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ADstract

Our study is a preparatory exercise. We focus on the analysis of uncertainty in
greenthouse gas emission inventories. Inventory uncertainty is monitored, but not
regulated, under the Kyoto Protocol to the United Nations Framework Convention on
Climate Change. Under the Convention, countries publish annual or periodic national
inventortes of g¢reenhouse gas emissions and removals. Policymakers use these
inventories to develop strategies and policies for emission reductions and to track the
progress of these policies. However, greenhouse gas inventories contain uncertainty for a
variety of reasons, and these uncertainties have important scientific and policy

implications. For most countries under the Protocol the agreed emission changes are of
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Preparatory Signal Analysis Techniques Jonas et al.

However, GHG inventories (whether at the global, national, corporate, or other level)
contain uncertainty for a variety of reasons — for example, the lack of availability of
sufficient and appropriate data and the techniques to process them. Uncertainty has
important scientific and policy implications. Until recently, relatively little attention has
been devoted to how uncertainty in emissions estimates is dealt with and how it might be
reduced. Now this situation i{s changing, with uncertainty analysis increasingly being
recognized as an important tool for improving inventories of GHG emissions and

removals (e.g., IPIECA, 2007; Lieberman ef al., 2007).

At present, Parties to the UNFCCC are encouraged, but not obliged, to include with their
periodic reports of in-country GHG emissions and removals, estimates of the uncertainty
associated with these emissions and removals; consistent with the Intergovernmental
Panel on Climate Change’s (IPCC) good practice guidance reports (Penman ef al., 2000,
2003). Yet, it makes a big difference in the framing of policies whether or not uncertainty
is considered: reactively, because there is a need to do so; or proactively, because

difficulties are anticipated.

Our tenet is that uncertainty estimates are not intended to dispute the validity of national
GHG inventories. Although the uncertainty of emissions estimates underscores the lack
of accuracy that characterizes many source and sink categories, its consideration can help
to establish a more robust foundation on which to base policy. According to the IPCC
good practice guidance reports (notably, Penman ef a/., 2000: p. 6.5), uncertainty analysis
is intended to help “improve the accuracy of inventories in the future and guide decisions

an methodological choice”. Uncertainty analyses function as indicators of opportunities
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for improvement in data measurement, data collection, and calculation methodology.
Only by identifying elements of high uncertainty can methodological changes be
introduced to address them. Currently, most countries that perform uncertainty analyses
do so for the express purpose of improving their future estimates; and the rationale is

generally the same at the corporate and other levels. Estimating uncertainty helps to

prioritize resources and to take precautions against undesirable consequences.

Our rationale for performing uncertainty analysis is to provide a policy tool, a means to
adjust inventories or analyze and compare emission changes in order to determine
compliance or the value of a transaction. The aim of our study is to provide a preparatory
guide for dealing with uncertainty in the (post-) Kyoto policy process. We apply and
compare six available techniques to analyze uncertain emission changes (also called
emission signals) that countries agreed to realize by the end of the Protocol’s first
commitment period 2008-2012. A thorough comparison of the techniques has not yet
been made available. Even more unsatisfying, although highly needed, techniques to
analyze uncertain emission signals from various points of view, ranging from signal
quality (defined adjustments, statistical significance, detectability, etc.) to the way
uncertainty is addressed (trend uncertainty or total uncertainty) are not in place. For most
countries under the Protocol (Annex B countries) the agreed emission changes are of the
same order of magnitude as the uncertainty that underlies their combined (carbon dioxide
equivalent) emissions estimates (Table 1: compare last column on the left with first

column on the right). Any such technique, if implemented, could ‘malke or break’ claims
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recapitulates the relevant uncertainty terms and concepts that we refer to and make use of

in our study.
Table 2
Box 1

Table 3

Table 3 lists the six signal analysis techniques and summarizes their major characteristics
which are explained in detail in Section 3. These are (1) the critical relative uncertainty
(CRU) concept; (2) the verification time (VT) concept; (3) the undershooting (Und)
concept; (4) the undershooting and VT (Und&VT) concepts combined; (5) the
adjustment of emissions (Gillenwater, Sussman and Cohen—GSC #1) concept; and (6)
the adjustment of emission reductions (Gillenwater, Sussman and Cohen—GSC #2)

concept.

To ensure that all techniques can be compared to each other, they refer to GHG emissions
at two points in time, base year and commitment year, of each country group (see Tables
1, 2), and are operated under relative emission limitation or reduction (commitment)
conditions with uncertainty expressed in relative terms. Relative uncertainty can range

widely depending on the system of GHGs studied (see Box 1 and right sight of Table 1).

The major difference between the techniques is whether they follow the concept of trend
or total uncertainty (see first and second row in Table 3 and Box 1 for explanations). This

determines whether we classify a technique capable of pursuing an “intra-systems view

or even an “intra-systems view that is suited to support an inter-systems (top-down)
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mechanisms). Thus, achieving a relative uncertainty smaller than 8.7% appears difficult
for quite a few, especially data poor, Annex B countries.

The CRU concept exhibits a dissimilarity between emission limitation (6, <0) and
reduction (8, >0). This can be immediately seen when comparing the CRUs that
belong to &, values that are equal in absolute terms (see, €.g., country groups 1 and 7: +

8.0%). This has consequences when defining stricter or more lenient Kyoto emission
targets. For instance, in the case of increasingly stricter Kyoto emission targets (let
4, <0 increase), Annex B countries committed to emission limitation must decrease
their uncertainties according to this concept; their CRUs decrease. In contrast, countries
committed (o emission reduction do not need to do so (let é, >0 increase); their
uncertainties can even increase because their CRUs also increase and can be et more
easily. The opposite is true in the case of increasingly more lenient Kyoto emission
targets. Annex B countries committed to emission reduction must decrease their
uncertainties in order to satisfy decreasing CRUs (let §, > 0 decrease), while countries
committed to emission hmitation can even increase their uncertainties because their

CRUs also increase and can be met more easily (let §,, <0 decrease).

According to this concept the stabilized emissions case ( &, =0 ) should not be
allowed—it presupposes zero uncertainty—unless it is ascertained beforehand that

relative uncertainties are, or can be expected to be, at least small.

3.2 VT Concept
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The VT concept goes beyond the CRU concept. In its most simplified version (as
employed here) it takes the linear dynamics of the emission signal between base year and
commitment year into account and can thus be used to qualify in relative terms the degree

of detectability achieved in the commitment year.

Starting Point. Annex B countries comply with their emission limitation or reduction
comunitments under the XP.

Assumptions: (1) The relative uncertainty (p) of a country’s net emissions (x) shail be

symmmetrical and not change over time, i.e., p, = p, (:: p) .
(2) The absolute change in net emissions shall outstrip absolute
uncertainty at time t (which can be <or>t,), i.e,, ’Ax (t)‘ >e (t)

Systems View. Intra-systems view suited to support inter-systems (top-down) view: Only

our real diagnostic capabilities of grasping emissions at any point in time
individually—reflected by absolute uncertainty e(t) —are of interest.

Correlation of uncertainty over time does not matter.

Question: What are the times (also called verification times; VTs) when the

countries’ emission signals outstrip uncertainty?’

Approach: Deterministic (see Figure 2).
Figui‘e 2
Answer: The answer is given by Ineq. B-7a in SOM_Math: Appendix B
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L. B (B-7a)
L=t |6K.I"|+6KP:0

where At is the VT, and t,—t, the time between base year and

commitment year/period upon which the VT is normalized.

Result: The numerical result is given by Table 5 (see also Table B-1 in

SOM_Math and worksheet Verification Time 1 in SOM_Num).

Table s

Table 5 lists nonnalized VTs for all Annex B countries under the KP. The VT concept
provides a more detailed detection perspective for negotiators of the Protocol than the
CRU concept presented in Section 3.1. It quantifies in detail what the consequences are in
the form of normalized VTs if countries report emissions with relative uncertainties that

are < or > p_, . Here we explore the range from 2.5 to 30% relative uncertainty, which is

erit

given by the medians of classes 1 and 4 (see Box 1 and right side of Table 1).

Moreover, the VT concept corroborates the dissimilarity between emission limitation and
reduction, which has already been found for the CRU concept and which is a direct
consequence of not demanding a uniform &, for all countries under the Protocol. While
both the VT concept and the CRU concept favor stricter over more lenient Kyoto

emission targets in the case of emission reduction (., > 0), this is not so in the case of

emission limitation (&, <0) where the two concepts favor more lenient over stricter
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Assumptions:

Svsteins View:

Question:

Approach:

Figure 3

Answer:

Jonas et al.

(1) Uncertainties at t, and t, are given in the form of intervals, which

take into account that a difference (&) might exist between the true (t)

but unknown net emissions (x, ) and their best estimates (x).

(2) The relative uncertainty (p) of a country’s net emissions is

symmetrical and does not change over time, i.e., p, = p, (== p).

Intra-systems view: Correlation of uncertainty over time matters.

Taking into account the combined uncertainty at t, and considering that
the true emissions are not known, how much undershooting (Und) is
required to limit the risk « that countries overshoot their true emission

limitation or reduction commitments?

Quasi-statistical, based on interval calculus (see Figure 3).

The answer is given by Eq. C-13 in combination with Eq. C-15 and Eq.

C-18 in SOM_Math: Appendix C

X, 2 (1= )x,, withriska <

1-(1=2)-v)p | o (C-13a,0)

mod 7
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Result:

Table 6

where v approximates (first-order approach) the net (effective) correlation

between g, and ¢€,; and 8, .4 15 the countries” modified (mod) emission

limitation or reduction targets defined by
Bipod = p +U (C-15)
and U the undershooting given by

(I—ZQ)(I ~—U)p

_ -18
1+(1—2a)(1-v)p (C18)

U= 2(1"5«?)

The numerical result is given by Table 6 (see also Table C-1 in

SOM_Math and worksheet Undershooting 4o in SOM_Num).

Table 6 lists 8,4 values as a result of applying Eq. C-15 in combination with Eq. C-18.

8¢, p and a are treated as parameters, while the correlation v is 0.75 (typical for

currently reported uncertainties; most recently: EEA 2009: Table 1.20).% Table 6 shows

that the Und concept is difficult to justify politically in the context of the KP. Under the

Protocol, nonuniform emission limitation or reduction commitments (see &, values in

the second column) were determined ‘off the cuff’, meaning that they were derived via

horse-trading and not resulting from rigorous scientific considerations. The outcome is

discouraging. Varying 6,, while keeping the relative uncertainty p and the risk a

constant exhibits that Annex B countries that must comply with a smaller 6, (they

exhibit a small §,

4) are better off than countries that must comply with a greater &,

mo:
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(they exhibit a greaté, ). (See, e.g., d,,, values in red for p = 7.5% and a = 0.3.) The
choice of &, dominates Eq. C-15, while the influence of 3, on U (see Eq. C-18: u?t
for 8, ¥ and vice versa) is negligible and does not compensate for agreed deviations in

the §,, values. Such a situation is not in line with the spirit of the KP.

This situation would be different if the nonuniformity of the emission limitation or
reduction commitments were the outcome of a rigorously based process resulting in a
straightforward rule that applies equally to all countries, as it would be the case, for
instance, under the widely discussed contraction and convergence (C&C) approach; e.g.,
WBGU, 2003: Section 2.3; Pearce, 2003). Under such conditions, it would be the

undershooting U that matters, not the modified emission limitation or reduction target

mad

34 Und&VT Concepts Combined

The Und&VT concept seeks to combine the strengths of both the introduction of risk by
the Und concept and the explicit consideration of time by the VT concept in detecting an
emission signal. That is, the Und& VT concept also allows undershooting to limit, or even
reduce, the risk that true emissions are greater than those estimated and reported; and it
addresses the degree of detectability achieved in the commitment year. The Und&VT
concept accounts, like the VT concept, for the linear dynamics of the emission signal
between base year and commitment year, and uncertainty at the latter. In contrast to the

Und concept, it thus follows the footsteps of signal detection in quantifying the
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aforementioned risk. Concomitantly, the Und&VT seeks to overcome some of the

undesirable properties of both the VT concept (countries committed to equal emission

limitation and reduction targets in absolute terms are treated dissimilar) and the Und

concept (countries committed to different emission changes under the KP are assigned

different modified emission limitation or reduction targets)

Starting Point:

Assumptions:

Systems View:

Annex B countries comply with their emission limitation or reduction

commitments under the KP.

(1) Uncertainties at t, and t, are given in the form of intervals, which
take into account that a difference () might exist between the true (t)

but unknown net emissions (x,) and their best estimates (x).

(2) The relative uncertainty (p) of a country’s net emissions is
symmetrical and does not change over time, i.e., g, = p, (= p).’

(3) The absolute change in net emissions shall outstrip uncertainty at time
t<t,, i.e, the VT shall be equal to, or smaller than, the maximnal
allowable VT (At<t,—t,).

Intra-systems view suited to support inter-systems (top-down) view: Only

our real diagnostic capabilities of grasping emissions at any point in timc

individually—reflected by absolute uncertainty E(t) —are of interest.

Correlation of uncertainty over time does not matter,
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Question:

Approuch:

Figure 4

Answer:

Referring to risk as the strength of the Und concept and to tume in
detecting an emission signal as the strength of the VT concept, can these

concepts be combined (Und&VT) to take advantage of the two?

Quasi-statistical, based on interval calculus (see Figure 4).

The answer comprises four cases depending on how &, , the critical
emission limitation or reduction, and &,, relate to each other (see Figure

4). 8., allows distinguishing between detectable and nondetectable

erit

emission changes.'” The complete answer is given by (see SOM_Math:

Appendix D for the equations mentioned below)
Case 1: dxp > 0: Sy SOkp:
X2 2 (1= 6 )%, withriska <

s g(l—ékp)—l—————l—émud , (D-3), (C-13¢)

X, 1+(l—2a)p—

where §,, is defined as before (see Eq. C-15) and U is given by

(I— 2a)p D-5)

U:(1~6KP)1+(I—2a’)p '

(SKI’:

X 2(1=6,,)x,, withriska <
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Xcllmf )y D-6), (C-13
xS0y, = o (D-6), (C-13¢)

where 8§, is defined as before (see Eq. C-15) and U is given by

(1-2a)p

U=Ug, +(1-6, ) ——F— D-8
an * °"‘)1+(1—2a)p &8
with

Uan =64 _65(9 . (D-9)

Case 3: Sgp 0: 8¢rit < Sp:
X, 2 (148,,)x,, withriska <

<1 55,,1)————1 =1=8,0 s (D-10), (C-13¢)

+ =
X, 1+(1—-2a)p

where 8, is defined as before (see Eq. C-15) and U is given by

(1-2a)p
el L D-12
T (1=2a)p (b1

U=U,, +{1+&,)
with

Uan = _(510' + 6cril) (D-13)

Case 4: Sxp S0: erie > Sxp:

X, 2(1+6’

crit

)xlv, withriska <

20
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L i

= s D-14), (C-13¢
iy (D-14), (C-13¢)

(148

crit
xl

where §,,, is defined as before (see Eq. C-15) and U is given by

U= U, +(1+8&, )l—fa—f‘;)ﬁ; (D-16)
with

Uty = 28, (D-17)
=8 =8 — 26, - (D-18)
Ug,, In Cases 2-4 is an initial obligatory undershooting, which is

Gap
introduced to ensure that detectability is achieved before Annex B

countries are permitted to make economic use of potential excess
emission reductions.
Result: The numerical is given by Table 7 (see also Table D-3 in SOM_Math and

worksheet Und& VT 2 in SOM_Num).

Table 7

Table 7 lists §,,,, values as a result of applying Eq. C-15 in combination with: Eq. D-5
(Case 1), Eq. D-8 to D-9 (Case 2), Eq. D-12 to D-13 (Case 3), and Eq. D-16 to D-18
(Case 4). 8y, , p and a are treated as parameters. By employing &, as a uniform

detectability criterion, the Und& VT concept overcomes the dissimilarity of both the VT

concept and the CRU concept between countries committed to emission reduction

2]
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(b¢p >0) and emission limitation ( 6y, <0), which arises if more lenient or stricter
Kyoto emission targets are introduced (cf. with Tables 4 and 5). Moreover, the Und&VT
concept also rectifies Cases 2 and 3, the cases of nondetectability (before correction), that
is, the politically unfavourable situation under the Und concept under which countries
complying with a small §,, exhibit a small §,,, while countries complying with a great

5, exhibit a great §_, (cf. with Table 6).

However, this concept reveals a crucial difficulty from a political perspective. The
Und& VT concept requires the Protocol’s Kyoto emission targets to be corrected through
the introduction of an initial obligatory undershooting (U, ) so that the countries’
emission reductions, not limitations, become detectable (i.e., meet the maximal allowable
VT) before the countries are permitted to make economic use of their excess emission

reductions. (See, e.g., group | countries in Table 7 (84, =8%) under Case 2 conditions:
the &, value for p=15% and a=0.5 is §,,4 = b, + Ug,, =13% (U =Ug,); that is,
the initial obligatory undershooting is Ug,, =13%—8% =5%.) It remains to be seen

whether this strict interpretation of signal detection will be accepted by Annex B
countries as it forces them to strive for detectability, i.e., to make initial investments
before they can profit from their economic actions. Notwithstanding, opponents to this
concept must realize that the countries’ detectability, ie.. the ‘ x , -greater-than-
{1—6,,)x,, risk (Case 1), the ‘x,,-greater-than- (1§, )x,, " risk (Case 2), the ‘X, ,-

B

greater-than- (1+6,,, )x,, " risk (Case 3), and the *x, , -greater-than- {1 — (8., — 26, ))x,,

22
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risk (Case 4) of their emission signals can be grasped — and thus be priced — although the

countries’ true net emissions at t, and t, are unknown!

3.5 GSC #1 Concept

GSC #1 refers to the first of the two concepts that Gillenwater ef /. presented in 2007,
following the notion of adjusting the countries’ national emissions in response, and
according, to the estimated uncertainties and a statistically valid method. The GSC #1
concept centers on the commitment year and requires confidence that, when countries
report emissions inventories that nominally are in agreement with their conunitments
under the Protocol, the countries truly are, if not in compliance, at least within a given
tolerance of complying with their commitments. That is, the GSC #1 concept considers a
relative upward adjustment that seeks to attain a reasonable level of confidence that
countries have actually achieved their target emissions stated in their commitments under
the KP and are in compliance. Ultimately, countries must reduce their emissions in the

commitment year by the amount of their upward adjustment to remain in compliance.

Starting Point: Annex B countries comply with their emission limitation or reduction

commitments under the KP."’
Assumptions: (1) It is accepted a priori that the true, but unknown, net emissions at t,
(x,,) can exceed (overshoot) the target emissions commitment (x,)

by some fractional or percentage amount (p or p%, respectively).

23
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Systems View:

Question:

Approach:
Figure 5

Answer:

Jonas et al.

(2) The relative uncertainty (p) of a country’s net emissions is

2

symmetrical and does not change over time, i.e., p, = p, (= p).’

(3) The probability distributions for estimated emissions are nommal and
the shape of the emissions probability distribution for each country

does not change significantly as emissions change.

Intra-systems view suited to support inter-systems (top-down) view: Only
our real diagnostic capabilities of grasping emissions at any point in time

individually—reflected by absolute uncertainty a(t) —are of interest.
Correlation of uncertainty over time does not matter.

Can we attain a reasonable level of confidence that countries will have
actually achieved the target emissions levels stated in their commitments
under the KP and are in compliance? That is: 1) Would we consider it
acceptable if true emissions will exceed (overshoot) the target emissions
commitment by some fractional or percentage amount? 2) How much is

that amount? 3) How confident do we want to be in our result?

Statistical (see Figure 5).

Depending on whether or not excess emissions are accepted and
favorable compliance conditions exist @ priori, the modified GSC #1

concept of Gillenwater et al. comprises three cases (see Figure 5). The

24




Preparatory Signal Analysis Techniques Jonas ef al.

complete answer is given by (see SOM_Math: Appendix E for the

equations mentioned below)

Cases 1 and 2: dxp > 0:p = Opyir..

P
I+z (F, ) ——<l+p_,
' w2 (BT gz S+ P
{excess emissionsaccepted )
Adj= for (E-7.8)
P
P P
1+Z||,2(FN)1.96 1+Zu.2(FN)1_9—6_>1+pcr|(
1+ P {excess emissions accepted)
Case 3 Sxp <0:p =10
Adj=1+2z,, (FN )1—p9-6— (excess emissions not accepted), (E-9)

where p specifies the accepted (fractional) amount by which tiue

emissions can exceed target emissions commitments; p/1.96 is the
standard deviation; F the standardized cumulative normal distribution;

z,, the standardized accepted upper (u) emissions limit at t,; p_, the
CRU introduced in Section 3.1; and Adj the resulting upward adjustment
of the country’s emissions estimate relative to its KT (i.e., de facto an
emissions reduction by this amount more than the country’s commitment

to remain in compliance).
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Result: The numerical result is given by Table 8 (see also Table E-1 in
SOM_Math and worksheet GSC' 7 /a in SOM_Num).
Table 8

Table § lists adjustment ( Adj) values as a result of applying Eq. E-7 (Case 1), Eq. E-8

(Case 2) and Eq. E-9 (Case 3). They specify the required upward adjustment of the
country’s emissions estimate or, equivalently, the de facto emissions reduction by this
amount more than the country’s commitment to remain in compliance with commitments.

For any given &, value (thus, p_, value; see Eq. A-6 in Section 3.1), inventory
uncertainty (p) is treated as parameter as well as the confidence (1-a) that true
emissions do not exceed (overshoot) target emissions by more than p =8, (Cases | and

2: this value for p ensures that, relative to committed target emissions, base year

emissions are not exceeded) and p =0 (Case 3: excess emissions are not accepted in the
case of emission limitation). The confidence (1 —a) is specified to be 0.9, 0.7 and 0.5.

The table shows that the GSC #1 concept is not easy to handle because it requires strict

enforcement under the KP. Emission reduction (8, >0) under the GSC #1 concept

behaves mirror-inverted to the Und concept as a consequence of nonuniform emission

reduction commitments: Varying 6., while keeping the relative uncertainty p and the
confidence (1—(1) constant exhibits that Annex B countries that must comply with a
great §,, (they exhibit a small Adj) are better off than countries that must comply with a

small &, (they exhibit a great Adj). (See, e.g., Adj values in red for p=15% and
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1-«=0.9.) However, this is only true if adjustments must be compensated for by
additional emission reductions (undershooting mode) and are not misused by policy and
decision-makers to only establish a country comparison in terms of confidence
(confidence mode) not resulting in a compulsory undershooting. In the latter case,

countries that must comply with a small §,, (they exhibit a great Adj) are better off than
countries that must comply with a great 6, (they exhibit a small Adj). This situation

would not be in line with the spirit of the KP.

3.6 GSC #2 Concept

GSC #2 refers to the second of the two concepts that Gillenwater ef al. presented in 2007.
In contrast to GSC #1, their second concept accounts also for the uncertainty in the
emissions estimates in the base year when assessing compliance with the countries’
commitments in the commitment year. The GSC #2 concept requires confidence that,
when countries report emissions inventories that nominally are in agreement with their
commitments under the Protocol, emissions have actually been reduced by an amount
equal to the emissions difference between base-year and commitment year, i.e., estimated
emission reductions should not be “off” by more than a certain amount. That is, the GSC
#2 concept considers a relative upward adjustiment that seeks to attain a reasonable level
of confidence that countries have actually achieved the emission reductions, measured
relative to base-year emissions, stated in their commitments under the KP and are in
compliance. Ultimately, countries must reduce their emissions in the commitment year by

the amount of their upward adjustment to remain in compliance.
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Starting Point.

Assumptions:

Systems View:

Question:

Approach:

Jonas ef al.

 Annex B countries comply with their emission limitation or reduction

commitments under the KP."!
(1) It is accepted a priori that true emission reductions (increases) fail
below (above) the committed level of reductions (increases) by some

fractional or percentage amount (p or p%, respectively).

(2) The relative uncertainty (p) of a country’s net emissions is

symmetrical and does not change over time, i.e., g, = p, (:= p).

(3) The probability distributions for estimated emissions and emission
changes are normal and the shape of the emissions and emissions
change probability distributions for each country do not change

significantly as emissions change.
Intra-systems view: Correlation of uncertainty over time matters.

Can we attain a reasonable level of confidence that countries will have
actually achieved the emission changes, measured relative to base-year
emissions, stated in their commitments under the KP and are in
compliance? That is: 1) Would we consider it acceptable if true emission
reductions (increases) will fall below (above) the committed level of
reductions (increases) by some fractional or percentage amount? 2) How

much is that amount? 3) How confident do we want to be in our result?

Statistical (see Figure 6).
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Figure 6

Answer:

Depending on whether or not diminished reductions (additional
increases) are accepted and favorable compliance conditions exist a
priori, the modified GSC #2 concept of Gillenwater ef al. comprises four
cases (see Figure 6). The complete answer is given by (see SOM_Math:

Appendix F for the equations mentioned below)

Cases [ and 2: dgp > 0:p =0.1:

2(1—v)3;%(6—l:)'£s0.1

1 diminished reduction
accepted

Adj= for (F-7,8)

Zy2 (FN )p

2(1-v) 22l WP gy
1—[1—2(1—\,)—2#2?&]5” (1=v) 1.96p,,

1-0.95,,

crit

diminished reduction

accepted

Case 3. dxp=0:p =10:

. additionalincrease
Adj=1 (F-9)
notaccepted
Case d: dxp < 0:p=0:
2 (F
1-[1e2(1-v) Z2lBe s o
. 1.96p,. additionalincrease
Adj = s (F-10)
[-6g, not accepted
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where p specifies the accepted (fractional) amount by which true
emission reductions (increases) can fall below (above) the committed
level of reductions (increases); v approximates the net (effective)

correlation between the absolute uncertainties ¢, and €, (cf. Section 3.3),

and the other quantities are as explained above for the GSC #1 concept.

Result: The numerical result is given by Table 9 (see also Table F-1 in

SOM_Math and worksheet GSC_II 2a in SOM_Num).

Table 9

Table 9 lists adjustment (Adj) values as a result of applying Eq. F-7 (Case 1), Eq. F-8
(Case 2), and Eq. F-9 and F-10 (Cases 3 and 4). They specify — based on the country’s
reported emissions change between base year and commitment year — the required
adjustment of the country’s emissions estimate in the commitment year or, equivalently,
the de facio emissions reduction by this amount more than the country’s commitment to
remain in compliance with commitments. For any given §,, value (thus, p_, value; see
Eq. A-6 in Section 3.1), inventory uncertainty (p) is treated as parameter as well as the
confidence {1-a)that true emission reductions (increases) will not fail below (above)
the committed level of reductions (increases) by more than p=0.1 (Cases 1 and 2:

arbitrary choice of p) and p=0 (Cases 3 and 4: additional emission increases are not

accepted in the case of emission limitation). The confidence (1-a) is specified to be 0.9,
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0.7 and 0.5. The correlation (v) is 0.75 (as in Section 3.3). The table shows that the GSC
#2 concept is not easy to handle because it also requires strict enforcement under the KP.

Emission reduction (8,, > 0) under the GSC #2 concept behaves, like under the GSC #1

concept, mirror-inverted to the Und concept as a consequence of nonuniform emission
reduction commitments. That is, the GSC #2 concept would not run counter to the spirit
of the KP if it were applied in the undershooting mode (adjustments must be
compensated for by additional emission reductions). But it must be mentioned that, for

the given set of parameters (notably, p=0.1 and v=0.75), the span between smallest

and greatest Adj values is negligible.

4, Conclusions

We scrutinized six preparatory signal analysis techniques in a comparative mode. The
purpose of this exercise is to provide a basis for discussing on how to go about dealing
with uncertainty under the KP and its successor, and which of the technique(s) to
eventually select. It was well-known that all techniques presented prior to and at the 1%
International Workshop on Uncertainty in GHG Inventories perform differently (see
below and Table 10 for a summary) but a rigorous quantitative and qualitative
comparison was outstanding. In carrying out this comparative exercise, the aim was to
understand the techniques holistically in the context of the KP, i.e., beyond their technical
performance against mere disciplinary criteria. To this end we specified, e.g., the systems
view adopted by a technique, the important assumptions that underlie a technique (and

typically go unmentioned), and whether or not a technique contributes to the ultimate
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objective of the KP of reducing anthropogenic GHG emissions to the atmosphere

measurably, i.e., above and beyond uncertainty.

The authors of these techniques all agree that uncertainty analysis is a key component of
GHG emissions analysis although their perceptions range from using an investigation-
focused approach to uncertainty analysis to only improve inventory quality to actually
apply a technique, or a combination of techniques, to check compliance. All authors also
agree that it makes a big difference in the framing of emission control policies whether or
not uncertainty is considered. Of course, as a consequence of the techniques’ different
performance, they can have a different impact on the design and execution of such

policies.

However, as it stands, a single best technique cannot yet be identified (and will, most
likely, not exist); the main reason for this being that the techniques suffer from shortfalls
that are not scientific but are related to the way the KP has been framed and implemented
politically. As the two most important shortfalls on the side of policy-making can be
identified (1) the overall neglect of uncertainty confronting experts with the situation that
for most Annex B countries the agreed emission changes are of the same order of
magnitude as the uncertainty that underlies their combined CO, equivalent emissions;
and (2) the introduction of nonuniform emission reduction commitments. The techniques

manifest these shortfalls differently:

Table 10
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CRU and VT. These two concepts exhibit a dissimilarity between countries comumitted to
emission reduction (stricter over more lenient Kyoto emission targets are favored) and
emission limitation (imore lenient over stricter Kyoto emission targets are favored).

Und and GSC #2. Varying 6, , the normalized emissions change comumitted under the
KP, while keeping the relative uncertainty p and the risk «a constant exhibits that under
the Und concept countries that must comply with a small 6., (they exhibit a small
modified emission limitation or reduction target §, ) are better off than countries that
must comply with a great &, (they exhibit a great modified emission limitation or
reduction target 6,,,). Such a situation is not in line with the spirit of the KP. Emission
reduction under the GSC #2 concept attempt to avoid this situation if applied in the
undershooting mode. Countries that must comply with a great §,, (they exhibit a small
Adj) are better off than countries that must comply with a small &, (they exhibit a great
Adj). But it must be mentioned that, for the given set of parameters (notably, p=0.1 and
v=0.75), the span between smallest and greatest Adj values is negligible. So far,
emission reduction and emission limitation under the GSC #2 are not treated uniformly.

The GSC #2 concept still lacks clear guidelines as to whether or not, and to what extent,

diminished (enhanced) emission reductions (increases) shall be accepted under these two

regimes.

Und&VT and GSC #1. The Und&VT overcomes situations that run (Und concept) or can

run counter to the spirit of the KP (GSC #1 and GSC #2 concepts if applied in the
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confidence mode). By requiring a priori detectable emission reductions, not limitations
(see Cases 2—4 in Figure 4), the Und&VT concept corrects the Protocol’s emission
limitation or reduction targets through the introduction of an initial or obligatory
undershooting so that the countries’ emission signals become detectable before the
countries are permitted to make economic use of their excess emission reductions. This,
de facto, nullifies the politically agreed targets under the KP! However, we do not
consider this a realistic scenario. By way of contrast, the GSC #1 concept builds on the
notion of confidence, not detectability. If applied in the undershooting mode it would not
run counter to the spirit of the KP. Nonetheless, it would enforce additional emission
reductions, which would be smaller than those under the Und&VT concept but still be
considerable and thus also difficult to sell politically. So far, emission reduction and
emission limitation under the GSC #1 are not treated uniformly. The GSC #1 concept still
lacks clear guidelines as to whether or not, and to what extent, excess emissions shall be

accepted under these two regimes.

It appears very probable that the first shortfall (emission changes and uncertainty are of
the same order of magnitude) will vanish soon with increasing political pressure to adopt
a longer-lasting perspective and to realize greater emission reductions in the mid to long-
term. However, we suggest that policy-makers revisit the second shortfall. If nonuniform,
country-specific emission reduction commitments are favored, then these must be
decided on the basis of a straightforward rule that applies equally and rigorously to all
countries and should not be determined ‘off the cuff’. Only then can scientists finalize

their discussion and give meaningful feedback on which technique(s) to select for the
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