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Who hosts the Clean Development Mechanism?
Determinants of CDM project distribution

Abstract

The Clean Development Mechanism (CDM) aims to enhance the efficiency of the
Kyoto Protocol by providing greenhouse gas emission credits from projects in de-
veloping countries. Its unequal distribution among host countries gives rise to both
concerns of equity and the question about the volume of carbon credits that can be
generated by offset mechanisms. It is expected that more advanced developing coun-
tries with greater abatement potential host more CDM projects. The econometric anal-
ysis of CDM project distribution finds that economic development and growth, fossil
fuel, and renewable energy generation, as well as links to developed countries and in-
stitutional quality positively affect the number of projects hosted. Furthermore, more
advanced developing countries pursue a higher share of projects without any direct

involvement from developed countries.
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1 Introduction

Project-based offsets from greenhouse gas (GHG) emission reductions in developing coun-
tries aim to enhance the cost-effectiveness of climate policy regimes. Countries with no
emission targets and low abatement costs can sell emission credits to countries with emis-
sion targets and higher abatement costs. The Clean Development Mechanism (CDM) and
Joint Implementation (JI) feature as project-based offset mechanisms in the current Kyoto
protocol. In addition, such offset mechanisms are expected to have a significant role in
future agreements. Legislation by the European Union for the post-2012 Emission Trading
Scheme already provides a basis for the use of GHG offsets (European Union 2009) and

GHG offsets are foreseen in American cap and trade legislation currently under discussion.

The Clean Development Mechanism is the first global project-based offset mechanism
for GHG abatement transfers from developing to developed countries. Established in 1997
and having become fully operational in late 2004, there are now over 2000 projects that
have been registered by its Executive Board. Their distribution among developing coun-
tries is, however, substantially unequal, with a few large countries like India, China, and
Brazil hosting up to hundreds of projects and other countries only a few or none at all.
This paper asks: which developing countries host the CDM and what factors determine the

number of projects hosted?

Arguing that there is substantial support for project-based GHG abatement among busi-
ness, governments, and some environmental groups Pizer (2006) calls for ideas how to
improve and expand these mechanisms. While there is a substantial debate on the environ-
mental integrity of GHG offsets and how to improve it (cf. Michaelowa 2007a, Olmstead
and Stavins 2009, Schneider 2007, 2009, Wara and Victor 2008), the question, who is and
will be providing these GHG offsets has been discussed rarely in the academic literature
(cf. Silayan 2005, Jung 2006). However, discussions at the Conference of the Parties to the
Kyoto Protocol show that it is of considerable concern to negotiations (UNFCCC 2009).
At the fifteenth Conference of the Parties in Copenhagen in late 2009 decisions were taken

to promote project development in countries that so far host less than ten registered projects.

The distribution of CDM projects among host countries has an impact on the politi-
cal acceptability of the mechanism, as profits from sales of Certified Emission Reductions

(CERs) from CDM projects are often substantial. Stavins (2003) reviews the literature on



market-based environmental policy instruments, i.e., the use of taxes and cap-and-trade
systems including offset mechanisms, instead of direct government regulation. He finds
that while market-based environmental policy instruments allow for cost-effective abate-
ment, distributional concerns are important regarding the public acceptance of such policy

instruments.

CDM projects can be pursued unilaterally without the cooperation of a developed coun-
try partner (henceforth unilateral CDM) and bilaterally or multilaterally with the coopera-
tion of at least one developed country partner (henceforth simply bilateral CDM). Unilateral
and bilateral CDM projects may be attractive to a different set of countries as logistic and
technical requirements differ. Hence, it will be investigated whether there are “two ways to
clean development”.

The institutional and technological level of development of the host country is likely to
have a key influence on its attractiveness for CDM. Institutions fitting to a country’s con-
text are found to foster economic development and growth by Rosenstein-Rodan (1943)
and Gerschenkron (1962) as well as more recently by Rodrik (2003, 2007). In a more
formal paper, Acemoglu et al. (2006) discuss that countries closer to the technological
frontier benefit more from technological innovation, while countries further away from the
frontier gain more from technology adoption. Given that technology for GHG abatement is
in general fairly advanced, it is likely that the least developed countries face considerably
technological barriers to hosting CDM projects.! Even if technology is imported, skills for
maintenance are likely to be scarce. Thus, generally more advanced developing countries
should host a higher number of CDM projects relative to their abatement potential. Regard-
ing these more advanced developing countries, their affinity towards bilateral and unilateral
CDM can be expected to differ. The bilateral CDM is supposed to be more attractive to
countries relying heavily on technology transfer and foreign direct investment, while the
unilateral CDM is supposably more attractive to countries being able already to set up and
maintain their own technologies for GHG abatement.

The few econometric studies focusing, at least partly, on the distribution of CDM
projects (Dolsak and Bowerman 2007, Dinar et al. 2008, Wang and Firestone 2009) have so
far taken into account only the bilateral CDM. The distribution of unilateral CDM, which,

'Regarding the question: which climate regimes are best with respect to spillovers of abatement technol-
ogy within and across countries? see Golombek and Hoel (2006).



as argued above, is likely to be more attractive to a different set of countries, has not been

analyzed econometrically on a cross country level so far.?

In the following theoretical framework (Section 2), the global market for GHG permits
is described first discussing its particularities due to its establishment solely by politics.
Second, attention is drawn to the perspective of a potential project developer on the CDM.

Third, determinants of the distribution of CDM projects across host countries are discussed.

Section 3 provides the description and operationalization of the data. It outlines as well
the empirical strategy of using count regression models to analyze the dataset. Significant
differences among the determinants for bi- and unilaterally pursued projects will are found
in the analysis in Section 4. The discussion provides a comprehensive summary and the

conclusion a short outlook on policy implications.

2 Theoretical Framework

2.1 Global GHG Market and the CDM

In the Kyoto Protocol (UN 1998) of 1997 developed countries agreed on binding commit-
ments of GHG abatements from 2008 until 2012. Three market mechanisms were intro-
duced to reduce the costs to reach the commitments. Without the Kyoto Protocol, or any
comparable institutional arrangement, there would be neither the CDM nor any other form
of GHG trading. Thus, the politically established rules and regulations of the GHG market
are necessary for the supply and demand of GHG permits and codetermine the incentives

for producers and consumers of such permits.’

Setting up a framework for the analysis of the determinants of hosting CDM projects, it
is important to understand the particularities of the above mentioned market first. To start
with the overall demand for GHG permits, it should be noted, that it is independent of the
price for GHG permits, as binding commitments specifying the amount of GHG abatement

>The attractiveness of the unilateral CDM has so far only be analyzed qualitatively by Liitken and

Michaelowa (2008) in a comprehensive way.
3The term permits is used for all Kyoto Protocol units, such as Assigned Amount Units (AAUSs), Emission
Reduction Units (ERUs) and Certified Emission Reductions (CERs).



have been signed by developed countries listed in Annex 1 of the Kyoto Protocol (hence-

forth Annex 1 countries). Hence, the demand curve is inelastic. 4

Illustrating the market for GHG abatement until end 2012 in a stylized graph, Figure
1 thus shows a perfectly inelastic demand curve for overall GHG abatement, i.e., the fixed
Kyoto commitment. A second demand curve despicts the demand that is relevant for inter-
national permit trading. It is called the residual demand curve and obtained by subtracting
those abatement options, which can be pursued within Annex 1 countries without emis-
sions trading, from the total Kyoto commitment. The residual demand curve is as well

rather inelastic since these options are limited (Liitken and Michaelowa 2008).

Marginal abatement costs (mac) for developing countries (mac CDM curve) are shown
to be considerably lower than for developed countries (mac Annex 1 curve). This simpli-
fication is based on estimations of abatement potential showing that there are considerably
more low cost abatement options available in developing countries than in developed coun-
tries (Barker et al. 2007, Wetzelaer et al. 2007) (IPCC 2007, p.11). Furthermore, constant
marginal abatements costs for a given technology (Wetzelaer et al. 2007) imply a step-
wise upward sloping mac curve. Once all abatement options for a given technology are
exhausted, marginal abatement costs rise discontinuously to the level of the next best tech-
nology for abatement. At its capacity constraint cc, showing that the overall abatement
potential by developing countries is not unlimited (cf. Ellis and Kamel 2007, Jahn et al.
2004, Liitken and Michaelowa 2008, Point Carbon 2009) the mac curve for the CDM sud-

denly stops.> To reduce GHGs beyond what can be imported from developing countries,

“For simplicity it is assumed that all countries in demand of GHG permits comply with their targets. If
some countries were to comply only when the price for GHG permits is low, the demand curve might become

less inelastic.
>The Marrakesh Accords to the Kyoto Protocol (UNFCCC 2002) specify that the use of the CDM shall be

supplemental to domestic emission reductions, but this has never been quantified. However, some buyers such
as the EU have set a limit on the use of CDM. This limit could be illustrated by a line parallel and to the left of
the residual demand curve. However, the exact position of this CDM limit relative to the capacity constraint
is uncertain given that there is already considerable uncertainty about the potential GHG abatements that
developing countries can deliver via the CDM. If it were to the right of the capacity constraint, there would
not be any effect. If it were to the left, it might help to drive prices down closer to marginal costs due to
some type of Cournot competition. Yet, even if current limits were stricter than the capacity constraint, the
possibility of banking emission reductions for post-2012 commitments would make the current limits less
effective. Accordingly, Point Carbon (2009) predicts that there will be excess demand for CERs until 2012,
when the current commitment period ends. Not taking banking into account Capoor and Ambrosi (2009) still
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Figure 1: market for greenhouse gas abatement

emissions have to be reduced in developed Annex 1 countries. This is shown by the mac

curve jumping up to the level illustrated as mac Annex 1.

The market price for emission reductions is determined by the intersection of the over-
all mac curve and the residual demand curve for GHG abatement. Figure 1 shows that the
price for greenhouse gas permits is mostly determined by marginal abatement costs and
demand in Annex 1 countries and does only depend to a very limited amount on emission
reductions from the CDM.

expect supply to roughly equal demand. Furthermore, demand for abatement via the CDM is expected to
increase in the future with more countries obeying to emission constraints and stricter emission constraints
for countries that already have reduction commitments in place (Tvinnereim et al. 2009). Hence, it is fairly
unlikely that current limits on the use of CDM induce competition among hosts of CDM projects and thus
affect the price of emission reductions from the CDM negatively. Furthermore, the price of traded emission
reductions from CDM projects has always been fairly close to the price of comparable European Union
Allowances (EUAs) valid in the EU-internal emissions trading scheme (EEX 2009).



Empirically the reference price of a ton of CO; abatement has been established by the
price for European Union Allowances (EUAs). EUAs can be readily used to fulfill a firm’s
emissions obligations under the EU emissions trading scheme and are traded on European
exchanges. Regarding the CDM, Certified Emission Reductions (CERs) from a project
can either be bought directly from project developers through forward contracts (primary
market) or, once issued, from an exchange (secondary market). EUA and secondary CER
prices move very much in line as one would expect (cf. EEX 2009, Tvinnereim et al. 2009).
A slightly lower price for secondary CERs compared to EUAs can be explained by the fact

that firms have to reduce some emissions within the European Union.®

For primary CERs a substantial discount compared to EUAs is found in Figure 2. 7 8
Registered projects can still fail to produce the emission reductions that were expected at
the date of purchase. Therefore, primary CERs are sold at substantially lower prices than

exchange traded EUAs, but the discount has become smaller over time.

Furthermore, Figure 2 shows that the price for primary CERs has been relatively stable.
Although some small movements, roughly following the EUA price, can be observed, the
price that a given project developer receives is even less prone to fluctuations. Emission re-
duction purchase agreements (ERPAs) for CDM projects generally specify a fixed price for
all CERs issued from a CDM project until 2012 (Michaelowa 2009).° Thus, even though
some small movements in the CER price can be seen over time, the revenue received by

project developers is relatively constant for the lifetime of a project.

Summing up this brief discussion on the markets for GHG abatement, it has been illus-
trated that the overall demand for GHG permits is fixed as specified in the Kyoto protocol
and that CER prices follow closely the reference price established by EUAs. Furthermore,
it can reasonably be assumed that project developers take prices for CERs and abatement

costs as given.

The fact that the gap has not widened suggests that there has not been excess supply of CDM relative to
its import limits driving down prices.

"Figure 2 shows the price of low-risk forward CERs, which are high priced primary CERs. Data is taken
from the monthly GTZ CDM Highlights 2005-2009.

8Prices are shown only until the end of 2008, which corresponds to the time frame of the subsequent

econometric analysis.
“Initially, as long as prices for EUAs were rising many ERPA specified the CER price to be a fixed

percentage of the EUA price. After the first substantial fall in EUA prices the price for CERs was normally
fixed in the ERPA. Nowadays price floors and ceilings are becoming more common.

7
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Figure 2: EUA and low-risk forward CER prices per ton of CO, (European Climate Ex-
change 2009, GTZ 2005-2009)

2.2 Implications for the behavior of potential CDM hosts

The analysis now turns to the question when a potential CDM project will actually be pur-
sued. To establish and clarify ideas for the empirical analysis, a hypothetical example at
the firm level will be given now. Specific hypotheses on the determinants of hosting CDM
projects at the country level will be established in the next section.

Consider the circumstances under which firm i in country j will host a CDM project.
First, a potential project must be available and feasible, and second, this potential project
must generate profits. Let 7;; denote the profit for the firm and cc;; = f(potential, feasibility)
its capacity constraint, i.e., the availability of a CDM project (potential) and that it can
actually be pursued (feasibility). The problem of the firm can be written as max 7;; =
P-qij—mac;-q;j s.t. qij < ccjj. The expression above reflects that the price p that a project
developer receives is fixed in the Emission Reduction Purchase Agreement (ERPA) and

that marginal abatement costs mac; are constant for a project of given technology ¢. Fur-



thermore, the amount of GHG abatement g;; cannot exceed its capacity constraint cc;j. As
both prices and marginal abatement costs are fixed for a given firm only two possibilities
exist given the capacity constraint: (i) profits from the CDM project strictly exceed profits
from alternative investments and (ii) profits from the CDM projects are strictly lower than
those of alternative investments. In case (1) the CDM project will be pursued given that the
capacity is greater than zero. As profits are then strictly increasing in ¢, the firm will in-

vest until the capacity constraint holds with equality. In case (ii) no investment will be seen.

The example above is thought to clarify two important points. First, the decision in a
firm is perceived to be a discrete decision between investing in a CDM project or not, and
not a decision about how much to invest. This is also due to the fact that CDM investments
are mostly supplemental investments to projects that would have taken place anyway, and
not investment projects on their own. '© Hence, the size of the project is predetermined.
Furthermore, if there is a possibility to host a CDM project, there is a very high proba-
bility that it will indeed be hosted. The reason is that revenues are very likely to exceed
costs as the reference price is the relatively high price for European Union Allowances and
abatement costs are comparatively low in developing countries. Second, whether the in-
vestment possibilty of a CDM project is available in the first place depends on the capacity
constraint, which is a function of CDM potential and feasibility. With this in mind specific
hypotheses on the determinants of hosting CDM projects on the country level can now be
made in the following section.

2.3 Hypotheses

In the following paragraphs the current literature related to the distribution of CDM projects
is shortly reviewed. Then, the example of a firm’s decision to host a CDM project in the
previous section is used to further clarify which factors can be expected to determine a
country’s provision of CDM projects. Finally, this cumulates into the formulation of spe-

cific hypotheses.

Literature on the topic is still not extensive. From a theoretical perspective Jung (2006)

10CDM investments are supplemental investments in the sense that an underlying economic activity, which
emits GHG, needs to be already in place or planned. For example, the supplemental investment could be an
investment in the substitution of GHGs in the manufacture of products as well as an investment in a hydro
power plant instead of coal power plant.



and Silayan (2005) build indicators for the potential supply of CDM credits and Jahn et al.
(2004) as well as Michaelowa (2007b) for the unilateral CDM in particular. They argue
that certain levels of infrastructure, human capital, and financial capital are needed to host
CDM projects. Oleschak and Springer (2007) consider similar factors for assessing the
general risk of investing in the CDM.

Focusing on cooperation between developing and developed countries within the bi-
lateral CDM Dolsak and Bowerman (2007) and Dinar et al. (2008) provide first empirical
studies. The first study finds positive associations between the level of cooperation in the
CDM and trade volumes, colonial ties and CO;, emissions; the second adds good gover-
nance and impact vulnerability of climate change. Using a gravity model for international
permit trading Wang and Firestone (2009) find CO, emissions to matter most. Regarding

the unilateral CDM no econometric studies exist.

A significant amount of investment into CERs stems from the public sector in devel-
oped countries, or is bundled into funds by the World Bank. Therefore, one may expect
that spending patterns follow to some extend those of development aid. Furthermore,
some countries may well substitute funds from Overall Development Assistance to climate
change mitigation (Michaelowa and Michaelowa 2007). Studied first by McKinlay (1978)
and McKinlay and Little (1979) historical links between countries, political interests, and

recipient need are known to matter.

Having briefly reviewed the literature, and keeping the results of the hypothetical de-
cision to invest in CDM in the previous section in mind, a more general framework for
forming hypotheses on factors influencing the distribution of CDM projects among host
countries is now provided. More specifically, the probability to host CDM projects is
perceived to be a function of CDM potential, feasibility, and profitability, i.e., CDM =
fipotential, feasibility, profitability). CDM potential covers the overall availability of CDM
projects, feasibility the removal of possible constraints to hosting CDM projects, and prof-

itability the decision between investment in CDM and a possible alternative investment.

As all three dimensions cannot be measured directly hypotheses will be formed on those
factors which are expected to influence CDM potential, feasibility, and profitability. All of
them influence the probability to host a project positively. Hence, factors that influence

one or more of these three dimensions positively, should in turn have a positive impact on

10



hosting CDM projects. A natural limitation is that only the total effects of these factors on
hosting CDM projects can be estimated, which is, however, the goal of the paper. Never-
theless, Table 1 will provide an overview on the composition of total effects at the end of
the section.

Regarding CDM potential it has already been mentioned that CDM projects are to a
large extent supplemental investments to economic activities that are already pursued or
would have taken place anyway. This implies that for the opportunity to host a CDM
project an underlying economic activity must already be in place or planned. Hence, the
level of economic activity and the growth rate of an economy are expected to influence the
possibility to host CDM projects.

Furthermore, going more into detail, the energy structure of an economy can be ex-
pected to matter. The more energy is produced by firing fossil fuels the more CO, emis-
sions can potentially be mitigated. In addition, the more potential for renewable energy
sources exist, the easier one can mitigate GHGs.

Before discussing the feasibility of CDM projects one should remember that projects
can be pursued both unilaterally and bilaterally. A CDM project is considered to be uni-
lateral if there has been no participation from a developed country with emission targets
(Annex 1 country) in the project (Michaelowa 2007b). Therefore all know-how and fi-
nance must stem from the developing country. Bilateral projects, in turn, are characterized
by some sort of cooperation between entities in the developing and in the Annex 1 country.
The level of cooperation can range from a mere forward agreement to buy CERs to financ-
ing the project and providing the technology. Determinants may especially differ in their

impact on removing constraints to pursue projects unilaterally and bilaterally.

CDM projects generally apply fairly advanced technical solutions to mitigate GHGs.
Therefore, substantial technical knowledge is required both for the realization and the main-
tenance of the project. In addition, the application procedure for project registration by the
UN is fairly complex. Furthermore, management skills are needed to ensure the availabil-
ity of investment capital and proper implementation of the project. These requirements
(Oleschak and Springer 2007, Jahn et al. 2004) imply that relatively more advanced de-
veloping countries are more likely to host CDM projects. Further, as bilateral projects can
potentially benefit from the transfer of technology (Dechezleprétre et al. 2008, 2009) and

11



knowledge, the level of development is expected to matter more for unilateral projects.

Another key requirement for the feasibility of projects is that sufficient capital is avail-
able for financing (Michaelowa 2007b). If credit markets are efficient, projects will be
undertaken as long as they are economically viable. However, nearly all the empirical evi-
dence points out that credit markets are far from being efficient in developing countries for
firms (Bertrand et al. 2002, Fisman 2003, McMillan and Woodruff 1999) and in general
(Bell 1988, Besley 1995). Furthermore, CDM project developers have to demonstrate that
GHG emission reductions from their projects are additional to business as usual. This im-
plies that projects should not be economically viable without the additional revenue through
the sale of CERs. If expectations of the financial sector on the future price of CERs are
uncertain and below the finally realized prices this implies that even with efficient capital
markets project supply will be limited. Going one step further the likely result is that a
lot of financial resources stems from own funds (see also Jahn et al. 2004, Michaelowa
2007b). Given that bilateral project developers have possibly better access to sources from
developed country partners, domestic capital availability it expected to matter more for uni-

laterally pursued projects.

The closer links between a potential host country and developed buyer country are, i.e.,
by being a former colony or being open to trade in general, the more likely it is that the
developing country benefits from financial and technical help of developed countries. This
should increase the feasibility of CDM projects. Furthermore, if a developing country al-
ready has close links to developed countries, costs for the sale of CERs are likely to be
lower. This should matter especially for unilateral CDM. However, stronger links to devel-
oped countries could also lower search costs of finding a partner for bilateral CDM. Hence,
it is unclear for which type of project they should matter more. In general, for both types of
projects, one can expect developing countries that have strong links to developed countries
to be more likely to host CDM projects.

Besides the availability of infrastructure, capital for investment, and strong links to de-
veloped countries political freedom, or democratic governance, may be important for the
feasibility of hosting CDM projects. Sen (1999) writes that “the reach and effectiveness of
open dialogue are often underestimated in assessing social and political problems”. There-
fore, following Sen, the more open and democratic a country is, the easier it is to com-

municate the threads of global warming and what can be done about it. Democracy may

12



hence raise the awareness of climate change and GHG abatement options via the CDM.
This effect may matter more for unilateral projects, as for bilateral projects the initiative to
develop a project could come from abroad. In addition to this direct link, good governance
and investor security, mainly via security of property rights, may as well be beneficial for
the capacity to host CDM projects. Hence, more democratic developing countries are likely

to host more CDM projects.

With respect to the profitability of projects one should bear in mind that once an oppor-
tunity to host a CDM project arises and potential investors are aware of it, profits are very
likely to be positive - as marginal abatement costs are low and prices for CERs are prede-
termined by relatively high priced European Emission allowances - and hence the project
will be pursued. Nevertheless, one might expect that the faster an economy is growing the
more potential alternative investments with even higher expected profits exist, and hence

investments in CDM becomes less likely.

Having discussed the impact of explanatory variables on CDM capacity and profitabil-
ity expected total effects of variables on hosting CDM projects are summarized in Table
1. Only the total effects can and will be estimated later. The direct and indirect effects on

CDM potential, feasibility, and profitability cannot be identified.

Table 1: Composition of total effects

Determinant Specific Effects Total Effects
economic development + potential +
+ feasibility (++ unilateral)

(++ unilateral)

growth + potential o/+
o / - profitability

fossil fuel energy generation  + potential +

renewable potential + potential +

investment capital (+ feasibility, (+ unilateral)
unilateral)

links to developed countries + feasibility +

political & economic freedom + feasibility +
(++ unilateral) (++ unilateral)

13



The level of economic development is expected to be positively related to CDM po-
tential. As economic development is thought to remove constraints to unilateral CDM
projects, a stronger effect is predicted for unilateral projects. Growth of GDP is as well
expected to relate positively to CDM potential, though it might as well be that in faster
growing economies the CDM becomes relatively less attractive as investment opportunity.
As the later effect is thought to be small one would expect some positive relation in over-
all. Fossil fuel energy generation and renewable potential are expected as well to relate
positively to CDM potential. Availability of investment capital is thought to remove credit
constraints especially for unilateral projects and therefore to increase feasibility. A signifi-
cant positive difference is expected in comparison to bilateral projects. Links to developed
countries and political and economic freedom are both expected to increase feasibility of
CDM projects and should hence relate positively to the number of CDM projects hosted.

In addition, one may expect that determinants differ for the number of projects and
for whether a country hosts no project or at least one. The preceding paragraphs have
hypothesized effects mainly with regard to the number of projects hosted. Regarding the
question whether there will be at least one project anecdotal evidence suggests that es-
pecially for bilateral projects only very few determinants matter: CDM investors from a
developed country may have some connection to a developed country for various reasons.
For example, a developed country investor happens to spend his holidays in Kenya and
discovers some potential for a biogas projects. Then this project may actually be pursued,
given the country is sufficiently secure for the investor. However, regarding the question
whether more than one project will be pursued countries are very likely to differ among
the dimensions of CDM potential and feasibility. With respect to the unilateral CDM more
determinants are expected to matter. Especially the level of economic development should

matter as all technical know-how has to stem from within the developing country.

3 Data and Empirical Strategy

3.1 Data and Operationalization

The analysis is restricted to those 140 non-Annex-1 countries that had ratified the Kyoto
protocol and had it in force until December 2008. This is a natural limitation, since only
these countries are allowed to host CDM projects.

14



The number of projects per country is used as the dependent variable in the estimation.
More specifically, the count includes all projects that have passed validation and were filed
for registration at the CDM Executive Board until the end of 2008. An alternative measure-
ment would be to count only those projects that have passed registration. As the decision
to register projects is, however, politically contamined (Flues et al. forthcoming), the first
measure is cleaner. Furthermore, using the number of projects instead of the amount of
emission reductions has several theoretical as well as practical advantages that will be ex-

plained below.

Theoretically, it can be seen as a measure of discrete firm decisions aggregated to the
country level. This is in line with the data geerating process and will be explained in more
detail together with the estimation strategy in the following subsection. In addition, the
number of projects per country is applied as a measure in the UNFCCC in discussing “un-
derprovision” of CDM projects (UNFCCC 2009, p.10, paragraph 53).

Practically, the number of projects is a more robust measure. The amount of emis-
sion reductions is heavily skewed by very large industrial gas projects, such as HFC-23
replacement projects, which generate multiples in terms of credited emissions reductions,
as these gases are extremely harmful in terms of global warming. '! Given that only a lim-
ited number of countries has applied industrial gas replacement projects, using the amount
of emission reductions would give a biased picture. Second and relatedly, the number of
projects is less prone to outliers as the amount of emission reductions generally depends on
project size, which differs significantly, especially among countries with only few projects.
In turn, this could give the wrong impression that a small country with just one large CDM
project is heavily engaged in the CDM in general.

Both theoretically and practically it is less obvious which measure should be applied
when the amount of emission reductions would be used as dependent variable, and con-
fusion would likely occur. There would be reason to only take those emission reductions
into account which will occur until 2012 when the current Kyoto protocol ends, as it is
unclear what will happen to emission reductions afterwards. However, this would penalize

more recent projects, and market expectations are that the CDM will continue in one form

""The global warming potential conversion factor for HFC-23 relative to CO, is 11,700 (Forster et al. 2007,
p.212).
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or the other, and hence emission reductions from these projects do not become worthless.
Alternatively one could apply the amount CERs from registered projects, which can differ
substantially from the amount of expected CERs due to unforeseeable technical difficulties
or manipulated mitigation calculations. Yet, the expected amount of CERs, which firms
believe to realize, is what matters for the decision of a firm to invest, even if numbers have
been cooked, as project developers should know their menu. Taking the plain number of
projects takes the whole benefits of a project over its lifetime into account and is thus the-
oretically more appealing as well as less error prone than taking the amount of emission

reductions.

Finally, projects are distinguished on being pursued bilaterally and unilaterally. Fol-
lowing Michaelowa’s (2007b) distinction, projects that have initially no credited buyer in-
dicated in the UNEP Risoe Center’s (2009) CDM Pipelines are coded as unilateral.'? The

remaining projects are coded as bilateral.

All independent variables have been measured either in 2004, i.e., immediately before
CDM projects could be registered by the UNFCCC, if they are generally considered to be
fairly stable, or as an average over the years 2000 to 2004 if they fluctuate. Economic de-
velopment is thus measured in 2004 by the natural logarithm of GDP per capita in constant
US Dollars and taken from the World Bank’s (2008) World Development Indicators (WDI).
Growth is measured as well on a per capita basis and taken from the same database as an
average from 2000 until 2004.

Fossil fuel energy generation is measured as intensity in 2004 in millions of kWh per
GDP. As GDP per capita and population itself are treated as explanatory factors on their
own, it is here the relative difference in the use of fossil fuels that is of interest. Data origi-

nates from the Energy Information Administration (2009).

Renewable energy potential is measured by existing renewable energy generation in
2004. Potential and existing renewable energy generation are not the same. However, the
existing use of renewable energies provides a reasonable proxy of how much renewable

energy can be produced economically. It is seen as a measure for the ease by which re-

12The UNEP Risoe Center (URC) updates credit buyer information for projects that have been planned and
pursued unilaterally, but provide information on buyers of issued credit later. For this reason earlier versions
of the CDM pipeline have been used to identify unilateral projects.
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newable energy generation can replace fossil fuel energy generation. An alternative would
be to rely on more geographical measures of renewable energy potential.'> Measures that
include explicitely policies of host countries have not been used, as policies are likely to be
endogenous to the use of CDM. Renewable energy generation is as well retrieved from the

Energy Information Administration (2009) and measured as intensity.

The availability of capital for investment in CDM is measured by gross fixed capital
formation (GFCF), i.e., the amount of net new investment in fixed capital assets within a
country. It indicates the ability within a potential host country to invest in capital intensive
goods, like the CDM, and provides an overall measure of capital availability to potential
CDM project hosts. More direct measures of capital availability, like domestic credit to
private sector, would neglect the substantial amount of relationship based informal cred-
its (Bertrand et al. 2002, Fisman 2003), which help to finance enterprises in developing
countries. Hence, it is more compelling to use the average of GFCF over the years 2000 to
2004 per GDP, taken from the WDI (World Bank 2008), as a general indicator of access to
capital for financing CDM projects.

Links to developed buyer countries are specified using a set of variables. Trade per
GDP, often used to indicate the openness of an economy, is thought to measure how much
a country trades in general. One the one hand one might expect more open economies
to be more likely to trade as well GHG and on the other hand more open economies are
generally considered to have closer ties with developed countries, i.e., the potential buyer
countries. A more specific measure would be to include only the trade with those countries
that actually buy emission reductions. However, there is considerable uncertainty about
the exact demand for CERs from specific developed countries and correlations between
general openness and trade with potential buyer countries are extremely high. Therefore,
the plain measure of trade per GDP, taken as an average from 2000 to 2004 from the WDIs
(World Bank 2008) is used. To measure ties, nevertheless, more directly colonial status is
used as a second variable to measure country links. It is a dummy variable taking the value
of one for being a former British, Spanish, Dutch, German or French colony. Most buyers
are from these former colonial powers. Data originates from International Correlates of
War (ICOW) dataset (Hensel 2006). Finally, received aid per capita in 2004, taken from
the WDIs is employed as a third variable bearing in mind that a considerable amount of aid
is allocated strategically. All in all, trade per GDP, colonial status, and aid flows are thought

3Results do not change much when using altitude, length of rivers and shoreline.
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to be a comprehensive measure of links between industrialized and developing countries.

Political freedom is measured in 2004 by an average of the Freedom House and Polity
IV Indices on a ten point scale, with ten indicating most democratic (Teorell et al. 2008).14
Freedom House is an amalgamated measure covering both political rights and civil liber-
ties, including the freedom of private businesses. Polity IV, measures both autocracy and
democracy. The combined measure has been suggested by Hadenius and Teorell (2005),
who show that it is more reliable. Although it would be possible to focus on more detailed
measures, it is not clear theoretically which political rights or civil liberties should matter

more. Hence, the composite measure is applied.

Further control variables are population, measured in 2004 (World Bank 2008) and the
time until the Kyoto Protocol has been ratified (UNFCCC 2008). Alternatively the time
until a Designated National Authority (DNA) for the CDM has been established has been
applied.!® Ratification of the Kyoto Protocol and establishment of an DNA are extremely
high correlated (p = 0.98). Establishment of a DNA could however be endogenous in that
it is only established once investors already have plans to invest in the CDM. Ratification
of the Kyoto Protocol is, however, a more complex issue and as Bernauer et al. (forth-
coming) have shown, international factors have a much stronger impact on international
environmental treaty ratification than domestic factors. It can hence be considered as fairly
exogenous to the CDM and is therefore used throughout the regression analysis. Further-
more, both population and ratification of the Kyoto Protocol can be regarded as proxies for

the exposure of countries to the CDM.

Additionally, a country’s security for investors, measured in March 2004 by the Insti-
tutional Investor Magazine’s country credit rating (retrieved from: Engelen 2004), is used
as a control variable in a few specifications. The same hold for the average of FDI inflows
(World Bank 2008) from 2000 to 2004.

!“In the analysis Teorell et al.’s (2008) version that includes a few imputed values for Polity IV has been

used.
SDesignated National Authorities have to certify that a CDM project does not harm sustainable develop-

ment in the host country. They are required for hosting CDM projects.
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3.2 Empirical Strategy

The empirical analysis of the determinants for hosting CDM will mainly apply count re-
gression models. First, count models are consistent with the nature of the dependent vari-
able, i.e., being a count of projects per country. Second, count models follow naturally from
the data generating process. Potential projects are thought to occur randomly over time con-
ditional on explanatory factors. Firms face discrete choices on hosting CDM projects or

not. Over time and space these choices occur repeatedly and can be aggregated.

Going back to the example of the firm considering hosting a CDM project in the theo-
retical framework helps to illustrate the data generating process. Denoting Y = 1 the devel-
opment of a project, the probability that a project is developed given a set of explanatory
variables accounting for CDM potential, feasibility, and profitability gathered in vector x
can be written as Prob[Y = 1|x].!® Specifying this probability further to be a function of the
explanatory variable vector x, and a random error € accounting for all unobserved explana-
tory variables uncorrelated with x one can write Prob[Y = 1|x] = Prob[x' + € > 0], which
gives an expression for the single conditional probability that a potential project is pursued.
Over time, this situation occurs repeatedly. !7 Hellerstein and Mendelsohn (1993) show
that a repeated discrete choice model gives rise to a count model, i.e., in the most simple
case a Poisson model with mean A = exp(x’B) '8. Hence, when observing the total number
of CDM projects in a given time interval, it is reasonable to treat this number as originating
from a Poisson or related, e.g., Negative Binomial, distribution. Finally, the main question
to be addressed in this paper is what the determinants of CDM capacity are across host
countries. Thus, when evaluating aggregate data the number of projects pursued in a given
country has to account for its exposure to a country’s size, assuming that larger countries
have simply more possibilities to pursue CDM projects. The adding-up property of a Pois-
son distribution states that when N independent random variables i are Poisson distributed
their sum is distributed with Ay = ¥ i¥A;. Accounting for a country’s size can hence be
done straightforwardly using population. (for details see Hellerstein 1991).

16Note, that only the total effects of the determinants will be estimated. Direct effects on capacity and
profitability can not be identified as both suffer from severe measurement problems.
17As an example, a CDM project in the energy sector might occur, when a new power plant needs to be

build, and due to funding via CER sales the decision is made to build a hydroelectric power plant instead of
a coal plant. After some time, there is need to replace another old power plant or to build a further new one,

as the economy has grown.
8Hellerstein and Mendelsohn (1993) discuss additional technical details, e.g., which assumptions lead to

a Poisson or a Negative Binomial model.
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More detailed, in addition to single equation count models hurdle models will be es-
timated as the processes generating zero counts, i.e., not hosting a CDM project at all,
and generating a positive number of counts may differ. A primary look at the data reveals
that only 54 of 115 countries analyzed host at least one project. Likelihood-ratio tests will
be performed to establish empirically whether determinants differ indeed for the number
of projects and for hosting at least one project.!” Furthermore, Negative Binomial mod-
els accounting for potentially unobserved heterogeneity will be estimated and compared
to Poisson Quasi-Maximum Likelihood (QML) models. Once again likelihood ratio tests
will be used to discriminate between models. To test whether there are indeed two ways
to “clean development” estimation will be done separately for bi- and uni-lateral projects.
Differences in coefficients will be evaluated using a robust seemingly unrelated variance-
covariance matrix (Weesie 1999). If significant differences are found this will support that
there are indeed two ways to “clean development”. Furthermore, if there were common
unobserved factors that both biased coefficients for uni- and bi-lateral project hosting these
would be cancelled out using differences. Hence, estimates on the differences between uni-

and bi-lateral projects should be more robust.

4 Analysis

Table 2 shows the distribution of the dependent variable, i.e., the cumulated count of val-
idated CDM projects per host country that have applied for registration until December
2008. Only less than half of all 115 countries analyzed?® host at least one CDM project.
Bilateral projects are slightly more prominent than unilateral projects. For all project types
the variance is extremely high, with many countries not hosting any project and a few large

countries a lot.

%In principle, one could think of a correlated hurdle model as well, where the errors for participation
in the CDM and for the number of CDM projects are correlated. This would be the case if some common
unobserved variable would both influence participation and the number of projects. However, given that
participation in the CDM is already perceived to be rather random, it is unlikely that such an unobserved
variable exists. Furthermore, the correlation parameter is considered to be rather imprecise by Winkelmann
(2004), who estimates the uncorrelated count model in such a circumstance.

2025 tiny countries, often island states, having ratified the Kyoto Protocol are not included in the analysis
due to missing data on independent variables. Hence, any predictions do not carry over to these small (island)
states.
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Table 2: Cumulative number of projects per host country until December 2008

all bilateral unilateral
Mean (S.D.) 156 (7430) 8.0 (4993) 7.6 (41.50)
Max 612 529 413
Countries Total 115 115 115
Countries (at least one project) 54 47 38

In a first step the data is analyzed without drawing attention to the large number of ze-
ros. This is thought to provide a baseline for later comparisons with hurdle models, which
specificially take the process of generating zeros into account. Given the high variance of
CDM projects Poisson QML, which are robust to misspecification of variance, and Neg-
ative Binomial models, which can account for unobserved heterogeneity resulting, e.g.,
from overdispersion and excess zeros, are fitted. Results will only be discussed briefly as
the main attention is on the analysis of the hurdle models, which are more in line with
theory and shown to fit the data better.

For unilateral projects®! a better fit is clearly achieved when accounting for overdis-
persion, though the increase in fit for bilateral projects is only marginal as can be seen in
Table 3 comparing the log-likelihoods (I1). Correspondingly, results change only slightly
for bilateral projects. For unilateral projects mainly the size of the coefficients for growth
and political freedom diminish while most other coeffiecients do not change a lot. As a
general picture positive effects of the level of GDP, growth, and political and economic
freedom are seen for both bi- and uni-lateral projects, though they do seem to matter more
for unilateral projects. Trade is seen to matter positively only for bilateral projects while
aid does so only for unilateral projects. The control variables for population and the time
until ratification have the expected signs and are most of the time significant. Restricting
the coefficients to be equal for both bilateral and unilateral projects significantly worsens
model fit. The log-likelihood of the combined Poisson QML model (not shown) decreases
to -230.91. Equality of coefficients using can be rejected below the 1 percent level using a

2IChina requires that CDM projects have a developed country partner. A dummy for China is therefore
introduced when comparing unilateral and bilateral project hosting to capture any China specific effect.
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Chow test. Though all the above models do not account for zero counts in any special way,

differences in coefficients between bi- and uni-lateral clearly exist.

Table 4 shows the results of the Cloglog-Poisson and Cloglog-Negative Binomial II
hurdle models. In the upper part of the table coefficients refer to the strictly positive part of
the respective model, while the lower part of the table shows the coefficients for variables

that help predicting zero counts.

The Poisson hurdle models in 5 and 6 clearly fit the data better than the single equa-
tion models in specification 1 and 2 increasing the log-likelihood significantly by 28.64
and 32.46 respectively. Accordingly, coefficients for zero counts and positive counts differ
substantially, as do the coefficients for positive counts and all counts. Hence, the hurdle

Poisson models perform better than plain Poisson models.

Comparing the Poisson (5 and 6) to the Negative Binomial (7 and 8) hurdle models no
additional increase in fit can be detected. In contrast, their fit is worse and likelihood ratio
test do not reject (p-value = 1) that the Negative Binomial models cannot explain the data
better.?? Overdispersion does, hence, not seem to be an issue any more once one explicitly

accounts for zero counts. Poisson hurdle models fit the data best.

Using the preferred Poisson hurdle model, specific determinants for hosting CDM
projects will now be analyzed in more detail, focusing first on bilateral projects, second
on unilateral projects, and finally comparing both. Specification 5 (bilateral project count)
shows positive and significant effects for most factors relating to CDM potential. A one
percent increase in GDP per capita is associated with a .58 increase in the expected number
of projects for countries that host CDM projects. This considerable size of the effect is
possibly due to the fact that GDP accounts both for the level of economic activity in a de-
veloping country, which in turn accounts for the possibilities of having a potential projects
available, and as a proxy for the necessary infrastructure and technical capacity. Growth of
GDP also has a positive and significant effect on the number of projects, which is smaller
in size. This is reasonable, as it thought to affect the availability of projects positively, and
profitability negatively, although to a smaller amount. The intensity of conventional energy

generation affects the number significantly positive as well. Renewable energy generation

22Maximization of the log-likelihood function for the Negative Binomial models turned out to be difficult.
For unilateral projects the Broyden-Fletcher-Goldfarb-Shanno algorithm has been applied (cf. Fletcher 1987).
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is, however, insignificant. So far, results are as expected.

Turning to the factors relating to the feasibility of hosting CDM projects the picture
becomes less clear. Gross fixed capital formation is surprisingly negatively related to the
number of bilateral CDM projects. Although it is mainly thought to matter for unilateral
projects, one might have expected some small positive effect for bilateral projects as well.
The negative sign might be explained by the notion that in very fast growing economies
with heavy capital investments the CDM becomes relatively less attractive to other in-
vestment opportunities, which will be investigated in specification 9. Trade per GDP, or
openness, is significantly positively related to the number of bilateral projects as predicted.
Political freedom and civil rights matter positively as well. While country links, measured
by aid flows have no significant effect on the number of projects, a postive effect of being a
former colony of a large buyer country cannot be rejected at the 10% level. All in all espe-

cially trade openness and political freedom affect the number of bilateral projects positively.

The control variables for population and ratification of the Kyoto Protocol have the ex-
pected signs, though only population is significant. Furthermore, one cannot reject that the
coefficient for population is equal to 1, implying that a one percent increase in population

is associated with a 1 percent increase in the number of projects.

Regarding the process generating zero counts fewer significant predictors are found.
Besides the control for population only political freedom is statistically significant below
the 1 percent level. This result seems reasonable as investors from developed countries,
most notably non-private investors, may avoid investing in GHG abatement in less free
and bad governed countries. More generally, the rather limited number of significant de-
terminants for zero counts can be seen as a confirmation of the anecdotal evidence that
the location of at least one bilateral CDM project is rather random. While the number of
bilateral projects follows a clear pattern the question whether at least one CDM project is
hosted in a developing country does not follow any clear pattern.

For unilateral projects the level of GDP turns out to be an important determinant too. As
expected, the size of the coefficient is even higher for unilateral projects than for bilateral
projects as all infrastructure, technology, and human skills have to be available domesti-

cally. Growth of GDP has a positive sign, but is not significant as well as is conventional
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energy intensity. Yet, renewable energy intensity turns up significantly positive. This is not
surprising as countries that already have a reasonable amount of renewable energy gener-
ation in place are likely to both have the potential for a wider use of renewables, e.g., if
water or wind energy is already used there is likely to be potential for more, and possess

the technical capacity that is needed to build renewable power plants domestically.

Gross fixed capital formation and trade per GDP both have positive coefficients, but are
not significant. However, being a former colony and aid flows from developed countries
affect the number of unilaterally hosted projects positively. It seems that ties to developed
countries are thus especially important for unilateral projects. Considering that unilateral
project developers have to find the customers for their abatements on their own, strong ties
to developed countries may help to reduce uncertainty about potential buyers and overall
demand. Political freedom also has a strong positive effect as expected. Summing up, being
a former colony, receiving more aid, and political freedom affect the number of unilaterally

hosted projects significantly positively.

As for bilateral projects it is important to control for population and as well for the time

to the ratification of the Kyoto Protocol.

There are more significant predictors of zero counts projects for unilateral projects.
Here both the level and growth of GDP negatively affect the probability that a country does
not host any CDM project. It is, hence, in the more advanced and faster growing devel-
oping economies in which the unilateral CDM is pursued. The result is intuitive in that it
is in the more advanced developing countries in which the CDM can be pursued without a
direct involvement of a developed country partner. Received aid lowers probability of not
hosting any CDM project as well. A possible explanation is that aid flows relate positively
to capacity building for the CDM. From the control variables population lowers the chances

of hosting no project significantly.

Comparing the coefficients for bi- and uni-lateral projects significant differences are
found. Equivalence of all coefficients is clearly rejected by Chow tests below the 1 per-
cent level. Going more into detail and focusing on the number of projects the difference in
the level of GDP is marginally not significant with a p-value of .154 using a robust seem-
ingly unrelated variance-covariance matrix, which allows for a likely correlation of bi- and

unilateral projects, to compare specifications 5 and 6. When comparing countries without
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accounting for continental differences (regressions not shown here, can be provided upon
request) the level of GDP becomes close to significant with a p-value of .056 showing that
GDP matters less within than between continents. Growth of GDP differences are as well
marginally significant with a p-value of .094, which may be related to the fact that besides
its generally positive effects on CDM potential, growth is generally seen as an important
predictor for foreign direct investment, which in turn might help to overcome difficulties
in project finance in case of the bilateral CDM. Regarding energy intensities, renewables
are significantly (below the 1 percent level) more important for unilateral projects. As al-
ready mentioned CDM projects in the renewable energy sector are relatively easy to pursue
unilaterally given that a considerable stock of energy generation already stems from renew-

ables, and the necessary know-how is available domestically.

Regarding the variables mostly relating to the feasibility for hosting CDM projects
gross fixed capital formation matters significantly (below the 1 percent level) more for
unilateral projects as predicted. The difference for being a former colony is marginally
significant with a p-value of .065 showing that strong links to potential buyer countries
are relatively more important for hosting projects unilaterally. Finally, political freedom is
significantly (below the 1 percent level) more important for unilaterally pursued projects,
which may be interpreted as saying that good domestic institutions matter more for unilat-

eral projects as well.

With respect to the controls significant stronger effects for unilateral projects are both

seen for population and ratification of the Kyoto Protocol.

The probability of zero counts is comparatively lower for unilateral projects in coun-
tries with high levels and growth of GDP (significant below 1 percent) and to a smaller
amount comparatively higher (significant below 5 percent) for countries with more GFCFE.
Aid flows lower the probability of a zero count for unilateral projects comparatively (sig-
nificant below 5 percent) while they increase (significant below 5 percent) it for political
freedom. Given that especially for bilateral project the pattern of participating in the CDM
is rather unclear, and the size of differences besides the level of GDP are rather small, dif-
ferences found between bi- and uni-lateral projects should better not be given too much

weight.

Summing up the results of tables 2 and 3 it has been found that determinants differ
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for the number of CDM projects and for participation in the CDM at all. The gains in
predictive power from changing from the one to the two equation models are substantial.
Further, once hurdle models are employed overdispersion vanishes. In addition, substantial
differences are found for the coefficients of determinants for bi- and unilateral projects sug-
gesting that the unilateral CDM is suited comparatively better for relatively more advanced
developing countries and former colonies of large buyer countries. Although the level of
GDP per capita, colonial status, and political and economic freedom matter for both types
of projects coefficients are significantly higher for unilateral projects.

Table 5 introduces alternative specifications, both shown for robustness and to strengthen
the overall picture that significant differences among the determinants for hosting bi- and
uni-lateral CDM projects exist.

Specifications 9 and 10 interact growth of GDP and GFCF per GDP. The first equa-
tion is thought to help understand the rather unintuitive finding of a negative coefficient for
GFCF for bilateral projects, while the second is merely thought for comparison to unilat-
eral projects. As suggested it may be that the negative coefficient is due to some interaction
between growth and GFCE. At high levels of growth and capital formation the CDM may
become relatively less attractive as an investment opportunity when compared to other
investments. Hence the interaction between both variables should be negative. Indeed
specification 9 reveals a negative and significant (below the 5 percent level) interaction >3
between growth and GFCF for the number of bilateral CDM projects, which is as well
stronger for bilateral than for unilateral projects. Therefore, the relatively lower profitabil-
ity of CDM projects in countries with high growth rates and high capital formation may
indeed explain the unintuitive result of a negative coefficient for GFCF in equation 5.

In specifications 11 and 12 country investor risk as measured by the Institutional In-
vestor (II) magazine is introduced as explanatory variable. Country risk assessments have
not been introduced before as they are mainly thought to be a composite indicator largely
consisting of a country’s level and growth of GDP, trade openness, and political freedom

(Cantor and Packer 1996, Cosset and Roy 1991) measuring the risk for foreign investors

21n our circumstance the relative change in the expected value of the counts given the values for growth
and GFCF is of interest. As Winkelmann (2008, pp.71-72) shows the absence of such an interaction effect
can be tested directly with a test of the coefficient for growth*GFCF = 0. If the absolute change were of
interest, the appropriate test would be less straightforward (See Mullahy (1999) for details.).
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in a given country. Hence, there should be hardly any additional explanatory power left.
The II indicator differs from most other country risk assessments in that it is build entirely
from weighted expert assessments by employees of large investment banks (Cosset and
Roy 1991). Their assessments are very likely influenced as well heavily by the indicators
discussed above. However, if there is some additional “latent” information in the expert
assessments that is shared by CDM investors in developed countries, II country risk ratings
should show up significant for bilateral projects. It is indeed significant for the number of
bilateral projects in specification 11 suggesting that location decisions of the bilateral CDM

indeed take comprehensive country risk assessments into account.

An alternative amalgamated way of specifying determinants for hosting CDM projects
is shown in specifications 13 and 14. Instead of focusing on a comprehensive set of in-
dividual determinants that are likely to affect the capacity to host CDM projects a plain
comparison is made based mainly on FDI and GFCF. FDI is thought to matter relatively
more for bilateral projects as these do involve foreign investments by developed countries
and given that capital for investment in CDM projects is considered to be a scarce resource.
For countries with less foreign investments domestic capital is thought to be relatively more
important. Hence, GFCF should matter more for unilateral projects. The reason why FDI
has not been used in preceding specifications is that is thought to be largely a composite
indicator. Studies on the determinants of FDI have found that the level and growth of GDP,
low inflation, political stability and ties and so forth matter (Schneider and Frey 1985).
Therefore, in specifications 13 and 14 it is only accounted for the level of GDP, energy
intensities, GFCF and the usual controls for population and ratification of the Kyoto Proto-
col. Comparing both specifications it is indeed found that FDI matters significantly more
(below the 1 percent level) for the number of bilateral projects, while there is a significant
(below the 5 percent level) positive difference for GFCF for unilateral projects as predicted.
Although the results confirm in overall, that there are significant differences between uni-
lateral and bilateral project determinants, the fit of these amalgamated models is worse than
those of the previously specified models.

5 Discussion

Reviewing the state of the market for emission reductions from the CDM until the end of
2008, as well as the literature, hypotheses on the determinants for hosting CDM projects
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were derived. It was argued that economic development and growth, as well as the fos-
sil fuel and renewable energy generation, should relate positively to the number of CDM
projects hosted. Economic growth was expected to matter more for unilaterally pursued
projects as well as domestic capital availability. Links to developed (buyer) countries as
well as political freedom were expected to affect the number of CDM projects per country

positively.

Results using count data models indicate, that the processes of generating positive
project counts differ from the processes determining whether a country hosts at least one
CDM project. For hosting at least one bilateral project, only political freedom and popu-
lation are clearly significant with a positive impact. For the number of bilateral projects
hosted, economic development and growth, as well as trade and fossil fuel energy genera-
tion matter significantly positive in addition. The condensed interpretation is, that although
the number of bilaterally pursued projects is clearly determined by factors relating to CDM
potential, feasibility, and profitability the question of participation in the bilateral CDM
is comparatively random. For hosting at least one unilaterally pursued project, economic
development and growth, as well as aid flows and population, are significant determinants
with a positive impact. For the number of unilateral projects hosted, colonial status, re-
newable energy generation, political freedom, and early ratification of the Kyoto Protocol
matter positively in addition. The positive impact of economic development and growth on
hosting at least one unilateral project is one indication that the more advanced developing

countries pursue the CDM unilaterally.

Differences among determinants for bi- and uni-laterally pursued projects are found
as well for the number of projects hosted. Considerable and statistically significant dif-
ferences in the size of coefficients are found for economic development (more important
for unilateral CDM, statistically weak difference) and growth (more important for bilateral
CDM), as well as for renewable energy generation (more important for unilateral CDM).
Domestic capital availability is comparatively more important for unilateral projects, in
addition to former colonial status and political freedom. The same holds for the controls
for population and ratification of the Kyoto Protocol. Additional specifications shown for
robustness find further differences regarding country risk assessments (considerably higher
coefficient for bilateral CDM though statistically weak difference) and FDI (both econom-
ically and statistically more important for bilateral CDM). Tests on the overall equality of

coefficients are clearly rejected. All in all, the unilateral CDM is more attractive to more
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advanced developing countries.

Summing up, it has been found that determinants differ for the number of CDM projects
and participation in the CDM. Moreover, substantial differences in the coefficients of de-
terminants for bi- and uni-lateral projects exist. The analysis suggests that the unilateral

CDM is suited comparatively better for relatively more advanced developing countries.

6 Conclusion

Offset mechanisms like the CDM are perceived to be important building blocks for a global
climate agreement succeeding the current Kyoto Protocol. The CDM, being the first global
offset mechanism for GHG abatement in developing countries, provides an empirical ex-
ample of how offset mechanisms can be used to reduce GHG emissions in developing
countries. Given that the distribution of CDM projects is fairly unequal, it is of consider-
able interest to know, which developing countries host the CDM and what factors determine
the number of CDM projects hosted. The analysis devotes special attention to differences
between determinants for bilateral and unilateral CDM project hosting, finding that there

are indeed “two ways to clean development”.

Regarding policy, the current study shows that the CDM is an option for the richer
developing countries, with the unilateral CDM being more attractive for the even more
advanced developing economies. For these countries it can be regarded as an instrument
providing the incentives that are needed for abatement of GHGs. However, the CDM is
hardly attractive for the least developed countries, where other instruments, e.g., funds
from the Global Environmental Facility are certainly required. The CDM might, therefore,
be seen as an intermediate solution for relatively advanced developing countries encourag-
ing them to participate in global climate change treaties before agreeing on binding targets

themselves.

The option of the unilateral CDM, besides the bilateral one, can be regarded useful in
that it allows fairly advanced developing countries to show that they are able to mitigate
GHGs on their own given that the right incentives are provided. Furthermore, if CDM
projects are pursued unilaterally, relatively more rents should remain in the developing

countries, fostering enterprises that potentially produce environmentally more sustainably.
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In turn, this makes the CDM more attractive relative to other investment possibilities. How-
ever, from an equity perspective, this might be of concern, as it implies that the most ad-
vanced developing countries gain the most from the CDM.
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Appendix

Table 6: Summary statistics for explanatory variables

min  max source

variable name variable measure mean  s.d.

economic development logarithm of GDP per capita in 2004 in constant 2000 US Dollars 7.16 1.28 4.64 10.10 World Bank (2008)

economic growth average GDP growth per capita (2000-2004) 428 333 -2.1 28.32 World Bank (2008)

capital formation average gross fixed capital formation per GDP (2000-2004) 220 832 7.79 57.2 World Bank (2008)

trade average imports and exports per GDP (2000-2004) 84.3 40.03 26.0 215.02 World Bank (2008)

colonial status former colony of UK, Spain, France, Netherlands, or Germany 0.64 0.48 0 1 Hensel (2006)

aid aid per capita in 2004 in USD 49.98 65.76 -133.78 408.7 World Bank (2008)

fossil fuel energy generation in million kWh per GDP in 2004 0.00040.0005 0 0.0025 Energy Information Administration (2009)
renewable energy generation in million kWh per GDP in 2004 0.00040.0011 0  0.0084 Energy Information Administration (2009)
political freedom average of freedom house and polity in 2004 586 295 0 10 Hadenius and Teorell (2005)

population logarithm of population on 2004 15.62 2.02 10.76 20.98 World Bank (2008)

ratification logarithm of days until ratification of Kyoto Protocol 738 0.64 522 821 UNFCCC (2008)
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