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Abstract

This study follows up IHASA Interim Report IR-04-024 (Jonas et al., 2004a), which
addresses the preparatory detection of uncertain greenhouse gas (GHG) emission
changes (also termed emission signals) under the Kyoto Protocol. The question probed
was how well do we need to know net emissions if we want to detect a specified
emission signal after a given time? The authors used the Protocol’s Annex | countries as
net emitters and referred to all Kyoto GHGs (CO,, CHg4, N,O, HFCs, PFCs, and SF6)
excluding CO, emissionsg/removals due to land-use change and forestry (LUCF). They
motivated the application of preparatory signal detection in the context of the Kyoto
Protocol as a necessary measure that should have been taken prior to/in negotiating the
Protocol. The authors argued that uncertainties are already monitored and are
increasingly made available but that monitored emissions and uncertainties are still
dealt with in isolation. A connection between emission and (total) uncertainty estimates
for the purpose of an advanced country evaluation has not yet been established. The
authors developed four preparatory signal detection techniques and applied these to the
Annex | countries under the Kyoto Protocol. The frame of reference for preparatory
signal detection isthat Annex | countries comply with their committed emission targets
in 2008-2012. The emissions path between the base year and commitment year/period
is generally assumed to be a straight line, and the path of historical emissions is not
taken into consideration.

This study applies the strictest of these techniques, the combined undershooting and
verification time (Und&VT) concept to advance the monitoring of the GHG emissions
reported by the old and new Member States of the European Union (EU). In contrast to
the earlier study, the Member States committed emission targets under the EU burden
sharing in compliance with the Kyoto Protocol are taken into account, however, still
assuming that only domestic measures will be used (i.e., excluding Kyoto mechanisms).
The Und& VT concept is applied in a standard mode, i.e., with reference to the Member
States committed emission targets in 2008-2012, and in a new mode, i.e., with
reference to linear path emission targets between base year and commitment year. Here,
the intermediate year of reference is 2003.

To advance the reporting of the EU, uncertainty and its consequences are taken into
consideration, i.e., (i) therisk that a Member State's true emissions in the commitment
year/period are above its true emission limitation or reduction commitment; and (ii) the
detectability of its target. Undershooting the committed EU target or EU-compatible,
but detecteble, target can decrease this risk. The Member States linear path
undershooting targets for the year 2003 are contrasted with their actual emission
Situation in that year, for which the distance-to-target indicator (DTI) is employed that
has been introduced by the European Environment Agency.



In 2003 eleven EU-25 Member States exhibit a negative DTl and thus appear as
potential sellers. Czech Republic, Estonia, France, Germany, Hungary, Lithuania,
Latvia, Poland, Sweden, Slovakia and the UK. However, expecting that all of the EU
Member States will eventualy exhibit relative uncertainties in the range of 5-10% and
above rather than below excluding LUCF and Kyoto mechanisms, the Member States
reguire considerable undershooting of their EU-compatible, but detectable, targetsif one
wants to keep the said risk low (« = 0.1) that the Member States true emissions in the
commitment year/period are above their true EU reference lines. As of 2003, these
conditions can only be met by seven new and two old Member States (ranked in terms
of credibility): Lithuania, Latvia, Estonia, Poland, Hungary, Slovakia, Czech Republic,
Germany and the United Kingdom, while two old Member States, France and Sweden,
can only act as potential high-risk sellers (« ~ 0.5). The other EU-25 Member States do
not meet their linear path (base year—commitment year) undershooting targets in 2003,
or do not have Kyoto targets at all (Cyprus and Malta).

The relative uncertainty, with which countries report their emissions, matters. For
instance, with relative uncertainty increasing from 5 to 10%, the linear path 2008/12
emission signal of the old EU-15 as awhole (which has jointly approved, as a Party, an
8% emission reduction under the Kyoto Protocol) switches from detectable to non-
detectable (o> 0.5), indicating that the negotiations for the Kyoto Protocol were
imprudent because they did not take uncertainty and its consequences into account.

It is anticipated that the evaluation of emission signals in terms of risk and detectability
will become standard practice and that these two qudifiers will be accounted for in
pricing GHG emission permits.
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Preparatory Signal Detection for the
EU-25 Member States Under EU Burden
Sharing—Advanced Monitoring
Including Uncertainty (1990-2003)

Andriy Bun and Matthias Jonas

1 Background and Objective

This study follows up IIASA Interim Report IR-04-024 (Jonas et al., 2004a). It applies
the strictest of the preparatory signal detection techniques developed in this report,* the
combined undershooting and verification time (Und&VT) concept,® to advance the
monitoring of the greenhouse gas (GHG) emissions reported by the old and new
Member States of the European Union (EU) under EU burden sharing in compliance
with the Kyoto Protocol. Here, ‘emissions’ refer to al Kyoto GHGs (CO,, CHy4, N2O,
HFCs, PFCs, and SF6) excluding CO, emissions/removals due to land-use change and
forestry (LUCF). The Member States emissions are evaluated in relation to the EU’'s
linear target as of 2003 and in terms of their postive and negative contributions to this
target.® This monitoring process is illustrated in Figures 1 and 2 and Table 1. The
figures and the table provide details, for each Member State and the EU-25 as a whole,
of trends in emissions of GHGs up to 2003. The EU-15 as awhole is shown separately,
asit werethe old EU Member States which have jointly approved, as a Party, the Kyoto
Protocol to the United Nations Framework on Climate Change (EU Official Journal,
2002: Annex I1). Figure 1 follows the total emissions of the EU over time since 1990,
while the distance-to-target indicator (DTI) introduced in Figure 2, based on the country
data listed in Table 1, is a measure of the derivation of actual GHG emissions in 2003
from the linear target path between 1990 and the respective Member State target for
2008-2012, assuming that only domestic measures will be used (i.e., excluding Kyoto
mechanisms). A negative DTI means that a Member State is below its linear target path,
apositive DTI that a Member State is above its linear target path (EEA, 2005b: Figure
4.2 in combination with Table 10; cf. also EEA, 2005a: Tables ES6 and 2.6).* As
Figures 1 and 2 only present relative information of the kind ‘ must buy versus can sell’,
Figure 3 is added, which translates this information into absolute numbers based on the
Member States emission changes as of 2003 and their linear targets for that year (Table
1). Figure 3 helps us to understand the 2003 situation of the EU in quantitative terms.
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Figurel: EU-25 GHG emissions for 1990-2003 (excluding LUCF and Kyoto
mechanisms) with 1990 emissons as reference emissions. The
corresponding EU-15 GHG emissions and linear target path 1990-2008/12,
with base-year emissions as reference emissions, are shown for comparison.
Source: EEA (2005a: Figures ES.1 and ES.2, and 2.1 and 2.2, respectively)
reproduced; original data from Ritter (2006).
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Figure2: Distance-to-target indicator (DTI) for EU-25 Member States in 2003 in
consideration of the EU burden sharing targets under the Kyoto Protocol
(excluding LUCF and Kyoto mechanisms). The EU-15 DTI (referring to the
EU-15 linear target path 1990-2008/12) is shown for comparison.



Table 1:

Base year and 2003 GHG emissions (in COz-equivalents; excluding LUCF

and Kyoto mechanisms), 2002—2003 emission changes and 2008-2012
targets (in %) for EU-25 Member States under the Kyoto Protocol and EU

burden sharing.” For comparison, aggregated values for old (EU-15) and new
EU member States (EU-10) are shown separately. Source: EEA (2005b:

Table 10).
Base-year GHG emissions Change Change 2003 EU burden- Distance to target
(Mt CO_) 2003 2002-2003 relative to sharing and indicator
(Mt CO,) (in %} base-year Kyoto targets {index points}
(in %} (in %)

Austria 78.5 21.6 + 5.9 % + 16.6 % = 13.0% +19.2 (+ 25.0)
Belgium 146.8 147.7 + 1.6 % + 0.6 % - 7.5% +1.8(+ 55)
Cyprus 6.0 9.2 + 5.3 % + 52.8 % no target no target
Czech Republik 192.1 145.4 + 1.8 % = 24.3 % - B.0O% - 18.1
Denmark 69.6 74.0 + 7.3 % + 6.3 % - 21.0% + 158 (+ 20.0)
Estonia 43.5 21.4 + 9.7 % - 50.8 % - B.O% - 45.6
Finland 70.4 85.5 + 10.8 % + 21.5 % 0.0 % + 21.0 (+ 21.5)
France 568.0 557.2 + 0.7 % - 1.9% 0.0 % - 1.9
Germany 1248.3 1017.5 + 0.2 % - 18.5% - 21.0% - 4.8
Greece 111.7 137.6 + 3.1 % + 23.2 % + 25.0 % + 7.0
Hungary 122.2 83.2 + 3.0 % - 31.9% - 6.0% - 28.0
Ireland 54.0 67.6 - 26% + 25.2 % +13.0% +12.3 (+ 16.7)
Italy 510.3 569.8 + 2.7 %o +11.6 % - 6.5% + 10.8 (+ 15.9)
Latvia 25.4 10.5 - 0.9% - 58.5% - 8.0% - 53.3
Lithuania 50.9 17.2 - 121 % - 66.2 % - 8.0 % - 61.0
Luxembourg 12.7 11.3 + 4.3 % - 11.5% - 28.0% - 86(+6.7)
Malta 2.2 2.9 - 0.5% + 29.1 % no target no target
Netherlands 2131 2148 + 0.6 % + 0.8 % - 6.0 % - 1.4(+47)
Poland 565.3 354.0 + 3.7 % - 32.1% - 6.0% - 2B8.2
Portugal 59.4 81.2 - 53% + 36.7 % + 27.0 % +19.1
Slovakia 72.0 51.7 - 1.3% - 28.2% - 8.0% - 23.0
Slovenia 20.2 19.8 - 1.2% - 1.9% - B.0% + 3.3
Spain 286.1 402.3 + 0.9 % + 40.6 % +15.0 % + 26.3 (+ 30.9)
Sweden 72.3 70.6 +1.5% - 2.4% + 4.0 % - 5.0
United Kingdom 751.4 651.1 + 1.1 % - 13.3% - 12.5% - 5.2
EU-15 4 252.4 4179.6 + 1.3 % - 1.7 % - 8.0 % +1.9(+35)
EU-10 10998 745.5 + 2.7 % = 32.2% - 6.7 % - 28.4
EU-25 5352.2 4925.1 + 1.5 % - 8.0 % - 7.7 % - 4.2 (- 2.9}

Note: For the fluorinated gases, the EU-15 base-year emission is the sum of 15 Member States' base-year emissions. A total of

13 Member States have indicated to select 1995 as base-year under the Kyoto Protocol; Finland and France indicate to use
1990. Therefore, the EU-15 base-year estimates for fluorinated gas emissions are the sum of 1995 emissions for 13 Member
States and 1990 emissions for Finland and France, For Austria, Belglum, Denmark, Finland, Ireland, Italy, Luxembourg, the
MNetherlands, Spain and the EU-15, the distance to the target indicator excluding Kyoto mechanisms is included in brackets.

The overall objective of the study is to advance the reporting of the EU by taking
uncertainty and its consequences into consideration, i.e., (i) the risk that a Member
State’s true emissions in the commitment year/period are above its true emission
limitation or reduction commitment (what is called the true EU reference line); and (ii)
the detectability of its target. Undershooting the committed EU target or EU-
compatible, but detectable, target can decrease the risk that the Member State’s true
emissions in the commitment year are above its true EU reference line. Here, the
intermediate year of reference in the focus of attention is 2003, i.e., the linear target path
1990-2008/12 is evaluated with respect to this year.
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Figure3: Figure 2 presented in absolute terms. Potential buyers in 2003: AT, BE, DK,
ES, FI, GR, IE, IT, LU, NL, PT, Sl; potential sellersin 2003: CZ, DE, EE,
FR, HU, LT, LV, PL, SE, SK, UK. Member States not considered: CY, MT.
See 1SO Country Code for country abbreviations and text for underlying
assumptions. The EU-15 is shown separately in lower right corner.

Uncertainties are extracted from the national inventory reports of the Member States
and are monitored separately. However, a connection between emission and (total)
uncertainty estimates for the purpose of an advanced country evaluation has not yet
been established. A recent compilation of uncertainties has been presented by EEA
(2005a Table 1.9; cf. Table 2 below, which was taken from the revised final version of
this report available at http://www.foeeurope.org/climate/EUemissionsReport2005.doc).
This compilation makes available quantified uncertainty estimates from fourteen of the
EU-25 Member States (extracted from their National Inventory Reports 2004 and 2005).
From the remaining Member States, either a national inventory report was available,
which did not include a quantitative uncertainty analysis, or no national inventory report
was available at al. The uncertainties refer to a 95% confidence interval® and neglect,
with the exception of France, the Netherlands and United Kingdom, emissions/removals
due to land-use change and forestry (LUCF).

Taking uncertainty into account in combination with undershooting is important
because the amount, by which a Member State undershoots its EU target or its EU-
compatible, but detectable, target, can be traded. Towards installing a successful trading
regime, Member States may want to price the risk associated with this amount. We
anticipate that the evaluation of emission signals in terms of risk and detectability will
become standard practice.

Section 2 recalls the methodology of the Und& VT concept, which is applied in Section
3 with the above objective in mind. Results and conclusions are presented in Section 4.



Table2: Uncertainty estimates available from EU-25 Member States excluding LUCF (with the exception of France, the Netherlands and

United Kingdom) and Kyoto mechanisms.” Source: http://www.foeeurope.org/climate/EUemi ssionsReport2005.doc.

Member State

Austria

Belgium

Czech Republic

Croatia

Denmark

Finland

France

Germany

Citation

Austrian NIR 2005, p. 25-39]

Belgian NIR 2005, p. 13-18

Czech NIR 2004, p. 16-17

Croatian NIR 2008, p. 4-5

Danish NIR 2005 p. 34-36

Finnish MIR 2005 p. 2,
A-D)

French MIR 2003 p. 30-31

German NIR 2005, p. 1-33-
3B, Annex 7

Method used

Tier 1, Tier 2

Tier 1

Tier 1

Tier 1

Tier 1

Tier 1, Tier 2

Tier 1

Tier 1

Documentation
available in NIR
{according to Table 6.1
of GPG)

Partialty (Tahle 7)

‘es (provided as a
separate table)

Ves Table 1.3

Yes: Annex 3 (Table A3-1)

Partially: Table 1.4

Wes Annex 1 (Table AYves: Annex 2 (no reference

source information)

Wes Annex [Anhang] 7 (not
according to Tahle 6.1 of
GPG)

Years and sectors
included

Tier 1: base year and 19895
Key sources

Tier 2. 1890, 1997 (from
year 1998) — All sectars

2001-All sectars except
LULUCF, for Flanders, a
complete uncertainty study
was conducted both on Tier
1 and Tier 2 level

1880, 2001 - All sources
(key sources and "others"

1880, 2001 - All Sectors
(except LULUCF)

1840, 2003 - The sources
included in the uncertainty
estimate cover 99.7% of
the total Danish
greenhouse gas emission
(CO2 eq., without CO2

1930, 2003 — All secto

1880, 2002 (from year
20047 — All sources (key
sources and "others")

18380, 2002 - neary
complete estimation for
sources 14, 2A1, 282, 2C1,
2C3, 4A(2002 anly),
5A(2002 anly)

from LUCF)
Uncertainty (%) Tier 1 Tier 2 Tier 1 Tier 2 Tier 1 Tier 2 Tier 1 Tier 2 Tier 1 Tier 2 Tier 1 Tier 1 Tier 2 Tier 1 Tier 2
co, Base year:| 1990 2,3% 3 B%| R 2.5%| +- 15% (with| - R | -
2.5% 1887: 2.1 LULUCF)
1985 2,0% +- 2% (without]
LULUCF)
CH, Base year:| 1830 48,3% 24 0% E 20 %) +i- 20% < E -] <
19,19 1837 47, 4%,
1995: 20,3%)
N:O Base year| 1990 89,6% 91.0%] E 97 %| -40 to +100% - E -] -
104,3%| 1887: 85,9%,
1995
101,2%)
F-gases R - | R 1299%| -10 to +20%, - R | -
Tetal Base year| 1890 9.8% 8.1%]| E 7.0%| 36, 1%| 6.8 %]| - 16% (with 221 E -] -
4.1%] 1897 B8,8%, LULUCF)]
1985 5,5%
Uncertainty in trend (%) |Tier 1 Tier 2 Tier 1 Tier 2 Tier 1 Tier 2 Tier 1 Tier 2 Tier 1 Tier 2 Tier 1 Tier 1 Tier 2 Tier 1 Tier 2
co, i 3 j i 1.8%] ] 3 i ] 3
CH, g 3 , g EEL 3 3 g ] 3
N.O ] 3 j ] 19% ] 3 ] ] 3
F-gases | - | | 54 % - - | | -
Total E - 3.8%]| E 2,8%| B,7% 2,1 %] - 18% (with 3.5 E -] -
LULUCF)]




Table 2:

continued.

available in NIR
{according to Table 6.1
of GPG)

uncertainty calcutabion and
reporting

Membaer State Greece Ireland Italy Metherlands Slovakia Spain Sw aden United Kingdom
Citation (Greek MIR 2008, p. 18-20 Ingh MIK 2005, p. 89, 14- |Italsan NIE 2004, p. 18, Dutch MIK 2005, p. 1-22 o | Slovakian MIE 2005, p. 12- |Spamsh MIR 2008, p 48-85 Erwazdish MIR 2005, p. 168-20 | LIk MIR 2004 [draft) Annesx
Annex [V, Table IV. 1 15 (Tab. 1.4) Annex 1 1-26, Anmex 1.2 13; Coverletter 2005 (Data 7. Table AT 4
of greenhouse gas
ermisgonsk Table on Trer 1
uncertainty calcwulation and
reporting
(Method used Tier 1 Tier 1 Teer 1 Tier 1 Tier 1 Tier1 Tier 1 [ Tier 1, Tier 2
(Do cumentation [res Annex IV 1 Ves Table 1.4 ves (Table Al 2) FPartially (Table 14) Yes Table on Tier 1 Yes Table 552 and553 Farially (Annex 2) Yes Annex T (no

composite table on
references included)

Tears and secters

1840, 2003 - All sources

1880, 2003 - All sources

1840, 2007 - Al sources

1880/&5, 2003 - All

1880, 2003 - All sources

001, 2007 (from year 20067

E003 (from year 2005) - Al

TRAN, 2007 (from year

included SOUrCES All sources (key sources and  fsowrces 2004 = All souroes
“other emission sowrces")
Un certalnty (%) Tier 1 Tier 2 Tier 1 Tier 2 Tier 1 Tier 2 Tier 1 Tier 2 Tier 1 Tier 2 Tier 1 Tier 2 Tier 1 Tier 2 Tier 1 Tier 2
co. 3.7% (witoul 14 +-5%] 35 21
LULUCF
s (with)
LULUCF
CH, B 1.2 5% GG 13
N0 109,19 1.6 ] ] +-50% m ] X | ] FE]]
F-gases £9.,9%| 0.2 R | HFCH-50% - [E]] - HFC 25|
PFCs +.50%] PFCs 18]
SFE +-500 SFB 13
Total 10.8% [wathioul 2 5% - B - 10.0%, 2007 +i- 1T 5.93) 179 154
LUCF 2002 +/- 15 B%)|
11,5% (with
LULECF
Uncertainty in trend (%) | Tier 1 Toer 2 Tier 1 Teer 2 Teer1 Teer 2 Ter 1 Twer2 Tier 1 Twer2 Ter 1 Ther 2 Tier 1 Teer 2 Teer 1 Tier 2
O ] ¥ ] ] 59 B K g g -
CH. i 2! | | - - - - -
=] | 7. | A [ B -| ] l .
[F ] ) j j ] B i - p
Total B i 1A% -] 4%, - 3% 2001 +1-2.65%) e ¥, -
2002 +-3.95%)




2 Methodology

The applied Und& VT concept is described in detail in Jonas et al. (2004a). With the
help of &, the normalized emission change under the EU burden sharing in

compliance with the Kyoto Protocol,® and &, the critical (crit) emission limitation or

reduction target, the four cases listed in Table 3 and shown in Figure 4 are
distinguished. The Member States' 6, values can be determined knowing the relative

(total) uncertainty (p) of their net emissions (see equation (32a,b) in Jonas et al., 20043):

ﬁ X, <X, (6¢p>0)

0

6crit = for ) (la,b)
_ﬁ X, > X, (8 <0)

where p is assumed to be symmetrical and, in line with preparatory signal detection,
constant over time, i.e., p(t,)= p(t,) with t; referring to the base year 1990° and t, to

the commitment year 2010 (as the temporal mean of the commitment period 2008—
2012). The Member States' best estimates of their emissions at t, are denoted by X; .

Table 4 assembles the nomenclature that is required for recalling Cases 1-4.

Table3: The four cases that are distinguished in applying the Und& VT concept (see
also Figure 4).

Emission Reduction: Casel § Detectable EU/Kyoto target
oo >0 Non-detectable EU/Kyoto target:
Aninitia or obligatory undershooting is applied so that
Case2 0, >0 the Member States' emission signals become
detectable (before the Member States are permitted to
make economic use of excess emission reductions)

Emission Limitation: Asin Case 2, aninitia or
5.<0 Case3 Oy <Oy Ear;kdet?ctf\ble obligatory undershooting is
kP = yoto target applied unconditionally for all
Member States (their emission
Detectable reductions, not increases, must

5. >6
Cased o 20 EU/Kyoto target®  become detectable)

2 Detectability according to Case 4 differs from detectability according to Case 1. The reason for thisis
that countries committed to emission reduction (6., >0) and emission limitation (6,, <0) exhibit an
over/undershooting dissimilarity (see Jonas et al., 2004a: Sections 3.1 and 3.2 for details).
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Figure 4: The four cases that are distinguished in applying the Und& VT concept (see
aso Table 3). Emission reduction: 6., > 0; emission limitation: 6,, <O.

Case 1. dkp > 0: dgit < Jkp. Here, use is made of equations (434), (B1), (D1), (B3) and
(D2) of Jonas et al. (2004a: Appendix D):

Xo c(ls VL 4
e T 2. ()
where
1
Omod = 1= (1 KP>1+<1_ ZOz)p = bp+U (4), (4
o (1—2a)p

Case 2: okp > 0: dgit > okp. Here, use is made of equations (45a), (B1), (D3ab), (D4)
and (42b) of Jonas et al. (2004a: Appendix D):




2<(1-6,, ) ———=1-6_, , , (3
Xl — cr|t>1+ (1_ 2a>p mod (7) ( )
where

6oy =1 (16, )t =5+ U ), (5)

mod crit 1+ (1_ 204>p KP
(1-2a)p
u=u 1-6,., ) ———— 9
Gap+< cr|t>1+<1_2a>p ( )

with

UGap = 6crit _6KP : (10)
Table4: Nomenclature for Cases 1-4.

Known or Prescribed:

A Member Stat€ s net emissions (best estimate) at t;

Xi
« Therisk that aMember State’ s true emissionsin the commitment year/period are above its true
emission limitation or reduction commitment (true EU reference line)
Note: In Jonas et al. (2004a: Section 3.4 and Appendix D) « isreplaced by «, (where'v’
refersto ‘verifiable') in Cases 24, which is not done here
6 A Member State's normalized emission change committed under the EU burden sharingin
compliance with the Kyoto Protocol
P Therelative (total) uncertainty of a Member State's net emissions
Derived:
U Undershooting
Note: In Jonas et al. (2004a: Section 3.4 and Appendix D) U isreplaced by U, (where‘v’
refersto ‘verifiable') in Cases 2—4, which is not done here
U, Initia or obligatory undershooting
6.0 A Member Stat€ scritical emission limitation or reduction target or, equivaently, its reference
line for undershooting (Case 2: ¢_ ; Case3: —¢_ ; Case 4 —6l =06 —26,)
8. A Member State' s modified emission limitation or reduction target
Unknown:
X A Member State’ strue emissions at t;

ti

Although true emissions are unknown, the risk o can be grasped that X,, is> thetrue EU
reference line (which is given, eg., by (1—6,,)x,, in Case 1)




Case 3: dkp < 0: dgit < Jkp. Here, use is made of equations (50a), (B1), (D7ab), (D8)
and (52) of Jonas et al. (2004a: Appendix D):

X (146, )—t—1-4 11), 3
Xl _( + cr|t>1+<1_2a>p mod ! ( )’( )
where
1
Srog =1 (1465 )—r———— =6 + U 12), 5
mod ( + C”t>1+(1—2a)p KP+ ( ) ( )
(1-2a)p
u=u 1+6,, ) ———F—— 13
Gap+< + cr|t>1+<1_2a>p ( )
with
UGap:_<6crit+6KP> ' (14)

Case 4: okp < 0: duit > okp. Here, useis made of equations (55a), (B1), (D11ab), (D12),
(57) and (58) of Jonas et al. (2004a: Appendix D):

f(_i <M ), (1;1 2oy Lt (15), (3)
where
g =1 (18, )m S+ U (16), (5)
U=Ug, +(1+6 )ﬂ (17)
1+(1-2a)p
with
Ugp = — 26, (18)
8 =6 —26... . (19)

It is recalled that emission reductions are measured positively (6, > 0) and emission

increases negatively (6,, < 0), which is opposite to the emissions reporting for the EU

(see Section 1). However, this can be readily rectified by introducing a minus sign when
reporting the results.

10



3 Results

The evaluation procedure encompasses two steps. In the first step the Und& VT concept
is applied with reference to the time period base year—commitment year. With the
knowledge of p, the relative (total) uncertainty with which a Member State reports its

net emissions and which is assumed here to take on one of the values listed in Table 5
(excluding LUCF and Kyoto mechanisms), Equation (1) can be used to determine 6,

crit?
the Member State' s critical emission limitation or reduction target.

Comparing 6, and 6., the Member States 2008-12 targets under the EU burden

sharing in compliance with the Kyoto Protocol (see Table 1), alows to identify which
case gpplies to which Member State, that is, the conditions that underlie the emissions
reporting of a particular Member State and the EU-15 as awhole (see Tables 3 and 6).

Table 7 lists the Member States modified emission limitation or reduction targets 6.,
(equations (4), (8), (12) and (16)), where the (Case 1: * x, ,-greater-than- (1— 6., )X,,";
Cases 2 and 3: ‘x,-greater-than-(1—|5,,|)x,,’; Case 4: ‘X, ,-greater-than-
(1= (6o — 204¢)) X2 ") Tisk o is specified to be 0, 0.1, ..., 05. Table 8 lists the

crit

undershooting U (Equations (6), (9), (13) and (17)) contained in the modified emission
limitation or reduction targets 6, listed in Table 7.

As explained by Jonas et al. (2004a: Section 3.3), it is the sum of 6., and U, i.e, the
modified emission limitation or reduction target 6, (see Equation (5)) that matters

initially because it describes a Member State’ s overall burden. However, once Member
States have agreed upon their 6, targets, it is the undershooting U which then becomes

solely important. Therefore, only U is considered in the 2™ step of the evaluation, where
thefocusis on the Member States' emissions as of 2003.

The results are interpreted in Section 4, together with the conclusions that can be drawn
from this interpretation.

Table5: Critical emission limitation or reduction targets (¢,,,) for arange of relative
uncertainty values (p) (according to equation (1), covering the uncertainty
estimates avail able from the EU-25 Member States (confer Table 2).

>0 5 <0 >0 5 <0
P 6crit 6crit P 6crit 6crit
% % % % % %
0.0 0.00 15.0 13.04 -17.65
25 244 -2.56 20.0 16.67 -25.00
5.0 476 -5.26 30.0 23.08 -42.86
75 6.98 -8.11 40.0 28.57 -66.67
10.0 9.09 -11.11
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In this second step, the U values reported in Table 8 are multiplied with the factor
(—13/20). The minus sign ensures compliance with the emissions reporting for the EU,
which measures emission reductions negatively and emission increases positively (see
Section 1). The factor (13/20) establishes the linear path (base year—commitment year)
undershooting targets for the year 2003 (see Table 9).

Table6: The conditions (in the form of Cases 1-4) that underlie the emissions
reporting of a particular EU-25 Member State (MS) and the EU-15 as a
whole (which has approved, as a Party, the Kyoto Protocol to the United
Nations Framework on Climate Change). Green: Detectable EU/Kyoto target
under emission reduction (Case 1). Orange: Detectable EU/Kyoto target
under emission limitation (Case 4). Red: Non-detectable EU/Kyoto Target
under emission reduction (Case 2) or emission limitation (Case 3). Blue:
Member States having no Kyoto target.

VS S Case | dentification for p=
% 0% 25% 5% 75% 10% 15% 20% 30% = 40%
AT 13.0
cY -
DK 21.0
EE 8.0
Fl 0.0
FR 0.0
DE 21.0
GR -25.0
HU 6%
IE -13.0
IT 6.5
LV 8.0
LT 8.0
MT -
PL 6.0
PT -27.0
SK 8.0
S 8.0
ES -15.0
UK 125
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Table7:

The Und& VT concept applied to the EU-25 Member States (MS) and the
EU-15 as a whole. The table lists the 2008-2012 modified emission
limitation or reduction targets &, (equations (4), (8), (12) and (16)), where

the (Case 1: * x,,-greater-than- (1— 6,,)x,,’; Cases 2 and 3: ‘ X, ,-greater-
than- (1— |6, |)x,, ' Case 4: * X, ,-greater-than- (1— (8, — 28, ))X,) fisk o
isspecified tobe0, 0.1, ..., 0.5.

e S @ Modified Emission Limitation or Reduction Target 6, in% for p=
% 1 0% 25% 5% 75% 10% 15% 20% 30% 40%
AT 13.0 0.0 244 306 408 49.0
0.1 224 282 380 459
0.2 202 256 348 424
0.3 180 228 313 384
0.4 156 199 274 339
0.5 130 167 231 286
BE 7.5 0.0 244 306 408 49.0
0.1 158 224 282 380 459
0.2 142 202 256 348 424
0.3 126 180 228 313 384
0.4 109 156 199 274 339
0.5 9.1 130 167 231 286
Cz 8.0 0.0 174 244 306 408 490
0.1 158 224 282 380 459
0.2 142 202 256 348 424
0.3 126 180 228 313 384
0.4 109 156 199 274 339
0.5 130 167 231 286
DK 21.0 0.0 40.8 490
0.1 380 459
0.2 348 424
0.3 313 384
0.4 274 339
0.5 231 286
EE 75 0.0 403 485
0.1 375 454
0.2 343 419
0.3 308 379
0.4 269 334
0.5 226 281
Fl 0.0 0.0 0.0 4.9 9.8 145 192 284 375 560 76.2
0.1 0.0 4.5 8.9 133 177 265 353 539 747
0.2 0.0 4.0 8.0 121 161 244 330 516 731
0.3 0.0 3.5 7.1 108 145 223 306 490 713
0.4 0.0 3.0 6.2 9.5 129 200 279 461 691
0.5 0.0 2.6 53 8.1 111 176 25.0 429 66.7
FR 0.0 0.0 0.0 4.9 9.8 145 192 284 375 560 76.2
0.1 0.0 4.5 8.9 133 177 265 353 539 747
0.2 0.0 4.0 8.0 121 161 244 330 516 731
0.3 0.0 3.5 7.1 108 145 223 306 490 713
0.4 0.0 3.0 6.2 9.5 129 200 279 461 691
0.5 0.0 2.6 5.3 8.1 11.1 176 250 429  66.7
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Table 7: continued.

DE 21.0 0.0
0.1
0.2
0.3
0.4
0.5
GR -250 | 00
0.1
0.2
0.3
0.4
0.5
HU 6.0 0.0
0.1
0.2
0.3
0.4
0.5
IE -13.0 0.0
0.1
0.2
0.3
0.4
0.5

0.1
0.2
0.3
0.4
0.5
LV 8.0 0.0
0.1
0.2
0.3
0.4
0.5
LT 8.0 0.0
0.1
0.2
0.3
0.4
0.5
LU 28.0 0.0
0.1
0.2
0.3
0.4
0.5
NL 6.0 0.0
0.1
0.2
0.3
0.4
0.5
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Table 7:

continued.

PL

PT

S

ES

UK

6.0

-27.0

8.0

8.0

-15.0

125

0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5

EU-
15

8.0

0.0
0.1
0.2
0.3
0.4
0.5

-15.0
-15.0
-15.0
-15.0
-15.0
-15.0
-4.0
-4.0
-4.0
-4.0
-4.0
-4.0

7.2
71
-8.2
-8.8
=93
=319
35
SNl
2.6
2.1
1.6
11

0.5
-0.5
-1.4
-24
-34
-4.5
9.8
8.9
8.0
7.1
6.2
5.3

15

8.1

6.8

55

4.1

2.7

12
14.5
133
12.1
10.8
9.5

8.1

17.4
158
14.2
12.6
10.9
9.1
4.7
3.0
12
-0.7
2.7
-4.8
17.4
158
14.2
12.6
10.9
9.1
17.4
158
14.2
12.6
10.9
9.1
15.7
14.1
125
10.8
9.0
7.2
19.2
17.7
16.1
145
12.9
111

244 306 40.8 490
224 282 380 459
202 256 348 424
180 228 313 384
15.6 199 274 339
130 167 231 286
203 358 560 76.2
181 | 336 | 539 747
159 | 313 @ 516 731
135 | 287 | 490 713
110 @ 260 461 691
8.3 230 429 66.7
244 306 40.8 490
224 282 380 459
202 256 348 424
180 228 313 384
15.6 199 274 339
130 167 231 286
244 306 40.8 490
224 282 380 459
202 256 348 424
180 228 313 384
15.6 199 274 339
130 167 231 286
284 375 560 762
265 353 539 747
244 330 516 731
223 306 490 713
200 279 461 691
176 250 429 66.7
284 375 560 762
265 353 539 747
244 330 516 731
223 306 490 713
200 279 461 691
176 250 429 66.7
244 306 40.8 490
224 282 380 459
202 256 348 424
180 228 313 384
156 199 274 339
13.0 167 231 286
244 306 40.8 490
224 282 380 459
202 256 348 424
180 228 313 384
15.6 199 274 339
130 167 231 286




Table8: The Und&VT concept applied to the EU-25 Member States (MS) and the
EU-15 as a whole. The table lists the undershooting U (equations (6), (9),
(13) and (17)) contained in the modified emission limitation or reduction
targets ¢, listed in Table 7.

- Se o Undershooting U in% for p=
% I 2.5% 5% 75% 10% 15% 20% 30% 40%
AT 13.0 0.0 11.4 17.6 27.8 36.0
0.1 94 15.2 25.0 329
0.2 7.2 12.6 21.8 29.4
0.3 5.0 9.8 183 254
0.4 2.6 6.9 14.4 20.9
0.5 0.0 3.7 10.1 15.6
BE 75 0.0 16.9 23.1 333 41.5
0.1 8.3 14.9 20.7 30.5 38.4
0.2 6.7 12.7 18.1 27.3 349
0.3 5.1 105 153 238 309
0.4 34 8.1 12.4 19.9 26.4
0.5 1.6 55 9.2 15.6 21.1
Cz 8.0 0.0 94 16.4 22.6 32.8 41.0
0.1 7.8 14.4 20.2 30.0 37.9
0.2 6.2 12.2 17.6 26.8 34.4
0.3 4.6 10.0 14.8 23.3 30.4
0.4 7.6 11.9 19.4 25.9
0.5 5.0 8.7 15.1 20.6
DK 21.0 0.0 19.8 28.0
0.1 17.0 24.9
0.2 13.8 21.4
0.3 10.3 17.4
0.4 6.4 12.9
0.5 2.1 7.6
EE 75 0.0 32.8 41.0
0.1 30.0 379
0.2 26.8 34.4
0.3 233 304
0.4 19.4 25.9
0.5 . . . 15.1 20.6
Fl 0.0 0.0 0.0 4.9 9.8 14.5 19.2 28.4 375 56.0 76.2
0.1 0.0 45 8.9 13.3 17.7 26.5 35.3 53.9 74.7
0.2 0.0 4.0 8.0 12.1 16.1 24.4 33.0 51.6 73.1
0.3 0.0 35 7.1 10.8 14.5 22.3 30.6 49.0 71.3
0.4 0.0 3.0 6.2 9.5 12.9 20.0 27.9 46.1 69.1
0.5 0.0 2.6 53 8.1 11.1 17.6 25.0 42.9 66.7
FR 0.0 0.0 0.0 4.9 9.8 14.5 19.2 28.4 375 56.0 76.2
0.1 0.0 45 8.9 13.3 17.7 26.5 35.3 53.9 4.7
0.2 0.0 4.0 8.0 12.1 16.1 24.4 33.0 51.6 73.1
0.3 0.0 35 7.1 10.8 14.5 22.3 30.6 49.0 71.3
0.4 0.0 3.0 6.2 9.5 12.9 20.0 27.9 46.1 69.1
0.5 0.0 2.6 53 8.1 11.1 17.6 25.0 42.9 66.7
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Table8: continued.

DE 21.0 0.0
0.1
0.2
0.3
0.4
0.5
GR -250 | 00
0.1
0.2
0.3
0.4
0.5
HU 6.0 0.0
0.1

IE -13.0 0.0

LV 8.0 0.0

LT 8.0 0.0

LU 28.0 0.0

NL 6.0 0.0
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Table8:

continued.

PL

PT

S

ES

UK

6.0

-27.0

8.0

8.0

-15.0

125

0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5

EU-
15

8.0

0.0
0.1
0.2
0.3
0.4
0.5

7.8
73
6.8
6.2
5.7
51
7.5
7.1
6.6
6.1
5.6
51

15.5
14.5
13.6
12.6
116
10.5
13.8
12.9
12.0
111
10.2
9.3

18

23.1
21.8
20.5
19.1
17.7
16.2
185
17.3
16.1
14.8
135
12.1

11.4
9.8
8.2
6.6
4.9
31

31.7

30.0

28.2

26.3

24.3

22.2
9.4
7.8
6.2
4.6
29
11
9.4
7.8
6.2
4.6
29
11

30.7

29.1

21.5

25.8

24.0

22.2

23.2

21.7

20.1

185

16.9

15.1

184 246 348 430
164 222 320 399
142 196 288 364
120 168 253 324
9.6 139 214 279
7.0 10.7 171 226
473 628 830 103.2
451 | 60.6 809 1017
429 | 583 786 100.1
405 557 76.0 983
380 530 731 961
353 | 500 699 937
164 226 328 410
144 202 300 379
122 176 268 344
100 148 233 304
7.6 119 194 259
5.0 8.7 151 206
164 226 328 410
144 202 300 379
122 176 268 344
100 148 233 304
7.6 119 194 259
5.0 8.7 151 206
434 525 710 912
415 503 689 897
394 480 66.6 881
373 456 640 863
350 429 611 841
326 400 579 817
324 415 60.0 802
305 393 579 787
284 370 556 771
263 346 530 753
240 319 501 731
216 290 469 707
119 181 283 365
9.9 157 255 334
1.7 131 223 299
55 103 188 259
31 7.4 149 214
0.5 4.2 106 16.1
164 226 328 410
144 202 300 379
122 176 268 344
100 148 233 304
7.6 119 194 259
5.0 8.7 151 20.6




Table9: The undershooting U listed in Table 8 multiplied with the factor (—13/20)

to reconcile the Und& VT concept with the emissions reporting for the EU
and to establish the linear path undershooting targets for 2003.

s Undershooting U in % for p=
MS KP a
% 1 25% 5% 75% 10% 15% 20% 30% 40%
AT 13.0 0.0 74 -114 -181 -234
0.1 -6.1 -9.9 -16.2 214
0.2 -4.7 -8.2 -142  -191
0.3 -3.2 -64 -119 -165
0.4 -1.7 -4.5 -94  -136
0.5 0.0 -2.4 -6.6 -10.1
BE 7.5 0.0 -11.0 -150 -21.7 -27.0
0.1 -5.4 -9.7 -134  -198 -250
0.2 4.4 -83 -11.8 -17.8 -22.7
0.3 -3.3 -6.8 -100 -155 -20.1
0.4 -2.2 -5.2 -8.0 -13.0 -171
0.5 -1.0 -3.6 -6.0 -10.1 -137
Ccz 8.0 0.0 -6.1 -10.7 -147 -21.3 -26.6
0.1 5.1 -93 -131 -195 -246
0.2 4.1 -7.9 114 174 -224
0.3 -3.0 -6.5 96 -152 -19.38
0.4 -1.9 -4.9 -1.7 -126  -16.8
0.5 -3.3 -9.8 -13.4
DK 210 0.0 -129 -18.2
0.1 -11.0 -16.2
0.2 9.0 -139
0.3 -6.7 -11.3
0.4 -4.2 -84
0.5 -1.4 -4.9
EE 7.5 0.0 -21.3  -26.6
0.1 -195 -246
0.2 -174 224
0.3 -15.2  -19.8
0.4 -126  -16.8
0.5 . . . -9.8 -13.4
Fl 0.0 0.0 0.0 -3.2 -6.4 -94 -125 -185 -244 -364 -495
0.1 0.0 -2.9 -5.8 -8.7 -115 -172 -230 -350 -486
0.2 0.0 -2.6 -5.2 -78 -105 -159 -215 -335 475
0.3 0.0 -2.3 -4.6 -7.0 94 -145 -199 -31.8 -46.3
0.4 0.0 -2.0 -4.0 -6.2 -84 -130 -181 -30.0 -449
0.5 0.0 -1.7 -3.4 -5.3 -7.2 -115 -163 -279 -433
FR 0.0 0.0 0.0 -3.2 -6.4 -94 -125 -185 -244 -364 -495
0.1 0.0 -2.9 -5.8 -8.7 -115 -172 -230 -350 -486
0.2 0.0 -2.6 -5.2 -78 -105 -159 -215 -335 475
0.3 0.0 -2.3 -4.6 -7.0 94 -145 -199 -31.8 -46.3
0.4 0.0 -2.0 -4.0 -6.2 -84 -130 -181 -30.0 -449
0.5 0.0 -1.7 -3.4 -5.3 -7.2 -115 -16.3 -279 -433
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Table9:

continued.

DE

GR

HU

LV

LT

LU

NL

21.0

-25.0

6.0

-13.0

6.5

8.0

8.0

28.0

6.0

0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5
0.0
0.1
0.2
0.3
04
0.5

20



Table9:

continued.

PL

PT

ES

UK

6.0

-27.0

8.0

8.0

-15.0

125

0.0
0.1
0.2
0.3
0.4
0.5
0.0
0.1
0.2
0.3
0.4
0.5
0.0
0.1
0.2
0.3
0.4
0.5
0.0
0.1
0.2
0.3
0.4
0.5
0.0
0.1
0.2
0.3
0.4
0.5
0.0
0.1
0.2
0.3
0.4
0.5
0.0
0.1
0.2
0.3
0.4
0.5

EU-
15

0.0
0.1
0.2
0.3
0.4
0.5

21

-226  -279
-20.8  -259
-18.7  -23.7
-165 -21.1
-139 -181
111 -147
-540 -67.1
-526 -66.1
511  -65.1
-494  -639
475 625
-454 609
-21.3  -26.6
-195  -24.6
174 -224
-15.2  -198
-126 -16.8

-98 -134
-21.3  -26.6
-195  -24.6
174 -224
-15.2  -198
-126 -16.8

-98 -134
-46.2  -59.3
-448 -58.3
-433 -57.3
-41.6 -56.1
-39.7 547
-376  -53.1
-39.0 -52.1
-376  -51.2
-36.1  -50.1
-344 -489
-32.6 475
-30.5 -459
-184  -23.7
-16.6  -21.7
-145 -194
-122 -16.9

9.7  -139

-69 -104
-21.3  -26.6
-195  -24.6
-17.4 224
-152  -19.8
-12.6  -16.8

-98 -134




4 Interpretation of Results and Conclusions

To interpret the results for 2003, the following are displayed:

() Uby p with o asaparameter;
i.e., the Member States undershooting U that matches the relative uncertainty p
intheintervals [0,5, [5,10[, [10,20[ and [20,40] %, while the risk o takes on the
vaues0,0.1, ..., 0.5.

(I) Uby a with p asaparameter;
i.e.,, the Member States' undershooting U that matches the risk o« =0.5 and a in
the intervals [0.4,0.5, [0.3,0.4], [0.2,0.3, [0.1,0.2] and [0,0.]], while the
relative uncertainty p takes on the values 5, 10, 20 and 40%.

With respect to p, Jonas and Nilsson (2001: Section 4.1.3) is followed, who

recommend the application of relative uncertainty classes as a common good practice
measure. The classes constitute a robust means to get an effective grip on uncertainties
in light of the numerous data limitations and intra and inter-country inconsistencies,
which do not justify the reporting of exact relative uncertainties. The procedure with
respect to o issimilar.

The DTIs displayed in Figure 2 are always shown to contrast the Member States linear
path undershooting targets for the year 2003 with their actual emission situation in that
year.

(1) U by p with o as a parameter. Figure 5 displays U by p for a«=0.5. For this a
value, U equals zero (Case 1: equations (6)) or U, >0 (Cases 2—4: equations (9), (13)
and (17) in which U, is > 0 because it has not yet been multiplied with the factor

(=13/20)). Ug,, isthe initid or obligatory undershooting that is required to achieve

detectability before the Member States are permitted to make economic use of any
excess emission reductions.

Ug,, isafunction of 6., (Equations (10), (14) and (18)) and thus of p (Equation (1)).
This explains the different initial or obligatory undershooting that Member States have
to fulfill in dependence of the relative uncertainty with which they report their
emissions. Of interest here are the eleven countries that exhibit a negative DTI: CZ, DE,
EE, FR, HU, LT, LV, PL, SE, SK and the UK (Figure 2). Given o =0.5, LT, LV, EE,
PL, HU, SK and CZ are the best potential sellers followed by DE, the UK, SE and FR
(Figure 5). LT, LV, EE, PL, HU, SK and CZ can report with a relative uncertainty >
40% and dill exhibit a detectable signal; while DE must report with a relative
uncertainty of up to 40% (rounded), the UK with a relative uncertainty falling into the
interval [20,40] (more exactly: up to 26%), and both SE and FR even with a rdative

uncertainty falling into the interval [05] (more exactly: up to 3.6% and 2.8%
respectively).™

Figures 6-10 display U by p for a=0.4,..,0.0. These figures can be interpreted
similarly to Figure 5, bearing in mind that U increases in absolute terms with decreasing
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a. For a«=0.0 (Figure 10), LT, LV, EE and PL can still report with a relative
uncertainty > 40% and HU with a relative uncertainty of up to 40% (rounded); while
both SK and CZ must report with arelative uncertainty falling into the interval [20,40[

(more exactly: up to 33% and 26%, respectively), both the UK and DE with a relative
uncertainty falling into the interval [10,20] (more exactly: up 10%), and both SE and
FR even with arelative uncertainty falling into the interval [0,5 % (more exactly: up to
2.6% and 1.5%, respectively).™

(11 U by a with p as a parameter. Figure 11 displays U by « for p =5%. For this p
value, a white bar or, equivalently, a Uy, <0 (i.e, > 0 if the factor (-13/20) is

disregarded) appears only for Member States committed to emission limitation (ES, Fl,
FR, GR, IE, PT and SE; see Table 1). A U, <0 satisfies the demand for detectable

signals. As it becomes obvious, the white bars represent the major part of U. Their
length is equivalent to the length of the green barsin Figure 5.

With increasing p (Figures 12-14), an increasing number of Member States committed
to emission reduction also exhibit a U, <0, for p=40% eventualy al of them
(Figure 14). For p =10%, the length of the white bars is equivalent to the combined
length of the green and yellow bars in Figure 5; and so on until Figure 14 (p = 40%),
where the length of the white bars is equivalent to the combined length of the green,
yellow, orange and red bars in Figure 5. In general, Figures 12-14 resolve U, better
than the remainder of U.

Here, interpretation | (U by p with a as a parameter; Figures 5-10) is preferred over
interpretation 11 (U by o with p as a parameter; Figures 11-14), as the use of «

ingdead of p as a parameter appears to be more readily acceptable. Nevertheless,
Figures 11-14 are well suited to quickly survey U, and analyze which Member State
with anegative DTI meets U, for agiven p. (The UK, e.g., meets U, for p =20%
but not any more for p = 40%; Figures 13 and 14.)

The following four conclusions emerge from this study:

(1) Jonas et al. (2004a) motivated the application of preparatory signal detection in the
context of the Kyoto Protocol as a necessary measure that should have been taken
prior to/in negotiating the Protocol. To these ends, the authors have applied four
preparatory signal detection techniques to the Annex | countries under the Kyoto
Protocol. The frame of reference for preparatory signal detection is that Annex |
countries comply with their committed emission targets in 2008-2012. By contrast,
in this study one of these techniques, the Und& VT concept, is applied to the old and
new Member States of the European Union under the EU burden sharing in
compliance with the Kyoto Protocol, but with reference to the linear path (base
year—commitment year) undershooting targets in 2003. The exercise shows that
preparatory signal detection can also be applied in connection with intermediate
emission targets.
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(2) To advance the reporting of the EU, uncertainty and its consequences are taken into
consideration in addition to the DTI, i.e., (i) the risk that a Member State’s true
emissions in the commitment year/period are above its true EU reference line; and
(ii) the detectability of its target. It is anticipated that the evaluation of emission
signals in terms of risk and detectability will become standard practice and that
these two qualifiers will be accounted for in pricing GHG emission permits.

(3) In 2003 eleven EU-25 Member States exhibit a negative DTI and thus appear as
potential sellers: CZ, DE, EE, FR, HU, LT, LV, PL, SE, SK and the UK (Figure 2).
However, expecting that al of the EU Member States will eventually exhibit
relative uncertainties in the range of 5-10% and above rather than below excluding
LUCF and Kyoto mechanisms (confer Table 2: so far, quantified uncertainty
estimates are only available from twelve old and two new EU-25 Member States),
the Member States require considerable undershooting of their EU-compatible, but
detectable, targets if one wants to keep the risk low («a ~0.1) that the Member
States true emissions in the commitment year/period are above their true EU
reference lines. These conditions are met differently: Potential low-risk sellers
(Figure 9: ranked in terms of credibility) are LT, LV, EE, PL and HU which can
even report with a relative uncertainty > 40% and still exhibit a detectable signal;
while SK and CZ, and DE and the UK can still report within the 20-40% and 10—
20% relative uncertainty class, respectively. In contrast, FR and SE can only act as
potential high-risk sdlers (o= 0.5) within the 0-5% relative uncertainty class
(Figure 5). The other EU-25 Member States exhibit positive DTIs, i.e., they do not
meet their linear path (base year—commitment year) undershooting targets in 2003,
or do not have Kyoto targets at all (CY and MT).

(4) The Und& VT concept requires detectable signals. Measuring emission reductions
negatively and emission increases positively (i.e., in line with the reporting for the
EV), it can be stated that the greater the committed emission limitation or reduction
targets 6., and the greater the relative uncertainty p, with which Member States

report their emissions, the smaller the initial or obligatory undershooting U, isto
achieve detectability. That is, for p=5% only the Member States committed to
emission limitation (ES, FI, FR, GR, IE, PT and SE) require a U,, <0. For these
Member States, U, represents the major part of the undershooting U (Figure 11).
For p=10%, BE, IT, the NL as well as the EU-15 dso require a Ug,, <0 (Figure
12; here: Member States with U, <DTI), indicating that somewhere within the

5-10% relative uncertainty range non-detectability will become a problem also for
these Member States. The maximal (critical) relative uncertainties, with which they
can report their emissions without compromising detectability, can be determined
(Jonas et al., 2004b: Section 3.1); these are, in absolute terms and with reference to
2010, 8.1% (BE), 7.0% (IT), 6.4% (NL) and 8.7% (EU-15), respectively, assuming
that the emission limitation or reduction targets are met under the EU burden
sharing in compliance with the Kyoto Protocol. From these numbers it becomes
clear that the negotiations for the Kyoto Protocol were imprudent because they did
not consider the consequences of uncertainty.
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Required Undershooting for 2003: alpha =0.5
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Figure5: Uby p (seeintervals) for a = 0.5 in addition to the DTI.
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Required Undershooting for 2003: alpha = 0.4
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Figure6: U by p (seeintervals) for a = 0.4 in addition to the DTI.
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Required Undershooting for 2003: alpha = 0.3
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Figure7: Uby p (seeintervals) for o = 0.3 in addition to the DTI.
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Required Undershooting for 2003: alpha =0.2
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Figure8: U by p (seeintervals) for a = 0.2 in addition to the DTI.
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Required Undershooting for 2003: alpha=0.1
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Figure9: U by p (seeintervals) for o= 0.1 in addition to the DTI.
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Required Undershooting for 2003: alpha = 0.0
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Figure 10: U by p (seeintervals) for a = 0.0 in addition to the DTI.
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Required Undershooting for 2003: rho = 5%
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Figure 11: U by « (seevalue and intervals) for p = 5% in addition to the DTI.
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Required Undershooting for 2003: rho = 10%
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Figure 12: U by « (seevalue and intervals) for p =10% in addition to the DTI.
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Required Undershooting for 2003: rho = 20%
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Figure 13: U by a (seevalue and intervals) for p = 20% in addition to the DTI.
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Required Undershooting for 2003: rho = 40%
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Figure 14: U by « (seevalue and intervals) for p = 40% in addition to the DTI.
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Acronyms and Nomenclature

EU

DTI
GHG

KP
LUCF
MS

Und
Und&VT
VT

crit

mod

European Union

Distance-to-Target Indicator
Greenhouse Gas

Kyoto Protocol

Land-use Change and Forestry
Member State

Undershooting

Undershooting and Verification Time
Verification Time

critica

modified
true
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ISO Country Code

AT
BE
CYy
Cz
DE
DK
EE
ES
Fl
FR
GR
HU
IE
IT
LT
LU
LV
MT
NL
PL
PT
SE
Sl
SK
UK

Austria
Belgium
Cyprus
Czech Republic
Germany
Denmark
Estonia
Spain
Finland
France
Greece
Hungary
Irdland

Italy
Lithuania
Luxembourg
Latvia
Malta
Netherlands
Poland
Portugal
Sweden
Slovenia
Slovakia

United Kingdom
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Endnotes

! Preparatory signal detection alows generating useful information beforehand as to how great
uncertainties can be depending on the level of confidence of the emission signal or the signa one wishes
to detect and the risk one is willing to tolerate in not meeting an agreed emission limitation or reduction
commitment. It is this knowledge of the required quality of reporting versus uncertainty that one wishes
to have at hand before negotiating international environmenta tresaties such as the Kyoto Protocol. It is
generaly assumed that the emissions path between the base year and commitment year/period is astra ght
line, and the path of historical emissions is not taken into consideration.

2 The term ‘verification time' was first used by Jonas et al. (1999) and by other authors since then.
Actually, a more correct term is ‘detection time'. The detection of emission changes does not imply the
verification of emissions. The implicit thinking behind the continued use of ‘verification time' is that
signa detection should, in the long-term, go hand-in-hand with bottom-up/top-down verification (see
Jonas et al., 2004a: Section 2.3).

® This evaluation has been carried out separately for the EU-15 Member States by Bun (2006) and
recently, in relation to their linear targets as of 2001 and 2002, by Jonas et al. (2004b,c).

* For example, Ireland is alowed a 13% increase from 1990 levels by 2008-2012, so its theoretical linear
target for 2003 is a rise of ho more than 8.5%. Its actual emissions in 2003 show an increase of 25.2%
since 1990; hence, its DTI is 25.2 — 8.5, or 16.7 percentage points. Germany’'s Kyoto target is a 21%
reduction, so its theoretical linear target for 2003 is a decrease of 13.7%. Actua emissions in 2003 were
18.5% lower than in 1990; hence, Germany’s DTl is (—18.5) — (—13.7), or —4.8 percentage points.

® The origina data underlying Table 1 (provided by Ritter; 2006) were used to reproduce the DTIs of the
EU-25 Member States shown in Figure 2. Only the aggregated DTI for the EU-25 as awhole exhibited a
0.1% deviation (-2.8% in Figure 2 versus -2.9% in Table 1).

® The Intergovernmental Panel on Climate Change (IPCC) Good Practice Guidelines suggest the use of a
95% confidence interval, which is the interval, which has a 95% probability of containing the unknown
true emission value in the absence of biases (and which is equal to approximately two standard deviations
if the emission values are normally distributed) (Penman et al., 2000: p. 6.6).

" Austria has, as the only EU-25 Member State, carried out Full Carbon Accounting (FCA) for 1990.
Jonas and Nilsson (2001: Table 14) constructed a full carbon account, which serves as a basis for
extracting a partial carbon account that is extended by CH, and N,O and that isin line with the IPCC
Guidelines (IPCC, 1997a,b,c). The respective relative uncertainties (more exactly: the median values of
the respective rel ative uncertainty classes) are 2.5% for CO,; 30% for CHy4; >40% for N,O; and 7.5% for
CO,+ CH,+ N,O.

® Here, &, specifies the normaized emission changes, to which the Member States committed
themselves under the EU burden sharing and which are different from those under the Kyoto Protocol.
However, 6§, iscontinued to be used to avoid additional indexing.

® The base year selected is 1990 because it is determined by the ‘CO,-CH4-N,O system of gases (see
Jonas et al., 2004a: Section 3).

% The exact values are derived by demanding that U., (as given by equation (10) for DE and the UK
and equation (14) for FR and SE) equals a Member State's DTI (multiplied with (—20/13)) and
resol ving the resulting equation for the rel ative uncertainty p .

Y The exact vaues are derived by demanding that a Member State's DTI (multiplied with (—20/13)) is
reproduced by using equation (6) for DE and the UK; (9) for HU, SK and CZ; (13) for FR; and (17) for
SE, respectively.
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