a dataset to ensure a machine-
findable and machine-readable format and a clear rule for its
use have been described by the FAIR principles (Wilkinson
et al., 2016) and a new scheme should move in this direction
(e.g., Collins et al., 2018). In particular, following the FAIR
principles, the FLUXNET data should be easy to find (find-
able) through common metadata which are searchable with a
tool; easy to access (accessible) also through a machine-to-
machine system and with a common and clear data use pol-
icy; processed in the same way and distributed in the same
format in order to simplify merging and synthesis (interop-
erable); and clearly identified and permanently referenced in
order to allow multiple uses and reproducibility of the stud-
ies and results (reusable) – all this while keeping the system
robust and sustainable and, for this reason, not dependent on

the capabilities and resources of a single network or group
(as it has been until now).

The FLUXNET members would also benefit from a sys-
tem able to process, standardize and distribute their data
rapidly and in a clear and traceable way. The site teams
would obtain a set of products as output of the centralized
processing that in some cases could be difficult and time and
resource consuming to apply individually. In addition, and
more important in my opinion, a FLUXNET network with
these characteristics would provide new opportunities to the
FLUXNET members for collaboration and joint activities,
facilitating synthesis studies at continental and global scales.
For example, the ICOS community promptly prepared and
shared a collection of in situ measurements from 52 sites
in Europe (https://www.icos-cp.eu, last access: 14 Novem-
ber 2020) that are used to analyze the effect of the 2018 Eu-
ropean drought (e.g., Graf et al., 2020; Fu et al., 2020) on ter-
restrial ecosystems. This fast data release, however, was pos-
sible only thanks to the extra effort for the data processing by
ICOS (in addition to the effort by the site teams to collect and
share the data), and it is difficult to imagine this as standard
way to proceed in future and globally. In fact, ICOS was cre-
ated and funded as research infrastructure designed to sustain
an organized observation network with prompt data delivery,
but this is not common across all the regional networks that
compose FLUXNET.

3 A new FLUXNET organization

In order to answer the new needs and opportunities described
above, a new FLUXNET organization is necessary that
should start from the experience and development achieved
and take into consideration the complexity of the system and
peculiarities of all the participants. The solution should in-
volve all the regional networks participating in order to in-
crease robustness and sustainability and, at the same time, to
keep their autonomy and internal flexibility needed to answer
additional specific research questions, respect the organiza-
tional and political structures governing them, and answer
specific needs in terms of data processing, format and shar-
ing.

For this reason, a new FLUXNET organization should be
based on an agreement among the different regional net-
works in order to ensure the redundancy of competencies,
which is particularly important in the case of limitations of
resources. In the proposed scheme, the networks are grouped
in FLUXNET clusters that agree to share data following a
common procedure when the participating networks and the
single sites are ready, interested or available to share (Fig. 1).

With this organization, the FLUXNET clusters become the
pillars of the FLUXNET system, coordinating the participa-
tion and data sharing in FLUXNET by different national and
regional networks. In order to ensure the needed standard-
ization in terms of processing, format, accessibility and data
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Figure 1. Scheme of the proposed new organization of FLUXNET for data collection preparation (see text). “Data portal” boxes represent
the regional or national network databases, all potentially different in terms of data processing, format and data policy. The black boxes
grouping regional or national networks are the “FLUXNET cluster”, the framework under which a set of national networks coordinate their
participation in FLUXNET and to which a common processing is applied. “FLUXNET basket” red squares are the database sections for
FLUXNET data to share, in which a common format of data and metadata is loaded whenever ready and distributed under the same common
data policy. “FLUXNET shuttle” is the tool to access the data across the FLUXNET clusters that is run on demand by the users and provides
a dataset (including metadata) and a PID or DOI for the exact citation and reconstruction of the dataset used.

Figure 2. Data flow from the sites to the FLUXNET shuttle. The sites submit the data to the regional networks with which they are associated
or, maybe for a temporary period, to a common system for unaffiliated sites that are managed by one of the regional networks (in the figure
the regional network 2). Each regional network can organize its own data processing, data policy and data distribution system. Part of the
data is then also processed using the standard FLUXNET processing and then shared in the FLUXNET basket where the FLUXNET shuttle
can collect if for the user upon request. The data shared in the FLUXNET shuttle are defined by the data owner. Note that the clusters can be
also composed by a single regional network (like for regional network 1 in the figure) if the resources are sufficient to maintain it.

policy, the FLUXNET clusters must agree to prepare and
maintain a specific database structure (the “FLUXNET bas-
kets” in Fig. 1) in which a common and agreed data product
(including all the needed metadata and versioning informa-
tion) are loaded and made available. The main change with
respect to the current system is in the role of the regional net-

work databases and processing centers that would need to or-
ganize and run the cluster (Table 1). For the sites, the system
instead remains similar to the current organization (Fig. 2)
with the addition that organizing double submissions of the
same data (to the regional network and for FLUXNET syn-
thesis) is not needed, but it is sufficient to decide when, for
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a given dataset, it is time to share it in FLUXNET. In fact,
the regional networks can continue to distribute data accord-
ing to their specific data policy and move to the FLUXNET
cluster only the dataset that can be shared under the common
open-data policy.

The FLUXNET product creation also requires that all the
participating networks agree on the characteristics (for ex-
ample minimal requirements about the variables, standard
processing to apply, (meta)data format, common data policy,
mechanism for data access, etc.) and contribute to the devel-
opment. However, we do not have to start from scratch; in re-
cent years, for the preparation of the FLUXNET collections,
standards have already been defined and implemented also at
the regional level (e.g., AmeriFlux, the European Database
and ICOS already produce the same output). These include
format, units, processing schemes and codes that are openly
accessible, like in the case of the ONEFlux suite (Pastorello
et al., 2019, 2020).

Clearly the methods, standards and the needs evolve
through time, and for this reason it is important to discuss
and agree on a plan and strategy to coordinate the efforts and
define the common set of rules to apply in the FLUXNET
clusters. FLUXNET worked well as a bottom-up initiative,
community-driven, and without rigid or formal governing
bodies, allowing people to participate, propose and use the
FLUXNET organization in a democratic way. To keep this
spirit, a light coordination committee constituted of regional
networks and FLUXNET cluster representatives that work
directly on data processing could serve as a tool for the pro-
cess governance in the definition of the new standards to ap-
ply and new products to introduce.

It is also important to define a strategy to evaluate and de-
cide on the implementation of changes or additions to the
standards. In general, there is no reason to change estab-
lished methods and formats if there is no motivation or need
to do so since this has an impact on the users who have to
adapt their tools (in particular users interested in continuous
data use). For processing, the requirements could be, as in
the last FLUXNET releases, that the processing tools should
be at least (1) published in peer-review journals, (2) avail-
able to be easily applied to a large and heterogeneous dataset,
(3) open source with the implementation codes and (4) dif-
ferent enough from what is already implemented to justify
their addition to the processing flow (it is crucial to find the
right balance between completeness and usability; too many
options can lead to confusion).

The regional and national networks and single sites that
are part of a FLUXNET cluster can continue to keep their
specific databases and interfaces if needed (the data portals
in Fig. 1) to distribute their data. This could be needed in the
case of different formats (e.g., when linked to other observa-
tion networks with different standards) or in case of differ-
ent processing (e.g., additional variables calculated centrally
from raw data or products of regionally specific processing
tools). It should be noted that standard processing has the

advantage of making all the data more comparable, but, at
the same time, it is possible that in specific conditions or
sites it fails, an ad hoc specific processing is needed, and
results could be shared in the network data portals. Differ-
ences in the data policies applied to specific sites or specific
portions of the database can also be handled through regional
data portals that can define a different license with respect to
the common one used in FLUXNET. Then, when a dataset
become ready to be shared in the FLUXNET system, it is
processed also following the agreed FLUXNET standard and
loaded in the FLUXNET basket.

The FLUXNET collection is then not a large dataset stored
in one location any more but a set of sub-collections stored
in the FLUXNET baskets of the different FLUXNET clusters
and accessible by visiting all of them to get the last version
available. The access can be implemented through a common
query system (the FLUXNET shuttle in Fig. 1) that points
automatically to the different FLUXNET baskets and, using
standardized metadata that include versioning information,
gets the last version of the FLUXNET cluster collections to
create an updated FLUXNET collection for the user. In this
way, each single user could create at any time (on demand) a
collection that is built using the most recent data provided by
the FLUXNET network, allowing applications that require
updated collections. At the same time, the system gives the
possibility to promptly correct possible errors if needed and
to include continuously new sites as soon as they are ready
to share, making FLUXNET even more inclusive. In order
to help the scheduling of the work of the teams responsible
for the sites, fixed “FLUXNET shuttle” runs can be sched-
uled for the main operational activities, e.g., before a FLUX-
COM training or periodically when satellite product valida-
tion tasks are scheduled.

Clearly one of the requisites for having the FLUXNET
shuttle work correctly and for the users to be able to use
the data is a common and clear data policy. The FLUXNET
clusters must agree on a common data license that should
simplify and promote the use of the data. With the aim of
having FLUXNET used and promoted by different com-
munities, standard data licenses should be considered be-
cause they are common across disciplines and for this
reason well know. Currently most of the monitoring net-
works are moving to the Creative Commons CC-BY 4 li-
cense (https://creativecommons.org/licenses/by/4.0/, last ac-
cess: 14 November 2020) that ensures attribution and pro-
motes data use. All this, however, must also consider the need
of recognition and advantages for the scientists working at
the sites that are discussed below.

4 Advantages and risks of the proposed new
organization

The proposed FLUXNET scheme would have a number of
advantages. First, the users will not have to wait for releases
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of datasets every 5 or 10 years but can get the most updated
version of the shared data in real time. This would stimulate
the use of data by scientific communities that need recent
measurements (e.g., in the early detection of anomalies). The
data would increase also their level of FAIRness, improving
their findability through the use of standard metadata across
the FLUXNET clusters, their accessibility through a com-
mon open-data policy and a single tool to retrieve all the data
(the FLUXNET shuttle), and their interoperability thanks to
the standardization. With a system that creates a new (and
potentially different) collection at every user’s request, it is
crucial to clearly identify the data included (and the ver-
sions) also to ensure the reproducibility of the results. This
is achievable through a specific persistent identifier (PID)
that users should always report and that will improve the data
reusability in the case of study reproduction and verification.

In terms of robustness, sustainability and flexibility, the
proposed system would also substantially improve the cur-
rent situation thanks to the overlap of data processing capac-
ities and responsibilities among the FLUXNET clusters. In
fact, sharing the workload will stimulate collaboration across
networks and promote the interchangeability of roles since
each FLUXNET cluster could process the data of another
cluster if needed. This crucial aspect is missing today; if,
for example, one network or FLUXNET cluster has difficul-
ties in a certain period (lack of funding, key people mov-
ing, etc.), the other FLUXNET clusters can support the com-
mon processing so that the network with difficulties could
dedicate the resources only to internal discussion with the
sites and data collection. This could be particularly relevant
in cases of big changes in the processing scheme (that will
inevitably happen), which will require a massive data repro-
cessing. In this case, the mutual support of the FLUXNET
clusters or also an investment in common and shared com-
puting resources for the standard processing would help the
sustainability of all the networks.

The capacity to process the data following the same stan-
dard method and the alignment in terms of code versions can
be periodically tested though a verification system similar to
a “round-robin test” in which all the clusters will have to pro-
cess the same set of data with the standard procedure, and
results are compared. All this would keep the full flexibility
of each single network to decide what to share and when in
FLUXNET and the possibility to distribute different formats
and versions through their data portals.

It is, however, important to analyze the concerns that a new
FLUXNET organization like the one here proposed could
raise. In particular, there is the risk of losing control of the
data (who accessed them, where they are used, etc.), and this
is directly linked to a crucial aspect: the visibility of the peo-
ple. The large amount of work and investment done by sin-
gle stations and networks participating to FLUXNET must
be fully recognized and should have an effect on the funding
to continue the work and data provision and on the careers of
the people involved. The contribution of data to FLUXNET

is in most cases on voluntary bases, so the proposed system
would not force participation. It is, however, important to try
to get as many people and networks as possible engaged, and
the analysis of the benefits that data sharing can bring is the
natural step to take a decision. Although this has been dis-
cussed in different frameworks (e.g., Papale et al., 2012) and
studies which have demonstrated that people sharing data
get more recognition due to the collaborations established
(Bond-Lamberty, 2018; Dai et al., 2018), it is out of scope
here to enter in the details of the benefits and convenience of
data sharing.

What a reorganized and truly international FLUXNET
system can do is to ensure a full traceability of data access
and data uses and to allow each data owner to have an ex-
act quantification of the use of the data shared. From a tech-
nical point of view, the compilation of a list of downloads
per site is something that can be easily implemented using
the FLUXNET shuttle and can provide important informa-
tion about the use of the data. However, this is not enough;
it would be important to have in all the papers that use these
data the citation of the datasets so that the impact and use-
fulness of each single site can be quantified and recognized.
This would require the help of the journals that should re-
quest, during the review, the clear citation of the DOI or PID
of the dataset used, and this should not be affected by the lim-
itation of the number of citations often imposed. In this way,
it would be possible to evaluate and show the importance of
the data which are collected and distributed by FLUXNET
and what the communities using them are. Finally, a new and
more robust, sustainable, and fast organization could stimu-
late the interaction with the private sector that is currently
missing (except for the instrument manufactures). Private
users interested not only in using but also contributing to the
measurements could increase the FLUXNET visibility and
attract the needed resources to grow and strengthen the link
with the stakeholders (Marino, 2020).

5 Moving toward the implementation

A change in the FLUXNET organization, although based on
the existing capacities and experiences of the site teams, re-
gional networks and past collection leaders, can only be grad-
ual with a transition phase that must allow all the interested
groups to adapt and organize their role and work. During
this transition phase, it is important to maintain the overall
aim and final structure, but the activity can start from a few
initial groups that, for historical reasons or contingent sit-
uations, are ready to start prototyping the system. For ex-
ample, ICOS and AmeriFlux are already distributing data
processed using the same software (ONEFlux; Pastorello
et al., 2020) in their respective portals (ICOS: https://meta.
icos-cp.eu/collections/ueb_7FcyEcbG6y9-UGo5HUqV, last
access: 14 November 2020; AmeriFlux: https://oneflux-beta.
ameriflux.lbl.gov/, last access: 14 November 2020). The ac-
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Table 2. SWOT (Strengths, Weaknesses, Opportunities, Threats) analysis of the new proposed system. For the weaknesses and threats,
possible corrective actions are also reported.

Strengths Weaknesses

Point Corrective action

Distributed workload that ensures
sustainability and robustness

Investment done until now is not used The competencies will migrate in
the new system

Continuous updates of the collection Risk that the data policy is not followed The new system makes everyone more en-
gaged to ensure proper data citation

Easy data access and clear policy Feeling that the data control is lost The FLUXNET shuttle will have to register
all downloads and provide PIDs

Increase visibility of the regional
networks and engagement of the
regional communities

Sites could be not ready/interested to adopt
the standard open policy

The regional networks can continue to
distribute the data under their policies

Opportunities Threats

Point Corrective action

Attract more users and interests Only a few regional networks are able
to organize this

Other regional networks could help

Stimulate participation also from
less-represented areas

Distributed processing could affect
standardization

Periodic tests using a
“round robin” method

Increase visibility and international
collaboration

Readiness of the regional networks
not homogeneous

Transition phase when a general
FLUXNET cluster is also active

Get more stable funding from other
organized users

cess is still individual and the policy different, but it is a first
step in the direction of a distributed preparation and access
to a common product.

During the transition phase, it is important that FLUXNET
remains inclusive, giving the possibility to everybody to get
involved and have data processed and shared without the risk
of feeling isolated or excluded. This can be ensured by a
cross-network support system, in which clusters ready to pro-
cess and distribute can temporary offer to do the activities for
other networks or individual unaffiliated sites with, and here
it is a difference with respect to the current system, the agree-
ment that in parallel all the networks work in the direction of
the establishment of a reference FLUXNET cluster. It is also
clear that a single regional network could act as a FLUXNET
cluster autonomously; this is possible, and it is only a matter
of optimization in the use of resources.

To discuss and agree on all the technical details is also
needed, which can start from the experiences already at-
tained in the context of the FAIR principles and the devel-
opment and prototyping of specific tools (e.g., see https:
//envri.eu/home-envri-fair/, last access: 14 November 2020).
The choices regarding the organization of FLUXNET clus-
ters, the technology to use, the timeline for implementation
and all the other technical details need a general discussion

in which all the regional networks should be involved inde-
pendently of their readiness in the actual implementation

6 Conclusions

The main differences between the current FLUXNET orga-
nization and the new proposed structure are the shared work-
load and overlap of competencies among a number of orga-
nizations (FLUXNET clusters) that can ensure the needed
robustness and the real-time distribution of newly available
data. All this without scarifying the visibility and role of the
regional networks that remain crucial for their role of organi-
zation, support, guidance and scientific development linked
to the local networks. The main benefits would be (1) an
increase in robustness of the global network thanks to the
sharing of workload and responsibilities, (2) the strength of
the collaborations among networks and colleagues across the
world, and (3) an increase in visibility thanks to the contin-
uous availability of updated products that can lead to more
users and resources. There are clearly also risks like in all
changes that can, however, be handled with a smooth tran-
sition phase and a real spirit of collaboration (Table 2). The
solution is also scalable once implemented, giving the pos-
sibility to include new measurements (e.g., new GHGs like
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CH4 or N2O; see Knox et al., 2019; Nemitz et al., 2018) or
new processing also starting from raw data. In fact, the de-
velopment of new tools by a FLUXNET cluster, already de-
signed to be generally applicable, can be made available to
all the others easily and without duplicating the effort. The
proposed scheme would also move FLUXNET in the direc-
tion that was already defined 20 years ago, which is devel-
oping a collaborative, self-organized and bottom-up network
that is able to answer new requests thanks to the continuous
updates. This can work also as an example for similar dis-
tributed observational networks that could benefit from the
experience gained in reorganizing FLUXNET. The evolution
of the regional networks toward more organized and stable
infrastructures, the large number of eddy covariance people
that are now sharing data and collaborating in FLUXNET,
and the new spirit of collaboration among regional networks
are solid bases to do this step.

Data availability. No data sets were used in this article.

Competing interests. The author declares that there is no conflict of
interest.

Acknowledgements. The author thanks all the colleagues and
friends who shared with him ideas and comments on the develop-
ment of FLUXNET and thanks the whole FLUXNET community
for the very constructive and open spirit that helped to build such a
nice bottom-up coalition. Thanks also to the reviewers and the edi-
tor for the comments and suggestions needed to improve the clear-
ness and completeness of the paper.

Financial support. This research has been supported by the
RINGO (grant agreement 730944) and ENVRI-FAIR (grant agree-
ment 824068) H2020 European projects for the development of a
new and more integrated scheme of FLUXNET and the E-SHAPE
(grant agreement 820852) H2020 European project for supporting
the first pilot study on the operational use of FLUXNET data.

Review statement. This paper was edited by Dan Yakir and re-
viewed by Jason Beringer and Joshua Fisher.

References

Anderegg, W. R. L., Trugman, A. T., Badgley, G., Anderson, C.
M., Bartuska, A., Ciais, P., Cullenward, D., Field, C. B., Free-
man, J., Goetz, S. J., Hicke, J. A., Huntzinger, D., Jackson, R. B.,
Nickerson, J., Pacala, S., and Randerson, J. T.: Climate-driven
risks to the climate mitigation potential of forests, Science, 368,
eaaz7005, https://doi.org/10.1126/science.aaz7005, 2020

Aubinet, M., Vesala, T., and Papale, D. (Eds): Eddy Covariance – A
Practical Guide to Measurement and Data Analysis, Springer At-
mospheric Sciences, Springer, Dordrecht, the Netherlands, 2012.

Baldocchi, D., Falge, E., Gu, L. H., Olson, R., Hollinger, D.,
Running, S., Anthoni, P., Bernhofer, C., Davis, K., Evans, R.,
Fuentes, J., Goldstein, A., Katul, G., Law, B., Lee, X. H., Malhi,
Y., Meyers, T., Munger, W., Oechel, W., U, K. T. P., Pilegaard,
K., Schmid, H. P., Valentini, R., Verma, S., Vesala, T., Wilson,
K., and Wofsy, S.: FLUXNET: A new tool to study the tempo-
ral and spatial variability of ecosystem-scale carbon dioxide, wa-
ter vapor, and energy flux densities, B. Am. Meteorol. Soc., 82,
2415–2434, 2001.

Baldocchi, D. D., Valentini, R., Running, S. R., Oechel, W.,
and Dahlman, R.: Strategies for measuring and modelling
CO2 and water vapor fluxes over terrestrial ecosystems,
Glob. Change Biol., 2, 159–168, https://doi.org/10.1111/j.1365-
2486.1996.tb00069.x, 1996.

Balzarolo, M., Boussetta, S., Balsamo, G., Beljaars, A., Maignan,
F., Calvet, J.-C., Lafont, S., Barbu, A., Poulter, B., Cheval-
lier, F., Szczypta, C., and Papale, D.: Evaluating the poten-
tial of large-scale simulations to predict carbon fluxes of ter-
restrial ecosystems over a European Eddy Covariance network,
Biogeosciences, 11, 2661–2678, https://doi.org/10.5194/bg-11-
2661-2014, 2014.

Beringer, J., Hutley, L. B., McHugh, I., Arndt, S. K., Campbell,
D., Cleugh, H. A., Cleverly, J., Resco de Dios, V., Eamus, D.,
Evans, B., Ewenz, C., Grace, P., Griebel, A., Haverd, V., Hinko-
Najera, N., Huete, A., Isaac, P., Kanniah, K., Leuning, R., Lid-
dell, M. J., Macfarlane, C., Meyer, W., Moore, C., Pendall, E.,
Phillips, A., Phillips, R. L., Prober, S. M., Restrepo-Coupe, N.,
Rutledge, S., Schroder, I., Silberstein, R., Southall, P., Yee, M.
S., Tapper, N. J., van Gorsel, E., Vote, C., Walker, J., and Ward-
law, T.: An introduction to the Australian and New Zealand
flux tower network – OzFlux, Biogeosciences, 13, 5895–5916,
https://doi.org/10.5194/bg-13-5895-2016, 2016.

Besnard, S., Carvalhais, N., Arain, A., Black, A., de Bruin, S.,
Buchmann, N., Cescatti, A., Chen, J., Clevers, J. G. P. W., De-
sai, A.R., Gough, C. M., Havrankova, K., Herold, M., Hört-
nagl, L., Jung, M., Knohl, A., Kruijt, B., Krupkova, L., Law,
B. E., Lindroth, A., Noormets, A., Roupsard, O., Steinbrecher,
R., Varlagin, A., Vincke, C., and Reichstein, M.: Quantifying
the effect of forest age in annual net forest carbon balance,
Environ. Res. Lett., 13, 124018, https://doi.org/10.1088/1748-
9326/aaeaeb, 2018.

Black, T. A., den Hartog, G., Neumann, H. H., Blanken, P. D.,
Yang, P. C., Russell, C., Nesic, Z., Lee, X., Chen, S.G., Stae-
bler, R. and Novak, M.D.: Annual cycles of water vapour
and carbon dioxide fluxes in and above a boreal aspen forest,
Glob. Change Biol., 2, 219–229, https://doi.org/10.1111/j.1365-
2486.1996.tb00074.x, 1996

Bojinski, S., Verstraete, M., Peterson, T. C., Richter, C., Sim-
mons, A., and Zemp, M.: The Concept of Essential Cli-
mate Variables in Support of Climate Research, Applica-
tions, and Policy, Bull. Am. Meteorol. Soc., 95, 1431–1443,
https://doi.org/10.1175/BAMS-D-13-00047.1, 2014

Bonan, G. B., Lawrence, P. J., Oleson, K. W., Levis, S., Jung,
M., Reichstein, M., Lawrence, D. M., and Swenson, S. C.: Im-
proving canopy processes in the Community Land Model ver-
sion 4 (CLM4) using global flux fields empirically inferred

https://doi.org/10.5194/bg-17-5587-2020 Biogeosciences, 17, 5587–5598, 2020

https://doi.org/10.1126/science.aaz7005
https://doi.org/10.1111/j.1365-2486.1996.tb00069.x
https://doi.org/10.1111/j.1365-2486.1996.tb00069.x
https://doi.org/10.5194/bg-11-2661-2014
https://doi.org/10.5194/bg-11-2661-2014
https://doi.org/10.5194/bg-13-5895-2016
https://doi.org/10.1088/1748-9326/aaeaeb
https://doi.org/10.1088/1748-9326/aaeaeb
https://doi.org/10.1111/j.1365-2486.1996.tb00074.x
https://doi.org/10.1111/j.1365-2486.1996.tb00074.x
https://doi.org/10.1175/BAMS-D-13-00047.1


5596 D. Papale: Enhancing the impact of the FLUXNET network

from FLUXNET data, J. Geophys. Res.-Biogeo., 116, G02014,
https://doi.org/10.1029/2010JG001593, 2011.

Bond-Lamberty, B.: Data sharing and scientific impact in eddy co-
variance research, J. Geophys. Res.-Biogeo., 123, 1440–1443,
https://doi.org/10.1002/2018JG004502, 2018

Boussetta, S., Balsamo, G., Beljaars, A., Panareda, A.-A., Cal-
vet, J.-C., Jacobs, C., van den Hurk, B., Viterbo, P., Lafont,
S., Dutra, E., Jarlan, L., Balzarolo, M., Papale, D., and van
der Werf, G.: Natural land carbon dioxide exchanges in the
ECMWF Integrated Forecasting System: Implementation and
offline validation, J. Geophys. Res.-Atmos., 118, 5923–5946
https://doi.org/10.1002/jgrd.50488, 2013

Collins, S., Genova, F., Harrower, N., Hodson, S., Jones, S., Laakso-
nen, L., Mietchen, D., Petrauskaité, R., and Wittenburg, P.: Turn-
ing FAIR into reality. Final Report and Action Plan from the
European Commission Expert Group on FAIR Data, European
Commission Expert Group on FAIR Data, Directorate-General
for Research and Innovation, https://doi.org/10.2777/1524, 2018

Dai, S.-Q., Li, H., Xiong, J., Ma, J., Guo, H.-Q., Xiao, X., and Zhao,
B.: Assessing the extent and impact of online data sharing in
eddy covariance flux research, J. Geophys. Res.-Biogeo., 123,
129–137, https://doi.org/10.1002/2017JG004277, 2018.

Dietze, M. C., Fox, A., Beck-Johnson, L. M., Betancourt, J. L.,
Hooten, M. B., Jarnevich, C. S., Keitt, T. H., Kenney, M.
A., Laney, C. M., Larsen, L. G., Loescher, H. W., Lunch, C.
K., Pijanowski, B. C., Randerson, J. T., Read, E. K., Tre-
dennick, A. T., Vargas, R., Weathers, K. C., and White, E.
P.: Iterative near-term ecological forecasting: Needs, opportuni-
ties, and challenges, P. Natl. Acad. Sci. USA, 115, 1424–1432,
https://doi.org/10.1073/pnas.1710231115, 2018.

Dolman, A.J., Noilhan, J., Durand, P., Sarrat, C., Brut, A., Piguet,
B., Butet, A., Jarosz, N., Brunet, Y., Loustau, D., Lamaud, E.,
Tolk, L., Ronda, R., Miglietta, F., Gioli, B., Magliulo, V., Es-
posito, M., Gerbig, C., Körner, S., Glademard, P., Ramonet, M.,
Ciais, P., Neininger, B., Hutjes, R. W., Elbers, J. A., Macatangay,
R., Schrems, O., Pérez-Landa, G., Sanz, M. J., Scholz, Y., Fa-
con, G., Ceschia, E. and Beziat, P.: The CarboEurope Regional
Experiment Strategy, Bull. Am. Meteorol. Soc., 87, 1367–1380,
https://doi.org/10.1175/BAMS-87-10-1367, 2006

Falge, E., Aubinet, M., Bakwin, P. S., Baldocchi, D., Berbigier, P.,
Bernhofer, C., Black, T. A., Ceulemans, R., Davis, K. J., Dol-
man, A. J., Goldstein, A., Goulden, M. L., Granier, A., Hollinger,
D. Y., Jarvis, P. G., Jensen, N., Pilegaard, K., Katul, G., Kyaw
Tha Paw, P., Law, B. E., Lindroth, A., Loustau, D., Mahli, Y.,
Monson, R., Moncrieff, P., Moors, E., Munger, J. W., Mey-
ers, T., Oechel, W., Schulze, E.-D., Thorgeirsson, H., Tenhunen,
J., Valentini, R., Verma, S. B., Vesala, T., and Wofsy, S. C.:
FLUXNET Marconi Conference Gap-Filled Flux and Meteorol-
ogy Data, 1992–2000, ORNL DAAC, Oak Ridge, Tennessee,
USA, https://doi.org/10.3334/ORNLDAAC/811, 2005.

Fisher, J. B., Lee, B., Purdy, A. J., Halverson, G. H., Dohlen, M.
B., Cawse-Nicholson, K., Wang, A., Anderson, R. G., Aragon,
B., Arain, M. A., Baldocchi, D. D., Baker, J. M., Barral, H.,
Bernacchi, C. J., Bernhofer, C., Biraud, S. C., Bohrer, G., Brun-
sell, N., Cappelaere, B., Castro-Contreras, S., Chun, J., Con-
rad, B. J., Cremonese, E., Demarty, J., Desai, A. R., De Ligne,
A., Foltýnová, L., Goulden, M. L., Griffis, T. J., Grünwald,
T., Johnson, M. S., Kang, M., Kelbe, D., Kowalska, N., Lim,
J.-H., Maïnassara, I., McCabe, M. F., Missik, J. E. C., Mo-

hanty, B. P., Moore, C. E., Morillas, L., Morrison, R., Munger,
J. W., Posse, G., Richardson, A. D., Russell, E. S., Ryu, Y.,
Sanchez-Azofeifa, A., Schmidt, M., Schwartz, E., Sharp, I.,
Šigut, L., Tang, Y., Hulley, G., Anderson, M., Hain, C., French,
A., Wood, E., and Hook, S.: ECOSTRESS: NASA’s Next Gen-
eration Mission to measure evapotranspiration from the Inter-
national Space Station, Water Resour. Res., 56, WR026058,
https://doi.org/10.1029/2019WR026058, 2020.

Friedlingstein, P., Jones, M. W., O’Sullivan, M., Andrew, R. M.,
Hauck, J., Peters, G. P., Peters, W., Pongratz, J., Sitch, S., Le
Quéré, C., Bakker, D. C. E., Canadell, J. G., Ciais, P., Jack-
son, R. B., Anthoni, P., Barbero, L., Bastos, A., Bastrikov, V.,
Becker, M., Bopp, L., Buitenhuis, E., Chandra, N., Chevallier,
F., Chini, L. P., Currie, K. I., Feely, R. A., Gehlen, M., Gilfillan,
D., Gkritzalis, T., Goll, D. S., Gruber, N., Gutekunst, S., Har-
ris, I., Haverd, V., Houghton, R. A., Hurtt, G., Ilyina, T., Jain,
A. K., Joetzjer, E., Kaplan, J. O., Kato, E., Klein Goldewijk, K.,
Korsbakken, J. I., Landschützer, P., Lauvset, S. K., Lefèvre, N.,
Lenton, A., Lienert, S., Lombardozzi, D., Marland, G., McGuire,
P. C., Melton, J. R., Metzl, N., Munro, D. R., Nabel, J. E. M. S.,
Nakaoka, S.-I., Neill, C., Omar, A. M., Ono, T., Peregon, A.,
Pierrot, D., Poulter, B., Rehder, G., Resplandy, L., Robertson, E.,
Rödenbeck, C., Séférian, R., Schwinger, J., Smith, N., Tans, P. P.,
Tian, H., Tilbrook, B., Tubiello, F. N., van der Werf, G. R., Wilt-
shire, A. J., and Zaehle, S.: Global Carbon Budget 2019, Earth
Syst. Sci. Data, 11, 1783–1838, https://doi.org/10.5194/essd-11-
1783-2019, 2019.

Friend, A. D., Arneth, A., Kiang, N. Y., Lomas, M., Ogee, J.,
Roedenbeckk, C., Running, S. W., Santaren, J.-D., Sitch, S.,
Viovy, N., Woodward, F. I., and Zaehle, S.: FLUXNET and mod-
elling the global carbon cycle, Glob. Change Biol., 13, 610–633,
https://doi.org/10.1111/j.1365-2486.2006.01223.x, 2007.

Fu, Z., Ciais. P., Bastos, A., Stoy, P. C., Yang, H., Green, J. K.,
Wang, B., Yu. K., Huang, Y., Knohl, A., Šigut, L., Gharun, M.,
Cuntz, M., Arriga, N., Roland, M., Peichl, M., Migliavacca, M.,
Cremonese, E., Varlagin, A., Brümmer, C., Gourlez de la Motte,
L., Fares, S., Buchmann, N., El-Madany, T. S., Pitacco, A., Ven-
drame, N., Li, Z., Vincke, C., Magliulo, E., and Koebsch F.: Sen-
sitivity of gross primary productivity to climatic drivers during
the summer drought of 2018, EuropePhil. Trans. R. Soc. B, 375,
20190747, https://doi.org/10.1098/rstb.2019.0747, 2020

Graf, A., Klosterhalfen, A., Arriga, N., Bernhofer, C., Bogena,
H., Bornet, F., Brüggemann, N., Brümmer, C., Buchmann, N.,
Chi, J., Chipeaux, C., Cremonese, E., Cuntz, M., Dušek, J., El-
Madany, T. S., Fares, S., Fischer, M., Foltýnová, L., Gharun, M.,
Ghiasi, S., Gielen, B., Gottschalk, P., Grünwald, T., Heinemann,
G., Heinesch, B., Heliasz, M., Holst, J., Hörtnagl, L., Ibrom, A.,
Ingwersen, J., Jurasinski, G., Klatt, J., Knohl, A., Koebsch, F.,
Konopka, J., Korkiakoski, M., Kowalska, N., Kremer, P., Kruijt,
B., Lafont, S., Léonard, J., De Ligne, A., Longdoz, B., Lous-
tau, D., Magliulo, V., Mammarella, I., Manca, G., Mauder, M.,
Migliavacca, M., Mölder, M., Neirynck, J., Ney, P., Nilsson, M.,
Paul-Limoges, E., Peichl, M., Pitacco, A., Poyda, A., Rebmann,
C., Roland, M., Sachs, T., Schmidt, M., Schrader, F., Siebicke,
L., Šigut, L., Tuittila, E.-S., Varlagin, A., Vendrame, N., Vincke,
C., Völksch, I., Weber, S., Wille, C., Wizemann, H.-D., Zeeman,
M., and Vereecken, H.: Altered energy partitioning across terres-
trial ecosystems in the European drought year 2018, Philos. T. R.

Biogeosciences, 17, 5587–5598, 2020 https://doi.org/10.5194/bg-17-5587-2020

https://doi.org/10.1029/2010JG001593
https://doi.org/10.1002/2018JG004502
https://doi.org/10.1002/jgrd.50488
https://doi.org/10.2777/1524
https://doi.org/10.1002/2017JG004277
https://doi.org/10.1073/pnas.1710231115
https://doi.org/10.1175/BAMS-87-10-1367
https://doi.org/10.3334/ORNLDAAC/811
https://doi.org/10.1029/2019WR026058
https://doi.org/10.5194/essd-11-1783-2019
https://doi.org/10.5194/essd-11-1783-2019
https://doi.org/10.1111/j.1365-2486.2006.01223.x
https://doi.org/10.1098/rstb.2019.0747


D. Papale: Enhancing the impact of the FLUXNET network 5597

Soc. B, 375, 20190524, https://doi.org/10.1098/rstb.2019.0524,
2020

Jung, M., Schwalm, C., Migliavacca, M., Walther, S., Camps-Valls,
G., Koirala, S., Anthoni, P., Besnard, S., Bodesheim, P., Carval-
hais, N., Chevallier, F., Gans, F., Goll, D. S., Haverd, V., Köhler,
P., Ichii, K., Jain, A. K., Liu, J., Lombardozzi, D., Nabel, J. E.
M. S., Nelson, J. A., O’Sullivan, M., Pallandt, M., Papale, D.,
Peters, W., Pongratz, J., Rödenbeck, C., Sitch, S., Tramontana,
G., Walker, A., Weber, U., and Reichstein, M.: Scaling carbon
fluxes from eddy covariance sites to globe: synthesis and eval-
uation of the FLUXCOM approach, Biogeosciences, 17, 1343–
1365, https://doi.org/10.5194/bg-17-1343-2020, 2020.

Knox, S. H., Jackson, R. B., Poulter, B., McNicol, G., Fluet-
Chouinard, E., Zhang, Z., Hugelius, G., Bousquet, P., Canadell,
J. G., Saunois, M., Papale, D., Chu, H., Keenan, T. F., Baldoc-
chi, D., Torn, M. S., Mammarella, I., Trotta, C., Aurela, M.,
Bohrer, G., Campbell, D. I., Cescatti, A., Chamberlain, S., Chen,
J., Chen, W., Dengel, S., Desai, A. R., Euskirchen, E., Friborg,
T., Gasbarra, D., Goded, I., Goeckede, M., Heimann, M., Hel-
big, M., Hirano, T., Hollinger, D. Y., Iwata, H., Kang, M., Klatt,
J., Krauss, K. W., Kutzbach, L., Lohila, A., Mitra, B., Morin, T.
H., Nilsson, M. B., Niu, S., Noormets, A., Oechel, W. C., Peichl,
M., Peltola, O., Reba, M. L., Richardson, A. D., Runkle, B. R.
K., Ryu, Y., Sachs, T., Schäfer, K. V. R., Schmid, H. P., Shur-
pali, N., Sonnentag, O., Tang, A. C. I., Ueyama, M., Vargas, R.,
Vesala, T., Ward, E. J., Windham-Myers, L., Wohlfahrt, G., and
Zona, D.: FLUXNET-CH4 Synthesis Activity: Objectives, Ob-
servations, and Future Directions, B. Am. Meteorol. Soc., 100,
2607–2632, https://doi.org/10.1175/BAMS-D-18-0268.1, 2019.

Law, B. E., Falge, E., Gu, L., Baldocchi, D. D., Bakwin, P.,
Berbigier, P., Davis, K., Dolman, A. J., Falk, M., Fuentes, J. D.,
Goldstein, A., Granier, A., Grelle, A., Hollinger, D., Janssens,
I. A., Jarvis, P., Jensen, N. O., Katul, G., Mahli, Y., Mat-
teucci, G., Meyers, T., Monson, R., Munger, W., Oechel, W.,
Olson, R., Pilegaard, K., Paw, K. T., Thorgeirsson, H., Valen-
tini, R., Verma, S., Vesala, T., Wilson, K., and Wofsy, S.: En-
vironmental controls over carbon dioxide and water vapor ex-
change of terrestrial vegetation, Agr. Forest Meteorol., 113, 97–
120, https://doi.org/10.1016/S0168-1923(02)00104-1, 2002.

Luyssaert, S., Inglima, I., Jung, M., Richardson, A. D., Reichstein,
M., Papale, D., Piao, S., Schulze, E.-D., Wingate, L., Matteucci,
G., Aragao, L. E. O. C., Aubinet, M., Beer, C., Bernhofer, C.,
Black, K. G., Bonal, D., Bonnefond, J.-M., Chambers, J. L.,
Ciais, P., Cook, B. D., Davis, K. J., Dolman, A. J., Gielen, B.,
Goulden, M. L., Grace, J., Granier, A., Grelle, A., Griffis, T.
J., Grunwald, T., Guidolotti, G., Hanson, P. J., Harding, R. B.,
Hollinger, D. Y., Hutyra, L. R., Kolari, P., Kruijt, B., Kutsch, W.
L., Lagergren, F., Laurila, T., Law, B. E., Le Maire, G., Lindroth,
A. Loustau, D., Malhi, Y., Mateus, J., Migliavacca, M., Misson,
L., Montagnani, L., Moncrieff, J. B., Moors, E. J., Munger, J.,
W., Nikinmaa, E., Ollinger, S. V., Pita, G., Rebmann, C., Roup-
sard, O., Saigusa, N., Sanz, M. J., Seufert, G., Sierra, C., Smith,
M.-L., Tang, J., Valentini, R., Vesala, T., and Janssens, I. A.:
CO2 balance of boreal, temperate, and tropical forests derived
from a global database, Glob. Change Biol., 13, 2509–2537,
https://doi.org/10.1111/j.1365-2486.2007.01439.x, 2007.

Mahecha, M. D., Reichstein, M., Carvalhais, N., Lasslop, G.,
Lange, H., Seneviratne, S. I., Vargas, R., Ammann, C., Arain, M.
A., Cescatti, A., Janssens, I. A., Migliavacca, M., Montagnani,

L., and Richardson, A. D.: Global convergence in the tempera-
ture sensitivity of respiration at ecosystem level, Science, 329,
838–840, https://doi.org/10.1126/science.1189587, 2010.

Mahecha, M. D., Gans, F., Sippel, S., Donges, J. F., Kaminski,
T., Metzger, S., Migliavacca, M., Papale, D., Rammig, A., and
Zscheischler, J.: Detecting impacts of extreme events with eco-
logical in situ monitoring networks, Biogeosciences, 14, 4255–
4277, https://doi.org/10.5194/bg-14-4255-2017, 2017.

Marino, B.: Interactive comment on “Ideas and perspectives: en-
hancing the impact of the FLUXNET network of eddy co-
variance sites” by Dario Papale, Interactive comment on Bio-
geosciences Discuss., https://doi.org/10.5194/bg-2020-211-SC1,
2020.

Nemitz, E., Mammarella, I., Ibrom, A., Aurela, M., Burba, G. G.,
Dengel, S., Gielen, B., Grelle, A., Heinesch, B., Herbst, M., Hört-
nagel, L., Klemedtsson, L., Lindroth, A., Lohila, A., McDermitt,
D. K., Meier, P., Merbold, L., Nelson, D., Nicolini, G., Nilsson,
M. B., Peltola, O., Rinne, J., and Zahniser, M.: Standardisation of
eddy-covariance flux measurements of methane and nitrous ox-
ide, Int. Agrophys., 32, 517–549, https://doi.org/10.1515/intag-
2017-0042, 2018.

Novick, K. A., Biederman, J. A., Desai, A. R., Litvak, M. E., Moore,
D. J. P., Scott, R. L., and Torn, M. S.: The AmeriFlux network:
A coalition of the willing, Agr. Forest Meteorol., 249, 444–456.
https://doi.org/10.1016/j.agrformet.2017.10.009, 2018.

Papale, D., Agarwald, D. A., Baldocchi, D., Cook, R. B., Fisher, J.
B., and Van Ingen C.: Database Maintenence, Data Sharing Pol-
icy, Collaboration, in: Eddy Covariance – A Practical Guide to
Measurement and Data Analysis, edited by: Aubinet, M., Vesala,
T., and Papale, D., Springer Atmospheric Sciences, Springer,
Dordrecht, the Netherlands, https://doi.org/10.1007/978-94-007-
2351-1_17, 2012.

Papale, D., Black, T. A., Carvalhais, N., Cescatti, A., Chen, J., Jung,
M., Kiely, G., Lasslop, G., Mahecha, M. D., Margolis, H., Mer-
bold, L., Montagnani, L., Moors, E., Olesen, J. E., Reichstein,
M., Tramontana, G., van Gorsel, E., Wohlfahrt, G., and Ráduly,
B.: Effect of spatial sampling from European flux towers for es-
timating carbon and water fluxes with artificial neural networks,
J. Geophys. Res.-Biogeosci., 120, 1941–1957, 2015.

Pastorello, G., Trotta, C., Ribeca, A., Elbashandy, A.,
Barr, A., and Papale, D.: ONEFlux: Open Network-
Enabled Flux processing pipeline [Python, C, Matlab],
https://github.com/fluxnet/ONEFlux, 2019.

Pastorello, G., Trotta, C., Canfora, E., et al.: The FLUXNET2015
dataset and the ONEFlux processing pipeline for eddy covariance
data, Scientific Data, 7, 225, https://doi.org/10.1038/s41597-
020-0534-3, 2020.

Reichstein, M., Papale, D., Valentini, R., Aubinet, M., Bern-
hofer, C., Knohl, A., Laurila, T., Lindroth, A., Moors,
E., Pilegaard, K., and Seufert, G.: Determinants of ter-
restrial ecosystem carbon balance inferred from European
eddy covariance flux sites, Geophys. Res. Lett., 34, L01402,
https://doi.org/10.1029/2006GL027880, 2007.

Restrepo-Coupe, N., da Rocha, H. R., Hutyra, L. R., da Araujo,
A. C., Borma, L. S., Christoffersen, B., Cabral, O. M. R.,
de Camargo, P. B., Cardoso, F. L., da Costa, A. C. L., Fitz-
jarrald, D. R., Goulden, M. L., Kruijt, B., Maia, J. M. F.,
Malhi, Y. S., Manzi, A. O., Miller, S. D., Nobre, A. D., von
Randow, C., Sá, L. D. A., Sakai, R. K., Tota, J., Wofsy,

https://doi.org/10.5194/bg-17-5587-2020 Biogeosciences, 17, 5587–5598, 2020

https://doi.org/10.1098/rstb.2019.0524
https://doi.org/10.5194/bg-17-1343-2020
https://doi.org/10.1175/BAMS-D-18-0268.1
https://doi.org/10.1016/S0168-1923(02)00104-1
https://doi.org/10.1111/j.1365-2486.2007.01439.x
https://doi.org/10.1126/science.1189587
https://doi.org/10.5194/bg-14-4255-2017
https://doi.org/10.5194/bg-2020-211-SC1
https://doi.org/10.1515/intag-2017-0042
https://doi.org/10.1515/intag-2017-0042
https://doi.org/10.1016/j.agrformet.2017.10.009
https://doi.org/10.1007/978-94-007-2351-1_17
https://doi.org/10.1007/978-94-007-2351-1_17
https://doi.org/10.1038/s41597-020-0534-3
https://doi.org/10.1038/s41597-020-0534-3
https://doi.org/10.1029/2006GL027880


5598 D. Papale: Enhancing the impact of the FLUXNET network

S. C., Zanchi, F. B., and Saleska, S. R.: What drives the
seasonality of photosynthesis across the Amazon basin? A
cross-site analysis of eddy flux tower measurements from the
Brasil flux network, Agr. Forest Meteorol., 182/183, 128–144,
https://doi.org/10.1016/j.agrformet.2013.04.031, 2013.

Schimel, D., Hargrove, W., Hoffman, F., and MacMahon, J.:
NEON: a hierarchically designed national ecological network,
Front. Ecol. Environ., 5, p. 59, https://doi.org/10.1890/1540-
9295(2007)5[59:nahdne]2.0.co;2, 2007.

Tramontana, G., Jung, M., Schwalm, C. R., Ichii, K., Camps-Valls,
G., Ráduly, B., Reichstein, M., Arain, M. A., Cescatti, A., Kiely,
G., Merbold, L., Serrano-Ortiz, P., Sickert, S., Wolf, S., and
Papale, D.: Predicting carbon dioxide and energy fluxes across
global FLUXNET sites with regression algorithms, Biogeo-
sciences, 13, 4291–4313, https://doi.org/10.5194/bg-13-4291-
2016, 2016.

Valentini, R., Angelis, P., Matteucci, G., Monaco, R., Dore, S., and
Mucnozza, G. E. S.: Seasonal net carbon dioxide exchange of a
beech forest with the atmosphere, Glob. Change Biol., 2, 199–
207, https://doi.org/10.1111/j.1365-2486.1996.tb00072.x, 1996.

van der Horst, S. V. J., Pitman, A. J., De Kauwe, M. G.,
Ukkola, A., Abramowitz, G., and Isaac, P.: How represen-
tative are FLUXNET measurements of surface fluxes dur-
ing temperature extremes?, Biogeosciences, 16, 1829–1844,
https://doi.org/10.5194/bg-16-1829-2019, 2019.

Wilkinson, M. D., Dumontier, M., Aalbersberg, I. J., Appleton, G.,
Axton, M., Baak, A., Blomberg, N., Boiten, J.-W., da Silva San-
tos, L. B., Bourne, P. E., Bouwman, J., Brookes, A. J., Clark,
T., Crosas, M., Dillo, I., Dumon, O., Edmunds, S., Evelo, C.
T., Finkers, R., Gonzalez-Beltran, A., Gray, A. J. G., Groth, P.,
Goble, C., Grethe, J. S., Heringa, J., ’t Hoen, P. A. C., Hooft, R.,
Kuhn, T., Kok, R., Kok, J., Lusher, S. J., Martone, M. E., Mons,
A., Packer, A. L., Persson, B., Rocca-Serra, P., Roos, M., van
Schaik, R., Sansone, S.-A., Schultes, E., Sengstag, T., Slater, T.,
Strawn, G., Swertz, M. A., Thompson, M., van der Lei, J., van
Mulligen, E., Velterop, J., Waagmeester, A., Wittenburg, P., Wol-
stencroft, K., Zhao, J., and Mons, B.: The FAIR Guiding Prin-
ciples for scientific data management and stewardship, Scient.
Data, 3, 160018, https://doi.org/10.1038/sdata.2016.18, 2016.

Williams, M., Richardson, A. D., Reichstein, M., Stoy, P. C., Peylin,
P., Verbeeck, H., Carvalhais, N., Jung, M., Hollinger, D. Y.,
Kattge, J., Leuning, R., Luo, Y., Tomelleri, E., Trudinger, C. M.,
and Wang, Y.-P.: Improving land surface models with FLUXNET
data, Biogeosciences, 6, 1341–1359, https://doi.org/10.5194/bg-
6-1341-2009, 2009.

Yamamoto, S., Saigusa, N., Gamo, M., Fujinuma, Y., Inoue,
G., and Hirano, T.: Findings through the AsiaFlux network
and a view toward the future, J. Geogr. Sci., 15, 142–148,
https://doi.org/10.1007/BF02872679, 2005.

Yu, G., Wen, X., Sun, X., Tanner, B., Lee, X., and Chen,
J.: Overview of ChinaFLUX and evaluation of its eddy co-
variance measurement, Agr. Forest Meteorol., 137, 125–137,
https://doi.org/10.1016/j.agrformet.2006.02.011, 2006.

Biogeosciences, 17, 5587–5598, 2020 https://doi.org/10.5194/bg-17-5587-2020

https://doi.org/10.1016/j.agrformet.2013.04.031
https://doi.org/10.1890/1540-9295(2007)5[59:nahdne]2.0.co;2
https://doi.org/10.1890/1540-9295(2007)5[59:nahdne]2.0.co;2
https://doi.org/10.5194/bg-13-4291-2016
https://doi.org/10.5194/bg-13-4291-2016
https://doi.org/10.1111/j.1365-2486.1996.tb00072.x
https://doi.org/10.5194/bg-16-1829-2019
https://doi.org/10.1038/sdata.2016.18
https://doi.org/10.5194/bg-6-1341-2009
https://doi.org/10.5194/bg-6-1341-2009
https://doi.org/10.1007/BF02872679
https://doi.org/10.1016/j.agrformet.2006.02.011

	Abstract
	Introduction
	New needs and the role of FLUXNET
	A new FLUXNET organization
	Advantages and risks of the proposed new organization
	Moving toward the implementation
	Conclusions
	Data availability
	Competing interests
	Acknowledgements
	Financial support
	Review statement
	References

