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1. Introduction

1.1. Background

Aimed at hampering the anthropogenic climate change the Kyoto Protocol obligates the
Parties (developed countries or group of countries) to reduce or to limit GHG emissions from
their base ycar levels. The agreement was drawn up in 1997 under the UN Framework
Convention on Climate Change (UNFCCC). The emission targets, specified for each Party,
need to be achicved within the commitment period of 2008-2012.

Implementing the Protocol requires accurate and verifiable inventories of cmission by sources
and removals by sinks conducted at a national scale (Article 5). Guidelines for such national
systems have been alrcady specified by the International Panel on Climate Change (IPCC
1996). However, uncertainty is unavoidable in preparing such large scale inventories,
especially given the fact that GHG emissions are not directly measurable. They are assessed
on the basis of (1) emission factor from test data or scientific calculation, and (2) activity data
reflecting GHG-related activitics. Both the quantities are uncertainty loaded. Reducing
uncertainty level may thus be aimed at both more accurate estimation of emission factors as
well as improvement in data collecting systems [7].

The uncertainty inherent in emission inventories beccomes crucial in the context of emission
trading scheme. Article 17 of the Protocol introduces emission trading in order to facilitate
achieving the agreed reduction targets. The Parties listed in Annex B to the Protocol are
allowed to buy or sell their domestic emission reduction permits. Environmental markets are
regarded as an attractive policy instrument since they provide potential for cost-efficiency.

1.2. Accounting Costs of Uncertainty Reduction — Where is the Problem

When accounting costs of uncertainty reduction one should thoroughly examine dependencies
between emission and uncertainty reduction. The quality of monitoring system is reflected by
relative uncertainty. Thus investing in the quality of monitoring system aims at reducing
relative uncertainty. Also improved estimation of emission factors will be mcasured in tcrms
of relative uncertainty. On the other hand lct us analyse the opposite case of financing projects
that reduce just emission level while keeping the quality of monitoring system unchanged.
This kind of activity will influence not only the emission level, but it also induccs reduction of
absolute uncertainty magnitude.

An alternative for this approach is the following: to regard uncertainty and emissions
reduction as two independent processes. Then, two functions depicting cost of each of the
abatement activity are believed to depend on uncorrelated variables: uncertainty level
(expressed in absolute terms) and emissions level, respectively. This approach has been
already applied in the literature.

1.3. Overview of the Study

Our main objective is to grasp the differences between two inverse approaches to calculating
costs of uncertainty reduction. Therefore, the focus of the paper is to incorporate the idea of
dependencies between emission and uncertainty reductions into cxisting models of economic
framework under the Kyoto Protocol. We do not tend to compare the models themselves.
Scction 2 provides an overvicw of the models that will be of use in the sequel. According to
our knowledge there arc two publications considering analytically the problent of uncertainty
in the Kyoto agreement i.e. [3] (see also {2]) und [8]. In Scction 3 we present the modification
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of the schemc introduced in [8]. It allows to assess general differcnces between the former
notion of uncertainty cost function and the new one. Section 4 scrutinizes [3] in order to
analyse cost efficiency of the carbon market. Concluding remarks are given in Section 5.

2. Review of the Literature

Montgomery [6] proved that emission trading creates opportunity to achieve the aggregate
reduction of pollution at the least total cost to all the Parties. The mechanism can be feasible
under the assumption that all the transactions are made at the same point in time and at
equilibrium prices known to all the Parties. That would require the full knowledge of cost
functions by the central environmental agency and this fact places the countries in an
unfavourable position.

Starting from this point Ermoliev er al. {1] developed a dynamic scheme of tradeable permit
market, where permit prices are adjusted to equilibrium levels in consecutive steps. A scheme
of sequential bilateral trade was analysed. Two parties with differing cost functions meet at
random and exchange their permits. A new pair is picked and the procedure is repeated. The
process goes on as long as there are two or more sources with differing costs. It has been
demonstrated that this scheme will lead the Partics to the least cost solution, whilc thc
information about each Party’s emission reduction cost function remains unrevealed.

The issue of uncertainties related to carbon reporting has been introduced into the Kyoto
framework in [8]. It has been considered the case in which apart from managing its emission
level a party can also actively reduce its uncertainty level. The general aim of the model is to
oplimise on a country’s choice between emission and uncertainty reduction to meet the agreed
Kyoto reduction target. The authors seek for an optimal rate of emission AF and uncertainty
reduction A& In other words, two choice variables represent exhibited reduction from the
fixed initial value of emission £y or uncertainty €o, respectively.

Reduction of emission and uncertainty requires bearing some costs specified by two separate
cost functions. The idea of uncertainty reduction cost function ¢;”" has been introduced and
according to the model set-up the function ¢,” depends on the level of absolute uncertainty €.
The cost of emission reduction ¢ is associated with emission level F. Both functions refer
to average costs.

The problem has been formulated as the maximization of the profit function

max 7 = {[AF ~ (g, - Ae)|p — i - AF " -Ag} 0

s.t. KRT < AF ~ (g, — A£) )
where p stands for the price of carbon permit, established on a competitive market. The profit
function 7 reflects balancing costs incurred on reduction of emission and/or reduction of
uncertainty with the market value of achieved emission reduction undershot by uncertainty
level. The optimisation constraint specifies that at the commitment period the achieved
emission reduction AF corrected by its uncertainty level (g - Ag) has to be compared with the
Kyoto reduction target KRT. The approach is based on the linear Verification Time concept
introduced in [5].
Reduction in emission AF and reduction in uncertainty level Ae are regarded as independent
of each other. Additionally, assuming that both cost functions ¢” and ¢ are convex and at
least twice differentiable, the concavity of the optimisation problem is assured. Setting up the
Lagrangian and deriving the first order conditions allows to determine the optimal decision
rule at a fevel of a single Party:
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where (c2') and (¢™) denote the first derivatives of the corresponding cost functions.
The simulation of carbon permit market regarding uncertain reporting of carbon fluxes was
provided in [3]. The equilibrium on the market is approached with the methodology of the
scquential bilateral trade. Reduction of uncertainty is regarded in absolutc terms and the
uncertainty reduction cost function was employed to model costs of rcducing ‘unreported’
emissions.
Consider a set of the Kyoto Parties numbered with i (i = I,...,N) and acting on a permit
market. Each of them face a two-step optimisation problem. First, they choose between
emissions and uncertainty abatement for a given amount of permits. Similarly to [8] two
separate cost functions have been considercd:

¢,.,(IF;) - the total cost for the Party 7 of keeping emission on the level Fy;

Cgv,.(E, )- the total cost for the Party i of keeping uncertainty on the level &.

Additionally, let us denote:
K; — the Kyoto emissions target for the Party i;
yi — the number of emission permits handled by the Party i. The value may be positive
(a purchaser of the permits) or negative (a supplier of the permits).
The optimisation task for an individual Party is formulated:
iy =minle, (F)+c, (e)] )
st I+6, <K, +y, ©6)
Both cost functions cr(F;) and c,(€;) are assumed to be positive, decreasing and convex in F;
and €;, respectively. The convexity of the function fi(y;) is assured as it is the minimum of sum
of two convex functions subject to a linear constraint. There is one solution to the task (5),
(6). Setting up the Lagrangian it can be found that in the cost minimum solution the marginal
costs of reducing uncertainty and emissions will be equal.
The second optimisation problem involves finding permit distribution among the Parties that
would assure the least cost solution for all the sources. The aggregate cost of reaching the
agreement is defined as the sum of all the individual costs:

N
min_ f,(y,) )
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s.t. Zy, =0 ®)
=1

Convexity of individual cost functions fi(y;) assures also convexity of aggregate optimisation
function, thus achieving the global least cost solution. The applied sequential bilateral trading
scheme is proved to converge to this equilibrium.

3. Introducing Relative Uncertainty to the ‘Obersteiner et al.’ Set-up

3.1. Necessary Conditions for the Party’s Optimal Strategy

To derive conditions for the country’s optimal choice we will closely follow the authors’
original concept. Let ¢ describe the average cost of emission reduction being dependent on
AF and F. However, instead of the function ¢/, which corresponded with absolute
uncertainty, we introduce the function of relative uncertainty reduction cost ¢g™. The function




describes average costs and it depends on AR, and therefore on both AF and A¢€ correlated in
the following way:
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The new cost function ¢k is introduced into the formula (1) instead of the former ¢,/* and
consequently AR applied instead of A¢:

max|(AF — &, + Ae)p—cy -AF -ci - AR| (10)
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We set up the first order conditions for the maximum of the goal function (L — the Langrange
function):
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Finally, we obtain the formula for the optimal AF:
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where Ry stands for the initial level of relative uncertainty (RO = FJ




3.2. Differences Between Cost Curves of Absolute and Relative Uncertainty
Reduction

We can find an analogy between the above expressions for AF" AE (equations (13) and (14))
and the solutions of the original model in [8] (equations (3) and (4)). Particular costs and their
derivatives from the original and modified version may be compared, as specified in Table 1.

Table 1. Comparison between cost functions and their derivatives — equations (3) and (4) vs.
equations (13) and (14).

Obersteiner et al. (2000) Modified version
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To carry out the comparison we require that ¢/ for both approaches are equal and

additionally ¢/” = FL(I+RO)C,’;". Then, the optimal AF and Ae are calculated for the
0
particular cases of ¢/ =0, ¢/ = ¢,"" and ¢/ = 0, as showed in Table 2.

Table 2. Comparison between the optimal solutions for three cases.

Case Obersteiner ef al. (2000) Modified version
CF(I\! =0 cm, 1‘ ('(f"
AF =(KRT +£)) + —— AF = (KRT +¢,)+ et
(c: ) Fo +£() Fy+é& (")
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av _ av ¢ =
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A& =(KRT +¢,)+ ( Ae= (KRT+£0)+(C

4. Introducing Relative Uncertainty to the Emission Trading Scheme

Bclow we show the consequences for the carbon market resulting from introducing the
concept of dependencies between the reduction of emission and its underlying uncertainties.
Namely, the carbon market may be restrained (rom the convergence to its lcast cost solution
among all the Parties. First, the analytical description is given and then an illustrative examplc
follows.




























