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Abstract

The Kyoto Protocol has introduced the so-called Clean Development Mechanism (CDM)

under which industrialized countries are allowed to ful¯ll part of their obligations

through the use of emission credits generated by emission reduction projects under-

taken in developing countries. Developing countries have been reluctant to participate

in the CDM, fearing that the CDM will use up most of their cheap abatement options

(the `low-hanging fruits' problem). In this paper we show that developing countries

should in general participate in the CDM, unless the credit prices are relatively low.

Moreover, these countries always gain by participating in the CDM when banking of

credits is allowed. Nevertheless, three e®ects that are likely to limit the extent of such

a participation are identi¯ed. A case-study (South Africa) reveals that these e®ects

may play a signi¯cant role.



1 Introduction

In Kyoto, December 1997, most industrialized countries decided to reduce or limit their

emissions of greenhouse gases. In its Art. 17 the Kyoto protocol allows for the trading

of emission permits among industrialized countries. The purpose of such a market for

emission permits is to reduce world compliance costs by giving incentives to reduce

emissions where abatement costs are lowest.

In the same spirit, the Kyoto Protocol has introduced the so-called `Clean Devel-

opment Mechanism' (CDM) (Art. 12). Under this mechanism, industrialized countries

(more precisely, countries listed in Annex I of the United Nations Convention on Cli-

mate Change (UNFCCC), Annex I countries hereafter) are allowed to ful¯ll part of

their obligations through the use of emission credits generated by emission reductions

projects undertaken in developing countries (more precisely, non-Annex I countries). In

addition to minimizing compliance costs, the CDM also shares the following purpose:

\... to assist Parties not included in Annex I in achieving sustainable development ..."

(The Kyoto Protocol, Art. 12, x2).

Despite these transfers of technologies, some developing countries have been reluc-

tant to participate in the CDM. The main reason refers to the \low-hanging fruits"

(LHF) problem: the CDM will use up most of their low-cost abatement options, leaving

them with only expensive options in order to satisfy to their own emission reduction

commitments in the future. Accordingly, their future abatement costs would be higher

and would result in foregone opportunities to earn revenues on the international per-

mits market.

The LHF problem has been widely addressed in the UNFCCC forums. However,

according to Akita (2003), it has not been very much analyzed from a formal point of

vue. To our knowledge, the only formal analyses of the problem have been done by

Rose et al. (1999), Narain and van't Veld (2001) and Akita (2003). Rose et al. (1999)
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study the LHF problem in an intertemporal continuous time framework where both

Annex I and non-Annex I countries face a commitment to reduce their emissions at a

certain future time T. The non-Annex I country can ful¯ll its commitment either by

hosting CDM projects (¯nanced by the Annex I country) or by abating on its own. The

authors look for the optimal combination between CDM and other domestic abatement

policies in order to satisfy the emission reduction commitment. Although they deal

with some major apprehensions of developing countries to participate in the CDM,

they do not o®er any formal or explicit de¯nition of the LHF problem.

Such an explicit de¯nition of the LHF problem is provided in Akita (2003) and

Narain and van't Veld (2001). In rather di®erent theoretical frameworks, these contri-

butions con¯rm the possible occurrence of the LHF problem. The discrete two-period,

two-projects model of Akita (2003) introduces technology improvements in period 2

induced by the use of the CDM in period 1. An important consequence of that as-

sumption is that the high-cost project (high hanging fruits) might be used before the

low-cost project (low-hanging fruits).1 In Akita's framework, the LHF problem occurs

when it is optimal for the non-Annex I country to carry out the high-cost project

through CDM in period 1 and to carry out the low-cost project by itself in period 2,

which happens for intermediate values of (i) the Annex I country share of the credits

generated via the CDM project and of (ii) the technology improvements on domestic

technology due to CDM.

Using a continuous time model of foreign investment in a CDMproject by an Annex

I country in a non-Annex I country, Narain and van't Veld (2001) de¯ne the LHF

problem as \any shortfall in the host country's compensation for the true opportunity

cost of hosting a CDM project, namely the value of the foregone option to delay the

project at least until graduation time" (i.e., the time at which this country is reducing
1This goes againts what is usually assumed in the literature (where gradually more expensive

abatement measures are used to reduce emissions).
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its own emissions). They show ¯rst that the standard LHF problem is mischaracterised,

in particular because, once committed to reduce its emissions, the host country will

not only be left with high cost abatement measures, but will also have the opportunity

to buy permits on the tradable permits market. Assuming some form of myopia of the

non-Annex I government due to its private {as opposed to social{ interest in the CDM

project and its impatience2, they show that the LHF problem occurs either when (i)

the Annex I investors have market power, or (ii) the credit price is increasing with time

while the host country is unable to auction o® contracts for the future rising return of

the CDM project.

However, these three contributions leave aside several important features. First, all

of them consider that the allocation of permits to developing (non-Annex I) countries

is purely exogenous. Second, Rose et al. (1999) and Akita (2003) do not consider

the case where the price of the credits generated by the CDM projects varies through

time3, while Narain and van't Veld (2001) only consider a constant or increasing price

of the permits or credits. Third, although it is allowed by Art. 3.13 of the Kyoto

Protocol, none of these authors discuss the possibility of banking credits. Fourth, all

models are deterministic while huge uncertainties surround future prices of permits

and credits. In a rather standard framework, our paper improves upon these issues

by introducing (i) allocations of permits which may vary according to the amount of

CDM projects undertaken in the non-Annex I country, (ii) variations in the permits

prices, (iii) the possibility to bank permits or credits from one period to the other and

(iv) uncertainty on the future prices of permits.
2They model impatience by assuming that non-Annex I country governments use a discount rate

which is higher than the social discount rate.
3When Rose et al. (1999) analyze market power, the price of credits is considered as a decreasing

function of the current abatement realised through CDM. It is therefore chosen by the host country.

This is di®erent with the case where the host country faces a price of credits which varies exogenously

through time.
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The paper is organized as follows. In section 2, we highlight the main features of the

CDM, model those features and determine the decision rules of a developing country

implementing CDM projects. Section 3 analyses the low-hanging fruits problem and

highlights the conditions under which it may occur. In section 4, we extend the analysis

to uncertainty on future permits prices. Then, in section 5, we give a numerical

illustration of our results based on the situation of a non-Annex I country: South

Africa. Finally, section 6 concludes.

2 Modeling CDM host country behavior

The CDM has some speci¯c features. Below, we present these features before modelling

the behavior of a developing country taking them into account. We also characterize

its decision rules as far as CDM projects are concerned.

For the stake of simplicity we consider two periods. In the ¯rst period, the develop-

ing country4 has no commitment to reduce its emissions of greenhouse gases.5 During

this ¯rst period the country is allowed to host CDM projects. In the second period

we assume that the developing country commits to emission reductions or limitations.

Hence, assigned amount units (permits) are negotiated and allocated to the non-Annex

I country in this second period.

2.1 The key features of the CDM

Three important features of the CDM have to be taken into account. A ¯rst charac-

teristic is that the CDM involves project-based investments. Projects that are eligible

include the implementation of hydro power plants or other renewable energy sources,

co-generation, gas capture or removal, improvement of refrigerators, catalytic com-
4Also called \non-Annex I country" (\NAI country") or \host country" hereafter. An \industrial-

ized country" will also be called an \Annex I country" (\AI country") hereafter.
5We have in mind here the Kyoto committment period, i.e., 2008-2012.
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bustion of methane, etc. Such investments last typically more than one commitment

period. Therefore, the emission reductions generated from the implementation of such

investments give rise to emission credits not only in the period during which the in-

vestment takes place, but also in subsequent ones. We model this feature by assuming

that all emission reductions in the ¯rst period produce an equal amount of emission

credits in both the ¯rst and the second periods.

The second feature of the CDM is that the credits will be fungible with the emission

permits (Emissions Trading (Art. 17 of the Kyoto Protocol) and Joint Implementation

activities (Art. 6)). Since emission permits will be traded on an international market,

the price of the credits will be determined on this international market. Assuming that

the country is `not too big' (or, at least, does not act strategically on this market), it

considers the price of the credits as given at each period.

The third feature of the mechanism is linked to the absence of commitment for the

non-Annex I country in the ¯rst period, followed by emission reductions obligations in

the second period. Consequently, as long as the commitment in the second period has

not been negotiated before the beginning of the ¯rst period, there is a fear that any

emission reduction taking place in the ¯rst period (no commitment) will be {at least

partly{ substracted from the assigned amount units allocated in the second period

(commitment). To put things di®erently, the country representatives might have a

lower power (in fact, a lower level of reference emissions) to negotiate a generous

allocation of assigned amount units in the following period.6

We model below the behavior of a developing country which has to choose the

amount of CDM projects it wishes to accept or to implement. The model is based on

the three features just described.
6However, such a problem is avoided if the level of emissions on which the negotiation on the second

period commitments takes place, is based on the emissions realized before the ¯rst period.
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2.2 The model

Wedenote by Et the emissions of the country at time t (t = 1; 2). EREF are the baseline

emissions, i.e., the level of emissions when the country does not abate (assumed to be

constant over time). Hence, the level of abatement in the ¯rst period is given by

EREF ¡ E1. The amount of permits (called `assigned amount units' in the Kyoto

protocol) negotiated for the second period is given by

E2 = eE2 ¡ ®
£
EREF ¡ E1

¤
(1)

where eE2 is any given reference emissions level and ® is a positive exogenous parameter

(0 · ® · 1). This parameter allows one to account of the third feature described just

above. The problem of having a lower assigned amount units in period 2 due to

abatement e®orts made in period 1 does not exist when ® = 0. When ® = 1, all the

reductions of the ¯rst period are substracted from the quotas allocated to the country

in the second period. In the following, we will call the e®ect described by equation (1)

the permit's \endowment e®ect".

An abatement cost function is made from a list of all possible investments leading to

abatement of emissions. For each of these projects the cost of their implementation as

well as the amount of emission reductions (with respect to the baseline emissions) are

needed. The costs of the projects are considered as annualized costs. Then, following

Narain and van't Veld (2001), a marginal abatement cost function is built by ranking,

in decreasing order of costs, all the projects. Let °(E) be the marginal abatement cost

corresponding to emission level E: We assume that °(E) is a continuous decreasing

function on the interval [0;EREF ]; such that °(EREF ) = 0 and limE!0°(E) = +1:7

Then the (total) abatement costs can be written as follows:

C (E) =
Z EREF

E
°(x)dx: (2)

7This last condition ensures that the positivity constraint on the optimal emission levels is satis̄ ed.
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It is assumed that, in both periods, the developing country bears the abatement

costs and bene¯ts from the sales of the credits or permits. Indeed, on the one hand,

the CDM projects may be ¯nanced by the non-Annex I (developing) country which

receives all the credits and sells them to an Annex I country. On the other hand,

the CDM projects may rather be ¯nanced by an Annex I country (or a private ¯rm

from such a country) and the credits generated are entirely given to that country (or

¯rm).8 In the ¯rst case, the non-Annex I country captures the seller surplus while

the Annex I investor gets the buyer surplus. In the second case, the Annex I investor

captures both surpluses, leaving no gains for the developing country. As suggested by

CDM market participants, a situation in which non-Annex I countries abandon their

surplus is very unlikely to occur or to persist when an international market for emission

permits provides a clear price signal for emission reductions. Hence, the second case

in not very realistic. In this paper, we choose the ¯rst assumption, which corresponds

to the standard assumption when markets are analyzed, i.e., the seller surplus goes

to the non-Annex I country, while the buyer surplus goes to the Annex I country. A

discussion on the role of that assumption is provided in section 3.

Under this assumption, the problem of the host country can be written in the

following way:

min
E1;E2

C (E1) + p1
£
E1 ¡ EREF

¤
+

1
1 + µ

£
C (E2) + p2

£
E2 ¡ E2

¤¤
(3)

subject to (1),

0 · E2 · E1 and (4)

0 · E1 · EREF (5)

where pt is the international price of the permits (and, according to the second feature,

also the price of the CDM credits) at time t and µ is the discount rate. The purpose
8Note that indermediate situations may also occur.
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of introducing constraint (1) has been explained just above. Constraint (4) aims at

capturing the investment aspect of the CDM. Indeed, since we only consider long-

lasting projects, a given amount of emission reductions in period 1 automatically leads

to the same amount of reductions in period 2. Consequently, the emissions in the

second period cannot be larger that those in the ¯rst period. From now on, this

constraint will be called the \irreversibility constraint", which corresponds to the ¯rst

feature. Finally, constraint (5) is a feasibility constraint which stipulates that the

country cannot emit more than at its reference level.

In the ¯rst period, the country therefore minimizes abatement costs and the cost

of the net purchase of credits, which is negative since the country sells credits (from

constraint (5)). In the second period, the country minimizes the discounted abatement

costs and the cost of the net purchase of permits, which is not necessarily negative and

the level of which depends, among other things, on the assigned amount units E2.

Note that, although emission reductions via projects implemented in the ¯rst period

are also present in the second period, the costs of such reductions must be borne in

each period since we consider annualized costs.

Three regimes are de¯ned according to the level of the ¯rst period permits price

relative to the second period permits price. Indeed, the solution to problem (3) is

characterized by (details of the computations are given in the appendix) :

- Regime A : If 0 · p1 · p2 ®1+µ ; then E¤
2 < E¤

1 = EREF and

° (E¤
1) = °

¡
EREF

¢
= 0

° (E¤
2) = p2

(6)

- Regime B : If p2 ®1+µ < p1 < p2
h
1 + ®

1+µ

i
; then E¤

2 < E¤
1 < EREF and

° (E¤
1) = p1 ¡ p2 ®1+µ

° (E¤
2) = p2

(7)
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- Regime C : If p1 ¸ p2
h
1 + ®

1+µ

i
; then E¤

2 = E¤
1 < EREF and

° (E¤
1 ) = p1

1 + µ
2 + µ

+ p2
[1 ¡ ®]
2 + µ

= ° (E¤
2 ) (8)

See ¯gure 1 (see section 10)

2.3 Interpretation of the results

Three regimes are de¯ned according to the level of the price of the permits or credits.9

The two bounds delimiting the regimes are decreasing with the discount rate (µ) and are

increasing with (i) the price of permits in period 2 and (ii) the extent to which emission

reductions in the ¯rst period are likely to a®ect the amount of permits allocated to the

country in the second period (®, i.e., the endowment e®ect). The three regimes are

illustrated in Figure 1 in function of p1:

Regime A is observed for low levels of the credit price in period 1 and is charac-

terized by no emission reductions. It is worthwhile noting that it is in the interest of

the developing country not to participate in the CDM even for positive (though low)

levels of the price of the credits. This is due to the permits \endowment e®ect" (see

just below).

Regime B is characterized by increasing optimal abatement rates, i.e., E¤
1 > E¤

2.

The country implements new abatement projects in the second period. In period 2,

the country has the incentive to reduce its emissions as long as the marginal abatement
9Note that, in the particular case of p1 = 0, no CDM projects are undertaken. Indeed, this situation

falls under Regime A and no abatement measures are undertaken in period 1. The fact that there are

no reductions in the absence of the CDM guarantees that all projects implemented through the CDM

satisfy the additionality condition (see UNFCCC, 1997).
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cost (° (E2)) is lower than p2; which corresponds to the usual (static) decision rule in

the presence of tradable emission permits. On the contrary, the behavior in the ¯rst

period consists of choosing a level of emissions such that the marginal abatement costs

are below the ¯rst period permit's price. Indeed, due to the \permit's endowment

e®ect" (cfr. (1)), reducing the emissions by one more unit in the ¯rst period leads to

a loss of permits sales in the second period, which amounts to ®p2= [1 + µ].

In regime C, however, no additional abatement is undertaken in the second pe-

riod since E¤
1 = E¤

2. In this case, the irreversibility constraint (4) is binding. The

marginal abatement costs are equalized across periods. In order to interpret more

easily condition (8), let us rewrite it as:

° (Et)
h
1 + 1

1+µ

i

2
=

p1 + 1
1+µp2 [1 ¡®]

2
, t = 1; 2 (9)

It appears that in Regime C the average of the discounted marginal abatement costs

(LHS of equation (9)) is equal to the average of the discounted marginal bene¯t of the

abatement (RHS of equation (9)).

Consider now the benchmark case characterized by the absence of the \endowment

e®ect" (® = 0). Then, Regime A disappears, Regime B corresponds to p1 < p2 and

Regime B to p1 > p2. In Regime B, the host country abates in each period up to

the equalization of the marginal abatement costs and the permits price (° (Et) = pt,

t = 1; 2). In Regime C, the average of discounted marginal abatement costs are equal

to the average of the discounted prices of permits:

3 A problem of low-hanging fruits ?

3.1 An explanation of the problem at stake

The literature on the CDM reports that there is a fear that all low cost abatement

projects {the so-called low-hanging fruits{ are wiped out by investors from developed
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countries, leaving only high cost projects for developing countries when these are them-

selves committed to emission reductions.

Of course, if the developing country behaves in a farsighted way, no `low-hanging

fruits' problem occurs. In order to analyze the extent of the LHF problem and to

determine the conditions of its occurrence, one must compare the consequences of a

farsighted behavior with those of a myopic acceptance or implementation of CDM

projects. Such a myopic behavior could indeed occur. As argued by Narain and

van't Veld (2001), political and institutional realities in developing countries (such

as corruption, political instability, lack of human capital and of legal infrastructure,

lack of knowledge in order to successfully bargain with the foreign investors) could

explain a suboptimal behavior of the host decision makers, which might give rise to

the low-hanging fruits (LHF hereafter) problem.

Assuming that both the seller surplus and the buyer surplus go to the Annex I

country, Narain and van't Veld (2001) show that developing countries should not accept

any CDM projects in the ¯rst period.10 Indeed, developing countries would loose their

low cost abatement measures and would have to use higher cost measures or purchase

permits on the international market in order to full¯l their future commitments. Hence,

the LHF problem occurs. Although we have chosen the alternative assumption, our

framework may be modi¯ed in order to introduce the same assumption as in Narain

and van't Veld (2001) on the surplus sharing.11 In doing so we obtain the same results
10Unless, of course, they are compensated for their losses.
11The problem writes:

min
0·E2·E1·EREF

C (E2) ¡C (E1) + p2
h
E2 ¡ eE2 ¡

h
EREF ¡E1

ii
:

Indeed, abatement costs for the CDM projects undertaken in the ¯rst period are not borne by the

developing country (neither in the r̄st period, nor in the second one). Moreover, in the second period,

the developing country can only sell emission reductions above those that undertaken via the CDM

projects implemented in the ¯rst period.
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as theirs.

However, as motivated in section 2.1, we do believe that it is more natural to

consider that the seller surplus goes to the NAI country and the buyer surplus goes

to the AI country. As argued above in section 2.2, this is also more appropriate given

the actual development of international markets for emission permits. Hence, our

purpose is to analyze the extent of such a problem and to determine the conditions of

its occurrence in such a context. Accordingly, we compare the farsighted behavior, as

modelled in section 2, with a myopic one. However, in order to keep the model simple,

we do not explicitly model the possible causes of myopia.12 Rather, we concentrate on

their implications.

Formally the myopic developing country is supposed to solve the following problem:

min
0·E1

C (E1) + p1
£
E1 ¡ EREF1

¤
(10)

which leads to the following ¯rst order condition13 :

°(bE1) = p1: (11)

This condition corresponds to the usual rule of `marginal abatement cost equals the

price in the current period'. By applying this rule, the host country ignores (i) the

presence of future constraints on emissions or, in other words, the irreversibility aspect

of the investment and (ii) its possible impact on the future allocation of assigned

amount units (the permits \endowment e®ect").

3.2 Conditions for the `low-hanging fruits' problem to occur

Proposition 1 Developing countries should not accept CDM projects on the basis of

\marginal abatement costs equal the permit's price" rule, unless ® = 0 and p1 · p2.
12Narain and van't Veld (2001) model myopia of the host country by a mix of corruption (the host

government has private interest in the CDM) and political instability (the government fears to be

overthrown and thus discounts at a higher rate than the social discount rate).
13We may ignore constraint (5) as it will never be stricly binding for p1 ¸ 0:
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According to the explanation given in the above section, the LHF problem occurs

when the farsighted solution characterized by (6)-(8) does not coincide with the myopic

solution characterized by (11). Figure 2 shows the shape of the marginal abatement

costs under the farsighted and myopic behaviors in function of p1 (°( bE1) and ° (E¤
1)

respectively): Under general conditions, the LHF problem exists in all regimes. The

myopic country tends to reduce too much its emissions in period 1, i.e., to accept too

much CDM projects in all regimes.14

The magnitude of the problem depends on both the permit's endowment e®ect and

the irreversibility e®ect. Figure 2 is helpful in disentangling these e®ects. The extent of

the LHF problem (as measured by the di®erence °( bE1)¡° (E¤
1)) is ¯rst increasing with

p1 under Regime A, then constant under Regime B, and then again increasing under

Regime C. This last increase is due to the irreversibility constraint (4). This constraint

is only binding under Regime C, while the permits endowment e®ect described by (1)

is present in all regimes.

See Figure 2

When ® = 0; i.e., when the CDM has no impact on the future allocation of assigned

amount units, the picture changes. Regime A disappears and the bound delimiting

Regimes B and C becomes p2. Then, the comparison of (7) and (8) with (11) shows

that the LHF problem remains only in Regime C, namely for p1 > p2. In Regime

B (i.e. p1 · p2), the irreversibility constraint E¤
1 · E¤

2 does not bind, so that the

solutions under the myopic and farsighted behaviors coincide.15

14Formally, looking at (6) and (7), it appears immediately that ° (E¤1 ) < p1 in Regime A and B,

which implies that E¤1 > bE1 : This is also the case in Regime C. Indeed, comparing (8) and (11), one

has E¤1 > bE1 if p1 1+µ2+µ + p2
[1¡®]
2+µ < p1 : This inequality reduces to p2 [1¡ ®] < p1; which is always true

because Regime B is characterised by p2
h
1 + ®

1+µ

i
· p1 :

15Note that Akita (2003) also obtains that, even if the NAI country's behaviour is not optimal, it is
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3.3 The impact of banking

Banking of permits across commitment periods is allowed by Article 3.13 of the Kyoto

Protocol. The literature on permits banking is well developed (see, among others,

Yates and Cronshaw (2001)). According to this literature, the ¯rst period permit's

price cannot drop below the discounted second period price, namely 1
1+µp2 · p1: By

0 · ® · 1; one has ®
1+µp2 · 1

1+µp2. Then, as illustrated in Figure 1, Regime A

disappears and Regime B is reduced by the interval
h
®

1+µ p2;
1

1+µp2
h
: Accordingly:

Proposition 2 Under the possibility of banking, the low-hanging fruits problem still

occurs. However, its occurrence is reduced.

4 Uncertainty on future prices

In this section, we modify the above framework in order to analyze how uncertainty

on the future permits prices is likely to a®ect the LHF problem. The price of the

permits in period 2 is now a random variable with two possible values pH2 and pL2 with

probabilities ¼ and 1 ¡ ¼ (such that pL2 < pH2 and 0 < ¼ < 1): It is assumed that the

host country observes the actual price of the permits at the beginning of period 2 (p2);

so that this information is taken into account when computing the optimal abatement

measures in period 2. Thus, the problem reads as a two stage decision problem that

can be solved by backward induction, starting with the last period.

In period 2, the host country solves :

min
E2

C (E2) + p2
£
E2 ¡ E2

¤
(12)

subject to (1) and (4) where p2 and E1 are given. Let

V (E1; p2) = min
E2

©
C (E2) + p2

£
E2 ¡ E2

¤ª
(13)

still possible that the LHF problem will not occur.
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be the solution of the above problem and EH2 and EL2 be the optimal emission levels

corresponding to the two permit's price levels pL2 and pH2 .

Then the host country problem in period 1 is :

min
E1

 = C (E1) + p1
£
E1 ¡EREF

¤
+

1
1 + µ

£
¼V (E1; pH2 ) + [1 ¡ ¼]V (E1; pL2 )

¤
(14)

subject to (5). When pL2 = pH2 ; this problem reduces to (3). Let ep2 = ¼pH2 +[1¡¼]pL2 be

the mathematical expectation of p2: Then, the solution of problem (14) is characterized

by (the details of the computations are provided in appendix) :

- Regime A : If 0 · p1 · ep2 ®1+µ ; then EH2 < EL2 < E¤
1 = EREF and

° (E¤
1) = °

¡
EREF

¢
= 0

° (Ex2 ) = px2; x = H;L
(15)

- Regime B.1 : If ep2 ®1+µ < p1 < pL2 + ep2 ®1+µ ; then EH2 < EL2 < E¤
1 < EREF and

° (E¤
1) = p1 ¡ ep2 ®1+µ

° (Ex2 ) = px2; x = H;L
(16)

- Regime B.2 : If pL2 +ep2 ®1+µ · p1 < pH2 2+µ
1+µ ¡ep2 [1¡®]1+µ ; then EH2 < EL2 = E¤

1 < EREF

and

° (E¤
1) =

[1 ¡¼]pL2 ¡ ®ep2
2 + µ ¡ ¼

+ p1
1 + µ

2 + µ ¡¼
= °

¡
EL2

¢
(17)

°
¡
EH2

¢
= pH2

- Regime C : If p1 ¸ pH2
2+µ
1+µ ¡ ep2 [1¡®]1+µ ; then EH2 = EL2 = E¤

1 < EREF and

° (E¤
1) = p1

1 + µ
2 + µ

+ ep2
[1 ¡®]
2 + µ

= °
¡
EH2

¢
= °

¡
EL2

¢
. (18)

4.1 Interpretation of the results

Four regimes prevail according to the level of the price of the permits or credits in the

¯rst period. These regimes are illustrated in Figure 3 as a function of p1:
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See Figure 3

As in the deterministic case, Regime A is observed for low levels of the price of

credits in period 1 and is characterized by the absence of any reduction of emissions

in t = 1.

Regime B.1 is characterized by increasing optimal abatement rates in each state of

the world, i.e., E¤
1 > Ex2 ; x = H;L. In period 2, the NAI country has, in both states,

the incentive to reduce its emissions as long as the marginal abatement cost (° (E2))

is lower than px2: Accordingly, more reductions are undertaken when the price of the

permits is high. As in the deterministic case, the behavior in the ¯rst period consists

of choosing a level of emissions such that the marginal abatement costs are below the

¯rst period permits price, because of the loss of the permits sales in the second period

induced by the abatement of emissions in period 1.

In Regime B.2, additional abatement is undertaken in the second period only when

the price of permits in that period is high, i.e., for x = H. On the contrary, the

irreversibility constraint (4) is binding for x = L.

In Regime C, no additional abatement is undertaken in t = 2 in either state of the

world since EH2 = EL2 = E¤
1 . The irreversibility constraint is binding in both states

and the marginal abatement costs are equalized across periods and across states.

The fundamental di®erence with the deterministic case is that, when p2 is random,

the irreversibility constraint may be binding in some states of the world (when p2 is

low) and not binding in the others (when p2 is high). This is precisely what happens in

Regime B.2, the new regime that appears when p2 is random. It is easy to check that,

when pL2 = pH2 ; the two bounds delimiting Regime B.2 are equal, so that this regime

disappears. Regimes A, B.1 and C reduce then to Regimes A, B, C characterizing the

deterministic framework.
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In the benchmark case characterized by ® = 0 (i.e., no endowment e®ect), Regime

A disappears, Regime B.1 corresponds to 0 · p1 < pL2 , Regime B.2 to pL2 · p1 ·

pH2
2+µ
1+µ ¡ ep2 1

1+µ and Regime C to p1 > pH2
2+µ
1+µ ¡ ep2 1

1+µ .

4.2 The LHF problem under uncertainty

Proposition 3 Even in the absence of risk aversion, uncertainty on the future permits'

prices exacerbates the LHF problem for intermediate values of p1:

Figure 4 shows the shape of the marginal abatement costs under the farsighted and

myopic behavior in function of p1: The LHF problem occurs in all regimes. The di®er-

ence in marginal abatement costs under myopia and farsightedness (°(bE1)¡° (E¤
1)) is

increasing with p1 under Regime A, constant under Regime B.1 and then increasing

again under Regimes B.2 and C. The increase under these last two regimes is due to

the irreversibility constraint (3), at least partly under Regime B.2 (see Figure 4).

See Figure 4

4.3 The LHF problem under uncertainty and banking

Proposition 4 Under banking and uncertainty on future permits price, developing

countries should not accept CDM projects on the basis of \marginal abatement costs

equal the permits' price", unless ® = 0 and p1 · pL2 .

If banking of permits across commitment periods is allowed, then the ¯rst period

permits price cannotdrop below the discounted mathematical expectation of the second

period price, i.e. 1
1+µ ep2 · p1: Since 0 · ® · 1, Regime A disappears as it is illustrated

17



in Figure 3. Regime B.1 will be reduced or will even disappear, depending of the size

of pH2 =pL2 , while the two other regimes remain16: Now, the LHF problem is likely to

occur only in Regime B.1, so that the preceding analysis remains valid.

5 An application

In this section, we evaluate the potential extent of the low-hanging fruits problem by

means of a simple application based on the actual situation of a NAI country. Deep and

detailed analyses of the potential for CDM investments in various developing countries

have been performed by The World Bank.17 These studies evaluate all the potential

technologies aimed at reducing greenhouse gas emissions, as well as their cost. Among

the various available studies, we choose a recent analysis of the potential for CDM in

South Africa (see The World Bank (2002)).18

In order to stick to the current state of international negotiations on climate change,

we model commitment periods of 5 years each. Since the investments considered in the

application are of 30 years length, we need to deal with 6 commitment periods. In order

to simplify the reasoning, several assumptions are made. Developing countries have no

emission reductions obligations during the ¯rst commitment period (2008-2012). From

then onwards it is assumed that these countries commit to emission reductions and

receive the same assigned amount units during each of the ¯ve last periods. Moreover,

16A su±cient condition for Regime B.1 to disappear is 1
1+µ ep2 ¸ pL2 + ep2 ®1+µ ; which leads to p

H
2
pL2

¸
1
¼

h
1+µ
1¡® ¡ 1 + ¼

i
:This is more likely to happen when µ and ® are low and when ¼ is high. In particular

it never happens if ® = 1: Moreover, because 1
1+µ ep2 is always lower than the upper bound of Regime

B.2, this regime never disappears.
17These analyses are part of the National CDM/JI Strategy Studies (NSS) of the World Bank. They

are available at http://www.worldbank.org.
18South Africa is among the African countries which o®er the largest emission reductions poten-

tial. It is also a country where risks in investments have signi¯cantly decreased recently, what makes

investments in emission reduction credits even more attractive.
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we assume that the price of the permits on the international market keeps the same

from the second to the last period.19 The model is adapted to such a framework.

The authors of the World Bank report list a series of technologies {like catalytic

combustion of methane in the coal mining sector, manure management of land use or

the use of hybrid solar water heaters in the residential sector{ and their corresponding

costs. Leaving aside the technologies whose implementation is not likely to be eligible

as CDM projects {like the implementation of nuclear power stations{, the marginal

technological abatement cost curve is the following one (see The World Bank (2002, p.

47)):

See Figure 5

Estimated reference emissions in 2010 amount to about 675 MtCO2-eq (see The

World Bank). For simplicity, we assume that eE2 = eE3 = ::: = eE6 = 650 MtCO2-

eq. If ® = 0, this corresponds to the assigned amount units allocated to the country.

However, assigned amount units are lower than 650 MtCO2-eq when the permits en-

dowment e®ect is present (® > 0).

Four scenarios are considered, according to whether the endowment e®ect is present

or not and according to whether uncertainty is present or not:

(a) a base case scenario under certainty on the future permits price (p2 = 10) and

where any endowment e®ect is absent (® = 0);

(b) a scenario under certainty (p2 = 10) where the endowment e®ect does play a role
19Indeed, we do not know if permits prices are going to rise in the future or, on the contrary, to

drop down; our assumption may be seen as an intermediary case which simpli¯es the notation and the

reasoning.
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(® = 0;3);

(c) a scenario under uncertainty on future permits prices (pL2 = 5; pH2 = 20; ep2 = 10)

and where the endowment e®ect is absent (® = 0) and

(d) a scenario under uncertainty (pL2 = 5; pH2 = 20; ep2 = 10) where the endowment

e®ect is present (® = 0; 3).

Assuming a constant permits price for periods 2 to 6 (p2), we select alternative ¯rst

period permits prices (p1) associated with alternative Regimes. Since, in accordance

with Art. 3.13 of the Kyoto Protocol, we assume that banking of permits is allowed,

Regime A never exists.

Then, at each of these points and for a given level of the second period permits

prices (p2 = 10, or pL2 = 5; pH2 = 20; ep2 = 10 under uncertainty), Table 1 presents

for each scenario: (i) the ¯rst period permits' price (p1) which corresponds to the

marginal abatement costs under the myopic behavior (°
³

bE1

´
), (ii) the corresponding

marginal abatement cost in period 1 under the farsighted behavior (° (E¤
1)), (iii) the

emission reductions in the ¯rst period under the myopic behavior (EREF1 ¡ bE1), (iv)

the emission reductions in the ¯rst period under the farsighted behavior (EREF1 ¡E¤
1),

(v) the total costs {abatement costs and permits purchase costs{ under the myopic

behavior, (vi) the total costs {abatement costs and permits purchase costs{ under the

farsighted behavior and (vii) the relative di®erence between the total costs under the

myopic behavior and the total costs under the farsighted behavior.

Note that a discount rate of 5% per year is used in the computations.20

20Ellerman (2002) has shown that participants to the U.S. Acid Rain Program {aimed at limiting

the emissions of sulfur dyoxide via a tradable emission permits system{ have used an annual discount

rate of around 6% per year. Moreover, he states that the current rate is probably slighly below 6%,

possibly at 4.5%. Therefore, by analogy to this system, we use a discount rate that we set at 5%.
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See Table 1

In the base case (scenario (a)), myopic and farsighted behaviors coincide in Regime

B as well at the intersection of Regimes B and C. When the ¯rst period permits

price is equal to 7,8 $/ton of CO2, the emission reductions under both behaviors

amount to 20,7 MtCO2-eq. In Regime C, however, the irreversibility aspect of the

investment plays a role: the farsighted behavior leads to a lower level of the ¯rst period

marginal abatement cost (11,4 $) than the myopic one (15,0 $). Consequently, slightly

fewer emission reductions are undertaken under the farsighted behavior than under the

myopic one. As far as total costs di®erences are concerned, negative ¯gures correspond

to situations where both farsighted and myopic behaviors lead to negative total costs,

i.e., to net gains. Hence, negative ¯gures correspond to the relative decrease of total

gains (in percentage) caused a myopic behavior21. As expected, total costs under the

farsighted behavior are always lower than those under the myopic behavior. In the

base case, the relative di®erence is signi¯cant and amounts to about 15%.

In the case where the endowment e®ect is present (scenario (b)), ¯gures change dra-

matically under all Regimes. In Regime B, for the same level of the ¯rst period permits

price (p1 = 7;8), almost no emission reductions are undertaken under the farsighted

behavior. The endowment e®ect is so important that the country should implement

almost no CDM projects. Then, the relative di®erence in total costs amounts to more

than 19%. The same comments apply to the other Regimes, except that signi¯cant

emission reductions are undertaken also under the farsighted behavior. However, the

di®erence in emission reductions decreases with the ¯rst period permits price, even if,

in Regime C, the irreversibility e®ect also reinforces the endowment e®ect.
21The negative sign of the relative di®erence is always due to the negative sign of the denominator.
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In a scenario under uncertainty (scenario (c)), a di®erence in emission reductions

and total costs is observed in Regime B2. If the ¯rst period permits price is equal to

10$/ton, the farsighted marginal abatement costs amount to only 6,9$. Consequently,

emission reductions are lower under the farsighted behavior and total cost di®erence

reaches almost 30%. At the intersection of Regimes B1 and B2, both myopic and

farsighted behaviors coincide since the endowment e®ect is absent. In Regime C and

at the intersection between Regimes B2 and C, uncertainty does not play any role.

However, the irreversibility e®ect causes slight di®erences in marginal abatement costs,

emission reductions and total costs under both behaviors.

Finally, when both the endowment and the uncertainty e®ects are combined (sce-

nario (d)), the total costs di®erence may rise up to 270%. Lower impacts for larger

¯rst period permits price may be explained by the shape of the marginal abatement

cost curve which is almost vertical above 20 $ per ton of CO2.

6 Conclusion

The \low-hanging fruits" problem has been put as a main cause for the reluctance of

developing countries to participate in the CDM: through the CDM industrialized coun-

tries would use up most of developing countries low-cost abatement options, leaving

them with only expensive options in order to satisfy their own emission reduction com-

mitments in the future. Accordingly, their future abatement costs would be higher and

would result in foregone opportunities to earn revenues on the international permits

market.

The extend of the participation of the developing countries to the CDM is limited

by three e®ects: (i) an irreversibility e®ect, since investments projects last typically

more than one commitment period, (ii) a permits endowment e®ect, when future com-

mitments are negatively a®ected by the CDM projects undergone within the country,
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and (iii) an uncertainty e®ect, related to the permits price in the second period.

Indeed, when assuming that both the seller surplus and the buyer surplus go to

the Annex I country, it has been shown in the literature that developing countries

should not accept any CDM projects (unless they are compensated for their losses).

Under the more natural assumption that the developing country captures the seller

surplus, we show that the country would gain by participating in the CDM, except

when (i) the permits price is low during the ¯rst period relatively to the second period

and, simultaneously, (ii) the future permits allocation to the developing country is

negatively a®ected by its participation to the CDM (the so-called `endowment e®ect').

Important policy implications stem from these results. First, although it does not

solve the LHF problem, banking of permits between commitment periods reduces its

occurrence. Second, reducing the risk of LHF diversion when designing the procedures

for projects validation clearly falls within the competence of the CDM Executive Com-

mittee under the UN Framwork Convention on Climate Change. Problems related to

the capture of the surplus and the endowment e®ect could be overcome by ensuring

fair bargaining conditions between the host country and the Annex I country.

A simple numerical application to South Africa reveals that, by ignoring these

e®ects, the country would bear signi¯cant additional costs (or signi¯cant lower gains).

When all these e®ects are combined, reasonable values of the parameters lead to total

cost di®erences exceeding 50%.

From a broader perspective, empirical evaluations of the contribution of the CDM

to world emission reductions neglect these e®ects. Our results suggest that this con-

tribution is usually overestimated.
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8 Appendix : the problem under uncertainty

In this appendix, we solve the NAI country's problem under the assumption of far-

sighted behavior and uncertainty. The deterministic case in solved afterwards.

The price of permits in period 2, p2; is a random variable taking two possible values,

pL2 and pH2 ; with probabilities 1 ¡ ¼ and ¼ (such that pL2 < pH2 and 0 < ¼ < 1): The

host country observes the actual price of permits at the beginning of period 2 (p2) so

that it can take account of this information when computing the optimal abatement
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measures of period 2. The problem reads as a two stage decision problem and is solved

by backward induction, starting with the last period.

The ¯rst order condition of problem (12) reads :

° (Ex2) = p2 if p2 · ° (E1) (19)

Ex2 = E1 if p2 > ° (E1) (20)

Let V (E1; p2) be the solution of the above problem. Then

V (E1; p2) = C (Ex2 ) + p2
h
Ex2 ¡ eE2 + ®

£
EREF ¡ E1

¤i
if p2 · ° (E1) (21)

= C (E1)+ p2
h
E1 ¡ eE2 + ®

£
EREF ¡ E1

¤i
if p2 > ° (E1) (22)

From (21) and (22), one has

@V
@E1

(E1; px2) = ¡®px2 if px2 · ° (E1) (23)

= ¡° (E1) + [1 ¡ ®]px2 if p2 > ° (E1) (24)

where x = H; L: Let ep2 = ¼pH2 +[1¡¼]pL2 be the mathematical expectation of p2: Given

(23) and (24), the ¯rst order condition of problem (14) can be written as follows:

@
@E1

= ¡2 + µ
1 + µ

° (E1) + p1 + ep2
1 ¡ ®
1 + µ

if ° (E1) > pH2 (25)

= ¡2 + µ ¡¼
1 + µ

° (E1) + p1 +
[1 ¡ ¼]pL2 ¡ ®ep2

1 + µ
if pH2 ¸ ° (E1) > pL2 (26)

= ¡° (E1) + p1 ¡ ep2
®

1 + µ
if pL2 ¸ ° (E1) > 0 (27)

Although they are not analytical functions, V (E1; pH2 ) and V (E1; pL2 ) are continuous,

di®erentiable and convex functions of E1: Given (14), this is also true for : Hence 

admits a unique minimum. Three regimes must be distinguished according to whether

the optimal condition @=@E1 = 0 is satis¯ed for some abatement cost ° (E¤
1) higher

than pH2 ; between pH2 and pL2 or lower than pL2 : Regime B is characterized by ° (E¤
1) >

pH2 ; so thatby (25), ° (E¤
1) = p1 1+µ2+µ+ep2 [1¡®]2+µ : These two relations imply that this regime
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will occur if p1 ¸ pH2 2+µ
1+µ ¡ep2 [1¡®]1+µ : Regime A.2 is characterized by pH2 ¸ ° (E1) > pL2 ; so

that by (26), ° (E¤
1) = [1¡¼]pL2¡®ep2

2+µ¡¼ + p1 1¡®
2+µ¡¼ : These relations imply that this regime

will occur if pL2 + ep2 ®1+µ · p1 < pH2 2+µ
1+µ ¡ ep2 [1¡®]1+µ : Regime A.1 is characterized by

pL2 ¸ ° (E1) > 0; so that by (27), ° (E¤
1) = [1¡¼]pL2¡®ep2

2+µ¡¼ + p1 1¡®
2+µ¡¼ : These relations

imply that this regime will occur if ep2 ®1+µ < p1 < pL2 + ep2 ®1+µ : Finally, a fourth regime

(Regime C) occurs if @=@E1 < 0, 8E1 2 [0; EREF ]: Then E¤
1 = EREF ; which happens

if 0 · p1 · ep2 ®1+µ :

The deterministic case analyzed in section 2 corresponds to the particular case

where pH2 = pL2 = ep2: Hence one can check that pL2 +ep2 ®1+µ = pH2
2+µ
1+µ ¡ep2 [1¡®]1+µ ; so that

Regime A.2 disappears and Regimes A.1, B, C reduce to Regimes A, B, C described

by (7) to (6).
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9 Figures and table
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Figure 3
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Figure 5
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Table 1
(a) Base case: p2=10 ; Teta=0,05/year ; alpha=0

Regime   B B/C C
Price in period 1 or MAC in period 1 : Myopic 7,8 10,0 15,0
MAC in period 1 : Farsighted 7,8 10,0 11,4
Emission reductions : Myopic (MtCO2eq) 20,7 22,4 25,7
Emission reductions : Farsighted (MtCO2eq) 20,7 22,4 25,3
Total costs : Myopic (x1000 $) 108,9 61,9 -44,5
Total costs : Farsighted  (x1000 $) 108,9 61,9 -52,1
Total costs difference (%) 0,0 0,0 -14,6

(b) Endowment effect: p2=10 ; Teta=0,05/year ; alpha=0,3
Regime   B B B/C C

Price in period 1 or MAC in period 1 : Myopic 7,8 10,0 17,7 26,5
MAC in period 1 : Farsighted 0,2 2,3 10,0 12,5
Emission reductions : Myopic (MtCO2eq) 20,7 22,4 26,6 26,6
Emission reductions : Farsighted (MtCO2eq) 0,0 12,7 22,4 25,3
Total costs : Myopic (x1000 $) 267,4 233,1 105,5 -125,4
Total costs : Farsighted  (x1000 $) 224,1 203,9 61,9 -148,9
Total costs difference (%) 19,3 14,3 70,5 -15,8

(c) Uncertainty effect: p2L=5 ; p2H=20 ; pi=1/3 ; Teta=0,05/year ; alpha=0
Regime   B1/B2 B2 B2/C C

Price in period 1 or MAC in period 1 : Myopic 5,0 10,0 45,5 68,3
MAC in period 1 : Farsighted 5,0 6,9 20,0 26,4
Emission reductions : Myopic (MtCO2eq) 16,3 22,4 27,4 27,4
Emission reductions : Farsighted (MtCO2eq) 16,3 20,7 26,6 26,6
Total costs : Myopic (x1000 $) 120,2 36,7 -814,1 -1431,6
Total costs : Farsighted  (x1000 $) 120,2 28,5 -837,5 -1441,8
Total costs difference (%) 0,0 29,1 -2,8 -0,7

(d) Endow. and uncert. effects: p2L=5; p2H=20; pi=1/3; Teta=0,05/yr; al=0,3
Regime   B1/B2 B2 B2/C C

Price in period 1 or MAC in period 1 : Myopic 12,7 17,7 53,2 79,7
MAC in period 1 : Farsighted 5,0 6,9 20,0 27,5
Emission reductions : Myopic (MtCO2eq) 25,3 26,6 27,4 27,4
Emission reductions : Farsighted (MtCO2eq) 16,3 20,7 26,6 26,6
Total costs : Myopic (x1000 $) 197,6 105,5 -807,5 -1536,5
Total costs : Farsighted  (x1000 $) 120,2 28,5 -837,5 -1543,7
Total costs difference (%) 64,4 270,9 -3,6 -0,5
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