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Setup

• Urban-scale GHG inventories continue to increase in 
importance

• Part of scientific research (in many areas/disciplines)
• Part of practical policy implementation and guidance
• There are multiple communities engaged in urban-scale 

inventory development and application (engineering, public 
policy, carbon science, urban science, economics)

• They have different goals, methods, needs

• However, to optimize use for both science and policy and to 
progress as a more integrated community, there may be an 
opportunity for an improved framework. To do that we need 
to first assess what we have, what we don’t, what the 
challenges are, what the opportunities are.



Goals

Goal 1: Identifying tools, data products, and 
information systems

Goal 2: Achieving comparability and 
consistency/uniformity

Goal 3: Specifying data needs and data 
opportunities

Workshop started us down path towards:



Inventory perspectives

Community-Wide 
Infrastructure Footprint (CIF) 
is represented by the 
territorial GHGs plus GHGs in 
all trans-boundary 
infrastructure supply-chains.

Consumption-Based 
Footprint (CBF) is 
represented by only 
areas in WHITE.

In-Boundary (IB) represents 
GHGs within the community 
boundary.

Total Footprint = Territorial 
plus all Trans-Boundary 
Supply-Chains.

Source: Chavez & Ramaswami (2013)



Inventory perspectives

Source: Chavez & Ramaswami (2013)



Spatially-explicit consumption inventory

Jones & Kammen, 2014



Spatially-explicit consumption inventory

Jones & Kammen, 2014

Methodologically 
different from the 
solely “scope 1” 
inventories

Primarily driven by 
MV regression from 
socioeconomics 
(which economists 
typically refer to as 
“top-down”)



Spatially-explicit consumption inventory

Interactive carbon footprint mapping tool for California 2010-2050

Courtesy: Chris Jones



Lessons from international urban inventories

Local presence best for data collection
• University, source inside the local government, dedicated 

consultant/graduate student

Incentives for city officials must be clear
• Access to finance, city-to-city competition, PR/marketing, 

meeting carbon reduction goals

Conforming to a standard is difficult
• Great in theory for cross-city or temporal comparisons, 

data availability and collection methods vary between 
cities and over time

Consumption-based inventories make options for emissions 
reduction (and financing) tangible

Courtesy L. Sugar



Use of remote-sensing



Ongoing urban intensives: SLC



u CH4 signal in integrated urban air masses exceeds inventory 
(CH4/CO, CH4/CO2)

u Source apportionment: more ff derived CH4 than in 
inventory

u CH4 hotspots are ubiquitous, some from uninventoried
sources
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Hopkins et al., J. Geophys. Res., 2016

Ongoing Urban Intensives: LA & CH4

Most CH4 hotspots of 
unknown origin are 
from fossil sources



Ongoing Urban Initiatives – LA & bio

Winter:	-760	per	mil	à CO2xs	is	24%	biogenic
Summer:	-830	per	mil	à CO2xs	is	17%	biogenic

Why is CO2bio so high?

• Ethanol in gasoline (~ 3 %)
• Human Respiration (~ 5 %)
• Urban ecosystems 10-15%: 

parks, lawns, golf courses, 
etc. ?

Courtesy: John Miller



Ongoing urban intensives: Boston & bio
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INFLUX and reconciliation
Gurney et al: Reconciling the differences between a bottom-up and inverse-estimated 
FFCO2 emissions estimate in a large US urban area

rt  page  o  

potentially large enough to singularly explain the dispar-
ity. The research community is aware of the potential for 
soil/vegetation respiration outside the growing season 
to contribute to observed CO2 mixing ratios, but empiri-
cal evidence in the urban domain has been limited. Only 
recently have there been measurements within mid-lati-
tude urban areas to support the notion that the flux may 
be large enough to warrant explicit inclusion (Decina et 
al., 2016; Kaye et  al., 2005; Chen et al., 2014). Indeed, 
the soil/vegetation covered landscape within the urban 
domain tends to be heavily managed with both water 
and soil nutrients available throughout the year (Kaye 
et al., 2006). The potential for soil/vegetation respira-
tion to influence measured CO2 mixing ratios emphasizes 
the need to consider the fact that the urban biosphere 
will continue to be active outside times of the year when 
photosynthesis and/or net uptake is dominant. We con-
clude that this missing flux can account for nearly all of 
the discrepancy between the two approaches to within 
statistical uncertainty,  reconciling the bottom-up Hestia 
FFCO2 estimate with the  inversion-based estimate in the 
INFLUX domain.

Though missing respiration fluxes is the most obvi-
ous explanation for the discrepancy, the simplicity of the 
exploration here does not eliminate a biased bottom-up 

emissions data product as a potential factor in the disparity 
with the inverse-estimated posterior flux. The  alternative 
approaches to estimating the larger contributors to the 
fossil fuel budget remain limited and hence, cannot be 
considered conclusive proof that the Hestia data  product 
is not biased. Ideally, improved empirical data and asso-
ciated uncertainties are required to improve bottom-up 
estimation of fluxes. Some superior data do exist which 
would allow for better estimates of FFCO2 emissions from 
the bottom-up. For example, household utility  billing 
data, though not without measurement uncertainty, 
offers a direct measured estimate of on-site building emis-
sions. Legal barriers and privacy concerns prevent this 
information from being shared outside of energy supply 
utilities and their ratepayers. Arrangements whereby util-
ity billing data is anonymized or aggregated to scales that 
eliminate privacy concerns should be pursued and stand-
ardized (Pincetl et al., 2015). Even representative samples 
in specific urban domains would improve the estimation 
algorithms in the building sector.

Onroad vehicle FFCO2 emissions, often the largest 
 single emitting sector in US cities, presents unique data 
challenges because of its mobile nature. Nevertheless, 
more comprehensive traffic monitoring and vehicle fleet 
information from inspection/maintenance recordkeeping 

Figure 5: Reconciliation of the INFLUX CO2 emissions. The Hestia FFCO2 flux estimate and uncertainties (thick 
line: one-sigma; thin line: 2-sigma), the individual CO2 flux reconciliation adjustments, and the reference inversion 
CO2 flux estimate and uncertainties (thick line: one-sigma; thin line: 2-sigma) for the September 1, 2012 to April 30, 
2013 period in the INFLUX domain. The adjustments to the Hestia FFCO2 flux estimate are cumulative from left to 
right, and the hatched region denotes the range of values associated with the cumulative flux adjustment. Light 
blue columns represent FFCO2 errors; dark blue columns represent missing CO2 fluxes. Units: MtC. DOI: https://doi.
org/10.1525/elementa.137.f5

INFLUX: Whole-city emissions for 2012-2013&

Lauvaux et al., 2016 

INFLUX Inversion System: Evaluation / Comparison (November 2014) 
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All differences accounted for 
Excellent agreement across top-down and bottom-up methods 

 
Total Flux: 13,300 mols/s ± 6% Turnbull et al., in prep. 

Gurney et al., 2017

Turnbull et al., in prep

   !    !   !   !   !

Comparison of CO2 urban emissions from the Indianapolis area !
Over 2012-2015 to Hestia!

2012! 2013! 2014! 2015!

Different inter-annual variability across methodologies but similar 4-year trend 

Lauvaux et al., 2016



Intercomparisons just starting

Gately and Hutyra (in review)



Existing stakeholder services: ICLEI

• Global network of 1,500 cities, towns and regions in 108 countries
• Expertise on low-carbon, ecomobility, resource-efficiency, resilience, 

biodiversity, health, green economy, smart infrastructure, smart city, 
sustainable procurement

• Provide policy and technical guidance, tools, peer-learning and 
exchange to local and subnational governments 

• Through our work we impact over 25% of the global urban 
population. 

Courtesy: Sam Yewdall



Courtesy: Phil DeCola

Stakeholder “matrix”



Summary Themes

There remains apples/oranges in top-down/bottom-
up AND across the bottom-up

Very different methods/opportunities/challenges
for FFCO2, CH4, Bio-sourced – criteria AQ linkage 
remains an opportunity (and a challenge)

We have just begun “intercomparison” (we have 
enough alternatives to start)

Need lots more “iteration” with stakeholders

We have started on two “action-items”



Action-items

1) Establishment of a registry for inventory results – all scales 
and methods

• Customizable for the GHG
domain

• Can be deployed at different
sites

• More tomorrow

2) Dialogue/planning with EPA on generating a spatially-
resolved CO2 inventory

We (me) will generate a written report on the findings, 
consensus, challenges, disagreements etc.


