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THE DEBATE ON HOW TO MEET the nation’s
climate change challenge is well underway, and
ambitious goals for greenhouse gas [GHG) reduc-
tions are likely to be established. Proposals under
discussion would set national targets for reduc-
tions in GHG emissions, from all sectors of the
economy, of up to 83 percent from 2005 levels by
2050—equivalent to a reduction of more than 5,900
million metric tonnes (mmt) of GHGs during this
period of time. Transportation contributes roughly
28 percent of the United States’ total GHG emis-
sions—and transportation emissions have been
growing faster than those of other sectors. In fact,
between 1990 and 2006, growth in U.S. transporta-
tion GHG emissions represented almost one-half
(47 percent) of the increase in total U.S. GHGs.
Success in reducing GHGs through transportation

strategies will be critical to meeting national goals.

Moving Cooler was commissioned by a wide
range of agencies and interest groups who seek
objective information about the potential contribu-
tions of transportation strategies to meet these
GHG reduction goals. Considerable research has
been conducted on the role of advanced vehicle
and fuel technologies in reducing the carbon
footprint of transportation. However, there is less
information about the potential contribution of
transportation actions and strategies to reduce the
amount of vehicle travel that occurs, or to make
changes to the transportation system and services
that improve fuel efficiency. Moving Cooler pro-
vides information on the effectiveness and costs of
almost 50 of these types of strategies and com-
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binations of strategies. The results of the Moving

Cooler findings can help shape effective, integrated

approaches for reducing GHG emissions nation-

ally, regionally, and locally, while meeting broader
transportation objectives as well.

Transportation GHG emissions are the result
of the interaction of four factors: vehicle fuel ef-
ficiency, the carbon content of the fuel burned,
the number of miles that vehicles travel, and the
operational efficiency experienced during travel.
Therefore, the range of transportation strategies
that can be used to reduce GHGs fall into four
basic approaches, as follows:

& Vehicle Technology—Improving the energy effi-
ciency of the vehicle fleet by implementing more
advanced technologies,

& Fuel Technology—Reducing the carbon content
of fuels through the use of alternative fuels [(for
instance, natural gas, biofuels, and hydrogen),

€ Travel Activity—Reducing the number of miles
traveled by transportation vehicles, or shifting
those miles to more efficient modes of transpor-
tation, and

& Vehicle and System Operations—Improving the
efficiency of the transportation network so that
a larger share of vehicle operations occur in
favorable conditions, with respect to speed and
smoothness of traffic flow, resulting in more fuel
efficient vehicle operations.

The focus of Moving Cooler is on strategies that
fall within these last two approaches to reducing
transportation GHGs.

Reducing Greenhouse
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Research Approach

The Moving Cooler analysis estimates the potential
effectiveness of strategies to reduce GHG emissions
by reducing the amount of vehicle travel that occurs,
by inducing people to use less fuel-intensive means
of transportation (e.g., walking, bicycling, riding in

a bus or train, or carpooling), or by reducing the
amount of fuel consumed during travel through
transportation system improvements. Strategies
are first assessed individually, and are then com-
bined into “bundles” that illustrate the potential
cumulative effects that could be achieved. Finally,
bundles are examined using an economy-wide
pricing overlay that analyzes the effect of fuel

tax and carbon pricing and other nationwide

pricing measures.

For both the individual strategies and the
bundles, the analysis examined the following
performance outcomes:

8 GHG Reduction—What level of GHG reduction
could be achieved during what time frame?

& Implementation Costs—What are the costs to
implement the strategy or bundle?

€ Change in Vehicle Costs—What would be the ef-
fects on the costs of vehicle ownership, mainte-
nance, and fuel from a nationwide perspective?

& Equity Effects—How would implementation of
various bundles affect different groups of people,
and how might inequitable effects be addressed?

Moving Cooler Strategies

The strategies considered by Moving Cooler are

grouped into nine categories, as follows:

8 Pricing and taxes. Strategies raise the costs
associated with the use of the transportation
system, including the cost of vehicle miles of
travel and fuel consumption. Both local and
regional facility-level pricing strategies (e.g.,
congestion pricing) and economy-wide pricing
strategies (e.g., carbon pricing) are considered.

€ Land use and smart growth. Strategies focus
on creating more transportation-efficient land
use patterns, and by doing so reduce the need to
make motor vehicle trips and reduce the length
of the motor vehicle trips that are made.

© Nonmotorized transport. Strategies encourage
greater levels of walking and bicycling as alter-
natives to driving.

€ Public transportation improvements. Strate-
gies expand public transportation by subsidizing
fares, increasing service on existing routes, or
building new infrastructure.

8 Ride-sharing, car-sharing, and other commut-
ing strategies. Strategies expand services and
provide incentives to travelers to choose trans-
portation options other than driving alone.

8 Regulatory strategies. Strategies implement
regulations that moderate vehicle travel or re-
duce speeds to achieve higher fuel efficiency.



€ Operational and intelligent transportation
system [ITS) strategies. Strategies improve the
operation of the transportation system to make
better use of the existing capacity; strategies
also encourage more efficient driving.

€ Capacity expansion and bottleneck relief. Strat-
egies expand highway capacity to reduce con-
gestion and to improve the efficiency of travel.

€ Multimodal freight sector strategies. Strategies
promote more efficient freight movement within
and across modes.

Deployment Levels Used to Test
Strategy Effectiveness

Each of the individual strategies is defined at three
levels of deployment to test their effectiveness at
different degrees of implementation. These levels
of deployment are defined in terms of: (1) Geo-
graphic scale—Where and how broadly are these
strategies implemented? (2) Time frame—How
quickly are these strategies deployed, and when
will they take effect? and (3) Intensity—How ag-
gressively are these strategies structured? Using
this combination of factors, three levels of deploy-
ment were defined to estimate potential GHG
emission reductions for each strategy and bundle
of strategies:

€ Expanded Current Practice, which assumes the
steady expansion of existing practices that could
reduce GHG emissions focused predominately
on major metropolitan areas;

8 Aggressive, which assumes that the strategies
are implemented sooner, more broadly geo-
graphically, and more aggressively than under
the expanded current practice deployment; and

8 Maximum Effort, which assumes that the strat-
egies are implemented within the framework of
major changes in national policy and levels of
investment consistent with a singular commit-
ment to reduction in GHG emissions nationally,
regionally, and locally.

The intent of defining these levels of deployment
is to provide insight into the magnitude of GHG reduc-
tions and other socioeconomic impacts that might
occur over awide range of “what if” assumptions.

Moving Cooler Strategy Bundles

In practice, most strategies would typically be
implemented as part of a package of transporta-
tion activities. To test the combined impact of
strategies, Moving Cooler developed six illustrative
bundles of strategies and estimated the total GHG
reductions that might be achieved through an in-

tegrated set of actions. Each bundle was designed

to bring together strategies that emphasize a com-

mon thrust or action plan.

The six strategy bundles used for the Moving
Cooler analysis are as follows:

1. The Near-Term/Early Results Bundle focuses
on strategies that could be implemented broadly
in the short term [(i.e., before 2015) and that
could result in early GHG reduction benefits.
Examples of the variety of strategies that can be
implemented relatively quickly include: reduced
speed limits, increases in urban center parking
fees, increased transit level of service, eco-driv-
ing programs, and truck stop electrification.

2. The Long-Term/Maximum Results Bundle
focuses on maximizing efforts to reduce GHG
emissions without regard to cost, scale, or time
frame of the implementation. This “all-out” bun-
dle includes most of the Moving Cooler strategies
assessed for this study: both near-term strate-
gies, as well as land use changes, infrastructure
investment to expand transportation services,
pricing measures, operational improvements,
and freight strategies.

3. The Land Use/Transit/Nonmotorized
Transportation Bundle emphasizes the inter-
action of urban area-focused strategies that
increase density and encourage travelers to
shift to more energy efficient modes, with
shorter average trip lengths and increased walk-
ing and biking, which would eliminate
some vehicle trips.

4. The System and Driver Efficiency Bundle
focuses on strategies that improve multimodal
system efficiency by adding capacity, removing
bottlenecks, reducing congestion, and improving
traffic flow.

5. The Facility Pricing Bundle focuses on local and
regional pricing and incentive strategies [e.g.,
tolls, congestion pricing, parking fees) that will
induce changes in travel behavior by changing
the cost of travel. These strategies also could be
coupled with service expansion.

6. The Low Cost Bundle focuses on achieving GHG
emission reductions through the deployment of
strategies that are more cost-effective.

While these bundles represent logical com-
binations of strategies, any number of other com-
binations could also be designed and tested. The
purpose of evaluating bundles in the Moving Cooler
study is to provide analyses that demonstrate
potential GHG reductions that could be achieved by
combining multiple strategies.



The Moving Cooler Baseline

The effectiveness of each strategy in reducing GHG
emissions is measured against a baseline devel-
oped by the authors of Moving Cooler that projects
GHG emissions from years 2010 to 2050 (Figure
ES.1). This baseline is based on an annual rate of
vehicle and fuel technological change, consistent
with forecasts of the U.S. Department of Energy in
its “Annual Energy Outlook™ and the U.S. Depart-
ment of Transportation’s examination of alterna-
tive Corporate Average Fuel Economy (CAFE]. This
baseline shows that innovations in vehicle and
fuel technology will have a substantial impact on
GHGs, but that these gains will largely be offset
by increases in travel along with growth in the
U.S. population. Consequently, the Moving Cooler
baseline shows GHG emissions remaining roughly
at 2005 levels through 2050.

The reductions in GHG emissions estimated
to result from implementation of the Moving Cooler
strategies and bundles are expressed as a percent-
age reduction from this baseline.

Figure ES.1 illustrates the relationship
between the Moving Cooler baseline and some

targets for national GHG emission reductions. The
American Clean Energy and Security Act (HR 2454)
(ACESA)' sets economy-wide GHG reduction tar-
gets in 2012, 2020, 2030, and 2050, compared with
2005 emission levels. The Moving Cooler baseline
projects GHG emissions that are 104 percent of
2005 emissions; this level is 21 percent short of the
ACESA target for 2020 (assuming that the ACESA
reduction targets are distributed proportionately
across all sectors).

Because the results of the strategy analysis
are tied to the values in the baseline, and in recog-
nition of the degree of uncertainty associated with
a forecast that extends more than 40 years, three
alternative baseline scenarios were developed
to investigate the sensitivity to differing baseline
assumptions of individual strategy and strategy
bundle GHG reduction estimates. The results fall
under these assumed scenarios: (1) high fuel
prices and low VMT growth; (2) low fuel prices and
high VMT growth; and (3] high-technology and fuel
economy combined with high VMT (Figure ES.2).

The recent national fuel efficiency standard
proposal from President Obama was also extrapo-
lated beyond 2016, assuming the same VMT growth
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Figure ES.1 Moving Cooler Baseline: Projected On-Road GHG Emissions
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Note: This figure displays National On-Road GHG emissions as estimated in the Moving Cooler baseline, compared with
GHG emission estimates based on President Obama’s May 19, 2009, national fuel efficiency standard proposal of 35.5
mpqg in 2016. Both emission forecasts assume an annual VMT growth rate of 1.4 percent. The American Clean Energy
and Security Act of 2009 [HR 2454) identifies GHG reduction targets in 2012, 2020, 2030, and 2050. The 2020 and 2050
targets, with an example application to the on-road mobile transportation sector, are shown here.



Figure ES.2 Moving Cooler National GHG Emissions Baseline and Baseline Sensitivity

2,200 _
2,000 -
E 1,800 )
£ e Study Baseline
E 1,600 _/
g
2 1,400 ]
&
o 1,200 |
&
= 1,000 |
& 800 = Study Baseline
S | ===High Fuel Price, Low VMT
£ 600 | ow Fuel Price, High VMT
E 400 ==== High Technology, High VMT
200 Obama Administration Proposal, with Baseline VMT
0 T T T T T T T T T
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045

1
2050

Note: This figure displays National On-Road GHG emissions as estimated in the Moving Cooler baseline, compared with
the study’s three sensitivity analysis baselines and with the GHG emission estimates, based on President Obama’s May
19, 2009, national fuel efficiency standard proposal of 35.5 mpg in 201é.

rate as in the Moving Cooler baseline to calculate
GHG emissions. Under this scenario, GHG emis-
sions are projected to be 98 percent of 2005 emis-
sions, or 15 percent short of the 2020 target. The
Obama Administration proposal thus falls within
the range of sensitivity analyses conducted by the
Moving Cooler study.

Findings

Combining Strategies to Reduce GHGs

An integrated, multistrategy approach—combining
travel activity, local and regional pricing, opera-
tional, and efficiency strategies—can contribute

to significant GHG reductions. Implementation

of a complete portfolio of Moving Cooler strate-
gies without economy-wide pricing could achieve
annual GHG emissions ranging from less than 4
percent to 18 percent (Aggressive Deployment] and
as high as 24 percent (Maximum Effort Deploy-
ment) less than projected baseline levels in 2050
(Figure ES.3). Such reductions would, however,
involve considerable—and in some cases major—
changes to current transportation systems and
operations, travel behavior, land use patterns, and
public policy and regulations.

Within these illustrative bundles, the strate-
gies that contribute the most to GHG reductions
are local and regional pricing and regulatory strat-
egies that increase the costs of single occupancy
vehicle travel, regulatory strategies that reduce
and enforce speed limits, educational strategies
to encourage eco-driving behavior that achieves
better fuel efficiency, land use and smart growth
strategies that reduce travel distances, and multi-
modal strategies that expand travel options.

The analysis also shows that some combinations
of strategies could create synergies that enhance the
potential reductions of individual measures. In par-
ticular, land use changes combined with expanded
transit services achieve stronger GHG reductions,
than when only one option is implemented.

These results demonstrate that transportation
agencies and other decision makers could create
effective combinations of transportation strategies
that provide high-quality transportation services,
while achieving meaningful GHG reductions.

Implementation Costs and Vehicle
Costs Savings

The costs of implementing many of the Moving
Cooler strategies are substantial. So too are the
direct vehicle cost savings realized nationally,
through reduced travel and reduced fuel consump-
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Figure ES.3 Range of Annual GHG Emission Reductions of Six Strategy Bundles at Aggressive and Maximum
Deployment Levels
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Note: This figure displays the GHG emission range across the six bundles for the aggressive and maximum deployment scenarios. The percent
reductions are on an annual basis from the study baseline. The 1990 and 2005 baselines are included for reference.

tion. For five of the six bundles examined (the
facility pricing bundle being the exception), the
estimated average annual savings in direct vehicle
costs [i.e., ownership, maintenance and repair, and
fuel) exceed estimated implementation costs by up
to $72 billion for an aggressive level of deployment
and up to $112 billion for a maximum level of de-
ployment during a 40-year time frame. Figure ES.4
illustrates this effect for one bundle.

Relevant to energy independence, reduced
fuel consumption realized nationally through these
strategies translates to an average annual savings
of 85 million to 470 million barrels of oil at an ag-
gressive level of deployment, and to a savings of
as much as 110 to 660 million barrels ayear at a
maximum level of deployment.

It is important to note that this comparison of
implementation costs to vehicle cost savings is not
a full assessment of costs and benefits, because the
Moving Cooler analysis did not address other impor-
tant benefits and costs, such as changes in mobility,
travel time, safety, user fees, environmental quality,
economic development, and public health.

Pricing Measures

Strong economy-wide pricing measures, beyond
the local and regional pricing strategies included
in some of the illustrative bundles, could generate
GHG reductions well beyond those that could be
achieved by the bundles. For example, an addition-
al fee (in current dollars) starting at the equivalent
of $0.60 per gallon in 2015 and increasing to $1.25
per gallon in 2050 (Aggressive Deployment) could
result in an additional 17 percent reduction in GHG
emissions in 2050; a much higher fee similar to
current European fuel taxes, starting at $2.40 a
gallon in 2015 and increasing to $5.00 a gallon in
2050 (Maximum Effort Deployment] could resultin
an additional 28 percent reduction in GHG emis-
sions in 2050.

Two factors would drive this increased
reduction in GHG as a result of pricing signals:
reductions in vehicle-miles traveled (VMT) and
more rapid technology advances. Implementation
of both Pay as You Drive insurance (PAYD) and/or
a direct VMT fee would increase consumers’ cost
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Figure ES.4 Implementation Costs and Vehicle Cost Savings for the Long-Term/
Maximum Results Bundle at Aggressive Deployment
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Note: This figure displays estimated annual implementation costs [capital, maintenance, operations, and administra-
tive) and annual vehicle cost savings [reduction in the costs of owning and operating a vehicle from reduced vehicle-
miles traveled (VMT) and delay]. Vehicle cost savings DO NOT include other costs and benefits that could be experi-
enced as a consequence of implementing each bundle, such as changes in travel time, safety, user fees, environmental

quality, and public health.

per mile of travel, and would result in a national
reduction in VMT. Pricing of carbon-based fuel
leads to higher fuel costs that depress VMT, and
also creates market conditions that encourage the
purchase of more fuel-efficient vehicles.

Individual Moving Cooler Strategies

When evaluated individually, almost all of the
strategies could achieve some GHG reductions.
In particular, measures that reinforce efficient
driving—either through regulation (speed limit re-
ductions) or education (eco-driving)—could achieve
a cumulative (from 2010 to 2050) 1.1 to 3.6 percent
reduction from the baseline GHG emissions,
depending on the level of deployment. Strategies
that aim to reduce VMT by raising the cost of travel
(PAYD insurance and VMT fees] could have a com-
parable effect—a 1.2 to 4.4 percent reduction from
cumulative baseline GHG emissions, depending on
the level of deployment assumed.

An integrated set of land use strategies
achieves cumulative GHG reductions from 0.3
to 2.1 percent improvement from the baseline.
Because these strategies take many years to
implement and will involve the participation and
acceptance of many parties to achieve, the benefits
accrue quite slowly in the short-term, before be-
ginning to escalate significantly in the later years.

Transit capital investments, such as urban
transit expansion and intercity and high-speed rail,
could produce cumulative GHG reductions ranging
from 0.4 to 1.1 percent of baseline emissions. This
expansion of service requires sustained investment
over and above the current levels of investment.

Implementation of a full set of operational and
ITS improvements could achieve 0.3 to 0.6 percent
cumulative reductions.

If implemented individually, many of the strat-
egies are estimated to achieve cumulative national
reductions of less than 0.5 percent from the Moving
Cooler baseline by 2050, even at maximum levels
of deployment. However, the effectiveness of these
strategies should be viewed relative to the scale of
their potential deployment. Moving Cooler mea-
sures GHG reduction against a national baseline.
At the local and regional scale, many Moving Cooler
strategies result in greater relative reductions in
GHG emissions and could be useful techniques to
help meet regional GHG objectives, while enhanc-
ing transportation service.

Other Social, Economic, and
Environmental Goals

The fact that many individual strategies will likely
make only small contributions to national GHG
reductions does not indicate that they should be



discarded. In addition to making a contribution

to reducing GHGs, many strategies achieve other
important objectives, such as expanded travel
options, reduced congestion, greater accessibil-
ity, improvements in the livability of urban areas,
improved equity, improved environmental quality,
enhanced public health, and improved safety. The
analysis shows, for example, that additional invest-
ment in highway capacity and bottleneck relief
could result in GHG reductions through 2030 and

a negligible increase in GHG through 2050. Review
of other cost-benefit studies demonstrates that
higher levels of investment in public transportation
and highways have returns of two or three times to
one in terms of benefits in relation to the costs of
these strategies.

Near-Term Reductions

Many of the strategies analyzed in Moving Cooler
could be implemented within a few years and
could begin to generate reductions in GHG prior to

2020. For example, near-term strategies such as
lower speed limits, congestion pricing, eco-driving,
operational improvements, and improved transit
level of service, if implemented, are among strate-
gies that would achieve GHG reductions relatively
quickly. Achieving early results would reduce

the cumulative GHG reduction challenge in later
decades. Near-term actions could give the sector
an early start in reducing GHGs, while creating the
impetus for more aggressive innovation in vehicle
and fuel technology.

Land Use and Improved Travel Options

While some Moving Cooler strategies could be
implemented quickly, others would require many
years to put in place. This observation is par-
ticularly true for bundles that involve changes in
development patterns and land use to increase
density and reduce the distance or need for vehicle
travel. The analysis demonstrates that over time,
changes in land use and investments in improved
transit and transportation options can improve the
efficiency and quality of travel, reduce trip lengths,
and reduce GHG emissions. The notable reduc-
tions for these strategies are realized in the outer
decades of this analysis, in 2030 and beyond. These
strategies would require changes in develop-
ment policies and significant funding because

of the capital costs of expanded transit services,
but these actions could achieve meaningful GHG
reductions by 2050, ranging from 9 percent to 15
percent without economy-wide pricing.

Equity Effects

The direct costs of implementing strategy bundles
will vary, with different costs incurred by govern-
ment, consumers, and businesses. If properly de-
signed, highway, public transportation, ride-sharing,
and operations investments can be implemented to
benefit all income groups and all user groups.

Without mitigating policies, the pricing strate-
gies would potentially create serious equity issues,
because of their disproportionate effects on lower-
income groups and on those travelers with limited
mobility options. Lower income groups spend
as much as four times more than higher income
groups of their income on transportation; imple-
mentation of pricing strategies would exacerbate
this inequity.

One solution to this problem could involve tak-
ing the revenues from pricing strategies and rein-
vesting them in additional strategies that address
equity concerns, particularly through investments



in public transportation and highway investments
that benefit lower income and disadvantaged com-
munities to reduce the effects of higher fees. Other
income transfer approaches also could be used to
address the effects on lower-income groups.

Future Research

Ongoing research is needed in several areas,
including further evaluation of the effectiveness of
GHG measures in specific contexts, research and
evaluation of effective means to develop and deploy
new strategies and technologies, and research

on the economic effects of different strategy ap-
proaches. The interactions of land use, urban form,

and transportation are complex, particularly when
attempting to project the long-range effects of in-
vestment choices on travel behavior. Development
of more refined modeling tools that combine GHG
and economic analyses could help decision makers
more effectively examine investment and plan-
ning scenarios, in terms of GHG effects and overall
societal benefits and costs.

Note

1 American Clean Energy and Security Act of 2009,
HR 2454, 111th Cong., 1st sess., Congressional Record
155, no. 98, daily ed. (June 26, 2009): H 7471.



Figure 1:

Additional Figures from the Report
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Table 2.1 GHG Emission Reduction Strategies at Three Deployment Levels

comnplate in 8 years,

in &years. Tax free private parking with > 100
: :e]s. Require residential. parking parmit
200).

GHG Reguction Strategy | a. Expanded current Practice | B. vore Aggressive | c. maxmum Eriort
Pricing Strategles
Parking pricing Price street parking starting in 2015, Pricz straat parking starting in 2010, complete | Price street parking starting in 2010, complete in

4years, Tax frae private parking with -50 spaces.
Require residential parking permit ($400).

Corden pricing

Implement area pricing in large CBOs
starting in 2015,

Impement area pricing in large and medium
CBLs starting n 2UTh.

Implement area pricing in all CEDs starting in
A0,

minirmurn of $0.02 par mile by 2020.

rirmum of $0.03 per mile by 2015.

Congestion pricing Include all large regions by 2015; completzin | Include all large and medium regions by 2015; | Include all regions by 2015; complete in 10years.
15 years. Average peak hour per mile price of | completein 10years. Average peak hour per fverage peak hour per mile price of $0.65 on
$0.49 on congestad segrants mile price of $0.45 on congestad segments. congested segmants.

Intercity tolls Toll allintercity interstate highways at a Tollall intercity interstate highways ata Toll all intercity interstate highways at 2

rrinirnurr of $0.05 par mile by 2010,

Pay-as-you-drive [PAYD] insurance

Require all states to permit the offering of
per-mile insurance rates by 2010,

At lsast B0 percent of policies convertad to
PEYD by 2015, increasing to 75 percent by
2025.

At least 75 percent of policies comvertad to PAYD
by 2015, increasing to 100 percent by 2025,

Vahicle- miles raveled (VMT) fae

$0.01 per mrile [$0.21 per gallon indexed lo
fuel economy] YMT fee 2015].

$0.03 per mile [$0.63 per gallon indexed to
fualecanomy] VMT foe [2015].

$0.12 par mile [$2.53 per gallon indexed to fuel
cconomy) VMT fae [2015].

Moter fuel tax and carben price

Increasa fuel taxes or carbon price by $0.01
per mile [current $0.02 per mile] [new tax at
$0.40 per gallon indexed to fuel aconomy)

Incrzase fuel taxes or carbon price by $0.03
per il [current $0.02 per mia). [new tax at
$0.£2 per gallon indexed 1o fuel economy).

Increase fuel taxes or carbon price by $0.12 per
rmila [current $0.02 per mile). Fnew taxat $2.71
per gallon indaxed to fusl economy|

Land Use and Smart Growth Sirategles

Cornbined land usa strategies

At least 43 percent of new development in
cornpact, pedestrian- and bicycla-friendly
naighberhoods with high-quality transit

At lzast &4 percant of new doveloprmant in
neighborhoods as described undar [a].

At least 20 percent of new dovalopmontin
reighborhoods as described under (4]

Monmatarize d Transportation Stratagl

[

Combined strategies—pedastrian

“Camplete straets” policies. Audit and retrofit
for pedestrian accessibility.

Same as Level A, but with more extensive
audes and retrofits,

Same as Level B, butwith more extensive traffic
calming.

Combined strategies—bicycling

Eike lanes and paths at one-mile intervals
in high-density areas (> 2000 persons per
s0.mi)

Bike lanes and paths at one-half-mile
intarvals in high-density areas |> 2000 persons
per 5q. mi.|

Bike lanes and paths at one-quarter-mile
intervals in high-density areas (> 2000 persons
per 5q.mil

Public Transpartation Improvement strategles

Fare measuras

Fares decraased by 25% in large regions
by 2015.

Fares decraased by 33% in lznge and medium
rogans by 2015.

Fares decreased by 5% in all regions by 2010.

Increased levels of service and
irproved travel times

Increasa ransit level of service by 1.5times
current revenue mile growth rate, improve
travel speods by 10%.,

Incraasa transit level of servica by 2 timas
curtert revenue mile growth rate, improve
traval speeds by 15%.

Increase fransit laval of service by 4 times
current revenus mile growth rate, improve travel
speeds by 30%

Expandad Urban Public
Transportation

Increasa services proportional to 3% poryear
ridership growth by 2010,

Incrzase services proportional fo 3.53% per
year ridership growth by 2010,

Increase services proportional to 4679 peryear
ridership growth by 2010,

Intercity Bus and Rail and
High-Spead Rail

Increase funding over baseline by 5% per
yaar for 20 years. High speed railin 3-5
corridors implemented over 20 years.

Incrzase funding over baseline by 10% per
year for 20years. High-speed rail in 5-7
cormidors implemented over 15years.

Double funding over baseline in 2010 and increase
by 10% per year for 20 years. High-speed railin up
to 12 cormidors implermented over 15years.

Reglonal Ride-Sharing, Car-Sharing, and Commuting Strategles

High-Occupanicy Vehicle [HOV) lanes

Initiate HOV expanzion in all urban regions
by 2020, with implernentation during a 10
yaar pariod.

Initiate HOV axpansion in all urban regions by
2020, with implementztion during an 8 year
periad.

Initiate HOV axpansion in all urban regions
by 2015, with implamantation during a 4 yaar
perind.

weeks for government agencies

Car-sharing Programe in all rogions by 2020. Onecar par 2,000 inhabitants in 10 yazrs. One car per 1,000 inhabitants in§ yoars.
Employer-based telework and Provida employer geals and tax incentives. Require ermplayar- basad travel dermand Require amployar-based TOM; &-day work
comprassed work wagk programs maragernent[TDM] programs; 4-day work weaks for govarnment agancies.

Employer-based TOM requirements,
outreach, and support

Provide on-line ride matching and vanpool
services,

Reduca single-occupancy vehicle SOV trips
by 12% [emplayers with 50+ employees).

Add taxes on all commercial parking spaces
combined with Level A and B strategies.

Requlatery Strategles

LUrban nonmotorized zones

In 10 years, convert 2% of CED stroets.

In 10 yaars, convert 4% of CBD streals.

In 10 years, convert 6% of CBD streats.

LUrban parking restrictions

Parking freeze on new parking spaces by
20285,

Parking freeze on new parking spaces by
2000,

Parking freeze on new parking spaces by 2015,

Speed limit reductions

National speed limit of 0 mph by 2020

National spead limit of 55 mph by 2020,

Mational spaad limit of 55 mph by 2015.




GHG Reduction Strategy

| a. Expanded current Practice

| &. vore Aggressive

| c.maximum Efiort

Operational and | ntelligent Transportation System [[TS] Strategles®

Eco-driving raining programs

Implement program. 10% of population
reached, 5% net adoption by drivers.

Impement program. 2% of populztion
raadhed, &% net adoption by drivers.

Implement program, and fund public awareness
campaigns and new driver education. 50% of
population reached, 20% netadoption by drvers.

Ramp metering (centrally cantrolled|

Implement in large urban areas where V/C >
1,05 by 2030 with new and expanded Traffic
Management Centers |TM|:SE

Impement in large and medium urban
arezs where VT > 1.0 by 2025 with new and
axpanded TMCs,

Implement in 2l Locations where V/C = 0.90 by
2020 with new and expanded TMCs.

Variable message signs (VMS)

Irnplerment where V/C > 1.05 by 2030.

Impement whereV/C - 1.0 by 2025.

ImplementwheraV/C = 0.9 by 2020,

Active traffic managemant

Mot daployad.

Impement in larga and medium urban areas

wheraV/C = 1.0,

Irnplememin all locations whera ViG> 0.9,

Integrated corridor management

Mot deployed.

Imp.ement in largE and medium urban areas

wheraV/C = 1.0 by 2025,

Irnplemeniin 3ll locations with V/C > 0.9 by 2020.

Incident management

Implement where W/C = 1.05 by 2030 with
new and expanded TMCs.

Impement whereV/C » 1.0 by 2025with new
and expanded TMCs

ImplementwheraV/C = 0.9 by 2020 with new and
expanded TMCs,

Road weather managament [snow,
ice, and fog)

Fully deployed on freeways by 2030,

Fully deplayad on freeways by 2025.

Fully deployed on freeways by 2020.

Arterial management

Upgrade whenV/C> 1.0 by 2030,

Upgradawhen V/C » 1.0 by 2025.

Upgrade when V/C > 0.9 by 2020.

Traveler Information (511 and DOT
websita)

Implementwhere V/C > 1.05 by 2030.

ImpermentwhereV/C » 1.0 by 2025.

ImplementwheraV/C > 0.9 by 2020,

Vehicle infrastructure intagration (VIl)?

50 peroant of light-duty vehicles equipped by

50 percent of light-duty vehicles equippad by

50 percent of light-duty vehicles equipped by

Imvesiments increased over current Tunding
levels.

Investinents increased sver curfent funding
loves,

2025, 100 parcent by 2040. 2004, 100 percent by 2030, 2015, 100 percent by 2020,

Bortleneck Rellef and Capacity ExpansionStrategles

Eottleneck relief Improve 28 percant of top 200 bottlenecks fo | Improve 50 parcent of top 200 bottlenecks to Improve 100 percent of top 200 bottlenecks to
Leval of Service E by 2030. Lovel of Sarvice E by 2030 Level of Service D by 2020.

Capacity expansions 25 percent of the economically justified 50 percent of the economically justified 100 percent of the economically justified

investiments increased over current funding
lavels.

Multimodal Frelght Strategles—Modal Diversion

Rail capacity improvements

Capacity restrictions are reduced by 20
percent by 2025.

Capacity restrictions are reduced by 30
pertant by 2025,

Capaoty restrictions are reduced by 50 percent
by 2025

Marine transpartation system
mantgnance and improvernent

Maintain the current state of the system.

Resgre major components of the system toa
State of good repair

Restore the entirz system to a state of good
regair.

Multimodal Frelght Strategies—Mode

Optimization

Overweight load permits for trucks
carrying shipping containers

Inall states, allow indivisible load permits
fortrucks carrying shipping containars for
distancos up to 250 mikes by 2025.

In al states, allow indivisible load permits
for trucks carrying shipping containers for
distinces up to 250 miles by 2020,

In all states, allow indivisible lad parmits for
trucks carrying shipping containers for distances
up to 250 miles by 2015

Dverweight load permits for longer
comiination vehicles [LCVs).

Inall states, allow divisible load permits for
LCVs up Lo 105,500 Lbs by 2020,

In 2l states, allow divisible load permits for

LCVs up to 129,000 Lbs by 2020.

Inall states, allow dwisible load permits for LEVs
up to 127,000 lbs by 2010 and up to 138,000 lbs
for 8-axle B-trains by 2020,

Weigh-in-motion [WIM) screening at
welgh slations

Implement by 2025 atall 2é-hour truck
weigh stations.

Impement by 2020 at all 24-hour truck weigh
stations.

Implement by 2015 at all fruck weigh stations

Electronic credentialing to allow
vahicles to bypass weigh stations and
safely inspections

Expand to cover 2ll49 mainland stztes by
2025,

Expend to cover all 49 mainland statas by
20,

Expand to cower all 49 mainland states by 2015,

Truck stop electrification

Allow truck drivers to plug in to local power
at 1,500 [out of 5,000) truck stops by 5025

Allow truck drivers to plugin to local powerat
3,000 truck stops by 2020,

Allow truck drivers to plugin to local power atall
truck stops by 2074,

Battery-oparated heating and cooling
systerns for sleeper cabs [APUs)

Require instzllation in 3l sleapar cabs by
2025.

Require installation in all sleepar cabs by
2000

Require installation in all sleeper cabs by 2015,

Truck-only toll lana natworks

Completa by 2025; new faclitias should covar
10 percent of large urban area interstate
VM.

Completa by 2025; naw facilifies should caver
25 percent of large urban area interstate VM.

Complete by 2025; new facilities should cover 40
percent of large urban area interstate VMT,

Multimodal Frelght Strategies—Loglstics

Urban cansolidation centers

Establish in large urban areas by 2025

Estzblish inlarge urban areas by 2020,

Establishin large urban areas by 2015

Motz: Whers not ctherwise indicated, all measures are curmulative with Lower levels of implamentation.

*Motas on Operational and TS Stratogies: | 1) Difforent congestion thresholds are used to got distinction in the scenarios; (2] Deployment of stratogies
except for VIl is assumed to occur continuously throughout the analysis period; and (31 V/C = Volume to capacity ratio, a measure of roadway congestion
that compares the traffic volumes to the roadway capacity. ® VIl deploymentis based on the deployment curve in Volpe VI ECA Report [http://wwwintzl-
Lidriveusa.org/documents/vii-benefit-cost-anzalysis-(Draftl.pdf]. Projected Phase-In of VIl Equipped Vehicles in the U.S. Fleat The “More Aggressive™

scenario uses thess forecasts and they are adjusted for the “Expanded Current Practize™ and “Maximum Effort™ scenarios.




Figure 2:

|
Table 4.1 Moving Cooler Cumulative GHG Reduction, Implementation Costs, and Change in Vehicle Costs by Strategy
[at Expanded Current Practice, Aggressive, and Maximum Deployment Levels) by 2050

Expanded Current Practice Deployment Aggressive Deployment Maximum De ployment
(2010 o 2050 (2010 to 2050) (2010 to 2050]
Change in Change in
GHG Implementation | Vehicle Cost | GHG Implementation Vnhl:la Cost GHG Implementation | Change inVehicle
Reduction | CostEstimate® | Estimate® | Reduction | Cost Estimate® fimatet IS8 | Reduction | Cost Estimate® | Cost Estimate*
Strateqy Description (mmiF | 1$82008) (5820081 | immt=__ ] isB2008) 2008) ImmtP | ($B2008) ($B 2008)
Pricing Straleg
CBO/Activity Center on-streat parking 33 < $0.05 $(25.8) 41 <$0.05 $138.7) 42 < $0.05 53781
Taw/higher tax on free private parking A NA NJA 18 < $0.05 147 3 < $0.05 51268
Hesidential Er‘king permits NA N/A NiA 2_0 < $0.05 5115.5) L] < $0.05 314041
Cordon Pricing L1 524.2 $les.0] 74 §34.1 4174.3 2 4393 S197.91
Congastien Pricing 510 @.P ﬁﬂ.sl 1,021 349.0 [792.9) 1,241 53803 $11,033.8/
Intercity Tolls 3J 5334 $127.4) 54 44,7 [52.1) 105 4585 $107.8)
PAYD 789 S1660 FIR31.2] 1,677 B1E4.0 [1,676.0] 2211 G1460 Gl2,25.8
VMT feet 280 $166.0 2=z, 340 1£6.0 $1757.8) 3381 §166.0 513,030.4
Carbon Prr.ing [VMT |mEacﬂ 350 < $0.05 wb, % <4005 g I%E@ 4. T4h < ﬂi’; S14,266.2
Carbon Pricing [Fuel aconomy impact] | 1,181 < $0.05 $i238. 3,343 <$0.05 S1871.7) 10,442 < $0.05 S[2.121.1
Land Use and Smart Growth Strategies
Combined Land Use | [515 [snigo  [ses [s15 | Sless.5) [14s5 815 [ si.098.51
Nonmaotorized Transportation Strategies
Combined Pedostrian [74 [ 5152 | $isa.4) |17 | s34 | $l148.4) | 227 | 8422 | si197.2)
Combined Bicycle |59 | ET) Ist76) |17 [ s206 1 5195.2) [17¢ | X 1514251
Public Transportation Strategies
Transit Fare Measures 19 « $0.05 $(17.8) 34 40,05 $121.3) 78 < 006 $172.2)
Transit Fraquency/ LOS/Extent 45 $h25 $147.01 7 S102.6 $199.31 168 $2438 FI245.51
Urban Transit Expansian 144 2560 $1135.51 2 §R03.0 $1281.7) 575 $1,1973 SI4114)
Intercity Pass enger Rail 4 $193 $l4s.5) &7 $32.6 $149.6) 50 $76.1 $156.01
High-Spead Pazsenger Rail* el S99 $124.7) 97 §108.2 $129.5] 13 $1442 $140.2)
HOV/Carpool/Vanpool/Commute Strategies
HOV Lanes 48 $171.8 $010.2) LT3 2y $113.4) 141 $b69.1 1.0
HOV Lanes |24- hour applicabiliy] 1 < 005 $10.2) 1 < 50.05 0.3 2 < f0.05 A
Car-Sharing a7 §0.2 $131.9) il $03 Sier.5l 183 503 [5]
Employer-Based Commute Strategies 252 $106.0 $1217.4] 4fih $120.8 $1£19.9) 1,165 $135.6 [1,013.4)
Rﬂ’l.llﬂz Moasures
Nonmotorzed Zones 2 514 [1.3) 4 $4.2 913.21 5 585 51491
Urban Parking Resirictions a0 <4005 §I55.5) 189 < 50.05 135.4) 35 < §0.05 5127611
Spead Limit Reductions 1,234 £4.1 $1389.8] 2,30 §6.5 $1753.4) 2428 §75 $[805.1)
System Operations and Management Strategies
Eco-[]rm 'E'? < 005 [134.9] 'I_.l_?[l < 50.05 41221 8 1815 < §0.05 13449
Ramp Mataring 27 $1.3 (6.5) T8 $3.1 $112.3) &3 475 [13.2)
Variable Message Signs 2 £0.8 (0.3) 1 S_Z.EI S10.4 348 L&
Active Traffic Management NJA NA /A 4b 5108 7.7 1] 759 3.0
Integrated Corridar Management NJA N/A /A At 103 517.7 30 $260 anl
Incident Man=sgement [ 2.2 $19.4) 72 54 si.8) 20 5129 113.2)
Road Weather Management 1 $2.0 $o.1) 1 4.9 10.2) 2 118 10.4]
| Signal Control Management 3 525 $10.51 18 &.1 $12.01 37 $16.9 [6.1]
Travelar Information & s2.0 $i0.7) an 4.9 S14.8 31 $11.8 15.00
Vehicle Infrastructure Integration 65 $62.6 $05.9) 14 $42.6 $12.2) g 426 11.00
Botileneck Relief and Capactt nsion Strategies —
Boftlenack Reliel 3 [5290 | I 5714 (52187 [0 [s1527 [ 54611
Capacly Expansiort [ | s3332 [$1753 [ | $617.0 | 5324.6 [15) [512340 | 556505
Multimodal Freight Strategies
| Rail Capacity Improvements & $19.9 [18.5] b $32.6 $127.7 31 $48.5 5551
Marine Systern improvarments 5 S4.0 (1.00 8 $80 $[1.4 2 7T
Shipping Container Permits < $0.05 1.6) < $0.05 £(1.7) « $0.08 .
LCV Parmits < $0.05 9.6] 2 <5005 Sis8l 5 = §0.05 1.2
WIM Scraening < $0.05 0.1] < 5005 $l0.1) $0.1 510,11
| Weigh Station Bypass < $0.08 0.2) <3008 si02| 2 s0. 2
Truck Stop Electrification 1 S04 [2.9] 5 1. $16.2) [ $2. 05
Truck APUs 3 $03 [28.8] 48 . $132.4) 142 50 4 4.5
Truck-Only Toll Lanes 24 $I7.1 [6.6] 59 42.7 $I11.5) 107 5714 [20.7)
Urban Consclidation Canters & S04 [1.6] g 0.4 512.3) 7 0.4 [3.1]

Mote: This 1able summarizes now well each strategy Is expected to help reduce GHGS by 2050, 3¢ well as The direc] Implemartation costs and vehicle costs and savings of implementing these sirata-
gles. It I= IMportant to note that tha results shown 1n this table for the Individual strateglas cannot simply be addad together to estimate 1he Impacts of combining strategies; The syrergistic impacts of
bundling the strategies are discussad in Section 4. 2. LOS = level of service.

A mmt = million metric tornes greenhouse gases.

5 Implementation cost Is the estimatad curulative cost 1o implemant each strateqy, ineluding capitz|, mainterance, operations, and admirisirative costs

Evehicle cost ks the estimatad cumulztive reduction inthe cost of swning and operaling vehicles iromn a socistal parspective, which would result with reductions in VMT and fuel consumption expe-
riencad with Implamantaticn of each bundle. Vehicle costs DO NOT Include other costs and beneflts that could be experienced 25 a consequence of Implementing each bundie, such as changas in
travel tima, safaty, user faes, environmental quality, 2nd publc healtn.

4 Anequivalent national VMT fee could accomplish the same VMT reductions, but ot the Fuel efficiecy raductions of rarhnn pncmg The deployment costs of VMT based fees could be shared with
requiredvenicle technology or cdometer audits for PAYD if both of these ere i Using consistent approache

# The evaluation of high-speed rail only takes into account the GHE emissions raductlon associated with effects on surface 1ransportat|on [and does not include air travel effects).

f GHE emission reductions use the FHWA mathodology, as used for the Conditions and Performance [C&P) reports, to project the effect of capacity exparsion on future YWT. This methodology ac-
dresses induced demand and diveried travel and also 2ssumes thal increased user fees will pay To” capacity expansions. If the CE&P mathodology wara 1o ba appliad absant the user fee assUmption,
the fstlmatfa ?HC— producad bytnese srateglas would Incrazse to betwean £40-560 mmit (whIch Is less than | percent of the Moving Cooler baselingl. This resull underscores the Importance of
pricing stratagies.




Figure 3:

|
Table 4.2 Moving Cooler Yearly GHG Reduction in 2020, 2030, and 2050 by Strategy (at Expanded Current Practice,
Aggressive, and Maximum Deployment Levels)

SospmeCR e popren | Aoshbogomert |, e Benament
Strategy Description 2020 |2nsu |zusu 2020 |zm |2uao 2020 |2|130 |znsu
Pricing Strategies

ﬁDﬁ'Actjvity Centeron-street parking |<.5 1 1 1 1 1 1 1 1
Tax/higher fax on free private parking [ N/A N/A N/A <5 1 1 1 1 1
Residential parking permils NYA N/A N/A 5 1 1 1 2 1
Cordon Pricing 1 1 3 1 2 3 1 3 3
Congestion Pricing 5 18 18 11 35 kL 18 43 39
Intercity Tolls .5 1 1 2 2 P 3 3 2
PAYD 20 19 19 3 47 by 56 63 59
VMT fee 8 8 7 25 24 22 0 97 70
Carbon Pricing (VMT impact!P 11 10 10 32 31 28 136 138 132
Carbon Pricing [Fuel economy impact| |24 37 38 70 103 106 236 375 325
Land Useand Smart Growth Strategies/Monmotorized Strategias

Combined Land Use 1 3 10 7 22 45 12 36 73
Combined Pedestrian ? ? 2 5 5 5 b 7 6
Combined Bicycle 1 2 2 1 2 2 2 & b
Public Transpartation Strategies

Transit Fare Measures 1 1 1 1 1 1 2 2 2
Transit Frequency/LOS/Extent 1 2 2 1 2 k! 2 4 2
Urban Transit Expansion 2 4 7 4 7 12 8 14 26
Intercity Passenger Rall 1 1 1 1 1 1 2 2 2
High-Spead Passenger Rail 1 ? 3 1 3 4 ? 4 b
Hov/Carpool/Vanpool/Commute Strategies

HOV Lanes 1 1 1 2 2 2 4 & &
HOV Lanes [24-hour applicability] <5 €5 €5 €5 <5 .5 5 €5 <5
Car-Sharing 1 1 1 2 2 2 5 4 &
Employer-Based Commute Strategies |7 7 7 15 14 13 35 3 ll
Regulatory Measures

Nonmotorized Zones <5 <h < <5 L3831 «h (] L] <5
Urban Parking Restrictions <. 1 7 1 & 13 3 g 18
Spead Limit Reductions 12 4 41 40 75 a 51 74 72




]
Table 4.2 (continued]

X2 B Reduchon mear it | oOTagucton in Yot Lot 6HO Bedclion o Yeor bamil?
Strategy Description 2020 2030 |205IJ 2020 |zu:m |2|150 2020 |2|130 2050
System Operations and Management Strategies
Eco-Driving 8 18 36 15 29 54 38 50 (5]
Ramp Metering <5 <5 2 < b <5 & < b < b 7
Varizble Message Signs <. <5 <5 <5 <5 <5 <5 <5 [
Active Traffic Management N/A N/A MN/A <5 <5 4 <5 <h 7
Integrated Corridor Management /A N/A /A <5 <5 4 <5 <5 7
Incident Management <. <5 5 <5 1 7 <5 1 8
Road Weather Management <5 <5 <5 <5 <5 <.5 <5 <5 <8
Signal Control Management <. <5 <.b <D <5 1 <5 <.b 3
Traveler Information <A <5 <5 <5 <5 2 <5 <5 2
Vehicle Infrastructure Integration .5 <5 -] <5 L] P <5 <5 1
Bottlenack Relief and Capacity Expansion Strategies
Bolileneck Relief® 1 1 (4] 3 (7 4 4 10l
Capacity Expansion® 1 1 (2 2 2 (4] 5 6 [13]
Multimodal Freight Strategies
Rail Capacity Improvements <.5 2 i 1 2 2 2 A k
Marine System Improvements <5 <5 <5 <D <B <.D <5 <0 <.
|Shipping Cantainer Permits < 5 < 5 < 5 < 5 <5 <5 < § < 5 <5
LCV Permits <.b <5 <.h < b <5 <.h < b <h [
|WIM Screening <.5 <5 <.5 <5 <D <5 < b < b <8
Weigh Station Bypass <5 <5 <5 e 5 <5 <.5 < 5 <5 <5
Truck Stop Electrification <.5 <5 <.5 1 1 1 1 1 2
Truck APUg 3 5 4 [ 5 [ 5 5 b
Truck-Only Toll Lanes <5 1 1 1 2 2 1 3 5
UUrban Consalidation Centers <.5 <.5 <.5 <5 <5 <.5 <5 <5 <0

Nate: This table summarizes the level of GHG reduction for each strategy inyears 2020, 2030, and 2050. Annual GHG reductions of 16 t0 17 mmt
represent an annual reduction of 1 percent from the Moving Cooler study bzseline. The study baseline estimates total national an-road GHG emissions
based on VMT and fuel economy assumptions, as identified in Section 3.0. "hese estimates are: 1,712 mmt in 2020, 1,689 mmt in 2030, and 1,653
mmt in 2050.

2 mmt = million metric tonnes greenhouse gases.

5 0r an equivalent national VMT fee.

¢ Refer to Footnote e in Table 4.1 for additional explanation.
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