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The bedrock of the UNFCCC 
process is made from the high-
precision, long-term, science-
based (or evidence-based) info; 
data records like the “Keeling 
curve” and the global average 
temperature records 



GHG monitoring and reporting in 2010: 
atmospheric “top-down” versus inventory “bottom-up” 
Can atmospheric measurements and models 
             “verify” inventories? 



1. to prove the truth of, as by evidence or  
 testimony; confirm; substantiate: 
 Events verified his prediction. 
 
2. to ascertain the truth or correctness of,  as by 
 examination, research, or comparison: 
 to verify a spelling. 
 
3. to act as ultimate proof or evidence of; 
 serve to confirm. 
 
4.  Law. 

a)  to prove or confirm (an allegation). 
b)  to state to be true, especially in legal use, 
 formally or upon oath. 

Verify - 



 Then (2009)  Now (2016) 

Binding Multi-national Treaty Commitments 
 

“we will verify your reported emissions” 

Nationally Determined Contributions 
 

“we will help you improve your data” 

A grand top-down GHG Information System 
 

Advocates: Science Community!!! 

Federation of focused monitoring systems  
 

Advocates: WMO (191 countries),UNEP, 
Cities (eg, C40), NGOs, Industry (eg, Oil Companies) 

Paris Agreement and GHG Monitoring: 
Evolving from “Top-Down versus Bottom-Up” Paradigm 



 Support through WMO/GAW and 
finding new resources 
 

 Pilot projects 
 

 Scaling up and capacity building 
 

 Greater integration with 
Meteorological Services 
 

 Working towards operational 
services (and good-practices) 
 

 Strong link to UNFCCC 



In brief: 
IG3IS looks to serve users (decision-makers) who are able to take action to 
reduce emissions of greenhouse gases and pollutants that reduce air quality 
by providing the best science-based information utilizing socioeconomic 
data, atmospheric measurements and modelling tools. 



The foundational IG3IS principles that will enable the achievement objectives and  
keep IG3IS on course are: 
 
• The ultimate criterion for success is that the information produced guides additional and 
valuable emission-reduction actions 
 
• IG3IS will provide a common platform, co-developed with stakeholders, for establishing 
benchmarks, good practices utilizing diverse measurement and  analysis approaches inside a 
reliable framework 
 
• IG3IS will take a unified approach that combines and analyzes atmospheric concentration 
measurements together with socioeconomic data and information on natural fluxes to better 
quantify and attribute greenhouse gas emissions and sinks as well as their trends. 
 
• IG3IS matures in concert with the evolution of user-needs, policy and technical skill. This 
will enable researchers  to learn the value of envisioned information products and users are 
introduced to previously unknown capabilities  

Principles 
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Network in support of national inventory reporting 



• Use the NAME transport model driven by 3-D meteorology to 
understand the recent (3-4 weeks) history of the air arriving at 
measurement stations 

• Two stage process: 
– Estimate long-term Northern Hemisphere baseline concentrations 

using Mace Head observations. 
– Estimate regional emissions through inversion modelling (InTEM). 

Mace Head air history 
maps are generated for 
each 2-hour period 
between 1989 and 2015 

UK Met Office Modelling and Analysis 
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Mace Head - error bars
represent the 5th and
95th percentiles

DECC - error bars
represent the 2.5th and
97.5th percentiles

UK GHGI

• Significant mismatch throughout the entire 
time-series of emissions, approximately 
inversion is 50% lower than inventory. 

 
• Investigated the refrigeration model used by 

inventory compilers, key variables to be re-
considered by BEIS (formerly DECC): 

• Refill rate 
• Uptake rate 

Example from UK report to UNFCCC: HFC-134a 
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New GHG measurement 
network established 
(project CarboCount-CH) 

CH4 emissions in 
Switzerland 2013 

Henne, S.,D  Brunner et al.,2016 : Validation of the Swiss 
methane emission inventory by atmospheric observations 
and inverse modelling, Atmos. Chem. Phys., 16, 3683–3710, 
www.atmos-chem-phys.net/16/3683/2016/ 

Example from Switzerland 



Multiple flights 

Attribution techniques 

Detect and quantify anthropogenic methane emissions 
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Source/leak detection of CH4 from 
space 

GHG monitoring in Urban areas 

Site specific CH4 monitoring 

Growing interest of private sector 



How to measure global/regional GHG concentrations (and isotopes, etc.)?  

        -> Existing peer-reviewed literature and GAW recommendations 

How to establish traceability and compatibility between methods? 

         -> WMO scales (and NMI) plus GAW recommendations 

How to best measure GHG fluxes and 
perform source apportionment? 
 
How to establish traceability and 
compatibility between methods? 



LA MEGACITIES 

Turnbull et al. 2018 INFLUX 

 Different observational techniques 
 Different modelling frameworks (cross-cutting activity) 
 Novel emission data products 

How to best measure GHG fluxes and perform source apportionment? 
How to establish traceability and compatibility between methods? 

T. Lauvaux 
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• Initial inversion using two observation sites 
indicates larger uptake than prior model or 
bottom up accounting, particularly in forested 
regions  

• Ongoing work 5 national sites 
• Targeted studies of natural forest, 

plantation forest, pasture and urban 
landscapes 

• Detailed bottom-up modelling and 
atmospheric inversions at national and 
regional scales 

• Feedback between atmospheric 
observations and bottom-up information 
to refine both and provide best estimates 
of land carbon exchange 

 
  

Jocelyn Turnbull, GNS Science New Zealand 

Atmospheric CO2 observations and models suggest strong carbon uptake by forests in New Zealand 
Steinkamp et al, Atmos. Chem. Phys., 17, 47–76, 2017, doi:10.5194/acp-17-47-2017 
 

CO2 inversion indicates larger land sink in NZ 
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Objective areas and themes 





 Evaluate, endorse, and advise on the technical merits of project proposals looking for IG3IS 
endorsement and partnership as well as guide implementation of IG3IS projects 
 

 Lead IG3IS crosscutting activities, research and development activities,  and updating the 
IG3IS Implementation Plan 
 

 Keep informed of and evaluate the scientific developments in the fields of greenhouse 
gasses and co-emitted species (e.g., aerosols and reactive gasses), advances in atmospheric 
measurement techniques,  inverse modelling techniques, data assimilation and other 
scientific aspects 
 

 Establish, publish and promote best practices for individual IG3IS activities (observations, 
inverse modelling techniques, data assimilation); and contribute to the organization of 
technical/expert meetings on IG3IS objectives.  
 

 Promote and facilitate research relevant to IG3IS objectives within scientific community and 
solicit inputs to IG3IS activities 

Role of the science team(s) 



Demand mapping for national 



Demand mapping for urban/subnational 



Los Angeles 

Growing diversity of research in cities 



Cities are active stakeholders and have ambitions 
reduction target and mitigation effort 

31 

Networks of subnational stakeholders 



Accepted in Nature Scientific Data 

New data product for comparison and city classification 



Demand mapping for urban/subnational 



1. Build emission inventory 
2. Establish modelling system 
3. Setup measurement system 
4. Analyse data 

Delivering emission estimates in Recife, Brazil 

Recife, Brazil,1km x 1km, based on IPCC and GPC 
Collaboration LSCE, ARIA tech. 
 

Toronto, Canada, 0.02ox0.02o 

Based on air quality inventory 
Collaboration LSCE, UoToronto 

Towards an operational system to spatialize existing 
GPC inventory data  

8.54% 

0.37% 
1.72% 

34.67% 

1.04% 

2.30% 

0.20% 

50.61% 

0.54% 

Emissions  by fuel % 
LPG - Residential
Sector

LPG - Industrial
Sector

LPG - Commercial
Sector

Fuel Oil -
Industrial Sector

Diesel -
Industrial/Agricul
ture Sector



1. Build emission inventory 
2. Establish modelling system 
3. Setup measurement system 
4. Analyse data 

Delivering emission estimates in Recife, Brazil 

Nested domain 
0-6 6-12 12-18 18-24 0-6

Run 1
Run 2
Run 3
Run 4



1. Build emission inventory 
2. Establish modelling system 
3. Setup measurement system 
4. Analyse data 

Delivering emission estimates in Recife, Brazil 
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1. Build emission inventory 
2. Establish modelling system 
3. Setup measurement system 
4. Analyse data 

Inversion estimate 
 6.0 MTCO2/year (±20%)  

Delivering emission estimates in Recife, Brazil 



Demand mapping for urban/subnational 



ECCC/AQRD 

UoToronto 

 International coordination (8 urban areas in Europe involved) 
 So far ca. 3000km mobile surveys in Greater Toronto (bike and truck)  
 First emission rate estimates (local scale modelling) 
 High-resolution modelling (and inventories) 2.5x2.5km2 

 

Identifying CH4 mitigation potential in cities 



Demand mapping for urban/subnational 



Courtesy: S. Hammer and I. Levin UoHeidelberg, Germany 

Long-term tracking of emission changes 



Emission data from: 

1985 1990 1995 2000 2005 2010 2015
0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

bottom-up emission statistics:
 state Baden-Württemberg
 city of Heidelberg
 city of Mannheim
 Rhein-Neckar county

top-down atmo. estimate
 14C-based ffCO2
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Updated from Levin et al. 2011 
Philos. Trans. Royal Soc. A 
DOI: 10.1098/rsta.2010.0249 

Long-term tracking of emission changes 



 Support through WMO/GAW and 
finding new resources 
 

 Pilot projects 
 

 Scaling up and capacity building 
 

 Greater integration with 
Meteorological Services 
 

 Working towards operational 
services (and good-practices) 
 

 Strong link to UNFCCC 



First IG3IS subnational/urban workshop 



First IG3IS subnational/urban workshop 

 Key questions for initial recommendations document identified 

 Draft for community review paper on urban/subnational IG3IS research 

 Agenda for first IG3IS symposium and user summit 



Meteorological services 

Governmental agencies 

Universities&Research 

International organizations 

Private sector 

        

Non-government organizations 

Financial institutions 

First IG3IS symposium and user summit 



First IG3IS symposium and user summit 

Meteorological services 

Governmental agencies 

Universities&Research 

International organizations 

Private sector 

Non-government organizations 

Financial institutions 

 Bring together key users from a number of different sectors to engage in ONGOING 
dialogue with technical developers of IG3IS information. 
 

 Stakeholders and users will be invited to articulate their needs for data-driven GHG 
emission information – TODAY and TOMORROW. 
 

 The scientific community developing IG3IS services will present EXISTING CAPABILITIES 
that can either meet information needs or reframe the user considerations and the 
landscape of solutions under consideration. 
 

 The Symposium and User Summit will also identify gaps between current capabilities and 
emerging user requirements and guide IG3IS research and development for future 
PRODUCTS and SERVICES.  



“From ‘I guess’ to I know” 



“From ‘I guess’ to I know” 
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