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Corrigenda

Figure 2and Table 9contained numerical misprin(gig. 2: the DTPI value for Austria
was incorrect; Tab. 9: thé,, values had not been multiplied witil$/20)) and are

now updated.

Table Al is also updated as a oemsence of renumberindné equations in the
Appendix(two equationsvere numbere@Al12)).

21 March 2011
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Abstract

This study follows up IIASA Interim Report #B4-024 (Jonast al., 20043, which
addresses the preparatory datettof uncertain greenhousgas (GHG) emission
changes (also termed emission signals) under the Kyoto Protocol. The questiah probe
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 Annexdintries

as net emitterand referred to all Kyoto GHGE(,, CHs, N,O, HFCs, PFCsand SF6)
excluding CQ emissions/removals due to lande change and forestry (LUCF). They
motivated the application of preparatory signal detection in the context of the Kyot
Protocol as a necessary measure that should have been taken prior to/inimg theeia
Protocol. The authors argued thahcartainties are already monitorezhd are
increasingly made available but thaibnitored emissns and uncertainties are still
dealt with in isolation. A connection between emission and uncertainty estifoa the
purpose of an advanced country evaluation has not yet been establisbemlithors
developed four preparatory sigradalysistechniqwes and applied these to thanex B
countries under the Kyot®rotocol. The frame of reference for preparatory signal
detection is thafnnex Bcountries comply with themgreedemission targets in 2088
2012. The emissions path between base year and conemi year/period is generally
assumed to be a straight line, and emissions prior to the base y@at &a&en into
consideration.

This study applies the strictest of these techniques, the combined undegslamatin
verification ime (Und&VT) concept to advance the monitoring of the GHG emissions
reported by th7 Member States of the European Union (EU). In contrast to the earlier
study, the Member Statesigreed emission targets under EU burden sharing in
compliance with the Kyoto Protocate taken ito account, however, stélssuming that
only domestic measures will be ugeeé., excluding Kyoto mechanismdjhe Und&VT
concept is applied in a standard mode, i.e., with reference Mdahwer Statesagreed
emission targets in 2088012, and in a newnode, i.e., with reference to linear path
emission targets between base year and commitmentHeas, the intermediate year

of reference is 2(R)

To advance the reporting of the EU, uncertainty and its consequences arentaken i
consideration, i.e., Xithe risk that a Member Statdisie emissions in the commitment
year/period are abovés true emission limitation or reduction commitmefirue
emission targef)and(ii) the detectallity of the Member State’s agreed emissiarget

This risk can be msped and quantified although true emissions are unknown by
definition (but not necessarily their ratios)ndershooting thagreedeU targetor EU-
compatible but detectable, target can decrease this risk. The M&talbes potential
linear path undersloting opportunities as o005 are contrasted with their actual



emission situation in that year, whighcaptured by the distant@targetpathindicator
(DTPI; formerly. distanceto-target indicator previouslyintroducedby the European
Environment Agncy.

In 200, fourteenEU-27 Member States exhibit a negative BITand thus appear as
potential sellers: Bulgaria,Czech Republic,Estonia, France, Finland, Germany,
Hungary, Latvia, LithuaniafPoland, Romania, Slovakia, Sweden and the United
Kingdom However, expecting that all of the EU Member States will eventually exhibit
relative uncertainties in the range 6f18% and above rather than beldexcluding
LUCF and Kyoto mechanisiysthe Member States require considerable undershooting
of their EU-compdible, but detectable, targets if one wants to keep the saidoxisk
(a= 0.1) that the Member Stategue emissions in the commitment year/perfad
above their truemission targetsAs of 20®, these conditions can only be metten
(nine new and one oldMember States (ranked in terms of credibilityatvia,
Lithuania, EstoniaBulgaria, RomaniaHungary, SlovakiaPoland,Czech Republic,
and the United Kingdomwhile four old Member States(zermany, SwedenFinland

and Francecanonly act as potential sellensith a higher risk(Germany: a~ 0.25;
Sweden, Finland and Franca= 0.5). The other ELR27 Member States do not meet
their linear path (base ye@ommitment year) undershooting targass of 2005 (i.e.,

they overshoot their intermediate targets), or do not have Kyoto targets at all (Cyprus
and Malta).

The relative uncertainty, with which countries report their emissions, makers
instance,with relative uncertainty increasing from 5 to 10#e linear path 2008/12
emission signal of theld EU-15 as a wholgwhich has jointly approved, as a Party, an
8% emission reduction under the Kyoto Protoc)itches from detectable to non
detectable, indicating that the negotiations for the Kyotooeobtwere imprudent
because they did not take uncertainty and its consequenecescount.

It is anticipatedhat the evaluation of emission signals in terms of risk and detectability
will becomestandard practice and that these two qualifiers will be accounted for in
pricing GHG emission permits.
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Preparatory Signal Detection for the
EU-27 Member States Under EU Burden
Sharing —Advanced Monitoring
Including Uncertainty (1990 -2005)

Khrystyna Hamal and Matthias Jonas

1 Background and Objective

This study bllows up IIASA Interim Report IF04-024 (Jonas et al., 20044t applies

the strictest of the preparatory sigmaalysistechniques developed in this repbthe
combinedundershooting and verification time (Und&VT) concépp advance the
monitoringof the greenhouse gd&HG) emissions reported by ti#y Member States

of the European UniofEU) under EU burden sharing in compliance with the Kyoto
Protocol.Here, ‘emissions’ refer to all Kyoto GHGEQ,, CH,, N,O, HFCs, PFCsand
SFks) excluding CQ emissions/removals due to lanuge change and forestry (LUCF).
The Member States’ emissions are evaluated velatithe EU’slinear pathtargetas of
2005 and in terms of their positive and negative contributions to this tArghis
monitoring process iglustrated in Figures 1 and 2 and Table 1. The figuresthad
table provide details, br each Member Statend the EU-27 as a whole, of trends in
emissions of GHGs up to 2b0The EU15as a whole is shown separately, asasthe

old EU Member Statethathave jointly approved, as a Party, the Kyoto Protocol to the
United Nations Framework on Climate Change (EU Official Journal, 2002: Arhex |
Figure 1follows the total emissions of the EU over time since 1990, while the distance
to-targetpath indicator OTPI; formerly: distancéo-target indicator introduced in
Figure 2,based on the country data listedTiable 1, is a measufer how muchthe
Member Statesactual (2005) GHG emissiongeviatefrom thar linear target path
between 1990 and 2088012, assuming that only domestic measures will be used (i.e.,
excluding Kyoto mechanisms). A negative BFimeans that a Member State is below
its linear target path, a positive DTI that a Member State is aboimeets target path
(EEA, 2007a Table 16.1; EEA, 200/b: TadesES1 and 21).* As Figures land 2 only
present relative information of the kind ‘must bugrsus can seé|l Figure 3is added
which translates this information into absolute numbers based on the Memiest Sta
emissionchanges as of2005and their lineapathtargets ér that yea(Table 1). Figure

3 facilitatesunderstanuhg the 20® situation of the EU in quantitative terms.

The overall objective of the study is to advance the reporting of the EU mgtaki
uncertainty and its consegpces into consideration, i.e., (i) the risk that a Member
State’s true emissions in the commitment year/period are abibvetrue emission
limitation or reduction commitmerftrue emissions target); arfil) the detectabity of
the Member State’s agreed emission targéis risk can be grasped and quantified



although true emissions are unknown by definition (but not necessarily their ratios).
Undershootinghe agreed EU, or Eldompatible but detectable, target can decrease this
risk. Here, the intermedia year of reference in the focus of attention is 2005, i.e., the
linear target path 199@008/12is evaluated with respect to this year.

Figure 1:

Figure 2:
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EU-27 GHG emissions for 199@005 (excluding LUCF and Kyoto
mechanisms) with 1990 emissions as reference. The correspondit§ EU
GHG emissions and linear target path 198W08/12 with baseyear
emissionsas referenceare shown for comparisorsource:EEA (2007hb
Tabes ES.1 and ES2, and 21 and 22, respectively, reproduced with the
help oforiginal datafrom Gugele (2008).
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for comparison.



Tablel: Distanceto-targetpath indicator (DTPI) for EU-27 as a whole and its
Member States in 208 under the Kyoto Protocol and EU burden sharing
(including and excluding LUCF and Kyoto mechanisms; see last cdlumn
2" and 3" columns: base year and 26@GHG emissions (excluding LUCF
and Kyoto mechanisms; in G@quivalents);4™" and %" columrs 2004—
2005 and base yeaP005 emission changes (in %§" and #' columrs:
20082012 emission targets under the Kyoto Protocol and HEildm
sharing (in % and Cf®equivalents). Values for the E1b as a whole are
shown for comparison. SourcésEA (2007a Tale 16.1), Gugele (2008)

e DTPI [2_0(]5 emissions

omieatons 2005 CNOS 3005/ EU burden-sharing _TRIVe 10 18T

Country ) emissions 2005 base O LA IR NER Kyoto mechanisms and
year carbon sinks

Mt COE Mt C02 % U Yo Mt CCIz Percentage points

Austria 79.0 93.3 2.3 18.1 -13.0 68.7 + 27.9{ + 18.7
Belgium 146.9 143.8 -2.6 -21 -7.5 135.9 + 3.6/ 0.0
Bulgaria 132.1 62.8 1.3 -47.2 - 8.0 121.5 -41.2 / n.a.
Cyprus &.0 (%) 9.9 0.2 63.7 Mo target Mo target Mo target
Czech Republic 196.3 145.6 - 1.0 - 25.8 - 8.0 180.6 -19.8/ n.a.
Denmark 69.3 63.9 - 6.3 -7.8 -21.0 54.8 +B8.0/+ 1.0
Estonia 43.0 20. -2 -52.0 - 8.0 39.6 - 46,0/ n.a.
Finland 71.1 62.3 -14.6 -2.6 0.0 711 -26/-57
France 563.9 553.4 - 0.5 -1.9 0.0 563.9 -1.2/ na.
Germany 1232.5 1001.5 -2.3 - 18.7 -21.0 973.7 - 3.0/ na.
Gresce 111.1 139.2 1.2 25.4 25.0 138.8 + 6.6/ n.a.
Hungary 123.0 80.5 1.2 -345 - 6.0 115.7 -30.0/ n.a.
Ireland 55.8 69.9 1.9 25.4 13.0 63.0 + 156/ + 8.0
Italy 519.5 582.2 0.3 121 - 8.5 485.7 +17.0/+ 118
Latvia 25.9 10,9 1.5 - 58.0 - 8.0 23.8 -52.0/ na.
Lithuania 48.1 22.6 7.2 -53.1 - 8.0 44,3 -47.1/ na.
Luxembourg 12.7 12.7 - 0.4 0.4 - 28.0 9.1 + 214/ -84
Malta 2.2(2) 3.4 6.1 54.8 Mo target Mo target Mo target
Netherlands 214.6 212.1 -2.9 -1.1 - 6.0 201.7 +3.4/-3.7
Foland 586.9 399.0 0.6 -32.0 - 6.0 551.7 -27.5/ n.a.
Portugal 60.9 B5.5 1.0 40.4 27.0 77.4 +20,1/+ 7.2
Romania 282.5 153.7 - 4.0 - 45.6 - 8.0 259.9 - 39.6/ n.a.
Slovak Republic 73.4 48.7 - 1.6 - 33.6 - 8.0 57.5 - 27.6/ n.a.
Slovenia 20.2 20.3 2.1 0.4 - 8.0 18.6 +64/-21
Spain 289.4 440.6 3.6 52.3 15.0 332.8 +41.0/ + 31.3
Sweden 72.3 67.0 -39 -7.4 4.0 75.2 -104/-12.6
United Kingdom 779.9 657.4 - 0.5 - 15.7 -12.5 682.4 -63/-87
EU-15 4 278.8 4 192.0 - 0.8 - 2.0 - 8.0 3 936.5 +40/+ 1.4
EU-27 5818.4 (?) 5177.0 -0.7 -11.0 Mo target Mo target Mo target
Croafia 34.6 9.2 0.0 - 15.5 - 5.0 32.9 -11.8/ n.a.
Iceland 3. 3.7 0.7 10.5 10.0 3.7 + 3.0/ n.a.
Liechtenstein 0.2 0.3 0.1 17.4 - 8.0 0.2 + 23.4/ n.a.
MNorway 49.8 54,2 -1.3 8.8 1.0 50.2 +81/-7.0
Switzerland 52.7 53.6 1.1 1.7 - 8.0 438.5 +7.7/+54

Note:

(1) The base year (first column) refers to the base year of the Initial Reports due at the end of 2006 and do not consider

changes due to UNFCCC reviews, as the base years were not finalised in time to be considered in this report. The base years
of the EU-15 are consistent with the base years of the EC Initial Report.

(2) The EU-27, Cyprus and Malta have no target under the Kyoto Protocol, and therefore no legal base year. As a result, In
this table, 1990 emissions were taken as reference emissions for the EU-27, Cyprus and Malta and Turley.

(3) The distance-to-target-path indicator (DTPI) measures the deviation in percentage points of actual emissions in 2005
from a (hypothetical) linear path between base-year emissions and the burden-sharing target for 2010. A positive value
suggests an underachievement and a negative value an overachievement by 2005, The DTPI is used as an early indication of
progress towards the Kyoto and burden-sharing targets,

The mention n.a. indicates that the country does not Intend to use carbon sinks or Kyoto mechanisms to meet its target.

Source:

EEA, based on EU Member States greenhouse gas inventories.



EU-27: Must-Buy versus Can-Sell Situation in 2005
(Tg COz-eq)

Must Buy:
279.1

CanSell:

-586.0

Figure3: Figure 2 presented in absolute terms. Potential buyers B 200 BE, DK,
ES, GR, IE, ITLU, NL, PT, S| potential sellers in 2@ BG, CZ, DE, EE,
FI, FR, HU, LT, LV, PL, ROSE, SK, UK. MemberStates not considered:
CY, MT. See ISO Country Code for country abbreviations and text for
underlying assumptions.

Uncertaintiesare reported andextracted from the national inventory reports of the
Member States. However, a connection between emission and uncertaintyesstima
the purpose of an advanced country evaluation has nditeget established. A recent
compilation of uncertainties has bepresented by EEA (20@: Talde 1.13)and is
reproduced as Table. ZThis compilation makes available quantified uncertainty
estimates fron21 of the EU27 Member States (extracted from th&ational Inventory
Reports 206 and 200). From theremaining Merber States national inventory regsort
were available but without uncertainty estimataspational inventory repastvere not
provided Thelisted uncertainties refer to eonfidence 085% confidence intervaand
exclude,with the exceptiorof a few Member States, G@missions/removals due to
land-use change and forestry (LUCF3ermany, Poland, Portugal, Slovakend the
United Kingdom report (CQ or combined) uncertaintieghat include LUCF
emissions/removals.

Taking uncertainty into account in combination with undershooting is important
becausehte amounby which a Member Statendershoots itEU, or its EU-conpatible,

but detectable, targaetan be traded. Towards installing a successful trading regime,
Member Statesnay want to price the risk associated with this amount. We anticipate
that the evaluation of emission signals in terms of risk and detectabilithagome
standard practice

Section 2 recadlthe methodology of the Und&VT concept, whishappliedin Section
3 with the above objective in mind. Results and conclusions are presented in Section 4



Table 2:

Uncertainty estimates available frdi-27 Member Statesexcluding LUCF (with the exception of Germany, Poland, Portugal,

Slovakig andthe United Kingdoand Kyoto mechanisnfsSource EEA (2007b: Tate 1.13).

Member State (Austria Belgium Bulgaria Cyprus Czech Republic | Denmark Estonia Firnland
. Na uncariainty
Citation [Austrian NIRy Mar 2007, p.46-50 ??‘32;‘" NIR 2006, p. Nr‘;_’.'i‘lf y [estmans g‘gz':‘ NIR2007.P. | by ish IR 2007 p. 51-54 INIR g 2006 |Finnish NIR Mar 2007 p. 27-28
. prowiche previded
Me thod used Tier 1, Ter2 Tier 1 Tier 1 Tier 1 Tier 1, Teer 2
Documentation in NIR Noinfomation
{according to Takble Annex 6 (plarned for Ap il vasion) Yes Yes: Tabk 1.3 Yes c'll:':ﬂ 'I:Ed Yas: Annex 1
6.1/6.2 of GPG)
2006-Allssotors . .
— . . - 1990, 2006 - The sourcas included in . -
Vears and sectors l:;p;:‘m yoarand 2004 - Koy ﬁiﬂ;ﬁﬂp{g; 1900, 2005- Al |the uncsrtainy estimais covar 99,0% 1980, 2005 ~All sourcss
included Tiar 2: 1290, 1997 (Fomyaar 1959) —  |uncartainty study was so;rf::;kql,f sauress of @_wﬂgglsh-glrf;hc'u;gf [parcentagas below ars calculatad by
Al sactors conducisd both an - = iﬁg;m VLlIZ 8q. wilhou o EEA on basis of the NIF]
Tiar 1and Tiar 2 ksl :
Leri Tier2
Uncertainty | %) Tier1 Tier2 Tier 1 Tier 1 Tier 1 Tier1 {including -
axcluding LLILLI
wiuch ! g LULUCh)
Baasa yaar: 0.0%) 1900: 23% 1500 4%+ 2%
CO. : 2 WS 2.3%
! 2004: 0.9%] 1907 2.1% 1% 2005 23% 2005 -4%42%
Bassyoar 13.1%|  1000: 483% L — 1900 -25%425%
CH, 2004 116% 1997 47 4% 24.0% 2005: 23% 2005 -24%/425%
Basayean 24.6%  1890: 886% - N 1880 -47%+113%
N0 2004: 26.8% 1997 A59% a7.0% 2005:42% 2005 -31%4+65%
Basaysar: 33.5% I 1950 -44964-44%
F-gases 004: 32.8% 100 2005: 42% 2005 -11%0+11%
Basayaar: 2.42% 1990: 93% ' . N ) 1990 7%+ 1 3%
Total 2004: 1.81% 1907 : 8% 7% 6% 005: 5.4% 2005 58.8% 2005 -4%/4T %
LA Tier 2
Unesartainty in trend (%) Tiar 1 Tier 1 Tier 1 Tier 1 (inzluding -
axeluding LULLI
wer | g LULueh)
GO, 1.9 parcentage points
CH, 102 parcaniags points
N0 11,6 parcantags points
F-gases 64 parce ntags poinks
Total 2.87% 278, 3.0% 2.2 percantage ponts 155, . 3“1_';‘?"'5”“39




Table 2:

continued
Member State France Germany Greece Hungary Ireland ftaly Latvia Lithuania Luxembourg Malta
- . i~ - . Irish MIR 2307, p. | Italian NIR Aug . . .

_—_— French NIR 2007, |German NIR April 2007, p.| Gresk Shor-MIR | Hungaran short . Latvian NIF Mar] Lithuanian MIR Luxembourg NIR .
Citation p. 3031 9004 o007, p. 17-18. | iR 2007, p 16 |51 211532'-“‘“ 203:& :g' 2007, p. 1617 | 2007, p.14 006 Ne NIR provided
Method used Tier 1 Tier2 Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tier 1
Docume ntation in Yas: Annex [Anhang] 7 Vas Annax 1
MIR (according to Yas: Annex 2 | (according to Table 6.2 Mo Na Yas: Tahle 1.8 TaEIe A12) Yas: Annex 2| Yes: Annex 2 Mo
Table 6.1/6.2 of GPG) of GPG) Ve Al

1250, 205 - 100820 for
Almost all il
sources (not Fgases), all
Years and sectors 1990, 2005 - Al |, ie i ooiee includs d soLroes 1 985-2004 1990, 2004 — All] 1990, 2004 — | 1920-2004, All source
included S0UMES o sources All sources SOUMCEs categories
represant lass {excapt
than 1% of otal LULUCF and
emissions) solvant sactor)
Uncertainty (%) Tiar 1 Tier 2 Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tier 1
co, 2005: +3.31%L2.86% 4% fwithout LUCFY  +- 210 49 1.6% 3.4% A1
CH, 2005: +.4, 5204510 | oo (Withedt + 15 10 25% 4.1% 16% +10.2%
LUGF)
N0 2005: +.100,1396-45.82%, 104?&;“,'__':‘"”' + 80 10 90% 227% 204, TT.O%
113.7% jwithout ! ’
F-gases LUCF) 0.02%, +-0,0%%
11%s (without 3,2%% nat
Total +1T.7% 2O06: +11. 68945 TT% LUCF) 4.02% 6.2% 8,59 with 5.1% +.0,56%
LULUCF
Uncertainty in trend (%) Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tier 1
co, 3.3% 1.9%
CH, 3.0% D
N0 6.3% 13%
F-gases 0.04%
2,6% net
Total 3.0% 10,07 245% 3.8% 7.0 with 21% 2,1
LULUCE




Table 2:

continued

Member State Netherlands Poland Portugal Romania Slovakia Slovenia Spain Sweden United Kingdom
- Dutch MIR 2007, Mar | Polish NIR &pr | Potuguess NIR| Romania NIR | Slovakian NIR July] Slovenian NIR Mar] Sparish MIR Mar | Swadish NIR ;
! UK MR April 2007, p. 62
Citation 2007 p.20-33 2007,p.5 | 2007, p. 1416 | Mar2oo7, p2e | 2006, p.15 2007 p. 19 | 2007, p. 1.26-1.30 2007, p. 2428 Aprl P
Method used Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tierd Tier 1, Tier 2
Documentation in
NIR {according to Annex 7, Table AT .1 Partially in Annex Mo information Yas: Table AT.1 Partially .
! Yas: Annex 7 Y Yes: Tables in Annex 7 p. 4176
Table 6.1/6.2 of andA7.2 5 Yos Anst B | ovided Ho o5 Annex and 7.2 {Annex 2 s Tarks n Amnex
GPG)
1990 and 2005
95025, 2004 - -2005 - £ - g 2
l‘l’ears and sectors 1990va5, 2004 — All 2005 - All sourcas 10002008 - All 1986, 2002, 2003 -] Bass year, 2003, for all sactors 1000, 2005 — Al soursss, AD, EF
included soumes S0Urcss All sourss 2004 - All sources
and gasss
Unce rtainty (%) Tier1 Tier1 Tiar1 2005 Tier 1 Tier1 Tier 1 Tiar1 Tiar1 2005 Tier 2 2005
. . 2,4% (1990} .
CO, % 7.3% 5% 2 2% (20065 21%
. 2,8% (1090} o
CH, 25, 22.2% 27, 2.1 (2006) 21.2%, (nat)
) . 5.3 % (1600) .
N0 [ 1% 108% 5 18 30085) 233%,
HFC: 16%
HFC 44.1% PFG 0,2% (1990}
F-gases 50 B5% et foree PFCs 5.8%
200 SF6 10094 0,3% (2006) SFE 24.5%
_ 1996 1% | Baso yoan 4-0.0%| ooy _ _
Total 5% 0.3% a7, 2002: 13,1% 2003: /-6 0% 0% (3005) 16.5% 14.2%
200% 12% 2004 +-7 (% e
xf'}“ Gt Tisr1 Tisr1 Tior 1 Tier 1 Tiar 1 Tiard Tisr 1 Tier2 {rangs)
A
GOy H-2.5% B.010-27%
CH H- 10% -66 o -34%
NsO H-15% 80 to 215%
HFC 10 to 63%, PFCs
F-gasas H-T% 210630, SFE-15
to T 1%
o Ao . . 2002: 4% 2002: 4-2.3% .
i qu; 207 X o g R .
Total +- 3% 13.2% 3.6% 2003 P 2004 4~ 4,29 2.6% 287 to 0%




2 Methodology

The applied Und&VT concept is described in detailamaset al. (2004a) With the
help of 6,p, the normalized emission change under EU burdenrgharicompliance

with the Kyoto Protocol, and Oyit» the critical (crit) emission limitation or reduction

target, the four cases listed in Table 3 and shown in Figue 4listinguished. The
Member States’s,,;, valuescan be determined knowing the relat{¢etal) uncertainty

(o) of their net emissions (sé&&. (32a,b) inJonast al., 2004

ﬁ Xo < ¥4 (Skp > 0);
Ogit = for (1a,b)
- X 2 % (6kp < 0),
1-p

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 t01990 asbase yedrandt, to

2010 ascommitment year (as the temporal mean of the commitment period-2008
2012). The Member States’ best estimates of #raissions at, are denoted by; .

Table 4 assembles the nomenclature ithegquiredfor recalling Cases-4.

Table3: Thefour cases that are distinguished in applying the Und&VT concept (see
also Figire 4).

Emission Reduction: Casel Ogrit < Okp Detectable EU/Kyoto target
oxp >0

Non-detectable EU/Kyoto target:

An initial or obligatory undershooting is applied so tt
Case2 OJgit > 0kp | the Member States’ emission signals become
detectable (before the Member States are permitted to
make economic use of excess emission reductions)

Emission Limitation: As in Case 2, an initial or
obligabry undershooting is
applied unconditionally for all
Member States (their emission
Cased Sy > Skp Detectable reductions, not increases, must

EU/Kyoto target = become detectable)

Ogrit < Okp | Non-detectable
oxp <0 Case3 EU/Kyoto target

& Detectability according to Case 4 differs frontatgabilty according to Case TThe reason for this
that countriesagreedto emission reduction &, >0) and emission limitation {, <0) exhibit an

over/undershooting dissimilarity (séenaset al., 2004a: Sections 3.1 an®3or detalils).



{ Casel:5_, <0y Case 2: 0, = Oy
Sip > 0 4 1 1
-1 5:m aKp
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—+ b !
I
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Figure4: The four cases that are distinguished in applying the Und&VT concept (see
alsoTable 3). Emission reductions,, > 0; emission limitation:5,, <0.

Case 1: 6yp > 0:0, < O¢p - Here, use is made &q. (43a), (B1), (D1), (B3) and (D2)
of Jonast al. (2004a: Appendix P(see als@onast al., 2008 Appendix D:

Nogis) r g
. S (1_2a)p_1 Srmods (@), (3)
where
Onaa =1 000) 5 =60+ @, 6)
_a- L-2a)p
u=a §KP)1+ A-2a)p ©)

Case 2. 6yp > 0:5,, > 5¢p- Here, use is made of equations (45a), (B1), (D3a,b), (D4)
and (42b) ofJonaset al. (2004a: Appendix D(see alsalonaset al., 2008: Appendix

D):

Xcog, )t 1o 7), (3
Xz = ( crlt)1+ (1_ 20(),0 mod ( )1 ( )

where



1

Omod =1— (L~ 5crit)m = p +U (8), (5)
d-2a)p
u=uU_ +0-o6.,,)—————, 9
gap ( Cr|t)l+ (1_ 20(),0 ( )
with
U gap — Scrit — Okp - (10)

Table4: Nomenclature for Cases-4.

Known or Prescribed:

X A Member State’s net emissions (best estimatg) at t

Q@ The risk thbia Member State’s true emissions in the commitment year/gati@bove its true
emission limitation or reduction commitment (treraission targégt

Note: In Jonast al. (2004a: Section 3.4 and Adp) « is replaced byn, (where ‘v’ refers to
‘verifiable’) in Cases 24, which is not done here

Skp A Member State’s normalized emission chaageeedunder EU burden sharing in compliance
with the Kyoto Protocol

Y The relative (total) uncertainty of a Member State’s net emissions

Derived:
U Undershooting

Note: In Jonast al. (2004a: Section 3.4 and Adp) U is replaced byU, (where ‘v’ refers to
‘verifiable’) in Cases 24, which is not done here

Ug Initial or obligatory undershooting

ap

it A Member State’s critical emission limitation or reduction target or vedgrtly, its
‘detectability referencefor undershootig

(Case 25, ; Case 34, ; Case 415l = Op — 25cm)

Smog A Member State’s modified emission limitation or reduction target

Unknown:
X, A Member State’s true emissis at t

Thesaid riska (e.g., thex, ,-greateithan (1-p)x; risk in Case 1) can be grasped and
guantified although true emissions are unknown by definition (but not necessarilatiosiy r

Case 3: Syp <0:84i; < okp- Here,useis madeof equations (50a), (B1), (D7a,b), (D8)
and(52) of Jonaset al. (2004a: Appendix D)see alsdonaset al., 2008: Appendix R°

X cQas,)— 15 11), (3
Xz_( + crlt)1+(1_2a)p mod ( )’()

10



where

1
Omog =1— L+ 5cm)m = Op +U (12), (5)
d-2a)p
u=U_.+0+5.,,)————~ . 13
gap ( crlt) 1+ (1_ 2&),0 ( )
with
U gap — _(§Crit + 5KP) : (14)

Case 4: 6yp <0:6,; = okp. Here, use is madeof equations (55a), (B1), (D11a,b),

(D12), (57) and (58) odonaset al. (2004a: Appendix P(see alsalonaset al., 2008:
Appendix D:°

Ko id)—t—1-§ 15), (3
Xz = ( Cl’lt)1+ (1_ 20!),0 mod ( )’ ( )
where
, 1
Fmod =1~ (L+ 6crit)m =okp +U (16), (5)
, 1-2a

U=Ug,+ L+ 5@%. (17)

with

U gap = —Zé‘crit (18)

- 5érit = 5KP - 2é‘crit . (19)

The inversions p = p(5,,,U,a) of Eq. (6), (9), (13) and (17)re given in the

Appendix. They are used to determine the uncertainty for a given undershooting
(typically for U equal to DTPRI here with reference t8008/12 and in dependence of
Op anda .

It is recalled that emission reductions are measured positiggly>0) and emission
increases negativelys(, < 0), which is opposite to the emissions reportingthe EU

(seeSection 1). However, this can be readily rectified by introducing a minus sign whe
reporting the results.

11



3 Results

The evaluation procedure encompagsessteps. In the first step the Und&VT concept
is applied with reference to the timerjpe base yeacommitment year. With the
knowledge of p, the relative (total) uncertainty with which a Member State reports its

net emissions and which is assunmede to take on one of the values listed in Table 5
(excluding LUCF an&yoto mechanisms)Eq. (1) can be used tdetermined,;, , the

Member State’s critical emission limitation or reduction target.

Comparing J,;; and 6y, the Member States’ 20082 targets under EU ubden

sharing in compliance with the Kyoto Protocol (seel@d, allows to identify which
case applies to which Member State, that is, the conditions that underlie the esnission
reporting of a particular Member State and the Eas a whole (see Tks3 and6).

Table 7 lists the Member States’ modified emission limitation or redutirgetso,, q
(Eq. (4), (8), (12) and (16)), where the (Case 4:,-greatefthan (1- )% ,"; Cases 2
and  3:  ‘x,-greaterthan (1-|5,.[)%,’;  Case 4. ‘x,-greaterthan

(1- (Skp — 204it)%1") Tisk « is specified to be 0, 0.1, ..., 0.5. Table 8 lists the

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

As explained byJonaset al. (2004a: Section 3.3}t is the sum ofs,, and U, i.e., the
modified emission limitation or reduoti targeto,,,.4 (see Eq(5)) that mattersitially

because it describes a Member State’s overalien. However, once Member States
have agreed o, targets, it is the undershooting U which then becomes important.

Therefore, onlyJ is consideredn the secondstepof the evaluation, wherhe focus is
onthe Member States’ emiss®as of 200.

The resultsare interpretedh Section 4, together withthe conclusions thatanbe dram
from this interpretation.

Table5: Critical emission limitation or reduction targets.f; ) derived with the help
of Eq. (1) for a range of relative uncertainty values), coveringthe
uncertainty estimates the EU27 Member States {cTabe 2).

Sep >0 Sep <0 Sep >0 Sep <0
P 5crit 5crit P 5crit 5crit
% % % % % %
0.0 0.00 15.0 13.04 -17.65
2.5 2.44 -2.56 20.0 16.67 -25.00
5.0 4.76 -5.26 30.0 23.08 -42.86
7.5 6.98 -8.11 40.0 28.57 -66.67
10.0 9.09 -11.11

12



In the second step, the U values reported in Tablere8 multiplied with the factor
(—15/20). The minus sigrensures complianogith the emissioareporting for the EU,
which measures emission reductions negatively and emission increaseglyo&te
Section 1). The factor-(l5/20) establishes the linear patbase yearcommitment
yeal emissiontargetsand undershooting opportunitits the year 20D (see Tale 9).

Table6: The conditions (in the form of Cases4) that underlie the emissions
reporting of a particular EA27 Member StatgMS) and the EUL5 as a
whole (which has approved, as a Party, the Ky@itotocol to the United
Nations Framework on Climate Changé&reen: Detectable EU/Kyoto target
under emission reduction (Case 1). Orange: Detectable EU/Kyoto target
under emission limitation (Case 4). Red: Nadetectable EU/Kyoto Target
under emission reduction (Case 2) or emission limitation (Case 3). Blue:
Member States having no Kyoto target.

S Case I dentification for p =
MS KP
% 0% | 25% | 5% | 75% 10% | 15% = 20% | 30% | 40%
AT 13.0 |
BE 75 ;
BG 8.0 '
Cz 8.0

DK 21.0

EE 8.0
FR 0.0 | Case 3
DE 21.0
GR -25.0
HU o |Cased Casel | Case2
IE -13.0
T 65
LV 8.0 | Case 2

LT 8.0

LU 28.0

NL 6.0

PL 6.0

PT  -270 | Case 3
RO 8.0
SK 8.0

= gl

ES -15.0

SE 40 |

UK 125 |
EU-15 8.0

13



Table 7:

The Und&VT concept applied to the ER¥ Member States (MS) and the
EU-15 as a whole. The table listsetr?0082012 modified emission

limitation or reduction target$_ , (Eq. &) in combination with Tde 8),
where the(Case 1: x ,-greateithan (1-oyp)x,’; Cases 2 and 3:x ,-

greaterthan (L—|5,,[)x ,'; Case 4! x ,-greaterthan (1— (Syp — 254;) )% 1")

risk « is specified to be 0, 0.1, ..., 0.5.

e b a Modified Emission Limitation or Reduction Target dmgin % for p=
% 30% | 40%
AT 130 40,8 49,0
38,0 45,9
34,8 42,4
31,3 38,4
27,4 33,9
23,1 28,6
BE 75 40,8 49,0
38,0 45,9
34,8 42,4
31,3 38,4
27,4 33,9
23,1 28,6
BG 8,0 40,8 49,0
38,0 45,9
34,8 42,4
31,3 38,4
27,4 33,9
23,1 28,6
Cz 8,0 40,8 49,0
38,0 45,9
34,8 42,4
31,3 38,4
27,4 33,9
23,1 28,6
DK 210 40,8 49,0
38,0 45,9
34,8 42,4
31,3 38,4
27,4 33,9
23,1 28,6
EE 8,0 40,8 49,0
38,0 45,9
34,8 42,4
31,3 38,4
27,4 33,9
23,1 28,6
Fli 0,0 56,0 76,2
53,9 74,7
51,6 73,1
49,0 71,3
46,1 69,1
42,9 66,7
FR 0,0 56,0 76,2
53,9 74,7
51,6 73,1
49,0 71,3
46,1 69,1
42,9 66,7
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Table7: continued.

DE 210 | 0,0
0,1
0,2
0,3
0,4
0,5

GR  -250]| 0,0
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 -130| 0,0
0,1
0,2
0,3
0,4
0,5

IT 6,5 0,0
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 280 [ 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

6,0

0,0
0,1
0,2
0,3
0,4
0,5

PT

0,0
0,1
0,2
0,3
0,4
0,5

RO

8,0

0,0
0,1
0,2
0,3
0,4
0,5

8,0

0,0
0,1
0,2
0,3
0,4
0,5

S

8,0

0,0
0,1
0,2
0,3
0,4
0,5

ES

0,0
0,1
0,2
0,3
0,4
0,5

SE

0,0
0,1
0,2
0,3
0,4
0,5

UK

125

0,0
0,1

EU-
15

8,0

16

40,8 49,0
38,0 45,9
34,8 42,4
31,3 38,4
27,4 33,9
23,1 28,6
56,0 76,2
53,9 74,7
51,6 73,1
49,0 71,3
46,1 69,1
42,9 66,7
40,8 49,0
38,0 45,9
34,8 42,4
31,3 38,4
27,4 33,9
23,1 28,6
40,8 49,0
38,0 45,9
34,8 42,4
31,3 38,4
27,4 33,9
23,1 28,6
40,8 49,0
38,0 45,9
34,8 42,4
31,3 38,4
27,4 33,9
23,1 28,6
56,0 76,2
53,9 74,7
51,6 73,1
49,0 71,3
46,1 69,1
42,9 66,7
56,0 76,2
53,9 74,7
51,6 73,1
49,0 71,3
46,1 69,1
42,9 66,7
40,8 49,0
38,0 45,9
34,8 42,4
31,3 38,4
27,4 33,9
23,1 28,6
40,8 49,0
38,0 45,9
34,8 42,4
31,3 38,4
27,4 33,9
23,1 28,6




Table8: The Und&VT concept applied to the E2¥ Member States (MS) and the
EU-15as a whole. The table lists the undershootingegyl (6), (9), (13) and

(17)) contained in the modified emission limitation or reduction targeis
listed in Table 7.

) a Undershooting U in % for p=
M S KP
% 1 0% 25% 5% 75% 10% 15% 20% 30%  40%
AT 130 0.0 11.4 17.6 27.8 36.0
0.1 25.0 32.9
0.2 21.8 29.4
0.3 18.3 25.4
0.4 14.4 20.9
0.5 10.1 15.6
BE 75 0.0 33.3 41.5
0.1 30.5 38.4
0.2 27.3 34.9
0.3 23.8 30.9
0.4 19.9 26.4
0.5 15.6 211
BG 80 0.0 32.8 41.0
0.1 30.0 37.9
0.2 26.8 34.4
0.3 23.3 30.4
0.4 19.4 25.9
0.5 15.1 20.6
Cz 80 0.0 32.8 41.0
0.1 30.0 37.9
0.2 26.8 34.4
0.3 23.3 30.4
0.4 19.4 25.9
0.5 15.1 20.6
DK 210 0.0 19.8 28.0
0.1 17.0 24.9
0.2 13.8 214
0.3 10.3 17.4
0.4 6.4 12.9
0.5 2.1 7.6
EE 8.0 0.0 32.8 41.0
0.1 30.0 37.9
0.2 26.8 34.4
0.3 23.3 30.4
0.4 19.4 25.9
0.5 15.1 20.6
Fl 0.0 0.0 56.0 76.2
0.1 53.9 74.7
0.2 51.6 73.1
0.3 49.0 71.3
0.4 46.1 69.1
0.5 42.9 66.7
FR 0.0 0.0 56.0 76.2
0.1 53.9 74.7
0.2 51.6 73.1
0.3 49.0 71.3
0.4 46.1 69.1
0.5 42.9 66.7
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Table8: continued.

DE 21.0
GR -25.0
HU 6.0
IE -13.0
IT 6.5
LV 8.0
LT 8.0
LU 28.0
NL 6.0
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Table 8:

continued.

PL

6.0

PT

-27.0

RO

8.0

8.0

Sl

8.0

ES

-15.0

UK

125

EU-
15

8.0

19

34.8 43.0
32.0 39.9
28.8 36.4
25.3 32.4
21.4 27.9
17.1 22.6
83.0 103.2
80.9 @ 101.7
78.6 = 100.1
76.0 98.3
73.1 96.1
69.9 93.7
32.8 41.0
30.0 37.9
26.8 34.4
23.3 30.4
19.4 25.9
15.1 20.6
32.8 41.0
30.0 37.9
26.8 34.4
23.3 30.4
19.4 25.9
15.1 20.6
32.8 41.0
30.0 37.9
26.8 34.4
23.3 30.4
19.4 25.9
15.1 20.6
71.0 91.2
68.9 89.7
66.6 88.1
64.0 86.3
61.1 84.1
57.9 81.7
60.0 80.2
57.9 78.7
55.6 77.1
53.0 75.3
50.1 73.1
46.9 70.7
28.3 36.5
25.5 33.4
22.3 29.9
18.8 25.9
14.9 21.4
10.6 16.1
32.8 41.0
30.0 37.9
26.8 34.4
23.3 30.4
19.4 25.9
15.1 20.6




Table9: The undershooting Was well as the Member States’ agregd, values)

listed in Table 8 multiplied with the factor-(5/20) to reconcile the

Und&VT concept with the emissions reporting for the EU and to establish
the linear pat emissiondargetsand undershooting opportunities 2005.

F) @ Undershooting U in % for p =
M S KP_05
% 1 0% 2.5% 5% 75% 10% 15% @ 20% @ 30% @ 40%
AT -9.8 0.0 -8,5 -13,2 -20,9 -27,0
0.1 -7,0 -11,4 -18,7 -24,7
0.2 -5,4 -9,4 -16,4 -22,0
0.3 -3,7 -7,4 -13,7 -19,1
0.4 -1,9 -5,2 -10,8 -15,6
0.5 0,0 -2,8 -7,6 -11,7
BE -5.6 0.0 -12,7 -17,3 -25,0 -31,1
0.1 -11,1 -15,5 -22,8 -28,8
0.2 -5,1 -9,5 -13,6 -20,5 -26,2
0.3 -3,8 -7,8 -11,5 -17,9 -23,2
0.4 -2,5 -6,1 -9,3 -149 -19,8
0.5 -1,2 -4,2 -6,9 -11,7 -15,8
BG -6.0 0.0 -7,0 -12,3 -16,9 -24,6 -30,7
0.1 -5,9 -10,8 -15,1 -22,5 -28,4
0.2 -4,7 -9,2 -13,2 -20,1 -25,8
0.3 -3,4 -7,5 -11,1 -17,5 -22,8
0.4 -2,2 -5,7 -8,9 -14,6 -19,4
0.5 -0,8 -3,8 -6,5 -11,3 -15,4
(o¥4 -6.0 0.0 -7,0 -12,3 -16,9 -24,6 -30,7
0.1 -5,9 -10,8 -15,1 -22,5 -28,4
0.2 -4,7 -9,2 -13,2 -20,1 -25,8
0.3 -7,5 -11,1 -17,5 -22,8
0.4 -5,7 -8,9 -14,6 -19,4
0.5 -3,8 -6,5 -11,3 -15,4
DK -15.8 0.0 -14,9 -21,0
0.1 -12,7 -18,7
0.2 -10,4 -16,0
0.3 -7,7 -13,1
0.4 -4,8 -9,6
0.5 -1,6 -5,7
EE -6.0 0.0 -24,6 -30,7
0.1 -22,5 -28,4
0.2 -20,1 -25,8
0.3 -17,5 -22,8
0.4 -14,6 -19,4
0.5 -11,3 -15,4
Fl 0.0 0.0 -42,0 -57,1
0.1 -40,4 -56,1
0.2 -38,7 -54.8
0.3 -36,7 -53,4
0.4 -34,6 -51,9
0.5 -32,1 -50,0
FR 0.0 0.0 -42,0 -57,1
0.1 -40,4 -56,1
0.2 -38,7 -54.8
0.3 -36,7 -53,4
0.4 -34,6 -51,9
0.5 -32,1 -50,0
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Table9: continued.

DE -15.8 0.0
0.1

0.2
0.3
0.4
0.5

GR 188 0.0
0.1
0.2
0.3
0.4
0.5

HU -45 0.0
0.1
0.2
0.3
0.4
0.5

IE 9.8 0.0
0.1
0.2
0.3
0.4
0.5

IT -4.9 0.0
0.1
0.2
0.3
0.4
0.5

LV -6.0 0.0
0.1
0.2
0.3
0.4
0.5

LT -6.0 0.0
0.1
0.2
0.3
0.4
0.5

LU -210 0.0
0.1
0.2
0.3
0.4
0.5

NL -45 0.0
0.1
0.2
0.3
0.4
0.5




Table 9:

continued.

PL

-4.5

PT

203

RO

-6.0

-6.0

Sl

ES

113

3.0

UK

EU-
15

-6.0

kB

22

-26,1 @ -32,2
-24,0 -29,9
-21,6  -27,3
-19,0 @ -243
-16,1  -20,9
-12,8 @ -16,9
-62,3 @ -77.4
-60,7  -76,3
-58,9 -751
-57,0 « -73,7
-548 -721
-52,4  -70,3
-24,6 + -30,7
-225  -28/4
-20,1  -25,8
-17,5 |+ -22,8
-146  -194
-11,3  -154
-24,6 |« -30,7
-225  -28/4
-20,1  -25,8
-17,5 |+ -22,8
-146  -194
-11,3 ¢ -154
-24,6 = -30,7
-225  -28/4
-20,1  -25,8
-175 |+ -22,8
-146  -194
-11,3  -154
-53,3  -68,4
-51,7 | -67,3
-49,9  -66,1
-48,0 -64,7
-45,8 @ -63,1
-43,4  -61,3
-45,0 -60,1
-43,4 |+ -59,1
-41,7  -57,8
-39,7  -56,4
-37,6 | -54,9
-35,1 -53,0
21,2 -274
-19,1 @ -25,0
-167 | -22,4
-141  -194
-11,2  -16,0
-7,9 -12,1
-24,6 @ -30,7
-22,5  -284
-20,1 @ -25,8
-175  -22,8
-146  -194
-11,3 | -154




4 Interp retation of Results and Conclusions

To interpret the results for 2B0the following are displayed:

() Uby p with o as a parameter;
l.e., the Member States’ undershooting U that matches the relative ungeptaint
in the intervals[O , q, [5,1q, [10 , ZQ and [20,4(? %, while the risk o takes on the
values 0, 0.1, ..., 0.5.

(1) U by « with p as a parameter;
l.e., the Member States’ undershooting U that matches thevr#sB.5 and « 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 uncertaintyp takes on the values 5, 10, 20 and 40%.

With respecto p, Jonas and Nilsson (2001: Section 4.Xe2ommendhe application

of relative uncertainty classes as a common good practice medheeclasses
constitute a robust means to get an effective grip on uncertaintiight of the
numerousdata limitations and intra and inteountry inconsistencies, which do not
justify the reporting of exact relatiuencertainties. The procedure with respecttas
similar.

The DTPIs displayed inFigure 2are alwaysshown to comast the Member States’
linear pathemissiontargetsand undershooting opportunitites the year 209 with their
actual emission situation in that year

(1) U by p with a_as a parameter. Figure 5 displayd) by p for o =0.5. For thisa
value, U equals zero (CaseHq. (6)) or U, >0 (Cases 24: Eq.(9), (13) and (17) in
which U, is > 0 becausEqg. (9), (13) and (17) havet yet been multiplied witthe
factor (-15/20)). Ug,,

achieve detectability before the Mbar States are permitted to make economic use of
any excess emission reductions

is the initial or obligatory undershooting that is required to

Ug,, Is a function of s, (Eq. (10), (¥) and (18)) and thus of p (Eq. (1)). This explains

the different initial or obligatory undershooting that Member States have it ifulf
dependence of the relative uncertainty with which they report their emissions. Of
interest here arthe 14 countrieghat exhibit a negative CHI: BG, CZ, DE,EE, FI, FR,
HU, LV, LT, PL, RO, SE,SK and thdJK (Figure2). Givena = 0.5, LV, LT, EE, BG,
RO, HU, SK,PL andCZ are the bdspotential sellers followed bRE, theUK, SE, FI
and FR(Figure 5). LV, LT, EE,BG, RO, HU, SK, Pland CZ can report with a relative
uncertainty > 40% and still exhibit a detectable sigfsde Take Al for exact
numbers) while DE and the UK must report within the -2D% relative uncertainty
class (more exactly: up to 33&nd 26%, respectively), SE within the-B0% relative
uncertainty class (more exactly: up to 9%), and both Fl and FR whthiG-5% relative
uncertainty class (more exactly: up to 3.3% and 2.4%, respegtively

Figures 610 display U by p for o =0.4,...,0.C These figures can be interpreted
similarly to Figure 5, bearing in mind that U increases in absolutes teith decreasing
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a. For o =0.0 (Figure 10),LV, LT, EE, BG and ROcan still report with a relative
uncertainty > 40%see Tale Al for exact numberswhile HU, SK, PL and CZ must
report within the 20-40% relative uncertainty class (more exactly: up3&o, 3%,
32%and 23%, respectively); the UK within the-P0% relative uncertainty class (more
exactly: up to 11%); both DE and SE within thel68% relative uncertainty class (more
exactly: up to 5%); and both Fl and FR wittie G-5% relative uncertainty clagmore
exactly: up tal.7 and 1.3, respectively).

(1N U by a with p as a parameter. Figure 11 displays U byy for p =5%. For thisp
value, a white bar or, equivalently, @,,, <0 (i.e., > O if the factor £15/20) is

disregarded) appears only for Member St#tasagreedo emission limitationES, Fl,
FR, GR, IE, PT and SE; sdable 1). A U, <0 satisfies thedemand for detectable

signals. As it becomes obvious, the white bars represent the major partToeil.
length is equivalent to the length of the green bars in Figure 5

With increasingp (Figures 1214), an increasing number bfember Statesgreedto
emission reduction also exhibitid,, <0, for p =40% eventually all of them (Figre

14). For p =10%, the length of the white bars is equivalent to the combined length of
the green and yellow bars kigure 5; and so on until Figure 14 £ 40%), where the
length of the white bars is equivalent to the combined length of themn,gyellow,
orange and red bars in Figurel®.generalFigures 1214 resolveU ., better than the

remainder of U

Gap

Here,interpretation | (U byp with « as a parameter; Riges 5-10)s preferredover
interpretation 1l (U bya with p as a parameter; Riges 11214), as the use ok
instead of p as a parameter appears to be more readily acceptable. Neassthel
Figures 1314 are well suited to quickly survely ., and analyze which Member State
with a negative DPI meets U, for a given p. (The UK, e.g., meetdJ., for

p = 20% but not any more fop = 40%,; Figures13 and 14.)

Gap

The following four conclusions emerge from this study:

(1) Jonast al. (2004) motivatedthe application of preparatory signal detection in the
context of the Kyoto Protocol as a necessary measure that should have been take
prior to/in negotiating the Protocol. To these ends, the authors have applied four
preparatory signahnalysistechniqus to theAnnex B countries under the Kyoto
Protocol. The frame of reference for preparatory signal detection ig\nna&x B
countries comply with theiagreedemission targets in 20868012.By contrast, in
this study one of these techniques, the Und&Vicept, is applied to the old and
new Member States of the European Union under EU burden sharing in compliance
with the Kyoto Protocol, but with reference to the linear péiase yeaf
commitment yegremissiontargetsas of2005 The exercise shows thateparatory
signal detection can also be applied in connection with intermediate emission
targets.

(2) To advance the reporting of the EU, uncertainty and its consequences are taken into
consideration in addition to the [T i.e., (i) the risk that a Membé&State'strue
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emissions in the commitment year/period are abts/&rueemission limitation or
reduction commitment (true emission target); &gl the detectabity of the
Member State’s agreed emission tardetis anticipatedthat the evaluation of
emission signals in terms of risk and detectability will becetardard practice and
that these two qualifiers will be accounted for in pricing GHG emission permits.

(3) In 200B, fourteenEU-27 Member States exhibit a negative BFEnd thus appear as
potential sellers:BG, CZ, DE, EE, FI, FR, HU, LT, LV, PL, RO, SE, SK, and the
UK (Figure 2).However expecting thaall of the EU Member Statewill eventually
exhibit relative uncertainties in the range ®¥10%and above rather than below
excluding LUCF ard Kyoto mechanisms (c Tabe 2. quantified uncertainty
estimates are only available frofourteen old and seven new EXJ Member
State}, the Member States requireonsiderable undershooting of their EU
compatible, but detectable, targets if one wantkep the risk low & ~ 0.1) that
the Member Statédrue emissions in the commitment year/periad above their
trueemission targetsThese conditions are met differently: Potential-lesk sellers
(Figure 9: ranked in terms of crediiy) areLV, LT, EE, BG and RQhatcan even
report with a relative uncertainty > 40% and still exhibit a detectable signal; while
HU, SK, PL and CZand the UKcan still report within the 2810% and 10-20%
relative uncertainty classespectivelyln contast,DE, SE, FI and FRan only act
as potential sellerwith a higher risk: DE only witha ~ 0.25 within the 10-20%
relative uncertainty clag§igures?, 8); SE only with o = 0.5 in the 5-10%relative
uncertainty clas¢Figure 5) and Fl and FRilsoonly with o = 0.5 butin the 0-5%
relative uncertainty clas¢Figure 5). The other EWR7 Member States exhibit
positive DTPIs, i.e., they daoxa meet their linear patfbase yearccommitment yegr
emissiontargetsas of2005 or do not have Kyoto targets at all (CY and MT).

(4) The Und&VT concept requires detectalsignals. Measuring emission reductions
negatively and emission increases positively (i.e., in line with therting for the
EU), it can be stated thahe greater thagreedemission 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 undershodfigg is
(i.e., increasingly negatived achieve detectability. That is, fgr=5% only the
Member Statesgreedto emission limitation (ES, Fl, FR, GR, IE, PT and SE)
require aU,,, < 0. For these Member Stated,,,, represents the major part of the
undershootindJ (Figure 11). Forp =10% BE, IT, the NL, Slas well aghe EU15
also require aUg, <0 (Figure 12 with the focus onMember States with

Ug,, <DTPI), indicating that somewhere within the1®% relative uncertainty

range nordetectability will become a problem also for these Member States.
maximal (critical) relative uncertainties, witvhich they can report their emissions
without compromising deteability, can bedetermined Jonaset al., 2004 Section

3.1); these are, in absolute terms and with reference to 2010, 8.1%/7(B%k)(IT),

6.4% (NL) and 8.7% I and EU-15), respectively, assuminfat the emission
limitation or reduction targets are met under EU burden sharing in compliance with
the Kyoto Protocol. From these numbers it becomes clear that the riegetfat

the Kyoto Protocol were imprudent because they did not consider the consequences
of uncertainty.
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Required Undershooting for 2005: alpha = 0.5
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Figure5: U by p (see intervals) forv = 0.5 in addition to the DPI.




Required Undershooting for 2005: alpha = 0.4
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Required Undershooting for 2005: alpha = 0.3
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Required Undershooting for 2005: alpha = 0.2
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Figure8: U by p (see intervals) fory = 0.2 in addition to the DPI.
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Required Undershooting for 2005: alpha = 0.1
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Figure9: U by p (see intervals) fory = 0.1 in addition to theDTPI.
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Required Undershooting for 2005: alpha = 0.0
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Required Undershooting for 2005: rho = 5%
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Required Undershooting for 2005: rho = 20%
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Acronyms and Nomenclature

EU

DTPI
GHG
KP

KT
LUCF
MS

Und
uUnd&VT
VT

crit

mod

European Union
dstanceto-targetpathindicator
greenhouseasg

Kyoto Protocol

Kyoto (emissions) target
landusechange andorestry
Member State

undershooting

undershooting anderification time
verification time

critical

mod ified
true
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ISO Country Co de

AT
BE
BG
cY
cz
DE
DK
EE
ES
FI
FR
GR
HU
IE
T
LT
LU
LV
MT
NL
PL
PT
RO
SE
S
SK
UK

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

Italy
Lithuania
Luxembourg
Latvia

Malta
Netherlands
Poland
Portugal
Romania
Sweden
Slovenia
Slovakia
United Kingdom
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Appendix

Below the inversionsp = p(6,,,U,a) of Eq. (6), (9), (13) and (17are derived They

are used to determine theaximal uncertainties with which Member States with DTPI
< 0 canreport to meet a given riske that their true emissions in the commitment
year/periodall abovetheir trueemission targets.

Case l: 6yp >0:04i <okp- E0.(6) for a =0.5and0<a < 0.5:

a=20.5:
U =0 forall p. (A1)
0<a<0.5:
(18 V(1 sy (A=20)p
U=(1-6)-(1-5p)+(1 §KP)1+(1—20(),0 (6)
PR P ) L2
<1 6KP)1 l+(l—2a)p =1 <6KP+U> (A22)
(1-6g) 1§ (A2b)
KP 1-1—(1—201),0_ mod *

With KT:=1-6, as the agreed Kyoto (essions) target and
KT, o - =1—6,0a :1—(6KP+U) the corresponding, omodified Kyoto (emissions)
targetwhich encompasses undershooting

(1— 204),0:%—1 (A3)
U
2K, o

Case 2. Oyp >0:6, >6kp- EQ (9) in combination withEq. (10) for o« =0.5 and
0<a<0.5:

o=2035:

U=Ug, = ﬁ_ S (A5), (A6)

in combination withEq. (1a). Thus:
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—— =
1+p od
— 6mod
=1,
0<a<0.5:
(1—2a)p
=1—-(1-6,,)—6 1-6,, ) —F————
U < 6cr|t> KP +( Crlt)1+ (1_ 205)p
(1—2a)p
1-6, . )| 1—-——F—|=1—(6p +U).
0ttt <2l 0)
In combination withEq. (1a):
1-_ 2 ] PP ) 0 S
1+p 1+(1—2a)p
1 1
= KT
1—1—,0} 1+(1—2a),0 mod
(1+p)<1+(1—2a>p): 1
KT, od
1+(1-20)p+p+(1-2a)p* = =
KT od
0?42 -« - 1- KT, 4

1-20"  (1-2a)KT,,

1-a 1-a), 1-KT
=— + - mod
1271 20 \/[1— Za] (1—2a)KT,,

Eqg. (A12a) provides he correcsolution.
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(Allc)

(A11d)

(Alle)
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Case 3: dyp <0:04it <kp- EQ (13) in combination withEq. (14) for « =0.5 and

0<a<0.5:

0.

et

N
Il

U=Ug, =" 6,
P

Gapzl_

in combination withEq. (19. Thus:

mod

B 146,

P

0<a<0.5:

1-2a)p
U — 1—(1"‘ 6crit)_6KP ‘|‘(1+ (Scm)m

(1—2a)p

1o =7
1—|—(1— Za)p

(14 64 ) ]:1—[6KP+U].

In combination withEq. (1b):

(l— Za)p

= KT,
1+ (1— 2a>p

mod

1P ]1—
1-p

1

= KT,
1+ (1— 2a)p

mod

1-2p
1-p

1—2p = KT, oy +(1—20) KT, g p — KT 00 — (1— 20 ) KT,

oy 1ooKTy L 1-KTn,
P 20)kT,, T (1—20)KT,,

_ 1-0KTy, |, [[(1-oKTy | 1-KT,,
2T 1200 KT, \|(1-20)KT, | (1-20) KT,y

Eqg. (A21b) provides the correct solution.
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(A5), (A13)

(A14)

(A15)

(A16)

(A17)

(A18a)

(A18b)

(A19)

(A20)

(A21a,b



Case4: Oyp <0:0,; = d¢p- EQ. (17)in combination withEq. (18)and (19)for « = 0.5
and0<a < 0.5

a=20.5:

U=Ug, = 12__Pp (A5), (A22)

in combination withEq. (1b). Thus:

U
=, A23
P=500 (A23)
0<a<0.5:
1-2a)p
U=1-b¢— (1_ byp + 20y ) + (1_ byp + 20y )].S—Cl.f;a)p (A24)
(l— Za)p
1-6 20, )| 1————F—|=1—(§ U). A25
( KP+ cnt)[ 1+<1—2()é)p ( KP+ ) ( )
In combination witheq. (1b):
1- Za)p
k-2 |- = KT, A26a
1—p] 1+(1— 2a)p mod ( )
KT=(2+KT)p 1 — KT, (A26D)
1-p 1—|—(1— 204)p
KT —(24 KT ) p = KT, +(1—2a) KT, ogp — KT, ogp — (1— 20 KT, oy p° (A27)
1+K2T—aKTmod U
2_9 =0 A28
T 2a)kT,, T 2a)KT,, (A28)
2
YIRS SR E LIPS ) U
P, =——"P + 2 - . (A29a,b)
2 (1-20) KT, (1-20) KT, g (1-20) KT,

Eqg. (A29b) provides the correct solution.

Table Al provides the maximal uncertainties with whirghividual Member States with
DTPI < Ocan report to meet a given rigk< « < 0.5 that their true emissions in the
commitment year/periothll abovetheir trueemission targets.
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Table ALl: Maximal uncertainties with which Member States (MS) with DTPI < 0 can
report to meet a giverisk « thattheir true emissions in the commitment
year/periodfall abovetheir true emission target¢see Figres 540). Note

that the inverse equationg =p(5,,U,a) in the Appendix refer to
2008/12; i.e., the Member States’ DTPIs for 2005 must be multiplied with

(-20/15). Example: To meat = 0.1, the CZ can report with an uncertainty
p of 26.1% owing to its DTPI of-19.8% (or 264% if multiplied with

(-20/15); see Figre 9).

o
MS e DTPI P Case Eq.
% 1 1 1
BG 8.0 0.0 0.549 0.641 Case 2 | (Al2a)
0.1 0.549 0.714 Case 2 i (Al2a)
0.2 0.549 0.811 Case 2 | (Al2a)
0.3 0.549 0.951 Case 2 | (Al2a)
0.4 0.549 >1.0 Case2 (Al2a)
0.5 0.549 >1.0 Case 2 (A8)
cz 8.0 0.0 0.264 0.235 Case 2 | (Al2a)
0.1 0.264 0.261 Case 2 | (Al2a)
0.2 0.264 0.295 Case 2 | (Al2a)
0.3 0.264 0.342 Case 2 . (Al2a)
0.4 0.264 0.409 Case 2 | (Al2a)
0.5 0.264 0.525 Case 2 (A8)
EE 8.0 0.0 0.613 0.805 Case 2 | (Al2a)
0.1 0.613 0.897 Case 2 | (Al2a)
0.2 0.613 >1.0 Case 2 | (Al2a)
0.3 0.613 >1.0 Case 2| (Al2a)
0.4 0.613 >1.0 Case 2 | (Al2a)
0.5 0.613 >1.0 Case 2 (A8)
Fl 0.0 0.0 0.035 0.017 Case 3| (A21b)
0.1 0.035 0.019 Case 3 . (A21b)
0.2 0.035 0.022 Case 3 | (A21b)
0.3 0.035 0.024 Case 3 ' (A21b)
0.4 0.035 0.028 Case 3 . (A21b)
0.5 0.035 0.033 Case 3| (Al5)
FR 0.0 0.0 0.025 0.013 Case 3 | (A21b)
0.1 0.025 0.014 Case 3 | (A21b)
0.2 0.025 0.016 Case 3 | (A21b)
0.3 0.025 0.018 Case 3 = (A21b)
0.4 0.025 0.020 Case 3 . (A21b)
0.5 0.025 0.024 Case 3| (A15)
DE 210 0.0 0.040 0.053 Case 1 (A4)
0.1 0.040 0.067 Case 1 (A4)
0.2 0.040 0.089 Case 1 (A4)
0.3 0.040 0.133 Case 1 (A4)
0.4 0.040 0.266 Case 2 | (Al2a)
0.5 0.040 0.333 Case 2 (A8)
HU 6.0 0.0 0.400 0.361 Case 2 | (Al2a)
0.1 0.400 0.402 Case 2 | (Al2a)
0.2 0.400 0.456 Case 2 | (Al2a)
0.3 0.400 0.530 Case 2 | (Al2a)
0.4 0.400 0.642 Case 2 | (Al2a)
0.5 0.400 0.853 Case 2 (A8)
LV 8.0 0.0 0.693 >1.0 Case 2 | (Al2a)
0.1 0.693 >1.0 Case 2 | (Al2a)
0.2 0.693 >1.0 Case 2 | (Al2a)
0.3 0.693 >1.0 Case 2 | (Al2a)
0.4 0.693 >1.0 Case 2 | (Al2a)
0.5 0.693 >1.0 Case 2 (A8)
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Table A1: continued.

LT 8.0 0.0 0.628 0.850 Case 2 | (Al2a)
0.1 0.628 0.947 Case 2 | (Al2a)
0.2 0.628 >1.0 Case 2 | (Al2a)
0.3 0.628 >1.0 Case 2 | (Al2a)
0.4 0.628 >1.0 Case 2 | (Al2a)
0.5 0.628 >1.0 Case 2 (A8)
PL 6.0 0.0 0.367 0.321 Case 2 | (Al2a)
0.1 0.367 0.357 Case 2 | (Al2a)
0.2 0.367 0.404 Case 2 | (Al2a)
0.3 0.367 0.469 Case2 | (Al2a)
0.4 0.367 0.567 Case 2 | (Al2a)
0.5 0.367 0.745 Case 2 (A8)
RO 8.0 0.0 0.528 0.597 Case 2 | (Al2a)
0.1 0.528 0.665 Case 2 | (Al2a)
0.2 0.528 0.756 Case 2 | (Al2a)
0.3 0.528 0.885 Case 2 | (Al2a)
0.4 0.528 >1.0 Case 2 | (Al2a)
0.5 0.528 >1.0 Case 2 (A8)
SK 8.0 0.0 0.368 0.346 Case 2 | (Al2a)
0.1 0.368 0.385 Case 2 . (Al2a)
0.2 0.368 0.436 Case 2 | (Al2a)
0.3 0.368 0.507 Case 2 | (Al2a)
0.4 0.368 0.614 Case 2 | (Al2a)
0.5 0.368 0.812 Case 2 (A8)
SE -4.0 0.0 0.138 0.050 Case 3| (A21b)
0.1 0.138 0.055 Case 3 ' (A21b)
0.2 0.138 0.061 Case 3 . (A21b)
0.3 0.138 0.069 Case 3 | (A21b)
0.4 0.138 0.078 Case 3 . (A21b)
0.5 0.138 0.089 Case 3 | (A1b)
UK 125 0.0 0.084 0.107 Case 1 (A4)
0.1 0.084 0.134 Case 1 (A4)
0.2 0.084 0.156 Case 2 | (Al2a)
0.3 0.084 0.180 Case 2 | (Al2a)
0.4 0.084 0.213 Case 2 | (Al2a)
0.5 0.084 0.265 Case 2 (A8)
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Endnotes

! Preparatory signal detection allows generating useful information beforehand hewt grea
uncertainties can be depending on the level of confidence of the emission signal igraheng wishes

to detect, and on the risk one is willing to tolerate in not meeting an agreesioanlimitation or
reduction commitment. It is this knowledge tbe required quality of reporting versus uncertainty that
one wishes to have at hand before negotiating international environmentas teeatlie as the Kyoto
Protocol. It is generally assumed that the emissions path between base yeanmuitchent yeaperiod

is a straight line, and emissions prior to the base year not taken into consideration.

2 The term ‘verification time’ was first used klonaset al. (1999)and by other authors since then.
Actually, a more correct term is ‘detection time’. The diébdacof emission changes does not imply
verification of emissions. The implicit thinking behind the continued use of izatitin time’ is that
signal detection should, in the lotgrm, go handn-hand with bottorrup/top-down verification (see
Jonast al., 2004a: Section 2.3).

3 So far, the same evaluation has been carried out for theSEMember States and their linear path
emission targets as of 2001, 2002 and 20084t al., 2004b,¢ Bun and Jonas, 2006a), and for the EU

25 Member States and thdinear path emission targets as of 2003 and 2004 (Bun and Jonas;, 2006b
Hamal and Jonas, 2008

* For example, Ireland is allowed a 13% increase from 1990 level§@8:2012, so its theoreticdihear
target for 208 is a rise of no more tha®8%. Its actual emissions in 266show an increase ob2%
since 1990; hence, iBTPI is 25.4- 9.8 or 15.6 percentage points. Germany’s Kyoto target is a 21%
reduction, so its theoreticdihear target for 200 is a decrease of518%. Its actual emissions in ZIb
were 187% lower than in 1990; henc&ermany’s DTPI i€-18.7) - (-15.8, or -3.0 percentage points
(rounded)

® The Intergovernmental Panel on Climate Change (IPCC) Good Practice Gesdgliggest the use of a
95% confidence interval, which is the interval that has a 95% probabilignédioing the unknown true
emission value in the absence of biases (and which is equal to approximately twodst@va@dions if
the emission values are normally distributé@gnmargt al., 2000: p. 6.5

6 Austriahas,with reference to 199@s the onhEU-27 Member State carried ofill carbon accounting
(FCA; Jonas and Nilsson, 2001: Tald4). It servel as a basis for extracting a partial carbon account
which encompassé&sH4 and N2O andwhich is in line with tre IPCC GuidelinesiIPCC, 1997a,b)c The
relative uncertainties (more exactly: the median values of the respectiveerelatiertainty classes) are
2.5% for CQ; 30% for CH; >40% for NO; and 7.5% for C&+ CH,+ N,O.

" Here, 6.~ spedies the normalized emission change, to which the Member States agreed under the EU
burden sharing. This change can be different from that agreed under the KyotolPkdo@ver,§,, is
continued to be used to avoid additional indexi

8 The linear target path is established for all countries between 1990 andr@gsictive of whether or
not 1990 is the base year for their &CH,-N,O emissions, the determining system gasesJspaset
al., 2004a: Section 3). We follow this camn practice to be in agreement with thePDieporting of the
EU.

9 Note that in Cases 3 and 4, unlikeJonasgt al. (2008: Appendix D)the critical emission limitation or
reduction¢_, is not adjusted.
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