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1. INTRODUCTION

Climate observations are critical for understanding and responding to climate change. This report
was produced in response to an invitation from the UNFCCC to update the 2016 GCOS
Implementation Plan in light of the 2021 GCOS Status Report?.

The 2021 GCOS Status Report was informed by experts from the three GCOS panels? who
provided the technical information and assessments. Each Panel appointed "ECV Stewards" to
monitor the performance of the observing system for specific ECVs. Similarly, experts were
appointed to report on each of the actions on the 2016 Implementation Plan (IP Actions). All
assessments have been internally and externally reviewed, with the whole report undergoing a
public review. Finally, the report was approved by the GCOS Steering Committee. The Executive
Summary of the 2021 GCOS Status Report is provided in Annex B.

There has been substantial progress in many areas of the Earth's climate observing system,
made after the release of the 2016 GCOS Implementation Plan. However, the 2021 GCOS Status
Report identified a number of outstanding issues that are addressed in this report.

This 2022 GCOS Implementation Plan has a different form to earlier plans?: it has fewer, more
focused and integrated actions, with clearer means of assessment, and identification of the
stakeholders who need to respond to the actions.

An Editorial Board agreed the outline and reviewed the final document. The actions described in
Chapter 6 were compiled by experts of the GCOS panels in consultation with their respective
communities. A Writing Team ensured consistency and completeness of the actions and drafted
the remaining chapters. The draft was publicly reviewed in May 2022. The GCOS Secretariat
supported the whole process and a complete list of contributors is presented in Appendix 3.

The remainder of this report is structured as follows:
e Chapter 2 discusses the evolving needs for climate observations

e Chapter 3 looks at the future vision and evolution of GCOS responding to these evolving
needs

e Chapter 4 describes the Essential Climate Variables (ECVs). The updated ECV
requirements are presented in Annex A

e Chapter 5 covers data and data policies

o Chapter 6 provides the actions grouped into 6 major themes:
o Ensuring the sustainability of key existing observation programs;
o Filling data gaps in current observing capabilities;
o Improving data utility;
o Improving data management;
o Engaging with countries and stakeholders;
o Addressing emerging needs.

1 GCOos (2021). The Status of the Global Climate Observing System 2021: The GCOS Status Report (GCOS-240)

2 AOPC - Atmospheric Observations Panel for Climate; TOPC: Terrestrial Observations Panel for Climate; OOPC: Ocean
Observations Physics and Climate Panel

3 GCOS (2016). The Global Observing System for Climate: Implementation Needs (GCOS-200)
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2. EVOLVING USER NEEDS FOR CLIMATE OBSERVATION

There is an ongoing need to understand the changing climate system. At a fundamental level
what we do not observe we cannot understand, and what we cannot understand we cannot
predict, respond to, ameliorate or mitigate. It is necessary to observe, on a sustained basis, key
facets of the climate system, in order to monitor and understand the changing climate for
numerous applications at a sufficient level of comprehensiveness. These user needs are
constantly evolving. This chapter provides a summary of these evolving needs and the benefits
and costs of addressing them.

2.1 Climate assessments

Scientific assessments, such as those of the IPCC, are critically dependent upon the global
availability of high-quality observational data products for a broad range of Essential Climate
Variables (ECVs). Observationally based products from across the atmosphere, ocean,
cryosphere, biosphere and land, underpin the findings of unequivocal changes and their
attribution to human activities. Evidence from proxies spanning longer periods, informs
assessments as to the unusualness of these changes in a much longer-term context than can be
afforded by the instrumental record. As such, improved access to and analyses of proxy records
(e.g. tree rings, ice cores) is also important.

Observations of the climate system are also essential to support the assessment of key
processes, including the carbon and hydrological cycles and the energy budget (Section 5.4),
each of which was the focus of a key chapter in the most recent IPCC AR6 WGI assessment
report. It is only because of high quality observations of key components of these cycles that
the earth system models can be assessed and hence projections be made with confidence.

Observations at regional scale, with enhanced spatial and temporal resolution, underpin
assessments of regional climate change, and associated assessments of impacts and adaptation
undertaken in the IPCC WGII assessment. These are key to understanding impacts already felt
from warming experienced to date and to access the efficacy of already deployed adaptation
measures.

Observations of trace greenhouse gases are needed for multiple aspects of the mitigation
assessment performed by IPCC WGIII. The availability of observations allows the understanding
of important biogeochemical cycles assessed in IPCC WGI which underpins the climate system
emulators that are necessary to project the impacts of possible future emission scenarios.

Each successive IPCC assessment cycle has been able to draw firmer conclusions thanks, in no
small part, to the improved availability of new and historical observations, and improved
knowledge that comes from continuous reprocessing and re-evaluation of the data records. All
types of observations, in situ and remotely sensed, have utility in informing the assessments as,
increasingly, do reanalyses products. It is important to make, curate, reprocess and reanalyse
these observations in a cycle of continuous improvement, as new knowledge is gained, and new
opportunities arise. For example, in IPCC WGI AR6 the assessment was able to, for the first
time, draw upon GNSS radio occultation measurements leading to a greatly improved
assessment of temperature changes in the upper troposphere and the lower stratosphere. The
assessment also benefited from greatly improved reanalysis products from ECMWF (ERA5) and
JMA (JRA-55).

Observations are key to underpinning the WMO annual climate assessment report and the BAMS
State of the climate series of reports as well as regional (e.g. Copernicus Climate Change
Service) and national climate monitoring and reporting activities. These assessments are
becoming increasingly comprehensive, requiring access to an ever-increasing array of
observationally-based products to perform the assessment activities. The assessments have high
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value in communicating the changing status of the climate to numerous stakeholders. There also
exist bespoke monitoring activities, such as the global carbon project, which require observations
to underpin their annual assessments.

2.2 Supporting the Paris Agreement

The Paris Agreement provides the international climate policy framework which is going to evolve
significantly in the coming years. Observations play a fundamental role in the policy framework
and they will need to continue to keep pace with needs as the policy evolves. The needs in terms
of climate observations can be summarised as follows:

All countries will have to provide national GHG emission reports. Observations support these
reports: they can be used as a means of their verification, and to improve transparency.
Connecting and merging relevant data from different sources of information, including the
private sector, will be a challenge.

The Global Stocktake (GST) facilitates the assessment of progress in three areas: mitigation,
adaptation and finance flows, and means of implementation and support. The GST is in its first
phase (Information collection and preparation) where aggregated information is needed to
support the assessment of all three areas.

In terms of supporting response measures, such as adaptation, countries need information that
can be used at a national level to support decision making. This includes provision of
standardised datasets and the long-term records of ECVs that are fundamental for national
adaptation planning and allow countries to build their sectoral needs and priorities. Adaptation
indicators are becoming increasingly important as the impacts of climate change and associated
extremes become more and more apparent. Observations are needed to determine the
benchmarks which will be used later as a reference to assess the efficacy of adaptation
measures. Observations also inform assessments of losses and damages.

Variables related to biodiversity will become more relevant as we move forward in the
implementation of the Paris Agreement. Observations assist the evaluation of the effect of
climate change on terrestrial and marine ecosystems and aid the discovery and understanding
of important physical feedback mechanisms in the climate system.

Moreover, to support attainment of the goals of the Paris Agreement the observation community
needs to address knowledge gaps through those ECVs that track physical, chemical and biological
cycles. Attention needs to be paid to regions particularly vulnerable to the impacts of climate
change where observational capabilities are generally weakest.

2.3 Climate services and adaptation

In order to meet the ever-growing demand for tailored climate information by decision makers,
stakeholders and the general public, climate services play a crucial role as providers of climate
information systems and products. Effective climate services are essential for adaptation to
climate variability and change. Climate services provide usable information in support of climate-
sensitive sectors. This is achieved through incorporation of science-based climate information
and predictions into planning, policy and practical decision-making. Effective climate services
facilitate climate-smart decisions that will, for example, mitigate the impacts of climate-related
disasters, improve food security and health outcomes, enhance water resources management,
and bring better outcomes in disaster risk reduction. As climate services continue to rise in
prominence on national, regional and global agendas for climate adaptation and mitigation, it is
important to re-examine regularly, as the science progresses, their needs in terms of
observations.
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Perspectives for risk management and adaptation have received ample attention in the recent
IPCC reports and in support of UNFCCC. Several knowledge and observational gaps on the
impacts of extreme climatic and meteorological events, abrupt changes, cascading effects and
compound extremes have been identified, and need supporting information. Moreover, while
there is ample robust climate information at the global and regional scales, this is often lacking
at the local scales required for effective decision-making and response. Nevertheless, there is
generally a willingness to act even if climate information is not fully conclusive. Several of the
priority actions in Chapter 6 address this and ensure that climate science and services would be
effective in enabling policies and decisions to manage local-scale climate risks and reduce its
impacts on vulnerable communities and regions around the world. Some of the required
improvements identified in the observing systems are:

e Addressing the gap between the top-down, global, production of climate information and
the "bottom-up", local-scale decision making by improving regional to local climate
change information through more targeted observations of relevant processes and time
scales.

e Enhancing integrated and co-located observations of the physical, chemical and biological
components of the climate system to better understand, and predict, the effects of
climate change. This is also crucial to understand the local pressures on ecosystems and,
for instance, their ability to store carbon.

2.4 The Earth Climate Cycles

The most important features of the earth system for understanding and predicting climate
change are the energy, water (or hydrological) and carbon cycles. Ideally, these should be
completely monitored by ECVs. In 2018 GCOS started assessments for these cycles, identifying
possible gaps and inconsistencies in existing observation systems (von Schuckmann et al., 2020;
Dorigo et al., 2021; Crisp et al., 2022). By assessing how well these are observed, GCOS is able
to identify gaps and inconsistencies in the global climate observing system in a more integrated
way than separately considering the three domains, atmosphere, ocean and land.

2.4.1 Monitoring the Earth Energy Budget

Von Schuckmann et al., (2020)* updated the Earth heat inventory and presented an updated
assessment of ocean warming estimates as well as new and updated estimates of heat gain in
the atmosphere, cryosphere and land over 1960-2018. Some key requirements for improving
future assessments have been identified:

e A more consistent global monitoring program is urgently needed for the systematic
measurement of land temperatures and ensuring a continuity of continental heat gain
estimates. In addition, long term measurements at the same sites should be sustained
whenever possible, as data taken after a decade or more at the same location would help
to reduce uncertainties in the estimates.

e Sustained remote sensing for all the cryosphere components is key to quantifying future
changes. For sea-ice, both area and thickness are essential, as well as albedo. For ice
sheets and glaciers, reliable measurements of ice thickness and extent, gravity, snow/firn
thickness and density are essential to quantify changes in mass balance of grounded and
floating ice.

4 von Schuckmann, K., et al., 2020: Heat stored in the Earth system: where does the energy go?, Earth Syst. Sci.
Data, 12, 2013-2041, https://doi.org/10.5194/essd-12-2013-2020.

-4 -


https://doi.org/10.5194/essd-12-2013-2020

0 N OO0k, WwWDN -

G G G G G
o b WN -~ O ©

o
oo N

N —
o ©

NN
N —~

NN
A W

N
[6)]

W W W NDNDNDN
N -~ O © 0o N O

W W W
o b W

W W W
o N O

AW
o ©

e For the global ocean observing system, the core Argo sampling needs to be sustained as
well as expanded along the continental slopes up to the shelf with the implementation of
different platforms (moorings, repeated ship cruises, gliders and other autonomous
platforms), and complemented by remote sensing data. Extensions such as into the deep
ocean layer need to be further fostered, and technical developments for the
measurements under ice and in shallower areas need to be sustained.

2.4.2 Monitoring the Water Cycle

Dorigo et al. (2021)5 reviewed the capability of ground-based and remotely sensed observations
of water cycle ECVs to consistently observe the hydrological cycle. They evaluated the relevant
land, atmosphere, and ocean water storages and the fluxes between them, including
anthropogenic water use. Particularly, they assessed how well the observations close the water
cycle at multiple temporal and spatial scales. The authors concluded that, while long-term water
cycle monitoring has greatly advanced in the recent past, many observational gaps still exist in
terms of closing the water budget and enabling a comprehensive and consistent assessment
across spatial and temporal scales. The following improvements to the present observation
systems have been identified:

e Expand the existing observation systems to enable the identification of trends in water
cycle components.

e Ensure consistency between climate data records of different ECVs to close the water
cycle.

e Develop new capabilities to fill observational gaps that are currently obtained from
modelling (e.q., infiltration, glacier and ice sheet fluxes).

e Further consider the closure of the hydrological cycle at shorter timescales (e.g.,
seasonal, monthly, or shorter).

2.4.3 Monitoring the Carbon Cycle

The Global Carbon Project (Friedlingstein et al (2021)8 ) provides annual updates on the key
contributors of the global carbon budget and its trends. Crisp et al. (2022) reviewed the
atmospheric carbon cycle, including the anthropogenic drivers controlling the current fluxes of
COz2. Large uncertainties exist in the fluxes between the atmosphere and reservoirs over land
and in the ocean. The authors provided an update on the mean state and emerging trends in
carbon stocks and fluxes revealed by various approaches, including new observing capabilities
and analysis. The assessment produced the following key recommendations:

e Continued ship-based observations combined with expanded deployments of autonomous
platforms are needed to quantify ocean-atmosphere fluxes on policy relevant spatial and
temporal scales.

e There is also an urgent need for more comprehensive measurements of stocks, fluxes
and atmospheric CO:z in humid tropical forests and across the Arctic and boreal regions,
which appear to be experiencing rapid change.

e Although ship-based observations remain a central resource for the carbon observing
system, these are expensive and tend to be seasonally biased. Driven by these demands,

5 Dorigo W., et al., 2021: Closing the water cycle from observations across scales: Where do we stand? Bulletin of the
American Meteorological Society. https://doi.org/10.1175/BAMS-D-19-0316.1

% Friedlingstein, P., et al.,, 2021: Global Carbon Budget 2021, Earth Syst. Sci. Data Discuss. [preprint],
https://doi.org/10.5194/essd-2021-386, in review, 2021.
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there is a continuous development of sensors for inorganic carbon system measurements
with at least some of the following attributes: increased precision and accuracy, lower
power consumption and lower instrument drift. Ocean carbon data should be ingested
into publicly released databases (SOCAT, GLODAP) in a timely manner that supports at
least annual diagnoses of the ocean carbon sink.

e Until recently, high resolution imaging observations and moderate resolution estimates
of vegetation indices provided the primary tools for scaling up plot-based observations to
national and continental scales. Recently, these capabilities have been augmented by
space-based observations of SIF (Solar Induced chlorophyll Fluorescence). Future SIF
observations promise substantial improvements in resolution.

e The spatial resolution and coverage of in situ measurements are still far too limited to
identify and quantify the natural and anthropogenic emission sources emitting CO: into
the atmosphere and the natural “sinks” absorbing it at the surface on spatial scales
ranging from large urban areas to nations. The coverage is particularly sparse in polar
boreal and tropical land regions and over most ocean basins. While recent advances in
space based remote sensing capabilities are providing new insights into the current state
of the atmospheric carbon cycle it remains important to develop an integrated carbon
observing system comprising both in situ and satellite capabilities.

2.5 Cost and Benefits of Climate Observations

The costs of maintaining and upgrading the global climate observing system far outweighs the
benefit it brings to society. Economic studies have consistently shown the value that accurate
climate observations and corresponding climate change projections can bring to societies. The
benefits arise largely because accurate and timely information improves the planning and
decision making that makes societies more resilient to climate variability and change.

It is easier to estimate the overall costs” of the observational infrastructure (of the order of
100B€/year) than it is to provide an assessment of its benefits to society.

A full bottom-up and comprehensive assessment of the long-term benefits of climate
observations to societies is difficult because there is a large diversity among users of climate
information. Furthermore, the chain linking users to information is often complex and indirect.
There are also societal benefits which are hard to place a monetary value on such as livelihoods,
human health and well-being. As a consequence of the difficulties one can expect benefit
estimates to be conservative, i.e. the true benefit- to-costs-ratio is likely to be much higher than
many of the published estimates.

However, there are many examples where some of the benefits are costed®.

One can look at Numerical Weather Predictions (NWP) to see how earth-system observations
provide an unequivocal benefit to societies. For NWP there are well structured frameworks for
such an evaluation. Data denial experiments, where specific data sources are removed from the
assimilation schemes, provide us with a good understanding of the value each observation type
has for the overall forecast skill. Given that a reasonable estimate of the economic value of the
forecasts exists, the marginal improvement in skill associated with each observation source can
then be translated into the economic value of that observation. In such a way D. Kull at al. in

7 Elements of costs include: data collection (in situ platforms, satellites), data processing, data management and
dissemination.
8 https://www.munichre.com/en/risks/extreme-weather.html

-6 -


https://www.munichre.com/en/risks/extreme-weather.html

0O N O~ WN -~

11
12
13
14
15
16
17

18
19
20
21
22
23
24
25

26
27
28

29
30
31
32

33
34
35
36

37
38

2021° estimated that the overall benefit/cost ratio of the additional investment required to bring
the international data exchange of observational data up to WMO required standards in all
countries of the world is on the order of 25 (or at least 14 under even more conservative
assumptions). The authors also showed that investment in surface-based meteorological
observing systems measuring critical variables and intended for international exchange of data
has proven to be crucial. This is particularly true in those regions where the current availability
of observations fails to meet internationally agreed requirements for input into global NWP and
climate models.

Thanks to a systematic collection of user requirements and an operational monitoring of the use
of the data it makes available, the EU-Funded Copernicus programme could provide valuable
inputs into a cost benefit analysis. An initial assessment conducted by PwC in 20191° indicated
an overall return on investment between 2 and 3 when the whole value chain is taken into
account. More recent estimates from EUSPA!! in 2022 suggested that some sectors such as
agriculture, urban development, energy and climate service consultancy to other sectors, on
their own, account for over half of the value generated by the programme. The same study
suggests a rapid increase in the fraction of value generated by the insurance and financial
sectors.

Attempts to evaluate costs and benefits of ocean observations have been made by OECD,
showing that it is difficult to identify and quantify them comprehensively (Jolly et al., 202112?).
However, previous studies suggest that the benefit-to-cost ratio for investing in ocean
observations is high. For instance, JERICO-NEXT project estimated a benefit-to-cost ratio of 5
when analysing the European coastal component of the observing system (Gaughan et al.,
201913), while another study undertaken by the Marine Environmental Data and Information
Network (MEDIN) estimated that the benefit of their data services was eight times the cost
invested 4.

There are also obvious cross benefits of climate observation that should be taken into account
e.g., tide gauges provide sea level data that are important for climate studies but are also
essential for harbour operations.

Given the above-mentioned complexities, it is not straightforward to define a unique value to
the Cost Benefit Ratio for global climate observations. Completing such a task remains a high
priority for the global climate community. We list here a few pathways linking the benefits of
climate observations to sectoral use:

e Global climate observations are critical in providing consistent information for model
initialisation and forcing for historical climate simulations. These are also essential for
global climate change assessments and attribution, as well as for the validation of
historical simulations, and in improving the Earth System realism in numerical models.

e Ocean and land observations provide an essential input for the initialisation of sub-
seasonal, seasonal and decadal predictions. Whilst limited literature exists on the

°  https://openknowledge.worldbank.org/bitstream/handle/10986/35178/The-Value-of-Surface-based-
Meteorological-Observation-Data.pdf?sequence=1&isAllowed=y

10 https://www.copernicus.eu/sites/default/files/PwC_Copernicus_Market_Report_2019.pdf

11 https://www.euspa.europa.eu/sites/default/files/uploads/euspa_market_report_2022.pdf

12 Jolly, C., et al. (2021), "Value chains in public marine data: A UK case study", OECD Science, Technology and Industry
Working Papers, No. 2021/11, OECD Publishing, Paris, https://doi.org/10.1787/d8bbdcfa-en

13 Gaughan, P., Hallinan, D. & Reilly, K. 2019. Using Economic Cost Benefit Analysis Methodologies to underpin the
sustainability and strategic planning of Coastal Ocean Research Infrastructures in Europe. OCEANS 2019 - Marseille,
2019, pp.1-8, doi: 10.1109/0CEANSE.2019.8867276

4 https://www.medin.org.uk/sites/medin/files/documents/MEDIN%20Cost%20Benefit%20Analysis_Final%20Report.pdf
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assessment of the value the observations have in these predictions, the methods
developed for NWP could be applied to this context well.

A significant part of the value of systematic observations for society is likely to occur
through the use of observations within reanalysis systems. The data provided by
Copernicus Climate Change Service suggest that there is one order of magnitude more
users of the reanalysis than direct users of observations for climate applications.
Reanalysis is used in a variety of contexts including the assessment of baseline risks and
as an input to initialise impact models for sectoral applications such as agriculture or
hydrology.

Regional scale observations provide value to users by describing the evolution of local
conditions. These are important to improve regional knowledge on the evolving climate
conditions across domains (including trends on the unfolding of regional/local extreme
events). They also have been shown to be essential for improving the skill of predictions
across timescales (from NWP to decadal projections). Indeed, regional observations have
a demonstrated impact in regional (or downscaled) predictions/projections. They are
therefore meaningful to guide national adaptation policies and actions (such as revised
plans of flooding and inundation risk areas, coastal management, land and ocean farming
potential, etc.).

Finally, Climate Data Records constitute a valuable asset for insurance and reinsurance
companies willing to assess their level of exposure to climate hazards in different areas
of the globe. Such a requirement is also shared by international development agencies
to assess the climate proofing of specific investments.
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3. GCOS: VISION, MISSION, BENEFITS, EVOLUTION AND FUTURE
PRIORITIES

GCOS is the authoritative source of information and advice on global climate observational
system requirements to inform processes and stakeholders such as UNFCCC, WMO, IPCC, and
the global mitigation and adaptation communities. Its activities over the past 30 years,
including prior IP reports, have led to demonstrable improvements in the global observing
system and the improved availability of observations to underpin climate science and climate
applications in support of society.

3.1 Vision Statement

GCOS works towards a world where climate observations are high-quality and
sustained, and access to climate data is comprehensive, free and open.

3.2 GCOS Mission

GCOS is the authoritative global source of information and advice for the planning and
development of the Global Climate Observing System, its networks and data management. It is
the globally accepted reference for formulating requirements for space and in situ climate
observations. GCOS relies on contributions from a wide range of observing systems including
meteorological and hydrological networks, the Global Ocean Observing System (GOQOS),
satellites and many others and in return provides advice on how they can be used to meet
climate needs.

3.3 Benefits of GCOS

3.3.1 In situ measurements

GCOS has long-standing two-way relationships with in situ data providers, providing
requirements to guide the planning and development of observational networks.

There are several observational networks that have varying degrees of direct oversight and
reporting to GCOS. The GCOS Upper Air Network (GUAN) and the GCOS Surface Network (GSN)
represent baseline networks to enable global monitoring activities of atmospheric ECVs. The
GCOS Cooperation Mechanism has supported the GCOS network managers in addressing issues
in these networks, maintaining key sites in their operations. GCOS has developed the GCOS
Reference Upper Air Network (GRUAN) which has created reference-quality measurement series
for key ECVs. Improved instrumental understanding has trickled down to other observational
networks. A new GCOS Surface Reference Network (GSRN) is being instigated to address a gap
in current capabilities.

GCOS has also worked with a broad variety of organizations concerned with the provision of
additional ECVs, many taken by GCOS recognised networks such as the Global Terrestrial
Networks for hydrology, glaciers and permafrost.

When GOOS develops new observational capabilities, it considers the GCOS ECVs requirements.

GCOS works with data centres such as WGMS, HYDROLARE, ISMN, NCEI, and Copernicus (CDS),
to ensure that data is accessible and freely available to users.

GCOS provides visibility and voice for observing system operators in the UNFCCC processes and
IPCC assessments.
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3.3.2 Satellite Observations

The satellite agencies have continuously worked with GCOS to inform their decision making. For
the past two IP cycles the Joint CEOS/CGMS Working Group on Climate has taken the IP and
issued a response document informing how they intend to respond to the actions identified. This
has led to demonstrable actions by CGMS and CEOS members in terms of mission continuity and
activities to curate, reprocess, rescue and create climate data records from a variety of satellite
observing techniques.

3.3.3 WMO

Through activities of the Infrastructure Commission of WMO (and its predecessors), GCOS has
contributed to key developments including inter-alia:

e The Global Basic Observing Network (GBON?>

¢ The Systematic Observations Financing Facility (SOFF6)

e The new WMO Unified Data Policy

e The Regional Basic Observing Networks

e Vision for the future of the observing system

e Regulatory materials

¢ Data formats for exchange of daily and monthly summaries

GBON and SOFF should provide a global network of observations with adequate, sustainable
funding that will provide the minimum data needs of climate reanalyses and NWP models.

For all observational types GCOS contributes climate requirements to the Rolling Review of
Requirements process which is a technology-agnostic set of requirements for measuring a broad
range of ECVs. GCOS has actively contributed to this process, ensuring that long-term continuity
and stability are included. These requirements directly influence planning decisions by both
satellite agencies and in situ operators. The latest version of these requirements is provided in
Annex A.

3.3.4 UNFCCC

The agreement reached in Paris in 2015 by the UNFCCC exemplifies the renewed global interest
"to respond to the urgent threat of climate change on the basis of the best available scientific
knowledge". This requires an unprecedented amount of data and information about the past,
present and future climate, the availability of which is only made possible by a global coordinated
effort towards the systematic observation and collection of key climate variables. From the
analysis of current climate hazards and vulnerabilities to the evaluations of the realism of climate
model projections through the initialisation of decadal predictions, our society requires now,
more than ever before, the coordinated global effort on climate observation that GCOS has
worked so hard to develop. The effort of GCOS is also essential to ensure a sufficient visibility is
maintained of the value that the systematic observations of the climate provide to our ability to
write informed policy.

5 Resolution 2 (Cg-Ext(2021) - Amendments to the Technical Regulations related to establishment of the Global Basic
Observing Network (GBON) (2021)

6 Resolution_3 (Cg-Ext(2021) - Systematic Observations Financing Facility: Supporting Members in the implementation
of the Global Basic Observing Network (SOFF) (2021)
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3.3.5 Research and academia

Observations promoted by GCOS provide the basis for scientific developments and improved
understanding on the climate and how it is changing. Working with the World Climate Research
Programme (WCRP), GCOS can identify emerging needs arising from climate research. 1In
addition:

e GCOS looks at how well observations support the understanding of the main climate
cycles (e.g., energy, water, and carbon). GCOS is the only programme within the UN
framework that encompasses all the components of these cycles.

e Observations are key to identifying climate extremes and how they are changing.
e Observations are essential to support reanalysis, modelling and other research activities.

e The IPCC assessments of climate science are underpinned by climate observations
sponsored by GCOS.

3.3.6 International programmes on climate

GCOS provides the framework around which a systematic monitoring of the climate system has
been developed. Reports on the state of the climate rely on GCOS ECVs (e.g. the WMO state of
the climate report, and BAMS State of the Climate, produced by NCEI, and regional reports such
as the European State of the climate report produced by Copernicus).

Ultimately, to be useful, all this information must be presented to the public and policy makers
in an understandable form. For society to fully benefit from the currently available observations
it is essential to consider the full value chain, involving scientists, experts and the long tail of
intertwined cross-dependent actors that transform raw climate observations into monitoring
tools, early warning systems or value-added climate applications.

Climate observations now serve a community that extends far beyond the academic circles and
reaches all sectors of society. GCOS provides the global standards and guidance these sectors
require when using climate data. These standards are essential for allowing the development of
credible and robust climate applications and tools.

3.4 The evolution of GCOS from past to present

GCOS has continuously evolved to identify and advocate for data to meet the established and
emerging needs of users, to address gaps in global climate observations for different climate
user communities and to provide guidance for their improvement. Over the 30 years of GCOS
operations, the observing system has evolved considerably with advent of major new in situ and
satellite capabilities and the appearance of various types of reanalysis products. GCOS has
constantly evolved to meet these evolving needs.

Since the last IP, there have been many improvements in climate observations, including the
provision of more in situ, remote and space-based data for atmospheric observations, enhanced
temporal and spatial satellite observations of the Earth’s surface and biosphere, and
technological innovations that have contributed to the expansion of the ocean observing system.
Further details on these advances can be found in the latest GCOS Status Report!’. These
examples show the responsive nature of GCOS and its role as a catalyst to improve climate
observing systems and stimulate global and regional networks. This 2022 GCOS IP makes clear
to all i