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The path to avoid ∆Tavg >2°C (gold) requires much earlier, more drastic 
action than path to avoid >3°C (green).
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How hard must we pull the levers? Emission paths for 

stabilizing CO2 concentrations to limit T increase
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Historically, energy R&D has been directed only very 
little to renewables:

US DOE energy RD&D spending, FY1978-2008

Courtesy Kelly Gallagher, Kennedy School of Gov’t, 2-13-07



Mitigation policy: The Kyoto Protocol

• The Kyoto Protocol (KP) was in operation from 2008 to 2012, but 
many of its features have been extended beyond that period.

• The KP defined two groups of countries: 1) Annex 1 (A1) with binding 
commitments to limit their GHG emissions over the period (mainly 
high-income countries); 2) Non-Annex 1 (NA1) with no such 
commitments (low-income countries). Thus, LICs had no 
commitments.

• The KP set quantitative targets for GHG emissions by country for the 
2008-2012 period, with targets 5-10% above 1990 levels.

• But the targets turned out to be insufficient, and to support little 
mitigation in the end.



Figure 6. Deforestation accounts for a significant part of GHG emissions

World GHG emissions by sector in 2004 (as a percentage of total world emissions)

Source: IPCC (2007).

1. Data include CO2 emissions from deforestation, CO2 emissions from decomposition of above-

ground biomass that remains after logging and deforestation, and CO2 from peat fires and 

decomposition of drained peat soils.
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Two main alternatives in climate policy have been
focused on in the policy debate:

1. GHG emissions (or simply carbon) taxes. 

2. Cap-and-trade.

Under a carbon tax, one simply charges a fixed tax for each unit of
carbon emitted. 

Under cap-and-trade (c-a-t), a given region, country or group of
countries sets a «cap» (a maximum amount of carbon emissions that is 
allowed to be emitted in the given jurisdiction), allocates emissions
rights to participating units, and allows for trading of these emissions
rights among all market participants. This leads to the same price of
emissions for all market participants.  



What are similarities, and differences beween a carbon
tax and c-a-t?

• In both cases, all market participants will face the same price of
emissions: This is the tax in the carbon tax case, and the quota price
under c-a-t.

• In both cases, the allocation of mitigation effort across participating
units will be efficient in the sense that marginal mitigation cost will be 
the same for all.

• Under c-a-t, we will know beforehand the total emissions level, but
not the emissions price.

• Under a carbon tax, we will know the price, but not the emissions
level that follows from this tax.



Which of the solutions is more attractive?

• If you want certainty about the carbon price, the carbon tax is 
preferable.

• If you want certainty about emissions, c-a-t is preferable. 

• But: what is really best of these? 

• We will come back to aspects of this in a later lecture. 

• Here, we will only say that from a pure economics point of view, 
carbon taxes has most advantages. This will be discussed later in the
lectures.

• The EU and many others have chosen c-a-t. One advantage of this 
solution is on the political side, as often being easier to implement.



The Clean Development Mechanism (CDM)

• Mitigation in LICs took place in the KP under the so-called Clean Development 
Mechanism (CDM). A1 countries could in part meet their commitments under the 
KP by purchasing “offsets” from NA1 countries. The requirement was that the NA1 
countries reduced their emissions by the same amount as the purchased offset.

• The CDM had three roles: a) Reduce GHG emissions in LICs, b) Stimulate 
development in same countries, and c) Allowing HIC to fulfill parts of their required 
emissions reductions by purchasing offsets from LIC, instead of actually reducing 
their own emissions. In practice, this made implementing the KP less expensive for 
A1 countries

• Delivered more than 1.8 billion tons CO2e of certified emissions reductions (CERs).

• Trading volume in excess of $20 billion in total.

• CDM prices determined strongly by CER prices in EU-ETS, 2008-2012 and also 
before and after.

• A big problem: CER prices have been fluctuating widely: while keeping at about 
$20/tCO2 until 2008, they fell to zero at the time of the 2008 recession, and were 
later fluctuating but below $5 from 2011 on. This led to a drying-up of CDM 
demand, and then also supply.



The CDM (cont.)

• An important underlying problem: NA1 countries had no commitments nor 
obligations to reduce their GHG emissions under the KP.

• NA1 countries must then be somehow induced to, voluntarily, reduce their 
emissions, if at all.

• Under the CDM, LICs are being paid to reduce their emissions below their 
“business-as-usual” (BAU) levels, on a project-by-project basis. This also 
means that CDM projects (to reduce GHG emissions) need to be profitable 
to LICs, including the payments received under the CDM.

• This leads to some potential distortions that will be discussed.

• Note that the CDM payments are also supposed to have positive 
development impacts in the LICs.



Issues with the CDM

• Trading concentrated heavily to Asia (81%) and Latin America (14%), 
with China, India and Brazil as dominating. Has not benefitted the 
large majority of LICs.

• Early on there was heavy concentration to certain very large HFC 
projects in China, for which mitigation was very cheap. Points to some 
problems discussed below.

• Otherwise, focused on energy efficiency projects, renewable energy 
(solar, wind and hydro), and reduced emissions from waste sites. 



Some problems with the CDM
• Endogenous baselines or BAU levels. Since CDM projects for GHG emissions 

reductions in an LIC are profitable, the LIC has an incentive to “prepare the 
ground” for the CDM by having a lax environmental policy, and high 
emissions level initially. Thus preparing for the CDM may lead to higher than 
otherwise emissions. This situation can persist as long as the country thinks 
it will benefit from the CDM in the future.

• Endogeneity of baselines can be found both at the national and 
project/enterprise level. 

• At the national level, this can take the form that countries’ environmental 
policies are less strict than desired.

• At the project level, a firm expecting to benefit from a future CDM project 
can operate at an abnormally high activity level, or too high energy 
consumption level, before engaging in the CDM project. (This will allow the 
firm to reduce emissions by more, and get more payment through the 
CDM.)



Problems with the CDM (cont.)

• Lack of additionality.

• When a party asks for funding under CDM to reduce its GHG 
emissions, such funding is not allowed if emissions would be reduced 
in the absence of funding. 

• Whether or not a given project is additional in this sense is difficult to 
verify. 

• A famous set of examples is the case of certain HFC projects, mainly 
in China, which for a period represented almost half of all CERs, and 
stem from closing down HFC plants which, most likely, would have 
been closed anyway. Very dubious whether they were additional, but 
difficult to prove definitively that they were not.



Problems with the CDM (cont.)

• Leakage. This has at least two aspects.

• Under the KP, LICs were not subject to overall emissions constraints, and 
the CDM works on a project-by-project level. Consider a project to reduce 
carbon emissions by closing down a steel plant. This may be additional 
considering this steel plant alone. But the LIC may respond by building 
another steel plant elsewhere in the country. This is what we can call 
leakage from the CDM project. 

• Leakage can also be driven by energy market impacts. A project which 
reduced fossil fuel consumption in a LIC, will reduce the demand for fossil 
fuel, in the same country or globally, which induces others to increase their 
consumption of fossil fuels. Leakage rates of this type are estimated at 
around 30%.



Problems with the CDM (cont.)

• These problems have made it likely that the global emissions 
reductions from the CDM has been much smaller than the amount of 
CERs awarded.

• This has also in practice undermined the EU-ETS as many offsets 
bought through the CDM were not real. In reality, the EU-ETS quotas 
were not met. 

• The CDM has also worked on a very piecemeal way with almost all of 
the activity in China, India, Brazil and Mexico, countries which are not 
the poorest nor those that most need technology transfer.



CDM projects with endogenous baselines (Strand 2011)

• Assume that a government faces the prospect of use of CDM by its firms in period 
2, while they produce also in period 1. 

• This affects the optimal policy of the government for reducing GHG emissions in 
the period before CDM project use.

• LIC government’s rule for a carbon tax in period 1:

• Here q = offset price in period 2; α = probability of CDM financing. G = probability 
distribution for costs of switching to renewables from fossil fuels (likelihood that a 
given firm will have sufficiently low costs). C*=retrofit costs, and C(0)=subsidy > 0. 

• We see that the government reduces its carbon tax from D (= local carbon 
externality) when the country as a result may achieve more favorable financing 
from the CDM. This leads it to keep too high fossil-fuel consumption in period 1. 
The chosen carbon tax could here easily be negative.
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Overall impacts of the CDM in this model

• Leads to a fraction of firms to switch from fossil fuels to renewables: This 
reduces carbon emissions.

• But it may at the same time lead the governments in the LIC that benefit from 
the CDM, to under-tax, or even subsidize, their fossil fuels. This leads to 
excessive fossil-fuel consumption in the period before the CDM projects goes 
into effect, and in all other firms.

• LIC governments also then subsidize their firms’ switching costs directly, to 
switch to renewables and gain from the CDM.

• Note that in this model each firm does not act strategically to the prospect of 
CDM finance, only the government does.

• Alternatively, there are also plausible situations where firms would act 
strategically. Then there would be less reason for government policies to be 
distorted by the CDM. The distortion would be at the firm level. 

• The overall outcome could be more efficient as there would be less distortion 
to units not interested in CDM financing (and the government may not know 
which those are). 



Energy importers and exporters, and offset markets (Strand 2013)

Assume three groups of countries in the world: 

1. A climate policy bloc of (HIC) countries, which are net importers of fossil 
fuels. This bloc makes up a fraction h of total fossil fuel demand.

2. Fossil-fuel exporter bloc, who do not care about the climate, and sets an 
excise tax per unit of their fuel exports. 

3. Other countries who import fuels and are damaged by emissions, but do 
not have a climate policy (LICs). These countries make up a fraction 1-h of 
global fuel demand.

The climate policy bloc selects one of two possible policies: 

a) a fossil-fuel (carbon) tax, or 

b) limits its total carbon emissions using a cap-and-trade scheme (c-a-t).



Tax versus cap-and-trade model (cont.)

• The optimal carbon tax of the policy bloc is found to have the form

• Here, q(1) is the offset price paid to emitters in the “fringe” (LIC countries), 
that are paid by the policy bloc to reduce their emissions. Note that this is 
a central policy (the government makes these payments, and not private 
parties as under the CDM).

• We find it optimal to set q(1) = ½ t(1). This is because the policy bloc serves 
as a monopsonist in buying offsets. Since the money paid out leaves the H 
region, and leads to profits in L countries’ firms, the H bloc’s willingness to 
pay is lower than the value of emissions reductions gained by taxing 
domestic units.
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Tax versus cap-and-trade model (cont.)

• Consider c-a-t solution, where the result for the equilibrium quota 
price (analogous to a carbon tax) is

• One may show (and we will see in simulations) that the quota price 
under c-a-t will be lower than the carbon tax in the tax model.

• With c-a-t and free international trading we must have q(2) = t(2), as 
the quota price must equal the offset price when private parties trade 
offsets individually (with no discounting of mitigation quotas for LICs). 
This leads to a single price for all emissions units. 
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General result for taxes vs c-a-t in this model

• We can here show that it is optimal for the policy bloc to set a tax 
instead of using a c-a-t scheme.

• The main reason: The c-a-t scheme gives more strategic power to the 
exporter, which leads to s(2) > s(1) (s being the exporter tax). The 
reason is that fuel demand is less elastic with a c-a-t scheme, than 
with an excise fuel tax. The monopoly exporter will then be more 
aggressive in its fuel pricing when it faces a c-a-t scheme. 

• Offset purchases are also more efficient for the policy bloc when a 
carbon tax is used, as it allows for less payments for offsets. 



Impacts on LICs in this model

• There are two main impacts on LICs in this model, which go in opposite 
directions for the carbon tax solution, versus the c-a-t solution. 

• Under carbon taxes, the fuel exporter sets a lower export tax on fuels, in 
response to this carbon tax. The LICs benefit from this, and select higher 
fossil-fuel consumption under a carbon tax solution in the policy bloc.

• Under c-a-t, the price paid by units in the policy bloc for offsets bought 
from the LIC countries, is higher, and the volume of offsets bought, higher, 
than with carbon taxes, which is favorable for LICs. 

• But the difference is small (as half the carbon tax is not much less than the 
c-a-t quota price). Thus overall, LICs gain by the carbon tax policy.



Simulations

• We will now study some simulations of the model discussed. 

• We will consider how the three groups of countries are 
affected by carbon taxes vs c-a-t.

• We will also consider how carbon prices (the carbon tax; the 
c-a-t quota price; and the offset price) are all affected.



Carbon prices, export tax, import price and fuel demand, as 
functions of h for c = 0 (no climate concern)



Carbon prices, export tax, import price and fuel demand, as 
functions of h for c = 0.25 (“relatively high climate concern”)



Results on the previous two slides show:

• The carbon tax is everywhere higher than the c-a-t quota price, and in 
many cases (except one domain for the second figure) also more than 
twice as high. The offset (CDM) price is then higher with a carbon tax.

• The optimal tax set by the fuel exporter is in all cases higher with c-a-
t, and the consumed volume of the fossil fuel (and thus carbon 
emissions) is lower under c-a-t. This is good for the climate, but bad 
for fuel importers (including the LICs). Much more of the rent from 
the fuel market goes to the exporter under c-a-t than under a tax.

• The carbon tax, and the fuel export tax under c-a-t, are both higher 
when h is higher (policy countries are a larger share of fuel demand, 
and LIC countries a smaller share).



Welfare of (importer) policy bloc, fringe, and exporter bloc, as 
functions of h, for c = 0 (no climate concern)



Welfare of importer policy bloc, fringe, and exporter bloc, as 
functions of h, for c = 0.25 (“high” climate concern)



Results on the two previous slides show:

• Utility for the policy countries is always highest with tax policy, and 
increases (almost) uniformly in h with a tax policy.  

• For LICs, the utility also always higher when the policy bloc has a tax 
policy. When LIC countries are a gradually larger part of fuel demand, 
utility first increases and then decreases as this share increases. (But 
utility relative to size is uniformly reduced.)

• The exporter bloc’s utility is uniformly falling in h.


