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Today’s RCN Talk 

• Will focus on the story of the development of 
different types of Urban Greenhouse Gas (GHG) 
Emission Accounting Approaches 
• Geographic, Territorial, In-Boundary GHG 

Inventory 

• Community-wide Infrastructure GHG Footprint 
(CIF) 

• Consumption-based GHG Footprint (CBF) 

 



Larger Research 
Objectives/Questions 
• How are the three GHG accounting methods 

related? 
• Are they mathematically related? 
• What flows are counted?  
• What flows are missed? 

• What do they inform? 
• What metrics are appropriate to report GHGs in 

the three methods? 
 

• So, first developed a schematic to understand 
these GHG footprints and illustrate all ‘flows’ 



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. 

Not to scale 

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



Mathematical relationships 
between footprints 
• We developed mathematical relationship showing 

that the different footprints are related 
• Typology of cities emerged from mathematical 

relationships 
 

• Net-Producers 
• Highly industrial cities in China 
• Smaller resort communities (e.g., Vail, Colorado) 

• Balanced 
• Most larger metro cities (?) 

• Net-Consumers 
• High residential cities (e.g., Arvada, Colorado) 
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Combined ICLEI (bottom-up local 
level data) & IMPLAN (down-
scaled economic I-O) data to 
Model Different City Types 



% of Total Footprint Net-Producers Balanced Net-Consumers 

Territorial 68% 42% 37% 

CIF 75% 63% 62% 

CBF 35% 57% 71% 

Missed by all three 12% 17% 12% 

CIF captures  more than 
60% of Footprint. 
 
Coverage of CBF varies by 
city type. 



Sustainability Metrics 

• Cities can be viewed from two perspectives: 
     Production and Consumption 
• In our study we tested: 

     CIF  City from a Production perspective 
     CBF  City from a Consumption perspective 
 

• To explore this proposition, we developed an urban 
energy/carbon intensity index (UEI) consisting of: 
• Production Carbon Intensity: GHGs from comm-ind energy 

use per GDP for each city 
• Household Carbon Intensity: GHGs from HH energy use per 

capita in each city 
• Transportation System Intensity: VMT/(residents+jobs) in 

each city 



Results 

• Evaluated correlations between the GHG 
emission accounting metrics and the UEI 

 

• Illustrating results from three scenarios 



Metrics: Purely Territorial 
(GHGIB) 

…Perhaps purely territorial 
GHG normalized by neither 

GDP or capita is a good 
metric to represent UEI 



Metrics: Territorial with Electricity 
(GHGScope 1+2) 



Metrics: CIF (GHGCIF) 



Metrics: CBF (GHGCBF) 

…GHGCBF more directly 
illustrates the willingness to 
consume by a city’s residents. 
 
Does not link directly to the 
city’s efficiency. 

CBF vs. Expenditures 



Insights 

• A typology for cities is important for describing the supply-chains 
serving cities 

• Of the Total GHG Footprint: CIF covers more than 60% for all city 
types 

• Of the Total GHG Footprint: CBF covers an average of 35%, 57%, 
and 71% for Net-Producers, Trade-Balanced, and Net-Consumer 
cities 

• In the assessment of metrics for comparing GHGs associated with 
cities: 
• Territorial is not an appropriate metric either per capita or per GDP 
• Territorial with electricity allocated, may be enough to represent 

cities energy/carbon efficiency 
• CIF/GDP is the most appropriate metric for CIF and correlates with 

UEI 
• CBF/capita vs. Expenditure illustrates consumer behavior 



THANK YOU 


