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Environmental policy instruments

• Tax on emissions
• Regulatory limit on emissions
• Cap and trade

– Fixed limit on aggregate emissions
– Individual firms have their individual limits but 

they can buy and sell emission permits from 
one another for a market price

It combines features of both other approaches. 
It is a limit on aggregate emissions but, for 
any individual firm, it functions more like a tax 
(there is an opportunity cost of emitting).
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Topics
• Environmental taxes

– What they are
– Why they can be a good idea
– Who uses them
– What the experience in Europe has been

• Greenhouse gas (GHG) reduction 
– AB32 and other actions in California
– Past experience with emission
– Why GHGs are different than other pollutants
– A mixed approach is needed for GHGs
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Environmental taxes
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Externality
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Environmental policy
• Starts ~1970 in US with regulation of 

emissions. Generally starts later (1980s) in 
Europe; initial efforts there often follow US 
regulatory pattern.

• 1990 Clean Air Act Amendment in US 
introduces emission trading for SO2 and, 
later, NOx.

• Starting ~1990, European countries 
introduce environmental taxes – not only 
Scandinavia and Germany, where green 
parties are strong, but also many Southern 
and Eastern European countries.
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Types of environmental tax
• Gasoline tax
• Carbon tax

– Sweden, Norway, Denmark, Finland, Italy, the 
Netherlands

• Sulfur tax
– Sweden, Norway, Denmark, Poland, Italy, 

France, Switzerland, Spain, Finland, Bulgaria, 
Czech, Hungary, Estonia, Lithuania, Slovakia

• Nitrogen tax
– Sweden, Bulgaria, Czech, Estonia, France, 

Hungary, Italy, Lithuania, Poland
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Other (local) taxes
• Water pollution discharge charge

– France, Germany, Netherlands
• Waste/Landfill charge

– Denmark, Netherlands, Finland, Estonia, Latvia, 
Poland

• Garbage disposal/recycling charge
• Congestion pricing

– Singapore, Stockholm, London, Bergen, Valletta, 
Milan, German & Austria (trucks)

• Taxes on chlorinated solvents (Denmark, 
Norway), batteries (Sweden), non-refillable 
containers (Sweden, Finland), ozone-depleting 
substances (Denmark), VOCs (Switzerland, 
France).



15

Recycling green tax revenues
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Environmental tax dividends
• Leads to a reduction in pollution emissions

• Raises revenues that could be used to 
lower other taxes that cause distortions in 
the economy (revenue recycling effect)

• But, also interacts with existing taxes that 
create distortions in the economy and may 
exacerbate the effects of those distortions 
– substituting a narrow-base tax for a 
broad-base one.
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• The magnitude of a harmful tax-interaction 
effect is questionable.
– Alleged pathway – pollution tax makes 

commodities more expensive, reduces real 
wage and encourages a reduction in labor 
supply, which generates an increased 
distortion – is questionable empirically.

– Analysis assumes that emissions can only be 
reduced by reducing production of offending 
good – not by changing production technology.

– Analysis assumes that pollution itself has no 
adverse impact on consumption or production 
of commodities. If this is false, the adverse tax-
interaction effect can be reversed.
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Climate change policy



19

California’s 2006 GHG laws
• AB 32, places a cap on all GHG emissions 

in California; requires that, by 2020, these 
be reduced to their 1990 level, a reduction 
of ~29%.

• SB 1368 Prohibits any load-serving entity 
from entering into long-term financial 
commitment for baseload generation 
unless GHG emissions are less than from 
new, combined-cycle natural gas. Applies 
to out-of-state generators, also to 
municipals.
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Electricity Initiatives in California

• Emission Performance Standard for New 
Procurement
– New long-term procurements in base load facilities not 

allowed unless the facility emits less than 1100 pounds 
CO2 per MWh

– Coverage includes new or renewed contracts longer than 5 
years

• Renewable portfolio standard for electricity (33% by 
2020)

• One million solar roofs in California by 2018
• Carbon adder by PUC
• Cap and trade for GHG emissions from electricity 

generation (PUC) 
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Transportation Sector Policies 
• Vehicle GHG emission standard (AB 1493)

– Reduces emissions of vehicles by ~30% by 2016, and 
total fleet emissions cut ~20% by 2020.

– Possible automaker responses: engine valve 
technologies, transmissions, diesel, hybrids, etc. 

– Alternative compliance mechanism: alternative fuels, 
purchase emission reductions in carbon market.

• Low Carbon Fuel Standard (LCFS)
– At least 10% emissions reduction by 2020
– Implemented through a market-based system

• Smart growth, mass transit, land use planning??
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Other program areas

• Energy efficiency in residential and 
commercial buildings
– Green buildings
– Improved lighting
– Improved heating/cooling
– Combined heat and power
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• Taken together, these are the most ambitious 
and comprehensive effort to control GHG 
emissions in force in the US.

• They apply:
– To all GHGs, not just CO2 (CO2 from fossil fuel 

combustion is 81% of all GHGs in CA)
– To all sources, not just electric power plants (= 22% 

of all GHG emissions in CA).

• The only other binding cap on emissions is 
Regional GHG Initiative in 9 northeastern states 
(RGGI).
– RGGI applies only to GHG from electricity; target is to 

reduce emissions 10% below 2005 level by 2019.
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US Greenhouse Gas 
Emissions

Electricity
33%

Transportation
27%

Industry
19%

Commercial
7%

Residential
6%

Agriculture
8%

Source: EPA. 2002 Emissions, including CO2, CH4, N2O, HFCs, PFCs, and SF6.
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California GHG Sources
2002 Emissions

Transportation
41%

Electricity
20%

Industrial
23%

Residential
5%

Commercial
3%

Agriculture
8%

Source: CEC. Gross emissions only.
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Emission trading
• The idea was first proposed by economists 

in the late 1960s.
• There is a cap on emissions – both a cap 

on overall emissions, and caps on the 
emissions of individual firms.

• But, firms can buy and sell emission 
permits.

• With a fixed set of firms and a given 
technology, allowing trading should 
achieve the overall cap at the lowest total 
cost. 



27

1990 Clean Air Act (CAA) emission 
trading programs

• SO2 trading program achieved ~50% 
reduction in emissions from electric power 
plants.

• NOx trading program achieved ~50% 
reduction in emissions from electric power 
plants.

• In both cases the cost of emission reduction 
was significantly less than had been 
predicted 

• Inspired design of Kyoto, EU-ETS, & RGGI
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How emissions were reduced
• Existing power plants

– Modify combustion by switching from high- to 
low-sulfur coal.

– Install scrubber to remove emissions post-
combustion

– Change dispatch order to favor lower-
emission plants

• New power plants
– Fired by natural gas rather than coal
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• Strategies used all relied on known, 
mature technologies.

• Strategies not used:
– Conservation, demand management
– Switch to renewables
– New combustion technologies

• Technological innovation played 
essentially no role
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But CO2 is different than SO2
• Input switching is not such a major option

– There is no low-CO2 coal 
– There is low-CO2 from renewable power, but 

not from existing fossil fuel power plants0
– At this point, there is no low-CO2 gasoline 

(this will change with cellulosic ethanol)

• There is no post-combustion scrubber
– Carbon capture and sequestration can’t be 

retrofitted to an existing power plant; it 
requires a new plant.
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• With existing power plants, there is not 
much can be done to reduce emissions by 
modifying their operation. The key 
opportunity to reduce emissions is new 
plants and how they are designed:
– Higher thermal efficiency through technologies 

such as supercritical combustion or IGCC
– Designed so they can accommodate CCS

Otherwise, what is needed is:
• Conservation
• More efficient energy-using appliances
• Using renewables to generate electricity
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• For GHGs, the key is:
– Technological innovation 
– Downstream behavioral adjustment 
by
– Suppliers of energy-using equipment
– Users of energy

• Will the downstream price signal from an 
upstream cap be entirely adequate, by 
itself, to trigger the needed innovation and 
behavioral change? I think not.
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Upstream vs Downstream
POTENTIAL ACTORS
• Existing suppliers of fossil-fuel based 

energy      [UPSTREAM]

• New energy suppliers, using non-fossil 
fuel, who enter industry.

• Suppliers of energy-using equipment
[DOWNSTREAM]

• End user of energy     [DOWNSTREAM]
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AB 1493 as a downstream cap

• It sets a cap on the emissions of new 
vehicles sold in California by an auto 
company.

• The company can come into compliance 
by securing other emission reductions in 
California
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Past success with upstream

• An upstream approach was used in the 
past with great success to phase out 
automobile lead emissions by limiting the 
quantity of lead that refineries could use in 
gasoline. Similarly, emissions of ozone-
depleting substances were phased out 
through limits on the their production 
rather than on their use.
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• In both cases, however, the producer essentially 
reformulated the product in a manner that met 
the emissions cap without requiring the users of 
the product to (i) switch to a different type of 
product produced by a different manufacturer, or 
(ii) reduce their use of the product. There was 
minimal adjustment downstream.

• With lead in gasoline, the automobile 
manufacturers had to produce cars that could 
run on unleaded gasoline, but this was a 
relatively minor modification. The consumers did 
not have to adjust their behavior at all (e.g., buy 
cars with a higher fuel–efficiency, or drive less).
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Theory of upstream approach
• The theory of an upstream approach is 

that it raises the price of fossil fuels which 
sends a price signal to all downstream 
actors, who respond accordingly and 
reduce their use of fossil fuels.

• But, this is not what actually happened in 
practice with lead, CFCs, SO2, or NOx. In 
these cases, the upstream energy supplier 
reformulated his product/production 
process, with essentially no adjustment by 
the downstream customers.
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Will this work for GHGs?

• Will it be possible for the upstream 
supplier to reformulate his product or 
production process, requiring essentially 
no further adjustment by the downstream 
customers?

• I think not.
• If so, this calls into question the value 

of an upstream strategy.
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The Potential Actors:
• Automobile producers

– What type of cars are produced
– How they are priced

• Automobile users
– Which type of car is bought
– How much it is operated (Vehicle miles traveled)

Compare the effects of AB 1493 vs an 
upstream cap that raises the price of 
gasoline by, say, 25 cents per gallon. I 
believe the former might have a 
significantly larger impact.
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Will the price signal from an 
upstream cap be adequate?

• This is an empirical question. I don’t 
believe that economic theory can offer a 
useful answer.

• My hunch is that the answer is: NO
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Emissions tax vs. cap
• The question of when an emissions tax or 

cap should be preferred is a classic 
question that was addressed by Weitzman 
(1974) for a flow pollutant. 

• Pizer (2002) and Hoel and Karp (2002) 
extended the analysis to a stock pollutant 
(e.g., greenhouse gasses).

• I believe that Weitzman’s approach 
provides the key to the answer, but I 
disagree with how it has been applied.
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Price versus quantities
• In the face of uncertainty, the two 

instruments perform differently.
– Price leads to uncertainty about amount of 

emission reduction. But, whatever emission 
does occur, will be achieved efficiently (at 
least total cost).

– Quantity regulation generates certainty about 
reduction in emissions; but the amount of 
reduction may turn out ex post to have been 
non-optimal.

• Which instrument is preferred depends on 
which is the more serious error.
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• Weitzman relates this to the relative 
slopes of the marginal abatement benefit 
and marginal abatement cost curves.

• He shows that an emissions cap is 
preferred if the slope of the marginal 
abatement benefit curve is steeper than 
the marginal abatement cost (e.g., there is 
a sharp threshold effect with damages). 
When the marginal cost of abatement is 
steeper, an emissions tax is preferred
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Implication
• For many conventional externalities –

including most water and air pollution, and 
congestion – the Weitzman criterion is 
likely to argue for an emission tax.

• For GHG’s I believe it argues for an 
emissions limit (e.g., Kyoto), but this is at 
odds with the conclusion drawn by Pizer 
(2002) Newell and Pizer (2003) and Hoel 
and Karp (2002). They conclude that the 
Weitzman approach argues for a carbon 
tax.
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What may be missing:
• 1) They conduct an annual analysis, and this 

may not be appropriate. The issue is not
reducing emissions in one isolated year. If it 
were, clearly
– Marginal benefit is low: a single year contributes 

relatively little to stock of CO2 in atmosphere. 
– Marginal cost of reducing emissions 20%, say, 

in one year is high.
• What is lacking is analysis of a multi-year 

policy commitment. This may reverse the 
relative slopes of marginal benefit and 
marginal cost.
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• 2)  The original Weitzman analysis of 
prices vs quantities has certain limits. By 
using quadratic functions for costs of 
abatement and damages from pollution, it 
generates a certainty equivalent effect. 
The result is that uncertainty regarding the 
damages from pollution, and risk aversion, 
have no impact on the choice between 
prices vs quantities. 

• If one changes the structure of the 
damage function and/or adds risk 
aversion, this appears to strengthen the 
case for quantity controls. 
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Summary
• I don’t believe that prices vs quantity 

conclusively justifies a preference for the 
tax approach in the specific context of 
California GHG policy.

• While price volatility is certainly an issue, 
there may be mechanisms within C&T that 
can soften it
– Multi-year permits
– Borrowing and banking
– A “Federal Reserve” Board 
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My conclusion

• Environmental taxes are likely to be a 
good idea for California as a general 
principle.

• But, a carbon tax may not be a good 
means with which to implement AB 32. 
What’s needed is a combination of:
– Efficiency standards and other regulations
– Emission trading with some downstream caps
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