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Acronyms

AI Artificial Intelligence

ARD Analysis Ready Data

ARVI Atmospherically Resistant Vegetation Index

CEOS Committee on Earth Observation Satellites

EAV Essential Agricultural Variable

EBV Essential Biodiversity Variable

ECV Essential Climate Variable

EESV Essential Ecosystem Services Variable

ELV Essential Land Variable

EMCV Essential Mountain Climate Variable

EO Earth Observation

EREV Essential Renewable Energy Variable

ESA European Space Agency

ESPI Ecosystem Services Provision Index

Et Evapotranspiration

EUV Essential Urban Variable

EV Essential Variables

EVI Enhanced Vegetation Index

EWV Essential Water Variable

FAPAR Fraction of Absorbed Photosynthetically Active Radiation

GEMI Global Environment Monitoring Index

GEO Group on Earth Observations

GEOBON GEO Biodiversity Observation Network

GEOGLAM GEO Global Agricultural Monitoring

GEO-GNOME GEO Global Network for Observations and information in Mountain Environments

GPG Good Practice Guidance

GPP Gross Primary Productivity

ISC International Science Council

IUCN International Union for Conservation of Nature

LAI Leaf Area Index

LCC Land Cover Change

LCML Land Cover Meta Language

LDN Land Degradation Neutrality

LP Land Productivity

LPV Land Product Validation

LST Land Surface Temperature

MAUP Modifiable Areal Unit Problem

MODIS Moderate Resolution Imaging Spectroradiometer
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NASA National Aeronautics and Space Administration

NDVI Normalised Difference Vegetation Index

NIR Near InfraRed

NPP Net Primary Productivity

OGC Open Geospatial Consortium

PPI Plant Phenology Index

PRAIS Performance Review and Implementation System

PVI Perpendicular Vegetation Index

SAVI Soil Adjusted Vegetation Index

SDG Sustainable Development Goal

SEEA System of Environmental Economic Accounting

SEEA-EA SEEA Ecosystem Accounts

SOC Soil Organic Carbon

UNCCD United Nations Convention to Combat Desertification

UNEP United Nations Environment Program

UN-LCCS United Nations Land Cover Classification System

WMO World Meteorological Organisation

WOCAT World Overview of Conservation Approaches and Technologies
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Scope of document

This document presents the results of a rapid update on the previous GEO-LDN work on

minimum data quality standards. Further, it reports on Essential Variables and considers what

might be considered to generate Essential Land Variables.

Section 1: Update on previous work

Methodology

An update regarding the minimum data quality standards and decision trees work undertaken in

20201 is required. The existing standards were reviewed as well as the status accorded to those

topics in the original report that were not labelled as minimum data standards.

As in the original work, a survey was constructed and emailed to thirteen potential respondents:

these were contacted as they had important inputs into the original work process. The potential

respondents were given about a fortnight to feedback their thoughts on the standards, how they

have been implemented in the intervening three years and whether they were still fit for purpose.

Responses

There were six responses to the call for comment on the existing data standards. In some

instances more than one individual fed into the response, and for that reason the following list

presents the organisations that provided feedback:

● University of Geneva

● Killough Services, Ltd working through a NASA contract

● University of Bern, Centre for Development and Environment, WOCAT

● GEO-LDN Co-chair representative

● UNCCD

● European Space Agency (ESA)

Thanks are given to all those that took the time to consider the survey questions and respond, at

what is a very busy period for many of the respondents.

The following sections provide a lightly edited (for brevity and to extract the major points) record

of the survey responses. The questions and responses are split into topics identified as

1 https://www.earthobservations.org/documents/ldn/20200703_GEOLDN_TechnicalNote_FINAL_SINGLE.pdf
(accessed 7 Nov 2023)

https://www.earthobservations.org/documents/ldn/20200703_GEOLDN_TechnicalNote_FINAL_SINGLE.pdf
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Minimum Data Standards in the work undertaken in 2020 and Other Topics which were deemed

important but a standard was not created. Recommendations, based on the responses, are

provided for each survey question.

Minimum standards: discussion and recommendations

Grid cell size (spatial resolution) is currently set at 100 m as a global standard. This is not appropriate
for all nations. Should this standard be altered? If so, what do you propose and why?

● It would be good for small nations to target a 30m resolution; ideally a multi scale product
would be good.

● Yes. Since Sentinel-2 is now available at a steady 5-day interval and has been proven, I would
move toward a standard of 10-metres. Another idea is to go to 30-metres to accommodate
Landsat scale.

● No, it is not an appropriate standard, but it should not be lower than that if we are giving a value
for the globe.

● I think we want to be able to use MODIS for this assessment, especially for assessing the
baseline, so a 250m standard would support that. For many smaller countries even 100m may
be too coarse. I think when we were discussing this earlier, that we could calculate a minimum
size from the land cover dataset. I haven't done the maths here, but some function of the
average patch size of the least abundant land cover class might be able to be used, which
would then accommodate different geographies.

● Many countries still rely on default data for reporting, as well as implementation of LDN
interventions. Default data currently in use have a resolution of 300m for land cover, 1km for
land productivity (250m alternative datasets also available), and 250m for SOC, and therefore
do not meet the suggested minimum standard. While we are moving towards higher resolution,
at this stage a minimum spatial resolution of 250-300m seems to be a more reasonable
minimum standard at least for reporting purposes, while 100m is rather an aspirational
standard. It is also important to note that on small islands, for example, a grid cell size of 100
m may not be sufficient to enable accurate assessment.

● I don't think there is a spatial resolution that fits all cases. I recommend having a flexible
standard that allows countries to choose the resolution that fits best a given landscape. 100m
is a good compromise but is insufficient in highly fragmented landscapes and small islands,
where 10-30m are required.

Recommendation: In general, the respondents recognise that this is a difficult minimum standard to
create that is fair to all nations. One recommendation would be to work alongside the nations to
maintain a flexibility where 100m is taken as a target minimum standard, whilst also engaging with data
provider who are starting to incorporate huge datasets and AI techniques to create finer resolution
products (e.g. land cover at 3m https://www.impactobservatory.com/3m-land-cover/).

Temporal coverage minimum standards are:
● Land cover change - annual
● Land productivity - tri-annual
● Soil Organic Carbon - in line with global products

Should these standards be altered? If so, what do you propose, and why?

https://www.impactobservatory.com/3m-land-cover/
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● This seems reasonable.
● I think land cover change could be a seasonal (e.g., quarterly) product to yield more information

about change dynamics. When just looking at annual change, the question becomes what time
of the year are you comparing or are you using a median mosaic.

● I think that annual is way too much for national land cover products, countries hardly have
national land cover data and even less for every year. I would suggest that to be every four
years, which is the length of the reporting periods.

● If this is for reporting, then they seem OK to me. In practice, of course, you want more frequent
observations so that they can be aggregated.

● The tri-annual temporal coverage for land productivity remains problematic/unclear since the
Good Practice Guidance for SDG indicator 15.3.1 v 2.0 recommends that productivity trend is
assessed over a period of 16 years for both the baseline and reporting periods.

Recommendation: There is disagreement as to whether the current minimum standard is fit for
purpose. A suitable course of action would be to convene an online workshop of global experts in this
area dedicated to determining the best temporal coverage for the three sub-indicators. It is unlikely
that this minimum standard will be resolved without further engagement with a wide input from experts.

The standard is to use Analysis Ready Data (ARD).
A comment from the 2020 work stated that knowing the processing lineage is more important and that
there should be a defined mechanism for users to find this out. Do you have any comments on this
statement, or on the use of ARD in the LDN analytical process?

● I think that CEOS ARD compliant data is key. And if the processing lineage can be provided that
would be good too.

● I would suggest using the ARD specifications from CEOS. They include details about metadata
that capture the lineage of the data.

● I agree, users should be able to know about the processing lineage.
● Depending on who you talk to, ARD may in fact be the processing lineage. Maybe some of the

OGC metadata standards could be useful here? I think that recommending the use of ARD
remains useful.

● Early discussions are ongoing with the Open Geospatial Consortium on an ARD standard for
LDN (following the indicator processing chain outlined in the GPG v2). We have what’s
necessary for a ‘profile’ for the ARD2. It would seem logical to follow this process through rather
than reinvent the wheel and try to do something else on ARD. Also there is a need to define
what ARD is in the LDN analytical process. In the EO community, ARD is generally seen as
prepared for a user to analyse without having to pre-process the imagery themselves. However,
I think the typical LDN user might need something a little further down the line. This needs
clarification.

● More than ARD data (which is a term used within the space community), the need is for
fit-for-purpose data products, and this is what is made available as global products (e.g. annual
land cover maps, land productivity dynamics, SOC datasets). We should equally provide tools for
countries to perform their own assessment. If we provide global "fit-for-purpose" datasets, this
should be accompanied with a precise description of the algorithms used for their production,
along with uncertainty estimates, as well as some indication on the limitations of use (use of

2 A ‘profile’ of a standard can be created for a specific need/community within the standard. At OGC the ARD standard
is at an early stage led by the ARD Standards Working Group. An OGC charter document is being written currently (by
Nils Hempelmann) outlining what an ARD Standards Working Group would do.
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global datasets in local analysis is not recommended). Similarly, if we provide processing
workflows for countries to produce themselves the different sub-indicators, we need to provide
documentation of the precise methodology implemented, with a clear indication of the
limitations of the tool. Scientific publications are also required.

Recommendation: The first thing to do is suitably define ARD. As work on this is already being
undertaken in conjunction with the OGC then the outcomes of that work should feed into any minimum
standard changes: hopefully that work will align with the CEOS ARD specifications. The processing
lineage and workflows should be openly available for others to apply.

The land cover classes used are a user decision with specific rules (must use a hierarchical class
structure, and it should include specific classes, should be able to be easily aggregated into a reporting
scheme e.g. SEEA). Is this minimum standard to defer to the user still acceptable? Do you have any
comments on this standard?

● Still acceptable
● I would suggest having consistency by using the UN-LCCS land class structure. There are many

layers, so one could use a more simple (8-class) approach or a more complex approach.
● Countries need to use the classes that make sense to them to monitor degradation due to land

cover changes, based on the main degradation processes. For PRAIS 4 they could choose their
legend as long as it could aggregate into the 7 UNCCD classes. This was successful and well
received by the countries, and resulted in an enhanced reporting process. I would not include
any further restrictions.

● Yes, I think this remains important. Provided the schema is defensible, then variations in
geography and land cover types between countries make this necessary and useful. I'm not sure
where the SEEA (for example) products are at right now.

● Still acceptable. More specifically for reporting purposes, in line with the GPG, the national land
cover legend should allow key country-specific degradation processes to be monitored and
should be able to easily aggregate into the seven UNCCD default land cover classes
(tree-covered areas, grassland, cropland, wetland, artificial surfaces, other land, and water
bodies).

● The land cover classes should not only be used to look at land cover changes but also to stratify
the land degradation assessment done on the other 2 sub-indicators (LP and SOC). So we need
to think also about the land cover stratification needed for the other 2 sub-indicators. The land
cover classes used to estimate the land degradation from a LC perspective should be a user
decision with specific rules, and I would not change the standard. I would also keep the SEEA
aggregation for global reporting3.

Recommendation: The minimum standard should remain as it is currently defined.

3 Under the coordination of GEO, a group is developing a global ecosystem atlas following the IUCN Global
Ecosystem Typology (also adopted in the SEEA Ecosystem Accounting). Since many countries are currently in the
process in implementing the SEEA Ecosystem Accounting system (which includes accounts on ecosystem extent,
condition and services), we should analyse how the Land Cover Classes currently used in the context of SDG 15.3.1
could benefit from the SEEA-EA work on ecosystem extent. However the approach to estimate the changes in
SEEA-EA is still to be developed and will probably be limited to land cover changes.
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The land cover change assessment threshold minimum standard is set at > 85%.
Is this still acceptable, or is it too high? What are your thoughts on this value?

● Acceptable
● This number seems reasonable.
● Not sure about this one. I'll need to revise.
● This is not a clear question. Is >85% an accuracy assessment standard? If so, does that only

apply to change polygons and what is the accuracy standard for static classes?
● I guess 85% means the target accuracy for the land cover change assessment. 85% is a good

target and I would leave it unchanged. However it should be noted that it is a number difficult
to assess especially for the LCC omission errors. We could possibly target a higher accuracy on
the false positive (commission errors) and a lower accuracy for the false negative (omission
errors).

Recommendation: The minimum standard should remain as it is currently defined, although additional
clarity on its meaning should be circulated (possibly in any additional GPG update).

The standard for legend translation requested that all countries and map producers meet the LCML
standard. However the LCML was under review in 2020 and may have changed since the standard was
set. What comments do you have on this standard?

● We should comply with the LCML that has been reviewed.
● I think that this is not a priority. National experts who develop national land cover products

usually define the most appropriate legends according to the context.
● Check LCML and SEEA to see what is happening now.
● I have not checked the new LCML standard but would strongly recommend to ensure full

alignment with the LCML standard and therefore make the appropriate changes to the standard
if needed.

Recommendation: A GEO-LDN representative should assess the current state of the LCML standard
and decide whether any new minimum standard recommendations are required.

The growing season definition standard uses proportional methods along with phenological year. But
economic information is reported according to the calendar year. Is this standard still acceptable?
What comments do you have?

● Here we should definitely provide methodologies to align the growing season with economic
information

● I would use the phenological year since crops vary significantly around the world.
● The timing of the land productivity start of season and end of season can have a significant

impact on the outcomes, particularly in relation to crop cycles. This method applies best to
regions with pronounced growing cycles, which may not be evident in some regions. I think in
the GPG we recommend being consistent each year, and maybe there is a way to reflect that in
the standards.

● There is no global standard phenological year because while we have one growing season in
temperate zones, there are two growing seasons within one calendar year in some zones and
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the tropics has its own vegetation seasonality which is asynchronous with that of temperate
zones. Not sure what is the intention to connect this with an economic year? The issue with
proportional methods is that they may work well with standard single growing season conditions
but might struggle to pick up more complex land surface phenology such as double or triple
growing season, tropical growing seasons with little variation between the maximum and
minimum productivity etc. Benchmarking the seasonality curve against a climate based model
for typical vegetation zones of the world (if that exists) might allow better parameterization of
the land surface phenology dynamics and hence productivity estimates. With regional
geographies, there are further challenges, e.g. in hyper arid areas, we may see sporadic
vegetation growth associated with precipitation which may not be detectable, in time or space,
at moderate resolution. This is highly sensor dependent. In terms of standards, the CEOS LPV
sub group on phenology might be a good start:
https://lpvs.gsfc.nasa.gov/Pheno/Pheno_home.html Although their focus is on in situ validation
efforts, they may be a good group to reach out to more broadly for global standards but even
they might say there are no agreed standards. This publication list is also of interest in terms of
comparing different methods (https://lpvs.gsfc.nasa.gov/Pheno/Pheno_references.html).

● The productivity must still be computed with the integral of the area covered during the growing
season, subtracting the areas corresponding to the end of season value. It should not be
forgotten that in some areas there can be more than one growing season during a year and that
in the southern hemisphere the growing season can span between 2 different calendar years.
Since the land degradation from land productivity is to be reported every 3 years, taking into
consideration the last 15 years of productivity, there should not be any big issue when reporting
on that sub-indicator. My recommendation is to consider only full growing seasons when
computing this sub-indicator.

Recommendation: The minimum standard should remain as it is currently defined, although additional
work is likely required to better understand the implications of the existing standard and any
improvements that might be suggested in future. Being open and inclusive, as well as clear, in the
methodologies used and decisions applied is critical to maintain implementation of this minimum
standard.

Is there anything you wish to add about the productivity index standard being NDVI?

● Other vegetation indices could be used and especially PPI that could be of interest
● NDVI is the most common index. But, EVI is also widely used. For consistency I would suggest

sticking with NDVI but users may want more insight by using other indices.
● I think it is ok, but it should be clear that countries can use other indexes such as ESPI, EVI,

SAVI, etc.
● The LP product is provided as the default data, which probably makes this standard a little

irrelevant for most countries. The NDVI is not a bad place to start if a country wants to make its
own productivity dataset, in part because its shortcomings are known, and because it works OK
across a lot of places. The function of this standard is somewhat ambiguous to me, too. I can't
recall whether, by setting NDVI as the standard, we were indicating that countries had to report
on NDVI values even if they thought that another index might work better in their region.

● Yes, there are many publications4 describing the weaknesses and shortcomings of the NDVI,

4 https://link.springer.com/article/10.1007/BF00031911, https://ieeexplore.ieee.org/abstract/document/536541,
https://www.sciencedirect.com/science/article/pii/S0034425796000697

https://lpvs.gsfc.nasa.gov/Pheno/Pheno_home.html
https://lpvs.gsfc.nasa.gov/Pheno/Pheno_references.html
https://link.springer.com/article/10.1007/BF00031911
https://ieeexplore.ieee.org/abstract/document/536541
https://www.sciencedirect.com/science/article/pii/S0034425796000697
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and spectral vegetation indices more broadly, as opposed to a physically-based approach. As
such NDVI is not recognized as a standard anywhere even if it is widely used and popular
among researchers. The reason NDVI is used so widely is that, in addition to the simplicity of
the algorithm (NDVI=(NIR-red)/(NIR+red)) and its capacity to broadly distinguish vegetated
areas from other surface types, the NDVI also has the advantage of compressing the size of the
data and reduce two spectral values into one by a ratio method. However, using the value for
anything other than qualitative assessments, i.e. by comparing two areas in the same NDVI
image and saying one is more or less “green” hence productive than the other, raises serious
methodological issues that would work against it being considered a “standard” for vegetation
productivity assessments5. For additional comments see Box A.

● We had long discussions on the selection of NDVI and its pros and cons. I don't see any reason
why we should reopen that decision. The main limitations of NDVI are that it is a proxy of
productivity and is not a measure of NPP, it is not a biological parameters (by opposition to
fAPAR or LAI), it only counts for relationships between NIR and red and does not account for
higher-order spectral channels, it is subject to saturation, it is contaminated by the soil
reflectance and is not absent of atmospheric noise despite its normalised feature. We should
not forget that what we want to measure is the degradation of land due to a diminution of land
productivity. And for this NDVI works well in most of the ecosystems. We are not trying to
measure precisely GPP or NPP. My only recommendation is to analyse if we should not select
better metrics for certain types of ecosystems.

Notes: As mentioned in the last response, there have been “long discussions on the selection of NDVI
and its pros and cons”. There seems to be a general acceptance that although not perfect, NDVI serves
the purpose, and should remain for now. This doesn’t mean that alternatives should not be periodically
reassessed for their suitability (e.g. the use of a 250m FAPAR derived product and associated
methodology6, 7).

The climate calibration / normalisation standard is to use uncalibrated data. Do you have any
comments on this?

● Fine for me
● According to the UNCCD definition of land degradation, loss of productivity is indicative of

degradation regardless of its driver. Whether it is climate induced or human induced, it is
considered degradation and therefore climatic corrections should only be performed in
particular cases, such as where interannual cycles, such as El Niño or La Niña occur and
produce confusing results, and where reliable precipitation data is available.

● I think uncalibrated (i.e, includes the influence of climate factors) is appropriate as the standard
on the basis that it represents the influence of more drivers than the calibrated datasets. In the
absence of the more thorough and informative comparison of both the calibrated and
uncalibrated datasets, and if using only one, then uncalibrated is the best in my view.

● There is considerable debate in the scientific community around whether impacts from climate
variability should be considered land degradation, or whether land degradation should be
considered only when driven by direct human impacts due to land use and management

7 https://www.researchsquare.com/article/rs-3415685/v1 (accessed 6 Nov 2023)

6 https://fosstodon.org/@opengeohub/111216566800862152 (accessed 6 Nov

5

https://www.researchsquare.com/article/rs-3415685/v1
https://fosstodon.org/@opengeohub/111216566800862152
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activities8. The Good Practice Guidance for SDG Indicator 15.3.1 suggests that both the climate
calibrated and uncalibrated time series are potentially useful to understand the drivers of land
degradation. A climate calibrated productivity time series may highlight areas where land
degradation is being driven primarily by ‘direct’ human impacts such as land clearing or land
cover conversion, whereas an uncalibrated time series may highlight responses to climate
variability and long-term change. Furthermore, a comparison of calibrated and uncalibrated
time series may reveal additional information about the condition and quality of vegetation in
degraded areas as well as those undergoing restoration. This information is important for land
use planning to avoid future degradation and to optimise response actions.

● I'm much more in favour of a convergence of evidence approach where different datasets are
brought together to assess if land is degrading or not. So I would recommend allowing the use
of different datasets (calibrated and uncalibrated land productivity) in the land degradation
assessment.

Recommendation: The minimum standard should remain as it is currently defined.

The linking time-series standard uses linear regression.
Is this still the most appropriate method? Do you have any comments on this?

● Linear regression is probably too simple; polynomial regression is probably better suited.
● Yes.
● Not sure. Worth checking.
● For the estimation of the productivity trend, a linear regression model is still an acceptable

method, at the condition that this trend analysis is done over a long period (ideally 15 years of
data)

Recommendation: The minimum standard should remain as it is currently defined. However, some
analysis would be beneficial to assess the suitability of linear versus other forms of regression.

The data uncertainty standard for Soil Organic Carbon is to use a pixel based approach. In your
opinion, is this still appropriate? What might be a suitable alternative?

● Yes still appropriate
● Yes. Though, SOC measurements are evolving quickly.
● The limitations of the method currently being used to estimate changes in SOC generates far

more uncertainties than the SOC maps used. This is not a priority at the moment and should be
flexible enough.

● Not sure

Recommendation: The minimum standard should remain as it is currently defined. Continued
engagement between GEO-LDN and SOC specialists will help identify any future changes that may be

8 Some researchers suggest that calibrating for climate impacts is unnecessary, as any significant
reduction in productivity, regardless of its driving factors, should be interpreted as degradation. Others
feel that minimising the influence of climatic factors on productivity time series is essential to identify the
human factors contributing to productivity degradation.
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required based on changing techniques and methods in the SOC sector.

The standard to harmonise and compare indices is that each country can determine which index to
use and then report levels of change in an index. What views do you have on this?

● Sounds a reasonable approach
● See comments on NDVI
● There are better experts than me on SOC estimation.

Recommendation: The minimum standard should remain as it is currently defined.

The soil inventory update standard was set at 10 year intervals. Does this remain a practical and
useful value? Please add your comments.

● Ideally, would be good to have something like every 5 years
● Yes.
● SOC is spatially complex and weird over time. Worth remembering here that SOC is only a

surrogate for Carbon stocks above and below ground, which is likely to be a more responsive
indicator than SOC. I think it is worth looking at what Trends.Earth does here - I think they
predict soil conditions.

● There are better experts than me on SOC estimation.

Recommendation: The minimum standard should remain as it is currently defined. Continued
engagement between GEO-LDN and SOC specialists will help identify any future changes that may be
required based on changing techniques and methods in the SOC sector.

Box A: Additional notes on NDVI

The following notes were supplied by one of the respondents and relate to the

utility of using NDVI as a productivity indicator.

The weaknesses of using the NDVI (and other vegetation indices for that matter) for
quantitative assessments can be summarised as:

1. Mathematically, the sum and the difference of the two spectral channels
contain the same information as the original data, but the difference alone (or
the normalised difference) carries only part of the initial information. Whether
the missing information is relevant or valuable is for the user to judge, but it is
important to understand that an NDVI product carries only a fraction of the
information available in the original spectral reflectance data, i.e. the red and
near infrared bands. As such it can be considered a highly reductionist
approach and an oversimplification of a complex physical system.

2. Users of NDVI have tended to estimate a large number of vegetation
properties from the value of this index, e.g. plant productivity, but also other
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properties such as Leaf Area Index, plant chlorophyll content, among others.
Such relations are often derived by correlating space-derived NDVI values with
ground-measured values of these variables. This approach raises further issues
related to the spatial scale associated with the measurements, as satellite
sensors always measure radiation over areas substantially larger than those
sampled by field instruments, not to mention bias in said instruments.
Furthermore, it is problematic to suggest all these variables are correlated at
the same time since that would imply they are inherently the same and
inseparable from each other.

3. The calculation of the NDVI is sensitive to a number of perturbing factors
including but not limited to atmospheric effects, clouds, soil effects,
anisotropic effects, spectral effects (you cannot compare NDVI from two
different satellites) as well as the intractable problems that are associated with
the Modifiable Areal Unit Problem - MAUP – common to many geospatial
analyses which are based on spatial unit sampling. To go into each of these in
detail is beyond scope of this survey but again there is much in the literature.

Other VIs overcome to some extent some of these weaknesses, for example:
Perpendicular Vegetation Index (PVI: Richardson et al. 1977), the Soil-Adjusted
Vegetation Index (SAVI: Huete 1988), the Atmospherically Resistant Vegetation Index
(ARVI: Kaufman and Tanre 1992) and the Global Environment Monitoring Index (GEMI:
Pinty and Verstraete 1992) as well as the Enhanced Vegetation Index (which uses a
blue spectral band to account for atmospheric scattering effects in the red and near
infrared as well as corrections for soil effects and canopy background). The alternative
numerical method to VIs, based on physical models, are optimised for biophysical
variables of health productive vegetation such as the Fraction of Absorbed
Photosynthetically Active Radiation (or FAPAR), i.e. the plant’s photosynthetic capacity,
which is also an Essential Climate Variable (ECV). The FAPAR is created in such a way
that accounts for all the perturbing factors listed above.
See https://fapar.jrc.ec.europa.eu/_www/#top_page for further information. A multi
decadal FAPAR product exists: 24 years of global FAPAR monthly products based on
three optical sensors from 1998 to 2021 (Gobron et al. 2010; Pinty et al. 2011; Gobron
and Robustelli 2013). It has been used in global State of the Climate reports:
https://journals.ametsoc.org/configurable/content/journals$002fbams$002f103$002f8
$002fBAMS-D-22-0092.1.xml?t:ac=journals%24002fbams%24002f103%24002f8%2
4002fBAMS-D-22-0092.1.xml

Other topics

The previous discussion on mosaic and compositing data mentioned best available pixel and/or
geomedian techniques but didn't agree on a standard. Has thinking in this subject changed in the last 3
years? What are your thoughts on the topic, and whether there should be a minimum standard?

● Geomedian is becoming a sort of standard and should be promoted.
● The minimum standard should be a median but I would strongly suggest that users consider

geomedian techniques for improved results. The issue is that geomedians are harder to create
and less intuitive.

● There is some discussion about this happening now with Alex Leith which will be useful

https://fapar.jrc.ec.europa.eu/_www/#top_page
https://journals.ametsoc.org/configurable/content/journals$002fbams$002f103$002f8$002fBAMS-D-22-0092.1.xml?t:ac=journals%24002fbams%24002f103%24002f8%24002fBAMS-D-22-0092.1.xml
https://journals.ametsoc.org/configurable/content/journals$002fbams$002f103$002f8$002fBAMS-D-22-0092.1.xml?t:ac=journals%24002fbams%24002f103%24002f8%24002fBAMS-D-22-0092.1.xml
https://journals.ametsoc.org/configurable/content/journals$002fbams$002f103$002f8$002fBAMS-D-22-0092.1.xml?t:ac=journals%24002fbams%24002f103%24002f8%24002fBAMS-D-22-0092.1.xml


14

regarding the geomedians. My view is that there are implications for the temporal
representativeness of composited products that need to be highlighted - not sure about making
this a standard though.

● This might be captured in the ARD standard but since operations like mosaic and compositing
tend to be at level 3 type data, the ARD might not go that far.

● If I remember well, this is the imaging compositing for land cover mapping. In general the
approach to image compositing should be chosen by the image application, which is in this
case land cover mapping. For land cover purposes, a geomedian technique should be
recommended. For the land productivity, my recommendation is to take all good pixels and not
do any image compositing. If the image mosaicking/compositing is proposed for all
sub-indicators, then it is difficult to recommend a given selection method since the
applications vary. In this case I would leave the standard unchanged.

Notes: Broad consensus seems to be in the direction of using geomedian techniques although there
are some concerns. Any change of method should be fully assessed for suitability in land degradation
studies.

Gap filling suggested an 8-neighbour cubic convolution filter and that it was guidance rather than a
standard. Is this still suitable and what are your thoughts if not?

● Yes still acceptable
● Yes. That guidance is acceptable.
● I would keep it as a guidance and leave the flexibility to select other gap filling methods.

Notes: No changes to be made.

Reference to metadata was made in passing as part of the data standards and Good Practice Guidance
work. How critical is it that a minimum metadata standard is set? What are your opinions on metadata
inclusion in the data standards?

● Data should always come with metadata; so I strongly support the idea of having a minimum
metadata standard set.

● Yes. Minimum metadata is critical. See the CEOS ARD specifications for more details.
● Metadata inclusion is important
● I think OGC may be able to help here. Metadata may be critical to ARD for instance. GEO may

also have some guidance for us (knowledge hub, for instance).
● Use of Metadata is a must for transparency reasons. I strongly recommend to have a minimum

standard on metadata

Recommendation: Further work on the inclusion and definition of metadata is required.

If you have any other comments about the minimum data standards and how they should be
updated, please add them here.
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● I think it is important to also consider if the data sets are official and endorsed by the countries
or not

● Perhaps worth looking across both the software tools and datasets when considering revising
the standards. There may be implications both ways.

● I have a few recommendations
○ to have a look at the latest developments on the 10 - 30m spatial scale and check how

these new methods (at least for LC and LP) can be generalised.
○ to consider a stratification of the land productivity. We can't assess land productivity in

the same way in managed agroecosystems and in natural forests. Even the land
productivity metrics can be different.

○ to start looking at above-ground biomass metrics for the 3rd sub-indicator. Some
progress has been made on this topic. We should at least do a state of the art
assessment.

○ to study the new statistical standard on SEEA Ecosystem Accounts, how this new
standard has been translated into national legislations, and how countries are
implementing their accounts on ecosystem extent (which include the changes in
ecosystem extent).

Summary

This rapid and constrained request for inputs around the existing minimum data standards has

been a useful exercise in better understanding how datasets and processing methodologies

have changed (or not) over the past 3+ years. In general, the minimum standards remain fit for

purpose, but there are a number of topics where additional analytical and political thinking

needs to be applied to ensure that the process is rigorous, forward-looking and inclusive. It may

be beneficial to consider a full review of the work undertaken in 2020 (possibly in 2025) to build

on the existing standards and include voices from around the globe.

Section 2: A concept of Essential Land Variables

Scope

The scope of this work is to review the concept of Essential Variables (EVs) and understand the

drivers for creating Essential Land Variables (ELVs). Following that, a list of candidate ELVs will

be created to act as a kick-off point for broader (hopefully binding) discussions about agreeing a

limited set of ELVs.
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Essential Variables

Essential variables (EVs) are datasets “listed as critical for observing and monitoring part of the

Earth system”9. There are a number of existing EVs, the identification of which (and agreement

for use) has been sponsored by a number of organisations. These include the World

Meteorological Organization (WMO), the United Nations Environment Program (UNEP), the

International Science Council (ISC), and the Group on Earth Observations (GEO). The reason

behind identifying EVs is that a common set of accurate, updated, complete measurements

(developed alongside standards for data collection and dissemination) helps to both a) ensure

the usability of data but also b) standardises the way that critical questions are answered around

the world. Helping multiple platforms and agencies create meaningful outcomes and responses

to requests for information is a key reason behind developing EVs.

A critical step in the pathway to developing EVs is to ensure that a committee or panel has final

sign-off on the proposed dataset. This helps other organisations, governments and interested

parties from around the globe have confidence that the dataset selected as an EV is fit for

purpose and not led by commercial or political interests. The committees involved in defining

any given EV need to consider aspects of the proposed dataset such as temporal frequency and

spatial resolution, before then matching these requirements to the capabilities of existing

instruments.

Essential variables exist in various thematic categories, including (but not limited to):

● Climate - one of 55 physical, chemical or biological variables that critically contributes to

the characterization of Earth’ s climate10.

● Biodiversity - one of 21 datasets relating to scalable biodiversity observations aggregated

over time

● Agriculture - 38 variables linked to data about the state, change, and forecast of

agricultural land use and productivity

● Ocean - more than 30 variables (some are still in development) linked to the

physics,chemistry and ecology of the ocean11

● Geodiversity - this is still an area in development looking to link land processes and

geology, where some (~8) EVs have been proposed but not formally agreed12,13

13 https://www.pnas.org/doi/10.1073/pnas.1911799116 (accessed 2 Oct 2023)

12

https://www.researchgate.net/publication/342096800_Essential_Geodiversity_Variables_EGVs_Geodiversity_must_b
e_explicitly_considered_to_achieve_the_Sustainable_Development_Goals_SDGs (accessed 13 Oct 2023)

11 https://www.goosocean.org/index.php?option=com_content&view=article&layout=edit&id=283&Itemid=441
(accessed 2 Oct 2023)

10 https://gcos.wmo.int/en/essential-climate-variables/about (accessed 2 Oct 2023)
9 https://www.earthdata.nasa.gov/learn/backgrounders/essential-variables (accessed 2 Oct 2023)

https://www.pnas.org/doi/10.1073/pnas.1911799116
https://www.researchgate.net/publication/342096800_Essential_Geodiversity_Variables_EGVs_Geodiversity_must_be_explicitly_considered_to_achieve_the_Sustainable_Development_Goals_SDGs
https://www.researchgate.net/publication/342096800_Essential_Geodiversity_Variables_EGVs_Geodiversity_must_be_explicitly_considered_to_achieve_the_Sustainable_Development_Goals_SDGs
https://www.goosocean.org/index.php?option=com_content&view=article&layout=edit&id=283&Itemid=441
https://gcos.wmo.int/en/essential-climate-variables/about
https://www.earthdata.nasa.gov/learn/backgrounders/essential-variables
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A point of note and key common thread between many of these attempts to generate categorical

essential variables is that GEO as an organisation has been instrumental in leading the

development of many.

The role of GEO

There has been a substantial amount of progress around EVs over the past five years and GEO

has been involved in much of this. The most extensive of the EV work seems to have been

through an initiative called (GEOEssential14). This project was instigated to help better define the

potential for Essential Land Variables. The work undertaken as part of GEOEssential attempted

to identify trusted sources of data and information that could then be used to monitor, using

cross-thematic workflows, land resources that could be used to inform the SDGs (Sustainable

Development Goals). Comprising a team of experts, 14 participants from 7 countries, the project

has created a number of informative and useful outputs.

A paper that reviews the literature around EVs and introduces the concepts behind the

GEOEssential project has been published15. The supplementary material16 for this paper contains

an updated list of known EVs at the time of publication, and it was this list that helped inform the

“Existing EV classification” column in Table B1.

It is beyond the scope of this current work to provide an exhaustive analysis of GEOEssential

and the subsequent outputs and recommendations, but it is evident that this is a key component

in the move towards better defining the concept for a set of Essential Land Variables.

Other work around EVs led by GEO has come from:

● GEO Biodiversity Observation Network (GEOBON)

● GEO Global Agricultural Monitoring (GEOGLAM)

● GEO Global Network for Observations and Information in Mountain Environments

(GEO-GNOME)

GEOBON has been involved in the generation of the concept of both Essential Biodiversity

Variables (EBV)17 and Essential Ecosystem Services Variables (EESV)18. There are 35 related

datasets available through a web portal on the GEOBON site, of which 17 have global coverage.

The nature of the process and data behind EBVs is relatively advanced, with a plan to fill the

‘data cube’ with measured and modelled information.

18 https://geobon.org/ebvs/ecosystem-services/ (accessed 27 Oct 2023)
17 https://geobon.org/ebvs/what-are-ebvs/ (accessed 2 Oct 2023)
16 https://ars.els-cdn.com/content/image/1-s2.0-S1462901122000338-mmc1.docx (accessed 23 Oct 2023)
15 https://www.sciencedirect.com/science/article/pii/S1462901122000338#bib68 (accessed 23 Oct 2023)
14 https://geoessential.unepgrid.ch (accessed 19 Oct 2023)

https://geobon.org/ebvs/ecosystem-services/
https://geobon.org/ebvs/what-are-ebvs/
https://ars.els-cdn.com/content/image/1-s2.0-S1462901122000338-mmc1.docx
https://www.sciencedirect.com/science/article/pii/S1462901122000338#bib68
https://geoessential.unepgrid.ch


18

The GEOGLAM work19 has defined EAVs which relate to land set aside for agricultural production.

According to public information the GEOGLAM working group is in the process of defining “best

practices documentation, validation protocols, and … GEOGLAM Standard EAV Products… [as

well as a] …transparent process for identifying and endorsing products generated”20. This

suggests that there is potential significant overlap between land degradation and agricultural

practices and that the work undertaken by this group and the GEO-LDN group would be of

mutual interest and benefit.

In 2019 GEO-GNOME hosted the ‘Essential Climate Variables for Observations in Mountains’

workshop21. At the workshop the attendees used the WMO GCOS catalogue of global ECVs and

datasets from ESA as a starting point to try to identify and define variables that could aid the

monitoring of mountain processes. A comprehensive overview paper on the concept of Essential

Mountain Climate Variables (EMCV) has been published22 which also includes a ‘next steps’

section.

Candidate Land Variables

ELVs are required to better understand how to monitor and measure the terrestrial environment

in a standardised and agreed manner. Once a system is monitored, it can then be assessed and

interventions made to work towards improving its state. The EVs to date cover a mix of data

related to the atmosphere, hydrosphere and biosphere but the specific notion of ELVs is more

difficult to find. Creating an agreed list of specific ELVs would put land on an equal footing with

other aspects of the global ecosystem.

There is much crossover between the EVs listed for different thematic categories. This is

understandable, and also useful if set methods and data sources can be used to create usable

information that helps answer questions across multiple thematic areas. The ELVs can borrow

from the existing list of EVs but should also need to convey information that is specific to

ultimately improving the terrestrial environment (for all species). The types of questions that

need answering using ELVs relate to the SDGs in the immediate term, but with sufficient

planning and agreement (as well as long term monitoring) the variables could help with wider

research questions and monitoring over a longer timeframe.

The requirement for this section of the report was to define a potential starting point for

discussions around defining Essential Land Variables. As research into this area progressed it

was clear that much work (directly and tangentially) has been completed in this area. With this in

mind, and following consideration of the previous sections of this report, the question arises:

22 https://www.sciencedirect.com/science/article/pii/S2590332221002487 (accessed 27 Oct 2023)

21

https://www.mountainresearchinitiative.org/news-page-all/129-mri-news/2399-selecting-essential-climate-variables-for
-mountain-observations (accessed 27 Oct 2023)

20 https://agvariables.org/eav-product-priorities-status-updates (accessed 27 Oct 2023)
19 https://agvariables.org (accessed 2 Oct 2023)

https://www.sciencedirect.com/science/article/pii/S2590332221002487
https://www.mountainresearchinitiative.org/news-page-all/129-mri-news/2399-selecting-essential-climate-variables-for-mountain-observations
https://www.mountainresearchinitiative.org/news-page-all/129-mri-news/2399-selecting-essential-climate-variables-for-mountain-observations
https://agvariables.org/eav-product-priorities-status-updates
https://agvariables.org
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what variables would be a useful starting point for wider discussions about defining ELVs? This

is an especially pertinent question given the GEOEssential project work already discussed. The

subsequent part of this section of the report makes some suggestions for candidate variables

but recognises that the outcomes from previous work may ultimately be the preferred starting

point.

Table B1 lists a set of candidate variables which is slightly different from that created as an

output from GEOEssential. A decision needs to be made about the priority of the proposed ELVs

i.e. is the output of this work or that from GEOEssential to be used as a starting point for final

discussions and agreements? This decision is out of scope of this report which only attempts to

set out a proposal and the thinking behind that.

Table B1: Candidate variables (the table lists a) ELVs suggested by the GEOEssential team, b)

suggested candidate ELVs from the current work, and c) lists other EV classes in which the

variable is already categorised)

GEOEssential suggested ELV Candidate Variable Existing EV
classification
(if available)

Soil Carbon ECV

Elevation / Topography EWV, EUV, EREV

Vegetation Health (Index) EAV

Sealed Soil Surfaces (Sealing) EUV

Settlements EUV

Land Surface Temperature (LST) Land Surface Temperature (LST) ECV, EAV, EREV,

Evapotranspiration (Et) Evapotranspiration (Et) EWV, EAV

Soil Moisture Soil Moisture ECV, EWV, EAV, EUV

Land Cover Land Cover ECV, EWV, EREV, EUV

FAPAR ECV

Leaf Area Index (LAI) ECV, EAV

Albedo ECV, EAV

Emissivity

Gross Primary Productivity (GPP)
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Biomass ECV, EAV

Snow Extent ECV, EWV, EUV

Snow Water Equivalent EWV

The considerations that resulted in an essential variable being included in Table B1 are as

follows:

● Soil Carbon23

○ Carbon in soils occurs in both organic and inorganic forms but it is the organic

form (derived from plant and other decaying matter) that is most important to the

carbon cycle. This form represents the largest terrestrial carbon pool.

○ Soil Organic Carbon is a sub-indicator for 15.3.1 calculations and including it as

an EV could help standardise its calculation methodology around specific

datasets and methods.

○ It has been mentioned that as this report section is meant to act as a starting

point for discussions around ELVs, it might make sense to add other variables

relevant to the physical (e.g. texture, bulk density), chemical (e.g. pH), and

biological (e.g. soil biodiversity index) properties of soil. Although soil carbon is

likely the most relevant variable, these other potential variables should be

investigated by experts and a decision made as to their applicability to LDN.

● Elevation / Topography

○ Elevation and topography relate to the surface height of the planet and the

landforms and features in a given landscape.

○ Including elevation as an EV will help standardise datasets and methods and will

encourage reporting that compares like with like. The elevation and topography of

an area drives many of the physical processes at work on the land surface,

making it a key candidate for an essential land variable.

● Vegetation Health (Index)

○ The candidate ELV would be Vegetation Health, which is listed as Vegetation

Index (effectively a dataset rather than a variable) in the Essential Agricultural

Variables.

23 https://gcos.wmo.int/en/essential-climate-variables/soil-carbon/ (accessed 27 Oct 2023)

https://gcos.wmo.int/en/essential-climate-variables/soil-carbon/
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○ In this instance the vegetation health identifier under consideration can be the

Normalised Difference Vegetation Index (NDVI) or Enhanced Vegetation Index

(EVI) as mentioned in the Good Practice Guidance for SDG indicator 15.3.1.

○ Vegetation Index calculations form the basis for the productivity sub-indicator

calculations for 15.3.1 and feed into many other analytical processes. This would

be a strong candidate for an ELV.

● Sealed Soil Surfaces

○ Sealed Soil Surfaces is listed as Soil Sealing in the Essential Urban Variables.

○ Soil sealing is the “destruction or covering of the ground by an impermeable

material”24 and can lead to substantial soil degradation by reducing fertile

agricultural land availability and associated biodiversity, amongst other negative

impacts.

○ For land to be in good condition, it should not be sealed. Understanding the

change in soil sealing in both time and space would create a strong descriptor of

how the land is affected by human processes.

● Settlements

○ Settlements are the locations in which a human population lives, and by that

definition differs from the Sealed Soil Surfaces candidate variable (although it

may be a subset of that candidate ELV).

○ A definition of a minimum sized settlement would be required, but AI tools are

now able to create building level datasets from satellite imagery. Alongside

national gazetteers of settlement locations, this is a key dataset to describe

patterns seen on land.

○ Understanding the change in the spatial spread of settlements, both formal and

informal, helps better define the impact of humans on the land around those

settlements. It may also help predict areas at severe risk of spreading

urbanisation or settlement incursion.

● Land Surface Temperature (LST)

○ LST is “a key variable for understanding land surface processes and

land-atmosphere exchanges and interactions. It is used extensively to constrain

land surface energy budgets and climate models’ parameters”25.

25 https://www.geoessential.eu/wp-content/uploads/2020/01/GEOEssential-Deliverable-3.3_2019_Final1.pdf
(accessed 27 Oct 2023)

24 https://www.eea.europa.eu/help/faq/what-is-soil-sealing-and (accessed 27 Oct 2023)

https://www.geoessential.eu/wp-content/uploads/2020/01/GEOEssential-Deliverable-3.3_2019_Final1.pdf
https://www.eea.europa.eu/help/faq/what-is-soil-sealing-and
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○ As climate change becomes more prevalent and global temperatures continue to

rise, understanding and measuring land temperature dynamics will be a critical

pathway to addressing changes in land use, cover and quality.

● Evapotranspiration (Et)

○ Et is “the combined processes which move water from the Earth's surface into the

atmosphere… [and it] …covers both water evaporation … and transpiration”26.

○ As with the Soil Moisture candidate, Et helps analysts understand dynamics in

vegetation and water27 over a given area which in turn helps appreciate overall

land health.

● Soil Moisture

○ The key soil moisture variable (important for understanding land process

interactions) is surface volumetric soil moisture. Volumetric soil moisture is the

ratio of water volume to the total soil volume (to include solid matter, air, water

etc). Soil moisture is highly variable in spatial and temporal terms, and is difficult

to measure or estimate.

○ Soil moisture is an important variable for helping understand the dynamics

around land cover change and degradation and the annual changes in vegetation

growth.

○ Other related variables such as terrestrial water storage and/or soil water holding

capacity could be equally interesting and should be considered alongside

volumetric soil moisture.

● Land Cover

○ Land cover can be defined in many different ways, as can the individual cover

classes. Land cover can be taken to include representing all physical material at

the Earth’s surface and can be measured in situ or remotely. Land cover is not

land use: a description of land is utilised

○ Land cover change calculations form the basis for the productivity sub-indicator

calculations for 15.3.1. As such it was decided that land cover would be an

important ELV and would help standardise around specific datasets and methods.

27 https://www.nasa.gov/image-article/openet-satellite-based-water-data-resource/ (accessed 27 Oct 2023)
26 https://en.wikipedia.org/wiki/Evapotranspiration (accessed 27 Oct 2023)

https://www.nasa.gov/image-article/openet-satellite-based-water-data-resource/
https://en.wikipedia.org/wiki/Evapotranspiration
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Potential Next Steps

Although it is difficult (and unfair) to identify specific individuals who are leading the definition

of EVs in general and ELVs in particular there are researchers involved in the GEO projects

mentioned in this document who also input into the previous data standards work for GEO-LDN.

It would be pertinent for GEO-LDN to contact these researchers for their summary of the work to

date and their views on what remains to be completed. In particular it is suggested that Gregory

Giuliani, Anthony Lehmann, Joan Masò and Ivette Serral are approached for their inputs.

The variables listed in Table B1 should be considered only as a starting point for wider high level

discussions. As with other essential variables, the final listing should be agreed by a group of

relevant specialists with the appropriate authorisation to make the decision on what becomes an

ELV.

As a first consideration, such a committee should be composed of those active in both the

GEO-LDN and GEOEssential groups. The initial work should be as inclusive and broad as

possible, before finally narrowing down for sign off of the ELVs. Given the involvement of GEO in

the working groups related to so many of the EVs, it might be worth considering funding a

project that acts to bring together the different agreed variables in a hierarchical manner and

produces a workflow or decision tree that would help users identify which variable and dataset to

use for their analysis and reporting.


