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1.  Summary of Options for Transportation & Land-Use

	SUMMARY OF OPTIONS

	1.  Improving vehicle efficiency through direct acquisition/regulation and pricing strategies
1.1  General vehicle efficiency
1.1.1 National/Regional CAFE standards

1.1.2 State-level options to improve vehicle efficiency, including a fee/rebate system for purchase of fuel-efficient light duty vehicles and/or speed limit enforcement programs. 

1.2 State-owned vehicle efficiency

1.3 Increase the gasoline tax

1.4 Create VMT-based insurance premium structures

1.5  GHG tax on Heavy-Duty Vehicles

	2.  Land use and vehicle miles traveled strategies
2.1  Transit oriented development/Development oriented transit
2.2  Expand bicycle and pedestrian infrastructures
2.3  Commuting efficiency
2.4  Reducing commuting trips

	3.  Land use related carbon sequestration
3.1  Urban/Suburban Land Management 

          3.1.1 Urban and community forestry

          3.1.2 Open space protection 
3.2  Forest management 
3.3  Cropland management and conversion

          3.3.1 Conversion of marginal cropland to forest

          3.3.2 Conversion of marginal cropland to wetlands

          3.3.3 Conservation/low tillage farming

          3.3.4 Low input agriculture and improved cropping systems






	4.  Other strategies
4.1  Promote smaller autos
4.2  Fleet fuel GHG content mandate


2.  The Role of Options for Transportation and Land-Use
The project team presented a preliminary set of options to the second Stakeholders meeting for the RI GHG Action Plan process. In Section 1, we list a revised set of options for the Transportation and Land-Use sector, reflecting feedback received from Stakeholders as well as continued research by the project team. These are still preliminary options that are intended to provide a point of departure for the Transportation and Land-Use Working Group’s assessment of options to include in a state climate change action plan.

Options are designed to change human use of technologies in ways that reduce the emission of greenhouse gasses to the atmosphere. Options represent actions that combine two elements: (1) policies, programs, or projects, and (2) technologies and/or the ways in which people use them. In this paper, both the technological changes and the policy or programmatic components they entail are characterized in broad ways, using representative technologies or the main outlines of initiatives to affect technology use.  Thus each option sets out a key strategy that would need to be refined and specified further at the level of state implementation.

It is critical that options be concrete enough that plausible projections of their costs and effects can be developed for consideration by policymakers. Therefore, we have explicitly identified the technological and policy assumptions for each option.

The Tellus team has prepared a baseline forecast of Rhode Island’s use of energy and emission of energy-related GHGs. The baseline includes expected trends in economic growth, technical innovation, and policies that are relatively fixed from a state perspective. Therefore, some improvements in how Rhode Islanders use energy-related technologies over time are included in the baseline forecast.

The options presented here, by contrast, reflect new policies and programs, and theirimpacts relative to the baseline forecast. This scoping paper identifies which policies or programs are considered fixed, which are considered options, and the basis for distinguishing the two. As the Working Groups and Stakeholder Group shape priority options for inclusion in a climate change action plan, Tellus will reflect them in a climate change action forecast of state energy use and related GHG emissions that will be developed and compared with the baseline forecast.

In the balance of Section 2, the current set of options is described briefly.  We also provide a background discussion on transportation, and land-use options related to carbon sequestration.  Section 3 then presents each option in greater detail.

In Section 4, we provide two summary rankings. One lists options in order of their cost of saved carbon (i.e., the net cost of the option divided by the carbon reductions for the option). The other lists them in the order of the amount of carbon saved.

1.  Vehicle energy efficiency strategies. These options promote higher efficiency light duty, medium duty, and heavy duty vehicles either through direct acquisition/regulation or pricing strategies.

1.1 Promote Acquisition of Efficient Vehicles (General).    This option promotes all households, businesses, and agencies acquiring the most fuel-efficient vehicles: high m.p.g. models, hybrid electric vehicles, and (later) fuel cell vehicles. 
1.1.1 National Level CAFE standards.
1.1.2 State-level options to improve vehicle efficiency, including a fee/rebate system for purchase of fuel-efficient light duty vehicles. 

1.2 Promote state-owned and private fleet vehicle efficiency. This option promotes acquisition of the most fuel-efficient vehicles for state agencies and private fleets. It may employ a “green fleets” executive order for procurement of fleet vehicles, or other efficiency standards for state-owned as well as private vehicle fleets.

1.3 Increase the gasoline tax to internalize the costs of driving in fuel prices.
1.4 Maintain and enhance VMT-based insurance premium structures.

1.5 Adopt GHG tax on heavy-duty vehicles

2. Land use and vehicle miles traveled (VMT) strategies
2.1 Promote transit oriented development/Development oriented transit. This option promotes development requiring less auto use as well as flexible approaches to transit to adapt to the needs of existing land-use. It may use incentives for arterial development and high density and mixed use zoning or, conversely, control the amount of parking built and operated in an area.  
2.2 Expand bicycle and pedestrian infrastructures. This option would create more bicycle lanes and paths, as well as pedestrian malls and walkways through grant programs or regulations  to shape government action. 

2.3 Increase commuting efficiency. Increase high occupancy vehicle (HOV) facilities and park-and-ride lots; give HOVs priority in constrained parking situations as well as reserve desirable parking locations for HOVs; provide fare reductions for use of transit at commuting levels.

2.4 Reduce commuting. Provide incentives for telecommuting, including employer-shared local tele-working centers (full-service facilities close to home that provide a professional work environment, including internet and teleconferencing, to employees), and internet commerce.

3.  Land use and carbon sequestration.  Policies, programs, and practices can increase the carbon sequestered in forested, agricultural, as well as developed lands.  While these are potentially effective methods for removing carbon from the atmosphere, they need to be considered carefully because they present accounting challenges.  These challenges include: a) carbon sequestration may not be permanent (since land uses can change and natural events can damage forests); and b) curtailed or modified land use activities, such as residential and commercial development, may “leak” to other states, if the demand for these activities is not otherwise satisfied.  Options for this sector are grouped as follows.

3.1 Urban/Suburban Land Management and Community Forestry. Urban and community forestry and open space protection not only provide numerous local benefits, but can also be powerful measures for retaining and increasing carbon stocks in Rhode Island.  Furthermore, urban trees can provide considerable energy savings.  They shade buildings in the summertime, reducing air conditioning loads, and slow chilling winter winds, lowering heating bills. 

3.2 Forest management.  Changing forest management practices can help forests grow faster or retain more biomass above or within the soil layer, thus sequestering carbon from the atmosphere.  Longer rotations, species selection, optimum stocking, low-impact harvesting, safeguarding regeneration (e.g. from pests and fire), fertilization, and weed control are among the specific techniques that can be used.  Legislative frameworks for forest management could be expanded to include the objective of protecting forests as carbon sinks.

3.3 Cropland management and conversion.  Alternative farming practices such as conservation tillage can improve soil fertility, help to retain carbon in the soil and also reduce fossil fuel consumed by farm equipment.  Conversion of marginal farmlands to forest offers the potential for much higher sequestration rates. Acquiring farm/forestlands and wetlands are all priorities of the RI Land Acquisition Program.   

4. Other strategies. Miscellaneous options to reduce the GHG emissions from the  transportation sector:
4.1  Promote smaller autos. This is a life style-oriented option. For example, excise taxes could be reinstated based on weight, not value.
4.2 Mandate fleet fuel GHG content mandate to require additional use of alternative fuels (e.g., ethanol, LPG, CNG, fuel cell, electric).

4.3 Promising strategies that  need additional research include:

a. Using barges in place of freight trucks, wherever possible, based on regional cooperation along Northeastern coastal states;

b. voluntary commitments by boat dealers to improve efficiency

c. opportunities for airport to improve ground equipment 
d. potential for using hybrids in stop and go trips
GHG Emissions Reduction Strategies from Transportation

GHG emissions from transportation in Rhode Island include emissions from personal cars and light-trucks, buses, rail, trucks, marine vessels, pipelines and aviation.  The options  analyzed are restricted to personal transportation for two reasons.  First, we expect state policy to have much greater jurisdiction over personal transportation and transit than any of the other modes.  Second, personal transportation, constitutes nearly 70% of the sector’s energy use and GHG emissions.  

We recognize that GHG emissions from personal transportation are affected by a number of factors, some of which are influenced by regulation and technology, and others by personal decisions and community planning.  Urban transportation modes, technologies and fuels, as well as land-use, infrastructure, and pricing, all of which affect household choices, figure prominently in GHG emissions growth and opportunities to slow or arrest that growth. The choice (or mix) of transportation modes (car, bus, rail, bicycle, walking) for household activities (commuting to work, shopping, leisure, etc.), the organization of trips, and the choice of vehicle and vehicle fuel will have different GHG impacts, which will depend on evolving technological, infrastructure, regulatory and societal conditions.    These complex relationships are represented schematically below.  
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Land use, forestry and carbon sequestration

The notion of carbon sequestration (binding carbon in soil or plants to prevent release to the atmosphere) lies at the heart of many proposed GHG mitigation activities in the agriculture, forestry, and land use sectors.  Storing carbon dioxide in plants or soil can help avert the dangerous buildup of greenhouse gases.  The natural growth of plants and soil microorganisms converts carbon dioxide from the atmosphere into biomass carbon.   Once this plant matter dies and either decomposes (e.g. as fallen branches on the forest floor) or is combusted (e.g. as logs in a woodstove), it releases carbon dioxide back to the atmosphere.  If this cycle is unbroken, a sort of carbon balance is maintained between biomass and atmosphere.     

However, it is possible to alter this balance with either positive or negative implications for carbon dioxide buildup in the atmosphere.  By storing greater amounts of carbon in biomass – in more heavily stocked forests, through litter buildup on forest floors, leaving soils undisturbed, or preserving wood and plant products for long periods -- atmospheric carbon levels can be reduced, slowing human-induced climate change.   Reducing biomass cover (e.g. through fire, tree pests, or conversion of forests and farms to urban or suburban development) or disturbing soils (e.g. though extensive plowing) can have the opposite effect, adding carbon to the atmosphere and accelerating climate change.  

Land use activities can also increase or decrease the formation and release of methane gas.  Methane, which is 21 times more effective at trapping heat in the atmosphere than carbon dioxide, is released by decomposition of organic matter in the absence of oxygen
.  These conditions can occur in wetlands, landfills, as well as in the digestive tracts of farm animals.  Thus, attention needs to be paid to the overall net effect of measures that might increase the extent of wetlands or the amount of waste landfilled.  

Forestry and agriculture activities can also produce biomass fuels, including wood used in stoves and boilers and advanced feedstocks such as switchgrass or hybrid poplars grown to produce ethanol or other alternative fuels.  It is important to note that if biomass is used as a fuel, and it is sustainably harvested, the balance of carbon stored in forests or farms and in the atmosphere is more or less unchanged
.  Biomass-derived fuels could be solid (wood, bagasse, corn husk, etc.), liquid (biodiesel or ethanol), or gaseous (producer gas, biogas), and could be used for industrial and commercial heating as well as for generating electricity.  The carbon dioxide from combustion of biomass is recaptured by the re-growth of trees or energy crops.  At the same time, biomass fuels can be used to substitute for oil, gas, or coal, and thus avoid the long-lived carbon dioxide emissions from fossil fuel combustion.
  As a result, the use of Rhode Island forests and farms to grow biomass fuels, and the conversion of vehicles, boilers, and other combustion equipment to use them, are important strategies for the state to consider
. 

With all measures to sequester carbon – forest management, cropland conversion, or urban forestry –efforts must be made to ensure the permanence of the increased carbon stocks.  This is especially true if credit is to be taken in a fashion equivalent to reduced fossil fuel emissions.  Sequestration from streamside planting or faster growing forests could be wiped out by fire, pests, or changes in use.  Forests and other lands protected from development today could, under changed circumstances, be plowed under for buildings or parking lots.  In contrast, a conservation or renewable energy project that directly substitutes for fossil fuel use makes a more permanent reduction in atmospheric carbon.
  Among those involved in climate policy locally and internationally, there is significant controversy over the possible use of biomass carbon sequestration instead of, rather than in addition to, deep reductions in fossil fuel combustion, especially in the face of emissions targets that appear weak relative to the need for climate stabilization.

Therefore, if carbon sequestration measures are ultimately included in the Rhode Island Climate Action Plan, the possibility of discounting the GHG benefits from these measures should be carefully considered.
   A related issue with land use and forestry projects is leakage, the possibility that land use activities limited within Rhode Island, might simply migrate to nearby Connecticut or Massachusetts counties or to elsewhere in the world, thus negating any apparent GHG mitigation benefits.   The possibility for leakage, and means to assure that is adequately accounted for, should be considered closely as well.

3.  Characterization of Options for Transportation and Land-Use
This section consists of one-by-one characterizations of options identified to reduce GHGs from Rhode Island’s transportation and land-use conditions and activities. These begin on the next page, with option 1.1. The table accompanying each option description contains a number of key quantitative and qualitative characteristics. These are:

· The net cost or savings to society of saved energy (CSE) for each option. The CSE measures the increase in costs required to install an energy-savings option, divided by its lifetime energy savings. Since saving energy reduces costs of buying fuel, many options have net savings. It is calculated by converting the additional cost of the more efficient option, the lower carbon content fuel, the travel mode shift or reduced driving into a series of annual payments over the lifetime of the option
, and dividing this annual cost by annual energy savings.

· The amount of energy saved in 2020. This is the total amount of energy estimated to be saved by an option in the year 2020 as a result of all implementations of the option from 2002 (or later) and on through 2020.

· The reduction in emissions of carbon to the atmosphere in 2020. As with energy savings in 2020, this is a total impact based on implementation of an option through 2020.

(
The cost of saved carbon (CSC) is the net cost of the option divided by the carbon reductions for the option.  The costs and carbon reductions are computed through a discounted cash flow and “carbon flow” analysis over the 20 year period.  The costs could thus include additional equipment/fuel costs, if any, net of any fuel savings incurred during each year.  As with CSE, there are many options that result in net savings due to the lifetime cost of saved energy.

· Certainty of savings if option is adopted.   This characterizes the relative probability that the option would be successful in reducing carbon to the levels indicated.  In general, those options that have direct impacts on carbon reduction through as technology-based standards or fuel/vehicle prices tend to have a greater certainty of savings than those with indirect impacts such as sequestration in soil or plants.    
Note that each transportation option has additional benefits besides saving energy and reducing carbon emissions, particularly reductions in other air pollutants that are harmful to human health, the economy and the environment (e.g., water bodies, forests, and wildlife). These pollutants include fine particulate matter, oxides of nitrogen, carbon monoxide and ozone, as well as several harmful organic gases and air toxics
. Since GHG reductions will most likely be associated with reduced combustion of gasoline, they will produce additional benefits in the form of reductions in local air pollution.  The first table in Section 4 includes estimates of the monetary value of the air pollution “co-benefits” associated with each option. 
VEHICLE EFFICIENCY STRATEGIES OPTION 1.1 -- GENERAL FUEL EFFICIENCY IMPROVEMENTS

Fuel economy standards for motor vehicles are most appropriate and realistic if implemented at the federal level.  The current, national Corporate Fuel Economy (CAFE) standards for new light-duty cars and light-trucks of 27.5 and 20.7 miles per gallon, respectively have remained virtually unchanged since the early 1980s
.  At the same time the recent rapid shift of the vehicle fleet to light trucks (e.g., SUVs), combined with continued increases in vehicle miles traveled, have eroded the energy savings and emissions reductions that could otherwise have been expected from these modest standards. Several recent studies indicate that new vehicle technologies with fuel economy from 25 to over 100 percent higher than current standards, could be had at reasonable capital costs that could be recovered and exceeded by users through savings in fuel costs
.  

Improving fuel efficiency generates several co-benefits, including reduced oil dependence, lower costs of driving, reduced uncertainty in oil prices due to supply disruptions, decreased risks to the environment and human health, and greater security due to lower reliance on vulnerable sources and transmission infrastructure.  Many environmental co-benefits occur upstream of the tail-pipe, that is, in the extraction, refining, marketing and distribution of petroleum and its products.  The avoided externality costs of decreased oil demand will depend on many factors, including the types of upstream technologies used, the distance traveled by oil and refined product to the pump, and the types of habitat traversed
.  

VEHICLE EFFICIENCY STRATEGIES OPTION 1.1.1 – IMPROVED CAFE STANDARDS

We assume the emergence of new CAFE legislation that would require the fuel economy of new light-duty vehicles to improve by around 100 percent by 2020.
  Political support from local and state governments (including coordinated support from New England states) for such federal action can play an important role in breaking the current deadlock in raising national CAFE standards.

An alternative to raising national CAFE standards, which is not analyzed here, is for the New England states to set coordinated regional fuel economy standards, including the creation of a regional mandate for zero-emitting vehicles (ZEVs).  This could, for instance, follow recent legislative action in California (AB 1058), which directs the state Air Resources Board to adopt regulations by 2004 that achieve the "maximum feasible and cost-effective reduction" of CO2 emissions from cars and light trucks while granting automobile manufacturers flexibility "to the maximum extent feasible."
. 
OPTION 1.1.1 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Transportation and Land-Use.

	Option name
	Improved national CAFE standards.

	Sector and market
	All light-duty vehicles

	Technical elements
	Improved materials, engine efficiency, advanced technology, including hybrids 

	Buydown program elements
	None 

	Existing policy/program
	National level CAFE legislation

	Rationale
	Reduce carbon emissions as well as oil dependence.

	Energy saved in 2020
	13 trillion BTU (103 million gallons) in gasoline savings

	CSE (cost of saved energy)
	$1.84/MMBTU ($0.21/gallon)

	Carbon saved in 2020
	250,000 tonnes

	CSC (cost of saved CO2)
	-$300/tonne (2000$)

	Certainty of savings if option is adopted
	High


VEHICLE EFFICIENCY STRATEGIES OPTION 1.1.2 – STATE-LEVEL OPTIONS TO IMPROVE EFFICIENCY
The second possibility is that even if national standards were not raised, Rhode Island or New England/Northeast Region could adopt their own efforts to encourage fuel efficiency.  These could take the form of tax incentives to vehicle owners to purchase vehicles with higher than average fuel economy
.  Our preliminary assumption, in the absence of more rigorous research, is that these measures would result in roughly 10% of the fuel savings of altered national CAFE standards
.

Feebates are a financial incentive to encourage purchasers of cars and light duty trucks to take more account of either the energy efficiency or emissions of their motor vehicles.  A feebate system is typically designed to combine elements of both a fee and a rebate for different categories of passenger vehicles. Purchasers who choose vehicles with poor fuel economy or high emissions would have to pay a fee that would be added on to the purchase price, whereas those who choose more efficient, cleaner cars would be rewarded with a rebate.  The addition to or subtraction from purchase price would be calculated on a sliding scale, depending on how far a vehicle’s performance diverges from a pre-determined average ideal. The system can also be designed to be revenue-neutral
, and should be designed to change as national fuel economy and tailpipe emissions standards change.

Several states – California, Massachusetts, Maryland, Arizona, Maine, South Dakota, Rhode Island and Iowa – are considering feebate plans. A national-level policy would be necessary to ensure maximum impact through inducing changes in the average fuel economy of the nationwide vehicle fleet. But state-level plans can serve the important purpose of public education, informing consumers about the characteristics of different vehicles and their pollution consequences, and thus possibly affecting their buying patterns. Also, if enough states adopt such plans, it might provide an impetus to car manufacturers to develop a cleaner line of vehicles. 

There are several possible approaches to feebate design.  The table below shows examples from two countries where a feebate system is already in place:

	Measure
	Where in Operation
	Reference

	Zero-point (fixed tax rate at 32%) for 29 mpg vehicles, and varying non-linearly (with vehicle price and changes in mpg)
	Austria
	OECD (1997): 

http://193.51.65.78/env/docs/cc/gd9769.pdf

	Linear, but not revenue neutral.  Fee between $55-$3300 for vehicles<39 mpg, otherwise, US $75 rebate
	Ontario, Canada
	OECD (1997); Barg et al. (2000): Economic Instruments for Environmental Policymaking in Ontario, IISD, Ontario.


PLEASE NOTE: WE HAVEN’T BEEN ABLE TO OBTAIN SUFFICIENT INFORMATION ON OTHER PROPOSED DESIGNS, WHICH IS WHY WE ONLY HAVE THESE TWO EXAMPLES You can also site the Maryland design even if the program has not been in place and the law has not been implemented – they do have a design for a feebate program we can site.  Also, has there been any discernable change/shift in vehicle purchasing as a result of the measures listed in the table? How long have these two programs been operating?
Feebate legislation in Rhode Island would be a way to for the state to address both local pollution and climate change through a market mechanism. Feebates produce incentives to both purchasers and manufacturers. Since they reduce the cost of efficient and low polluting vehicles, feebates provide a strong and immediate market signal for consumers to buy more of these vehicles, thereby shifting the sales mix. The presence of a feebate system provides manufacturers with a long-term incentive to incorporate more fuel-efficient and pollution control technologies, thereby gradually affecting the product mix available to the consumer.  Although a feebate in Rhode Island per se would not affect the auto industry, a coordinated regional policy could create a significant market force to cause the industry to be encouraged to develop a niche for more fuel-efficient vehicles
.  Moreover, if combined with the following option, government procurement of more efficient and less polluting vehicles, the impacts of the feebate incentive system on consumer vehicle choices could be enhanced by the demonstration and educational impacts of that complementary policy.
Feebate proposals have sometimes been criticized on the grounds that they would unfairly penalize purchasers of vehicles who require larger cargo size to meet personal or work-related needs.  One way to mitigate this concern is by designing feebates within size classes.  A better option is to design them around functionally equivalent vehicles; for instance, many wagons have the same or better internal volume, and significantly higher fuel economy, than sport-utility vehicles.  An annually or biannually 
adjusted feebate program could also be designed to be approximately revenue neutral, to ensure that state revenues for other programs are not adversely affected
.

The Rhode Island legislature may take up a bill during the current session that includes fuel efficiency based feebate for new vehicles.  Vehicles with an average fuel economy greater than 25 mpg would receive a rebate, while those below that level would pay a surcharge on their sales tax.  This bill will likely be returned to a study commission this year so that further analysis can be completed before the bill is taken up again.  

OPTION 1.1.2 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Transportation and Land-Use.

	Option name
	State incentives to raise the average fuel economy of new vehicles purchased in the state (including feebates).

	Sector and market
	All light-duty vehicles

	Technical elements
	Improved materials, engine efficiency, advanced technology, including hybrids 

	Buydown program elements
	None 

	Existing policy/program
	Sales tax incentives for purchasing high efficiency vehicles – revenue neutral feebates 

	Rationale
	Reduce carbon emissions as well as oil dependence.

	Energy saved in 2020
	1.3 trillion BTU (10.3 million gallons) in gasoline savings

	CSE (cost of saved energy)
	$1.84/MMBTU ($0.21/gallon)

	Carbon saved in 2020
	25,000 tonnes

	Certainty of savings if option is adopted
	Medium

	CSC (cost of saved CO2)
	-$300/tonne (2000$)


VEHICLE EFFICIENCY STRATEGIES OPTION 1.2 –GOVERNMENT AND PRIVATE FLEET VEHICLE EFFICIENCY

Local governments as well as the state can adopt “green fleet” policies, including optimizing efficiency of use, purchasing cleaner vehicles, promoting alternative fuels, etc.  Such policies are in effect in many cities around the United States, including Denver, Madison, Los Angeles, and San Francisco
. 

Section 507(o) of the federal Energy Policy Act (EPACT) mandates that state government fleets acquire an increasing percentage of new alternatively fueled vehicles (AFVs), but does not include municipal fleets.  EPACT may actually hurt green fleet programs, because more than 75% of federally mandated purchases are AFVs, which tend to be CNG vehicles of higher than average weight.   However, municipal and private fleets may provide some limited opportunities for “greening” through the introduction of hybrids and other high efficiency vehicles.

OPTION 1.2 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Transportation and Land-Use.

	Option name
	Government and private fleet vehicle efficiency.

	Sector and market
	Fleet vehicles in local and state governments and private enterprises

	Technical elements
	Procurement specifications

	Policy/program elements
	Stakeholder processes, commitments

	Existing policy/program
	EPACT 507(o) for state fleets, none at the local level 

	Rationale
	Fleets provide opportunities to develop a market for more fuel efficient vehicles, to reduce GHGs, air pollution and increase energy security  

	Energy saved in 2020
	0.1 trillion BTU (~1million gallons) in gasoline savings

	CSE (cost of saved energy)
	$1.84/MMBTU ($0.21/gallon)

	Carbon saved in 2020
	>2,500 tonnes


	Certainty of savings if option is adopted
	Low

	CSC (cost of saved CO2)
	-$300/tonne (2000$)


VEHICLE EFFICIENCY STRATEGIES OPTION 1.3 – Increase the gasoline tax
Gasoline taxes provide an important price signal to road-users to factor in the true costs of driving, including environmental and social costs.  Depending on the level of the tax, they could provide sufficient incentive to users to adopt more fuel-efficient vehicles or be more judicious in their travel and mode choices.  

In several European countries, gasoline taxes are more than eight to ten times the levels in the United States, where in real terms, state and federal taxes have actually declined steadily since 1962.
  Part of the reason for the decline is public resistance to taxes, under the false perception that gasoline taxes are more “painful” than taxes on any capital goods, including vehicles.  In fact, however, average gasoline expenditures in the US amount to less than about 2% of median household income, and even a tripling in gasoline prices would actually cause little or no dent in non-gasoline household consumption patterns.
 Furthermore, although gasoline taxes are typically treated as being regressive, there is evidence that "low-expenditure households devote a smaller share of their budget to gasoline than do their counterparts in the middle of the expenditure distribution
."

Although gasoline taxes in Rhode Island are among the highest in the country, a policy to increase gasoline taxes by $0.50/gallon to address greenhouse gases would likely result in significant savings in carbon.  These taxes could be implicitly revenue neutral if the revenues could be used to fund policies in several of the other options (e.g., Option 1.1b, 4.1), thereby complementing and amplifying the direct impact of the tax itself.  Alternatively, the tax could be made explicitly revenue-neutral through income tax reductions.   In economic terms, the cost of the additional tax would be zero if the revenues are used to correct for the otherwise uncompensated externalities of the transportation system, particularly by reducing emissions.   

OPTION 1.3-- SUMMARY TABLE

	Parameter
	Value

	Working group
	Transportation and Land-Use.

	Option name
	Increase the gasoline tax

	Sector and market
	All light-duty vehicles

	Technical elements
	None

	Policy/program elements
	Stakeholder processes, commitments, public outreach

	Existing policy/program
	No existing program, but could be tied to Option 1.1b

	Rationale
	Reduce GHGs and air pollution, increase energy security

	Energy saved in 2020
	16.5 million gallons (1.9 trillion BTU)

	CSE
	$0.0/MMBTU ($0./gallon)


	Carbon saved in 2020
	160,000 tonnes


	Certainty of savings if option is adopted
	High

	CSC
	$0.00 (2000$)


VEHICLE EFFICIENCY STRATEGIES OPTION 1.4 – VMT-BASED INSURANCE PREMIUM

Pay-As-You-Drive (PAYD) Insurance provides drivers an incentive to reduce their annual vehicle miles traveled, and could thereby help reduce fuel use and emissions.  It is also economically efficient because it indicates to drivers the true costs of driving.   It is more equitable than current systems because it imposes premium costs based on the level of driving, and is progressive because it is likely to lower costs for lower income drivers who tend to use their vehicles less than the median driver does
. 

PAYD premiums can be collected either for every gallon of gasoline purchased (pay at the pump insurance) or for every vehicle-mile driven (odometer-based registration fees). In either case, they help transfer a portion of insurance costs from fixed to variable costs, and give an economic disincentive to consumers to drive.  Examples of VMT-Based Insurance include legislation in Oregon (HB 3871: www.leg.state.or.us/01reg/measures/hb3800.dir/hb3871.intro.html) and Texas (HB 45: www.capitol.state.tx.us).
OPTION 1.4 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Transportation and Land-Use.

	Option name
	VMT-Based Insurance

	Sector and market
	All light-duty vehicles

	Technical elements
	None

	Policy/program elements
	Consultation with all stakeholders, including insurance companies, insurance regulators, state or provincial legislators, transportation agencies, motorists, transportation professionals, public safety officials, environmentalists, consumer groups and organizations concerned with poverty.

	Existing policy/program
	No existing program in RI, but support may be forthcoming from the Federal Highway Administration’s Value Pricing Pilot Program

	Rationale
	Reduce GHGs and air pollution, increase energy security

	Energy saved in 2020
	47 million gallons (5.4 trillion BTU)

	CSE
	Not computed

	Carbon saved in 2020
	110,000 tonnes C

	Certainty of savings if option is adopted
	High

	CSC
	<0


VEHICLE EFFICIENCY STRATEGIES OPTION 1.5 – GHG TAX ON HEAVY-DUTY VEHICLES

Heavy-duty freight vehicles account for roughly 15% of GHG emissions from the transportation sector.  While this is a significant fraction of emissions, the fact that the vast majority of them are not registered in the state makes it difficult to consider options similar to those used for light-duty vehicles.   However, there may be some scope for introducing policies to regulate vehicles that operate within the state
.

In this option, we consider the introduction of GHG-based surcharges on heavy-duty freight trucks traveling through Rhode Island.  The idea would be to index existing weight-based road taxes with the GHG emissions/ton-mile of the vehicle, so as to promote the use of more efficient trucks.  Recent legislation mandating emissions testing of heavy-duty trucks (Title 31: § 31-47.2-3) could be extended to devise road tax surcharges based on GHG emissions/ton-mile.

While more analysis is needed to establish the actual emissions benefits and costs of this option, we have conservatively estimated a 10% reduction over 2020 levels, based on the experience of similar inspection/maintenance programs for light-duty vehicles.  There is not yet any estimate of cost. 

OPTION 1.5 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Transportation and Land-Use.

	Option name
	GHG Tax on Heavy Duty Vehicles

	Sector and market
	Freight

	Technical elements
	Inspection

	Policy/program elements
	State government legislation and support from trucking industry

	Existing policy/program
	Extension of heavy-duty vehicle inspections

	Rationale
	Reduce GHGs and air pollution, increase energy security 

	Energy saved in 2020
	Not computed

	CSE
	Not computed

	Certainty of savings if option is adopted
	Medium

	Carbon saved in 2020
	23,000 tonnes C

	CSC
	>0  


LAND USE AND VMT STRATEGIES OPTION 2.1 – TRANSIT ORIENTED DEVELOPMENT/DEVELOPMENT ORIENTED TRANSIT

Transit Oriented Development (TOD), “Traditional Neighborhood Design” (TND), and other “Smart Growth” initiatives all focus on urban design to maximize walkable communities, mixed use environments, and transit access . TOD and similar land use strategies can reduce automobile use and associated pollution, increase access, create socially and physically more attractive neighborhoods, and increase productivity
.  Examples of successful TOD include King County (www.metrokc.gov/kcdot/alts/tod/todindex.htm) in Washington state and Maplewood, New Jersey (www.stationfoundation.org ). Smart Growth initiatives include legislated programs in the State of Maryland, and the Portland, OR metropolitan region. 
Smart Growth initiatives in Rhode Island include the Governor’s Growth Planning Council (http://www.planning.state.ri.us/GPC/Annual%20report.pdf); recommendations of a number of the State Guide Plan’s elements,  as well as private efforts like Grow Smart Rhode Island (www.growsmartri.com). 

The State Land Use Policies and Plan
, and the Ground Transporation Plan
 both provide strong policy support for “smart growth” initiatives. The Land Use Plan recommends a compact development pattern and the preservation and enhancement of existing cities, villages, and other densely-settled areas. The Ground Transportation Plan calls for a strong correlation of land use and transportation, and emphasizes modal diversification to reduce reliance upon private auto travel. 

One TOD/Smart Growth initiative being studied by the Growth Planning Council in Rhode Island would include designation by municipalities of compact, higher density areas as locations for concentrating future growth and development. It would be critical that this be reinforced by state incentives and policies that direct public investments to designated areas, once approved. Design and designation criteria would ensure that existing  city neighborhoods, villages, and other densely developed areas which have adequate infrastructure (including transit services) are preserved and enhanced and that any new growth areas that are developed are walkable, resource –efficient, environmentally-sustainable, and transit-supportive.  

The city of Providence has been trying to encourage people to move back downtown since the early 1990s, by promoting walkability, allowing mixed-use zoning, and increasing transit access.  The city is undertaking a major neighborhood revitalization effort in the Olneyville neighborhood, with special emphasis on transit and inter-modal facilities.  Similarly, the City of Warwick is planning a major new, higher density center connecting  TF Green Airport to a planned new rail station.  The TOD option would extend the planning concepts used in Olneyville and Warwick to other communities with compact, mixed-use developments situated at or around transit stops and location-efficient development. Such developments would comprise housing, office, neighborhood retail, and civic uses, and be built to become pedestrian-friendly, human-scale communities.  

In the near term, benefits could be realized from this option through concerted efforts to maximize the use of existing (RIPTA) bus transit system via realignment of routes, introduction of flexible services, and local land management and design requirements.  The foregoing measures would support the integration of transit services with higher densities and ensure safe and convenient pedestrian access to and within new developments. Longer range TOD strategies could involve the development of growth centers along rail transit routes (MBTA service), including extensions currently being planned and studied.  In more rural parts of the state, village centers could also serve as focal points for connecting flexible local transit services with regional busways or corridor routes.  This level of implementation would require not only investment in rail/bus infrastructure and services, but also a re-assessment of local land management regimes to ensure that growth is properly channeled to promote neighborhood revitalization, and develop walkable, mixed-use environments respecting  compact growth and corridor preservation initiatives of the State Guide Plan and Smart Growth objectives
.  

While TOD has traditionally focused on adapting urban design to meet transit needs, it is also important to think about adapting transit services to existing land-use design.  Known sometimes as Development-Oriented Transit (DOT), this approach would call for the innovative use of technology to make transit systems more flexible and reduce waiting times for transfers.  The adoption of smart technologies, like automatic vehicle locators for para-transit modes like shuttle vans, jitneys and microbuses and signal priority systems and headway-based schedulers (to mimic dedicated lanes) for Bus Rapid Transit, can provide more effective travel choices
.  Other transit adaptive options include the promotion of small neighborhood vehicles within the “footprint” of golf carts for local travel on low speed-limit roads, with easy access to parking facilities at bus and rail transit stations.
 
Improvements in commuter rail trunk service can improve the quality of trips into the Providence Central Business District (CBD) as well as non-CBD trips, if integrated with feeder bus service through a properly timed transfer system.  Additionally, it is important to bear in mind that a hybrid system will offer much better service to the poor, disadvantaged and minority riders than an infrequent peak-hour commuter rail system.

A total saving of 75,000 tonnes of carbon was computed for all the Land-Use and VMT strategies taken together.  Since this was hard to disaggregate further, we have indicated in the summary tables below that each individual option would save a “fraction of 75,000 tonnes.”  

OPTION 2.1 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Transportation and Land-Use.

	Option name
	Transit Oriented Development/Development Oriented Transit

	Sector and market
	Urban zoning, transit operators

	Technical elements
	Primarily integrated land-use zoning and transit planning

	Policy/program elements
	Coordinated support of local governments, private developers and transit agencies

	Existing policy/program
	Extension of existing Rhode Island programs, with Smart Growth elements

	Rationale
	Increase access, increase energy securityreduce GHGs sprawl, congestion and local air pollution 

	Energy saved in 2020
	Fraction of 31 million gallons (3.6 trillion BTU)

	CSE
	Not computed

	Certainty of savings if option is adopted
	Medium

	Carbon saved in 2020
	Fraction of 75,000 tonnes 

	CSC
	-$500/tonne (2000$).  


Land use and VMT strategies OPTION 2.2 –Expand bicycle and pedestrian infrastructures 

In this option, we consider expanding bicycle and pedestrian infrastructures through improved paths and bike lanes, taking measures to address specific roadway hazards (potholes, cracks, narrow lanes, etc.) and improve security for cyclists and pedestrians, providing a better connected street network and clustered development, imposing speed and vehicle restrictions for motorized modes (traffic calming), and providing safety education to all road users
.

Examples of communities making serious efforts to expand bicycle and pedestrian infrastructures include Copenhagen (www.cios.com), Portland, OR (www.trans.ci.portland.or.us/traffic_management/bicycle_program/BikeMasterPlan/Default.htm), and New York (www.ci.nyc.ny.us/html/dcp/html/bndprods.html#b and www.transalt.org/blueprint).  

The Rhode Island Department of Transportation and DEM have a Bicycle/Pedestrian Program that plans, designs, and constructs bicycle paths and walking trails; designates on-road bicycle lanes and routes through signing and striping; and distributes educational and other materials.  The state also has a policy to introduce 200 miles of bikepaths by 2020.

In 2000, the DEM and DOT began building an additional 3.5 miles of the Blackstone River Bikeway and designed 7 more miles, and work continued in 2001 on this segment of the project. DOT/DEM  are also building roadside rest areas on 295 with links to the Blackstone Path.  When completed, the 17.1 mile Blackstone River Bikeway will stretch from Pawtucket to Woonsocket, and eventually to Worcester, Massachusetts. It is being constructed by the Department of Transportation (DOT) and managed by DEM.  The Department also began design for a ten-mile bikeway to connect Providence and Cranston to the Connecticut border through Coventry. This bikeway will be part of the East Coast Greenway, a planned 2,500 mile connection linking East Coast Cities from Maine to Florida.

The state recently announced plans to link Providence with the East Bay Bike Path via the Washington Bridge.  The state bikeway program could be enhanced through better integration of bikes with transit; increasing the length of bicycle lanes; and  policies to encourage bike and pedestrian use in  central business districts through traffic calming and vehicle restrictions;  and the innovative use of human-scale street furniture and design (including benches, green traffic islands, street lights, etc.). Other policies could include incentives to employers to provide mileage credits to bicyclists, building of bike racks and lockers at bus stations, and information campaigns to highlight the positive health effects of bike riding.  

OPTION 2.2 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Transportation and Land-Use.

	Option name
	Expand Bicycle and Pedestrian Infrastructures

	Sector and market
	Urban zoning

	Technical elements
	Minimal – primarily integrated land-use zoning, roadway and sidewalk improvements, and bikeways where feasible and desirable

	Policy/program elements
	Coordinated support of local governments, private developers and transit agencies

	Existing policy/program
	Extension of state DOT program, with Smart Growth elements

	Rationale
	Increase access, increase energy security, reduce GHGs congestion and local air pollution

	Energy saved in 2020
	Fraction of 31 million gallons (3.6 trillion BTU)

	CSE
	Not computed

	Carbon saved in 2020
	Fraction of 75,000 tonnes 

	Certainty of savings if option is adopted
	Medium

	CSC
	-$500/tonne (2000$).  


Land use and VMT strategies OPTION 2.3 – COMMUTING EFFICIENCY
This option considers a number of incentives to improve the efficiency of commuting trips, through special High Occupant Vehicle (HOV) facilities, transit subsidies/vouchers, Park-and-Ride lots, and Guaranteed Ride Home programs to provide an occasional subsidized ride home to commuters who use alternative modes

HOV facilities can be implemented by adding new road capacity designated for HOVs.  They include highway and arterial lanes, High Occupancy Toll (HOT) lanes, preferred parking spaces or parking fee discounts provided to rideshare vehicles.  Rhode Island may not have capacity for adding HOV-only lanes.  Moreover, such lanes could have negative equity impacts if low-income and self-employed commuters are not able to participate in employer-sponsored carpools and vanpools.

Examples of programs to improve commuting efficiency include the King County METRO Commute Partnership Program (http://transit.metrokc.gov), Puget Sound HOV expressways (http://www.wsdot.wa.gov/regions/northwest/hovpage/hovmain.htm), and the New Zealand Bus Priority System (www.akcity.govt.nz/around/transport/transport_strategies/buses_first)
RIPTA currently provides incentives for HOVs such as preferred parking, Guaranteed Ride Home programs, and limited HOV lanes.  RIPTA, DEM and DOT have also jointly developed a program to provide free bus service on days when high levels of ozone are likely.  Further expansion of these programs would include policies that provide for transit subsidies and parking cash-outs
, and encourage vanpools.  RIPTA has also recently supported legislation for offering group ridership rates for employees in state agencies.

Another potential way to improve commuting efficiency is to introduce policies to encourage station cars, which is a particular form of car sharing, where several individuals have “shares” in a single car and are charged only on the basis of how much they use it
.  For instance, commuters who might otherwise drive long distances to work would have incentives to drive to nearby transit stations and take station cars at the other end to their workplaces.  Station cars may be electric vehicles and require charging facilities near their parking spaces and intelligent electronics for managing reservations, access, user accounts, queues, and station car fleets.

OPTION 2.3 -- SUMMARY TABLE
	Parameter
	Value

	Working group
	Transportation and Land-Use.

	Option name
	Commuting Efficiency

	Sector and market
	Transportation

	Technical elements
	HOV facilities and scheduling/monitoring systems, charging infrastructure and intelligent electronics for station car/shared cars

	Policy/program elements
	Coordinated support of state and federal DOT, local governments, transit agencies

	Existing policy/program
	Extension of RIPTA, with Smart Growth elements

	Rationale
	Increase access and energy security, reduce GHGs, congestion and local air pollution

	Energy saved in 2020
	Fraction of 31 million gallons (3.6 trillion BTU)

	CSE
	Not computed

	Carbon saved in 2020
	Fraction of 75,000 tonnes 

	Certainty of savings if option is adopted
	Medium

	CSC
	-$500/tonne (2000$).  


Land use and VMT strategies OPTION 2.4 – REDUCING COMMUTING TRIPS

This option differs from Option 2.3 in that it provides incentives to reduce vehicular trips through telecommunications, telecommuting (including employer-shared local centers) and internet commerce, all of which can substitute for physical travel
.  
Arizona is one of several states that have implemented a telecommuting program at the state level, with the goal of having 15% of government employees in Maricopa County actively participating (http://www.teleworkarizona.com).

Telecommuting is one of several options included in the Rhode Island State Guide Plan (in both the transportation and energy elements).  State government policies to encourage flex-time and tele-working could help prime similar efforts in the private sector.

OPTION 2.4 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Transportation and Land-Use.

	Option name
	Reducing Commuting Trips

	Sector and market
	Industrial and Commercial facilities where telecommunications can partially or fully substitute for employee trips

	Technical elements
	Remote tele-working facilities, high-speed connectivity

	Policy/program elements
	Coordinated support of governments, businesses, employers, employees and labor organizations

	Existing policy/program
	No state policy, but private initiatives that could benefit from state support

	Rationale
	Reduce dependence on gasoline, reduce GHGs, congestion and local air pollution, increase energy security

	Energy saved in 2020
	Fraction of 31 million gallons (3.6 trillion BTU)

	CSE
	Not computed

	Carbon saved in 2020
	Fraction of 75,000 tonnes 

	Certainty of savings if option is adopted
	Medium

	CSC
	-$500/tonne (2000$).  


LAND USE AND FORESTRY OPTION 3.3: 

CROPLAND MANAGEMENT AND CONVERSION

In Rhode Island, production agriculture is a $78 million annual industry, three-fourths of which comes from crops, primarily silage, potatoes, and hay.  Agricultural land, including pasture, was in general decline for decades, including a drop from 62,000 to 51,000 acres from 1970 to 1988.  However, recent Department of Agriculture statistics suggest that during the 1990s land under farming has recently grown, increasing 11 percent from 49,601 acres in 1992 to 55,256 acres in 1997. The number of full time farms also increased 11 percent, from 333 farms in 1992 to 370 farms in 1997
.   This suggests that active cropping will continue, and that opportunities to remove or reduce GHG emissions should be investigated.

Option 3.3.1. Conversion of Marginal Cropland to Forest  

In Rhode Island, as throughout the US, there are marginal farmlands, land that is either unsuitable or unprofitable for farming in today’s market.  There are competing viewpoints on how to manage these lands from a public policy perspective, given that farms, even if not actively managed, provide cultural, aesthetic and open space benefits.  At the same time, converting such lands to permanent cover, such as grasses, trees, or wetlands, can reduce farm fuel and chemical use, and the emissions associated with their manufacture and use, as well as non-point source pollution and soil erosion.   Conversion of marginal farmlands to forest can increase soil and above ground carbon levels by 1 to 3 tonnes of C per acre per year, depending on the ultimate land cover
.  A recent report by the Coalition of Northeastern Governors (CONEG) cites a figure of 19,400 acres for marginal cropland and pasture in Rhode Island. If all this land were converted to forest over the next 20 years, 19,000-58,000 tonnes of C per year could be removed by 2020
. 

The potential costs and feasibility of conversion depend in part on the policies used to compensate farmers, and the on tax treatment and financial viability of the avoided farming.  Policies and programs to retire marginal farmland are well established, with the long history of programs such as the Soil Bank and the Conservation Reserve Program to draw upon.   The CRP, for instance, provides cost-sharing for land preparation and planting as well as land rentals that average $50/acre-yr.   Assuming similar payments were required in Rhode Island, the resulting cost would be about $25/tC.

OPTION 3.3.1 – SUMMARY TABLE

	Parameter
	Value

	Working group
	Transportation and Land Use 

	Option name
	Conversion of marginal cropland to forest

	Sector and market
	Agriculture 

	Technical elements
	Tree planting; site restoration; rental payments or other arrangements with farmers

	Policy/program elements
	Financial incentives to farmers 

	Existing policy/program
	National Conservation Reserve Program

	Rationale
	Carbon sequestration

	Carbon saved in 2020
	40,000 tonnes C

	Certainty of savings if option is adopted
	Low

	CSC (cost of saved C)
	$25/tonne (rental payments only)


Option 3.3.2  Conversion of Marginal Cropland to Wetland.  

Conversion of cropland to wetland can result in gains of 0.06 to 0.14 tonnes C/acre-yr.  (STAAPA/ALAPCO, 1999).  However, wetlands also can create anaerobic conditions that result in methane emissions, which can ultimately offset any gains from carbon sequestration on a net GWP basis.  While the creation of new – or restoration of original – wetlands could provide many ecological benefits, we do not suggest that this option be considered a GHG mitigation option until the further research is done to establish the net GHG balance (carbon sequestration net of potential methane emissions) from newly created Rhode Island wetlands.  Site-specific research would be required to establish this balance and is thus beyond the scope of this effort
.

OPTION 3.3.2 – SUMMARY TABLE

	Parameter
	Value

	Working group
	Transportation and Land Use 

	Option name
	Conversion of marginal cropland to wetland

	Sector and market
	Agriculture and Forestry

	Technical elements
	Wetland restoration; rental payments or other arrangements with farmers

	Policy/program elements
	Financial incentives to farmers 

	Existing policy/program
	National Conservation Reserve Program

	Rationale
	Carbon sequestration, wetland restoration

	Carbon saved in 2020
	<1500 tonnes C (assuming no offsets from methane emissions)

	Certainty of savings if option is adopted
	Low

	CSC (cost of saved C)
	$25/tonne (assuming rental payments only)


Option 3.3.3  Conservation/Low Tillage Farming.

Conservation or low tillage farming reduces both soil erosion and the loss of soil carbon.  By aerating the soil, plowing increases the oxidation of soil carbon.  The practice of conservation tillage has grown rapidly, particularly in the Midwestern and Plains states where wind erosion is a major concern, and now accounts for nearly 37% of all acres planted in the US.
  Conservation tillage has the attraction of reducing operating costs while providing soil benefits.  In addition to sequestering about 0.22 tonnes C per acre per year, conservation tillage also reduces diesel use by 3.5 gallons per acre-year on average.  

OPTION 3.3.3 – SUMMARY TABLE

	Parameter
	Value

	Working group
	Transportation and Land Use

	Option name
	Conservation/Low Tillage Farming

	Sector and market
	Agriculture 

	Technical elements
	Changes in tillage and planting techniques; reduced plowing

	Policy/program elements
	Education and outreach 

	Existing policy/program
	?

	Rationale
	Carbon sequestration, soil erosion

	Carbon saved in 2020
	<2500 tonnes C  (assuming no more than 10,000 acres at 0.22-27 tC/acre) 

	Certainty of savings if option is adopted
	Low

	CSC (cost of saved C)
	Net economic benefit from a social perspective.  Conservation tillage credits are selling in ERC market for about $2-$6/tonne
.


Option 3.3.4  Low Input Agriculture and Improved Cropping Systems.  

Low input farming techniques, such as integrated pest management and organic farming, have been discussed as a GHG mitigation options (e.g., STAAPA/ALAPCO, 1999).  However, there are little data from which to base the amount of possible reductions, which might result from the reduced application of nitrogen fertilizers (lower N2O emissions) and the incorporation and retention of more organic matter in the soil (C sequestration).  STAAPA/ALAPCO (1999) estimates that other improved cropping techniques such as cover crops and increased fertility could remove about 0.02-0.06 tC/acre-yr.

OPTION 3.3.4 – SUMMARY TABLE

	Parameter
	Value

	Working group
	Transportation and Land Use

	Option name
	Low Input Agriculture and Improved Cropping Systems

	Sector and market
	Agriculture and Forestry

	Technical elements
	Minimal

	Policy/program elements
	Education and outreach 

	Existing policy/program
	None?

	Rationale
	Carbon sequestration

	Carbon saved in 2020
	<400 tonnes C  (assuming no more than 10,000 acres at 0.02-0.06 tC/acre) 

	Certainty of savings if option is adopted
	Low

	CSC (cost of saved C)
	Net economic benefit from a social perspective.  Conservation tillage credits are selling in ERC market for about $2-$6/tonne
.


LAND USE AND FORESTRY OPTION 3.2 –

FOREST MANAGEMENT

Forest management is an often-promoted mechanism for sequestering carbon. Changing forest management practices can help forests grow faster or retain more biomass above or within the soil layer.  Longer rotations, species selection, optimum stocking, low-impact harvesting, safeguarding regeneration (e.g. from pests and fire), fertilization, and weed control are among the specific techniques that can be used.  In fact, many of these methods are already in wide use today, and are an important reason that US forests are sequestering nearly 288 million tonnes C per year, an amount equal to about 20% of national carbon emissions from fossil fuel combustion.  Some estimates have pegged the role of forest management activities themselves at about 100-200 million tonnes C per year, more than 5% of US current net GHG emissions
.  The large magnitude of these figures, and the fact that many forest management techniques are already “business-as-usual” practices -- or that they should be for reasons intrinsic to sound forest stewardship -- have led many to question whether they should be considered valid mitigation measures in the context of the Kyoto Protocol or local emissions targets.  

Compared with the US as a whole, forest management has a more limited role and potential in the Northeast, and specifically within Rhode Island.  Northeast forests have been storing carbon annually through their net growth.  The Rhode Island inventory estimates that growth in existing forests increases the stock of carbon by 56,000 tonnes C per year, only 0.02% of the total annual sequestration in the US
.  Moreover, some suggest that this rate of accumulation cannot be increased very much (Irland and Cline, 1999).  Only 2% of Northeast forests are cut each year, leaving limited opportunity to improve tree selection and harvest techniques, implement longer rotations, or effect other changes in management practice.  Furthermore, total forest area has been declining steadily due to urban and suburban development.  Nonetheless, there are still opportunities for boosting stand growth rates, and carbon storage in existing forests, especially given the fact that forests still account for 45% of Rhode Island’s total acreage. (Reducing forest loss and urban forestry are discussed separately below).   Options include:

· Establishing new plantings, forests or plantations (for fuel or fiber).  Rhode Island is one of the states with programs underway to establish streamside and other riparian plantings in order to provide multiple environmental benefits, including reduced silting and erosion.  Abandoned farmland can also be planted for short or long-rotation woody crops, either for biomass energy, pulp and lumber mill feedstocks, often using fast-growing species.  These efforts can be supported by state policy, and possibly by federal farm funding. 

· Increasing biomass in existing forests.  Forest practice regulations could be modified to require prompter re-vegetation of cut areas, or restricting harvest in riparian areas. The overall potential and policy priority of such changes is considered to be relatively minor. (Irland and Cline, 1999)   

We have yet to find site-specific analyses on which to base estimates for potentials and costs for these measures in Rhode Island.  The general carbon sequestration literature suggests that forest management projects cost from near zero to over $40/tC, depending on method, forest type, and growth assumptions
.  

OPTION 3.2 – SUMMARY TABLE

	Parameter
	Value

	Working group
	Transportation and Land Use

	Option name
	Forest Management

	Sector and market
	Forestry

	Technical elements
	Improved practices adopted by landowners and users; Establishment of new forests and plantings 

	Policy/program elements
	Forest management regulations to support greater biomass retention; support for local landowners 

	Existing policy/program
	State and federal conservation programs

	Rationale
	Carbon sequestration

	Carbon saved in 2020
	No estimate

	CSC (cost of saved C)
	Near zero to over $40/tonne


LAND USE AND FORESTRY OPTION 3.1  –

URBAN/SUBURBAN LAND USE MANAGEMENT

Option 3.1.1 - Urban and Community Forestry 

Given that about 30% of Rhode Island land is already developed, managing and enhancing its tree cover is a natural carbon sequestration strategy with multiple benefits and broad popular appeal.  Urban and community trees can remove both conventional pollutants and carbon dioxide from the air.
  They provide shading that is not only aesthetic but also practical, reducing urban heat island effects, and producing real improvements in summer comfort levels and savings in air conditioning bills of 10-50% (STAAPA/ALAPCO, 1999).  They can also reduce winter heat loss by lowering low-level wind speeds.  In general, these energy savings produce considerably more GHG benefit (through avoided use of fossil fuels for air conditioning and heat) than the carbon sequestered through growth each year.

The US Forest Service provides grants and support to urban and rural tree planting and landscape improvements through its America the Beautiful Program, the Urban and Community Forestry Advisory Council, the Forest Stewardship Program, and Stewardship Incentive Program.  In addition, there are numerous non-profit, private, and community based programs and foundations that support tree planting activities throughout the state.  The RI DEM’s Division of Forest Environment’s Urban and Community Forestry Program is charged with coordination, and works with the R.I. Tree Council, and other community groups to promote enhancement of tree resources in urbanized areas.  RIDEM—Division of Forest Environment, the RI Tree Council, and the RI Statewide Planning Program cooperated in development of the Rhode Island Urban and Community Forest Plan, which was adopted in May, 1999 as an element of the State Guide Plan.

.

According to the Plan, “Rhode Island’s urban and community forests face a variety of challenges. Among the key issues are lack of knowledge of the value of trees, insufficient data on tree resources, little or no legal protection for tree resources, insufficient investment in tree resources, and lack of foresight and planning for protection of tree resources in concert with new development.”  

To tackle these challenges, the Plan has laid out a set of targets and strategies, among them, strengthened legal protection for tree resources.  For example, only one quarter of Rhode Island municipalities have tree ordinances, which require that significant tree resources be identified, maintained, and replaced if damaged or removed.  Municipalities in some parts of the US are now extending these ordinances to include trees on private lands.   The plan suggests several enhancements to ordinances, legislation, and zoning to enhance the urban and community tree resource.

Rhode Island and its communities should seek to manage the state’s urban and community forests as follows:

· the state as an entirety should seek to maintain forest land cover at approximately 55 percent of total land area through the year 2020.

· communities having 50 percent or higher forest land cover in the 1995 land use survey, should seek to avoid a more than 2 percent decrease below their 1995 baseline of forest land cover through the year 2020.

· communities having 20-49 percent forest land cover in the 1995 land use survey, should seek to increase their forest land cover by 4 percent over the 1995 baseline by the year 2010, and by 8 percent over the 1995 baseline by 2020.

· communities having less than 20 percent forest land cover in the 1995 land use survey, should seek to increase their forest land cover by 2 percent over the 1995 baseline by 2010, and by 5 percent over the 1995 baseline by 2020.

Overall, the plan is to enhance tree canopy by 5-8% by 2020 in 24 urban/suburban communities.  The Urban and Community Forestry Plan targets limiting canopy loss to 2% in 15 rural communities.  But equally important will be implementation of the State Guide Plan’s policies to encourage “urban infill” and revitalization of Rhode Island’s core cities. As pointed out in the Grow Smart Rhode Island report, The Costs of Suburban Sprawl and Decay in Rhode Island, “Rhode Island can solve its suburban sprawl problem only if it solves its urban decay problem.”
OPTION 3.1.1 – SUMMARY TABLE

	Parameter
	Value

	Working group
	Transportation and Land Use 

	Option name
	Urban Forestry

	Sector and market
	Urban and Community Forestry

	Technical elements
	Tree planting; enhanced protection and management of existing trees and forests

	Policy/program elements
	Raise awareness to decision makers; provide increased legal protections for trees and forests; develop urban design guidelines, etc.  

	Existing policy/program
	RI Urban and Community Forestry Plan; existing tree ordinances

	Rationale
	Carbon sequestration, aesthetic amenity, community and air quality benefits

	Carbon saved in 2020
	30-120,000 tonnes C


	Certainty of savings if option is adopted
	Low

	CSC (cost of saved C)
	Possible net benefit (societal perspective)


[Option 3.1.2 – Open space protection

The loss of open space in Rhode Island, through conversion to residential as well as commercial development, has been a cause for public concern in terms of reduced recreation, buffer zone, and visual amenity.  Residential acreage climbed from 89,000 acres to almost 140,000 acres between 1970 and 1995.  The state lost 20,000 acres of forest 1985-1998.  

These shifts have also meant significant reductions in carbon storage.  According to the RI inventory, the loss of forestlands translates to 85,000 tonnes C per year in net emissions. 

Open space protection is therefore not only land use policy, but also one with potentially potent carbon mitigation benefits.  Indeed, open space protection is a featured element of climate action plan in New Jersey, a state that faces similar pressures from expanding suburban residential development. (NJ DEP, 1999).  RI has a distinguished history of land protection and public park creation which reaches back to the Metropolitan Park Commission plan of 1903. Beginning in the 1960s with  the Green Acres Program, Rhode Island has continuously pursued protection of critical resource lands via a succession of recreational, open space, fisheries and wildlife, natural heritage, and agricultural land preservation initiatives, By the early 1990s, state, local, and private efforts had protected approximately 13 percent of the state’s land area. Land protection in recent years has been significantly boosted by private foundation support and the involvement of  private conservation groups such as The Nature Conservancy, Trust for Public Land, and the creation of numerous local land trusts, both private and municipal, throughout the state.

The Greenspace and Greenways Element of the State Guide Plan, approved by the State Planning Council in 1994, challenged the state to create a statewide greenspace network protecting fully one-third of the state’s land area over time.  A specific goal of protecting  35,000 acres by 2020 via public acquisition and creative development practices was established by the plan.  Under a recent initiative by Governor Almond and the General Assembly, this land protection goal was accelerated to 2010 via passage of a $34 million Open Space bond issue in 2000.  In 2001, through the combined efforts of many governmental and non-governmental entities, Rhode Islanders protected over 3,400 acres of important resource lands
.

Continuation of policies to create an integrated statewide greenspace network protecting Rhode Island’s critical environmental resources could support strategies to reduce greenhouse gases, not only via sequestration of carbon, but via indirect support of option 2.1, which advocates a more compact pattern of development. Protection of resource lands is a necessary complement to policies encouraging more compact development patterns.  Sustainable funding sources to underwrite state and local open space protection efforts would help insure the attainment of the carbon savings potential of this option. 

OPTION 3.1.2 – SUMMARY TABLE

	Parameter
	Value

	Working group
	Transportation and Land Use

	Option name
	Open Space Protection 

	Sector and market
	Land use planning

	Technical elements
	Reducing sprawl; denser development; land use protections and zoning

	Policy/program elements
	Raise awareness to decision makers; zoning and land use planning and ordinances; incentives for urban densification, etc.  

	Existing policy/program
	RI Urban and Community Forestry Plan

	Rationale
	Carbon sequestration, cultural/historical/aesthetic benefits, buffer zone

	Carbon saved in 2020
	60,000 tonnes C 
 (may include some overlap with urban and community forestry targets above)

	Certainty of savings if option is adopted
	Low

	CSC (cost of saved C)
	Hard to quantify, driven by co-benefits


Other strategies OPTION 4.1 – PROMOTE SMALLER AUTOS
This option is meant to encourage lighter vehicles for personal use and could be adopted through excise as well as feebate-type policies (as in Option 1.1b). Smaller cars can decrease emissions, reduce fuel consumption and have a positive impact on congestion.  

There is, nevertheless, a popular perception that smaller cars are less safe than heavier ones.  To some degree, this is borne out in accident statistics, which show that among two vehicle collisions, light-truck crashes with cars are the highest cause of traffic fatalities, with the victims being far more likely to be the passengers in the smaller vehicles than in the light-trucks.  

The problem, however, has to do with the incompatibility in weights of the two types of vehicles, rather than in some intrinsic fault with the lighter cars.  Thus, smaller cars need to be provided with added safety equipment, such as side curtain air bags, and have larger crush zones, while larger vehicles and SUVs need to be made lighter and incorporate safety improvements to reduce the impact of collisions with smaller cars
.  In fact, the combination of federal safety standards and CAFE standards since the early 1970s have resulted in dramatic improvements in fatality rates during the same period that fuel economy has improved modestly
.    

Very small cars, especially those that run on electric power, can also be encouraged for niche uses (like shopping and childcare trips), especially in households that already own more than one vehicle
.  The use of highly efficient and lightweight neighborhood vehicles can displace conventional vehicles for these applications, thereby saving fuel while reducing GHGs and local pollution.  Tax credits and other fiscal instruments could be designed for these purposes
.  

OPTION 4.1 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Transportation and Land-Use.

	Option name
	Promoting Smaller Autos

	Sector and market
	All light-duty vehicles

	Technical elements
	Improved light-weight materials, safety equipment

	Policy/program elements
	Incentives for 

	Existing policy/program
	No existing program, but could be tied to Option 1.1b

	Rationale
	Decrease local air pollution, increase energy security, reduce GHGs

	Energy saved in 2020
	21 million gallons (2.4 trillion BTU)

	CSE
	Not computed

	Carbon saved in 2020
	50,000 tonnes.

	Certainty of savings if option is adopted
	High

	CSC
	<0


 Other strategies OPTION 4.2 – Fleet fuel GHG content mandate

This option considers policies at the national and state level that would  reduce the GHG content of fuels. Some fuels, such as ethanol blends, are in limited use nationally.  Others, such as ethanol made from biomass, will require new production technologies, minor changes in vehicles and engines, and new fuelling infrastructures.  
In Rhode Island, $4.5 million in Congestion Mitigation and Air Quality Improvement Plan (CMAQ) funds have been awarded to the Ocean State Clean Cities Coalition, a locally-based government/based partnership, to build or upgrade Compressed Natural Gas (CNG) stations to support buses and state fleet vehicles
. The coalition will also use the CMAQ money to fund the incremental cost of 250 Alternative Fuel Vehicles (AFVs) and to support training and public outreach activities.  In addition, the Rhode Island AFV Incentives Act of 1997 provides tax incentives for using alternative fuels.

We consider in this option further incentives aimed specifically to reduce GHG fuel content by displacing 7% of gasoline use in the state with ethanol by 2020.  

OPTION 4.2 -- SUMMARY TABLE

	Parameter
	Value

	Working group
	Transportation and Land-Use.

	Option name
	Fleet fuel GHG content mandate

	Sector and market
	All light-duty vehicles

	Technical elements
	AFVs, Re-fueling Infrastructure for AFVs

	Policy/program elements
	Stakeholder processes, commitments, public outreach

	Existing policy/program
	AFV Incentives Act, and extension of state CMAQ Plan to cover cellulosic ethanol
 with supplementary EPACT support.  Additional outreach and incentives for private vehicles.

	Rationale
	Reduce dependence on gasoline, reduce GHGs, reduce local air pollution, increase energy security

	Energy saved in 2020
	16.5 million gallons (1.9 trillion BTU)

	CSE
	Not computed

	Carbon saved in 2020
	40,000 tonnes

	Certainty of savings if option is adopted
	High

	CSC
	$100/tonne (2000$)


4.  Rankings of Options for the Transportation and Land-Use Sector
Options Ordered by Cost of Saved Carbon

	Number
	Name
	CSC

	Co-Benefits


	2.1
	Transit oriented development/Development oriented transit
	-500
	-22 to –32

	2.2
	Expand bicycle and pedestrian infrastructures
	-500
	-22 to –32

	2.3
	Commuting efficiency
	-500
	-22 to –32

	2.4
	Reducing commuting trips
	-500
	-22 to –32

	1.2
	Government and private fleet vehicle efficiency
	-300
	-22 to –32

	1.1.1
	National CAFÉ standards
	-300
	-22 to -32

	1.1.2
	Fuel efficiency improvements, using local initiatives
	-300
	-22 to –32

	1.4
	Create VMT-based insurance premium structures
	<0
	-22 to –32

	4.1
	Promote smaller autos
	<0
	-22 to -32

	1.3
	Increase the gasoline tax
	0
	-22 to -32

	3.2
	Forest management
	0-40
	NEB

	3.3.3
	Conservation/Low Tillage Farming
	2-6
	NEB

	3.3.4
	Low Input Agriculture and Improved Cropping Systems
	2-6
	NSB

	3.3.2
	Conversion of Marginal Cropland to Wetlands
	25
	NSB

	3.3.1
	Conversion of Marginal Cropland to Forest  
	25
	NSB

	4.2
	Fleet fuel GHG content mandate
	100
	-22 to -32

	
	
	
	

	1.5
	GHG tax on heavy-duty vehicles
	NRA
	NRA

	3.1.1
	Urban and Community Forestry
	NRA
	NSB

	3.1.2
	Open Space Protection
	NRA
	NSB


NEB—Net Economic Benefit, but not readily quantifiable

NSB—Net Social Benefit, may include economic benefits or costs, but not readily quantifiable
NRA – Not readily available
Options Ordered by the Amount of Carbon Savings in 2020

	Number
	Name
	Saved Carbon


	1.1.1
	National/Regional CAFÉ standards

	250

	1.3
	Increase the gasoline tax
	160

	3.1.1
	Urban/Suburban Forestry
	<120

	1.4
	Create VMT-based insurance premium structures
	110

	3.1.2
	Open Space Protection
	60

	4.1
	Promote smaller autos
	50

	3.3.1
	Conversion of Marginal Cropland to Forest 
	40

	4.2
	Fleet fuel GHG content mandate
	40

	1.1.2
	Fuel economy improvements, using local initiatives
	25

	1.5
	GHG tax on heavy-duty vehicles
	23

	2.1
	Transit oriented development/Development oriented transit
	19

	2.2
	Expand bicycle and pedestrian infrastructures
	19

	2.3
	Commuting efficiency
	19

	2.4
	Reducing commuting trips
	18

	1.2
	Government and private fleet vehicle efficiency
	<2.5

	3.3.3
	Conservation/Low Tillage Farming
	<2.5

	3.3.2
	Conversion of Marginal Cropland to Wetlands
	<1.5

	3.3.4
	Low Input Agriculture and Improved Cropping Systems
	.4

	3.2
	Forest management
	NRA


NRA – Not  readily available (estimated to be around 20 ktonnes C)
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� Methane accounts for around 2% of Rhode Island’s GHG emissions in  CO2 equivalent units or greenhouse warming potential (GWP).


� See � HYPERLINK "http://www.nrel.gov/docs/fy01osti/30725.pdf" ��http://www.nrel.gov/docs/fy01osti/30725.pdf�, � HYPERLINK "http://www.ornl.gov/ORNLReview/rev28_2/text/bio.htm" ��http://www.ornl.gov/ORNLReview/rev28_2/text/bio.htm� 


� A more detailed lifecycle analysis would be needed to examine the exact net GHG impacts of biomass fuel use, considering the precise land management practices used to produce the biomass fuel and the fossil fuels that might be needed to harvest and transport it (as well as the equivalent for the fossil fuels it would substitute for). 


� See Working Group 3 of the IPCC Third Assessment Report for discussion of biomass energy strategies and the IPCC Special Report on Land Use, Land Use Change and Forestry for additional discussion of sequestration options.


� The permanence is with respect to the atmospheric residence time of carbon dioxide, which is approximately 120 years, before it is soaked up, most likely by deep ocean currents.   It may be argued that reducing fossil fuel use in one place leads to increased fossil fuel elsewhere, but this effect – mediated through reduced fossil fuel prices -- is likely to be relatively minor. (Lazarus, Michael, Sivan Kartha, and Steve Bernow, April 2001, Project Baselines and Boundaries for Project-Based GHG Emission Reduction Trading: A report to the Greenhouse Gas Emission Trading Pilot Programme (Canada), Tellus Institute (Boston) and Stockholm Environment Institute (Boston). 


� The Climate Neutral Network as well as Seattle City Light is implementing techniques to discount carbon sequestration projects, applying a fixed percentage to future carbon removals in a manner akin to standard discount rates. 


� The annualization calculation is based on an interest rate (discount rate) of 5% and a 12 year life for vehicles.


� The reduction of air pollutants is especially important to consider now since RI is out of attainment with the ozone standard. The Department of Environmental Management (DEM) will have to submit documentation to EPA suggesting how the state can meet the standard by 2002.


� Only LDVs have been used in this computation.  Medium and heavy-duty vehicles are more difficult to control in RI because of the large numbers of registrations outside the state.  Also, it is difficult to estimate the GHG emissions from off-road vehicles and utility engines in the state, and correspondingly, the potential for efficiency improvements.


� Proposed federal legislation to improve CAFÉ standards was recently blocked in Congress, which gives new salience for regional efforts to set fuel economy standards.


� Greene, David L. and John DeCicco. 2000. "� HYPERLINK "http://www-cta.ornl.gov/Publications/EngEcoAnalyses.pdf" �Engineering-Economic Analyses of Automotive Fuel Economy Potential in the United States�," Annu. Rev. Energy Environ., 25:477-536.  National Academy of Sciences (2001): Effectiveness and Impact of Corporate Average Fuel Economy Standards, National Academy Press, Washington, DC.  DeCicco, John, Feng An, and Marc Ross (2001): “Technical Options for Improving the Fuel Economy of U.S. Cars and Light Trucks by 2010 – 2015”, Preprint of the report to be published by ACEEE, April 2001.


� See, for instance, Delucchi, M. A., “Emissions of Greenhouse Gases from the Use of Transportation Fuels and Electricity,” Center for Transportation Research, Energy Systems Division, Argonne National Laboratory, Argonne, Illinois, ANL/ESD/TM-22, 1993.  Also,  � HYPERLINK "http://www.transportation.anl.gov/ttrdc/greet" ��www.transportation.anl.gov/ttrdc/greet�.


� Assumed to improve by 1.4 miles per gallon each year from 2003.


� “Assembly Bill Targets Global Warming Trend,”Los Angeles Times, A1, January 26, 2002.


�  More stringent enforcement of speed limit could be another state-level strategy to improve efficiency.  Vehicle fuel economy decreases markedly above speeds of about 50 mph. (David Greene, 1996: Transportation and Energy, Eno Transportation Foundation, p. 229).  The National Research Council (1984) concluded that, despite imperfect compliance, the imposition of the 55 mph speed limit in 1974 reduced fuel consumption by around 2.2% (Greene, 1996.p 230)


� This assumption was based on the following considerations.  Davis et al. (1993) show that a national feebate policy would improve fuel economy of new vehicles by about 15-18% in 15 years, as opposed to no change in policy.  Note, however, that Davis et al (1993) indicated that nearly all the savings are due to manufacturers’ response, rather than consumers’ response.  If we assume that a state or regional feebate policy would produce substantially lower response from manufacturers than a national policy (as opposed to consumers), then we could expect less than a 10% improvement from a feebate policy.  Other policies, like speed-limit enforcement, are expected to yield a few additional percent in overall efficiency.  Davis, William B. et al. (1993): “Feebates: Estimated Impacts on Vehicle Fuel Economy, Fuel Consumption, CO2 Emissions, and Consumer Surplus,” LBL-34408, August 1993, Lawrence Berkeley Laboratory, Berkeley, CA; Greene (1996).


� That is, all revenues generated in fees would be distributed back in the form of rebates. In practice, this can only be done approximately since it is impossible to predict the precise composition of vehicle purchases in a given year.  An annual or bi-annual review of the actual design my be necessary to ensure rough revenue neutrality in subsequent years.


� Another reason to consider a coordinated feebate structure across, say, New England states, is to provide a disincentive against people importing vehicles from other states in the region simply because they may not be subject to higher sales taxes.


� A related option that is sometimes proposed is to introduce programs to purchase old vehicles.  However, such programs, which have had limited success for criteria air pollutant reduction strategies, are fraught with equity concerns (old cars are typically owned by the poor, who may not be able to make the switch to newer cars even if compensated at a slight premium over the market price of their vehicles), are likely to produce new market distortions, and do not even lead to a substantial reduction in GHG emissions, since fuel economy standards have remained roughly the same since 1985. 


� See � HYPERLINK "http://www.greenfleets.org/greenfleets_us.html" ��http://www.greenfleets.org/greenfleets_us.html�, � HYPERLINK "http://www.ccities.doe.gov/fleet.shtml" ��http://www.ccities.doe.gov/fleet.shtml� 


� Difficult to estimate without additional information about fleet inventories.


� � HYPERLINK "http://www.fhwa.dot.gov/ohim/hs98/hfpage.htm" �http://www.chevron.com/about/currentissues/gasoline/apiprice/gasoline_price_trends.shtm�


�  When asked to choose hypothetically between a 3% tax on new vehicles and a 25 cent/gallon tax on gasoline to address global warming, 70% chose the former but only 17% preferred the latter, even though the total expenditure in present value terms would have been around the same. Opinion Research Corp. for NREL phone survey 2/98, cited in � HYPERLINK "http://www.ott.doe.gov/pdfs/patterson.pdf" ��http://www.ott.doe.gov/pdfs/patterson.pdf� 


� James Poterba (1991): "Is the Gasoline Tax Regressive?", Tax Policy and the Economy, MIT Press.   See also Todd Litman (1999): “Evaluating Transportation Equity” http://www.vtpi.org/equity.pdf


�   A tax level of $0.50/gallon amounts to an average increase of around $0.02/mile, compared to conservatively estimated external costs and hidden subsidies of about $0.07/mile (see, for instance, J. Murphy and M. DeLucchi, A review of the literature on the Social Cost of Motor Vehicle Use in the United States, Journal Of Transportation and Statistics, vol 1, no. 1, 1998, pp. 16-42.


� We have assumed a relatively conservative long-run price elasticity of –0.4 for gasoline based on the literature (Phil Goodwin, 1992:“Review of New Demand Elasticities,” Journal of Transport Economics, May; John DeCicco and Deborah Gordon, Steering with Prices: Fuel and Vehicle Taxation and Market Incentives for Higher Fuel Economy, American Council for an Energy Efficient Economy (Washington DC; � HYPERLINK "http://www.aceee.org/" �www.aceee.org�), Dec. 1993; 


.http://www.mackinac.org/1247


� See National Organization For Women Insurance Project (� HYPERLINK "http://www.now.org/issues/economic/insurance" �www.now.org/issues/economic/insurance�), Todd Litman (2001), Distance-Based Vehicle Insurance Feasibility, Benefits and Costs, VTPI (� HYPERLINK "http://www.vtpi.org/" �http://www.vtpi.org/dbvi.pdf�).  The previous reference indicates that a 10% reduction in VMT can be brought about through VMT-based insurance.  Note that many insurance companies offer discounts for reduced mileage accumulation, but the associated price signals are relatively weak to induce changes in driving behavior.


� The trucking industry moves roughly 12-15 million tons of freight annually through Rhode Island and pays more than $60 million in highway taxes to the state (� HYPERLINK "http://www.truckline.com/safetynet/howtodrive/ri_index.html" ��http://www.truckline.com/safetynet/howtodrive/ri_index.html�) 


� John Holtzclaw, Using Residential Patterns and Transit to Decrease Auto Dependence and Costs, National Resources Defense Council (San Francisco; � HYPERLINK "http://www.nrdc.org/" �www.nrdc.org�), 1994; Transit Oriented Development Website (� HYPERLINK "http://www.transittown.org/" �www.transittown.org�).  Porter, D. R. (1997), Transit-Focused Development: A Synthesis of Research and Experience. TRCP Report No. 20. National Academy Press.





� R.I. Statewide Planning Program. Land Use 2010: State Land Use Policies and Plan. Providence, RI 1989.


� R.I. Statewide Planning Program. Transportation 2020: Ground Transportation Plan—August 2001 Update. Providence, RI. 2001.


� The extension of the Boston commuter line to the planned intermodal Airport facility in Warwick and other investments in commuter rail will provide new opportunities for focusing on TOD around stations.


� Robert Cervero (1998): The Transit Metropolis: A Global Inquiry, Island Press, Washington, DC; http://www.fta.dot.gov/brt/.


� Sperling, D., "Toward a Neighborhood Vehicle Vision," Procs., Conference on The Future of Urban Travel, 11th Entretiens Jacques Cartier, Lyon, France, December 7, 1998.





� John Pucher, "Socioeconomic Characteristics of Transit Riders: Some Recent Evidence." Traffic Quarterly July, 1981: 466-476.


� ADONIS (1999), Best Practice to Promote Cycling and Walking and How to Substitute Short Car Trips by Cycling and Walking, ADONIS Transport RTD Program, European Union (� HYPERLINK "http://www.cordis.lu/transport/src/adonisrep.htm" �www.cordis.lu/transport/src/adonisrep.htm�).   See also the report Collection of Cycle Concepts by the Danish Road Directorate, in particular, � HYPERLINK "http://www.vd.dk/pdf/cykelrapport/131-162Chapter13.pdf" ��http://www.vd.dk/pdf/cykelrapport/131-162Chapter13.pdf� 


� Richard H. Pratt (1999), “HOV Facilities,” Traveler Response to Transportation System Changes, Interim Handbook, TCRP Web Document 12 (� HYPERLINK "http://www4.nationalacademies.org/trb/crp.nsf/all+projects/tcrp+b-12" �www4.nationalacademies.org/trb/crp.nsf/all+projects/tcrp+b-12�), DOT-FH-11-9579.


� In a cashout program, a company essentially pays employees to not drive; the rationale is that since car parking is an expensive commodity, those who use it less than others deserve additional compensation.  Employers may also encourage the use of smaller vehicles by providing special spaces for small cars, and even paying employees partial cash-outs for their use.


� � HYPERLINK "http://www.stncar.com" ��http://www.stncar.com�. 


� See, for instance, International Telework Association (� HYPERLINK "http://www.telecommute.org/" �www.telecommute.org�), and Telecommunications and Travel Research Program � HYPERLINK "http://www.engr.ucdavis.edu/~its/telecom/" ��http://www.engr.ucdavis.edu/~its/telecom/� 





� United States Department of Agriculture, 2001. 1997 Census of State Profile, New England Agricultural Statistics Service, � HYPERLINK "http://www.nass.usda.gov/census/census97/profiles/ri/ripst.pdf" ��http://www.nass.usda.gov/census/census97/profiles/ri/ripst.pdf�. 


� STAAPA/ALAPCO. 1999.   Reducing Greenhouse Gases and Air Pollution : A Menu of Harmonized Options.  Washington, DC.   


� Irland, Lloyd C. and Mike Cline, February 20, 1999. Role of Northeastern Forests and Wood Products in Carbon Sequestration: Report to Northeast Regional Biomass Program CONEG Policy Research Center, Inc., New York State Energy Research and Development Administration, College of Environmental Science and Forestry, SUNY, New York.


� Restoration of coastal and freshwater wetlands is already an active policy of the state.  Agencies are proceeding as they are able to raise funds, but they are seeking legislative approval for a defined source of funding to systematically restore wetlands and other degraded habitat.  Baseline and post-restoration data could be collected from these sites for further investigation.


� http://www.ctic.purdue.edu/Core4/CT/ctsurvey/2000/NewsReleaseE.html


� Personal communication, JP Moscarella, Econergy, based on Iowa Farm Bureau.  


� Personal communication, JP Moscarella, Econergy, based on Iowa Farm Bureau.  


� The extent to which these figures may be additional to existing activity is not precisely clear.


See Gurney, K.(2000). Carbon Sequestration Potential in the United States, Canada, and Russia under Article 3.4 of the Kyoto Protocol. Colorado State University, May 4, 2000;. 


� RI lost about 1450 acres/year of forest, 1985-1998.  The average biomass is (9,350,000 tons C tree + 4,500,000 tons C forest floor +  280,000 tons C understory + 19,800.00 soil tonsC)/393,000 acres or 86 tons/acre, or 79 metric tC/acre.  At that rate of forest loss, RI loses about 114,000 tC per year to forest conversion.   The rough estimate shown assumes that about half the loss could be stemmed through better land use planning, higher-density development, etc.   This deserves closer analysis as to what is achievable, as well as the reliability of forest loss and soil carbon loss estimates.


� Missfeldt, Fanny and Haites, Eric, 2001, “The Potential Contribution of Sinks to Meeting the Kyoto Protocol Commitments”, submitted for publication to Climate Policy. 


� Trees can increase levels of volatile organic carbon, which can contribute to troposphere ozone formation, but the benefits of trees in reducing urban heat islands and energy usage far outweigh the risks of increasing local VOC levels.


� According to STAAPA/ALAPCO (1999), a 10yr program to increase residential canopy cover by 10% and other urban cover by 5-20% could sequester 3-9 million tC/yr, while yielding 7-29 million tC/yr in heating and cooling savings.  Rough estimates shown are scaled to RI population.


� R.I. Department of Environmental Management, Land Acquisition Program Report for Fiscal Year 2001. Providence, RI. 2001.


� RI lost about 1450 acres/year of forest, 1985-1998.  The average biomass is (9,350,000 tons C tree + 4,500,000 tC forest floor +  280,000 tC understory + 19,800.00 soil tC)/393,000 acres or 86 tons/acre, or 79 metric tC/acre.  At that rate of forest loss, RI loses about 114,000 tC per year to forest conversion.   The rough estimate shown assumes that about half the loss could be stemmed through better land use planning, higher-density development, etc.   This deserves closer analysis as to what is achievable, as well as the reliability of forest loss and soil carbon loss estimates. It is estimated that continuation of current policies will be more than adequate to meet this target.


�  Marc Ross and Tom Wenzel (2001): Losing Weight to Save Lives: A Review of the Role of Automobile Weight and Size in Traffic Fatalities. Report submitted to the National Research Council’s Committee on Effectiveness and Impact of Corporate Average Fuel Economy (CAFE) Standards, March 13, 2001


� TEDB (2000): US Dept. of Energy, Transportation Energy Data Book, Edition 20, Stacy C Davis, Oak Ridge National Laboratory


� This could also include the new Human Transporter that has recently received wide publicity (http://www.segway.com/consumer/home_flash.html)


� We assume that 20% of the cars in the 2020 fleet will be affected by this policy and have 20% higher efficiency.


� � HYPERLINK "http://www.osccc.state.ri.us/" ��http://www.osccc.state.ri.us/� 


� Note that increased use of cellulosic ethanol, in particular, has GHG reduction benefits due to reduction of refinery power and fuel use and reduction of GHG emissions in gasoline.  However, there may be a slight reduction in fuel economy in ethanol-gasoline blends.  


� $/tonne (yr 2000 $)


� $/tonne of carbon (yr 2000 $) based on co-benefits (health and other benefits) of -$51/tonneC to -$72/tonne C for carbon reductions in the electricity sector and co-benefits of -$13/tonneC to -$19/tonneC for fossil fuel reductions in the industrial, commercial or residential sectors.  


� Estimates in thousands of tonnes in 2020























� Given the difficulty of passing national CAFÉ legislation in the near-term, this may be more successful as a regional effort.
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