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Introduction
In response to the rapid rise of greenhouse gas (GHG) concentrations in the atmosphere and the
resulting negative impacts on climate change, nations, states, cities, private enterprises and
individuals are accelerating their efforts to reduce GHG emissions while meeting the needs of
global development. The urgency, complexity and economic implications of reducing GHG
emissions demand strategic investment in evidence-based information for planning and tracking
emission-reduction policies and actions. To help meet this need, WMO and its partners have
begun to develop the Integrated Global Greenhouse Gas Information System (IG3IS). IG3IS
combines atmospheric GHG concentration measurements with human-activity data in a
modelling and analysis framework to help decision-makers take better-informed action to reduce
emissions of GHGs and pollutants that reduce air quality. This service is based on existing and
successful measurement and analysis methods and use cases where there are proven or
emerging scientific and technical skills. The IG3IS Science Implementation Plan documents these
good-practice capabilities. Though it was adopted by the WMO Executive Council in June 2018,
the document, by its very nature, will be a living document that will be revised as knowledge of
existing tools develops and new capabilities emerge.
WMO hosted the first IG3IS Symposium and User Summit on 13–15 November 2018 at its
headquarters in Geneva. This symposium aimed to bring together key users of GHG information
from a number of different sectors and communities to engage in dialogue with technical
developers of IG3IS information. This was the first true communication between stakeholders
and users where the needs for data-driven GHG emission information were articulated and
matched against existing and emerging capabilities.
The symposium was opened on 13 November by WMO Chief Scientist Dr Pavel Kabat. Dr Kabat
welcomed participants to WMO and highlighted the growing role of science in WMO activities. He
stressed the importance of science-driven solutions to support climate mitigation and adaptation.
Deputy Secretary-General of WMO, Dr Elena Manaenkova, welcomed participants and thanked
them for attending the symposium. She referred to the decision of the 17th WMO Congress that
approved the IG3IS initiative and the decision of the WMO Executive Council that approved the
IG3IS Science Implementation Plan. In October 2018, the Intergovernmental Panel on Climate
Change (IPCC) launched a Special Report on Global Warming of 1.5 °C, which noted that, for
mitigation activities, “every fraction of ppm1 matter[ed]”. Dr Manaenkova stressed that, as a
WMO flagship initiative, IG3IS will help society to keep track of climate actions and that
collaboration with IG3IS is included in the memorandum of understanding signed between WMO
and the United Nations Framework Convention on Climate Change (UNFCCC). She highlighted
the value of the WMO Greenhouse Gas Bulletin and appreciated the efforts of the scientific
community in moving from globally averaged numbers to information that supports actions. She
also underlined WMO’s role in developing common methodologies and guidelines that could be
scaled up to ensure that the system is universally used.
The symposium was organized through a series of round tables. The agenda can be found in
Annex 1 and the list of participants in Annex 2.

1

ppm = parts per million, the unit of measure for the carbon dioxide mole fraction
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Session 1: Introduction to IG3IS and its First Annual Symposium and
User Summit
(Chair: Oksana Tarasova)
Phil DeCola, the Chair of the IG3IS Science Team, described how the initiative had developed and
referred to the global climate agenda and the Paris Agreement. He stressed that GHG
concentrations in the atmosphere were setting alarm bells ringing and explained the impact of
human activities on the climate system. He said that these atmospheric measurements provide
much more information than just a trend; they provide information on the variability, distribution
and magnitude of GHG fluxes. Mr DeCola noted that the scientific community had previously
sought to verify emissions independently, but he said that that approach had resulted in the
observation-based methods in 2009 not being accepted. Since then, the atmospheric research
community has adopted a more aspirational goal of offering support and solutions. He noted that
IG3IS was formed to address how atmospheric measurements and model analysis can better
inform and guide solutions.
Having referred to the main principles of IG3IS, Mr DeCola explained that the purpose of the
symposium was to communicate with the user community and to investigate whether the
atmospheric research community’s capabilities were meeting users’ requirements. According to
Mr DeCola, the Global Atmosphere Watch (GAW) is the right platform to establish the
benchmarking of information and methods to help bend the curve of GHG concentrations. He set
out the main objectives of IG3IS and its connection with UNFCCC and its subsidiary bodies, IPCC
and the IPCC Task Force on National Greenhouse Gas Inventories (TFI). He also stressed the
importance of collaboration between UN Environment and WMO. Mr DeCola concluded that IG3IS
was a challenging undertaking because the user community is overloaded and does not embrace
innovation easily.
Florin Vladu said that the UNFCCC Adaptation Programme presented the view of UNFCCC on
IG3IS in a political context. He described the political process behind the Subsidiary Body for
Scientific and Technological Advice (SBSTA) and international assessment bodies such as IPCC
and said that the Global Climate Observing System (GCOS) plays an important role in the
political process by assessing essential climate variables.
Mr Vladu said that WMO contributed to the process through the Statement on the State of the
Climate and through IG3IS, a cross-cutting initiative involving observations as well as systematic
research and policymaking. He noted that IG3IS had been introduced to members through
several events before the most recent SBSTA conclusion. He also described the structure of the
Paris Agreement, including the Global Stocktake process.
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Mr Vladu explained that IG3IS helps parties to choose cost-efficient measures to reduce
emissions and to confirm expected outcomes. He said that IG3IS can help identify the balance
between anthropogenic GHG emissions and their removal through sinks.
Referring once again to the Global Stocktake process, Mr Vladu said that, even if certain
information is not part of the legal process (including information from the parties and
subnational entities that use IG3IS), it can still be reported in the yearbook. He described the
IPCC Special Report on Global Warming of 1.5°C (Figure 1) and the ongoing discussions on the
definition of balance and net zero emissions.

Figure 1. The elements of the IPCC 1.5 °C report (from the presentation of Florin Vladu)

Acknowledging that IPCC discussions on global warming of 1.5 °C are relevant at the global
level, Mr Vladu explained that IG3IS can contribute to the global definition of balance and net
zero emissions by providing information on regional, subregional and urban levels. He said that
the system would also provide information on the efficiency of mitigation efforts, which is
important for achieving the Paris Agreement goals, since it helps determine the best pathway for
global players to achieve their ambitions.
José Romero of the Swiss Federal Office for the Environment presented a national viewpoint of
the role of IG3IS. He said that Switzerland was currently implementing measures to combat
climate change and called for efficient tools so that national targets under the Paris Agreement
could be achieved.
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Mr Romero praised IG3IS as a tool for identifying sources and determining events on the ground,
which he said made it an excellent tool for shaping policy. He explained that the system is based
on sound technological and scientific progress and that it will not be mandatory, unfriendly or
intrusive. The value of IG3IS, said Mr Romero, was in its scientific and methodological
robustness, the standardization it provided and its role in supporting the current and future
methodologies and approaches under UNFCCC and the Paris Agreement. He suggested that the
methods proposed by IG3IS should be brought through the IPCC process (Figure 2) and
explained the Swiss proposal for the conclusions by SBSTA.
Bryony Worthington gave a welcome address in which she stressed that, to have an impact, it
was important to bring the technical community and the user community together to define the
workplan. She said that her position as a member of the House of Lords in the United Kingdom
allowed her to think from a longer-term perspective, arguing that time is not considered properly
in climate mitigation, which she described as a “tragedy of the horizons”, with political circles
getting ever shorter.

Figure 2. The approach to the standardization of scientific methods and tools (from José
Romero’s presentation)

Ms Worthington said that IG3IS will be essential for penetrating this political discourse and that
the political context is becoming more and more complicated. She said that non-governmental
organizations (NGOs) represent a useful user group for IG3IS as they bring attention to topics
and new developments that governments have no time to address. Noting that public interest in
climate change is increasing, she argued that we are approaching a tipping point where the
public will start asking about the causes and impacts of climate change, making the topic a
higher political priority and raising the importance of programmes that act as “atmospheric
detectives”.
Failure to act together, said Ms Worthington, might result in inaction, which would be a “tragedy
of commons”. She called for the cheapest mitigation options to be systematically implemented
and said that IG3IS could help achieve this.
Ms Worthington also described a third tragedy: a “tragedy of incumbents”. She said that the
energy system works well and is well capitalized, creating power and capital, and that pushing
against that force would be extremely difficult. She described the current rate of progress as too
slow and said that it is time for small energy companies to grow and for the energy sector to
change and become part of the solution.
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Ms Worthington referred to the Environmental Defense Fund (EDF), which invests in scientific
advances, as being part of the fourth wave of environmentalism. She described methane (CH4)
as a clear priority because there is an easy fix, and she said that EDF is working with IG3IS in
that area. She added that EDF also works with IG3IS to look at cities and prepare integrated
approaches to GHG and air-pollution mitigation. Ms Worthington referred to EDF’s current work
in London, in which low-cost sensor systems are used to establish emission distributions on an
urban scale and she called for additional sound evidence to be gathered to drive the policy. She
said that initiatives like IG3IS would help guide policymaking through the transition process.
Hugo Zunker of Copernicus CO2 – an initiative currently in the planning and preparation phase –
highlighted related activities in Europe. He mentioned two reports: one produced in 2015 on
initial capabilities and one in 2017 that put forward the design and architecture of such a system
for addressing the operational context of implementation. Mr Zunker discussed a timeline for
establishing the operational system in the context of the Global Stocktake (especially considering
the timeline for the launch of the satellite). He said that the European Space Agency is drafting
the report for the satellite component required to implement the system and that the European
Horizon 2020 (H2020) programme is used to drive research activities. He described the
objectives of the operational system: to detect emission hotspots, to monitor them, to assess
emission changes against local emission-reduction targets and to assess national emissions and
changes. He said that national assessments are subject to the strictest requirements, due to the
uncertainty. He also mentioned the GCOS Implementation Plan, which calls on space agencies to
prepare for a carbon monitoring system, and he outlined the space agencies’ response. Mr
Zunker presented the main activities for 2017–2018, referring to the Atmospheric Composition
Virtual Constellation whitepaper on defining the optimum constellation for CO2 and GHG
monitoring. He also presented the idea by Copernicus CO2 of developing an operational system
for monitoring and of developing verification capacity for anthropogenic CO2 and GHG emissions.
He said that such capacities in Europe could allow similar systems to operate within countries
and that IG3IS could play a role in coordinating efforts between countries.
Anna Agusti-Panareda of the CO2 Human Emissions (CHE) project presented the aims of the
project and its ambition to support the implementation of the Paris Agreement by providing
useful information to policymakers and by bringing together European expertise and
infrastructure capabilities for estimating anthropogenic CO2 emissions. She explained that the
project relies on existing expertise and on collating existing efforts from around Europe. Ms
Agusti-Panareda said that this H2020 project involves cooperation with IG3IS and GCOS.
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Figure 3. High-level requirements for the CHE System and the Copernicus CO2
operational system objectives (from Anna Agusti-Panareda’s presentation)
Ms Agusti-Panareda highlighted the importance of all components of the system, as well as the
uncertainties associated with each component, which need to be properly characterized to
generate reliable outputs. Having outlined the work packages defined in the project, she
presented a number of results from simulations conducted throughout Europe using different
models, estimations of uncertainties and delivery disruptions. After outlining current European in
situ measurement capabilities, she stressed the importance of linkages with other projects
(VERIFY, SCARBO), with IG3IS and with other coordination efforts for the global GHG monitoring
system.
Alex Vermeulen of ICOS described the links and potential synergies between IG3IS and the
Integrated Carbon Observation System (ICOS), a network of research stations conducting highquality GHG observations in three domains: atmosphere, ecosystem and ocean. He highlighted
that generating high-quality observation data on GHG concentrations and exchange fluxes was
important to improve knowledge of anthropogenic and natural fluxes and to detect climate
feedbacks and emission trends. He explained that ICOS conducts measurements of 14CO2
through its network and is strongly linked with international activities, including WMO GAW, the
Surface Ocean CO2 Atlas (SOCAT), FLUXNET and the GEO Carbon and GHG Initiative. Mr
Vermeulen described the full value chain that good information creates, from observations to
decisions. He also presented the progress that ICOS has achieved as a research infrastructure.
Pep Canadell of the Commonwealth Scientific and Industrial Research Organisation (CSIRO) and
the Global Carbon Project (GCP), speaking by video link, presented the efforts made with
regards to the CO2 budget and the way GCP is addressing the CH4 and N2O budgets. He
showcased the major components that contribute to the CH4 and N2O budgets, underlining the
importance of integration between top-down and bottom-up emission estimates as well as the
sensitivity of natural fluxes with regard to climate feedbacks. He stressed that regional budgets
(RECCAP-1 & 2) are an important part of the IG3IS initiative. Mr Canadell said that the project

- 11 -

works towards the net zero concept and the Paris climate target by identifying the negative
emissions required to offset unavoidable residual GHG emissions.

Figure 4. Illustrative model pathways from the IPCC Special Report on Global Warming
of 1.5°C, 2018 (from Pep Canadell’s presentation)
Kim Mueller of the National Institute of Standards and Technology (NIST) described the work of
the institute, with a specific focus on its work to improve the accuracy of CO2 and CH4
measurements at the urban scale. She discussed several funded research projects in urban
areas, known as laboratories or testbeds, that aim to develop observational methods and
analysis tools that can form the basis of the national/international standard. According to Ms
Mueller, the motivation for working on urban areas came from the fact that 70% of CO2
emissions in the US are from urban areas, with coal-fired power stations within city boundaries
representing around half of total United States of America capacity and with 10% of CH4 storage
areas being located within 10 miles of city boundaries. She also said that the urban environment
offers the opportunity to scale innovative mitigation activities (transport, energy efficiency) and
that a top-down approach can be complemented with a bottom-up approach, citing examples
from cities in the United States. Ms Mueller ended her presentation by looking at how knowledge
can be shared between the scientific community and stakeholders with different needs and how
emission estimates in urban areas feed into national inventories.
Henning Wuester of the Initiative for Climate Action Transparency (ICAT), speaking by video
link, highlighted that transparency efforts are needed not only for international comparability,
but also to support domestic policy processes. She explained that, given the nature of nationally
determined contributions (NDCs), it is important to understand national priorities and support
transformational change, mobilizing public and private resources. She set out the objectives of
ICAT, a multi-stakeholder partnership to provide policymakers with tools to assess the impacts
of their climate policies and actions, to develop effective and ambitious climate action and to
mobilize investment. She also explained that the organization’s impact assessment guidance
helps countries to improve knowledge of their emissions. She said that ICAT can complement
IG3IS activities in member countries by promoting capacity-building.
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Session 2: IG3IS National Objective
(Chair: Oksana Tarasova)

Introduction to the National Objective
Shamil Maksyutov of the National Institute for Environmental Studies (NIES) addressed the
national objective, focusing on how to obtain information from an observational network in a
cost-effective and appropriate manner so that the information can be used for reporting
emissions to UNFCCC. Drawing attention to the IG3IS Science Implementation Plan for a
national-scale objective, he outlined some of the main steps: identifying user-based information
requirements, capabilities and gaps; designing and developing the measurement network;
developing models; providing communication and technical support for inventory builders; and
supporting capacity-building and outreach. He presented the experiences of Switzerland and the
United Kingdom of Great Britain and Northern Ireland in building an observing network to
improve the accuracy of national GHG reporting. He suggested considering the use of
global/regional high-resolution inverse modelling products (such as Copernicus Atmospheric
Monitoring Service) in the future, once products are developed and tailored for estimating
anthropogenic emissions. Mr Maksyutov mentioned several regional/global inversion systems
currently being developed and tested (Carbontracker-Lagrange, National Oceanic and
Atmospheric Administration (NOAA), LUMIA (Lund University) and the Lagrangian-Eulerian
model), with operational deployment possibly taking place in the near future. Finally, he
described the use of satellite data to assess anthropogenic emissions in the near future as very
promising.
Roundtable with the National Emission Compilers: Where are the uncertainties and how we can
improve them?
(Moderator: Jocelyn Turnbull, GNS Science)
National Emission Compilers presented the experiences of several countries and the ways they
address the uncertainty of different GHG emission sectors reported in national inventories.
Regine Röthlisberger of the Climate Divisions of the Federal Office for the Environment (FOEN) of
Switzerland presented results from atmospheric observations and analysis and from comparisons
with the bottom-up GHG inventory, including SF6, HCF-134a, CH4 and N2O. She said that this
exercise had highlighted where gaps and uncertainties remained and how observations could
lead to improvements in the development of inventories. She also said that additional uses of
emission data are now targeting GHGs associated with specific sectors, such as N2O emissions
from agricultural soil, N2O and CH4 emissions from wastewater treatment plants and CH4 from
biogas facilities.
Camila Labarca of the Chilean Ministry of Environment presented the results of the fifth updated
inventory (1990-2016), including all GHGs and black carbon reported in the Biennial Update
Report to be submitted to UNFCCC later in the year. She said that the inventory is calculated
every three years by different ministries before being compiled for the national inventory. Ms
Labarca said that industry reporting is mandatory in Chile and that the authorities run a
verification system to harmonize and validate different data sources. She added that inventories
are used to make assumptions and identify potential mitigation options that comply with the
NDC. She acknowledged the challenge still posed by a lack of coherence in time series and a lack
of reliable data due to different methodologies used in industry and other sector reports, noting
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that this leads to inconsistencies in capacities to make assumptions and identify emissionreduction opportunities.
Dirk Günther of the German National Environment Agency, speaking by video link, began his
presentation by explaining that economic sensitivities are not an issue in the German national
inventory, which follows the IPCC Guidelines for reporting to UNFCCC. Acknowledging that the
agency needs to better understand where emissions come from, he underlined the importance of
identifying the sources used for modelling. He also pointed out that uncertainties in estimates
are an inherent part of a complete emission inventory and that the inventory assesses the
uncertainty of emission factors and activity data once sectoral total emissions and national total
emissions have been estimated. He added that the European VERIFY project is developing the
calculation of aggregated uncertainty. He said that calculations of CO2 emissions from fossil fuels
are well established, with a high confidence level, while calculations of N2O and CH4 in the
agriculture and waste sectors are being addressed, given the large uncertainty of the levels of
those gases in the national total, with atmospheric observations and modelling able to provide
excellent support in those sectors.
Greet Janssens-Maenhout of the European Commission Joint Research Centre (EC-JRC) in
Belgium underscored the fact that inventories are not the final goal, but merely a tool for
monitoring progress on emission-reduction commitments. She said that information should be
geared towards stakeholders. She explained that the major emitters of CO2 are coal-fired power
stations and that, although uncertainty remains in some sectors, such as agriculture, those
sectors are not the largest GHG emitters. Regarding subnational emissions, she pointed out that
multilevel governance leads to different actions at different levels and that, while cities are
paving the way to bring about action through innovation, some challenges remain when building
a city inventory. She described the Global Stocktake as an opportunity to obtain a global
overview of total GHG emissions, to track emission reductions and local actions, and to provide
observation-based evidence on the presence or absence of atmospheric trends.
Mark Hunstone of the National Inventory Systems and International Reporting Branch of the
Australian Department of the Environment and Energy (DEE) noted that inventories are compiled
in line with the IPCC Guidelines to fulfil the reporting obligations towards UNFCCC and others. He
described the Australian inventory as comprehensive, since it includes sources and sinks, activity
data and emission factors and it relies on national statistics and consumption and remotesensing data. Mr Hunstone pointed out that Australia undertook some of the early work in the
use of atmospheric observations for emission estimates, using SF6 to reveal trends and leakages,
and that the information is produced annually, with emissions traced to their sources and
included in the national emission estimate. He explained that atmospheric observations and
modelling had been used as a verification tool for the bottom-up inventory. He also presented a
specific work on SF6 emissions in which bottom-up inventory uncertainty was driven by unknown
leakages and equipment, specifying that all SF6 in Australia is imported. He acknowledged that a
limitation of that bottom-up model is that it is not sensitive to improvements in leakage
detection and management.
The panel presentations were followed by an open discussion in which it was pointed out that
information on the temporal variability of industrial emissions is not always easy to find, that
remote-sensing data made the spatial disaggregation of CH4 emissions easier, that inventories
cannot include peak emissions due to the reporting time lag and the limited spatial resolution,
and consequently, that inventories are good for national emission estimates, whereas
atmospheric observations and modelling provide detailed information on extraordinary events.
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It was widely acknowledged that communication between the scientific community and inventory
compilers is a challenge. Projects like IG3IS or VERIFY were said to be extremely important for
inventory builders, since they can help to improve mutual understanding between two
communities, leading to greater consistency with the reporting guidelines. The panel urged the
use of simple language when communicating inventories to the public.
The panel recognized that comparisons between bottom-up and top-down emission estimates
are not advancing fast enough, that discrepancies are not addressed and that super emitters are
not reflected in inventories. They called for further research breakthroughs regarding
observation-based emission estimates to be better communicated and to be made known to
policymakers and inventory developers. They also underlined the importance of communicating
inventory builders’ needs to the research community, noting that IPCC Guidelines are detailed
and reliable, which means that policymakers cannot use research results if they do not fit the
guidelines currently used.
The panel underlined that inventories with rich data sets are very useful for understanding
specific sources and emitters, while atmospheric observations show an integrated signal that
complements the detailed inventory. They stressed that discrepancies between the two
approaches are good, since they teach us where additional information can be provided,
improved or explored.
They discussed the potential for atmospheric measurements to be used in countries where
detailed activity data are not available, such as in developing countries that do not have the
necessary data needed to create an inventory, but they acknowledged the need for capacitybuilding, since many of those countries lack the capacity to create the necessary data sets for
the inventory or to perform high-quality atmospheric measurements.
The panel identified land use as a sector in which atmospheric observations could provide
particularly useful information, given the substantial uncertainties that exist in compiled emission
information. By way of example, it was pointed out that Chile had reported 40% uncertainty in
its national inventory without the land use, land-use change, and forestry sector (LULUCF) but
70% uncertainty in the LULUCF sector. It was noted that, since space remote-sensing scales are
not optimal to provide useful information to the LULUCF sector and for emission factors to be
adapted to national circumstances, investments are required to develop national GHG
observations.
Summary of user requirements
•
•
•
•
•

Standard methodology to be used at the facility/local/regional scale
International comparisons of results and exchange of data and lessons learned
Acceptance in the context of national inventories
Guidance on how bottom-up and top-down approaches can be combined most
efficiently
Development of a user-friendly inventory for communication with the general public

Presentations from the scientific community: What solutions can IG3IS provide
to emission compilers?
(Chair: Oksana Tarasova)
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Dominik Brunner of the Swiss Federal Laboratories for Materials Science and Technology (Empa)
showcased the capabilities of tall towers and inverse modelling to reduce uncertainties in
emission estimates (especially for N2O and CH4) and to identify the location of emission sources
and the transport of GHG into the atmosphere. He also pointed out that seasonal emission
variability can be tracked using atmospheric observations and inverse modelling. He presented
the national spatial distribution of N2O emissions from agriculture and waste. Finally, Mr Brunner
presented the findings of joint work with the national emission inventory agency, which had
established the following:
•
•
•
•
•
•
•

Strong collaboration between atmospheric modellers and inventory builders has helped
both groups to understand each other’s needs, capabilities and limitations;
Atmospheric observations have been used to identify a large source of HFC-23 in Italy
based on measurements from a single representative site;
Spatial inversions (for CH4) provide not only country totals but also qualitative
information on sources and processes;
Sectoral inversions are possible, but sources with a similar spatial distribution are difficult
to separate, so estimates will be limited to the dominant sectors;
Top-down estimation requires spatially explicit prior emissions, and the quality of this
prior information affects the quality of estimates;
Robust high-quality instruments are essential for long-term monitoring;
Maintenance and salary costs may be substantial.

Alistair Manning of the UK Met Office presented collaborative efforts by the UK to use
atmospheric observations to inform the national inventory and the inventory improvement plan.
He explained that the UK includes an Atmospheric Emission Annex in the national inventory
report (NIR) that it sends to UNFCCC. He said that the comparison of HFC-134a emissions
estimated through the 2015 inventory with estimates made using atmospheric observations and
inverse modelling has improved the understanding of practices in the refrigeration sector,
resulting in better emission estimates by inventory builders and better GHG reporting. He also
pointed to methane as a good example of a gas for which inventory and atmospheric inversion
has reduced discrepancies in emission estimates over the years. Mr Manning acknowledged that
the data for N2O is consistent across time series and said that atmospheric inversions show a
strong seasonal cycle for emissions, whereas inventories are annual. He said the biggest
uncertainty remains in the natural emissions component.
Jocelyn Turnbull of GNS Science explained how New Zealand has pledged to make the country
carbon neutral by 2050 and to plant a billion trees over 10 years. She said that New Zealand
targeted CO2 first, since the GHG emission profile had shown that more than the half of national
emissions came from agricultural sources (CH4), including dairy products, which are a major
export. She also said that atmospheric observations and analysis in New Zealand had shown that
uptake of CO2 was 30% to 60% higher than expected from the NIR and the land model, that
there was inter-annual variability in the land carbon sink that was not present in the NIR, and
that the additional CO2 uptake was in the Fiordland, a remote, forested wilderness. She
explained that the results and the use of atmospheric observations were aligned with the
UNFCCC and IPCC principles of transparency, accuracy, consistency, comparability and
completeness. She explained that tracers and isotope techniques were being introduced to
determine the processes driving the Fiordland uptake.
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Turning to the subject of the Auckland Urban Study, Ms Turnbull said that priorities are defined
by the needs of city stakeholders (land carbon uptake). Finally, she said that New Zealand
experts are working on the urban biogenic model, given the key role of tree planting and land
management in the National Low Carbon Action Plan, and that the urban land carbon sink is
virtually unknown, given that the NIR does not consider urban areas.
Zoe Loh of CSIRO explained how atmospheric measurements and tracer techniques had been
used in Cape Grim to study the increasing trends of hydrofluorocarbons (HFCs). She said that a
CSIRO study had demonstrated good agreement between different techniques based on
atmospheric observations. Nevertheless, atmospheric data suggested that, for some species,
emissions were at only half the levels reported in the inventory, whereas for others, the
inventory estimates seemed to be lower than the estimates based on atmospheric observations.
Ms Loh said that atmospheric data suggests that the national inventory overestimated HFCs,
perfluorocarbons (PFCs) and SF6 emissions by 5 million tons of CO2 equivalent. Finally, she said
that the conclusions addressed the value of atmospheric information to improve the fidelity of
emission reporting, to provide actionable levels of detail, and to provide information on the
effectiveness of action.
Andrea Kaiser-Weiss of the German Weather Service (DWD) pointed out that national inventories
by the National Environmental Agency (UBA) provide a good level of detail on activity data and
emission factors. She outlined the plan to include concentration and flux measurements from
towers, masts (ICOS) and ground, aircraft and satellite instruments to inform policymakers. She
also outlined the make-up of GHG emission data in Germany, in which “known unknowns” refers
to emissions where there is complete uncertainty. The largest contributors are forestry, energy
and transport for CO2; livestock farming and waste management for CH4; and cropland,
grassland and waste management for N2O. She said that the combination of German inventory
knowledge, DWD operations and the atmospheric research community allowed for:
•
•
•
•
•

Capacity-building for the operational objective verification of inventories;
The reduction of emission uncertainties;
An increase in the spatial and temporal resolution of emissions;
The possibility to tackle unknown unknowns;
The possibility to address and quantify unusual events.

Summary of capabilities

•
•
•
•
•
•

Reduction of national total emission uncertainties
Use of atmospheric observations and inverse modelling to track seasonal emissions
variability
Improved understanding of emission estimates by inventory builders and in GHG
reporting
Detection of inter-annual variability in the land carbon sink and identification of
discrepancies with national reporting
Increased spatial and temporal resolution of emission estimates
Potential for tackling unknown unknowns and addressing unusual events

- 17 -

Open Discussion: Do the available solutions meet the stakeholders’ needs on the
national scale?
(Moderator: Jocelyn Turnbull, GNS Science)
The presentation in the earlier session demonstrated that the combination of emission inventory
work with atmospheric observations and analysis brought some improvements in the
understanding of emission inventories and emission processes and provided additional
constraints on spatial and temporal emission distribution and variability. Though the capabilities
were demonstrated only for the limited number of developed countries, they have still not been
tested in developing countries at all. The discussion brought up the critical question of
missing modelling and observational capabilities in developing countries. The need for
the IG3IS systematic support to upscale to developing countries was highlighted. To
start with this upscale, it is necessary to identify what would represent “a Tier 1” concept in
IG3IS that could be accepted by countries.
It was noted that the community needs to better understand how the transparency mechanism
in the Paris Agreement can be used to promote emission estimates based on atmospheric
measurements. It was also noted that the transparency mechanism indicates periodical updates
of national inventories, but that it is not clear whether developing countries are ready to update
inventories at that pace and whether the IG3IS approach could be an appropriate
solution to estimate national totals with the required frequency.
The discussion addressed the national responsibilities and authority related to emission
reporting. Participants said it was unclear whether national stakeholders are willing to receive
atmospheric data from the research community or from national operations agencies.
Noting that GHG emission targets are currently based on emission inventories, participants
underlined that including and dealing with new information in the inventories must be well
described and harmonized among countries to avoid confusion, and they noted that
political processes are very meticulous, so bringing new information to such processes would
take time.
The stakeholder community noted that, although inventory systems change dynamically, targets
are set based on initial data from the Kyoto Protocol. They said that reporting emissions is
not the same as accounting for them and that the accounting system is a construct formed
by the data measured and political decisions. The stakeholders called on the scientific community
to continuously refine methods, approaches, etc.
The stakeholders also said that the ability to find sources through atmospheric observations is a
good asset for policymaking, but they stressed the importance of wording to promote
atmospheric observations, since it might be challenging to obtain a buy-in from stakeholders
for a tool that reduces uncertainty, and the tangible support it can provide to policymakers might
remain unclear. They also said that there is a natural reluctancy to change or adopt methods.
In the open discussion that followed, guided by Dr Pavel Kabat, the Chief Scientist and Director
of Research at the WMO, the main topic was the role of academia in support of global efforts to
tackle climate change. Dr Kabat referred to his personal experience, starting in the 2000s, when
the research community started to set up infrastructure to measure CO2 fluxes and began to use
inversion models. Nonetheless, he noted that agreement on CO2 budget calculations was still a
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long way away, and he asked the scientific community whether Tier 2 and Tier 3 were ready to
go.
Alex Vermeulen pointed out that, thanks to observations, a lot has been learned about the
systematic errors that exist in transport models and that, for those models to be used in
operations in Tier 2 or Tier 3, some improvements still need to be made. By contrast, he said
that atmospheric measurements have been substantially developed and could be
performed with very little uncertainty (in terms of atmospheric concentration
measurements, rather than the flux measurements mentioned by Dr Kabat).
Dominik Brunner added that benchmarks are still missing. He said that although some
traceability exercises performed in the past help with assessing the quality of models,
atmospheric transport biases are difficult to quantify. He said that levels of uncertainty are
different for different atmospheric tracers, with CO2 being a very difficult one, but he
added that experience with constituents like HFC and CH4 is very encouraging and promising.
Dr Kabat asked the stakeholder community how much of this new information they could take to
their ministry or national negotiators.
Swiss stakeholders noted that they are making progress in including measurement-based
information in national policies, but they underlined that there is major uncertainty in science.
Drawing attention to Article 3 of UNFCCC, they said that a lack of full scientific certainty is not an
excuse for not taking measures. The stakeholders noted that this has encouraged the
international community to draw up treaties and achieve international cooperation. They
questioned whether Tier 1 is sufficient for the time being and noted that scientists work by
refining methodologies, which is necessary.
It was pointed out that for the European Commission it is difficult to separate operational results
from research in services like Copernicus, since a strong connection between research and
operations is required to maintain the quality of the services provided. Research would remain
important, and how research can help fill specific gaps in operations would need to be
addressed.
It was also pointed out that advances in atmospheric measurement-based techniques for
emission estimates were very recent and that many challenges remained, despite
improvements to methodologies. The scientific community needs to begin showing the world
that the atmosphere contains useful information about GHGs that it can use to answer
questions and to support policymakers on climate action.
Finally, it was pointed out that the scientific community and stakeholders have a wide range of
capabilities and that, although IG3IS cannot make huge changes to inventories that are already
developed, it can help developing countries to improve their capacities so that they can better
understand their emissions.
Further discussion addressed the nature of governance in different countries and the ways in
which national institutions are collaborating in this area. It was noted that the institutional
structure can represent a challenge in establishing cooperation between atmospheric
measurement communities and inventory builders.
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The discussion also mentioned the fact that, since bureaucrats act within the confines of the law,
IG3IS must provide or adapt to a legal framework. The incorporation of scientific requirements
into law would make it is easier to assign responsibilities.
It was pointed out that moving the system into the operational domain would require dedicated
efforts to compare different modelling systems and to develop comparison projects to provide a
robust quality assessment of the products developed. Comparing data would be difficult
without building capacities and promoting a standardized approach.
Finally, it was suggested that a pilot or demonstration-type project in a country or sector could
incorporate all the topics discussed in this symposium to show what useful capabilities exist for
stakeholders and what added value IG3IS can provide.
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Session 3: IG3IS Subnational/City-Scale Objective
(Chair: Phil DeCola)

Introduction to the Subnational/City-Scale Objective: The role of the cities in the
global agenda
Angel Hsu of Yale University in Singapore described the role of cities as global policy actors. She
stressed that, in an urbanized world, most of the population lives and participates in economic
activities in urban areas, a trend that was set to increase in the future. She referred to the global
climate action of cities, regions and businesses (Data-Driven Yale, New Climate Institute, PBL,
2018) to highlight subnational efforts to tackle climate change with meaningful ambitions and
actions, in addition to national policies and efforts. Noting that several Sustainable Development
Goals (SDGs) address sustainable cities and communities, Ms Hsu argued that cities are the key
actors for achieving the SDGs and that it is important for cities to network and communicate.
She said that one of the limitations when providing information to policymakers is to target
policies to specific cities, since cities have such diverse socioeconomic and geophysical
characteristics. Ms Hsu also described the work of Yale University in developing a sustainable city
index.

Roundtable with the Subnational/City-Scale Stakeholders: Where are the
uncertainties and how we can improve them?
(Moderator: Felix Vogel, Environment and Climate Change Canada (ECCC))
Felix Vogel introduced the discussion topic by referring to the IG3IS principles that aim to provide
decision makers and users with the best science-based information available by using
socioeconomic data, atmospheric measurements and modelling tools so that they adopt useful
measures to reduce emissions.
John Lin of the University of Utah presented the Salt Lake City and Beyond experience. He
described the approach to the development of the underlying monitoring network that is owned
by numerous partner organizations. He explained how comparisons in Salt Lake City reflect
differences in CO2 trends between the urban core and the suburbs and he stressed the
importance of using meteorological data to interpret observational data on GHGs. He noted that
the rich data set includes data on street-level CO2 emissions obtained by the Hestia Project,
including spatial patterns throughout the Salt Lake area and data on traditional pollutants such
as ozone and PM 2.5. He added that many rich data sets are being compiled in North America,
such as in Los Angeles, Indianapolis and Toronto, to explore how to standardize urban emission
estimates. He also said that a study looked at the impact of city green spaces on urban GHG
inventories.
Key messages from urban stakeholders included the need for more information about on-road
emissions, the need to relate GHG emissions with air quality, the importance of working with
utility companies to decarbonize power generation, and the significance of scientists as
communicators and educators.
The challenges raised included such issues as disparities between the emission estimates of
urban stakeholders researchers, the lack of consistency between emissions calculated by adding
together the emissions of individual municipalities and those estimated for a large area, and the
role of electricity consumption, which is not reflected in direct emissions in the area but is a
significant part of emission-reduction plans.
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Paulo Barros of the State Environment Agency (CPRH) of the Brazilian state of Permanbuco
presented relevant experience from his organization, which is responsible for implementing
environmental policy in the state. He said that the GHG inventory of the state capital, Recife,
had improved thanks to the incorporation of measurement and analysis data, which had helped
to identify the main GHG emission areas, including CH4 emissions from uncertain sources. He
said that, in addition, atmospheric measurements revealed a large amount of methane not
reflected in the inventory and 8% higher fossil fuel emissions than estimated in the inventory,
while uncertainty was down from 40% to 20%. Mr Barros then set out the next goals and
challenges: to expand the monitoring area and period to obtain better information on CH4
emissions, to integrate GHGs and air-quality monitoring, to develop and implement public
policies to reduce GHG emissions, to evaluate the impacts of public policies using a reliable
system, to simulate scenarios based on the results of policies, to identify (with a better
resolution) the main emission sources, to promote a better vision and a consistent strategy in
the state, and to implement actions aimed at achieving the NDC goals, among other measures.
Yann Françoise, the Head of the Climate Division for the City of Paris, presented the pathway for
a carbon-neutral city by 2050. He called on policymakers to be more confident in taking action
and to properly communicate to the public how we must change the way we live. He explained
that a third of carbon emissions in Paris are generated by direct sources, with many emissions
generated outside the city boundaries. Mr Françoise listed opportunities for IG3IS, namely to
assess the effectiveness of local projects, to assess the capabilities of sink-related projects, to
reduce emission estimate uncertainties, to provide continuous information on the state of
emissions, to support decision makers through reliable information and to assess indirect
emissions.
Shanju Xie, from Auckland Council's Research & Evaluation Unit (RIMU), described the
experience of the city – home to a third of the New Zealand population – with evaluating its
climate strategy. He mentioned that Auckland’s low-carbon action plan (a 40% reduction by
2040) includes drawing up a GHG inventory to evaluate progress towards its goals (using the
City Inventory Reporting and Information System) and implementing a climate action plan that
addresses both mitigation and adaptation. He said that, for the city council, the information
needed to support the city’s climate policy should include a spatially scalable system, should
address consumption-related action planning and should include carbon-emission modelling with
flexible, open and transparent modelling tools. Mr Xie underlined the importance of having
reliable and quantified information on carbon sinks in the form of tree-planting initiatives (for
which air quality is a co-benefit) and the importance of improving emission estimates from onroad vehicles.
Cesar Carreño of the International Council for Local Environmental Initiatives (ICLEI) – Local
Governments for Sustainability presented the Carbon Climate Registry, a platform on which
more than 1 000 cities register and report targets, action plans and GHG inventories. He
explained that there are certain basic requirements when reporting and that integrated data
products could be created. Mr Carreño said that ICLEI conducts trend analysis and develops
recommendations. Finally, he said that the reporting process includes two GHG inventories: one
based on the Global Protocol for Community-Scale Greenhouse Gas Emission Inventories (GPC)
and one based on a simplified corporate inventory for local government activities.
Elsa Martayan of the Global Urban Air Pollution Observatory (GUAPO) described the challenges of
this initiative. She stressed that cities are at the front line in tackling air pollution, which is
important because of its health impacts and because it is a political issue. She called for public
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policies to further incorporate air pollution actions and for public awareness to be taken into
greater consideration, noting that better social acceptance would allow currently unpopular
measures to receive public support in the future. She also called for a holistic approach to
achieving cleaner air in cities, with centralized, accessible data on air quality, documentation of
the health impacts of air pollution, the development of easy-to-understand information,
awareness-raising and engagement with the general public. She said that GUAPO adopts such an
approach.
The panel agreed that there is a gap between those who produce city inventories and the
atmospheric research community, despite efforts to implement models for evaluating emissions.
They said that many questions remained in relation to city reporting. They noted that only some
ICLEI reports are open and called for guidelines on the required frequency of reporting. They
also said that cities are visible and have opportunities to showcase their political lead and their
case studies. Regrading IG3IS, they said that the system can be a very good integrator of
mitigation actions.
The panel said that every local policy is applied to different sectors and that a strong link exists
between the monitoring scheme and the funding scheme. They also said that ICLEI provides
evaluation and analysis to pre-identified projects.
Summary of user requirements

•
•
•
•
•
•
•

An understanding of the linkage between GHG emissions linkage and air quality
Access to reliable and quantified information on carbon sinks in the form of treeplanting initiatives (with co-benefits for air quality)
More information about on-road emissions and the transport sector
A robust framework (label, standard, regulation, terms of reference) to help cities
formulate their demands
Mechanisms to establish partnerships for pilot projects between network cities and
standard organizations
A scientific road map to downscale monitoring at the project level
Greater inclusion of the finance and business sectors in the IG3IS community

Presentations from the Scientific Community: What solutions can IG 3IS provide
to subnational/city stakeholders?
(Chair: Phil DeCola)
Felix Vogel of Environment and Climate Change Canada (ECCC) presented the efforts made by
Canada in terms of atmospheric observations, process studies, model development and
application, and analysis and diagnostics to support decision-making on adaptation and
mitigation. He said that the division can simulate weather forecasts and the distribution of CO2
and other gases thanks to observations from 20 monitoring stations across Canada. Noting that
about 82% of Canadians lived in urban areas as of 2016, he said that cities have ambitious goals
regarding emission reduction. Mr Vogel presented new GHG inventories for the Greater Toronto
Area and different techniques, with sectoral distribution of CO2 emissions. He underlined the
importance of comparisons made between current inventories and atmospheric observationbased information that utilizes the same model as is used in weather forecasting, since those
comparisons can provide information on future GHG scenarios and how they would impact local
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CO2 emissions from fossil fuels, and they can also be used to design appropriate monitoring
systems that can pick up signals from sector-specific measures and policies to track the success
of mitigation and develop sector-specific inversion. He said that CH4 measurements are also
addressed, with mobile surveys used to find leakages and hotspots, and that this information can
also be used for dedicated policies and actions. Mr Vogel noted that similar studies were
conducted in several cities, including the Recife project, in which the Canadian–French team
helped to generate spatially resolved emission maps and identify unexpected CH4 sources.
Jocelyn Turnbull of GNS Science presented her research on the use of radiocarbon (14C) to
partition fossil and biogenic CO2 sources, as well as the use of other tracers, including CO, for
source attribution. She explained the urban carbon cycle and 14C approach for separating
sources. She also explained that the impact of nuclear plants on levels poses a challenge to the
use of radiocarbon in cities. Referring to studies in Auckland that had estimated CO2-fossil fuel
and CO2-biogenic emission and uptake levels, Ms Turnbull said that fossil fuel–related CO2 does
not present a pattern based on the time of the day, but that biogenic-related CO2 does. She
explained that, for the daytime data set, land carbon sink removes about 25% of Auckland’s
fossil fuel CO2 emissions. She also said that, in similar studies performed for Indianapolis, the
fossil fuel fraction was estimated using 14C and CO tracers, with spatial patterns calculated using
aircraft measurements and a mass balance approach.
Michael Ramonet of the Institut Pierre Simon Laplace (IPSL) presented the project “Mexico City’s
Regional Carbon Impacts” (MERCI-CO2), the purpose of which is to establish observational
capabilities to enable the evaluation of CO2 emission reductions by the Federal District’s
environmental authority (SEDEMA). He described the methodology being developed for the
project, which includes atmospheric observations, high-resolution emission inventory (1x1 km)
and the atmospheric transport model. Mr Ramonet said that high-precision measurements are
performed at two sites, one in the city centre and one in the outskirts, and are complimented by
lower-cost, medium-precision measurements at another 10 sites and total column
measurements at three sites.
Ning Zeng of the University of Maryland, speaking by video link, presented the regional carbonmonitoring project for the Beijing-Tianjin-Hebei City Cluster. He noted that existing carbon
inventories covered the provincial and municipal levels and had uncertainty levels of about 20%.
He described the goals of the project: to establish a carbon monitoring system for the city
cluster with continuous spatial, aerial and ground observations of CO2; to create inventorybased, high-resolution estimates of carbon emissions; and to produce best estimates of carbon
sources and sinks using a model-data assimilation approach. He informed those attending that
the outputs of the first Chinese CO2 observation satellite would be used for the project. He added
that the ground-based segment would include high-precision observations combined with lowcost, high-density smart sensors and that emission estimates would be done using highresolution modelling. Finally, Mr Zeng mentioned some of the societal goals: to apply the data
and knowledge to the low-carbon development goals of government, industry and communities
and to build an end-to-end system that is scalable to support the urgent air-pollution issue.
Fouzi Benkhelifa and Sarah Dubreil of SUEZ – Paris presented the City of Paris’s ambitious plan
to tackle climate change. They noted that, while 70% of GHGs originate in cities, less than 1% of
the carbon credits from Kyoto Protocol projects are related to cities. They said that cities need: a
tool to measure the impact of climate policies, a CO2 index for citizens and decision makers that
could trigger informed actions, and CO2 mapping services to measure the performance of
emission-reduction projects and to include climate finance (additional revenues with energy-
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efficiency certificates and carbon credits). They argued that decision makers need services, not
technology. While acknowledging that good data are important, they said that stakeholders need
relevant information for action. They also said that, to promote observations, monitoring should
be fostered as a tool to access financing. They added that two main sets of requirements should
be met by such a system:
1)
2)

Access to data, comparability between data sets, information transparency, a multiscale approach, and quick implementation methods;
A revenue model and scalability that are compatible with existing climate finance tools.

Figure 5. Level of sophistication of urban stakeholder needs versus the complexity of
solution
Kevin Gurney of Northern Arizona University presented his work as part of the Vulcan project,
which quantified CO2 emissions from fossil fuels in the United States following a bottom-up
approach. He said that over the last three years the system had been rebuilt with hourly data
and a 0.5 × 0.5 km horizontal resolution. He mentioned the places where the system had been
used: Houston, Boston, the San Francisco Area, New York and Chicago. He also mentioned that
in Los Angeles it had been found that 10% of a 100 m grid cell accounted for 60% of on-road
emissions. It had also been found that higher-income residential buildings generated higher
emissions.
Dr Gurney presented the Hestia Project, in which all fossil fuel CO2 emissions are quantified for
individual cities every hour at the building and street level. He also indicated that it is
economically inefficient for cities to have two estimates, noting that the main need for cities is
mitigation guidance, not verification. He said that Hestia presents such information in detail to
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offer specificity, which translates into efficiency, and that the information fits into the urban
planning toolchain because it is spatially explicit, geo-registered, compatible with air quality and
transport modelling and a powerful communication tool. Finally, Dr Gurney said that an
operational urban carbon information system must obtain the best flux estimate possible, which
could be used for forecasting, mitigation-related decision-making, planning, the provision of
mitigation guidance and verification.

Summary of capabilities
•
•
•
•
•
•

The possibility of simulating the distribution of CO2 and other gases using observations
in a similar way to a weather forecast
Appropriate monitoring at the urban scale using systems that help track mitigation
success and develop sector-specific inversion
The use of radiocarbon (14C) for partitioning urban fossil and biogenic CO2
The implementation of the combined/tiered observing system (satellite and groundbased high-precision observations and low-cost, high-density smart sensors) to guide
actions towards low-carbon development goals
Observation-based information to support access to financing
High-resolution research emission inventories (hourly, up to the building and street
scale)
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Session 4: IG3IS Industrial and Private Sector Objective
(Chair: Kevin Gurney)

Introduction to the Industrial/Private Sector Objective: The role of the business
in the global climate agenda
Rasmus Valanko of the World Business Council for Sustainable Development (WBCSD) presented
the role of business in climate action. He said that the WBCSD works with private companies to
achieve sustainability in six areas, one of which is climate and energy. He added that the
organization bases its efforts on science as much as possible. He also said that, since the
purpose is to fulfil the Paris Agreement, businesses can act as implementation agencies, working
on renewables, electric mobility, food, land and water. He addressed the discrepancies between
academia and businesses with regard to approaches, highlighting an important consideration
when working with businesses, which is cost. Mr Valanko noted that, since financial sustainability
is important to businesses, they want to understand externalities and internalize benefits, and
they look at the risk that the climate change poses to their operations. He said that the
opportunities are very promising and that businesses would like to differentiate themselves from
others by exploring new business areas, with a wide range of opportunities and benefits
available, such as new revenue streams and reputations, new licences to operate and new
customers, but also several risks, such as exposure of the business, implicit costs, impacts on
the licence to operate and lost customers. He stressed that companies need data and projections
to help them with short- and long-term decision-making and to help them assess the risks and
benefits of sustainable actions.
Simon Henry of the International Emissions Trading Association (IETA) said that his organization
works with climate credits to provide related services to emitter companies. He explained that
emission trading places an obligation on companies to require a permit for every ton of GHG
they emit and added that the number of permits in the market is aligned with long-term targets,
with the price reflecting the marginal cost of abatement needed to deliver the carbon target. He
said that an international market for aviation was expected to begin in 2021, from which point all
emissions should be offset. Mr Henry explained that carbon markets generally use two types of
permits: allowances, which confer the right to emit, and credits, which can be used for
offsetting. He clarified that issuing carbon credits requires accurate baseline and outturn
emission data, since good data are needed to monitor interventions and issue carbon credits
with confidence. He added that reliable data are also needed for a system to be able to verify the
market as a whole. To underline the point, he drew attention to article 6 of the Paris Agreement
on the use of internationally transferred mitigation outcomes by parties to the agreement and to
article 13 on the transparency framework. Finally, Mr Henry addressed the cost-effectiveness of
the carbon market, noting that, while annual investment on emission reductions could reach
US$ 300 billion by 2030, the World Bank states that a global carbon market could reduce
mitigation costs by more than 50% by 2050.

Roundtable with the Industrial/Private Sector Stakeholders: Where are the
uncertainties and how we can improve them?
(Moderator: Daniel Zavala, Environmental Defense Fund (EDF))
Stéphan Plisson-Saune of the Oil and Gas Climate Initiative (OGCI) presented the efforts made
by OGCI to catalyse meaningful actions on climate. He explained that the initiative had been
built with the participation of big oil and gas firms such as Total and Saudi Aramco, and that,
since 2014, OGCI had scaled up its efforts to tackle climate change, the aim being to reduce the
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footprint of the value chain, thus accelerating low-carbon solutions and enabling a circular
carbon model. He explained the purposes of the research carried out and methodologies
developed by OGCI partners: to quantify and reduce methane emissions across the oil and gas
value chain, to improve transport efficiency, to capture, utilize and store carbon, and to create
low-emission opportunities and new workstreams. He said the overall objectives include
detecting and monitoring methane emissions, reporting and mitigation and engaging further with
academia. Mr Plisson-Saune mentioned OGCI’s collaboration with UNFCCC, the United Nations
Environment Programme (UNEP), the International Energy Agency, the World Bank, the
Environmental Defense Fund, the Breakthrough Energy Coalition and academia. He then referred
to the 2018 methane target, which aims to reduce the average total methane intensity of
aggregated upstream gas and oil operations to below 0.25% by 2025. He discussed the interest
that exists in using high-resolution satellite imagery to detect and quantify CH4 and CO2 hotspots
as well as in the use of aerial surveys with aircraft-mounted spectrometers and other
measurement-based methods that generate data frequently or in real time. He noted that OGCI
is not satisfied with regional measurements, since a high spatial resolution is required for the
specific value-chain assessment. Inverse modelling is very important for this sector in order to
allocate (attribute) emissions to sources and take immediate action.
Valentin Foltescu of the Climate and Clean Air Coalition (CCAC) highlighted all the atmospheric
components (CO2 and CH4) for which the coalition wants to maximize the impact of measures
and policies. He mentioned the release of a UNEP report on science-based solutions to air
pollution in the Asia–Pacific region,2 which included a scientific assessment of air pollution in the
region, policies and technologies in place and implications for health and climate change. Mr
Foltescu said that the benefits of reducing emissions reflected in the document include groundlevel ozone reduction and impacts on crop losses. He explained that CCAC was calling for a
drastic reduction in CO2 together with a reduction in CH4 and other climate-forcing substances in
order to enjoy all the co-benefits of action related to air pollution and the climate.
Christopher Konek of UNEP Oil and Gas Methane Science Studies listed the organizations
involved in these studies, including UN Environment, EDF and oil and gas companies. He said
that the studies rely on the scientific community around the world and focus on achieving a
better understanding of methane emissions and the oil and gas supply chain, the goal being to
quantify CH4 emissions by the oil and gas sector. He explained that, although the activities are
officially organized under CCAC, the studies are actually organized by UNEP, EDF and OGCI and
are informed by the oil and gas industry, which assigns a group of experts on the ground to
provide assistance. Mr Konek said that the governance of the studies promotes public–private
dialogue while guaranteeing their independence. Finally, he said that the results will be published
in technical journals and peer-reviewed publications and would be available to stakeholders, the
main idea being to obtain data to guide the emission-reduction actions of stakeholders and
private companies.
Dora Luz Llanes Herrera of the Agency for Safety, Energy and Environment (ASEA) in Mexico
presented her organization as a new regulatory framework for hydrocarbons in Mexico. She
explained that as a result of the energy reform in 2013, ASEA was born as a regulatory
mechanism in the Ministry of Environment and is responsible for overseeing the complete value
chain of industrial and operational safety and environmental protection. Ms Llanes Herrera
addressed the need to regulate and reduce methane emissions to comply with several
2

Air Pollution in Asia and the Pacific: Science-based solutions, Climate and Clean Air Coalition (CCAC) ,
United Nations Environment Programme (UNEP). Link: https://www.ccacoalition.org/en/resources/airpollution-asia-and-pacific-science-based-solutions-summary-full-report
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declarations and international agreements. She pointed out that the Mexican government was
strongly pursuing initiatives to reduce GHG emissions, including a 40%–45% reduction in CH4
emissions by the hydrocarbon sector (the second largest contributor, after agriculture) by 2025,
given that Mexico is one of the world’s top 10 methane emission contributors worldwide. She
quantified the environmental costs for Mexico of total emissions by 2100 at 6.22% of gross
domestic product (GDP), and she quantified the investment by Mexico to control 50% of total
emissions by 2100 at 0.7%–2.21% of GDP. Finally, she said that Mexican actions are aligned
with regulations in Canada and the United States and with International Organization for
Standardization standards, which are considered best practices.
Discussion Highlights: It was mentioned that there are plans in Europe to include agriculture
in the carbon market, the largest CH4 emitter. It was also mentioned that, while the market is
efficient at setting targets, agriculture is a very challenging sector because of its emission
distribution.
Flaring was not mentioned in the presentations because the estimated emissions generated by
flaring are very precise, so further information regarding emission uncertainty is probably not
required.
It was mentioned that, from a stakeholder perspective, an accurate GHG measurement is one
that can be used for emission monitoring at a facility level, which is achieved in different ways,
to a large extent depending on the regulations. It was also pointed out that in situ
measurements of gases are conducted at installations and allow for emission estimates with
5%–15% uncertainty. Finally, it was pointed out that most OGCI companies are focusing on
technology to reduce and monitor emissions.
Summary of user requirements

•
•
•
•
•
•

The detection and monitoring of methane emissions for reporting and mitigation
A high spatial resolution for the specific value-chain assessment
Inverse modelling to allocate (attribute) emissions to sources and take immediate
actions at the facility level
The evaluation of methane emissions for compliance with declarations and international
agreements
An improved understanding of agricultural emissions and their spatial distribution
Further engagement with academia

Presentations from the Scientific Community: What solutions can IG 3IS provide
to industrial and private sector stakeholders?
(Chair: Oksana Tarasova)
Daniel Zavala of the Environmental Defense Fund presented specific examples where science and
measurements have affected decision-making processes and users. He highlighted the
importance of data and information being quickly translated into mitigation action and identified
three aspects in which data could provide valuable support for mitigation: to constrain the
problem (calculating the emission baseline); to identify new opportunities; and to monitor and
assess results as part of policy and emission-reduction strategies.
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Mr Zavala said that, since it is a participatory process, it is important to guarantee independence
yet necessary to have input from companies. He identified the temporal and spatial resolution of
the information as one of the key assets. He also identified the assessment of co-benefits as a
powerful message to share with users and stakeholders. He said that EDF quantifies methane
emissions from the US oil and gas supply chain and synthesizes multiple recently published data
sets. He also said that EDF uses different multi-scale approaches: site level, basin level and
component level.
Mr Zavala called for the bottom-up and top-down approaches to be present as aggregated and
complementary approaches, rather than competing approaches. He said that the big gap in
emission data in the US supply chain is associated mainly with the production process. He drew
attention to the importance of locating and quantifying hotspots, since the findings show that 5%
of sites account for 50% of emissions, many of which are caused by human error or insufficient
surveillance.
Noting that Canada, Mexico and the United States had agreed on regulations to reduce methane
emissions, Mr Zavala highlighted the importance of atmospheric observations contributing to and
being a part of the design and implementation of regulations. He said that in Alberta, Canada,
where companies in one area had been emitting large quantities of methane that was not
reflected in industry-reported emissions or in the inventory, EDF collects empirical data
(airborne, ground-based) so that it can subsequently assess draft regulations, compare emission
patterns and characterize hotspots. He noted that oil and gas methane represent a good
opportunity to link atmospheric measurements with decision-making and to target unknown
sources. Finally, he said that, since the global oil and gas system is not homogeneous, there is a
lack of empirical data and it is necessary to expand efforts to propagate consistent
methodologies for measurements and mitigation solutions and to track progress in terms of
mitigation actions.
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Figure 6. Comparison between measured CH4 emissions and “bottom-up” estimates
based on inventory and industry reports (from Daniel Zavala’s presentation)
It was noted that IG3IS could provide this methodological consistency and track the progress of
mitigation actions in a comparable way, but it was underlined that IG3IS should not be
responsible for verifying business actions and commitment, but should raise awareness and
foster action, working with all parties involved.
Stefan Schwietzke of EDF highlighted how several short-lived climate forces such as methane
have a great mitigation potential. He presented success stories where direct measurements had
helped to bend the emission curve downward. He outlined two specific studies that included
regional-scale field measurements in which maintenance operation failure had contributed to
increased emissions. He pointed out that such examples have a large mitigation potential. He
also indicated the importance of performing ground surveys of natural gas infrastructure to
detect leaks and said that he believed repairs are the most cost-effective emission-reduction
approach in this case. He explained that high-density measurements to understand complex
sources combined with aerial and isotopic measurements could provide the high-resolution
information needed to identify mitigation opportunities and assess mitigation action. He also
explained that maximum potential can be reached by combining appropriate measurements to
obtain a high level of detail at the process level. In the examples he gave, aircraft
measurements and ground measurements were conducted on the same day, and uncertainty in
the measurements was not an issue, with the main source of uncertainty being the
representativeness of air transport on the day the measurements were conducted. In other
words, the more flights and measurements there are, the less uncertainty there is.
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Thomas Röckmann of Utrecht University (UU) pointed out that IG3IS can provide industrial and
private-sector stakeholders with innovation for detection, attribution, quantification and training.
He presented MEMO2 offshore exploration with the Netherlands Oil and Gas Exploration and
Production Association and explained how UU had supported landfill operators in designing their
landfill gas extraction system, using the model to predict CH4 potential production in a landfill.
He said that the main emitters of CH4 in the Netherlands are agriculture and waste. He also
showed measurements taken in every street in Utrecht with low, medium and high emissions
and explained how those measurements were used to locate methane emission hotspots in the
city. He said that the group can now map CH4 city emissions in just a few weeks. Mr Röckmann
referred to UU’s collaboration with other sectors, noting that it had quantified coal mining
emissions in Silesia, Poland, thanks to isotopic signatures of CH4 in the measurements indicating
the presence of thermogenic CH4. Finally, he presented the smallest quantum cascade laser
spectrometer for CH4 developed by Empa for drone measurements and addressed how isotopes
can help identify biogenic, waste, thermogenic and pyrogenic sources.
Jorn Herner of the California Air Resources Board (CARB) presented California’s Greenhouse Gas
Measurement and Monitoring Program. He underlined the importance of language and
communication, given how hard it can be hard to attract the attention of policymakers. Mr
Herner explained that California’s geography and meteorology confines air pollutants, which
means that its pollution-reduction potential is higher than in other parts of the United States. He
said that California’s climate legislation requires a strong reduction in air pollutants and GHGs
and a transition to renewable energies, with the most ambitious goal being 100% carbon-free
electricity and carbon neutrality by 2045. He also said that, considering the timeline, gases that
have a higher warming potential on a shorter time horizon, like CH4, should be prioritized. He
also mentioned how GDP growth had been decoupled from GHG emissions, or carbon intensity,
with the state’s GDP having grown while GHG emissions fell.
Mr Herner said that the research programme’s goals include obtaining a better understanding of
emissions and finding opportunities to reduce them. He explained that CARB uses both satellite
and on-the-ground measurements and that emissions figures for the Los Angeles basin are
mixed and measured at Mount Wilson Station. He highlighted the increasing mismatch between
top-down emission estimates and bottom-up inventory that developed between 2012 and 2015
and said that methane inventory was updated with atmospheric observations to increase
confidence in the estimates. He added that the fluorinated gases inventory was also updated
with top-down information. He also explained that landfills, refineries and dairies are
characterized using aerial measurements, while flux towers measure signals from landfills and
dairies.
Mr Herner explained that the California GHG Monitoring Network includes 7 CARB-managed
stations and additional collaborating sites. He noted the efforts by the Modelling Program to
evaluate the gap between inventory and top-down information. He explained that the methane
survey conducted to capture the majority of methane hotspots had identified 329 point sources
across the state across all sectors (dairies, oil and gas, leaks in communities, landfills), with 10%
of them being responsible for 20% of the total inventory. He also explained that, when continued
observations are needed, satellites can pinpoint specific sources at a 1 m resolution. He added
that, to have an action plan, specific sources must be identified, their emissions evaluated, GHGreduction opportunities identified and emission reductions tracked.
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Summary of capabilities

•

•
•
•
•
•
•

The use of data to provide valuable support for mitigation:
o To constrain the problem (calculating the emission baseline)
o To identify new mitigation opportunities
o To monitor and assess results from policy and emission-reduction strategies.
The consistent use of different multi-scale approaches: site level, basin level and
component level
The detection of hotspots and the targeting of unknown sources
The use of ground surveys of natural gas infrastructure for leak detection
The use of models to predict CH4 potential production in a landfill gas extraction system
The updating of methane inventory using atmospheric observations to increase the
confidence of estimates
The obtaining of continued observations by using satellites to pinpoint specific sources
at a 1 m resolution

Open Discussion: Do the available solutions meet the stakeholders’ needs on the
industrial and private sector scale?*
(Moderator: Daniel Zavala, Environmental Defense Fund (EDF))
In the discussion, it was noted that certainty of liabilities allows companies to set clear policy
directions. It was also noted that, since oil and gas businesses became aware of this liability at
an early stage, they began working on emission-reduction strategies sooner than other sectors,
but other sectors are now seeing those opportunities and are willing to start working with IG3IS.
The need for a better idea of the costs and benefits of atmospheric observations for
engagement with the user community was underlined, as was the need to build the link
between measurements and the business case, since companies want to make better
decisions, but need options driven by insights and data in order to do so.
Participants in the discussion drew attention to the uncertainty regarding whether better data
could unlock additional funding and what can be considered to be cost-efficient. They said that
little information had been provided on how much users are willing to invest for better
data. They also said that promoting the use of the IG3IS approach would need to be driven by
something such as a CO2 index, which would serve the population, rather than by a
focus only on improving inventories. Participants noted that the purpose of private
companies is to deliver better and more services and to offer more applications to the
population, rather than only to produce better figures. They said that, since an air quality index
was the driver for better measurements, a driver was needed for IG3IS. They also said that
the community will be isolated if there is no political understanding of what
deliverables are.
Regarding source attribution, participants in the discussion said that atmospheric concentrations
represent a mixture of emissions from different, sometimes closely located or even co-located
sources, and they said that isotopic or related tracer measurements could be useful for
this purpose, though they noted the limited global expertise on isotopic measurements. They

*

Open discussion for Session 3 (“Do the available solutions meet the stakeholders’ needs on the city
scale?”) postponed and merged with the discussion for Session 4.
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noted that both ICOS and NOAA are performing a lot of radiocarbon measurements and that
there is great potential for using other species as tracers.
The participants said that climate-smart cities use a lot of data, often operating platforms that
collect data for citizens. They noted that openness is a key attribute of such platforms,
explaining that people believe that if large amounts of data are located in one place, there are
opportunities to use those data to carry out projects and actions. Noting that companies would
be keen to see such a platform, they said that private-sector advice on how to
demonstrate the value of additional emission information was needed.
Finally, it was noted that information is more important than data and that processing data
and delivering useful information is critical. It was pointed out that there is an abundance
of data, and that if data can be delivered as a service to engage with people, the data become
actionable information.
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Session 5: IG3IS in the Broader Context and the Challenges it Faces
(Chair: Felix Vogel, Environment Climate Change Canada (ECCC))

Roundtable on Innovative Financing
(Moderator: Lars Peter, WMO)
Lars Peter explained that it is important to have innovative financial resources for global
observations because, generally, a lack of observations in one part of the globe limits predictions
and hinders the understanding of weather and climate patterns everywhere else. He noted that
surface measures are difficult to make and sustain and called for gaps to be identified. He added
that single observations have essentially no value on their own, and that weather and climate
observations serve the regional and global community, rather than the organization that carries
them out.
Robert A. Vareley of WMO, speaking by video link, further emphasized the lack of measurements
in some parts of the world and the hurdles to building a sustainable global observational system.
He called for sustainable investment to be directed towards countries with a lack of data,
explaining that observations around the globe benefit a global community. He also underlined
the importance of working with the financial community to assess sustainability issues and
ensure that the good of the entire globe is addressed.
Daniel Kull of the World Bank presented the work that his organization carries out to support
hydrometeorological agencies. He said that economic modelling by the World Bank had
calculated that global access to information from early-warning systems would bring about
US$ 60 billion in global benefits. He also said that improvements to global forecasting and early
warning systems would also have global benefits. Acknowledging that investment in
meteorological and climate information have accelerated globally, he said the biggest challenge
is to ensure that investments are sustainable, with many initiatives failing to sustain
observational efforts.
Fouzi Benkhelifa and Sarah Dubreil of SUEZ – Paris pointed out that CO2 can be at the centre of
a new climate finance period. They said that a challenge at the urban scale is that less than 1%
of carbon credits represent 70% of global carbon emissions. They mentioned the need for
markets to step in to promote reduction targets, and they said that the new landscape would
allow France to fulfil its commitments to reduce emissions by 3% per year. They noted, however,
that cities need to overcome barriers such as access to carbon credits or fulfilment of energyefficiency obligations. They also said that, since actions need to be recognized through an audit
system for carbon credits to be requested, small projects could not afford to obtain carbon
credits.
Mr Benkhelifa and Ms Dubreil said that CO2 measurements should be at the centre of the new
scheme, for which CO2 data for action are important, as is a platform for the city to build local
carbon markets. Ms Dubreil presented a local scheme for energy-efficiency certificates and
carbon credits and said that tracking efforts to attract financial flows and engage with users are
important. She also said that measuring small-scale actions (district or condominium level) such
as access to the finance scheme is still limited.
Careen Abb of UNEP Positive Finance mentioned that UNEP is working to promote sustainable
practices in climate financial management by improving risk management and financing key
actions for sustainability and the SDGs. She described data collection and information sources as
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a link between IG3IS and this UNEP initiative. She said that users want to see practical
solutions to issues, rather than information products or services, so, for example, they
are more interested in transport solutions than being advised to travel less. She explained how
UNEP creates energy efficiency from street lights, which in addition to providing lighting can also
provide services such as traffic and air-pollution monitoring and Wi-Fi.
Joseph Intsiful of the Green Climate Fund (GCF), speaking by video link, presented the fund’s
portfolio, including mitigation projects and the fund’s investment in GHG emission reduction. He
also said that GCF invests heavily in early warning systems. He referred to the constraints faced
by agrometeorological projects, noting that this was why 26% of GCF investment goes to
modernizing hydromet services. He also described the regional distribution of GCF financial
support and the organization’s investment criteria, stressing the paradigm shift potential and the
importance of efficiency and effectiveness for projects to be funded. In that regard, he said that
IG3IS can help to support a business model for GCF projects. Regarding the paradigm shift, he
said that projects often lack transformation potential. He noted that there are many
opportunities to integrate GHG measurements into GCF mitigation projects, since the projects
are very limited. Addressing the growing importance of challenges related to air pollution, he
said that GHG observations could be included in approved and ongoing projects. He also
mentioned the Climate Rationale initiative, through which WMO supports the creation of
standards so that countries can submit projects with better climate-informed content.
Mr Intsiful said that there is currently no substantial international financing for initiatives such as
IG3IS. He also said that, while there is plenty of investment in low-carbon and resilience
infrastructure, there is no investment in systems to assess the results of mitigation investment.
He said that funds are available, but that it is often difficult for the money to be channelled
where GCF thinks it is needed. He added that it would make sense for private or public entities
to invest in monitoring the results of mitigation efforts. He explained that, for GCF, it is the
country that decides on the support to be received, so it is advisable to work with countries in
order to pursue IG3IS investment opportunities via GCF. He added that it is also countries that
decide whether an IG3IS approach is included in ongoing projects.

Research Challenges: Outcomes of the IG3IS/TRANSCOM inverse modelling
workshop
Sander Houweling of Vrije Universiteit Amsterdam and Thomas Lauvaux of Laboratoire des
Sciences du Climat et de l’environnement (LSCE) presented the cross-cutting activity, a
fundamental pillar of IG3IS that aims to:
•

•

•

Evaluate the performance of atmospheric inversions using statistical metrics from direct
comparison or indirect evaluation to provide benchmarks, test cases and reference
systems to stakeholders and final users;
Support the development of the new inverse methodologies by sharing expert knowledge
on current challenges and designing a document with state-of-the-art inverse systems to
provide inversion standard methods, test cases and a platform for collaboration;
Create the first community around different inversion projects (i.e. different domains,
goals, instrumentation) with the same goal: to provide robust emission estimates.

They said that any model using any inversion framework will be considered without
methodological restrictions in order to support the development of an international community.

- 36 -

They also said that this IG3IS cross-cutting activity is supported mainly by Transcom, a group of
scientists who develop inverse modelling tools for a global-scale emission evaluation. They said
that the community had concluded that comparisons between pilot projects are critically needed
to create benchmarks. Mr Lauvaux explained how the comparison and cross-cutting activity
works.

Figure 7. IG3IS Cross cutting activity connections among components

It was pointed out that the joint workshop in Lund, Sweden, was organized with Transcom and
there was a positive response to the idea of initiating a comparison exercise to demonstrate the
robustness of models. To determine which city to start with, Indianapolis was the city that
received the most votes. For the next workshop for IG3IS cross-cutting activities, it was decided
that the topics that would be addressed would be atmospheric transport model performances,
statistical evaluation of inversion techniques, the characterization of priors, background inflows
at the regional and urban scale, and network design and measurement strategies.
Before those efforts could begin, certain critical steps were identified that needed to be taken.
The presenters explained that a small group of scientists should draft an implementation plan
which, once implemented, would be followed up during workshops, conference sessions and
teleconference sessions, with information on ongoing projects and parallel efforts and proposals
gathered at the same time.
They also explained that a subset of IG3IS projects should be identified, with well-documented
and archived cases from the urban and national scale, and that this should be followed by
engagement with the surrounding community and discussions and documentation of a goaldependent evaluation strategy for each project.
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The presenters said that IG3IS cross-cutting activities aim to develop existing research
experiments into operational systems, adding that the first step is to identify IG3IS projects to
demonstrate the robustness of modelling systems and observation-based inversions.

Figure 8. Results of the survey on topics to be addressed in the next IG 3IS cross-cutting
activity workshop

Finally, noting that observations are essential for understanding weather and climate, they
clarified that single observations have essentially no value on their own, and that they become
valuable thanks to the international exchange of observations. They also said that the IG3IS
cross-cutting community continues to develop global atmospheric chemistry-transport models for
simulating GHGs in the troposphere and stratosphere.
Sander Houweling presented examples of country-specific inversion systems and explained the
role of IG3IS in developing methods and models that could facilitate a better understanding of
performance-limiting factors, uncertainty assessments and comparisons of existing approaches.
For the development of methods to move forward, he said IG3IS should also support new
initiatives in more countries by developing methodological guidelines and benchmarking tools
and connecting with research projects (e.g. H2020-VERIFY).
Mr Houweling proposed an example of a project that could be initiated by looking at the results
generated by EuroCom with ICOS sites data, as there is a dense ICOS measurement network
with research capacity and groups developing inversion systems, and there is also an ongoing
intercomparison effort.
He said that the EuroCom comparison focuses mainly on national-scale anthropogenic emissions,
but he added that the natural carbon cycle and the role of the biosphere should be considered
and kept in the agenda. He also said that inverse modelling generates output that has to be
tested using independent data through indirect flux evaluation with statistical testing, as well as
through direct flux evaluation.
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Mr Houweling said that including air quality in inter-comparisons would be useful and that adding
new types of data such as low-cost sensor measurements could enable a link to be identified
with air quality.
The discussion that followed addressed the relevance of the global scale, the most important
scale for carbon budgets to be understood, despite the complexity of doing so due to the need to
take biospheric feedback and carbon fluxes from permafrost and other Arctic emissions into
consideration. At the same time, some of the community believed that decision makers cannot
act on the global scale, whereas the national and urban scales can trigger a stakeholder
response. They argued that, despite all the efforts at the global scale, there had been no
recognition of the value that the delivered global products made to the decision-making process.
It was proposed that it would be more useful at this point to focus on an actionable scale, which
would make it easier to get the user community to buy in to the initiative.
Additional expert
comments
Interpretation of atmospheric
gradients requires rigorous
evaluation of the transport
errors in global models.
Assessment of hidden biases
(apparently small errors that
accumulate over time) is
crucial for long-lived GHGs
Tracer transport errors can
come from different aspects
of the transport model:
meteorological information
(e.g. winds, pressure);
numerical schemes for
atmospheric transport
(advection, convection,
turbulent mixing); and model
resolution (vertical,
horizontal, temporal), which
impacts both of the previous
two aspects.

Challenges

Possible actions

Evaluation of tracer transport
errors is challenging because
there is a lack of benchmarks
for atmospheric transport,
since atmospheric
concentrations include both
atmospheric transport and
flux signals.

Perform sensitivity
experiments in which each
model component and
assumption is tested in a
standardized manner for each
specific model.

Model errors are also often
difficult to diagnose because
they come from different
model components and can
sometimes offset each other,
leading to a "false"
impression that the model is
accurate compared with
observations.

IG3IS activities can provide
co-benefits when measuring
air quality, mainly in urban
applications. The organizers
of other initiatives addressing
air quality, such as
Monitoring, Analysis, and
Prediction of Air Quality (MAPAQ) and the GAW Urban
Research Meteorology and
Environment (GURME)
project, are keen to work with
the IG3IS initiative in future.
The cross-cutting activity is
important in order to
maintain regular
communication and
exchanges with projects
addressing GHG atmospheric
observations such as CHE and
VERIFY.

Research Challenges: Attribution and Support for Paris Agreement Global
Stocktake
Philippe Ciais of Laboratoire des Sciences du Climat et de l’Environnement (LSCE) presented the
VERIFY project, which focuses on the three main GHGs (CO2, CH4 and N20). He explained that
the uncertainties of CO2 emissions are among the smallest, since CO2 emissions are huge in
absolute terms and inventories are well developed for the large-emitting sectors, but the recent
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growth in emissions by fast-developing economies such as China means that uncertainties in
estimations remain large, since new emissions are not well described. He pointed out that much
of the uncertainty with CO2 emissions is associated with the agriculture, forestry and other landuse sector.
Mr Ciais said that the objective of VERIFY is to follow the IG3IS principles, namely:
•
•
•
•

To integrate efforts between the research community, operational centres, national
inventory compilers and international organizations for actionable GHG flux estimates;
To enhance the current observation and modelling capabilities to quantify the land-use
fluxes of GHGs accurately for the purpose of tracking land-based mitigation activities;
To research and monitor anthropogenic GHG emissions, in line with European Union
commitments;
To produce periodical scientific synthesis of the national GHG balance in Europe and
practical assessments using methodologies that can be scaled up to other regions.

Mr Ciais described the role of IG3IS as a VERIFY project partner to make the project replicable
and to ensure that it complies with the globally acceptable methodology.
He described the Global Stocktake as the main tool for assessing achievement of the global
targets in the Paris Agreement, noting that there are two main sources of data: globally
aggregated data from national GHG inventory reports, and the best available science, such as
from IPCC. He said that comparability between the two data sources would be necessary. He
also noted that uncertainties for fossil fuel emissions are relatively low for countries in Annex I,
but uncertainties for CH4 and N2O emissions are greater.
Mr Ciais noted that there is a rough agreement between inventories such as the Emission
Database for Global Atmospheric Research and UNFCCC for CH4 with the same activity data, but
he said that emission factors are sometimes different and that scientific data in some sectors is
very different from official reports due to fugitive emissions. He said that for natural CO2 fluxes
there are also uncertainties in the European Union estimates. Regarding VERIFY inversion on
N2O fluxes, he said that less than 1% of land area is responsible for 20% of emissions, while
most hotspots are nitric and adipic acid production facilities. He added that shared methods are
important and that VERIFY will work closely with IG3IS on inversions, assessments,
understanding uncertainty and comparison between inversion and UNFCCC-reported emissions
through dialogue with inventory agencies.
Prabir Patra of the Japan Agency for Marine-Earth Science and Technology (JAMSTEC) outlined
the research by JAMSTEC, which includes inverse modelling of CO2, CH4 and N2O. He said that
JAMSTEC conducts forward model evaluations and uses a multi-tracer approach to diagnose
transport and chemistry (Transcom), including SF6 model simulations to observe the loss of mass
in the mesosphere. He also said that the agency participated in a Transcom experiment to
evaluate CH4 emission trends in several regions and to compare the estimates with bottom-up
inventories. He explained that inverse modelling and bottom-up inventories were combined to
perform regional source apportionment, according to which China was estimated to have driven
the increase in CH4 emissions in East Asia, with inversion suggesting a slower rate of increase
than bottom-up inventories (agreement with recent inventories was good). Mr Patra added that
the separation of natural and anthropogenic CO2 fluxes showed that global anthropogenic
emissions of CO2 have been driven by China in recent years. He called for the development of
global atmospheric chemistry-transport models for simulating GHGs in the troposphere and
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stratosphere to continue, in particular to improve process-level understanding (advection,
convection, turbulent mixing). Finally, he said that the global forward and inverse models show
excellent potential for tracking subcontinental (and large country) emissions/sinks towards global
stocktaking by 2022.

Multi-benefits: Connection to air quality
Guy Brasseur of the Max Planck Institute for Meteorology (MPIMET) explained the work
conducted within the framework of GAW to identify links between IG3IS and Air Pollution
initiatives and to build synergies and exploit co-benefits among them. He reiterated the fact that,
when climate applications are discussed, it is important to consider air-quality co-benefits as
well, with air quality benefitting (albeit with some exceptions) from a reduction in GHGs. He
pointed out that, although 90% of disasters in urban areas have a hydrometeorological cause
(which is exacerbated by climate change), 70% of GHG emissions are generated by cities. He
argued that, since there is a strong connection between air quality and climate, the two issues
should not be considered in isolation. He called for research to work towards improving
capabilities by integrating atmospheric composition, weather and climate information through
coupled environmental models. Noting that there is growing interest in improving air-quality
predictions and services, Mr Brasseur presented the MAP-AQ initiative, a new international effort
to develop and implement a global air-pollution monitoring, analysis and prediction system that
can be downscaled for regions. He said that IG3IS should be part of integrated urban services,
since cities experience multi-factor hazards that should be addressed in an integrated way.
Mr Brasseur referred to the City of Toronto’s integrated studies of air quality, GHG emissions and
heat as an example of how to address different environmental dimensions simultaneously.
However, he said that different approaches in communities to what the problems are and how to
address them remain a challenge.

Adaptation: Connection to the climate services
Roberta Boscolo of WMO pointed out that, following the World Economic Forum annual
assessment of global risks in 2018, climate change and extreme weather events are at the top of
the list in terms of likelihood and impact, adding that, in the previous year, such events caused
global economic damage totalling US$ 334 billion. She said that for climate variability and
climate change risks to be better managed and for societies to adapt to climate change, sciencebased climate information needed to be developed and incorporated into decision-making. She
presented the Global Framework for Climate Services, which intends to connect priority
applications based on user needs with climate services by enhancing technical capabilities to
support user-driven climate services. She presented the energy and climate nexus and
mentioned the guidelines developed to engage with energy stakeholders (industry, private
sector, public sector and academia).

Mixed Open Discussion: What is the best strategy and path moving forward?
(Moderator: Phil DeCola, IG3IS)
José Romero of the Swiss Federal Office for the Environment (BAFU) addressed the next steps
planned for the IG3IS initiative. He said that efforts will focus on ensuring transparency and
supporting climate action (information on GHGs and mitigation potential); contributing to
progress on matters related to GHGs (strengthening methodologies and standardization);
carrying out the internal work of IG3IS (work on structure, roles and products); and
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strengthening communication. He also said that mobilizing financing for IG3IS was of
paramount importance.
Jocelyn Turnbull of GNS Science pointed out that, although there is a huge amount of knowledge
regarding CO2, there is still a lot of work to do to connect the people who produce
inventories with atmospheric scientists (reporting guidelines). She said that including
atmospheric information in the tools used for building inventories poses a challenge. She also
said that land use poses big challenges, as the land carbon sink is an excellent tool to achieve
mitigation goals. She added that the role of scientists is to help stakeholders achieve those
goals.
Felix Vogel of Environment and Climate Change Canada (ECCC) stressed that scaling up in the
cities is challenging. In Toronto, ECCC works to improve the inventory as a pilot for improving
inventories in other Canadian cities. He said that in communications with city stakeholders
it was necessary to adapt the language used, to present good examples and to provide
solutions rather than explain science. He also drew attention to the experience in Brazil,
saying that it showed that it is possible start from scratch.
Daniel Zavala of EDF shared many examples from oil and gas businesses. He drew attention to
the need to start incorporating sectors while remaining relevant to policy, as well as the
need to perform calculations for the community that needs the information and to find and
create the business case. He said that there are many examples where businesses have
embraced technology and he called on the scientific community to be part of that transition. He
also underlined the need to work with national and subnational governments and not to be a
monitoring regulator.
During the discussion, there were some valuable reflections concerning the challenges and
steps that lay ahead. It was said that one of those challenges is to scale up IG3IS, and that in
order to promote IG3IS in developing countries, it is important to understand national
priorities and to tailor a response to them, building capacities and ensuring country
ownership.
It was also noted that a pilot project is needed to demonstrate the full methodology, since
only components of the system had been demonstrated so far. It was stated that doing so would
require tackling the cost barrier by identifying the most cost-effective way to proceed and taking
minimum costs into consideration during discussions with stakeholders.
It was said that the symposium needs more inventory compilers in order to harmonize the
language used and find common areas of collaboration. It was noted that having a
dialogue with the inventory community would generate a new topic of interest: the fact that all
urban areas have green spaces and that these biogenic fluxes could be integrated into
inventories.
It was noted that adoption of the guidelines by IPCC was for the whole community. Participants
said that results need to be robust and comparable with those produced by countries.
They believed the harmonized cross-cutting exercise would boost credibility. They also said that
they need a self-sustaining strategy to continue demonstrating their efforts in the
coming years while identifying how they can deliver more value to users.
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Participants underlined that a comparable standard is key to making information simpler
and enabling progress.
They noted that much could be provided outside the inventory, since national inventories are a
complex legal process, though they acknowledged that communication with inventory compilers
that are familiar with activity data and emission factors would enrich the application of top-down
approach.

Next steps
Participants said that for the work to move forward, the Implementation Plan needs to be
finalized. They said that the science team is keen to receive additional comments. They called for
the plan to reflect the next implementation steps. Following up on the discussion in Lund, they
noted that it is necessary to write a guidance document related to inverse modelling and
benchmarking.
They said that IG3IS must legitimize the work that the community is doing. They said that there
are some IG3IS-endorsed projects that can use the IG3IS logo, though procedures within IG3IS
related to project endorsement needs to be streamlined. They also said that IG3IS has developed
an application for projects to be submitted, since affiliation needs to be formalized.
It was decided that the IG3IS Science Meeting will be held annually, with User Summit follow-up
meetings held twice a year. It was also decided that at the next meetings it is important to
follow up on collaboration initiatives, focusing on transparency and supporting climate action
information on GHGs and mitigation potential. Additionally, participants called for the
strengthening of science and methodologies, the promotion of standardization and the
continuation of support for the implementation of climate policies.
A number of actions were identified as a way forward for IG3IS in the coming years:

I

In line with its founding principles, IG3IS will continue to cultivate close, active
partnerships between its science team and the user communities it serves. This
is essential for the co-development of methods and projects that will yield
actionable information.

II

IG3IS will focus on promoting new projects with stakeholders in countries,
cities and businesses in the developing world while continuing its successes in
the developed world.

III

The IG3IS science team will continue to promote technological capabilities for
creating projects on a wider range of GHG emission information.

IV

IG3IS will broaden its portfolio within the private sector by offering services in
the agricultural, forestry, waste management and other land use and land-use
change sectors.

This symposium was only the start of ongoing discussions between the IG3IS science team and
stakeholders from national, urban and private-sector/industrial sectors. IG3IS intends to use the
information gathered from the symposium’s unique discussions and the discussions that result
from continued connections in moving forward to drive research and development for future
products and services that are as useful to the user community.
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All the presentations delivered during the symposium can be downloaded here.
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Annex I

Meeting agenda

Tuesday 13 November
08:30

Registration

Session 1: Introduction to IG3IS and its First Annual Symposium and User Summit
(Chair: Oksana Tarasova)
09:00
09:15
09:30

10:30
10:50

Welcome
• Pavel Kabat, Chief Scientist and Director of Research, World Meteorological
Organization (WMO)
IG3IS Development and Major Concepts
• Phil DeCola, IG3IS
3
IG IS in the Political Context:
• Florin Vladu, United Nations Framework Convention on Climate Change
(UNFCCC) - via teleconference
• José Romero, Bundesamt für Umwelt (BAFU)
• Bryony Worthington, Environmental Defense Fund (EDF)
• Hugo Zunker, European Commission (EC) & Copernicus
Coffee break
IG3IS and Related Projects:
• Anna Agusti-Panareda, European Center for Medium Range Weather
Forecasts (ECMWF) representing the CO2 Human Emissions (CHE) project
• Alex Vermeulen, Integrated Carbon Observing System (ICOS) & Global
Atmosphere Watch (GAW) program’s Scientific Advisory Group (SAG) on
Greenhouse Gases
• Pep Canadell, Commonwealth Scientific and Industrial Research Organisation
(CSIRO) & Global Carbon Project (GCP) - via teleconference
• Kim Mueller, National Institute of Standards and Technology (NIST)

Session 2: IG3IS’ National Objective (Chair: Oksana Tarasova)
11:50

12:20
13:20

14:40

Introduction to the National Objective:
• Shamil Maksyutov, National Institute for Environmental Studies (NIES)
• Henning Wuester, Initiative for Climate Action Transparency (ICAT) - via
teleconference
Welcome Apero supported by Norway
Roundtable with the National Emission Compilers: Where are the
uncertainties and how we can improve them? (Moderator: Jocelyn Turnbull,
GNS Science)
• Regine Röthlisberger, Climate Divisions of the Federal Office for the
Environment (FOEN) – Switzerland
• Camila Labarca, Ministerio del Medio Ambiente (MMA) – Chile
• Dirk Günther, Umweltbundesamt (UBA) - Germany - via teleconference
• Greet Janssens-Maenhout, European Commission, Joint Research Centre (ECJRC) – Belgium
• Mark Hunstone, National Inventory Systems and International Reporting
Branch of the Australian Department of the Environment and Energy (DEE) Australia
Coffee break
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15:00

16:15
16:50
17:10
17:20
until
19:00

Presentations from the Scientific Community: What solutions can IG 3IS
provide to emission compilers? (Chair: Oksana Tarasova)
• Dominik Brunner, Eidgenössische Materialprüfungs- und ForschungsAnstalt
(Empa)
• Alistair Manning, UK Met Office
• Jocelyn Turnbull, GNS Science
• Zoe Loh, Commonwealth Scientific and Industrial Research Organisation
(CSIRO)
• Andrea Kaiser - Weiss, Deutscher Wetterdienst (DWD)
Open Discussion: Do the available solutions meet the stakeholders’ needs on
the national scale? (led by Jocelyn Turnbull, GNS Science)
Pavel Kabat, Chief Scientist and Director of Research, World Meteorological
Organization (WMO): “Science Challenges in IG3IS Implementation”
Transition time to poster session
Poster session and refreshments

Wednesday 14 November
Session 3: IG3IS’ Subnational/City-Scale Objective (Chair: Phil DeCola)
09:00
Introduction to the Subnational/City-Scale Objective: The role of the cities in
the global agenda
• Angel Hsu, Yale-NUS College, Singapore
09:30
Roundtable with the Subnational/City-Scale Stakeholders: Where are the
uncertainties and how we can improve them? (Moderator: Felix Vogel,
Environment and Climate Change Canada (ECCC))
• John Lin, University of Utah - Salt Lake City
• Paulo Barros, Agência Estadual de Meio Ambiente – CPRH
• Yann Françoise, Head of the Climate Division of Paris
• Shanju Xie, Research & Evaluation Unit (RIMU) Auckland Council
• Cesar Carreño, International Council for Local Environmental Initiatives (ICLEI)
- Local Governments for Sustainability
• Elsa Martayan, Global Urban Air Pollution Observatory (GUAPO)
10:50
Coffee break
11:10
Presentations from the Scientific Community: What solutions can IG 3IS
provide to subnational/city stakeholders? (Chair: Phil DeCola)
• Felix Vogel, Environment and Climate Change Canada (ECCC)
• Kevin Gurney, Northern Arizona University (NAU)
• Jocelyn Turnbull, GNS Science
• Michael Ramonet, Institut Pierre Simon Laplace (IPSL)
• Fouzi Benkhelifa & Sarah Dubreil, SUEZ – Paris
• Ning Zeng, University of Maryland - via teleconference
12:25
Open Discussion: Do the available solutions meet the stakeholders’ needs on
the city scale? (led by Felix Vogel, Environment and Climate Change Canada
(ECCC)) (postponed to next session)
13:00
Lunch break
Session 4: IG3IS’ Industrial and Private Sector Objective (Chair: Kevin Gurney)
14:00
Introduction to the Industrial/Private Sector Objective: The role of the
business in the global agenda
• Rasmus Valanko, World Business Council for Sustainable Development
(WBCSD)
• Simon Henry, International Emissions Trading Association (IETA)
14:30
Roundtable with the Industrial/Private Sector Stakeholders: Where are the
uncertainties and how we can improve them? (Moderator: Daniel Zavala,
Environmental Defense Fund (EDF))
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•
•
•
•

15:50
16:10

17:25
19:00
until
21:00

Stéphan Plisson-Saune, Oil and Gas Climate Initiative (OGCI)
Dora Luz Llanes Herrera, Agency for Safety, Energy and Environment (ASEA)
Valentin Foltescu, Climate and Clean Air Coalition (CCAC)
Christopher Konek, United Nations Environment Programme (UNEP) Oil and
Gas Methane Science Studies
Coffee break
Presentations from the Scientific Community: What solutions can IG 3IS
provide to industrial and private sector stakeholders? (Chair: Oksana
Tarasova)
• Daniel Zavala, Environmental Defense Fund (EDF)
• Stefan Schwietzke, Environmental Defense Fund (EDF)
• Thomas Röckmann, Utrecht University (UU)
• Jorn Herner, California Air Resources Board (CARB)
Open Discussion: Do the available solutions meet the stakeholders’ needs on
the industrial and private sector scale? (led by Daniel Zavala, Environmental
Defense Fund (EDF))
Social Dinner (self-paid)

Thursday 15 November
Session 5: IG3IS in the Broader Context and the Challenges it Faces (Chair: Felix
Vogel)
09:00
Roundtable on Innovative Financing: (Moderator: Lars Peter, World
Meteorological Organization (WMO))
• Fouzi Benkhelifa & Sarah Dubreil, SUEZ – Paris
• Careen Abb, United Nations Environment Programme (UNEP) Fi Positive
Finance
• Daniel Kull, World Bank
• Joseph Intsiful, Green Climate Fund (GCF) - via teleconference
• Robert A. Varley, World Meteorological Organization (WMO) - via
teleconference
10:30
Coffee break
10:50
Research Challenges: Outcomes of the IG3IS/TRANSCOM inverse modelling
workshop
• Sander Houweling, Vrije Universiteit (VU)
• Thomas Lauvaux, Laboratoire des Sciences du Climat et de l’Environnement
(LSCE)
11:20
Research Challenges: Attribution and Support for Paris Agreement Global
Stocktake
• Philippe Ciais, Laboratoire des Sciences du Climat et de l’Environnement
(LSCE)
• Prabir Patra, Japan Marine Science and Technology Center (JAMSTEC)
11:50
Multi-benefits: Connection to air quality
• Guy Brasseur, Max-Planck-Institut fϋr Meteorologie (MPIMET)
12:05
Adaptation: Connection to the climate services
• Roberta Boscolo, World Meteorological Organization (WMO)
12:20
Open Discussion: How do we upscale? (Moderator: Phil DeCola, IG 3IS)
13:00
Lunch break
14:00
Mixed Open Discussion: What is the best strategy and path moving forward?
(Moderator: Phil DeCola, IG3IS)
• Philippe Ciais, Laboratoire des Sciences du Climat et de l’Environnement
(LSCE)
• José Romero, Bundesamt für Umwelt (BAFU)
• Simon Henry, International Emissions Trading Association (IETA)
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15:30
15:50
until
18:00

• Jocelyn Turnbull, GNS Science
• Felix Vogel, Environment and Climate Change Canada (ECCC)
• Daniel Zavala, Environmental Defense Fund (EDF)
Coffee break
Planning of the 2019 Activities and Update of the IG3IS Science
Implementation Plan
• Phil DeCola, IG3IS
• Emily Upton, IG3IS
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Mark
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Loh
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Luciana Vanni
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Environment and Climate Change Canada
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Wyneken

Samir

Shora

Ministry of the Environment / United Nations
Development Programme (UNDP)
Egyptian Environmental Affairs Agency

Werner
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ICOS ERIC
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Ciais

LSCE
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Origins (SUEZ)
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City of Paris
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Lauvaux

LSCE

Stéphan

Plisson-Saune

TOTAL, on behalf of OGCI

Cesar
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ICLEI - Local Governments for Sustainability

Dirk

Günther

Umweltbundesamt (UBA)

Andrea

Kaiser-Weiss

Deutscher Wetterdienst
Maharishi Matkendeshwar University

Federico

Dallo

Institute for the Dynamics of Environmental
Processes – National Research Council of Italy
(IDPA-CNR)
European Commission, Joint Research Centre

Greet
Michela

JanssensMaenhout
Maione

Shamil

Maksyutov

National Institute for Environmental Studies

Prabir

Patra

JAMSTEC

Dora Luz Llanes

Herrera

Agency for Safety, Energy and Environment

Khalil Estefanny Juarez

Saucedo

Agency for Safety, Energy and Environment

Daniel

Zavala-Araiza

Environmental Defense Fund

Beatriz

Cardenas

SEDEMA-Mexico City

Oyunchimeg

Dugerjav

Jocelyn

Turnbull

Researcher at the Information and Research
Institute of Meteorology, Hydrology and
Environment
GNS Science

Shanju

Xie

Maurice

Ndeye

University of Urbino/ISAC-CNR

Research and Evaluation Unit (RIMU), Auckland
Council
IFAN Ch.A.Diop, Université Cheikh
Anta Diop
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Kevin

Hsu

Centre for Liveable Cities (Singapore) and
Stanford University
South African Weather Service

Warren

Joubert

Carme

Estruch

Roger

Curcoll

ICTA-UAB (Environmental Science and
Technology Institute, Universitat Autònoma de
Barcelona)
ICTA-UAB

Omaira

Garcia

State Meteorological Agency of Spain (AEMET)

Josep-Anton

Morgui

ICTA-UAB

Alex
Roberta
Dominik

Vermeulen
Boscolo
Brunner

Pavel

Kabat

Djamel
José
Regine
Simon

Medjahed
Romero
Röthlisberger
Henry

Martin
Rasmus
Yasjka
Sander
Anna
Roger

Steinbacher
Valanko
Meijer
Houweling
Agusti-Panareda
Littlewood

Alistair
Baroness Bryony
Angel
Kevin
Jorn Dinh
Christopher
John Chun-Han
Stefan
Valentin
Michael
Thomas
Florin

Manning
Worthington
Hsu
Gurney
Herner
Konek
Lin
Schwietzke
Foltescu
Ramonet
Röckmann
Vladu

Henning

Wuester

Ning

Zeng

ICOS ERIC - Carbon Portal
WMO
Empa, Swiss Federal Laboratories for Materials
Science and Technology
Chief Scientist, World Meteorological
Organization
HEALTH-BIO-PHARM
Swiss Federal Office for the Environment (FOEN)
FOEN
International Emissions Trading Association
(IETA)
Empa
WBCSD
ESA
Vrije Universiteit
ECMWF
Department for Business, Energy and Industrial
Strategy
Met Office
Environmental Defense Fund Europe
Yale-NUS College
Northern Arizona University
California Air Resources Board
UN Environment
University of Utah
Environmental Defense Fund
Climate and Clean Air Coalition (CCAC)
Institut Pierre Simon Laplace (IPSL)
Utrecht University (UU) & MEMO-2 Project
United Nations Framework Convention on
Climate Change (UNFCCC)
Initiative for Climate Action & Transparency
(ICAT)
Beijing-Tianjin-Heibei (JJJ) City Cluster Carbon
Monitoring Project

- 50 -

LIST OF RECENT GAW REPORTS*

259.

Desert Dust Outbreak in the Canary Islands (February 2020): Assessment and Impacts,
GAW Report No. 259, WWRP 2021-1, 2021.

258.

Research Infrastructure Quality Assurance – System and Performance Audit of Surface
Ozone, Carbon Monoxide, Methane, Carbon Dioxide and Nitrous Oxide at the Global
GAW Station Mace Head, Ireland, November 2018, WCC-Empa Report No. 18/2, 2020.

257.

Fourteenth Intercomparison Campaign of the Regional Brewer Calibration Center for
Europe, El Arenosillo Atmospheric Sounding Station, Huelva, Spain, 17 to 28 June 2019,
2020

256.

Research Infrastructure Quality Assurance – System and Performance Audit of Surface
Ozone, Carbon Monoxide, Methane, and Carbon Dioxide at the Global GAW Station Mt.
Kenya, Kenya, December 2019, WCC-Empa Report No. 19/4, 2020.

255.

20th WMO/IAEA Meeting on Carbon Dioxide, Other Greenhouse Gases and Related
Measurement Techniques (GGMT-2019), Jeju Island, South Korea, 2-5 September 2019,
2020.

254.

Sand and Dust Storm Warning Advisory and Assessment System (SDS-WAS), Science
Progress Report, GAW Report No. 254, WWRP 2020-4, 2020.

253.

Research Infrastructure Quality Assurance - International Comparison of Dobson
Spectrophotometers, Pretoria, Gauteng Province, South Africa, 7-18 October 2019,
2020.

252.

Research Infrastructure Quality Assurance - System and Performance Audit of Surface
Ozone, Carbon Monoxide, Methane, and Carbon Dioxide at the Global GAW Station
Ushuaia, Argentina, November 2019, WCC-Empa Report No. 19/3, 2020.

251.

Research Infrastructure Quality Assurance - System and Performance Audit of Surface
Ozone, Carbon Monoxide, Methane, Carbon Dioxide and Nitrous Oxide at the Global
GAW Station Izaña, Spain, May 2019, WCC-Empa Report No. 19/2, 2020.

250.

Global Atmosphere Watch Expert Meeting Workshop on Measurement-Model Fusion for
Global Total Atmospheric Deposition (MMF-GTAD), Geneva, Switzerland, 26-27 February
2019, 2020.

249.

Report of the Fifth Session of the CAS Environmental Pollution and Atmospheric
Chemistry Scientific Steering Committee (EPAC SSC), Geneva, Switzerland, 5-6
November 2018, 2020.

248.

Twelfth Intercomparison Campaign of the Regional Brewer Calibration Center for Europe,
El Arenosillo Atmospheric Sounding Station, Huelva, Spain, 27 May–9 June 2017, 2019.

247.

Izaña Atmospheric Research Center Activity Report 2017-2018, 2019.

246.

Thirteenth Intercomparison Campaign of the Regional Brewer Calibration Center for
Europe (RBCC-E), Arosa Lichtklimatisches Observatorium, Switzerland, 30 July–8 August
2018.

245.

An Integrated Global Greenhouse Gas Information System (IG 3IS) Science
Implementation Plan, 2019.
Report of the 2017 Global Atmosphere Watch Symposium and Fourth Session of the CAS

244.
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Environmental Pollution and Atmospheric Chemistry Scientific Steering Committee (EPAC
SSC), Geneva, Switzerland, 10-13 April 2017, 2019.
243.

Report of the Fifth Erythemal UV Radiometers Intercomparison, Buenos Aires, Argentina,
2019.

242.

19th WMO/IAEA Meeting on Carbon Dioxide, Other Greenhouse Gases and Related
Tracers Measurement Techniques (GGMT-2017), Dübendorf, Switzerland, 27-31 August
2017, 2018.

241.

SPARC/IOC/GAW Report on Long-term Ozone Trends and Uncertainties in the
Stratsophere, SPARC Report No. 9, WCRP-2017/2018, GAW Report No. 241, 2018.

240.

Report of the Second International UV Filter Radiometer Intercomparison UVC-II, Davos,
Switzerland, 25 May-5 October 2017, 212 pp., 2018.

239.

Calibration Methods of GC-ECD for Atmospheric SF6 Measurements, 26 pp., 2018.

238.

The Magnitude and Impacts of Anthropogenic Atmospheric Nitrogen Inputs to the
Ocean, GESAMP Reports and Studies No. 97, 47 pp., 2018.

237.

Final Report of the 44th Session of GESAMP, Geneva, Switzerland, 4-7 September 2017,
GESAMP Reports and Studies No. 96, 115 pp., 2018.

236.

Izaña Atmospheric Research Center: Activity Report 2015-2016, 178 pp., 2017.

235.

Vegetation Fire and Smoke Pollution Warning and Advisory System (VFSP-WAS):
Concept Node and Expert Recommendations, 45 pp., 2018.

234.

Global Atmosphere Watch Workshop on Measurement-Model Fusion for the Global Total
Atmospheric Deposition (MMF-GTAD), Geneva, Switzerland, 28 February to 2 March
2017, 45 pp., 2017.

233.

Report of the Third Session of the CAS Environmental Pollution and Atmospheric
Chemistry Scientific Steering Committee (EPAC SSC), Geneva, Switzerland, 15-17 March
2016, 44 pp., 2018.

232.

Report of the WMO/GAW Expert Meeting on Nitrogen Oxides and International Workshop
on the Nitrogen Cycle, York, UK, 12-14 April 2016, 62 pp., 2017.

231.

The Fourth WMO Filter Radiometer Comparison (FRC-IV), Davos, Switzerland, 28
September – 16 October 2015, 65 pp., November 2016.

230.

Airborne Dust: From R&D to Operational Forecast, 2013-2015 Activity Report of the
SDS-WAS Regional Center for Northern Africa, Middle East and Europe, 73 pp., 2016.

229.

18th WMO/IAEA Meeting on Carbon Dioxide, Other Greenhouse Gases and Related
Tracers Measurement Techniques (GGMT-2015), La Jolla, CA, USA, 13-17 September
2015, 150 pp., 2016.

228.

WMO Global Atmosphere Watch (GAW) Implementation Plan: 2016-2023, 81 pp., 2017.

227.

WMO/GAW Aerosol Measurement Procedures, Guidelines and Recommendations, 2nd
Edition, 2016, WMO-No. 1177, ISBN: 978-92-63-11177-7, 101 pp., 2016.

226.

Coupled Chemistry-Meteorology/Climate Modelling (CCMM): status and relevance for
numerical weather prediction, atmospheric pollution and climate research, Geneva,
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Switzerland, 23-25 February 2015 (WMO-No. 1172; WCRP Report No. 9/2016; WWRP
2016-1), 165 pp., May 2016.
225.

WMO/UNEP Dobson Data Quality Workshop, Hradec Kralove, Czech Republic, 14-18
February 2011, 32 pp., April 2016.

224.

Ninth Intercomparison Campaign of the Regional Brewer Calibration Center for Europe
(RBCC-E), Lichtklimatisches Observatorium, Arosa, Switzerland, 24-26 July 2014, 40
pp., December 2015.

223.

Eighth Intercomparison Campaign of the Regional Brewer Calibration Center for Europe
(RBCC-E), El Arenosillo Atmospheric Sounding Station, Huelva, Spain, 10-20 June 2013,
79 pp., December 2015.

222.

Analytical Methods for Atmospheric SF6 Using GC-ECD, World Calibration Centre for
SF6, Technical Note No. 1., 47 pp., September 2015.

221.

Report for the First Meeting of the WMO GAW Task Team on Observational
Requirements and Satellite Measurements (TT-ObsReq) as regards Atmospheric
Composition and Related Physical Parameters, Geneva, Switzerland, 10-13 November
2014, 22 pp., July 2015.

220.

Report of the Second Session of the CAS Environmental Pollution and Atmospheric
Chemistry Scientific Steering Committee (EPAC SSC), Geneva, Switzerland,
18-20 February 2015, 54 pp., June 2015.

219.

Izaña Atmospheric Research Center, Activity Report 2012-2014, 157 pp., June 2015.

218.

Absorption Cross-Sections of Ozone (ACSO), Status Report as of December 2015, 46
pp., December 2015.

217.

System of Air Quality Forecasting and Research (SAFAR – India), 60 pp., June 2015.

216.

Seventh Intercomparison Campaign of the Regional Brewer Calibration Center Europe
(RBCC-E), Lichtklimatisches Observatorium, Arosa, Switzerland, 16-27 July 2012, 106
pp., March 2015.

* A full list is available at:
http://www.wmo.int/pages/prog/arep/gaw/gaw-reports.html
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