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Leaf-level gas exchange data provide mechanistic understanding of plant and ecosystem fluxes 
of carbon and water. These data yield important parameterizations for terrestrial biosphere 
models and are necessary to understand the response of plants to global change. Collection of 
these data is both specialist and time consuming, and individual studies generally focus on 
limited species or restricted geographic regions. The high value of these data is recognized as 
evidenced by many publications that reuse and synthesize gas exchange data, however the lack 
of data and metadata standards make enhanced use of gas exchange data challenging. We have
developed a standard reporting format for leaf-level gas exchange data and metadata to provide
guidance to data contributors on how to store data in data repositories to maximize the value of 



that data and facilitate efficient data re-use. For data users, the standard will expand the 
capacity of data repositories to optimise data search and extraction, and more readily integrate 
similar data into synthesis products. The standard comprises metadata elements, standard 
vocabularies and required variables for survey measurements, dark respiration, CO2 and light 
response curves, and parameters derived from those measurements. A crosswalk across the 
outputs of common instruments was developed to enable accurate data compilation. A process 
of extensive consultation with data collectors, data users and data scientists was undertaken to 
ensure that the standard would meet community needs. The standard presented here is 
intended to form a foundation for future development that will incorporate additional 
measurement types and variables. Access to the standard documentation, and future additions, 
will be enabled by hosting the standard on an open source version control system.  
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1. Introduction

The interface between plant and ecological sciences and research data infrastructure is rapidly 
evolving, with greater expectation for data preservation, reproducible and open research, and 
the potential to incorporate data into synthesis products. Moreover, publicly accessible data 
archiving is increasingly required by funding providers and publishers. Numerous databases and 
data repositories have been developed to fulfill these needs e.g. TRY (Kattge et al., 2020), 
Environmental Data Initiative (environmentaldatainitiative.org), Dryad (datadryad.org) and 
figshare (figshare.com), yet the re-use of these data resources remains hampered by the 
difficulty of locating, harmonizing and assessing the quality of disparate data, and the absence of
important metadata needed for inter-site comparison or synthesis. The challenges that must be 
addressed for data managers to best support scientific discoveries are summarized by the FAIR 
principles, a call to improve Findability, Accessibility, Interoperability and Reusability of data 
(Wilkinson et al., 2016).

Leaf-level gas exchange is the measurement of the flux of carbon dioxide and water vapor into 
and out of a leaf. Typically collected with portable infrared gas analyzers, these data are used to 
calculate a wide range of physiological traits, principally the rates of CO2 assimilation, respiration
and the stomatal conductance of water vapor. Gas exchange data are used to answer a wide 
range of scientific questions regarding plant function and their response to environmental 
change (Long et al., 1996; Long & Bernacchi, 2003). They are also the basis of estimating and 
scaling photosynthesis from the leaf to canopy (Yang et al., 2020), and are used to parameterize 
global biogeochemical models (Rogers et al., 2017). The products of photosynthesis are critical 
to society, as they provide food, fuel and fibre, all of which are at the core of modern society 
(Vitousek et al., 1986).  Understanding and improving photosynthesis, and water- and nutrient-
use efficiencies are currently considered to be key targets to improve the resilience of crops to 
global change (Ainsworth et al., 2008; Ort et al., 2015; Simkin et al., 2019). Furthermore, plants 
play a critical and unique role in determining the response of the terrestrial biosphere to rising 
carbon dioxide concentration and in turn the rate of global change (Walker et al., 2020). 
Sensitivity analyses have also shown that terrestrial biosphere model outputs are particularly 
sensitive to parameters derived from gas exchange data (Bonan et al., 2011; Booth et al., 2012; 
LeBauer et al., 2013; Sargsyan et al., 2014; Ricciuto et al., 2018). In short, gas exchange data 
are central to understanding, improving and modelling the response of plants to global and 
environmental change. 



However, collection of these data requires specialist training, is time consuming, can involve 
elaborate logistics (Ellsworth et al., 2012; Weerasinghe et al., 2014), and often utilizes 
techniques adapted to specific experiments,  instruments or environments. Thus resulting data 
products are typical long tail data, i.e. data are low volume and have diverse and heterogeneous 
content and context (Palmer et al., 2007; Wallis et al., 2013). Currently, most research data 
infrastructure focuses on generic metadata types, which limits the use of services such as search
and data discovery for long tail data types (Limani et al., 2019). Our review of existing data 
portals and plant trait databases revealed that where leaf-level gas exchange data are available, 
the data provided are limited and metadata required to properly interpret and re-use that data 
are often missing. The need for specialist data standards for specific disciplines is well 
recognized (Bruneau et al., 2019; Limani et al., 2019), and the importance of developing 
standards for the collection and storage of plant trait data has been the subject of several recent
studies (Kissling et al., 2018; Schneider et al., 2019a; Gallagher et al., 2020), but there has yet to
be such a standard developed for leaf-level gas exchange data types. This is in spite of a recent 
increase in large compendia of such data  (Lin et al., 2015; Kumarathunge et al., 2019; Smith et 
al., 2019).

Data archiving is only the first step towards maximizing the value of data. In order to be re-used 
or incorporated into models or synthesis products, the data must be findable and accessible; 
these characteristics are optimized by appropriate, machine-readable search terms and 
persistent dataset identifiers. A key to interoperability and reusability is having sufficient 
metadata to correctly interpret the data, and process comparably across multiple studies from 
different sites, with various measurement methods (Christianson et al., 2017). A lack of 
documentation and metadata is recognized as a data archiving risk factor (Mayernik et al., 
2020), with the implication that, without adequate metadata, data cannot be interpreted or used 
correctly. In order to reuse data, researchers often have to refer to original publications to access
essential metadata, which can be a prohibitively resource intensive process, and still yield 
inconsistent results. Also, as research data infrastructure moves towards using application 
programming interfaces (APIs) to facilitate data upload and download, standardization of data 
and metadata, in machine readable formats, will become increasingly essential (Bruneau et al., 
2019). These needs are met in part by initiatives such as Darwin Core (Darwin Core Task Group, 
2009) that provide a glossary of defined terms to describe biological data, yet specific guidance 
for leaf-level gas exchange data is lacking.  

Here we present a data and metadata standard for the archive of a number of types of leaf-level 
gas exchange measurements, and describe the process of development of this standard. The 
approach taken here is to find the balance between maximizing the usefulness of the standard to
the research community with ease of compliance. A key aspect has been engaging the 
community in the development of this data reporting standard, with a concerted effort to reach 
as many potential users as possible, seeking contributions and feedback. Our goal with this initial
tightly focused effort on a leaf gas exchange standard is to develop a standard with broad 
consensus that provides a solid foundation for further development by the community. It is 
expected that future development of this standard will encompass a wider range of 
measurement types (e.g. fluorescence). An important key component of this proposed standard 
is the public archive of complete instrument outputs. While we cannot foresee all future data 
uses or different processing methods, the preservation of the unprocessed instrument output is a
way of future-proofing rare and valuable leaf-level gas exchange data sets (Rogers et al., 2017).

The creation of this standard for leaf-level gas exchange data reporting was initiated by a call for
community accepted data standards for the U.S. Department of Energy’s (DOE) Environmental 
Systems Science Data Infrastructure for a Virtual Ecosystem (ESS-DIVE) data repository 
(Varadharajan et al., 2019). Accordingly, the standard described here is known as the ‘ESS-DIVE 
standard for data and metadata reporting of leaf-level gas exchange data’, and referred to in this
paper as ‘the standard’.  However, development of the standard and documentation has 
considered global needs for these data, and it will be available for implementation in other data 
repositories and databases. The standard is designed to be complementary, and not duplicate, 



existing metadata requirements, and should be used in combination with such requirements. For 
example, in the ESS-DIVE data repository a data submission must also include package-level 
metadata and sample-level metadata. It is encouraged that, where available, this standard be 
used in conjunction with established ontologies, such as Darwin Core (Darin Core Team, 2009), 
the Plant Ontology (Cooper et al., 2013) and the Environment Ontology (Buttigieg et al., 2013).   

The scope of this standard for archive of leaf-level gas exchange data is focused on survey style 
measurements, and the response of photosynthesis to carbon dioxide (CO2) and irradiance, and 
parameters derived from these relationships. In this paper we, 1) describe the process of 
developing the standard, including review of existing standards and community consultation; 2) 
provide details of the components of the standard, including the guidance for data and metadata
fields, vocabularies and definitions; 3) demonstrate implementation of the standard in ESS-DIVE; 
and 4) discuss how this standard may be extended to cover a broader range of leaf-level gas 
exchange measurements.  

2. Methods

2.1 Review of existing standards

2.1.1 Search for published standards

Literature and web resources were searched to identify any published standards guiding best 
practice for the archive of leaf-level gas exchange data. A list of ecological trait databases was 
assembled, based on web searches, and a comprehensive table published by Schneider et al 
(Schneider et al., 2019b). Of these, databases and data repositories identified as containing plant
trait data were reviewed to determine if they included leaf-level gas exchange data, and if 
submission of data required adherence to any standards (Supplementary Tables 1 & 2). A 
catalogue of over 1400 data standards, including 17 categorised as concerning physiology, 
available at FAIRsharing (Sansone et al., 2019), was searched for applicable standards. 

2.1.2 Variables and definitions

Existing data repositories, databases and synthesized datasets were reviewed, and the most 
commonly used variable terms and definitions were adopted into this standard (Supplementary 
Tables 2 & 3). The TRY plant trait database (Kattge et al., 2020) was identified as the only 
publicly available plant traits database that contains leaf-level gas exchange data. Variable 
definitions in TRY are adopted from TOP, a thesaurus of plant characteristics (Garnier et al., 
2017). Several relevant variables are included in BETYdb, the biofuel ecophysiological traits and 
yields database (LeBauer et al., 2018). It is noted that BETYdb specifies required and 
recommended covariates for several variables of interest. Another resource for measurement 
variable definitions are several published guides to standard measurement protocols, including 
ClimEx (Halbritter et al., 2020), the Plant Handbook (Pérez-Harguindeguy et al., 2013) and 
PrometheusWiki (Sack et al., 2010; Evans & Santiago, 2014). The use of variable names in the 
large datasets GlobResp (Atkin et al., 2015) and GlobAmax (Maire et al., 2015) were also 
considered. Default variable outputs, and their definitions, from eight commercially available 
portable gas analyzer instruments were compiled. 

2.1.3 Metadata requirements 

Many data repositories have existing metadata requirements to cover general experimental and 
sample parameters, such as characteristics of the location. Here we identified metadata 
parameters that would allow users of leaf-level gas exchange data to discriminate between 
specific data types, experimental protocols and sample characteristics. The variables were 
chosen, and defined vocabularies were established, via input from the domain experts that 



contributed to the development of this standard. Our goal was to include metadata requirements
and controlled vocabularies for variables that would be most relevant for synthesis activities, 
including variables to distinguish data obtained from natural or cultivated plants, and 
differentiate between common experimental manipulations and leaf sampling techniques.  

2.2 Community consultation

The draft standard was made available for review and comment. Review was sought from data 
collectors, data scientists, data users (empiricists and modelers) and instrument manufacturers. 
The opportunity to participate was advertised via direct email to over eighty researchers 
identified as working in this field, and through social media. An introduction to the purpose, 
structure and components of the standard was presented as a free public webinar hosted by 
ESS-DIVE on 28 July 2020, followed by a month long period of feedback and discussion. For the 
purpose of review and feedback, the draft standard was made available for comment in a Google
Sheets format. Review was conducted in an open manner, with comments and suggestions 
available to view by all reviewers. Feedback was received from over 50 contributors, and 
included over 130 separate comment threads on the standard draft document. Follow up video 
conferences were scheduled to discuss refinements and solutions. Suggestions for improvements
made in initial rounds of review were considered and changes made to the standard and 
explanatory materials prior to the next round of review. The standard was then migrated to a 
public Github repository, where additions and refinements can continue to be made, and version 
controlled releases will be available for use, published in a Gitbooks format, along with templates
to guide metadata compilation. 

3. Results

There are a number of common conventions in use for reporting of leaf-level gas exchange data, 
however they are not universal, and our search did not discover any formal published data 
standards. This directed our efforts into development of a standard to meet this need. The range 
of measurements that can be made with portable gas exchange instruments is vast; the scope of
this initial standard development was refined to some specific data types that have been the 
focus of recent synthesis activities; survey style gas exchange measurements, dark adapted 
respiration measurements, and CO2 and light response curves, and parameters derived from 
those response curves. The standard comprises a number of components, being, a description of
the data types, comprehensive metadata requirements with defined vocabularies, a list of 
standardized variable field names and definitions, required variables for each data type, and a 
cross walk of data outputs from common portable gas analyzer instruments (Figure 1). Each of 
these components is described in more detail in sections below; note that camelCase naming 
conventions used here follow the terminology used in the full standard documentation, available 
from ESS-DIVE (REF, link). ‘Data package’ is the term used to describe the collection of data and 
metadata files to be submitted to a data archive (Christianson et al., 2017). Decisions were made
as to how prescriptive the standard should be in order to maximize compliance by data 
contributors, and the benefit for data users. This standard specifies the minimum requirements 
for a data package that includes the data types described here; a data package may also include
additional data types and variables not yet covered by the standard. A data package should also 
include general metadata as required by the hosting data archive or database (e.g. latitude and 
longitude).



Figure 1. The relationships between field data and components of this standard for leaf-level gas 
exchange data. Grey boxes with solid borders indicate components required to be included in a data 
package. Use of the metadataSupplements component will be dependent on the experiment (grey box 
with dashed border). The requirements for general metadata (ellipse) will be set by each data archive; 
those details are not covered by this standard. Other components (hexagons) are informational, and guide 
the format and content requirements of the submitted data. 

3.1 Data types

The dataTypes component provides detailed description and definition of the leaf-level gas 
exchange measurements in the scope of this standard. Seven dataTypes are defined (Table 1), 
and metadata requirements to describe the measurementProtocols used for each dataType are 
specified. Described dataTypes encompass common gas exchange measurements (e.g. 
photosynthetic CO2 response curves), and analysis approaches (e.g. One point method).

3.2 Methods metadata

Comprehensive metadata provision is a key element in meeting FAIR principles, and enabling 
maximum re-use of data. While most data repositories have standard metadata requirements, 
these metadata cover the generic aspects of the data, such as authors, dates and locations. 
Systematic recording of detailed information about experimental conditions and protocols for 
leaf-level gas exchange is lacking. The methodsMetadata establishes a framework to ensure that
data is well described. The provision of defined vocabularies for many variables will simplify 
metadata creation and the resulting consistency across datasets will enable more accurate 
search outcomes for data users. However, the diversity of experimental variables is recognised, 
and flexibility is allowed by the inclusion of free text options for many variables if the defined 
vocabulary is not adequate. The methodsMetadata captures a summary of the dataset and 
measurement protocols employed, and captures dataTypes, experimental and samples 
characteristics, and details of data processing and calculation approaches.  

A significant discriminator for data users is the growth condition of the plants on which 
measurements were made. At the highest level, categorization of the growthEnvironment is an 



important discriminator. Details of  experimentalTreatment can be employed by data users to 
include or exclude common treatments as appropriate. Further categorization is enabled by 
specification of canopyPosition, lightExposure, leafAge and plantAge. Refer to the 
methodsMetadata documentation for a complete list of variables, definitions and controlled 
vocabularies (link again?)

Specialist approaches of gas exchange measurements mean that equivalence cannot be 
assumed between different studies, even within the same lab, as protocols are adjusted for 
individual experiments, depending on species measured, ambient environmental conditions, and 
the experimental goals. The methodsMetadata categories have been defined to allow 
equivalency between data sets to be recognized, and provide the required information to 
recalculate if necessary. Similarly, calculations of parameters such as maximum carboxylation 
capacity (Vc,max) are dependent on fitting approaches (Sharkey et al., 2007; Gu et al., 2010; 
Bernacchi et al., 2013) the choice of kinetic constants (Rogers et al., 2017), inclusion of 
mesophyll conductance (Ethier & Livingston, 2004; Warren, 2006) and whether and how 
investigators applied corrections for gasket diffusion leaks (Flexas et al., 2007; Rodeghiero et al.,
2007). In some cases, capturing these metadata can enable data users to recalculate derived 
parameters using a common approach e.g. (Niinemets et al., 2015) but ideally data users should 
return to the underlying data, i.e. the instrument output.

Leaf-level gas exchange data is often measured with the purpose of comparing between sample 
types or treatments; these discriminators are often included in data tables as codes to represent 
species, treatments, plots or other characteristics. The methodsSupplements component of this 
standard demonstrates how explanation of these descriptors should be included in a data 
package. Inclusion of metadataSupplements in a data package is highly dependent on the nature
of the experiment, and as such, these examples are provided as guidelines only and are not 
required components. However, in the interest of achieving data equivalency in synthesis 
products, inclusion of the instrumentation metadata class, including a statement of instrument 
calibration, is highly recommended.   

3.3 Inclusion of instrument output data 

The methodsMetadata and requiredVariables (Section 3.5) are designed to capture adequate 
information to allow proper interpretation of datasets. However, not all use scenarios can be 
foreseen. The inclusion of the complete instrument outputs (commonly referred to as ‘raw data’) 
in a data package is seen as the ultimate future-proofing for a dataset. Archiving of raw data is 
recognised as good science practice and has been highlighted as important for the preservation 
and reuse of data (Dietze et al., 2013; Rogers et al., 2017). Ideally we would like to mandate 
archiving of quality controlled complete instrument output to allow reanalysis of highly valuable 
datasets as new knowledge, analytical approaches or data corrections are developed.The term 
‘complete instrument output’ is used here to recognise that instrument data with some quality 
control applied is generally more valuable to data users than true raw data. However, this ideal 
has to be balanced by the need to ensure we do not create a barrier for data submission, 
particularly for older data sets where complete instrument output may no longer be available or 
for data collected with custom built, non-commercial gas exchange systems. Furthermore, it is 
recognized that full standardization of these data can require considerable effort, so in order to 
reduce this burden and allow researchers to upload the underlying instrument output the 
standard specifies three quality control options. 0 = ‘Data not available’. 1 = ‘Full instrument 
output with minimal quality control’. 2 = ‘Full instrument output with complete quality control, 
files are verified to only contain valid data, measurement values are reasonable and within 
expected range, area corrections are made where required’. Suggested quality control measures
include correction of user input errors, removal of non-data rows such as test logs, and data 
points recognised as invalid. Measured values can be verified to fall within the expected range 
(see Section 3.5 for range values). The instrument output data should include all output variables
(columns), for all valid data points (rows).  



3.4 Variable names, definitions and units

The most common data field names (also known as headers) were designated a variableName, 
variableUnit and variableDefinition. These standards were developed based on the most 
common usage in existing databases and instrument outputs. In cases where common usage has
not already been established, field names were selected to be human and machine readable, 
and with no recognised conflicts with other uses. Units for each variable are part of the variable 
definition, thus are not required to be part of the variableName. For variableNames that are 
requiredVariables (see Section 3.5), the standard also specifies an expected range of values; 
these limits can be used during data processing as part of a quality checking workflow. 

3.5 Required variables for different data types

The list of minimum requiredVariables for each dataType was developed in order to capture the 
result variable (e.g. Vc,max) and covariates required to interpret that result in context. Of the 
existing standards and databases reviewed, only the BETYdb specifies any required or optional 
covariates (LeBauer et al., 2018). Thus the minimum requiredVariables presented in this 
standard are the result of an iterative feedback process of domain expert contributors. Again, a 
balance between the ideal dataset and the ease of compliance was considered during the 
development of these requirements. It should be noted that these lists are intended to be 
essential requirements, and the standard allows data contributors to include additional variables,
using standard variableNames. 

3.6 Instrument output translation table

The default output from eight commercially available gas exchange instruments (manufactured 
by ADC Bioscientific, CID-Bioscience, LI-COR Biosciences, PP Systems and Walz; Supplementary 
Table 4) was assembled into a crosswalk to assess commonalities and provide a tool for data 
contributors and users. Instrument output varies in the types of variables, naming and units, and 
includes measured and calculated variables. The instrumentOutputTranslation table includes 
variables that are common across most instruments considered, and relevant to the dataTypes 
considered here. Twenty-four variables were compiled and cross referenced to the list of 
variableNames developed in this standard. The crosswalk is intended to act as a guide to users 
to translate their results to standard variables and units. This standard does not require 
translation of field headers for full instrument data included in a data package. The crosswalk 
may also assist data users to understand instrument output from unfamiliar instruments.

4. Discussion 

We have developed a gas exchange data standard for the ESS-DIVE data repository that is 
available to the community through (link). Over 50 data contributors, data users, manufacturers 
and data scientists contributed to the development of this initial standard which we hope will 
form a foundation for future development by the community. The standard aims to provide a 
resource for data contributors to enhance the value of their data, reduce the overheads to re-
using and synthesizing data, and provide prescribed metadata that will simplify parsing of data 
for analysis and synthesis (Figure 2). This has not been afforded by the recent set of gas 
exchange data compendia (Ali et al., 2015; Lin et al., 2015; De Kauwe et al., 2016; 
Kumarathunge et al., 2019; Smith et al., 2019; Kattge et al., 2020). The standard represents a 
compromise between data contributors and users that we hope reflects the consensus of the 
community and provides a readily usable but valuable contribution.

4.1 Development of a community standard

Given the importance of gas exchange data, the effort taken to collect it, the widespread use of 
gas exchange data in synthesis activities and model parameterization it was surprising to 



discover that a data standard did not yet exist for gas exchange data. However, the need and 
desire for the development of a standard was readily apparent when we began to engage the 
community. Both data contributors and data users were very supportive of the effort, were quick 
to engage, and provided valuable input. 

The development of the standard aimed to balance requirements for an unburdensome standard 
that would be readily adopted by data contributors with the desire for detail by data users. We 
have strived to develop a standard that requires the essential information that will enable 
efficient search and reuse of data. For these data types we have provided controlled vocabulary, 
a definition and units. We recognize that other detail is often desired and therefore we enable 
data contributors to describe unique measurement conditions, variables or approaches and 
provide more detail if desired. Importantly the community recognized and highlighted the desire 
to preserve the original instrument output. We strongly encourage the preservation of the 
underlying instrument output but recognize that this is not always possible, may involve 
inconsistencies based on the instrument used, and in some cases a major burden.

While a formal standard had not existed before we started this work, the vocabulary of leaf level 
gas exchange was well established and very similar between instrumentation. Therefore, 
incorporating many variables and definitions that are already in widespread use resulted in large 
parts of the standard being readily accepted by the community. Most feedback was focused on 
additional components, and fine tuning of definitions, rather than large changes to the first draft 
proposal. Some feedback conflated the goal of developing a data standard with documentation 
of measurement protocols or defining a gold standard method. The data standard does not 
attempt to constrain method choice by data contributors but be inclusive of all approaches and 
methodology. However, there were several issues that garnered lots of comments that are worth
discussing further.

4.2 Decisions and compromises
As expected there was a necessary compromise between the desire for additional metadata 
detail and the desire for a simple and manageable standard for data contributors. Many of the 
requests for increased metadata would increase the effort, and therefore the barrier, to 
uploading data from some contributors whilst providing only limited value for most data users. 
Our selected metadata and co-variable requirements aim to ensure that the minimum 
information is collected using controlled vocabulary, definitions and units. We have resisted 
adding requirements for variables that “would be nice to have” or that are not absolutely 
required to reuse the data. There is no restriction preventing conscientious data contributors 
adding more detail and we hope that by strongly encouraging (and perhaps, in time, mandating) 
the submission of complete instrument output we will preserve all data fields for the specialist 
data user. Furthermore, one benefit of a living standard is that the community can comment 
upon and help evolve and expand the standard with time.

There were several comments about missing measurements, in many cases this just reflected 
the desire to expand the standard to cover more measurement types e.g. temperature and vapor
pressure deficit response curves. The combination of fluorescence with gas exchange data is 
very powerful and for many instruments is standard. Whilst we recognise the value of including 
fluorescence data, doing so would have significantly expanded the scope of the standard. Early 
on we recognized that inclusion of fluorescence data would be out of reach for the initial 
development of the standard, particularly since these data can be collected with many more 



instruments which are often not associated with coincident gas exchange. In addition, the 
vocabulary and protocols are also not as well constrained as gas exchange measurements. 

Estimates of photosynthetic parameters from photosynthesis and intercellular CO2 concentration 
(Ci) provide apparent estimates of those parameters i.e. the estimate assumes an infinite 
mesophyll conductance (gm) and Ci is assumed to be equal to the CO2 concentration in the 
chloroplast (Cc) - the site of carboxylation. Whilst gm and hence Cc can be estimated from gas 
exchange data (Ethier & Livingston, 2004; Sharkey et al., 2007). The most robust approaches 
require in-line measurements of fluorescence or isotopic descrimination (Evans et al., 1986; 
Bongi & Loreto, 1989; Caemmerer & Evans, 1991; Harley et al., 1992; Loreto et al., 1992). 
Estimates of photosynthetic parameters based on Ci are lower than those that account for gm and
so it is important to distinguish what data (Ci or Cc) were used to calculate the derived 
parameters, and for the specialist data user,  knowledge of additional fluorescence or isotopic 
discrimination data collected in parallel with gas exchange data would be valuable. Therefore we
have added metadata requirements for photosynthetic CO2 response data to capture 
assumptions about gm and flag the existence of additional data.

Figure 2. Schematic showing how the implementation of this data standard across data archives will 
facilitate data discovery and re-use. 

4.3 Useability and Future developments

The standard will be a dynamic document. It will be hosted on an open access repository,Github. 
Github is, more often, being used to provide transparent tracking of any changes to text-based documents like data  
(Bryan, 2018). When standards are updated, the changes on GitHub are pushed and rendered into a user-friendly 
gitbook. Github also allows the user community to flag issues, discuss amendments and prioritize development of 
the standard, including addition of new measurement types (e.g. fluorescence), all in the open so the community 
can understand the motivation behind development and contribute to decision making. Standards for additional
measurement types can be developed and added as compatible modules.  Whilst the scope of 
this initial version of standard is limited to selected data types. It is hoped that standards for 
other measurement types will be developed and compatible with this standard.  
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