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Abstract

This study follows up IIASA Interim Report #B4-024 (Jonast al., 2004), which
addresses the preparatory detection of uncertain greenhouse gas (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 Annex B countries
as net emitters and referred to all Kyoto GHGs {GtH,, N,O, HFCs, PFCs, and §F
excludingCQO, 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 tjotia
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 uncertainty estifoa the
purpose of aradvanced country evaluation has not yet been established. The authors
developed four preparatory signal analysis techniques and applied these to tkéAnne
countries under the Kyoto Protocol. The frame of reference for preparatory signal
detection is that Annex B countries comply with their agreed emissiongang2d08-

2012. The emissions path between base year and commitment year/pegemkially
assumed to be a straight line, and emissions prior to the base year tkenaohto
consideration. A in-depth quantitative comparison tifie four plus two additional
preparatory signal analysis techniques leenprepared bylonast al. (2010).

This study applies the strictest of these techniques, the combined undegslamatin
verification time (Unl&VT) concept to advance the monitoring of the GHG emissions
reported by th7 Member States of the European Union (EU). In contrast to the study
by Jonaset al. (2004) the Member Statesigreedemission targets under EU burden
sharing in compliance witthe Kyoto Protocol are taken into account, however, still
assuming that only domestic measures will be used (i.e., excluding Kigatoanisms)
TheUnd&VT concept is applied in a standard mode, i.e., with reference to thbédem
States’agreedemission tegets in 20082012, and in a new mode, i.e., with reference to
linear path emission targets between base year and commitment rar. the
intermediate year of reference is B0OO

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

This risk can be grasped and quantified although true emissions are unknown by
definition. Undershootinghe agreedtarget orthe compatible but detectable target can
decrease this risk. The Member Stategiershooting dpns and challengess 0of2006



are contrasted with their actual emission situation in that year, whedptured by the
distanceto-targetpath indicator (DTPI; formerly. distanceto-target indicator initially
introduced by the European Environment Agenthiis indicator measures by how
muchthe emissionof a Member Statdeviate fromits linear emissiors path between
base year and target year.

In 2006 thirteenEU-27 Member States exhibit a negative BI{not counting Belgium
with a DTPI~0) and thus appear as potentsallers:Bulgaria, the Czech Republic,
Estonia, France, Germany, Hungary, Latvia, Lithuafaland, Romania, Slovakia,
Swederand the United KingdormHowever, expecting that all of the EU Member States
will eventually exhibit relative unc#inties in the range of-80% and above rather
than below(excluding LUCF and Kyoto mechanismshe Member States require
considerable undershooting of their £0mpatiblebut detectable targets if one wants
to keep the said risk lowa(~ 0.1) that the Member Statesue emissions in the
commitment year/periodall above their trueemission targetsAs of 20®, these
conditions can only be met lgn (nine new and one ol#)ember States (ranked in
terms of credibility: EstoniaLatvia, Lithuania,Bulgaria, RomaniaSlovakia,Hungary,
Poland,the Czech Republiandthe United Kingdomwhile threeold Member States,
Germany, Swedemnd France canonly act as potential sellensith a higher risk
(Germanyand Sweden a ~ 0.35; France:a = 0.5). The other ELW27 Member States
do not meet their linear path (base yeammitment year) undershooting targassof
2005(i.e., they overshoot their intermediate targets), or do not have Kyotostartgeit
(Cyprus and Milta).

The relative uncertainty, with which countries report their emissions, makers
instance,with relative uncertainty increasing from 5 to 10%, #@08/12 emission
reductionof the EU-15 as a whole(which has jointly approved, as a Party, an 8%
emission reduction under the Kyoto Protocavitches from detectable to non
detectable, indicating that the negotiations for the Kyoto Protocol wepeudant
because they did not take uncertainty and its consequenecescount.

It is anticipatedhat he 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 -2006)

Andriy Bun, Khrystyna Hamal and Matthias Jonas

1 Background and Objective

This study follows up A3 Interim Report IR04-024 (Jonast al., 2004). It applies

the strictest of the preparatory signal detection techniques developed ipthris' the
combined undershooting and verification time (Und&VT) conéefst, advance the
monitoring of the greenhouse gas (GHG) emissions reported &7 thiember States

of the European Union (EU) under EU burden sharing in compliance with the Kyoto
Protocol. Here, ‘emissions’ refer to all Kyoto GHGs (COH,;, N,O, HFCs, PFCs, and
SFKs) excluding CQ emissions/remova due to laneuse change and forestry (LUCF).
The Member States’ emissions are evaluated vel&ti thar linear pathtarges as of
2006 and in terms of their positive and negative contributions to treses.® This
monitoring process is illustrated Figures 1 and 2 and Table 1. The figures and the
table provide details, for each Member State #redEU-27 as a whole, of trends in
emissions of GHGs up to 260The 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: Arihex |
Figure 1 follows the total emissions of the EU over time since 1990, whilestaacé
to-targetpath indicator OTPI; formerly: distanceo-target indicator introduced in
Figure 2, based on the country data listed in Table 1, is a measure for hovtheuch
Member Statesactual (2006) 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 Blimeans that a Member State is below
its linear target path, a positive DTI that a Member State is aboimets target path
(EEA, 20Ba Tah ES1 and 21; EEA, 2008b:Fig. 3.2 and Tab. 11)f 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 absalut@bers based on the Member
States’ emissiomhanges as of2006and their lineapathtargets ér that yearFigure 3
facilitatesunderstanithg 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 consequences into sideration, 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 tarddis risk can be grasped and quantified
although true emissions are unknown by definition (but not necessarily their ratios).
Undershooting the agreed targetthe compatible but detectaltlergetcan decrease

this risk. Here, the intermediate yearreference in the focus of attention is 2006, i.e.,
thelinear target path 1992008/12is evaluated with respect to this year.
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Figurel: EU-27 GHG emissions for 1992006 (excluding LUCF and Kyoto
mechanisms) with 1990 emissions as reference. The correspondia§ EU
GHG emissions and linear target path 1981D8/12 with baseyear
emissionsas referenceare shown for compariso8ource: EEAZ008a Fig.
ES.1and EX2; reproduced).
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Figure 2: Distanceto-targetpath indicator (DTH) for the EU27 as a wiole and its
Member States in 2@0under the Kyoto Protocand EU burden sharing
(excluding LUCF and Kyoto mechanism3he DTPIs for the EU15 and
EU-25 as a wholareshown for comparison.



Tablel: Gap (2006Kyoto target)for the EU27 as a whole and itslemberStates in
2008/12under the Kyoto Protocol and EU burden shariexclgding and
including LUCF and Kyoto mechanisms; see last columrhis gap
indicator is identical tothe dstanceto-targetpath indicator (DTPI) with
reference t®008/12 not 2M6 which is not reported by the EE&™ and &
column: base year and ZDGHG emissions (in CQequivalent)4™ and &
column:2005—-2006and base yea2006emission changes (in %8 and 7"
column: 20082012 emission targets under the Kyoto Protomodl EU
burden sharing (in % and G@quivalent). Values for the EWS as a whole
are shown for comparison. SourcegA (20@8b: Fig. 3.2 andrab. 11.1).

Country Base-year 2006 Change Change 2006/ EU burden-sharing or Gap (2006 — Kyoto
emissions emissions  2005- base-year Kyoto target target) without/with
'} 2006 emissions Kyoto mechanisms and
carbon sinks (%}
Mt CO,-eq. Mt CO,-eq. % % % MtCO<-eq. | °relative tobase-year
emissions

Austria 79.05 91.1 -2.3 +15.2 -13.0 68.8 + 28.2/+ 16.0
Belgium 145.7 137.0 -3.8 - 6.0 -7.5 134.8 + 1.5/- 3.3
Bulgaria 132.6 71.3 1.2 - 46,2 -80 122.0 - 38.2/n.a.
Cyprus (%) 6.0 (1) 10.0 1.6 +66.0 (1) No target No target No target
Czech Republic 194.2 148.2 1.7 -23.7 -8.0 178.7 -15.7/-16.3
Denmark 69.3 70.5 10.9 +1.7 -21.0 54.8 +22.7/+ 13.3
Estonia 42.6 18.9 -2.3 - 55.7 -8.0 39.2 -47.7/- 47.7
Finland 71.0 80.3 16.3 +13.1 0.0 71.0 +13.1/+10.3
France 563.9 541.3 - 2.5 - 4.0 0.0 563.9 -4.0f/- 4.7
Germany 1232.4 1 004.8 0.0 -18.5 -21.0 973.6 + 2.5/+ 2.2
Greece 107.0 133.1 -0.5 +24.4 25.0 133.7 -0.6/-1.7
Hungary 115.4 78.6 -2.0 - 31.9 -6.0 108.5 - 25.9/n.a.
Ireland 55.6 59.8 -0.8 +25.5 13.0 62.8 + 12.5/+ 2.3
Italy 516.9 567.9 -1.7 +9.9 -6.5 483.3 + 16.4/+ 7.5
Latvia 25.9 11.6 4.4 - 55.1 -8.0 23.8 - 47.1/n.a.
Lithuania 49.4 23.2 2.4 - 53.0 -8.0 45.5 - 45.0/n.a.
Luxembourg 13.2 13.3 0.2 +1.2 -28.0 9.5 +29.2/- 0.8
Malta (%) 2.2 (%) 3.2 -0.3 +45.2 (*) No target No target No target
Netherlands 213.0 207.5 -2.0 - 2.6 -6.0 200.3 + 3.4/-2.8
Poland 563.4 400.5 3.7 -28.9 -6.0 529.6 - 22.9/- 23.5
Paortugal 60.1 83.2 - 4.8 +38.3 27.0 76.4 +11.3/-6.1
Romania 278.2 156.7 3.1 -43.7 -8.0 256.0 - 35.7/n.a.
Slovakia 72.1 48.9 -0.9 -32.1 -8.0 66.3 - 24.1/n.a.
Slovenia 20.4 20.6 0.6 +1.2 -8.0 18.7 +9.2/-2.0
Spain 289.8 433.3 -1.7 +49.5 15.0 333.2 + 34.5/+ 12.6
Sweden 72.2 65.7 -1.7 -89 4.0 75.0 -12.9/-15.8
United Kingdom 776.3 652.3 -0.5 -16.0 -12.5 679.3 - 3.5/-4.0
EU-15 4 265.5 4151.1 - 0.8 - 2.7 - 8.0 3.524.3 + 5.3/+ 1.0
EU-27 (%) 5572.2 (1) 5142.8 - 0.3 - 7.7 (1) No target No target No target
Croatia 36.0 30.8 0.9 -14.4 -50 34.2 -9.4/-12.1
Iceland 3.4 4.2 14.2 +25.7 10.0 3.7 + 15.7/n.a.
Liechtenstein 0.2 0.3 0.9 +19.0 -8.0 0.2 + 27.0/+ 9.6
Narway 49.6 53.5 -0.5 +7.8 1.0 50.1 + 6.8/-10.1
Switzerland 52.8 53.2 -1.1 +0.8 - 8.0 48.6 + 8.8/+ 5.8
Turkey () 170.1 (*) 331.8 6.2 +95.1 (*) No target No target No target

Note: (*) Cyprus, Malta, the EU-27 and Turkey have no target under the Kyoto Protocol, and therefore no legal base year. In this

table, 1990 emissions are taken as reference emissions for Cyprus, Malta, the EU-27 and Turkey.

(*) The gap (2006-Kyoto target) measures the deviation in percentage points of actual emissions in 2006 from the burden-
sharing target for 2010, relative to the base-year. A positive value indicates an underachievement and a negative value an
overachievement by 2006.

n.a.: the country does not intend to use carbon sinks or Kyoto mechanisms tao meet its target.

Source: EEA, hased on EU Member States greenhouse gas inventories.



EU-27: Must-Buy versus Can-Sell Situation in 2006
(Tg CO,-eq)

Must Buy:
261.5

Can Sell:
-530.9

Figure 3: Figure 2presented in absolute terms. Member States appearing as potential
buyers in 06: AT, DK, ES, FI, GR, IE, IT, LU, NL, PT, SI; Member States
appearing as potential sellers in 2006: BG, CZ, DE, EE, FR, HU, LT, LV,
PL, RO SE, SK, UK. BE's DTPI is zero. Member States not considered: CY,
MT. See ISO Country Code for country abbreviagion

Uncertainties areeported andextracted from the national inventory reports of the
Member States. However, a connection between emission and uncertaintyesstoma
the purpose of an advanced country evaluation has not yet been established. A recent
compilation of uncertainties has been presented by EEA8&0&@h 1.15and 1.16)
and is reproduced as Table 2 belothis compilation makes available quantified
uncertainty estimates frotbwenty-six of the EU27 MemberStates (extracted from their
2008 a earlierNational Inventory Reports; cf. second row in Tap.Nalta provided

its national inventory reporbut without uncertainty estimate$he listed (CO, or
combined)uncertainties refer to eonfidence 005% confidence intervalnd exclude
and/orinclude CQ emissions/removals due to lande change and forestry (LUCF).
Six Member States Cyprus, Denmark, Germany, Poland, Portugal and Slovadiay
reportuncertainties that include LUCF emissions/removals.

Taking uncertainty into account in combination with undershooting is important
becausehte amounby which aMember Stateindershoots itsargetor its conpatible

but detectable targatan 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



Table2: Uncertainty estimates available froElU-27 Member Statesexcluding LUCF
(with the exception of Cyprus, Denmark, Germany, Poland, Portugal and
Slovakig and Kyoto mechanisnfsSource: EA (2008a Tab.1.15 andl.16).

Member State Austria Belgium Denmark Finland France Germany Greece
NIR NIR, March
Uncerainty table IR '
Citation Apr 2008, pp 4G [NIR Apr2008, pp 171 oacorng | Aer 2008, pp. 30:ap [PO07 PP SSSNIR APr008 f ity Table
54 23+ Uncertainty Tablg +uncertainty | pp. 68-91
pp.61-54
table
Method used Tier 1, Tier 2 Tier 1 Tier 1 Tier 1, Tier 2 Tier 1 Tier 1 Tier 1
Documentation in NIR Yes (almost):
{aceording to Table Yes (Annex 6) Yes Yes Yes (Annex 1) Yes Annex 7 ' Yes
6.116.2 of GPG)
emissions 1990, emissions: 2006
emissions: 2008; | emissions: 2005 and 2006; frends: BY- emissions eMmissions ] '
’ i ’ trend: BY-2006;
Years and sectors lrends: 19002008 2008; trends: BY- e{:’!i?g\f 2%%? 2006; almostal | 2006; frends: | 2008 al almost al
included almost all 2005 and BY-2008; all cals -or\esJ calegories 1990-2008,; all | categonies t X
categones (e.L) | all categories, (e L) d calegories (L) categories
(>09%
. . . . . ] Tier 1 Tier 2 . . .
Uncertainty (%) Tier1 | Tier2 Tier 1 Tier 1 (. L.) iL) L) Tier 1 Tier 1 Tier 1
L-48% e
co o !
2 25% L.:35%
. LLo319% e
CHy 2% L. 37.9%
o i.L.818 €.
N,O 50% L 818%
) . i.Lo 127 2%
F-gases 4% e L 1272%
1990 -
2005.7.7% 2008 | 10%M+10% |1 Lo 22% e 1L 10%
0, 0 0 0,
Total % ] 5% 20067 6% 2% 50.1% 2006 L 17 5% 125% e [-93%
0%/+0%
) Tier 1 Tier 2 )
Uncertainty in trend (%) Tier 1 | Tier 2 Tier 10 L) . Tier 1 Tier 1 Tier 1
i L) e. L)
co, 25 % points
CH, =10.1% points
N0 +156% points
F-gases +65% poinls
1990-2005: 3.4% i.L-45% e iL:116%
0, [+ 0 0, 0
Total 2 3% 2 3% 1990-2006: 2.5% 2 8% points 16.7% 0/20% L 3.1% e L 1%




Table2: continued.
Nether- | . i
Member State Ireland Italy Luxem-bourg land Portugal Spain Sweden United Kingdom
NIR Apr
Citation %"J:riam; 2:(;5 Ma‘;z Uncertanty abje | P 520387 | NIR Apr 2008, | NIR Apr 2008, | 20';'8R 4| NIRApr2008 pp. 65.66 +
Apr 2008, , Pp32| Uncertainty table |\ otainty|  pp.13-15 Sec.17 |PTAEPR Uncertainty Table
33 37
pp. 16-22 Table
Method used Tier 1 Tier Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tier 1, Tier 2
Documentation
in NIR .
(according to Yes (A::; ) Yes Yes No Yesér':':l:? 27'1 Annex 2 Yes, Annex 7
Table 6.116.2 of| ’
GPG)
emissions: | emissions: emissions: 2006 emissions: emissions and emissios; 2004, | emissions: 1990
Years and |2006; trend:| 2008; trend: rend: BY;2006', 20086; trend: trends ° BY- 2005; trend: BY-|  and 2006; emissions: 2006, frend: BY -
sectors 1990-2006;| BY-2006; ) * | 1990-2006; ’ 2004; BY-2005;| trends: 1990- ) T
. allmost all 2006; all . 2006, all categories
included all all catecories all categories (iL.) all categories (e 2008; all
categories | categories g categories g o L) categories (e.
. . ] ] . . . : . Tier 2 (incl.
0,
Uncertainty (%o)] Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tier1 LULUGF)
co iL:1.7% i.L:25% | 1990:8.2% 2.4%(1990) 19%(1990)
z el.:12% e L.:2% | 2006:4.5% 2.3%(2006) 2%(2006)
cH i.L:21% i.L.:17% | 1990: 28.3% 2.8%(1990) 26%(1990)
4 e l:21% e L:17% | 2006: 23.0% 2.0%(2006) 22%(2006)
N.O i.L:57;e. i.L.: 43% | 1990: 111.6% 5.3 %(1990) 173%(1990)
2 L. 56% e.L.: 43% | 2006: 102.0% 5.2%(20086) 231%(2006)
(1990 and
F-qases i.L.:0.2% i.L.:32% 1990: ? 0.2%(1990) 2008) HFC 159
9 e L.:0.2% e.L.:32%| 2006:64.8% 0.4% (2006) PFC 6%
SF6 24%
Total i.L:6.3%]| iL..86% 6.8% i.L:4.3% | 1990:12.9% | 2004 12.2% | 6.5%(1990) |i.L.:15.9% e.| 15%(1990)
ot e L:6.1%|e L:32% = e L:4.1%| 2006:9.9% | 2005 10.9% | 6.0%(2006) L.: 15.8% 14%(2006)
Uncertaintyin { e 1 | Tiert Tier!  |Tier1(.L)|  Tierd Tier 1 Tier 1 Tier 1 Tier 2
trend (%)
iL:21% -
Co, o L 1.8% 3 %points -88t0-3.8
i.L:1.8% o ] }
CH, o Lo 18% 10 % points 56 to-48
i.L:2.5% of i B
N0 o L-26% 16 %points 59 to-27
HFC -34 to 0%
i.L:0.2% P PFC-81to -
Fgases oL 02% § %polnts 7% SF6-40
to -21%
i.L:37%|iL.79% o of i o BY-2004: 10.6%] o iL:27%e L] )
Total e L-36%l e L-26% 4.7% 3 %points 14.2% BY-2005: 12,39 2.6% 7% 18.3t0-13.1




Table 2:

continued.
. Czech . \ . . . . .
Member State Bulgaria Cyprus Republic Estonia Hungary Latvia Lithuania Malta Poland Romania Slovakia Slovenia
Uncertainty
Uncartainty NIR, March | NIR Apr 2008 pp. Annex & MIR Apr2008,. 23 | 0y oo Short MIR, Uncertainty Table and e 9008
Citation Table + NIR pp.| 2008, po. 11- 207+ Uncertainty | + Uncartainty table NIR Apr 2008 Dec 2007, p. 16 assessmentof the|  Dirsct Uncertainty Table NIR 2008 'H:F 2008, p.
0.1 iy . . ) p.18 AN L 19 and Annex T
25-4 2 Uncartainty Table Analysis 2008 inventory | Communicaticd
n
Method used Tiet 1 Tier 1 Tier 1 Tier 1 Tier | Tier 1 Tier 1 Tier 1 Ter 1 Tier 1 Tier 1
Documentation|
in NIR Vo Ao 25
(according to Yes No Yes Yes (etra table) Yes NZ}GE;U;]Z o Yes Yes Yes Yes
Table 6.1/6.2 of] e
GPG)
emiszions: o
) 1930-2006; | emissions: 2006 . - | emissions: 2006; | emizsions: 2006 emissions: | emissions 1330 ] -
Years and  |emissions: 2006 N e ) - smissions: 2 o . o ane | e n emizsions: 1986, 2008;
sectors F :-E;EI"EE'SIEI? | trends: 1980- |trend: 1980- 2006;| emissions: 1980, t':rl":i' I;?_-.Er}?a(i” trend: 1980-2006;| trends: BY-2005 utanfni emigsions: 2006 ;| 2006; trend: | and 2006; trend: 'n:;qd?QGSB—";C'; alr
included 'l_e L o L 2008; most | all categories (2 | 2l categories “_1E' '_: I'L LI almost all alimast all asses all sources | 1989 to 2006;]1980-2006; almos] C_;E -:-'ri-EF i
Include calegones (8. L) categories L) calegones e. L categories (e. L) | categories 2. L) sment all categories|  all categories Fleganes
{with LULUCF)|
Uncertainty (%) Tier 1 Tier 1 Tier 1 Tier 1 Tier 1 Tier Tier Tier 1 Tier1(.L) Tier 1
€0, 4% 35% %
CH, 15-25% 1% I
N;0 80-90% 28% 7.7%
F HFC437% PEC
e 2% SF6 100%
1990 14.1% . . s (1986 and
Tota na | wsam | oem  |PEERH m 5% 8.4% 10 1625 | 70w c0sy i 99w
2006:1.4% o ST LT 11988) and 11.3% (2006
UI'ICEI'l.aII"I‘tI}' " Tier 1 Tier 1 Tier 1 Ter1 Tier16.L) Tier 1
trend (%)
2005: 6.5% ,
0 2006: 6.5% 15%
2005:1.7% .
H 2006: 6.5% e
2005 16.1% ,
Mo 2006: 6 5% s
HFC's
F-gases 2005 0.5%
20066 5%
1990- 21.1% :
A A }
Total 3% 2005 4%% 31 24% 23% 1.9% noveich I T 6%
2006 76.2% - 113%




2 Methodology

The applied Und&VT concept is described in detail in Jabak (2004). With the help
of dp, the normalized emission change under EU &ursharing in compliance with
the Kyoto Protocol,and Oyit» the critical (crit) emission limitation or reduction target,

the four cases listed in Table 3 and shown in Figure 4 are distinguished. TiteMe
States’ 5, values can be determined knowing the relative (total) uncertapmjyof

their net emissions (ség. (32a,b) in Jonasdt al., 2004):

ﬁ Xo < ¥4 (Skp > 0);
Ogit = for (1a,b)
-2 X 2 % (Skp < 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 their emissidns at are dengfed by

Table 4 assembles the nomenclature ithegquiredfor recalling Cases-4.

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

Emission Reduction: Case 1 Serit < Okp Detectable EU/Kyoto target
oxp >0

Non-detectable EU/Kyoto target:

An initial or obligatory undershooting is applied so tt
Case 2 Jgit > O0kp | 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
obligatory 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 Case 3 EU/Kyoto target

& Detectability according to Case 4 differs fronmtattability according to Case The reason for this
that countriesagreedto emission reduction &, >0) and emission limitation {, <0) exhibit an
over/undershooting dissimilarity (séenaszt al., 2004: Sections 3.1 and 3.2 figtails).



{ Casel:5_, <0y Case 2: 0, = Oy
Sip > 0 4 1 1
-1 5:m aKp
T O Ot
\
[ Case3:8 <8 Case 4: 5, 2 by
— 3
p ‘ P
-1 6mt 'l,’/ B 8crit
—+ b !
I
SKP <0 < 1 '\\ 1
. \\ _"_ Op-20.
) A t
-1 - acrit -1 - acm
T -k
\

Figure4: The four cases that are distinguished in applying the Und&VT concept (see
alsoTahb. 3). Emission reductions,, > 0; emission limitation:o,, <0.

Case 1: 6yp > 0:0, < O¢p - Here, use is made &q. (43a), (B1), (D1), (B3) and (D2)
of Jonast al. (2004: Appendix D) (see als@lonast al., 2010: SOM: Appendix D):

1

Xoes)— o1
. S (1_2a)p_1 Srmods (@), (3)
where
Gnaa =1 000) 5 =6+ @, 6)
_1- (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) of Jonast al. (2004: Appendix D) (see also Jonaet al., 2010: SOM:
Appendix D:

Xogos )t 1
ng(l 5cr|t)1+ (1—20(),0 1 5mod’ (7)1 (3)

where



1

Ormod =1— (L= Ogiy) — = p +U (8), (5)
mod crit 1+ (1_ Za)p KP
1-2a
U =gy + (- 8- 2P ©)
1+ (1-2a)p
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 that a Member State’s true emissions in the commitment year/fadredubve its true
emission limitation or reduction commitment (treraission targgt
Note: InJonast al. (2004: Section 3.4 and ApP) « is replaced byx, in Cases 24 (with
‘v' referring to ‘verifiable’), 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. (2004: Section 3.4 and ApP) U is replaced byU, in Cases 24 (with
‘v’ referring to ‘verifiable’), which is not done here
Ugap Initial or obligatory undershooting
it A Member State’s critical emission limitation or reduction target or vedgrtly, its
‘detectability referencefor undershooting (Case &, ; Case 3-d,;, ; Case 4:
_5érit =Okp — 25crit)
Smog A Member State’s modified emission limitation or reduction target
Unknown:
X, A Member States true emissions at t
Thesaid riska (e.g., thex, ,-greateithan (1-6p)x; risk in Case 1) can be grasped and
guantified although true emissions are unknown by definition (but not necessarikatiosiy

Case 3: Syp <0:64ijt < okp- Here,useis madeof equations (50a), (B1), (D7a,b), (D8)

and (52) of Jonaset al. (2004: Appendix D) gee also Jonast al., 2010: SOM:
Appendix D:°

Acq

2

+O0uit) =
i) L-2a)p

! 1= S0 » (1), (3)
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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) of Jonas al. (2004: Appendix D) ¢ee also Jonaet al., 2010:

SOM: 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 inversionsp = p(5,,U, ) of Eq. (6), (9), (13) and (17aregivenin the Appendix.

They are used to determine the uncertainty for a given undershooting (tyfacaly
equal to DTPIhere with reference ®008/12 and in dependence &, and« .

It is recalled that emission reductions are measured positiggly>0) and emission
increases negativelys(, < 0), which is opposite to the emissions reporting for the 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 refeence to the time period base yemmmitment 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 able 5
(excluding LUCF and Kyoto mechanisms), . Et) can be used to determirg,;, , the

Member State’s critical emission limitation or reduction target.

Comparing J,;; and 6., the Member States’ 2008 targets under EU burden

sharing in compliance with the Kyoto Protocol (see.Tgb allows identifyng which
case applies to which Member State, that is, the conditions that urtlerkenissions
reporting of a particular Member State and theZEas awhole (see TalB and 6).

Table 7 lists thévlember States’ modified emission limitation or reduction targgts
(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.Fable 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 by Jonaat al. (2004 Section 3.3), it is the sum aof,, and U, i.e., the
modified emission limétion or reduction targes,, .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 therdsees important.

Therefore, onlyJ is consideredn the 2™ stepof the evaluatiorwherethe focus is on
the Member States’ emisswas of 200.

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

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 Stateécf. Tab. 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 reportedTeble 8are multipliedwith the factor
(—16/20). The minus sigrensures complianogith the emissioareporting for the EU,
which measures emission reductions negatively and emission increaseglyo&te
Section 1). The factor {6/20) establishes the linear patiase yearcommitment yegr
emissiontargetsand undershooting opportunitites the year 200 (see Tab9).

Table6: The conditions (in the form of Cases4) that underlie the emissions
reporting of a partular EU27 Member State (MS) andhe EU15 as a
whole (which has approved, as a Party, the Kyeitotocol to the United
Nations Framework on Climate Changé&reen: Detectable EU/Kyoto target
under emission reduction (Case 1). Orange: Detectable EU/Kgoget
under emission limitation (Case 4). Red: Nimtectable EU/Kyoto Target
under emission reduction (Case 2) or emission limitation (Case 3). Blue:
Member States having no Kyoto target.

S Case Identification for p =
MS KP

% 0% | 25% 5% | 7.5% 10% | 15% = 20% . 30% . 40%
AT 13.0 |
BE 75 ;
86 80 Case2 Case? Case? Case2 Case?
cz 8.0
DK 21.0 | Case 2
EE 8.0
Fl 0.0
FR 0.0 Case 3

DE 21.0 |

GR -25.0

HU 6% |Cased Cased | Case2
IE -13.0

IT 6.5

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

= SR

ES -15.0

SE 40|

UK 125}
EU-15 8.0
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Table7: The Und&VT concept applied to the ER¥ Member States (MS) and the

EU-15 as a whole. The tabllists the 2008012 modified emission
limitation or reduction targets_ , (i.e., Eq. (5) appliedn combination with

Tab. §, where the (Case 1x ,-greatesthan (1- )% ,'; Cases 2 and 3:

' % o -greatesthan (1—|Sy)% 1 '; Case 4: ‘X% ,-greaterthan
(1- (Okp — 264i))% 1)) risk « is specified to be 0, 0.1, ..., 0.5.

MS So @ Modified Emission Limitation or Reduction Targetdmein % for p =
% 30% | 40%
AT 130 40,8 = 49,0
380 | 459
348 | 424
31,3 384
274 | 339
231 @ 286
BE 75 40,8 49,0
380 | 459
348 | 424
31,3 | 384
27,4 | 339
231 @ 286
BG | 80 40,8 49,0
380 | 459
348 424
31,3 | 384
27,4 | 339
231 @ 286
Cz 180 40,87749,0
380 | 459
348 | 424
31,3 | 384
27,4 | 339
231 @ 286
DK 1210 40,87749,0
380 | 459
348 424
31,3 384
27,4 | 339
231 | 286
EE 80 40,877749,0
380 @ 459
348 424
31,3 384
27,4 | 339
231 | 286
Fi 0,0 56,0 | 76,2
539 | 74,7
51,6 @ 731
490 @ 71,3
46,1 @ 69,1
42,9 @ 66,7
FR 00 56,0 @ 76,2
53,9 | 74,7
51,6 | 73,1
490 | 71,3
46,1 = 69,1
429 66,7
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Table7: continued.

DE 210( 00
0,1
0,2
0,3
0,4
0,5

GR | -25,0| 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 -13,0| 0,0
0,1
0,2
0,3
0,4
0,5

IT 65 | 00
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 00
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

SK

8,0

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

Sl

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

12,5

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

EU-
15

8,0

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

16

40,8 49,0
38,0 45,9
34,8 42,4
31,3 38,4
27,4 33,9
23,1 286
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-15 as a whole. The table lists the undershootingdJ (6), (9), (13) and

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

) @ UndershootingU in % for p =
MS KP
% 1 0% 25% 5% 75% 10% 15% 20% 30% 40%
AT 13.0 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 7.5 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 21.1
BG 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
0.5 151 20.6
cz 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
0.5 151 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 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 210
GR -25.0
HU 6.0
IE -13.0
IT 6.5
LV 8.0
LT 8.0
LU 28.0
NL 6.0

18



Table 8:

continued.

PL

6.0

PT

-27.0

RO

8.0

SK

8.0

SI

8.0

ES

-15.0

SE

UK

12.5

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 multipliedwith the factor ¢16/20) to reconcile the

Und&VT concept with the emissions reporting for the EU and to establish
the linear pat emissiondargetsand undershootingpportunities for 2006.

F) @ Undershooting U in % for p =
MS KP _06
% 1 0% 25% 5% 75% 10% 15% 20% @ 30% 40%
AT -10.4 0.0 -9,1 -14,0 -22,3 -28,8
0.1 -7,5 -12,1 -20,0 -26,3
0.2 -5,8 -10,1 -17,4 -23,5
0.3 -4,0 -7,9 -14,7 -20,3
0.4 -2,1 -5,5 -11,5 -16,7
0.5 0,0 -2,9 -8,1 -12,5
BE -6.0 0.0 -13,5 -18,4 -26,7 -33,2
0.1 -11,9 -16,5 -24,4 -30,7
0.2 -5,4 -10,2 -14,5 -21,8 -27,9
0.3 -4,1 -8,4 -12,3 -19,1 -24,7
0.4 -2,7 -6,5 -9,9 -15,9 -21,1
0.5 -1,3 -4,4 -7,3 -12,5 -16,9
BG -6.4 0.0 -7,5 -13,1 -18,0 -26,3 -32,8
0.1 -6,3 -11,5 -16,1 -24,0 -30,3
0.2 -5,0 -9,8 -14,1 -21,4 -27,5
0.3 -3,7 -8,0 -11,9 -18,7 -24,3
0.4 -2,3 -6,1 -9,5 -15,5 -20,7
0.5 -0,9 -4,0 -6,9 -12,1 -16,5
CZz -6.4 0.0 -7,5 -13,1 -18,0 -26,3 -32,8
0.1 -6,3 -11,5 -16,1 -24,0 -30,3
0.2 -5,0 -9,8 -14,1 -21,4 -27,5
0.3 -8,0 -11,9 -18,7 -24,3
0.4 -6,1 -9,5 -15,5 -20,7
0.5 -4,0 -6,9 -12,1 -16,5
DK -16.8 0.0 -15,9 -22,4
0.1 -13,6 -19,9
0.2 -11,0 -17,1
0.3 -8,3 -13,9
0.4 -5,1 -10,3
0.5 -1,7 -6,1
EE -6.4 0.0 -26,3 -32,8
0.1 -24,0 -30,3
0.2 -21,4 -27,5
0.3 -18,7 -24,3
0.4 -15,5 -20,7
0.5 -12,1 -16,5
Fl 0.0 0.0 -44.8 -61,0
0.1 -43,1 -59,8
0.2 -41,3 -58,5
0.3 -39,2 -57,0
0.4 -36,9 -55,3
0.5 -34,3 -53,3
FR 0.0 0.0 -44.8 -61,0
0.1 -43,1 -59,8
0.2 -41,3 -58,5
0.3 -39,2 -57,0
0.4 -36,9 -55,3
0.5 -34,3 -53,3
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Table9: continued.

DE -16.8 0.0
0.1

0.2
0.3
0.4
0.5

GR 20.0 0.0
0.1
0.2
0.3
0.4
0.5

HU -4.8 0.0
0.1
0.2
0.3
0.4
0.5

IE 104 0.0
0.1
0.2
0.3
0.4
0.5

IT -5.2 0.0
0.1
0.2
0.3
0.4
0.5

LV -6.4 0.0
0.1
0.2
0.3
0.4
0.5

LT -6.4 0.0
0.1
0.2
0.3
0.4
0.5

LU -22.4 0.0
0.1
0.2
0.3
0.4
0.5

NL -4.8 0.0
0.1
0.2
0.3
0.4
0.5




Table9: continued.

PL -4.8 0.0 -27,9 | -34,4
0.1 -25,6  -31,9
0.2 -23,0  -29.1
0.3 -20,3  -25,9
0.4 -17,1 . -22,3
0.5 -13,7 @ -18.1
PT 21.6 0.0 -66,4 @ -82,6
0.1 -64,7 -84
0.2 -62,9 -80,1
0.3 -60,8 -78,6
0.4 -58,5 -76,9
0.5 -55,9 -74,9
RO -6.4 0.0 -26,3 1 -32,8
0.1 -24,0  -30,3
0.2 -21,4  -27,5
0.3 -18,7 | -24.3
0.4 -155 -20,7
0.5 -12,1 ¢ -16,5
SK -6.4 0.0 -26,3 | -32,8
0.1 -24,0  -30,3
0.2 -21,4  -27,5
0.3 -18,7 | -24.3
0.4 -155 -20,7
0.5 -12,1 |+ -16,5
SI -6.4 0.0 -26,3 @ -32,8
0.1 -24,0  -30,3
0.2 -214  -27,5
0.3 -18,7 | -24.3
0.4 -155 -20,7
0.5 -12,1 ¢ -16,5
ES 12.0 0.0 -56,8 @ -73,0
0.1 -55,1 @ -71,8
0.2 -53,3  -70,5
0.3 -51,2  -69,0
0.4 -48,9 @ -67,3
0.5 -46,3 = -65,3
SE 3.2 0.0 -48,0  -64,2
0.1 -46,3 -63,0
0.2 -445  -61,7
0.3 -42,4 . -60,2
0.4 -40,1 @ -58,5
0.5 -375 -56,5
UK -10.0 0.0 -22,7  -29,2
0.1 -20,4  -26,7
0.2 -17,8 |+ -23,9
0.3 -15,1 -20,7
0.4 -11,9  -17.1
0.5 -8,5 -12,9
EU- -6.4 0.0 -26,3 @ -32,8
15 0.1 -240 -30,3
0.2 -21,4 + -27,5
0.3 -18,7 -24,3
0.4 -155  -20,7
0.5 -12,1 ¢ -16,5
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4 Interpretation of Results and Conclusions
To interpret the results for 260the following are displayed:

() Uby p with o as a parameter;

i.e., the Member States’ undershooting U that matches the relative ungegtaint
in the intervals[O , q, [5,1q, [10 , ZQ and [20,4(? %, while the risk o takes on the
values 0.50.4, ..., 0

(1) U Dby « with p as a parameter;

i.e., the Member States’ undershooting U that matches thevrisk.5 and « in
the intervals [0.4,0.5, [0.3,0.4, [0.2,0.3, [0.1,0.2 and [0,0.1, while the
relative uncertaintyp takes on the values 5, 10, 20 and 40%.

With respecto p, Jonas and Nilsson (2001: Section 4.1.3) recomntiemdpplication

of relative uncertainty classes as a common good practice medweeclasses
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 options and challenfgeshe year 200
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 becausgg. (9), (13) and (17) haveot yet been multiplied witthe
factor (-16/20)). Ug,, is the initial or obligatory undershooting that is required to

achieve detectability before the Member States are permittedik® @sanomic use of
any excess emission reductions.

Ug,, Is a function ofs;; (Eq. (10), (14) and (18)) and thus of p (Eq. (1)). This explains

the different initial or obligatory undershooting that Member States have il ifulf
dependence of the relative uncertainty with which they report their emissions. Of
interest here are thE3 countries that exhibit a negative BT BG, CZ, DE, EE, FR,
HU, LT, LV, PL,RO, SE, SK and the UKBE’s DTPI, slightly negative, is considered
zero (cf.Fig. 2). Givena = 0.5, EE, LV, LT, BG, RO, SK, HU, PL andthe CZ arethe
bed potentia sellers followedby DE, theUK, SE andFR (Fig. 5). EE, LV, LT, BG,
RO, SK,HU, PL andthe CZcan report with a relative uncertainty > 40% and still
exhibit a detectable sign@dee Tab. Al for exactumbers)while DE and the UK st
report within the 8—40% relative uncertainty clagsiore exactly: up to@®%6 and %%,
respectively) SE within the 5-10% relative uncertaintymore exactlyup to10%), and
FR within 0-5% relative uncertainty clagsore exactlyup to4.8%).
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Figures 610 display Uby p for a = 00,...,05. These figures can be interpreted
similarly to Figure 5, bearing in mind that U increases in absolutes terth decreasing
«a. For «=0.0 (Fig. 10), EE, LV, LT, BG and ROcan still report with a relative
uncertainty > 40%see Tab. Al for exact numbersg)hile SK, HU and PLmust report
within the 20-40% relative uncertainty clagsore exactly: up t@9%, 2% and25%,
respectively)the CZ within the 16-20% relative uncerfaty class (more exactly: up to
19%);the UK and SEwithin the 5-10% relative uncertainty clagsore exactly: up to
9% and 6%, respectively); amE and FR withinthe 0-5% relative uncertainty class
(more exactly: up t@.7 and2.5%, respectively).

(1N U by a with p as a parameter. Figure 11 display&) by « for p =5%. For thisp
value, a white bar or, equivalently, d.,, <0 (ie., > O if the factor £16/20) is

disregarded) appears only for Member St#tasagreel to emission limitation (ES, Fl,
FR, GR, IE, PT and SE; see Td). A U, <0 satisfies the demand for detectable

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

With increasingp (Fig. 12-14), an increasing number of Mber Stateshatagreel to
emission reduction also exhibit @, <0, for p=40% eventually all of them (Fig
14). For p =10%, the length of the white bars is equivalent to the combined length of
the green and yellow bars frigure 5; and so on until Figure 14 £ 40%), wherethe

length of the white bars is equivalent to the combined length of tren,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; Figp—10)is preferredover
interpretation Il (U bya with p as a parameter; Eid1-14), as the use ok instead of

p as a parameter appears to be more readily acceptable. Neverthédeses 1114
are well suited to quickly survey ., and analyze which Member State with a negative
DTPI meetsU,, for a given p. (The UK, e.g., meets) for p=20% but not any
more for p = 40%; Fig. 13 and 14.)

Gap

The following four conclusions emerge from this study:

(1) Jonaset al. (2004) motivated the 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 signal detection techniqueshie Annex B countries under the Kyoto
Protocol. An in-depth quantitative comparison of the four, plus two additional,
preparatory signal analysis techniques has been prepared bytlan#2010).The
frame of reference for preparatory signal detectidghasAnnex Bcountries comply
with their agreedemission targets in 20862012.By contrast, inthis study one of
these techniques, the Und&VT concept, is applied to the old and new Member
States of the European Union under EU burden sharing in completicahe
Kyoto Protocol, but with reference to the linear pdithse yearcommitment yegr
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emissiontargetsas of 2006 The exercise shows that preparatory 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 [P i.e., (i) the risk that a Member Statdisie
emissions in the commitment year/period are abts/&rueemission limitation or
reduction comrmtment (true emission targetand (ii) 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 qualifiensill be accounted for in pricing GHG emission permits.

(3) In 2006 thirteenEU-27 Member States exhibit a negative BITand thus appear as
potentialsellers:BG, CZ, DE, EE, FR, HU, LT, LV, PLRO, SE, SK and the UK
BE's DTPI, slightly negative, is cordgred zerdFig. 2). However, expecting that
all of the EU Member States will eventuallgxhibit relative uncertainties in the
range of 5-10% and above rather than beloexcluding LUCF and Kyoto
mechanisms (c Tab. 2 quantified uncertainty estimates areailable fromtwenty
six of the EU-27 Member Statg¢s the Member States requireonsiderable
undeshooting of their ELtompatible but detectablargets if one wants to keep the
risk low (o~ 01) that the Member Statetrue emissions inthe commitment
year/period fall above their trueemission targets. These conditions are met
differently: Potential lowrisk sellers (Fig9: ranked in terms of credibilitygre EE,
LV, LT, BG and RO which can report with a relative uncertainty > 40% alhd st
exhibit a detectable signal; whieK, HU, PL andthe CZ, and the UKcan still
report within the 2640% and 10-20%elative uncertainty classespectively.ln
contrast, DEESEand FRcan only act as potential sellevgth a higher riskDE and
SEonly with o ~ 0.35 within theupper part of the-5L0%relative uncertainty class
(Fig. 6, 7); and FR only witha=0.5 but in the 6-5% relative uncertainty class
(Fig. 5) The other EW27 Member States exhibit positive [P, i.e, they donat
meet their linear patfbase yeaccommitment yegremissiontargetsas of2006 or
do not have Kyoto targets at all (CY and MT).

(4) The Und&VT concept requires detectalsignals. Measuring emission reductions
negatively and emission inciess positively (i.e., in line with the reporting for the
EU), it can be stated that the greater #geeedemission 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 undershodfing is
(i.e., increasingly negativep achieve detectability. That is, fogr=5% only the
Member Statewhich agreedo emission limitation (ES, FI, FR, GK, PT and SE)
require aUg,, < 0. For these Member Stated,,,, represents the major part of the

undershooting) (Fig. 11). For p =10% BE, IT, the NL, Slas well as the EX15
also require aUg,, <0 (Fig. 12 with the focus onMember States with
Ug,, <DTPI), indicating that somewhere within the-1®% relative uncertainty

range nordetectability will become a problem also for these Member States. The
maximal (critical) relative mcertainties, with which they can report their emissions
without compromising detectability, can be determined (Jenals, 2004: Section
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3.1 Eg. 9; these are, in absolute terms and with reference to 2010, 8.1%/(B%),

(IT), 6.4% (NL) and 8.7%SI and EU-15), respectively, assuming that the emission
limitation or reduction targets are met uné#s burden sharing in compliance with

the Kyoto Protocol. From these numbers it becomes clear that the riegetiat

the Kyoto Protocol were imprudent because they did not consider the consequences
of uncertainty.
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Figure5: U by p (see intervals) fore = 0.5 in addition to the DPI.
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Required Undershooting for 2006: alpha = 0.4
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Figure6: U by p (see intervals) fory = 0.4 in addition to the DPI.
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Figure7: U by p (see intervals) fore = 0.3 in addition to the DPI.

2

(o]




Required Undershooting for 2006: alpha = 0.2
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Figure8: U by p (see intervals) fore = 0.2 in addition to the DPI.
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Required Undershooting for 2006: alpha = 0.1
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Figure9: U by p (see intervals) forv = 0.1 in addition to the DTPI.
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Required Undershooting for 2006: alpha = 0.0
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Figure 10: U by p (see intervals) fory = 0.0 in addition to the DPI.
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Required Undershooting for 2006: rho = 5%
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Figure 11: U by « (see véue and intervals) fop = 5% in addition to the DPI.
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Required Undershooting for 2006: rho = 10%
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Figure 12: U by « (see value and intervals) for=10% in addition to the DPI.
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Required Undershooting for 2006: rho = 20%
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Figure 13: U by « (see value and inteais) for p = 20% in addition to the DPI.
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Required Undershooting for 2006: rho = 40%

EE
EU-15 |

/44

= d

373 ¢

398

46.6 [

487 L

493 L

1 376

-100.0

-80.0 -60.0 -40.0 -20.0 0.0 20.0

40.0

‘ 005 m04-05 0O03-04 0O02-03 0O01-02 ©0.0-041 ODTPI ‘

60.0

Figure 14: U by « (see value and intervals) fgr = 40% in addition to the DPI.
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Acronyms and Nomenclature

CH, methane

CO, carbon dioxide

EU European Union

DTPI dstanceto-targetpathindicator
GHG greenhouseas

HFC hydrofluorocarbon

IPCC Intergovernmental Panel on Climate Change
KP Kyoto Protocol

KT Kyoto (emissions) target
LUCF landusechange andorestry
MS Member State

N-O nitrous oxide

PFC perfluorocarbon

Sk sulfur hexafluoride

SOM supporing online material
Und undershooting

Und&VT undershooting anderification time
VT verification time

crit critical

mod modified

t true
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ISO Country Code

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 can report to meet a given rigk 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 (emissions) targeand
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) N combination withEqg. (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
— 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—2aﬁ)
1 1
= KT
1+p}1+«1—2a”) mod
(1+4ﬁ<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
=— + + md
1271 20 \/[1— 2a] (1—20)KT,,

Eqg. (A12a) provides he correcsolution.

(A7)

(A8)

(A9)

(A10)

(Alla)

(Al1b)

(Allc)

(A11d)

(Alle)

(Al2a,b)

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

0<a<0.5:

o=2035:
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P
U=Ug, :E_(SKP

in combination withEq. (1. Thus:

mod

B 146,

p

0<a<0.5:

(1—2a)p
U=1-(1+0,,)—¢ 1+ 6, ) —F———F——
(14 6 ) — Op + (14 cm>1+(1_2a)p
(1—2a)p

1—
1+(1— Za)p

<1+ 6crit )

]:1—[6KP +U].

In combination withEq. (1b):

y - ] 1
1-p

1-2p
1-p

B (l— Za)p

= KT,
1+ (1— 2a>p

mod

1

= KT,
1+ (1— 2a)p

mod

1-2p = KT, oy + (1= 20) KT, ogp — KT, a0 — (1— 20 ) KT,

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

1-KT, 4

_ 1-0KT,, |, [ 1-oKT,
2 T 1 2a)KT,,  \|(1-20)KT,,

Eq. (A21b) provides the correct solution.

(1-20)KT, o

(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:
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2p

in combination withEq. (1b). Thus:
U
_ . A23
P~ 21U (A23)
0<a<0.5:
(1— Za)p
U=1-b¢— (1_ byp + 20y ) + (1_ byp + 20y )m (A24)
(1—8¢p + 284, o (1=20)p =1 (b +U) (A25)
KP crit l-|- <1_ 20,/>p KP .
In combination withEq. (1b):
KT —2-" ] o 1=20)p ) KT, (A26a)
1-p 1+(1—2a>p
KT —(2+KT)p ! — KT, (A26b)
1-p 1—|—(1— 2a)p
KT —(24KT)p = KT, +(1—2a) KT, psp — KT, gp — (1— 20 KT, oy p° (A27)
1+K2T—aKTmod U
2_9 =0 A28
T 2a)KT,, T 2a)KT,, (A28)
2
l-l—ﬂ—ozKTmod 1—i—ﬂ—ozKTmod U
pr,=——P + 2 - . (A29a,b)
2 (1-2a)KT,, (1-2a) KT, (1-2a) KT,

Eqg. (A29b) provides the correct solution.

Table Al provides the maximal uncertainties with whirahvidualMember States with
DTPI < Ocan report to meet a given rigk< o < 0.5 that their true emissions in the
commitment year/periofall abovetheir trueemission targets.
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Table Al: Maximal uncertainties with which MembeStates (MS) with DTPI < 0 can
report to meet a giverisk « that theirtrue emissions ithe commitment
year/periodfall abovetheir true emission targetésee Fig. 510). Note that
the inverse equationp = p(J,,,U,a) in the Appendix refer to 2008/12;
i.e., the Member State®TPIs for 20® must be multiplied with-@0/16).
Example: To meeta =0.1, the CZ can report with an uncertaingy of
21.4%owing to its DTPI of-17.3%6 (or 2L.6% if multiplied with (20/16);

see Fig. 9).
6 «a
MS «* DTPI P Case Eq.
% 1 1 1

BE 75 0.0 0.0001 | 0.0001 | Case 1 (A4)
0.1 0.0001 : 0.0002 | Case 1 (A4)
0.2 0.0001 | 0.0002 | Case 1 (A4)
0.3 0.0001 : 0.0003 | Case 1 (A4)
0.4 0.0001 ; 0.0007 | Case 1 (A4)
0.5 0.0001 0.081 Case 2 (A8)

BG 8.0 0.0 0,498 0,539 Case 2 | (Al2a)
0.1 0,498 0,600 Case 2 | (Al2a)
0.2 0,498 0,681 Case 2 . (Al2a)
0.3 0,498 0,796 Case2 | (Al2a)
0.4 0,498 0,979 Case 2 | (Al2a)
0.5 0,498 >1 Case 2 (A8)

cz 8.0 0.0 0,216 0,192 Case 2 | (Al2a)
0.1 0,216 0,214 Case 2 : (Al2a)
0.2 0,216 0,241 Case 2 | (Al2a)
0.3 0,216 0,279 Case2 | (Al2a)
0.4 0,216 0,332 Case 2 | (Al2a)
0.5 0,216 0,421 Case 2 (A8)

EE 8.0 0.0 0,616 0,815 Case 2 | (Al2a)
0.1 0,616 0,908 Case 2 | (Al2a)
0.2 0,616 >1 Case 2 | (Al2a)
0.3 0,616 >1 Case 2 | (Al2a)
0.4 0,616 >1 Case 2 | (Al2a)
0.5 0,616 >1 Case 2 (A8)

FR 0.0 0.0 0,050 0,025 Case 3 . (A21b)
0.1 0,050 0,038 Case 3 | (A21b)
0.2 0,050 0,031 Case 3 | (A21b)
0.3 0,050 0,035 Case 3 . (A21b)
0.4 0,050 0,041 Case 3 | (A21b)
0.5 0,050 0,048 Case 3 @ (A15)

DE 21.0 0.0 0,021 0,027 Case 1 (A4)
0.1 0,021 0,034 Case 1 (A4)
0.2 0,021 0,045 Case 1 (A4)
0.3 0,021 0,068 Case 1 (A4)
0.4 0,021 0,136 Casel (A4
0.5 0,021 0,300 Case 2 (A8)

HU 6.0 0.0 0,338 0,289 Case 2 | (Al2a)
0.1 0,338 0,322 Case 2 | (Al2a)
0.2 0,338 0,364 Case 2 | (Al2a)
0.3 0,338 0,422 Case 2 | (Al2a)
0.4 0,338 0,509 Case 2 . (Al2a)
0.5 0,338 0,662 Case 2 (A8)

LV 8.0 0.0 0,609 0,794 Case 2 | (Al2a)
0.1 0,609 0,885 Case 2 | (Al2a)
0.2 0,609 >1 Case 2 | (Al2a)
0.3 0,609 >1 Case 2 | (Al2a)
0.4 0,609 >1 Case 2 | (Al2a)
0.5 0,609 >1 Case 2 (A8)
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Table A1: continued.

LT 8.0 0.0 0,583 0,722 Case 2 | (Al2a)
0.1 0,583 0,804 Case 2 i (Al2a)
0.2 0,583 0,914 Case 2 | (Al2a)
0.3 0,583 >1 Case 2 i (Al2a)
0.4 0,583 >1 Case 2 | (Al2a)
0.5 0,583 >1 Case 2 (A8)
PL 6.0 0.0 0,302 0,252 Case 2 | (Al2a)
0.1 0,302 0,280 Case 2 | (Al2a)
0.2 0,302 0,316 Case 2 | (Al2a)
0.3 0,302 0,366 Case 2 | (Al2a)
0.4 0,302 0,440 Case 2| (Al2a)
0.5 0,302 0,566 Case 2 (A8)
RO 8.0 0.0 0,466 0,484 Case 2 | (Al2a)
0.1 0,466 0,539 Case 2 | (Al2a)
0.2 0,466 0,612 Case 2 i (Al2a)
0.3 0,466 0,714 Case 2 | (Al2a)
0.4 0,466 0,875 Case 2 i (Al2a)
0.5 0,466 >1 Case 2 (A8)
SK 8.0 0.0 0,322 0,293 Case? (Al2a)
0.1 0,322 0,326 Case 2 | (Al2a)
0.2 0,322 0,369 Case 2 i (Al2a)
0.3 0,322 0,427 Case 2 | (Al2a)
0.4 0,322 0,515 Case 2 | (Al2a)
0.5 0,322 0,671 Case 2 (A8)
SE -4.0 0.0 0,151 0.057 Case 3 (A21b)
0.1 0,151 0.062 Case 3 | (A21b)
0.2 0,151 0.069 Case 3 (A21b)
0.3 0,151 0.077 Case 3 | (A21b)
0.4 0,151 0.087 Case 3 (A21b)
0.5 0,151 0.100 Case 3 (Al5)
UK 125 0.0 0,080 0,100 Case 1 (A4)
0.1 0,080 0,108 Case 1 (Ad)
0.2 0,080 0,152 Case 2 | (Al2a)
0.3 0,080 0,175 Case 2 | (Al2a)
0.4 0,080 0,207 Case 2 | (Al2a)
0.5 0,080 0,257 Case 2 (A8)
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Endnotes

! Preparatory signal detection allows generating useful information beforehand hewt great
uncertainties can be depending on the levebafiidence of the emission signal, or the signal one wishes
to detect, and on the risk one is willing to tolerate in not meeting an agreesioanlimitation or
reduction commitment. It is this knowledge of the required quality of reportingis/ensceminty 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 year/period

is a straight line, and emissions prior to the base year are not taken into ctiosidera

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

3 For earlier evaluions see Overview of Background and Monitoring Reports section.

* For example, Ireland is allowed a 13% increase from 1990 level§@8+2012, so its theoreticéihear
target for 206 is a rise of no more that0.4%. Its actual emissions in 20@how anincrease of 2.5%
since 1990; hence, iBTPIl is 25.5- 104, or 15.1 percentage points. Germany’s Kyoto target is a 21%
reduction, while its theoreticdihear target for 200 is a decrease o0%618%. Its actual emissions in 2@
were 185% lower than in 1990; henc&ermany’s DTPI ig-185) - (-16.9, or-1.7 percentage points.

® The Intergovernmental Panel on Clim&tkange (IPCC) Good Practice Guidelines suggest the use of a
95% confidence interval, which is the interval that has a 95% probabilignddining the unknown true
emission value in the absence of biases (and which is equal to approximately twalsden@dions if

the emission values are normally distributed) (Penehah, 2000: p. 6.6).

® Austria hasith reference td990, as the dy EU-27 Member State carried out full carbon accounting
(Jonas and Nilsson, 2001: Tab. 14). It served as a basis for extractingahgaalotbn account which
additionally encompasses ¢ahd NO and which is in line with the IPCC Guidelines relevanhattime
(IPCC, 1997a,b,c). The relative uncertainties (more exactly: the mealia@s\vof the respective relative
uncertainty classes) are 2.5% for £30% for CH; >40% for NO; and 7.5% for C@+ CH,+ N,O.

"Here, §

'+ Ykp

specifies the normalized emission change, to which the Member States agreedauidér th
burden sharing {, ,s)- This change can be different from that agreed under the Kyoto Protocol.
However, ¢, is continued to be used to simplihdexing.

8 The linear target path is established for all countries between 1990 andr2&fikctive of whether or

not 1990 is the base year for their SCH,-N,O emissions, the determining system gases (see ébnas

al., 2004: Section 3). We follow this common practice to be in agreement with ther&pidPting of the
EU.

° Note that in Cases 3 and 4, unlike in Jodaal. (2010: SOM: Appendix D), the critical emission
limitation or reductiong,_, is not adjusted.

48



	1 Background and Objective
	2 Methodology
	3 Results
	4 Interpretation of Results and Conclusions
	References
	Overview of Background and Monitoring Reports
	Acronyms and Nomenclature
	ISO Country Code
	Appendix
	Endnotes

