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Atmospheric GHGs - The 

Primary Driver of Climate 

Change 

 Atmospheric CO2 continues 
to increase every year 
 The trend is largely driven by 

fossil fuel emissions 

 The growth rate increases 
every decade 
 Variability is largely driven by 

the Earth System 

 The Earth System 
continues to capture 50% of 
emissions 
 Despite the increase in 

emissions 
 Our job is to do our best to 

understand the carbon cycle 

 

 



GHG monitoring and reporting in 2010: 

atmospheric “top-down” and inventory “bottom-up” 

Can atmospheric measurements and models “verify” inventories? 



 Then (2010)  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 

GHGIS > $5 Billion delivered 2025 

Advocates: Science Community!!! 

Federation of focused monitoring systems  

IG3IS < $1B  delivered ~2018 

Advocates: WMO (191 countries), States (eg, CA), 

Cities (eg, C40), NGOs, Industry (eg, Oil Companies) 

UNFCCC Process and GHG Monitoring: 

Both evolving from “Top Down” to “Bottom Up” 



The IG3IS Goals and Principles 
Goal: Support the success of post-COP21 actions of nations, sub-national 

governments, and the private sector to reduce climate-disrupting GHG emissions 

through a sound-scientific, measurement-based approach that: 

 reduces uncertainty of national emission inventory reporting,  

 identifies large and additional emission reduction opportunities, and  

 provides nations with timely and quantified guidance on progress towards 

their emission reduction strategies and pledges (e.g., NDCs) 

Principles 

 IG3IS will serve as an international coordinating mechanism and establish and 

propagate consistent methods and standards. 

 Diverse measurement and analysis approaches will fit within a common framework. 

 Stakeholders are entrained from the beginning to ensure that information products 

meet user priorities and deliver on the foreseen value proposition.  

 Objectives must be practical and focused. 

 Success-criteria are that the information guides additional and valuable emission-

reduction actions. 

 IG3IS must mature in concert with evolution of user-needs and policy. 



Added Value of an IG3IS 

 IG3IS is a broad international effort with mandate starting 
with WMO and now partnering with UNEP 

 Focuses on where skill and use cases exist, and where 
users are ready to engage based on where there is 
confidence, trust and value in doing so 

 Brings together atmospheric composition information with 
socioeconomic activity data and emission factors… 

 …..thereby, delivering information that is more timely, 
accurate, and consistent, with better temporal and spatial 
resolution 

 Propagate standards and methods to establish fairness 
and efficiency that encourages increasing participation 

 

 



Atmosphere 

Terrestrial 
(GTOS) 

Ocean 
(GOOS) 

IG3IS (WMO & UNEP) 

GCOS = Global Climate Observing System 

GOOS = Global Ocean Observing System 

GTOS = Global Terrestrial Observing System 
 

AOPC = Atmospheric Observation Panel for Climate 

OOPC = Ocean Observation Panel for Climate 

TOPC = Terrestrial Observation Panel for Climate 

BIPM = Bureau International des Poids et Mesures 

WMO = World Meteorological Organization 
 

CEOS = Committee on Earth Observation Satellites 

GEO = Group on Earth Observations 

GFCS = Global Framework for Climate Services 

WCRP = World Climate Research Programme  

Partnership precedent  

for WMO and UNEP: 

 

- Ozone Assessment 

- IPCC 

Integrated Global Greenhouse Gas  

Information System 

 IG3IS: WMO Initiative – Partners and Context 

GEO 

Flagship: 

C & GHG  



Near-term IG3IS Objectives (5-year horizon) 

Support of UNFCCC Paris Agreement: 

 Guide Nations to use atmospheric composition and inverse modeling (e.g., UK 

example) in UNFCCC inventory reporting 

 “Global Stocktaking” in the context of the Paris Agreement: 

 More frequent and low latency trend assessment of NDCs are possible by combining 

atmospheric composition and socioeconomic data.  This will be in support of the Paris 

Agreement’s desire to revisit the progress of countries’ NDCs. [e.g., FFDAS] 

 Enhancing FFDAS for support of developing country inventories and Global Carbon 

Project methodology by increasing use of atmospheric composition data. 

Key sub-national efforts and new mitigation: 

 GHG monitoring in large urban areas (megacities) 

 Detection and attribution of CH4 emissions from oil and gas sector 

Improved Tools: 

 Commercial aviation partnership to dramatically increase vertical profiles (e.g. 
extend IAGOS to intra-continental measurements) 

 Isotopic top-down validation for fossil fuel CO2 emissions (e.g., 13C, 14C)  



Paris Agreement “Global Stocktaking”: 

A combination of top-down and bottom-up methods can deliver  

higher-frequency assessments of national emission trends  

and with rigorously quantified uncertainties  
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WMO Role in GHG Information and IG3IS: 

Methods and standards for GHG Observations 

The Role of the World Meteorological Organization (WMO) 

• Ensure high quality, consistent, 

continuous GHG and other 

observations of atmospheric 

composition 

• Develop high quality atmospheric 

transport and data inversion 

models 

 

 

 

 

• Coordinate global atmospheric 

measurements; improve models 

and analysis 

• Leverage capabilities across 

programs and nations 

• Build capacity in developing 

nations 
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Relevance: cities matter 

 
 > 70% of global fossil-fuel CO2 (about half of that from megacities)  

Source: Cities and Climate Change: an urgent agenda, World Bank, 2010 





Urgency: cities are changing rapidly 

 Both with Stabilization 
 Green LA Plan (2007) 

 35% (vs 1990) by 2030 

 Paris Climate Plan (2007)  

 25% (vs 2004) by 2020 

 

 

 and Growth 
• Global urbanization will double by 2050 

• Explosive growth in developing 

megacities 

  population >4%/year 

  emissions >10%/year 

http://www.c40cities.org 



Right:  Gridded annual fossil fuel CO2  emissions from a medium-size city (Indianapolis) show distinct gradients 

at different spatial scales. Right: CDIAC 2006 emissions for the CONUS plotted on a 1° (~100 km) show avg 

flux 200-600 gC/m2/yr. Middle: Vulcan 2002 emissions for the ~10,000 km2  area centered on Indianapolis on a 

10 km grid. Left: Hestia 2002 emissions for the urban core on a 1 km grid. The Vulcan and Hestia plots use log-

normal scales (typically >20,000 gC/m2/yr).  

Pragmatic: monitoring cities is a tractable problem 

CO2 at local (human) scales is more intense than at larger scales 



The Hestia Project: 
 Quantifies all fossil fuel CO2 emissions at building and street 

scale 



Carbon emissions from 
cities and their support 

systems represent the 
single largest human 

contribution to climate 
change. 

 

The Megacity Project 
provides a strategy, 

methodology and roadmap 

for an international 
framework to assess 

directly the carbon 
emission trends of the 

world’s megacities.  

Megacity Project: Paris and Los Angeles  

http://megacities.jpl.nasa.gov 



GOSAT Observations Demonstrate 

Space-based Detection of Megacity XCO2 
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Near-term IG3IS Objectives (5-year horizon) 

Support of UNFCCC Paris Agreement: 

 “Global Stocktaking” in the context of the Paris Agreement: 

 More frequent and low latency trend assessment of NDCs are possible by combining 

atmospheric composition and socioeconomic data.  This will be in support of the Paris 

Agreement’s desire to revisit the progress of countries’ NDCs. [e.g., FFDAS] 

 Guide Nations to use atmospheric composition and inverse modeling (e.g., UK 

example) in UNFCCC inventory reporting 

 Enhancing FFDAS for support of developing country inventories and Global Carbon 

Project methodology by increasing use of atmospheric composition data. 

Key sub-national efforts and new mitigation: 

 GHG monitoring in large urban areas (megacities) 

 Detection and attribution of CH4 emissions from oil and gas sector 

Improved Tools: 

 Commercial aviation partnership to dramatically increase vertical profiles (e.g. 
extend IAGOS to intra-continental measurements) 

 Isotopic top-down validation for fossil fuel CO2 emissions (e.g., 13C, 14C)  



Methane from Oil and Gas Supply Chain  

USA Texas (Barnett Shale) Example 
Atmospheric composition plus enhanced bottom-up activity data 



Tier2 (Blue boxes): 

Aircraft 

spectrometers 

estimates local 

fluxes & attributes 

source sectors 

Tier 3: Plume Imaging 

aircraft map point sources 

50 km 

500 m 

Tier 1: Satelite detects hotspot region 

500 km 

Pixel size 1.5m 

A tiered strategy for monitoring methane leaks in the US 
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Taft dairies 

Kern River oil field 

Elk Hills oil field 

Dairies 

Oil fields 

Tier 4 (not 

shown): 

Surface 

observations 

Enhanced 

Activity Data 



Added Value of an IG3IS 

 IG3IS is a broad international effort with mandate from 
WMO and commitment from UNEP 

 Focuses on where skill and use cases exist, and where 
users are ready to engage based on where there is 
confidence, trust and value in doing so 

 Brings together atmospheric composition information with 
socioeconomic activity data and emission factors… 

 …..thereby, delivering information that is more timely, 
accurate, and consistent, with better temporal and spatial 
resolution 

 Propagate standards and methods to establish fairness 
and efficiency that encourages increasing participation 

 

 



Next steps 

 Develop a system for the future that will meet 
society’s evolving needs to reduce and mitigate GHG 
emissions: 
 

 Complete the strategic/implementation plan for the 
IG3IS and gain approval from WMO and UNEP 

 Actively entrain partners and users through all 
stages of development 

 Coordinate with other efforts (e.g., GCOS, GFCS, 
GEO Carbon Flagship) 

 Establish budgets and identify support 

 Establish a Secretariat 



NWP system architecture of observations and models:  

an IG3IS long-term vision for “carbon weather” forecasts 

Today’s NWP system incorporates multiple coordinated satellites in low Earth 

orbit (LEO) and geostationary orbit (GEO), aircraft, balloon, and ground observing 

systems in a true system of systems. A similar approach could be developed for 

CO2 and CH4 emissions monitoring, perhaps even leveraging the existing 

operational meteorological infrastructure. 



Future with geostationary sounders,  
low-Earth orbiting mapping systems and data assimilation  



Conclusions 
In order to provide GHG information that will support 

post COP21 action, there is need for an Integrated 

Global GHG Information System working at local, 

regional, and national scales. An IG3IS combines 

atmospheric composition with bottom-up inventory data 

to better inform policy and decisions 

 
• Reduce uncertainty of national emission inventory reporting,  

• Identify large and additional emission reduction opportunities,  

• Provide nations with timely and quantified guidance on progress 

towards their emission reduction strategies and pledges (e.g., 

NDCs) 

 



   WMO Role in GHG Information: Atmospheric Transport 
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The patterns in observed surface concentrations are distinctly opposite to 

the daily variations of emissions fluxes from human activity. 

 

Surface concentrations of CO2 maximize at nighttime when the nocturnal 

PBL is shallow, but PBL height and rush hour emissions are increasing in 

the morning. 
 

Must understand atmospheric transport and dynamics to quantify 

emissions fluxes from atmospheric concentration measurements  



Atmospheric GHGs - The 

Primary Driver of Climate 

Change 

 Atmospheric CO2 continues 
to increase every year 
 The trend is largely driven by 

fossil fuel emissions 

 The growth rate increases 
every decade 
 Variability is largely driven by 

the Earth System 

 The Earth System 
continues to capture 50% of 
emissions 
 Despite the increase in 

emissions 
 Our job is to do our best to 

understand the carbon cycle 
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Time   

How will Society know it is reducing Greenhouse Gas Emissions?? 

2020 2030 2050 2100 



Carbon trackers could 

help bolster climate 

vows: projects lay 

groundwork for a 

global greenhouse 

monitoring system 

 

Science 18 Dec 2015:  

W Cornwall, Vol. 350, Issue 6267, pp. 

1450-1451 

DOI: 10.1126/science.350.6267.1450 

 

 



IG3IS Implementation 
(within WMO) 

 Bimodal approach 

 Active Orgs within 
WMO 

 ICOS, China, 
Brazil, INACP, 
SE Asia, et al. 

 Partners 

 FAO, UNEP, 
ICSU, GEO, 
GCOS, GOOS, 
et al. 

 

CAS Mgt 

(May 2013) 

WMO/GAW 

GGMT 

(Jun 2013) 

CAS 

(Nov 2013) 

WMO Exec 

Council 

(Jun 2014) 

Implementation 

Plan (IP) Writing 

Team in place 

WMO 

Congress 

(Jun 2015) 

Delivery of 

draft IP to 

WMO Exec 

Council 
(Jun 2016) 
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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 DECC: 

• Refill rate 

• Uptake rate 

Example from UK report to UNFCCC: HFC-134a 
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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 - error bars
represent the 2.5th and
97.5th percentiles

• Early (1990s) mismatch with 

the inventory. 

• Difficult to understand, most 

likely cause is landfill 

emissions but retrospectively 

challenging to investigate. 

• Inspired DECC to expand the 

network from 1 to 4 stations. 

Example from UK report to UNFCCC: Methane 


