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Current Practice for Climate Change in NEPA

Nothing
Boilerplate language
CO/UT semi-quantitative approach
GHG emissions analysis of alternatives
Limited lifecycle analysis

Adaptation
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Colorado/Utah “Semi-Quantitative” Approach

Developed in early 2008 in consultation with EPA Region 8 (Denver)
• Is now starting to be used by other states

Included in Cumulative Effects section of NEPA documents

Background information on:
• Climate change
• Federal efforts
• State efforts (e.g., from state CAP)
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Colorado/Utah “Semi-Quantitative” Approach

Table compares
• Current global CO2 emissions
• Current and future state CO2 emissions
• VMT on project corridor versus statewide VMT

This approach allows readers to
• See state’s share of global emissions, and
• See project contribution to state emissions

Can be used for all projects (project VMT is only variable that changes)
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Colorado/Utah “Semi-Quantitative” Approach:  Example

Global CO2
emissions, 
2005, million 
metric tons 
(MMT) 

Colorado 
highway CO2
emissions, 
2005, MMT 

Projected 
Colorado 
2035 highway 
CO2
emissions, 
MMT 

Colorado 
highway 
emissions, % 
of global total 
(2005) 

Project 
corridor VMT, 
% of 
statewide 
VMT (2005) 

27,700 29.9 31.3 0.108% (user-supplied)



MOVES2010

Released December 2009: 
http://www.epa.gov/otaq/models/moves/index.htm

Estimates energy consumption and GHG emissions from highway 
vehicles

Can develop speed lookup tables of GHG emissions rates in project 
analysis, or conduct link-level emissions analysis within the model

Update planned for new fuel economy standards

EPA/FHWA delivering training starting this summer
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Lifecycle Considerations

Much attention has been paid to the lifecycle impacts of fuels 
(ethanol and biodiesel), but almost none to the lifecycle 
impacts of infrastructure

GHG emissions are cumulative, not episodic like other air 
pollutants:
• GHGs stay in the atmosphere for decades
• Emissions from operation of a project will impact climate, but 

so will emissions from construction of the project

Some projects may reduce operational emissions, but may not 
provide “net” (lifecycle) emissions reductions over a 
reasonable timeframe (e.g., by the target in your state CAP)



Lifecycle Components for Plans and Projects
Direct (operational) energy
Indirect energy (overall impact varies)

• Changes in travel activity on other roadways, mode shift
• Induced/displaced land use

Construction and maintenance energy (typically +5%, but can 
vary widely)
• Extent of activity (earthwork, tunneling, grade reduction)
• Materials (amount of steel and concrete, recycled vs virgin 

materials)
Upstream/downstream energy (+40%)

• Well-to-pump emissions for fuels (extraction, refining, shipping)
• Manufacture and disposal emissions for vehicles



Benefits of Lifecycle Analysis

Lifecycle analysis can answer questions like:
• How long does it take before the energy savings from operational 

improvements offset the energy associated with construction 
equipment, materials, and delay created by the work zones?  (e.g., 
what’s the payback period?)

• Is a transit-oriented alternative more efficient than a HOV-oriented 
alternative if the energy associated with construction is considered?

• Would a more congested plan alternative still result in lower overall 
energy use if it results in more compact land use over time?



Payback Periods:  examples

Long Island freight terminal (intermodal project)
• Annual energy savings:  163 billion BTU
• Construction energy:  2068 billion BTU
• Payback period = 2068/163 = 12.7 years

Puget Sound North Link light rail project
• Annual CO2 reduction:  14,095 tons
• Construction CO2 emissions:  631,932 tons
• Payback period = 44.8 years

– (½ the construction energy comes from hydro—if fossil fuels, 
then ~90 years)



Payback Periods:  examples

Columbia River Crossing Project

Operational emissions savings:  ~4000 tons/year
Construction emissions:  ~600,000 tons
Payback period:  150 years



CEQ Guidance Applicability:  Potential Examples
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What highway projects might exceed CEQ’s reference 
point of 25,000 tons GHG/year in direct emissions?

Answer:  It depends:
• On what emissions sources are included in the total;
• On which of these sources are considered “direct” and “indirect”; and
• on what analysis year (or years) are used to make this determination



Applicable provisions of draft guidance

Page 1:  
Would the proposed action be reasonably expected to cause direct
emissions of 25,000 metric tons or more of CO2-equivalent GHG 
emissions on an annual basis?

Page 3:  
• In the agency’s analysis of direct effects, it would be appropriate to 1) 

quantify cumulative emissions over the life of the project . . .
• CEQ does not propose this reference point for use as a measure of 

indirect effects, the analysis of which must be bounded by limits of 
feasibility in evaluating upstream and downstream effects



Potential emissions sources to consider:  What’s direct 
and indirect?

Emissions from vehicles using the highway (in either No Action or the 
build alternatives)
• These are normally treated as “direct” emissions in current NEPA AQ 

analysis

Construction emissions

Upstream emissions from the fuel cycle and vehicle cycle

Others?
• Emissions effects of land use changes, emissions associated with 

roadway maintenance and lighting, etc.



Roadway emissions (today)

The average on-road vehicle emits ~ 580 grams/mile of CO2eq 
GHGs

25,000 metric tons = 43,000,000 VMT/year, or about 120,000 
VMT/day
• This is a one-mile highway with 120,000 ADT, a two-mile highway 

with 60,000 ADT, etc
• So, a VMT change between No Action and build of 120,000 VMT 

could trigger analysis, all else being equal (e.g., no change in 
speeds, congestion, fleet mix, etc.)



Future roadway emissions

The 25,000 ton calculation is based on annual emissions over the life 
of the action

Future fuel economy will be better (and CO2 emissions lower)

DOE’s Annual Energy Outlook predicts that the 2020 fleet will be about 
14% more efficient than a 2010 fleet, which would raise the effective 
VMT threshold to 137,000 VMT/day



Construction emissions

Not much work has been done to quantify construction emissions—
methodologies exist, but are very dated

Based on NY procedures, 25,000 metric tons could result from 30-50 
lane-miles of new road work, but emissions vary widely by type of 
project and location (see table on next slide)
• Note that it doesn’t take much bridge work to exceed 25,000 metric 

tons

However, construction emissions would be “annualized” over the life 
of the project



Construction emissions
Construction Energy Factors -- Lane-Mile Approach

Type of Improvement
Construction Energy Consumed per 

Rurala-Lane-Mile (10^9 Btu/mi) CO2, tonnes
New construction 12.70 637

Relocation 10.50 526

Reconstruction 5.20 261

Restoration and rehabilitation 2.30 115

Resurfacing 0.75 38

Major widening 5.00 251

Minor widening 1.90 95

New Bridges 192 9624

Bridge Replacement 222 11128

Major rehabilitation 134.4 6737

Minor rehabilitation 11.91 597
a Increase rural energy consumption by 20% for urban construction



Potentially Covered Projects

Examples of types of projects that might emit 25,000 tonnes per 
year, including operational emissions, plus construction 
emissions annualized over 20 years:
• A new 6-lane bridge, 1.2 miles long, with 100000 ADT operating 

at 70 mph (in 2020, 114400 ADT)
• A new 4-lane highway, 3.5 miles long, with 40000 ADT @ 70 mph 

(or 45800 ADT in 2020)
• A new 2-lane highway, 6 miles long, with 25000 ADT @ 60 mph 

(28600 ADT in 2020)
• Widening an existing highway from 6 to 10 lanes for 13 miles, with 

no change in volume, but speeds increase from 60 to 70 mph (in 
2020, volumes could increase by 14%)
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FHWA Adaptation Activities
• Adaptation Strategy – Will include key climate change adaptation areas 

where FHWA will focus attention and provides a foundation and plan for 
future FHWA activities

• Vulnerability/Risk Assessment Model – A conceptual model is being 
developed that can be used by State DOTs to conduct vulnerability 
assessments of their transportation systems and infrastructure

• Gulf Coast Phase II – Phase II of the Gulf study is underway, the report 
will provide further information on the impacts of climate change on 
transportation systems in the Gulf Coast region and will help develop risk 
assessment tools to be used by the transportation community to make 
decisions about adapting



Climate Change Effects Report, May 2010
http://www.fhwa.dot.gov/hep/climate/climate_effects/ 

Provides the transportation community (including highway engineers, 
planners, NEPA practitioners) with digestible, transparent information on 
projected climate change effects that are most relevant to the U.S. 
highway system. 

Provides information on potential future climate change effects such as 
temperature and precipitation changes on a regional basis

Designed to inform assessments of the risks and vulnerabilities facing the 
current transportation system, and can inform planning and project 
development activities.

22



Resources

FHWA Climate Change website:

http://www.fhwa.dot.gov/hep/climate/index.htm

DOT Transportation and Climate Change Clearinghouse:

http://www.climate.dot.gov/index.html
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