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INTRODUCTION
The transportation sector accounted for 14.3% of world greenhouse gas 
(GHG) emissions in 2005, behind electricity and heat (24.9%) and industry 
(14.7%), but ahead of agriculture, land use change, and waste.1 As one of 
the three highest emitting activity sectors, transportation is an important 
fi eld to target for emissions reductions strategies. It is even more crucial in 
the United States, where its share of emissions is considerably higher than 
in the rest of the world. The US transportation sector accounted for over 
33% of total nationwide CO2 emissions in 2008.2 Urban passenger transport 
in the US represents almost half of total transportation emissions, and 
around 15% of total CO2 emissions, according to the Environmental Protec-
tion Agency (EPA).3,4

The ability to perform accurate transportation emissions inventories at 
multiple geographic levels and update them regularly is critical for identi-
fying opportunities for emissions mitigations activities, as well as for 
measuring their progress over time. EMBARQ – The World Resources 
Institute Center for Sustainable Transport is engaged in this area in order to 
assist local and national governments around the world to reduce GHG 
emissions. Reductions in GHG emissions represent one of the key perfor-
mance indicators across all EMBARQ projects, from the low emissions 
zone in Istanbul’s historic peninsula to Bus Rapid Transit (BRT) corridors 
across Latin America and Asia. 

A citywide transportation emissions inventory is critical in order for local 
actors to understand the magnitude of transportation emissions and evaluate 
the relative contribution of different factors to overall emissions. Further-
more, an accurate inventory is an essential step in developing a comprehen-
sive climate action plan, an effort that many cities, regions, and states are 
undertaking.
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Developing an inventory involves making important 
decisions about which emissions from what trips to 
include, what the boundary should be, and what data 
collection method should be used. Depending on how it 
addresses these different issues, an inventory for the same 
city or metropolitan area can report signifi cantly different 
results. In this paper, we analyze the main methodological 
issues involved in making an inventory and explore how 
they can infl uence the inventory’s results. There is no 
single way to address all these challenges successfully, and 
each city’s decision on how to develop a methodology for 
creating an inventory will depend on the local political and 
geographical context, as well as data availability. 

In the second part of the paper, we review several method-
ologies currently used around the world to develop 
citywide transportation emissions inventories, including 
international methodologies such as the World Bank 
Citywide Methodology, the European Commission’s 
COPERT model, as well as inventories developed by local 
planning agencies in San Francisco and Lisbon. These 
inventory methodologies vary signifi cantly in terms of 
scope, data requirements, and data collection methodology. 
They also illustrate the diversity of approaches currently 
used around the world to track urban transportation 
emissions.

Finally, we discuss how transportation GHG emissions 
inventories could be integrated with climate policies in the 
US and internationally, noting that inventories would be 
particularly useful in implementing performance-based 
transportation funding, where federal funding would 
prioritize funding for projects that reduce GHG emissions. 
In the developing world, inventories provide the informa-
tion that can inform emissions-reduction strategies and, 
when repeated over time, can help monitor the effect of 
projects and policies aimed at reducing emissions. This can 
help cities plan for GHG emissions reductions and apply 
for transportation-related Nationally Appropriate Mitiga-
tion Action (NAMA) fi nancing.

CREATING AN INVENTORY: METHODOLOGICAL 
ISSUES
Creating a transportation GHG emissions inventory 
involves making a series of decisions on the following 
issues:

• The scale at which the emissions will be measured 
(neighborhood, city, or region5);

• The method for measuring emissions (top-down, e.g., 
based on regional fuel sales volumes, or bottom-up, e.g., 
estimating total vehicle kilometers traveled [VKT] in a 
city or region based on surveys or traffi c counts);

• The data collection method (using existing data, travel 
surveys, odometers, etc.); and

• The timeframe for monitoring emissions (how often to 
repeat the inventory to track changes).

Depending on the method chosen for creating the inven-
tory, the results can be signifi cantly different. Christopher 
Ganson illustrates this by comparing the results of four 
different emissions inventories for the city of Berkeley, 
CA.6 When using an inventory that considers only those 
trips that occur entirely within the city limits, annual 
citywide transportation GHG emissions total 292,707 tons 
for 2005. If, however, the inventory is expanded to also 
include trips to and from nearby cities, allocating half of 
the emissions from each of those trips to Berkeley, total 
annual emissions increase signifi cantly to 434,705 tons.7

The major difference between the two results can be 
explained by the fact that Berkeley is an employment 
center and a major regional destination in the San Fran-
cisco Bay Area, attracting trips from other cities in the 
region, such as Oakland, Richmond, or Fremont.8

Since different methodologies can produce signifi cantly 
different inventories, the chosen methodology can have a 
large impact on the set of strategies chosen by a city or a 
region in developing a comprehensive climate action plan 
or undertaking stand-alone transportation GHG emissions 
mitigation actions.
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What is the appropriate boundary and how should trips that 
cross it be addressed?
Creating a transportation GHG emissions inventory 
involves making important decisions on where to draw the 
boundary between emissions that are associated with the 
transportation sector in a given city and those that are not. 
The most important boundary is the geographical – how to 
count trips that do not occur wholly within the city in 
question. This includes commuting or shopping trips from 
other parts of the region, but also trips to and from major 
airports, which are usually located outside the administra-
tive limits of the cities they serve. 

There are two important issues to be considered here. The 
fi rst issue is how to correctly allocate emissions from a trip 
that crosses multiple cities to each of those cities. The 
second issue is making sure that the attribution method 
agreed upon does not result in double-counting emissions 
when they are aggregated back to the regional level. 

Researchers have proposed a variety of ways to address 
these two issues (Salon et al. 2008, Ganson 2008, Millard-
Ball 2007) both in terms of how to collect information on 
emissions and also how to allocate it to individual cities. 
When considering how to allocate emissions from a 
multi-city trip, an important issue to be addressed is which 
cities have the power to infl uence those emissions. Clearly, 
the origin and destination cities have the most leverage, as 
they can enact transportation and land use policies to 
encourage alternate modes. The cities crossed by the trip 
have less infl uence on the trip itself. They could, for 
example, impose pricing on the transportation corridors 
that cross them, but the trips may simply be diverted to 
other routes. For this reason, the examples cited below gen-
erally recommend attribution methods that divide emis-
sions only between the origin and destination cities.

Deborah Salon et al. present an overview of the different 
ways to allocate emissions from multi-city trips and the 
emissions measurement or estimation methods associated 
with them.9 The options presented are analyzed according 
to three criteria: the degrees to which they enable accurate 

local VKT measurements, maximize the options for local 
governments to reduce VKT, and avoid local policies that 
might increase emissions at the regional level.

The fi rst allocation method presented is the most direct one 
– allocating emissions from a trip to all cities crossed, 
directly proportional to the length of the trip segments in 
each city. Emissions would be estimated based on measure-
ments for vehicle type and local VKT,10 which could be 
estimated via loop detectors11 in conjunction with travel 
demand models. The weakness of this method is that VKT 
would be allocated to traversed cities that are neither 
origins nor ends for those trips, and as a result have fewer 
options for affecting the emissions from those trips.

The second method assigns VKT according to where 
vehicles are fueled. This approach would represent a gain 
in precision compared to the previous method, as fuel sales 
can be measured accurately, but it would pose the same 
problem related to through traffi c as the previous option. 

The third option uses odometer readings to assign VKT 
and emissions to the locality where vehicles are garaged. 
The authors argue that this method would provide incen-
tives for land use changes and alternative transportation 
near home locations, but it would not provide the same 
incentives near work or shopping locations.12 Salon et al. 
propose an assignment method based on odometer readings 
allocated by vehicle home locality, with an adjustment for 
new non-residential development within that locality. The 
authors argue that this would add incentives for mixed-use 
development near home locations.13

A different accounting method has been proposed by 
Ganson14 and Millard-Ball.15 It allocates half of VKT and 
emissions to the locality where the trip originated and half 
to that where it ended. Known as the trip-end attribution 
method, this approach would allocate emissions to those 
cities that have the most infl uence over them. It also has 
the advantage of attributing all the emissions from an 
intra-city trip to that same city, without double counting. 
While previous allocation methods involved odometer 
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readings and loop detector data, the VKT estimates for this 
case would rely exclusively on regional travel demand 
models and might therefore provide inaccurate information 
at smaller scales.16

The trip-end attribution method would not allocate 
emissions to those localities that are only traversed by trips 
and that do not constitute origins or destinations, as it 
assumes localities have little infl uence over these emis-
sions. While this applies to car trips, it may not be true for 
transit trips. If a city is traversed by a transit line, even if it 
does not contribute to the ridership of the transit system, 
the city has an opportunity to promote transit-oriented 
development along that transit line and potentially reduce 
transportation GHG emissions on a per capita basis. To 
ignore this trip segment in allocating VKT and emissions is 
to overlook an important opportunity to increase transit 
ridership. This would only make sense in the unlikely event 
that it would not be feasible for the transit system to place 
stops in that specifi c locality. An alternative method would 
be to allocate emissions to all localities traversed by a 
transit line on a per-kilometer basis. For example, if 60% 
of the length of a bus line is in city A and 40% is in city B, 
then 60% of the emissions from that bus line would be 
allocated to city A and 40% to city B. This would more 
closely refl ect the opportunities afforded by the presence of 
an existing transit network.

Which transportation sub-sectors and trip types should be 
included in the inventory?
After determining the geographical boundary of the 
inventory area, and deciding how to account for trips that 
cross the boundary, the next important issue to address is 
whether the inventory should be limited to urban passenger 
transport, or whether it should be broadened to include all 
passenger and freight transport to and from the city. 

For example, should an inventory for New York City 
consider the emissions from fl ights originating or ending in 
its three major airports? Moreover, should the ground 
transportation and freight handling facilities at a major 
airport be considered part of a city’s transportation system 

or part of the airport complex? These are emissions directly 
associated with the movement of passengers and goods in 
and out of the city, but the city may not be able to enact 
policies infl uencing those emissions, whereas the agency 
overseeing the airport could. A comprehensive global 
inventory of transportation emissions would have to 
include inter-regional and international air, water, and rail 
transport. Including those in a citywide inventory, on the 
other hand, may not always be a useful tool for informing 
emissions reduction policies. While it would be fairly 
straightforward to determine how to attribute emissions 
from international trips to individual cities (by allocating, 
for example, half of emissions to the origin city and half to 
the destination) it is not clear that cities can always 
infl uence emissions from international air travel.

Including emissions from the transport of freight can pose a 
number of challenges. The main issue is how to allocate 
emissions from a good that was, for example, manufactured 
in China, transported by ship to the US, loaded on a truck, 
and then delivered to a retail facility within a city. The city, 

Lifecycle Emissions

Many existing inventory methodologies account only for 

GHG emissions from ‘active’ vehicle operation, and some 

also include ‘inactive’ operations. For a holistic view of 

transportation emissions, it would be important to consider 

total lifecycle emissions. In a study on the environmental 

assessment of passenger transportation, researchers from 

UC Berkeley argued that a vehicle lifecycle analysis should 

include extraction of raw materials, construction, operation, 

maintenance, and end of life for vehicles as well all 

products and services required to operate them, such as 

infrastructure and fuel. The authors have found that when 

considering all these factors, active vehicle operation 

represents only 65-75% (for cars, trucks, and buses) and 

24-39% (for rail) of total lifecycle emissions. (Chester, 

Mikhail, and Arpad Horvath. 2009. Environmental assess-

ment of passenger transportation should include infrastruc-

ture and supply chains. Environmental Research Letters 4:2)
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having control over land use, could implement smart 
growth policies, and the delivery vehicle could travel over a 
shorter distance within the city’s boundary to reach its 
destination. But this would address only a small portion of 
the total emissions associated with transporting that good. 
The EPA proposes a method for estimating GHG emissions 
from the provision of goods and food for the US. The 
method stipulates that “emissions that occur in other 
countries to produce or transport goods and services that are 
consumed in the US are not captured in the US inventory.”17

One way for a city to address these issues would be to 
enact local regulations promoting the use of local goods, 
produce, and materials. By providing enough incentives, 
the city could encourage residents to rely more on these 
local products. Globally, emissions would be reduced since 
freight would be transported within the region instead of 
around the world to reach that city. However, the citywide 
inventory might report an increase in emissions, since it 
would capture all the new local freight transport, and 
would not be able to detect reductions in long distance 
transport occurring outside its boundaries. A system of 
emissions credits could be useful in this case, applied to 
each local trip that is likely to offset a longer international 
trip. This way, even if the inventory would report an 
increase in emissions, the credit system would offer an 
estimate of the global benefi ts related to that local increase, 
recognizing the merits of the local use policy.

Waste transport is another topic of interest. According to 
the EPA, landfi ll capacity is very limited in some areas in 
the United States.18 The New York Times reports that New 
York City sends over 10,000 tons of residential waste per 
day as far as Ohio and North Carolina.19 In this case, there 
would be an opportunity for the city to reduce emissions by 
minimizing the need to transport waste to distant landfi lls. 
This could be achieved by reducing the volume of waste or 
investing in local waste-to-energy facilities. It should be 
noted here that implementing such a solution would require 
good integration between municipal agencies – not just the 
Department of Transportation.

There are other kinds of transportation emissions that 
should theoretically be part of a citywide emissions 
inventory, but that cannot be infl uenced through transporta-
tion policy. For example, the transit portion of the transpor-
tation GHG emissions inventory created by the Metropoli-
tan Washington Council of Governments (MWCOG) 
Transportation Planning Board (TPB) estimates emissions 
from public transportation by counting only tailpipe 
emissions from buses.20 The developers of the inventory 
have chosen not to include the emissions related to the 
electricity used to power the subway system and the 
different display boards for both buses and the subway. 
These emissions are directly dependent on the type of fuel 
used to generate electricity in the city and are not addressed 
in the same way as tailpipe emissions from buses. In this 
case, the goal of the inventory was to account for all GHG 
emissions that could be infl uenced by the TPB.

As in the case of defi ning the boundary, we suggest that the 
guiding infl uence on the choice of which sub-sectors to 
include should be which agency or government body is 
best suited to address each sector’s emissions. 

What is the appropriate scale for an inventory?
Assessing the appropriate scale for inventories can also 
provide an assessment for what level of government is well 
positioned to conduct (and receive funding for) transporta-
tion emissions mitigation projects. The issue of scale is 
particularly important in urbanized regions containing 
multiple cities, where multiple levels of local and regional 
government can implement emission mitigation strategies. 
In the US, cities have control over land use and local 
transportation projects, while Metropolitan Planning 
Organizations (MPOs) can infl uence major transportation 
investments and the state governments control many roads. 
Cities, MPOs, and states can enact policies that reduce 
emissions related to transportation, although they have 
different methods.

Within larger urbanized regions, it is possible for a city to 
implement a local policy that will reduce emissions locally, 
such as a congestion pricing scheme for a given area. 



WORLD RESOURCES INSTITUTE  |  WORKING PAPER6

However, this policy could divert traffi c to neighboring 
cities and potentially increase or redistribute emissions at 
the regional level. Thus, when creating inventories for a 
part of a larger urbanized region, researchers, consultants, 
and planners must analyze where to draw the geographical 
line when assessing a city’s effect on, and responsibility 
for, transportation emissions. 

There is a clear advantage in choosing to develop an 
inventory for a wider area: the area of the inventory would 
more closely approximate the regional travel shed.21

Cross-boundary trips would become less important as they 
would represent a small fraction of total trips with the 
larger boundary. Issues such as how to allocate emissions 
from multi-city trips and how to correctly aggregate them 
back to the regional level would no longer be as important 
as in a citywide inventory. The main drawback is related to 
the political structure of the region: if the regional govern-
ment has less decision-making authority than the individual 
cities, a regional inventory is not as useful as a citywide 
one for guiding transportation policy.

How often should an inventory be updated?
The San Francisco Department of the Environment is 
developing a transportation GHG emissions inventory for 
the city of San Francisco, which is expected to be updated 
every fi ve years.22 This timeframe might be suited for cities 
in the US, many of which are no longer experiencing 
signifi cant growth and where car ownership rates are 
expected to remain steady in the near future. Applying the 
same method in the developing world, however, might lead 
to inaccurate results. Between 2000 and 2003, vehicle 
ownership in China increased at an average rate of 13,000 
vehicles per day.23 In major cities, such as Beijing, as many 
as 1,000 new vehicles are added to the city streets each 
day.24 As a result of increased motorization, annual VKT is 
likely to change signifi cantly over short periods of time. 
This would indicate the need to update an inventory 
frequently, possibly even every year. However, the time 
and cost of gathering vast amounts of data might make it 
impossible to update a comprehensive transportation 
emissions inventory annually.

One solution is to prepare a comprehensive update every 
fi ve or ten years, based on citywide models or travel 
surveys, and a less sophisticated update every one or two 
years, based on a methodology that is less comprehensive, 
and also less time consuming. An important issue is how 
much less detailed an inventory can be while still providing 
useful information for implementing or assessing projects 
and programs.

The Clean Development Mechanism (CDM), a framework 
developed under the Kyoto Protocol to allow industrialized 
countries to invest in emissions reductions projects in 
developing countries, requires the use of baselines in order 
to measure emissions. Under the CDM methodology, the 
baselines are normally updated at the renewal of the credit 
period (every seven years), although some methodologies 
specifi cally require annual updates.25 Transportation emis-
sions inventories could be useful in getting transportation 
projects accepted under CDM, though the timeline and the 
frequency of updates will then have to meet CDM require-
ments. The integration of inventories with international 
climate policy is discussed in more detail later in this paper. 

What is the best timeframe for assessing changes in 
emissions?
In their analysis of emissions from urban passenger 
transportation in Indian cities, researchers at the Center for 
Sustainable Transport (CST-India), a member of the World 
Resources Institute’s EMBARQ network, developed 
emissions forecasts over 35 years, creating an inventory for 
2005 and comparing it with predictions for 2020 and 2040. 
They estimate that per capita emissions from transportation 
in Mumbai will grow from 132 kg CO2 per person per year 
in 2005 to 490 kg by 2020 and 1,011 kg by 2040, under one 
of the proposed scenarios.26 The choice of such a long 
timeframe is justifi ed by the signifi cant increases in 
emissions that are expected during this time.

The choice of time period over which to monitor emissions 
can signifi cantly infl uence results. For example, a freeway-
widening project might reduce emissions in the short term 
by improving traffi c fl ow and eliminating delays. Over the 
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long term, however, the project might attract new develop-
ment along that freeway, or attract traffi c from other places 
in the region, and increase emissions. Therefore, only a 
long term monitoring effort would capture the actual effect 
of the freeway-widening project on GHG emissions.

How should an inventory update account for increasing 
urban population?
An update to an existing inventory may have to deal with 
changes to the population of the city. If the population 
grows, the total emissions from transportation are likely to 
rise. However, as Ganson notes, a city’s choice to accom-
modate more residents does not generate additional popula-
tion, but simply determines how the growing population is 
distributed.27 If the new residents are moving from a 
suburban location to a compact city center, their travel 
behavior is likely to change and their per capita emissions 
could be lower than at their previous location.28 In order to 
account for this, Ganson suggests a system of emission 
credits. By estimating citywide GHG emissions, he found 
that a person in Berkeley, CA emitted a total of 2.6 tons 
GHG per year, while a resident of Vallejo, CA emitted 7.1 
tons GHG per year.29 Therefore, if a resident of Vallejo 
moved to Berkeley, overall emissions in Berkeley would 
increase, but per capita transportation emissions, measured 
at the regional level, would be expected to decrease.30

While overall emissions inventories are helpful for 
estimating reductions needed over time or benchmarking, 
per capita reporting is equally important, to show changes 
in per capita emissions.

What is the best way to report GHG emissions in an 
inventory?
There is no agreement in the literature on what is the best 
unit of measurement or indicator to evaluate transportation 
emissions. In a study of CO2 emissions from urban 
transportation in Chinese cities, Darido et al. used a 
number of different indicators, from CO2 per person trip to 
CO2 per unit of metropolitan gross domestic product 
(GDP), and found that the different indicators often 
showed confl icting results. Using one method of measure-

ment reported a decrease in emissions, while another 
method reported an increase.31

Most inventories report results as overall transportation 
GHG emissions by applying emission factors to VKT data 
obtained from counts or travel models. The results can be 
expressed as overall GHG emissions or GHG emissions per 
kilometer traveled. However, these results fail to provide 
information on the number of passengers that the transpor-
tation system carried. Therefore, if a city implemented a 
policy promoting transit use and transit ridership increased 
as a result, an inventory that reports overall transit emis-
sions might not detect this change. That inventory may even 
report an increase in transit emissions, if the transit agency 
responds to increased ridership by adding more vehicles to 
the transit fl eet, or increasing service frequency. 

Chester and Horvath suggest measuring transportation 
emissions on a passenger kilometer basis. Using this system, 
they are able to show that, for example, an urban diesel bus 
during an off peak period, when it carries fewer passengers, 
emits 56% more GHG emissions per passenger kilometer 
than a conventional gasoline SUV. However, the same bus 
during the peak hour, when it has a higher occupancy, emits 
only 20% as much as an SUV, when emissions are divided 
by the number of passengers in each vehicle.32

We argue that every inventory should include a measure-
ment of emissions per capita. This approach allows the 
developers of the inventory to control for changes in 
population, and also provides a simple way for comparing 
the magnitude of transportation emissions over time, against 
other sectors, or compared to other cities. This observation 
is especially useful for inventories that look not only at 
transportation, but also other sectors, since it eliminates 
diffi culties in comparing sector-specifi c measures of energy 
and emissions, such as g CO2/kilometer from transportation 
with kW/m2 or g CO2/m

2 from buildings.
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DATA REQUIREMENTS
Schipper proposed a methodology for inventorying GHG 
emissions from transportation based on four factors, known 
as the “ASIF identity.”33 According to this method, total 
transportation emissions (G) can be calculated according to 
the following formula: 

G = A x S x I x F where

  A =  Total transport activity

 S =  Vehicle kilometers and passenger kilometers by mode

 I =  The energy intensity of each mode

 F =  Emissions per unit of energy or volume or distance

A transportation GHG emissions inventory is based on the 
combination of these different measures of activity and 
vehicle characteristics. Another important factor that 
affects activity level and emissions rates is driving behav-
ior, which also infl uences emission factors.

By combining data on volume of travel with emission 
factors, inventories can report overall transportation GHG 
emissions. In order to be able to report transportation GHG 
emissions on a per capita basis, it is equally important to 
include data on vehicle occupancy. Local data on travel 
speeds and congestion levels within the city can also 
increase the accuracy of the report.

An inventory methodology designed to be easily general-
ized using readily available data needs to be fl exible in 
terms of its data requirements. Depending on whether it 
needs to be generalized for the US, Europe, or the entire 
world, the inventory will have to work with very different 
levels of data availability and accuracy. It is therefore 
important to consider the tradeoff between accuracy and 
ease of use when considering the possible application of 
this methodology to developing countries. 

DATA COLLECTION METHODS
Local governments typically have little control over the 
environmental performance standards of private vehicles, 
although this could change with the implementation of 

plug-in electric vehicle incentives. Until robust implemen-
tation of vehicle incentives, which could be years away, the 
emissions parameter that can be most infl uenced through 
local transportation and land use policy is the volume of 
travel, or total transport activity. Cities can enact policies to 
reduce travel distances by promoting compact, mixed-use 
development, or increase average vehicle occupancy 
through policies favoring transit, carpooling, vanpooling, 
and road pricing. In order to inform such policies, a 
thorough inventory should provide detailed reports on 
travel patterns throughout the city.

Regional travel demand models are one possible source for 
obtaining vehicle travel data at the city level. However, 
these models estimate VKT at the regional level, aggregat-
ing data from traffi c analysis zones (TAZs). The problem is 
that the boundaries of the TAZs do not always overlap with 
those of the cities in that region. Obtaining a VKT estimate 
for a city based on a regional model will therefore have a 
high degree of uncertainty. Moreover, regional models are 
usually insensitive to local features, such as mixed-use 

Using Mode Split as a Proxy for GHG Emissions 

In a study of opportunities for transportation GHG emis-

sions reductions in Brazilian cities, Dario Hidalgo, Toni 

Lindau and Daniela Facchini developed a methodology for 

tracking changes in GHG emissions over time.  For the base 

year, VKT and travel time are estimated using a travel 

demand model. After extensive data collection, the model 

is calibrated to reproduce observed travel patterns. The 

calibrated model is then used to estimate GHG emissions 

from transportation for the base year. Changes in emissions 

over time are estimated by using a simplified approach 

that involves monitoring certain key indicators, such as 

population, GDP, mode split, trips per person per day, 

average trip distance, etc.  (Huizenga, Cornie, and Stefan 

Bakker. 2010. Applicability of post 2012 climate instru-

ments to the transport sector July 2010. http://cleanairini-

tiative.org/portal/sites/default/files/slocat/CITS_Report_

ADB_IDB_SLoCaT_July_2010.pdf)
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transit-oriented development (TOD) around transit stations, 
or changes in the pedestrian environment. These features 
can impact travel volumes and travel behavior at the 
neighborhood level, but regional models do not have the 
capacity to detect changes at such a small scale. It should 
be noted, however, that these models are constantly being 
updated and refi ned. Moreover, researchers have developed 
post-processing tools and alternative approaches to more 
accurately capture the transportation demand impacts of 
neighborhood-scale projects and interventions.34

Fuel sales are another source of information used in invento-
ries, often used to validate data obtained from bottom-up 
approaches (such as estimations of VKT in a region). The 
problem with this method is that fuel sale data is not 
geographically precise. Knowing where a car was refueled 
does not offer information on where that car was driven, and 
therefore does little to inform local GHG emissions reduc-
tion policies. This method would be appropriate only if the 
inventory is developed at a very large regional scale, where 
it would be less risky to assume that cars were driven in the 
same region where they were refueled.

A number of other methods exist for measuring or estimat-
ing transportation GHG emissions, ranging from the 
sophisticated satellite image tracking combined with 
GPS-equipped cars used by Portuguese researchers to 
develop an inventory for Lisbon, to the simple household 
travel survey used by CST-India. Salon et al. provide a list 
of different methods available for obtaining data for 
inventory creation. This includes loop detector data, fuel 
sales, average fuel economy, odometer readings, travel 
surveys, and travel demand models.35

In the US or Europe, the choice of data collection method 
is closely associated with the VKT measurement method 
chosen. If a locality chooses to monitor VKT for all trips 
originating inside its boundary, it might opt for using 
odometer data. If, on the other hand, the goal is to estimate 
travel only within a geographical boundary, loop detector 
data might be the appropriate method. In the developing 
world, where data is not as readily available, inventories 

often rely on using whatever type of data is available. For 
the CST-India model, the researchers used travel surveys 
and data on vehicle occupancy, relying on assumptions 
about trip distance, mode split, etc.

The developers of the International Vehicle Emissions 
(IVE) model, an inventory methodology specifi cally 
designed for the developing world, note that one of the 
biggest challenges in adapting an existing model to a 
developing country is obtaining local data on the vehicle 
fl eet and associated emission factors.36 The researchers 
have therefore developed a data collection methodology 
using resources typically available to developing nations. 
This involves a six-day fi eld study designed to collect as 
much initial data as possible. A sample of streets in each 
city is videotaped, providing information on mode split, 
composition of the vehicle fl eet, traffi c volumes, and 
average speeds. In addition, parking lot surveys are carried 
out in the area, with a mechanic inspecting each vehicle in 
order to record data on vehicle make, model, engine type 
and size, etc. Based on the information gathered from the 
fi eld study, the IVE model can be used to provide an 
accurate estimate of emissions for the selected region.37

In order to understand driving behavior, IVE researchers 
used GPS technology while riding in or driving different 
vehicle types. In addition, Vehicle Operating Characteristics 
Enunciators (VOCE) were fi tted to volunteers’ vehicles, in 
order to record the engine stop/start patterns for the vehicle 
fl eet.38 The IVE method is therefore capable of acquiring 
large volumes of data, with a considerable level of detail 
related to driving behavior, vehicle stock, and vehicle 
operating parameters, using considerably less sophisticated 
technology than, for example, the Portuguese model. An 
interesting next step would involve applying the IVE and 
the Portuguese method to the same area, to compare the 
differences between the two different approaches.

PAST AND CURRENT INVENTORY EFFORTS
Citywide transportation GHG emissions inventories are an 
emerging fi eld, with multiple inventories in development 
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around the world. International organizations such as the 
World Bank and the Global Environment Facility (GEF) 
are developing methodologies for their institutional use. 
Cities such as San Francisco and Lisbon have also devel-
oped unique inventory methods, suited to their geographi-
cal context and policy objectives. The different local, 
national, and international agencies currently involved in 
developing inventories are not always aware of each 
other’s efforts, and there is no internationally agreed-upon 
“road map” for creating such an inventory. For this reason, 
the existing inventories tend to be very different in 
methodology, data requirements, and scope, making 
comparison diffi cult. While some of them are specifi cally 
tailored to a single city, others are designed to be fl exible 
tools adaptable to multiple countries. Some methodologies 
aim to make inventories from different cities comparable, 
while others are more focused on developing tools to track 
changes in emissions over time in one place. Some of them 
focus only on GHG emissions, while others include 
pollutants that are relevant for local air quality. 

The eight inventories discussed in more detail in this 
section have been selected for their relevance to both the 
developed and the developing world, and for the interesting 
methodological insights they provide. The goal is to review 
a sample of inventory methodologies suffi ciently diverse to 
illustrate the different challenges involved in developing an 
inventory, and different ways to address these challenges. 
This discussion does not constitute a comprehensive 
summary of all the inventories currently used around the 
world. Bader and Bleischwitz provide an evaluation of 
several other inventories, with a focus on Europe.39

ICLEI - Local Governments for Sustainability

Scale City or county

Data requirements VKT or fuel sales data 

Data collection method Not specified

Limitations Ignores freeway traffic and trips that start or 
end in other jurisdictions

ICLEI has developed the Harmonized Emissions Analysis 
Tool (HEAT), a computer software program that can be 

Table 1 | Inventory Methodologies Included in This Paper

Inventory name Scale Data requirements Data collection method Limitations

HEAT City or county VKT or fuel sales Not specified Ignores freeway traffic and trips that 
originate or end in other jurisdictions

CST-India Metropolitan region VKT, vehicle occupancy, 
emission factors

Travel surveys, assump-
tions

Poor data availability

San Francisco City VKT by trip type, transit 
emissions

Not specified Attribution of emissions from transit 
trips might be inaccurate

COPERT Can operate at multiple scales 
(city, metropolitan area, region)

VKT, vehicle fleet composition Not specified Does not include occupancy counts, 
cannot report per capita emissions

Portuguese 

model

City Aerial imagery, GPS data, travel 
model

Aerial image tracking, GPS 
data collection, traffic 
counts, travel surveys

Does not include occupancy counts, 
cannot report per capita emissions

IVE Can operate at multiple scales 
(city, metropolitan area, region)

VKT, vehicle fleet composition, 
activity data

Vehicle fleet composition, 
speed, vehicle technology, 
VKT, mode share

Uses data from only a small sample of 
roads and vehicles

World Bank Can operate at multiple scales 
(city, metropolitan area, region)

Vehicle inventory, average fuel 
efficiency, VKT

Varies with location Not intended for cross-city comparison

GEF Metropolitan regional Recent mode split, older mode 
splits, average trip distance by 
mode, vehicle fleet composition

Household travel survey or 
traffic counts

Does not provide a method for 
attributing emissions from trips that 
originate or end outside the boundary
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accessed online to create comprehensive GHG emissions 
inventories for a jurisdiction, incorporating all the different 
activity sectors that generate emissions. The scale at which 
emissions are calculated corresponds to the geographic 
boundary of a city or county government. For the transpor-
tation sector, HEAT calculates emissions from passenger 
and freight transport, using county-specifi c emissions 
factors, applied to either VKT or fuel consumption data by 
vehicle type. HEAT considers all travel occurring within a 
specifi c geographical boundary and excludes all freeways.40

Depending on what fraction of travel within the city occurs 
on freeways, the emissions estimates provided by HEAT 
have varying degrees of accuracy. Furthermore, by only 
counting travel that occurs within the jurisdiction, the 
model ignores trips that do not occur entirely within the 
jurisdiction. Some trip segments are therefore attributed to 
localities that may not be able to implement policies to 
affect those trips, and that also have a responsibility 
towards those emissions. 

CST-India estimates for transportation GHG emissions in 
three Indian cities

Scale Metropolitan region

Data requirements VKT, occupancy, emission factors

Data collection method Travel survey, assumptions

Limitations Poor data availability

Lisa Rayle and Madhav Pai of CST-India used available 
data on citywide travel patterns to estimate emissions from 
urban passenger transportation in three Indian metropolitan 
areas: Mumbai, Ahmedabad, and Surat.41 The study used 
data from household travel surveys conducted in each city. 
The surveys, however, provided information only on the 
number of daily trips per person. The inventory therefore 
used assumptions for all the data not available to the 
researchers, such as travel distances, vehicle emissions, 
and mode share in each metropolitan region.42

Mode share assumptions were based on three scenarios, 
ranging from business as usual to gradual improvements to 
a sustainable urban transport system.43 In the fi rst scenario, 

“automobility ubiquity,” increased household wealth and 
availability of affordable vehicles lead to increased 
motorization rates, resulting in a decline in the use of 
two-wheeler vehicles. In the second scenario, “two wheeler 
world,” rising incomes combined with concerns over traffi c 
congestion make motorcycles the most popular transport 
mode, while transit ridership remains high. In the third 
scenario, “sustainable urban transport,” policymakers 
promote sustainable transportation options, favoring public 
transit, walking, and biking.44 Average trip distances were 
assumed to be a function of city size. The authors used 
existing data on average travel distances in each city (from 
travel surveys) and modifi ed them based on the expected 
size of each metropolitan area in the future.45 The inventory 
provided an estimate of total CO2 emissions from urban 
passenger transport for each metropolitan area, expressed 
as total emissions (million tons CO2/year) and total per 
capita emissions (kg CO2/person/year), comparing 2005 to 
2020 and 2040, under the three scenarios. 

The goal of this study was not to develop an inventory for 
existing emissions per se in these metropolitan regions, but 
rather to forecast citywide emissions. While scenario 
modeling is conceptually distinct from an inventory, this 
example was included to illustrate the data quality and 
availability problems typical of developing world cities, 
which pose a major challenge to both forecasts and 
inventories. Forecasting emissions in the future, in addition 
to inventorying existing conditions, is well suited to the 
Indian context, where emissions are likely to change 
considerably over time due to expanding city sizes, rising 
incomes, and changes in mode share. 

San Francisco citywide GHG emissions inventory

Scale City 

Data requirements VKT by trip type, transit emissions

Data collection method Not specified

Limitations Attribution of emissions from transit may be 
inaccurate

The city of San Francisco is developing its own citywide 
transportation GHG emissions inventory, including 
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emissions from passenger and freight transportation. Since 
San Francisco is part of the larger San Francisco Bay Area, 
including other major cities such as Oakland and San Jose, 
a large share of trips cross city limits. San Francisco is 
using different emissions measurement methods, depend-
ing on where trips originate and end. The inventory 
identifi es three types of trips: those that occur only within 
San Francisco, those that originate or end in the city but 
also include segments in other cities, and those that only 
pass through San Francisco. The inventory proposes the 
following accounting methods for each category:

• Trips within San Francisco: VKT x GHG emissions/
kilometer traveled;

• Trips partially within the city: 0.5 x VKT x GHG 
emissions/kilometer traveled; and

• Trips passing through: emissions are not counted

For public transit trips, the city uses different methods for 
the Muni system, which operates only within San Fran-
cisco, and the regional transit systems, such as the Bay 
Area Rapid Transit (BART) and Caltrain.46 For Muni, the 
city reports total system-wide operating emissions. For the 
other transit systems, the following formula is used to 
estimate emissions:

(Total GHG emissions production of the transit system) 
x 

(boardings + alightings in San Francisco)/ 

(total system-wide boarding and alightings)47

Overall, the San Francisco inventory provides an accurate 
methodology for accounting for GHG emissions in a city 
that is part of a large urbanized region consisting of several 
medium to large cities. Emissions from regional transit 
trips are distributed between San Francisco and the rest of 
the Bay Area depending on the number of boardings and 
alightings in the city versus the rest of the system. In 
theory, this method could pose a problem if a large number 
of trains passed through San Francisco with few people 
getting on or off the train. In that case, the inventory would 
report low emissions from the trains, but in fact the trains 
would be running ineffi ciently, and there would be signifi -
cant opportunities for increasing transit ridership on that 

line. In practice, because San Francisco stations have the 
highest number of passengers in the BART system, this is 
not the case.48 However, if the inventory were to be applied 
to other cities that contribute fewer riders to the BART 
system, such as Richmond or Pleasanton, then the San 
Francisco method would be less accurate.

Computer Programme to calculate Emissions from Road 
Traffic (COPERT)

Scale Can operate at multiple scales (city, 
metropolitan area, region)

Data requirements VKT, vehicle fleet composition

Data collection method Not specified

Limitations Does not include occupancy counts, cannot 
report per capita emissions

COPERT, the Computer Programme to calculate Emis-
sions from Road Traffi c, is a software program designed 
to calculate air pollutant emissions from road transport. 
Its development has been coordinated by the European 
Commission’s Joint Research Centre and fi nanced by the 
European Environment Agency. The software was 
designed for use in developing national emissions 
inventories, but it can also be used for citywide invento-
ries. COPERT estimates GHG emissions as well as 
pollutants that affect local air quality from different 
vehicle types. The program calculates all these pollutant 
types and divides them into three types of emissions: 1) 
hot emissions (those produced during thermally stabilized 
engine operation), 2) cold-start and warming-up effects, 
and 3) fuel evaporation.49 It also includes non-exhaust 
emissions related to tire and brake wear.50

The software user must input activity data, including 
population, annual mileage (km/year), mean fl eet mileage 
for each vehicle type (km), average speed and mileage 
percentage driven by each vehicle type, fuel tank size, 
canister size, and percentage of vehicles equipped with fuel 
injection or evaporation control.51 The software can then be 
used to calculate speed-dependent emissions factors and 
compile the emissions inventory. Since vehicle occupancy 
is not part of the methodology, it is up to the user to create 
estimates of emissions on a per capita basis, using the 
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model results. The lack of occupancy data is problematic in 
that it cannot detect the effect of increased transit ridership 
or vehicle occupancy on emissions. 

The Portuguese model

Scale City 

Data requirements Aerial images, GPS data, travel model

Data collection method Aerial image tracking, GPS data collection, 
traffic counts, travel surveys

Limitations Does not include occupancy counts, cannot 
report per capita emissions

Gois et al. present a methodology for developing a very 
detailed inventory of traffi c fl ow and emissions from 
transportation, and offer a case study of its application to 
the city of Lisbon, Portugal.52 The model combines a 
bottom-up approach, in which traffi c is allocated to each 
road link in the Lisbon street network, with a top-down 
approach that checks the total VKT resulting from the 
model against fuel sales data for the same period, which is 
used to calibrate the model results against the observed 
conditions. The model relies on counting vehicles in aerial 
photographs in order to determine the number of cars on 
each road link at a given moment in time. An additional step 
involves distinguishing moving cars from parked cars in 
aerial photos. It is not clear, however, that the aerial 
imagery can provide information on actual vehicle type. 
The number of vehicles is then added to each road link in a 
GIS fi le and, because some cars were equipped with GPS, 
researches were able to monitor speeds at each road link. 
The number of cars and travel speeds is then used to 
determine traffi c fl ows. The model results are checked 
against actual traffi c counts from more than 100 monitoring 
stations across the city to ensure that the model provides an 
accurate depiction of actual traffi c conditions.53

The study used fuel emission factors from the EMEP/
CORINAIR Emission Factor Handbook, as recommended 
by the European Environmental Agency. Each emission 
factor was represented as a non-linear regression curve, 
with vehicle speed as the independent variable, and 
included parameters such as engine size and incorporated 
emissions abatement technology by vehicle type.54 As 

Lisbon is a major employment center, the study had to 
estimate emissions from numerous commute trips originat-
ing outside Lisbon and ending in the city center. In order to 
estimate the number of these trips, researchers conducted 
surveys of motorists at major entry points into Lisbon. One 
thing missing from this methodology, as in the COPERT 
model, is data on vehicle occupancy, which would allow the 
researchers to estimate total emissions on a per capita basis.

The International Vehicle Emissions (IVE) model

Scale Can operate at multiple scales (city, 
metropolitan area, region)

Data requirements VKT, vehicle fleet composition, activity data, 
emissions factors

Data collection method Vehicle fleet composition, speed, vehicle 
technology, VKT, mode share

Limitations Uses data from only a small sample of roads 
and vehicles

In order to estimate transportation emissions, many develop-
ing countries have relied on modifi ed versions of US- or 
Europe-based models or emission factors. For example, 
Mexico and Hong Kong have tried to adapt EPA’s Mobile 
Source Emissions Factor Model (MOBILE) and the 
California Emission Factors Model (EMFAC).55 Adapting 
these models to a different location requires extensive 
changes. For example, these models use US-based vehicle 
emission factors, which cannot be applied to the vehicle fl eet 
in a developing country. Some local governments, lacking 
the capacity to change models, have applied them directly, 
which led to signifi cant errors in emission estimates.56

However, the IVE model is designed specifi cally for use in 
developing countries. IVE was jointly developed at the 
International Sustainable Systems Research Center and the 
University of California at Riverside as an easy-to-use 
modeling tool, relying on three types of inputs:

• Engine technology and add-on control distribution in the 
vehicle fl eet;

• Driving behavior for different vehicle types on local 
roadways; and

• Vehicle emission factors specifi c to local vehicles.
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The model includes a database of emission factors for 
vehicles ranging from two-wheelers to buses and trucks, 
compiled from data collected in the US, China, India, and 
Thailand. The goal was to achieve as much geographical 
variation in the data sets so that users could fi nd a dataset 
that approximates their local context.

In case the users do not have information on the local 
vehicle fl eet, they can choose a pre-loaded set of emissions 
factors for GHG emissions and other pollutants that most 
closely match the local fl eet. This is an improvement over 
applying US- or Europe-based models directly. As the 
developers note, one of the recurring problems in develop-
ing countries is access to high quality data, and this is one 
of the most important challenges in creating an accurate 
emissions inventory.57 In response to this challenge, the 
IVE researchers have developed a data collection method-
ology adapted to the data limitations in developing 
countries.

The World Bank citywide methodology transport module 

Scale Can operate at multiple scales

Data requirements Vehicle inventory, average fuel efficiency, VKT

Data collection method Varies with location

Limitations Not intended for comparison of cities

In collaboration with internal staff and external institutional 
partners, the World Bank Carbon Finance Unit is develop-
ing a set of tools for estimating urban GHG emissions 
inventories across fi ve sectors, including transport, as well 
as tools for estimating and monitoring emissions reductions 
associated with individual investments. The purpose of the 
methodology is to help cities leverage climate-based fi nance 
to support energy effi cient, low carbon growth strategies.

The urban transport GHG emissions inventory component 
of the methodology will enable cities (and investors) to 
understand transportation’s relative energy effi ciency (or 
GHG emissions intensity) against other sectors, as well as 
to monitor performance of the sector over time.58 Inven-
tory results are normalized against a number of factors 
selected for each city, such as population, per capita gross 

domestic product, and national sector emissions. Since 
the purpose of the tool is to leverage fi nance, strong 
emphasis is placed on the transparency and audit trail of 
methods and results.

The urban transport inventory tool provides a menu of data 
collection options for the parameters used to calculate the 
inventory: an inventory of all vehicles in the study area, 
information on their activity level, and fuel effi ciency. Each 
data collection option is based on an existing data collec-
tion method, accompanied by simple guidance for evaluat-
ing uncertainty in the data collected. Options are selected 
based on local data availability and the threshold level of 
uncertainty required by investors. To develop and refi ne the 
transport sector methodology, the Carbon Finance Unit 
hosts an open, on-going working group, in which 
EMBARQ participates.59

The draft Global Environment Facility manual for 
calculating GHG benefits of GEF projects

Scale Metropolitan area

Data requirements Recent mode split, past mode splits, average 
trip distance by mode, vehicle fleet composi-
tion

Data collection method Household travel survey or traffic counts

Limitations Does not provide a method for attributing 
emissions from trips that originate or end 
outside the boundary

The Global Environment Facility (GEF) has developed a 
draft step-by-step guide for inventorying GHG emissions 
from transportation at the metropolitan or regional level. 
The method compares a baseline (business-as-usual) case 
with a scenario including the GEF project, in order to 
assess potential GHG emission reductions for that project. 

Data requirements for creating the inventory include a 
recent modal split and one or two older modal splits, 
preferably from fi ve and ten years past, in order to have 
enough information to detect long term trends in mode 
shift. The method also requires data on average trip 
distance by mode and the mix of vehicle types in the fl eet.60

The GEF recommends that this data be collected from 
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household origin-destination travel surveys. If those are not 
available, the best substitute would be vehicle and vehicle 
occupancy counts. The data can then be combined with 
emission factors for the vehicle fl eet, calculated on a 
per-kilometer basis, in order to create a citywide or 
regional inventory of transportation GHG emissions.61 The 
GEF inventory is intended for a region or metropolitan area 
where the GEF is implementing GHG emissions reductions 
projects. The inventory is meant to be updated annually, 
over the expected lifetime of the GEF project.

INTEGRATION WITH CLIMATE POLICY
California climate and transportation legislation
The California Senate Bill 375 (SB 375) is the fi rst law in 
the United States that aims to reduce GHG emissions by 
curbing sprawl.62 The goal of SB 375 is to reduce VKT 
through integrated transportation and land use planning, in 
order to achieve the GHG reduction goals set out in the 
Global Warming Solutions Act of 2006 (AB 32).63 The law 
sets GHG reduction targets at the regional level, to be 
achieved from the automobile and light truck sectors for 
2020 and 2035. Each MPO in the state is expected to 
prepare a “sustainable community strategy” aimed specifi -
cally at reducing VKT in the region.64 The California Air 
Resources Board (CARB) has the responsibility to deter-
mine that each region is on track to meet its respective 
emission targets. In order for emissions inventories to be 
integrated with this process, the different citywide invento-
ries would have to be aggregated at the regional level. City 
level inventories are useful to encourage cities to play their 
part in reducing regional transportation emissions. A 
citywide inventory is also more likely to pick up the effect 
of neighborhood-scale interventions, such as transit-ori-
ented development.

US climate and transportation legislation
Establishing a standard or recognized methodology for US 
citywide transportation GHG inventories could support 
both climate and transportation legislation. The House-
passed climate bill (HR 2454), Senate Environment and 
Public Works (EPW) Committee draft (S. 1733), and the 

Kerry-Lieberman discussion draft (“American Power Act”) 
included extensive policy direction for reducing GHG 
emissions from the transportation sector, including a 
requirement for the EPA and Department of Transportation 
to work together to develop standard methodologies for 
inventories.65 These three versions of the climate bill 
required GHG emissions inventories by regions (conducted 
by the MPO), not cities, and required state level reductions 
as well, a different geographical focus than many existing 
inventory methodologies. The advantage of doing invento-
ries at a regional scale is that the geographic area of the 
inventory more closely approximates the travel or com-
mute shed for the metropolitan area. This can increase the 
accuracy of data collection. For example, it would be easier 
to use fuel sales data to estimate total emissions, since most 
vehicles fueled within a large region will travel mostly 
within that same region. The main problem with using fuel 
sales data, however, is that it does not provide information 
on the underlying reasons for increases or decreases in 
emissions. As such, fuel sales data is more suitable as a 
validation tool for travel demand models.

The federal transportation authorization law presents 
similar issues, in part because the House-passed climate 
bill and Senate discussion drafts contained many elements 
that originated with Rep. James Oberstar’s draft surface 
transportation authorization language. This draft would 
move the United States towards a performance-based 
approach to funding transportation projects, which, as 
noted above, would greatly benefi t from a standard 
transportation emissions inventory methodology, if GHG 
emissions are one of the performance metrics. However, as 
noted with the climate bill, this draft reauthorization would 
send funds to states and MPOs, meaning that for perfor-
mance measures to align with inventories, the inventory 
would need to assess regional or statewide transportation 
systems, rather than cities.

Since different levels of local and regional government 
have decision-making authority for projects and policies 
that might infl uence transportation GHG emissions, the 
challenge is how to create an inventory that could be easily 
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and accurately aggregated from the city to the regional 
level, or disaggregated from the regional level to the city 
level. The methodology would have to allocate emissions 
to those entities that can infl uence them, and also allow 
data aggregation without double-counting or under-count-
ing emissions. The trip-end attribution method would serve 
this purpose well for car trips, while the per-kilometer 
attribution method would be more suited for regional 
transit systems. Despite the challenges of creating a 
methodology to meet the needs of both cities and regions, 
it is an important next step if we want to encourage both 
citywide and regional reductions in transportation-related 
GHG emissions. 

Integration with international climate policy 
The Clean Development Mechanism (CDM) can be used 
by governments as an alternative to more expensive GHG 
emissions reduction projects in their own countries.66

However, transportation has played a limited role in the 
CDM, due to diffi culties in measuring GHG emissions 
reductions from small scale projects, the importance of 
behavioral changes in reducing transportion emissions and 
the additionality requirement (that the project could not be 
implemented but for the CDM funding) – all of which 
make evaluation diffi cult.67 However, the TransMilenio 
Bus Rapid Transit system in Bogota, Colombia is a 
successful example of a transportation project that was 
approved under the CDM.

Some developing countries have agreed, under the Bali 
Action Plan, to undertake Nationally Appropriate Mitigation 
Actions (NAMAs). These are actions voluntarily proposed 
by developing countries to reduce GHG emissions below 
business-as-usual levels, in accordance with each country’s 
capabilities.68 NAMAs may be categorized into three groups: 
unilateral, supported, and credit-generating. The latter 
represent actions that could be credited for sale in the global 
carbon market after an agreed-upon crediting baseline has 
been reached. Huzienga and Bakker argue that NAMAs 
might be more promising for the transportation sector, due to 
their emphasis on policy interventions and co-benefi ts.69 The 
ability to develop accurate transportation emissions invento-

ries would be an important asset for including transportation 
projects under NAMAs. The inventory could help determine 
a business-as-usual baseline, and help obtain climate funding 
for transportation sector projects. It could be a useful tool for 
supported NAMAs, which could receive fi nancial aid from 
the developed world, and potentially also for credit-generat-
ing NAMAs.

CONCLUSION
Choosing a transportation GHG emissions inventory 
methodology is a critical early step in developing a climate 
action plan or establishing transportation-related GHG 
emissions reduction strategies. Accuracy, sensitivity, 
precision, and attribution of an inventory method will 
determine how well it can inform these plans. The United 
Nations Framework Convention on Climate Change 
(UNFCCC) and Intergovernmental Panel on Climate 
Change (IPCC) guidelines indicate fi ve quality criteria for 
emissions inventories: transparency, consistency, compara-
bility, completeness, and accuracy. Ideally, an inventory 
will accurately:

• Depict the magnitude of transportation emissions, 
absolutely and relative to other sectors;

• Show the major contributors to local transportation 
emissions;

• Allow emissions to be calculated on a per capita basis; 

• Inform the development of GHG emissions mitigation 
policies and projects; and

• Allow tracking of progress over time.

However, there is a signifi cant tradeoff between accuracy 
and simplicity, and between comparability and sensitivity 
to minor changes. Navigating these tradeoffs is a compli-
cated, yet unavoidable, exercise in choosing a methodology 
for a city, and even more so when trying to establish a 
standard methodology or one that can be used to compare 
results between and among cities.
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Another major challenge is the diffi culty in quantifying 
actual emissions reductions from any given policy or 
project.70 An accurate inventory would help in defi ning a 
baseline of GHG emissions, as well as an estimate of the 
relative contribution of different factors to total transporta-
tion emissions. While it would not eliminate the uncer-
tainty related to estimating the exact impact on emissions 
from specifi c projects, a detailed inventory would allow a 
better understanding of emissions-causing behavior and 
would suggest appropriate policies for reducing those 
emissions.

The main challenge in developing a citywide emissions 
inventory is dealing with the trips that cross city boundaries, 
including regional and long distance passenger trips, as 
well as the transport of goods and waste in and out of the 
city. This challenge can be addressed by developing an 
inventory at a regional scale. In this case, the boundary of 
the inventory area would more closely approximate the 
regional travel shed, and the issue of cross-boundary trips 
would be less important. But it is also important to develop 
the inventory at the scale of the local government body that 
has the authority to enact emissions reduction policies. A 
regional inventory makes sense where there is strong 
regional governance; however, in many metropolitan areas, 
cities still have greater authority than the regional govern-
ment, making the citywide inventory a more effective tool 
for informing policy. While there are a number of method-
ological challenges raised here and elsewhere, creating 
inventories at any geographical level is a major step 
towards understanding – and mitigating – GHG emissions 
from the transportation sector.
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