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ABSTRACT
)

Joint implementation of the Framework Convention for Climate Change
means that countries may be credited emission reductions that they finance
abroad in order to reduce costs. This paper discusses the aspect of uncer-
tainty in the evaluation of such projects. According to a standard result in
recent investement theory, the choice between measures may depend crit-
ically on whether the costs mainly consist of investments or can be paid
as operating costs. The latter kind of projects allows for a flexibility that
is attractive compared with investments that imply fixed costs. Joint im-
plementation projects will probably involve considerable investments, while
measures at home may allow for flexibility. Thus, joint implementation may
be less attractive than it seems at the first glance. On the total, however,
joint implementation extends the range of available measures, and thereby
increases the ability to follow flexible strategies.



1 Introduction?!

The Framework Convention of Climate Change (FCCC) does not commit
signatory Parties to make any efforts to reduce their emissions of greenhouse
gases. However, it raises a number of general guidelines for a later exten-
tion toward a more restricted agreement. One is that it emphasises cost
efficiency in the choice of climate measures. Cost efficiency in mitigating
global problems implies that countries pay for abatement activities abroad
if it contributes to reduce the costs. Joint implementation is the only ex-
plicitly expressed possibility to integrate climate policy across nations in the
Convention. S

Several industrial countries have advocated the idea of joint implementa-
tion as a strategy for which countries that pay for reductions in the emissions
of greenhouse gases abroad (henceforth called financing countries) as well as
countries in which the abatement takes place (henceforth called operating
countries) will gain. The basic argument is straight forward: The financing
country pays as long as benefits exceed costs and yields a net benefit, while
the operating country may draw advantage from a better local environmental
quality and embedded new technology at no cost. However, there is a need for
an examination of how robust this "win-win”-argument is, at least because
of the sceptisism notably among developing countries and non-governmental
organizations. Such an examination may take the plausible motivations for
countries to carry out climate policy as its point of departure.

Whether or not to engage in joint implementation depends on the financ-
ing country’s evaluation of the effect on emissions of a given amount spent on
abatement abroad, which usually is uncertain. Conventional decision mak-
ing applies the cost-benefit criteria; to choose the alternative with the least
present value of costs. This criteria may, however, be far from optimal if one
compare alternatives with different content of investment costs and operating
costs, because some alternatives leave future options open while others are
irreversible. Thus, the relative value of alternatives may change over time.
This aspect becomes particularily important under uncertainty. Thus, one
needs to examine possible abatement measures both “at home” and “abroad”
from this point of view.

1This paper is a part of the project ” Joint implementation under the Climate Conven-
tion - Phases, options and incentives”, and was financed by the Norwegian Ministry of
Finance.



This paper aims at showing the significance of this aspect for the evalu-
ation of joint implementation projects. In the context of the analysis below,
the sources of uncertainty are exogenous to both parties, and it is assumed
that the problems of asymmetric information does not occur?. Moreover, I do
not analyse the possibility for tlie financing country to exploit uncertainty
in order to achive more credits than it pays for. Thus, I assume that the
verification and control of projects are carried out by the financing country
as if emissions of greenhouse gases enter their welfare function.

2 A general argument for joint implementation

Consider the following economy: Total utility over a given time horizon
depends on the consumption level, ¢, and the country’s contribution to global

warming, which we assume can be indexed by emissions of greenhouse gases,
€st

U, = /:tu(cs,eg) exp(—8s)ds (1)

where § is the pure rate of time preference. e, is the country’s contribution to
a global problem. It may be controlled either by restricting the domestic emis-
sions of greenhouse gases, or by reducing the emissions of greenhouse gases
in another country (joint implementation), b,. The reduction in emissions of
greenhouse gases from abatement abroad is represented by a function h(b;)
for which the derivatives are h; < 0 and hy, > 0. Domestic emissions increase
with the level production, but may be reduced by abatement. Emissions are
represented by g(k,, a,), where k, is the capital stock and a; is resources put
into domestic abatement at s. The assumptions about the first and second
order derivatives are g;, > 0,¢g. < 0 and g7, < 0,g” > 0, respectively. The
country’s contribution to greenhouse gas emissons becomes:

. = g(ks,a,) + h(b,) @)

For simplicity, economic growth is explained by capital formation alone. This
means that there are no feed-back mechanism from emissions to economic

*Hagem (1994) discusses the design of incentive contracts of joint implementation
projects under asymmetric information.



activity. The national product (we do not distinguish between net and gross
products), f(k,) is allocated to investments, consumption and abatement at
home and abroad:

I‘;szf(ks)—c.;_as—bs (3)

To sum up, the model reflects a country that cares about its own contri-
bution to the problem of global warming, but where the immediate effects
of climate change from own emissions are not considered to be significant.
Maximization of the integral (or “sum”) of (1) over a given period of time
(0,T) yields the following condition for the allocation of c,,a, and b,:-

ue = uhy = uyg, (4)
The argument supporting joint implementation follows directly from this
condition: Assume first that joint implementation is not possible, and that
the optimal solution in that case is k*, ¢*,a* — e*. By giving this country the
opportunity to engage in joint implementation, they can attain the same level
of emissions with equal or less efforts if there exist projects abroad that result
in more reductions per unit spent on abatement, i.e. hj_q < g._,.. Thus, for
the same level of emissions a* > (a + b);;, where the latter denotes necessary
abatement under joint implementation. The resources that are released as a
result will be allocated to consumption, investment and abatement. All these
contribute directly or indirectly to utility, however at a decreasing marginal
rate. Thus, an optimal allocation will add to all of them initially. For a given
level of economic activity, therefore, we have e* > e;;. From this perspective,
and provided that joint implementation have a non-negative net effect on the
other country, joint implementation typically leads to a Pareto improvement.

In a dynamic perspective, the reference is given points of time rather than
the level of states. The dynamic condition of optimality is:

v 9 5 Cs .
— = —_ 5
where p. = —c,ul./u, is the intertemporal elasticity of substitution, and

expresses the attitude to the distribution of consumption among generations:
the higher y., the more attention is paid to intergenerational equity. The left
hand side of (5) denotes the social rate of discount. f} is the rate of return
on capital. The second term is the relation between the marginal increase
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in emissions from capital and the marginal decrease of abatement. It can be
interpreted as the implicit adjustment of social productivity as a result of
emissions in optimum. ‘

Assume that the rate of return on capital is constant and that the utility
function is logarithmic, which implies that also u. is constant. Introduction
of joint implementation will then cause an initial increase in both & and
a. Since g; > 0 and g, < 0, the effect both on emissions and on economic
growth here represented by ¢/c may go in either direction. However, under
continuing economic growth the effect of an increasing k gradually outranges
the effect of increasing @ which again results in an increasing rate of growth in
consumption. The reason is that the marginal utility of ¢ and e are constant
while the marginal cost of abatement increases relative to the marginal pro-
ductivity of capital. Thus, in the long run joint implementation may actually
lead to higher emissions. '

This conclusion rests, however, critically on the assumptions. Techno-
logical improvements are not included and one may question the assump-
tions about the second derivatives of g(k,a) and f(k). Extending the model
slightly to include environmental feed-backs on economic activities with mar-
ginal increasing “damage” would tend to moderate the positive long-term
effect on emissions. On the other hand, this possibility probably explains
some of the resistance to joint implementation, namely the fear that less
costly abatement leads to a higher growth which results in higher emissions.

Another question relates to the realism of including emissions directly
into the utility function. It means that governments in industrialized coun-
tries really act as if increasing emissions reduce welfare as long as the ability
to control the global problem by controlling their own emissions is negligi-
ble. Another reason for caring about emissions is to give a signal about the
willingness to act, partly as a response to international pressure. Then the
target is probably better represented by an exogenous limit to emissions, in
a model where the utility depends on consumption only.® Denote by € the
exogenous target. Then (2) can be replaced by

3Note, however, that although the choice of model has a significant impact on the
result in the context of joint implementation, the difference of the models are more subtle.
The motivation for including e; in w(-) is not necessarily that the country is particularily
environment friendly, but e.g. that emissions may affect the opportunities to trade with
other countries. The important distinciton is therfore whether the respects to emissions
can be modelled from the economic activity in the country or should be assessed exogeously.



es < € (6)

and e, is withdrawn from the utility function in (1). Solving this new prob-
lem, we obtain the same conditions, except that the shadow price of the
target, n replaces the expression u’e~®. In other words, the shadow price
can be interpreted as the implicit marginal loss of welfare due to the target.

There are, however, some crucial differences between the two cases. In
the first case, where e, enters the utility function, the solution represents
the unrestricted optimum. Thus, with the given amount of initial resources,
the country can not do better than following the optimality conditions. In
the second example they can, if they manage to “slack” the target. Joint
implementation might open for a possibility to do so if the country manages
to attain more credits than they actually pay for. We will discuss this closer
in the next section.

Another difference relates to the predictability of emissions. While the
second case yields known future emissions if the target is given and effective,
future emissions in the first case depend on measures such as future marginal
productivity of capital, intertemporal elasticity of substitution, and the sec-
ond derivatives of the emissions-function. These are very hard to assess.
Thus, to the international society, given targets may be more attractive than
relying on each country’s worries about their own emissions.

However, explicit targets will represent a limitation to a nation’s ability
to reach maximum welfare over time. Even if the committment to a target
corresponds exactly to the optimal level of emissions under the welfare func-
tion given in (1), it is most unlikely the that same target will be optimal after
a couple of years with economic growth, changing industrial structure and
perhaps different possibilities of engaging in joint implementation projects.

3 Evaluation of projects under joint implementation

The general argument for joint implementation put forward above as-
sumes that there exists a function {h : b — e} and that this function can be
assessed with reasonable accuracy. How to assess it, and its sources of uncer-
tainy have been subject to a broad discussion (Barrett (1993), Bohm (1993),
Aaheim (1994), Loske and Obertir (1994)). One problem is that there are



few measures that have an effect on emissions only. The more general a mea-
sure is, the more difficult it is to isolate the marginal cost of emissions. In
addition, general measures may have secondary effects, often referred to as
“leakages”, which makes it difficult to predict also the net effect on emissions.
The effect of a carbon tax, for instance, depends on baseline assumptions,
future saving ratios etc., which are impossible to assess with sufficient accu-
racy. Furthermore, a carbon tax will lead to substitution toward relatively
less energy consuming activities, however still energy consuming, and may
even affect the trade between countries. The global net effect is therefore
quite open (see e.g. Bohm (1993)). This is why joint implementation will
have to be restricted to projects with reasonably predictable effects.

The problems just mentioned can not be avoided completely, but may be
limited by restricting the class of acceptable measures, for instance to specific
abatement projects for which the marginal cost of emission reductions can
be approximated on a project by project basis (“bottom-up”). Still, how
successful the project will turn out is uncertain for several reasons. First,
the evaluation of a project will have to be based on uncertain information,
such as future prices and performance of the technology. Second, one will
have to negotiate the “price” of the project with the other country. How the
negotiations turn out is not only a question of input prices and technological
specifications. It also depends on the information posessed by the parties,
which is different for the two. Third, there are uncertainties related to the
procedures in the international climate change regime: Will the Conference
of the Parties accept or reject the project as a source of emission credits?

The remainder of this paper highlights uncertainties about the input vari-
ables to the evaluation of projects. In this context, uncertainty has two im-
portant aspects. First, uncertainty may represent an additional cost to a
project. Second, projects involving large sunk costs may be unattractive be-
cause they fix future costs compared to more flexible alternatives. Standard
cost-benefit analysis (CBA), i.e. to sum up discounted costs and benefits and
check whether or not net benefit is positive, is sometimes used as a synonym
for project evaluation. More careful analysis shows, however, that positive
net benefit is not sufficient to start up a project, even under quite normal
circumstances. One is that the future prices are non-constant. Another is
that some of the variables are uncertain. To shed light over both cases we
develop investment criteria both under certainty and uncertainty.



3.1 Project evaluation under certainty

Assume that one alternative for abatement of emissions is to invest an
amount A, which is regarded as a “sunk cost”. We may for instance think
of funding a hydro power project. The investment will replace coal-based
electricity production and cause reductions in the emissions of greenhouse
gases, notably COa, of [a;, asy1, ..., a4 7). tis the time at which the investment
is initiated, and T is the lifetime of the investment. Another alternative is
to abate the same amount at a cost p,a,,(s = 0,...,T), paid each year as
an operating cost until the investment is initiated. One example may be to
pay the extra cost of buying gas to the power plant rather than coal, if the
investments required for such a switch is negligible. The decision maker aims
at minimizing the costs of abatement.

If the abatement strategy is chosen at ¢ = 0, the same decision would
apply for the whole period if we use ordinary CBA as a decision criterion.
As we shall see, this may be misleading if one is allowed to postpone the
investment, and ask when, if ever, the optimal timing of the investment, is.
To make this judgement at ¢t = 0, it is vital to decide what period to consider:
If the investment is postponed, it will last beyond T. To be able to compare
an investment at ¢ = 0 with the same investment at ¢ > 0, therefore, one
must take the whole period (0,7 + t) into account. To be able to compare
the two cases, we need to know what the decision maker will do from T to
(T + t) if the investment is initiated immediately. Alternatively, we may
assign a value to the investment at (7') if it is postponed at ¢t = 0.

To avoid too much speculation about future abatement opportunities,
we choose the latter here. The value of used capital equipment will usually
depend on its age and its degree of utilization. To illustrate the effect of
an end value to an investment decision, I will simplify to as great extent as
possible and assume linear depreciation according to the age of the equip-
ment. The end value at T of an investment initiated at ¢(> 0) then becomes
proportionate to its age, and the cost of the investment at ¢ can be written:

t
A(t) = All - ] (M

Note that if the amount to be abated each year is the same, linear depreci-
ation according to the degree of utilization and to the age of the equipment
coincide.



Denote by @, the net present value of the operating cost alternative in
the period (0,t). Then,

t
Qt=~/0 pease”?’ds (8)

where p is the discount rate. The discounted cost of abatement in the interval
(0,T), regardless of the choice of alternative, is

F(Q,t) = Q¢+ A(t)e™ (9)

The decision maker aims at minimizing costs. The only available control
variable is to decide the optimal timing of the investment. In order to simplify
further, partly because it brings the problem closer to the uncertainty case
to be analysed in the next section, we shall assume that the annual cost of
abatement in the operating cost case, ¢, = p,a, increases by a constant rate
7. m is the increase in either the price of abatement in this case, or in the
amount to be abated. Now, the value of this alternative in the period (0,t)
becomes

Q=21 - e (10)
where ¢p is the cost of abatement in the operating cost case at ¢ = 0. Replac-
ing for this expression in (9) and differentiating wrt. ¢ yields the following
condition for the optimal timing of investment:

qe™ 1 o)
Ao (11)
Compared with the ordinary CBA-criterion, to invest if the net present value
of the operating cost case exceeds the investment cost, the decision rule has
changed into a strategy. The strategy is to invest when the annual cost in
the operating cost case, g;, exceeds the alternative return on the investment
by a given fraction. This fraction is given by the right hand side of (11).
The CBA-criterion is applicable only in the special case where 7 =
0 and T — oco. Then (11) can be written as go = pA, which is the CBA-
criterion. If not, it may be profitable to postpone the investment till some
later date. If T' — oo, the strategy is to invest at the moment operating costs
exceeds the annual alternative cost of the investment, i.e. ¢z = pA. When




depreciation counts, the “critical value” for the investment decision increases
over time if p > m > 0. Then, the following investment rule applies:

Invest immediately if

90 L -eT
A2 >1+ pTe (12)
Never invest if
—1rT 1
<+ e (13)

Wait till (11) is fullfilled if

' 1
)T S g S ope)

If both (12) and (13) are true: Invest zmmedzately if F(Q,0) > F(Q,T),
and never invest if not.

1+

As for the evaluation of joint implementation, this investment rule points
at the importance of extending the evaluation of projects from a study of the
cost benefit ratio at some arbitrary point of time to asking the question when
it is optimal to invest. Then the future cost profile of alternatives must be
taken into account. Many abatement activities involve operating costs which
are expected to change in the future, such as energy prices. It is, however, an
open question whether a more careful analysis of future costs will increase or
decrease the potential of joint implementation activities. That depends on
the alternatives under consideration, both in the host countries and in the
committed countries.

Another question is how important this question of timing is. The answer
depends of course on to what extent assumptions necessary for a CBA to be
appropriate are fullfilled. Some alternatives are shown in Figure 1.

Although it is possible to show that the ordinary CBA criterion may be
seriously misleading, it is not obvious that it involves big practical problems.
Any sensible decision maker would probably reject to make an investment
now that involved twice the present cost of an alternative. The reason for
putting so much effort in the above cases is to give a reference to the analysis
of investment desicions under uncertainy, when the decision maker’s intuition
is weaker.

10



Figure 1. Timing of an investment under certainty
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- 3.2 Project evaluation under uncertainty

There will be many uncertain factors related to joint implementation
projects. In the investment alternative,.the required amount of investment
as well as the actual outcome [a, ...; 7] may be uncertain. The operating cost
case may exhibit uncertaintes in both prices p, and quantities a,. All these
uncertainties may require separate treatment. In addition, the reason why a;
is uncertain will have an impact on how to analyse uncertainty: If:some future
a, is uncertain because there is uncertainty about how much it is necessary
to abate in year s, the uncertainy is the same for the two alternatives. A
different case occurs if the efficiency of the different alternatives is uncertain.
Then, there are different uncertainties attached to each of them.

In this paper, we assume that the amount to be abated is known with
certainty. To begin with, the uncertainty will be limited to the cost of the
operating cost alternative, ¢s, for instance by an uncertain price of the net
abatement. In the example mentioned earlier, the uncertainty would relate
to the price of gas in excess of the price of coal to the gas power plant. Also
the physical amount of abatement for the operating cost alternative might

11



be considered uncertain. In that case the uncertainty would relate to the
cost of additional abatement if the project turned out worse than expected,
and the savings if it turned out better. These savings might be due to less
abatement efforts in other sectors or the sales value of joint implementation
credits to other countries.

In short, I will compare a certain investment A with a project with an
uncertain operating costs g,, but without any investment. I will assume that
the investment alternative is infinitely living. Then effects of an arbitrary
assumption about depreciation is avoided, but the assumption also makes
the problem tractable, and similiar to that analysed by McDonald and Siegel
(1986). This means that to invest is truly an irreversible act: Investments
are “sunk costs”, and once invested there is no possible way to return to the
other alternative. |

Recall the value of the operating cost alternative:

t
Q= [ aeds (14)

gs is assumed to follow a geometric Brownian motion with drift =,

dg; = q(ndt + adz) (15)

where Edz = 0 and ¢? = var(ln(g;/¢:)], s > t. Since the investment alter-
native is everlasting, we can follow Kobila (1989) and express the expected
value of the operating cost alternative by solving the integral in (14). Then,

1
EQ:i= ——|q0 — Eqe™""] (16)
p—

where g, the cost of abatement at ¢ = 0, is assumed to be known to the
decision maker. The expected minimized value of future abatement is then

1

p—T

F(q,t) = min{——[go~ Eqie™"'] + Ae™"'}

which replaces (9) in the certainty case. This is the same as

F(q,t)=p_7r

This maximization problem corresponds to that of McDonald and Siegel
(1986) and is further elaborated on in Dixit and Pindyck (1993). Since the

[0 — max E{gre™" ~ (p — 7)Ae™"'}] (17)
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time horizon is infinite and 7, go and o are all independent of ¢, also F{(:) is
independent of ¢. This implies that the passing of time has no direct impact
on the the decision.

In order to simplify notation somewhat, we define

B=(p-mA
and

V(g) = max{(q. — B)e™}

ie. F(q)=1/(p—7)[go— EV(q)]- V(q) defines the time at which the differ-
ence between paying for the operating cost case into infinity and investing is
at its maximum. Regarded as a function of ¢, we may therefore interprete
it as the value of the investment option (i.e. holding the investment), given
that the optimal strategy is followed. As we seach for an investment strategy,
our primarily interest is how V(q) develops over time.

Denote by ¢(g;) the value of the investment option (i.e. to make the
optimal decision) at ¢. With discrete time and time intervals of length At,
we then have '

V(g) = [c(ge) + mEv<q(t+At))1

Multiply both sides by (1 + pAt), and rearrange. Then,

pALtV (g:) = c(q)(1 + pAt) + EV(qu+ay) — V(g)-
Divide by At and let At — 0. Then,

pV(g:) =<(g:) + E[dV(g,)] (18)
which is the Bellman equation.

The two alternatives can be defined by two regions within the possibility
set. The region in which it is optimal to pay the operating cost g; is clearly
identified as the region in which continuation contributes positively to V(g;).
In other words, ¢(g;) has to be positive. If ¢(g;) is negative, however, it would
have been better to stop. Consequently, at the boundary of the continuation
region, we require that '

pV (q:)dt = E[dV(q,)] (19)
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Since g, is a Brownian motion, V(g;) can be expanded by Ito’s lemma:

1
BldVi] = E{V;dq + 5V;;(dq)’}

Taking expectations and dividing through by dt yields
(] 02 2y
E[dVi] = mq:Vy + 5¢: Vo (20)
Replacing for (20) in (19), we obtain the condition for optimal timing for the
investment:
o’ , ,'l» '
5 % Vg + 74V, —pV =0 (21)

In addition, the following conditions have to be fullfilled at the boundary,
1e. ¢ = ¢q*:

V(0) =0 (22)
V(¢")=q¢-B (23)
V=1 (24)

(22) simply says that if it is optimal to invest at once, the value of holding
the investment is zero. (23) is “the value-matching condition”: It requires
that at the boundary the value of the investment option equals the expected
difference between continuing the operating cost case into infinity and in-
vesting. This is exactly how we interpreted the value function. (24) is the
“high-contact principle”. It says that the “reward function” and the value
function pasts smoothly along the g-axis. This means that the reward of a
marginal increase in ¢ equals the marginal value of the optimal choice when
gs = ¢*. In this case this marginal total cost is 1.

(21) - (24) allows for a complete solution of the system. Its general form
is:

V() = ag; (25)
where 1 x 1 2%
B s - Sl G- 2+ Lt s (26)



Figure 2. The value of an investment
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The critical value for the cost of the operating cost alternative can now be

found by (23):

P
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Now, 8 — p/7 as 0 — 0. Therefore ¢* must be higher under uncertainty

than under certainty, when ¢* = pA. In other words, the operating cost alter-

native is more attractive compared to the investment alternative if operating
costs are uncertain, than under certainty.*

Figure 2 displays the difference between a CBA-criteria and a strategy.

The straight line represents the value of initiating the investment at different

values of ¢;, i.e. the reward function. If ¢; = (p — 7)A, the present value

(28)

4This does not mean that uncertainty is attractive. The expected present value of the
optimal strategy, i.e. combination of projects, increases the lower the uncertainty is.
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of the two alternatives are equal. If ¢; is higher, the present value of the
investment alternative is lower than following the operating cost case ever
after, yielding a positive value for the investment. Thus, the CBA critera
is met. However, the dotted line represents the value of a combination of
the two under certainty, which is higher than to choose only one of them as
long as ¢ < pA. Uncertainty further moves the critical value of ¢* upwards.
The value of waiting to invest can be interpreted as the difference between
the straight line and the V(g¢)-curves, one curve for each case. This value
expresses the loss in using the CBA-criteria if ¢; < ¢*. The critical value is
found where this curve and the straight line touch, in accordance with the
high contact principle, (24).

The operating cost alternative allows for more flexibility than the invest-
ment alternative because it leaves the decision maker the possibility to regret.
This is why the critical value for the cost of the operating cost alternative
is higher under uncertainty than under certainy. If ¢; is slightly above the
capital cost of the investment, it is nearly a 50/50 percent chance that ¢4 a;
will be lower than this capital cost. Thus, if we invest at that level, we run a
too high risk of being stuck with the fixed cost of the investment, when the
cost of the operating cost alternative is lower. If it turns out that ¢; increases,
we can allways redo the decision of running the flexible alternative. As will
be illustrated in the example below, this flexibility may be quite important,
especially when ¢; develops according to a geometric Brownian motion.

3.3 Examples

Due to the rather strong assumptions underlying the analysis above, it
may be hard do find direct practical application of these results. However,
some topical categories of abatement measures can be regarded close to either
the investment alternative or the operating cost alternative. Especially since
joint implementation projects must be compared with potential measures
taken “at home”, one has to consider also general abatement measures as
alternatives. Table 1 displays some categories of measures to mitigate climate
change which may be considered either as investment projects or abatement
programs with mainly operating costs. In practice, all projects will of course
have some of both, but there is clearly a “bulk” of costs in either of them for
the categories listed in the table, at least if we allow for a wide interpretation
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Table 1. Topical categories of abatement alternatives

Description Abatement (a) Investment (A) | Operating cost (g)

(1) Energy saving Lower emissions Cost of Negligible
equipment from energy cons. equipment

(2) Forestration Enhanced sinks Cost of Negligible
programime from trees- planting

(3) Investm. in hydro/ Emissions from Cost of Negligible
solar power plant the alternative power plant '

(4) Investm. cost of Lower emissions from Cost of Negligible
infrastructure higher energy eff. investm.

(5) Fuel switching Diff. in emission Negligible Price diff.
e.g. from coal coefficients old vs. new fuel

(6) General measures Emission effect Negligible Macroec. cost
s.a. carbon tax of policy of policy

of the term negligible. In category (5), fuel-switching, investments may of
course be significant. However, the relevant investment cost would be the
necessary amount of investments in excess of the least cost alternative. This
implies that (5) applies as an operating cost alternative when old equipment
(e.g. coal fired) can be replaced. Note also that if the future operating costs
of an investment alternative can be considered certain and constant, they
can be included in the investment cost and regarded as such. '

The four first categories can be regarded investment alternatives while the
two latter consists of “operating” costs, or more precise costs of adjusting to a
given emission target. Except for (6), all categories may apply as alternatives
both in the financing country country and in the operating country. Appear-
ently, however, most of the measures to be considered as potential “joint
implementation”-projects will probably fall into the investment alternatives.

In some cases the assumption of an infinite time horizon for the investment
alternative may be problematic. Strictly speaking, investments with infinite
time horizon do not exist, but for practical purposes, it is sufficient to assume
that the present value of the abatement cost at T' is negligible. Therefore,
projects which aim at enhancing sinks by forestration, (2), will normally have
a time horizon limited to the main growth period for the trees, and may not
fit as an example after all.

To provide an illustration of the importance of these results, consider
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Figure 3. Switch time under alternative paths for g
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- an -example where energy saving (1) is compared with fuel switching (5).

-Assume that a country considers to invest in energy savings that will lead
to an annual reduction at 100 000 tons of CO,. The cost of the investment,
A, 1s 100 mill. NOK. To abate a similiar amount with fuel switching, one
has to pay 50 000 NOK per 1000 tons the first year (i.e 5 mill. NOK for 100
000 tons). This “price” is expected to:increase by 1 percent per year, but
there is a considerable uncertainty related to this increase. Assume that it is
-estimated to deviate by 5 percent annually from-its-expected-path. We set

- the alternative return on capital to 5.5 percent.

The cost-benefit ratio for these alternatives is 1.11 in favour of the in-
vestment in energy saving. In terms of present values, the fuel switching
alternative should therefore be discarded. However, during the first years of
abatement it would be less expensive to switch fuels, since the cost of this
alternative is below the alternative return on the cost of energy savings. It
will take approximately 9 years before the investment becomes more attrac-
tive, i.e. when the cost of fuel switching equals the alternative return on the
investment cost of energy savings. Thus, the energy savings plan should be
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postponed at least 9 years.

If, in addition, the uncertainty is taken into account, the expected time of
postponement increases substantially. The critical cost for the fuel switching
alternative then increases from 55 000 NOK to about 60 000 NOK, implying
a “certainty equivalent” return on capital at 6 percent. The expected switch-
ing time from fuel switching to energy saving is now 18 years. In practice,
however, we don’t know when this switch is going to take place. Figure 3
displays two examples of paths for g; that follows the same Brownian mo-
tion. The two paths varies significantly. While the upper path reaches the
critical g-value after 10 years, it takes 50 years before this level is reached in
the second example. According to the optimal strategy, it would be correct
to invest at ¢ = 50 in the latter case. Moreover, if one looked back at e.g.
t = 100, hindsight would perhaps resulted in regrets for this decision, as the
cost of the fuel-switching alternative reaches its peak excactly at this point
of time. Compared with the cost-benefit criteria, however, which resulted in
a clear recommendation in favour of the investment, the optimal strategy is
now to postpone the investment up till 50 years.

4 Concluding remarks

Joint implementation may have a potential for making the accomplish-
ment of efforts to mitigate climate change easier. This applies especially if
countries that commit to targets of their emissions of greenhouse gases re-
ally are concerned about the problem of global warming rather than making
commitments due to international pressure. A true.concern will prevent the
committed party from .trying to make the joint implementation project look
more effective than it actually is. If, on the other hand, the commitment is
a result of international pressure, both parties will have incentives to make
such biases in reporting the project.

Another problem related to the effect of joint implementation is the so-
called leakage problem. This may be analysed from different points of view.
In this paper, we shortly discussed the long-term effect on emissions from
the fact that the cost of abatement decreases. It turned out that this effect
might contribute to higher growth and higher emissions in long term. This
effect is, however, dependent on several assumptions which may not be full-
filled. In addition, a medium term perspective seems more appropriate for an
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evaluation of joint implementation due to several open questions. In such a
perspective the positive effect of joint implementation projects seems rather
evident.

The costs and the effects of climate measures are subject to significant
uncertainty. In this paper we have restricted the analysis to compare projects
mainly involving investment costs with projects mainly involving uncertain
operating costs. The difference between the two arises from the fact that the
operating cost alternative allows for more flexibility than an investment does.
The advantage with the flexible alternative is that one may reconsider the
decision when the uncertainty resolves, while the investment fixes the future
cost. This effect may have a considerable effect on the optimal decision
compared with the conventional cost-benefit criteria.

Joint implementation implies a significant increase of the range of possible
measures to mitigate climate change from those measures available in one
country, thereby extending the ability to follow flexible strategies. Financing
fuel switching in other countries may in some cases be an example on topical
projects for joint implementation. Perhaps equally important, however, is
that investments in joint implementation will be less attractive than a present
value calculation of a project would indicate, if the commited country has a
flexible alternative available at home. A number of economic policy measures
to restrict emissions constitute such flexible alternatives.
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