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Abstract

The study by Jonaat al. (2014)has receive interest notably by the Austrian Climate
Research Programme [ACRP], regarding the use of the results at nationalleredex

al. discuss diagnostic (retrospective: looking back in time) and prognostic (ptiwspe
looking forward in time) uncertainty in an esionstemperaturaincertainty framework

that allows any country to understand its neam mitigation and adaptation efforts in a
globally consistent and loAgrm contextwhich includes all countriegnd stipulates
global warmingto range betweefi and4 °C. To achieve this understanding, the study
establishedational linear emission target paths (e.g., from 1990 to 2050) thobedly
consistentIn this systems context, cumulative emissions until 2050 are constrained and
globally binding but areuncertain (i.e., they can be estimated only imprecisely); and
whether or not compliance with an agreed temperature target in 2050 and beyond will be
achieved is also uncertain. In a nutshell, thmissiongemperaturaincertainty
framework can be used toonitor a country’s performancepast as well as prospective
achievementsin complying with a future warming target in a quantified uncertaiisty
context.

Ourworking pape((i) recalls the background of the study by Josiaal.in a condensed

but comprehensive manner; and (ii) provides a detailed description of the study’s input
and output data which have been updated in the meantheg@aper usedéustria as a

case country, while placing it in a European and global context.
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Uncertainty in an Emissions-Constrained World:
Method Overview and Data Revision

Matthias Jonas and Piotr Zebrowski

[. Overview
1. Purpose

The study by Jonast al. (2014) has received interest, notably by the Austrian Climate
Research Programme [ACRP], regarding the use of the results at natioaal Hual
paper

i) recalls the background of the study by Jaogtaa. in a condensed but comprehensive
manner; and

i) provides a detailed description thfe study’s inputand outputdata which have been
updated in the meantime.

The paperalsomakes use of Austria as a case country, while placing it in a European and
global context.

2. Background

Since their inception, climate treaty negotiations have set out to stabiiZearth’s
climate by implementing mechanisms that reduce global greenhouse gas [GHG]
emissions and lead to sustainable management of the atmoaphesafe steadystate

leved (assumed tdoe characterized bgn increase in global average temperatuneodf

more than2 °C above preindustrial levels). In recent years, international clinoiteyp

has beemcreasingly focusing on limitinggmperature riseRogeljet al 2011). The idea

of limiting cumulative global GHG emissions by adhering to a{@mm global warming
target was first discussed publicly by policymakers at the 2009 United Natioratecl
change conference in Copenhagen. It appears to be a promising and robust methodology
(Allen et al. 2009;Matthewset al 2009; Meinshausegt al. 2009;WBGU 2009;Zickfeld

et al 2009;Raupachet al 2011; cf. also Box L To comply with it, the emissien
reductions required from the fossilel and land use/lardse change [LUC] sector are
daunting: 50%85% below the 1990 global annual emissions, with even greater
reductions for industrialized countrieSigheret al. 2007; Jonast al 2010, 2014). The
underlying assumptions are equally daunting: terrestrial or oceanic sinkawing to



offset fossifuel and LUC emissions before achieving an emissions balance that goes
beyond CG-C (i.e., CQ-equivalents also including GHN2O, etc.), with no systemic
surprises occurring during the transition process. In particular, nesiensfrom LUC
activities will need to be reduced linearly to zero by 2050. That is, it is assumed that
deforestation and other LU mismanagement will cease and that net emistaoics ba

Box 1: Relationship between greenhouse gas [GHG] emissions and global swrface temperature. Source:
Raupach ef al. (2011b; adapted).

The magnitude of an increase in global surface temperature is not determined by emissions in any one
vear, bul by the concentration of GHGs in the atmosphere which, in turn, is the net outcome of total
emissions and removals of GHGs to and from the atmosphere over an extended period.

Global emission budgets estimate the total amount of (net) GHG emissions that will resull in a given
temperature increase, within a probability range. This is why cumulative emissions (e.g., between today
and 2050) are perceived as a good predictor for this temperaiure increase (e.g.. in 2050 and beyond). That
is, the emissions budget approach allows linking cumulative emissions of GHGs directly to temperature,
without determining atmospheric concentrations of GHGs and their radiative forcing as intermediary
observables (see figure below). The relationship between cumulative emissions and temperature is
expressed as a probability; to reflect uncertainty of the climate response to a given amount of GHG
emissions,

While global emission budgets identify the overall limit on global emissions, they do not prescnibe the
timing of peak emissions or the rate at which emissions must be reduced, so long as the overall budget is
not breached. There will be a number of trajectories that could lead to the budgeted level of cumulative
emissions and the related (but uncertain because trajectory-dependent) temperature increase over time,
Because the emissions budget is ultimately fixed, however, delays in reducing emissions must be
compensated with more rapid GHG emission reductions in future years.

Global pmilsslcns budgel
|
N
i S
= s ] -’ ature
Carbon cyche, Radiates Chrate
At dhemnliy [T Syramics

In their study Jonaset al. (2014f use anemissiongemperaturaincertainty [ETU]
frameworkas a basis taiscuss diagnostic (retrospective: looking back in time) and
prognostic (prospective: looking forward in time) uncertairfife ETU framework
allows any country to understand iiearterm mitigation and adaptation effoiits a
globally consistent and loAgrm contextwhich includes all countrieand stipulates
global warming to range betwe@nand4 °C. To achieve this understanding, national
emission target paths, linear in timejere established (from 1990 to 2050 or,

2 Cf. alsohttp://pure.iiasac.at/10910/
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alternatively, from 2000 to 2050) that are globalbnsistentIn this systems context,

cumulative emissions Ut go 5. Ouiput features of Jonas et al’s (2014) ETU
2050 are constrained an framework.

globally binding but are

L The output of the ETU framework provides national linear
uncertain (i.e., they can b iarget paths for emissions, which are consistently

estimated only imprecisely) | embedded globally.
and whether or not|- for two temporal (predictor) regimes: 1990-2050 and

compliance with an agrees oAbl fi )
temperature target in 205 - for (,:Ol,a.ﬂd all six Kyoto GHGs (cumulative); .
db d will b hi for individual spheres: technosphere and land use /
and beyond will be achieve: Pt oo e
is also uncertain. In &|_ for three 2050 temperature targets: 2, 3 and 4 °C; and
nutshell, the ETU which allow monitoring Austria’s performance—past
framework can be used ti (with and without embodied emissions) as well as
. , projected achievements—in complying with these
monitor a  country’s R s e

performance past as well as while accounting for both diagnostic uncertainty (which
prospective achievements | relates to the risk that true GHG emissions are greater than
in complying with a future inventoried emission estimates ru;:-urluf.i in a specified
. . year) and prognostic uncertainty (which relates to the
warming  target  IN a&| sk that an agreed 2050 temperature target is exceeded).
guantified uncertaintyrisk

context (cf. Box 2). The authors’ objectiwe particular, was to understand the relevance
of diagnostic and prognostic uncertaimythis global emissioremperature setting and
across temporal scales. Although the mode of bridging uncertainty across tesnplasl

still relies on discrete points in time (‘today’ and 2050) and is not yet continuous, the
authors’ study provides a valble first step toward that objective.

3. Overview of theETU framework

Table 1compilesanoverview of relevant information ahebasic features that underlie
the Jonast al.study.This overview was not part of the study because of space limitations
imposedby the publisherThe overview goes beyond Tables S1 and S2 in the electronic
supplementary material to Jonetsal, which summarize data, techniqguaad models
used in the study.

Table 2 lists fiveadvancementswvhich are considered important and whiweére not
coveredby Jonat al.at the time. These are:

1. Extending the diagnostic period of the ETU framework.

2. Introducing additional norms for referencing GHG emissions.
3. Introducing additional models/scenarios

4. Introducing additionaltart years

5. Introducing additional principles for reducing GHG emissions.



Table 1: Overview of the Emissiors-TemperaturdJncertainty (ETU) framework

(Jonaset al. 2014).

Basic feature

Description

Scientific reference

M Jonas, G Marland, V Krey, F Wagner & Z. Nahorski, 20
Uncertainty in an emissioftonstrained worldClim. Change
124(3), 459476, doi:10.1007/s10584914-11036.

Financial support

ACRP (3¢ Call 2010: KIOAC1K0005%

Objective

The incentive behind developing the ETU framework wa
provide an overview of how to perceive uncertanetyarding
constraining global warmingin a systems context. Th
framework allows understandingf uncertainty acros
temporal scales andf how to reconcie shortterm CGHG

emission commitments with lortgrm efforts to meet globa
temperature targets in 2050 and beyond.

Ad uncertaintyDiagnostic
uncertainty and risk

Diagnostic uncertainty is the uncertainty contained
inventoried emission estimates and relates toistkethat true
GHG emissions are greater than inventoried emis
estimates reported in a specified year.

Ad uncertaintyPrognostic uncertainty
and risk

Prognostic uncertainty refers to cumulative emissions bety
a start year and a future target yaad relates to the risk th
an agreed temperature target is exceeded.

Scientific pillar

The ETU framework builds on the contraction and
convergence (C&C)approach (GCl 2012yesulting from
cumulative emissions that are constrainetihe ETU
framework expads this approach by taking diagnostic &
prognostic uncertainty on board

The strength of thecumulativeemissions basedC&C
approach is that it can be used to shortcut the serial'IB#IG
emissions— GHG concentrations—» global temperaturg
increasé Cumulative emissionghere as of 2000ntil 2050
have been shown to be a good predictor tf@ expected
temperature rise ithe future (here i2050 and beyond

14-:

|

veen
At

Assumptiond

Emission targets derived for 2050 are exclusively availablg
technospheric emissions. The imperative for net emiss
from LU activities is that these will be reduced linearly to z
by 2050. It is presupposed that deforestation and othe

mismanagment will cease and that net emissions balance.

> for

ero

Assumptiond|

The hidden assumptions areth

(i) the remainder of the biosphere (including oceans) sta
or returns to an emissions balance;

(i) this return, which refers to GEC, implies in turnthat
emissions and removals of GH\2O, etc. also retmn to an
emissions balance; and

(iii) these returns happen withoahy unforeseersystemic

yS in

surprises of the terrestrial biosphere.




Table 1: Continued.

Basic feature

Description

Assumptions Il

Additional assumptions exist when making the step fro
2 °C global warming target to global warming targets
3 and 4 °Cnamely that

(i) the risk of overshooting is comparatively stable ¢
independent of thearticular warming situation, equilibriur
or transient, whenaing from, e.g., 2 to 3 °C; and

(ii) deviations from this assumption are minor compared tq
considerable change in risk whgaing from e.g.,2 to 3 °C
under either warmingcenarig equilibrium or transient.

m a
of

=1

the

Data availability

All input and outputiatapertinentto Jonaset al. (2014) are
available at

http://pure.iiasa.ac.at/10910/
Note: Therevised dataremadeavailablebelowin Part Il.

Thematic scope

GHG emissions: C®and CQ-eq (CQ, CHs, N,O, HFCs,
PFCs and Scombined)

Thematic resolution

Technosphere, land use/lange change, and trade (embod
emissions)

ed

Spatial scope Global
Spatial resolution Country
Temporal scope 199G6-2100
Temporal resolution Annual

Ad temporal: $art years for
accumulating GHG emissions

1990 and 2000

Ad temporalPeriods for
accumulating GHG emissions

1990-2050 and 2002050

Ad temporal: Period for calculating
the risk of exceeding 2050 global
warming targets (based omulti-
emissionclimate-changemodel
scenarios)

2000-2050

Ad temporal:Diagnosticperiod (data
wise)

1990-2008/09

Ad temporal:Prognostiperiod fata
wise)

2008/092100

Ad temporal: Monitoring periodsq
monitor both reported datand
scenariovis-a-vis linear GHG
emission target paths

1990-2050 and 2002050

long-term global warming scenarios

Ad temporal: Period for comparative

20006-2100

2050 temperatur@global warming)
targets

2,3 and 4C
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Table 1: Continued.

Basicfeature

Description

GHG emissions over tim@tandard)

Without and with uncertainty by country:

National linear target paths for emissions, which
consistently embedded globally,

- for two temporal fredictor) regimes: 1992050 and 2009
2050;

- for CO; and all six Kyoto GHGs (cumulative);

- for individual spherestechnospherand land use/landse
change;

- for three global warming target3; 3 and 4 °C; and

- which allow monitoring Austria’performance past (with

and without embodied emissions) aeell as projected
achievementsin complying with these warming targets.

Units

Emissions, emissions per capita, emissions per G
ETU framework allows translating between these Yinits

Consistency

National linear target paths for emissions ammsistently
embedded in the global contgsumming over all countrieg

national target paths yields the global emissions targe}. path

Monitoring

National linear target paths for emissi@esvingas reference

in monitoring the performance of countriepast as well as

prospective achievements- in complying with a future
warming targein a quantified uncertaintsisk context.

h

D

Monitored models / scenarios:

1. GAINS model:

Mode of application: Twspointsin-time approach applied at

country scalebetween reference year (1990) and target
(2020) to construct linear target paths for emissions;

Output/use: Potential emiss®rreduction by (Annex |
country achievable between 26P020 (with reference t
1990) by means of available mitigation measy and
associated costs.

2. Longtern scenarios:

Mode of application: Forwartboking, medium to longange
scenarios for the 21st century from lasgmle energy
economic and integrated assessment models;

Output/use: Emissions (G&@q, CQ, CHs, N2O, F-Gases) ang
GDP by world region (resolving large countries) in 5 and
year steps until 2100, and atmospheric, €@ncentratiosin

ear

2100.




Table 2: List of output features, which are considered imporbantwhichwere not
coveredby Jona%t al. (2014).

Advancements Description
not realized at the time

1. Extending thediagnostic period of | Going beyond 2008/09, the current diagnostic period of

the ETU framework ETU framework

2. Introducing aditional norms for Referening GHG emissiondy norms other than peapita or
referencing GHG emissions perGDP; e.g., per ha

3. Introducing aditional To expand monitoring, aking use o&dditionalglobal as well
models/scenaridsew emissions as national models/scaiios

reductions targets and policies Already realized for Austria: Austria’s targeted and projegted

emissionsas specified under Austria’s energy strategy
2020) and in Austria’s climate protection report (for 20
(BMWFJ/LFUW 2010; UBA 2011) are compared agai
Austria’s nationalinear target path for emissioffer 19906~
2050).

4. Introducing aditional start years | Considemg start years other than 1990 and 2000
accumulating GHG emissions

5. Introducing aditionalprinciples for| Follow emissionreductionprinciples other than the principle
reducing GHG emissions of equality, which leads to a universally, globally applicable
emissions equity target in 2050; e.g., a blend of a futur
which the present distribution of emissions is maintained with
a future in vhich cumulative emissions are distributed equally
on a peicapita basis

This papeexploresthe followingadvancements

Ad 1. Extending the diagnostic period of the ETU framework: Estimates of global and
national GHG emissions and auxiliary data on population and economic aivity
beingthe dominantactors influencing GHG emissionaje up to date as of 201%.0f
details and periods covered by the dataPsae 11 of thispape}.

Ad 3. Introducing additional models/scenarios/new emissions reduction targets and
policies we compare targets of different international GHG emissions reduction
agreements/treatigsf. Appendix A)against target pathshich are linear in time and
obtainedby means othe ETU framework. Wealsoanalyze scenarios dfiture global

and EU-27 emissions published by International Energy AgenclE[A] and Austria’s
projectedemissions under already implemented and additional mitigation me#fures
details see alsAppendices C and D).

Ad 4. Introducing additional start years: in addition to 1990 and 2080ear 2010 was
alsoconsidered af) start year fomaaounting cumulative GHG emissions &(iigl base
yearas reference fareducton targets for the year 20%6f. Part Il of this papey.



4. Austria in the ETU framework (prior to data revision)

A comprehensive overview of Austrias a casestudy in the context of the ETU
frameworkwaspresented atworkshop hosted by tt®CRPin 2015. The overview was
givenin the form of a poster (cFigure 1). Relevant datdacking upthe poster are
summarizedn Tables3 and 4.

The poster relies on the data frdonaset al. (2014) Although the dataad not yet ben
updated at the timehe poster'soverviewremainspertinent.Austria’s 2050 emissions
outlook will not change in principal, althougit will become more severeas
demonstrateth Section10.

Starting from the international GHG emissions context described in Sectiods32aad
assuming that all countsevill meetthe2 °C temperature target in 2050, Austria would
have to reduce its pe&apita emissions (excluding emissions from LUC activitieil

2050 by 71% relative to 1990 and 77% relative to 2000, respectively. The universally
valid, 2050 global emissions equity [GEE] targets would be 3.0 and 2.3¢@®alent

per capita COr»-eqg/cap. These GEE targets wouléccording to current knowledge,
ensure that the risk of exceeding the 2050 temperature targe€atifl stay below 50%

(cf. Table3 andTable4).

Table 3: Interpretation of the 2050 GEE targets in accordance with the expected global

warming in 2050 and beyond, to be read as follows: universally valid 2050
GEE targets of 3.0 and 2.3 t G@qg/cap, respectively which can be
considerd as the end points of linear emission reduction paths between 1990
2050 and 200050, respectively are believed to ensutbat the risk of
exceeding the 2050 temperature target 6C2will stay below 50%For a

more detailed, quantified uncertaintisk interpretation cf. Jonaet al.(2014:
Tablel).

2050 Global Compliance with temperature targets in 2050
Target paths emission targets (risk of exceedance < 50%)

t CO2-eg/cap 2°C 2 - 3°C 3 - 4°C >4°C
19906-2050 3.0 X
4.1 X
5.2 X
6.4 X
20006-2050 2.3 X
3.7 X
51 X
6.5 X

3 ClimTrans2050 projechttps://climtrans2050.wifo.ac.at/thkndex.php
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Austria in the ETU framework.

Fig. 1:



Table 4: Austria’s anissions in 1990, without and with trade, and in a constrained emissions context feP(BiIP@nd 20062050,
respectively.

2050 Globalemissions equity targets [in t CQ-eg/ca|
1990Per-capita | 1990Per-capita 199&20.09 199&20.09 quity targets | alcap]
.. .. Cumulative Cumulative
emissions emissions . . 3.0 4.1 5.2 6.4
Sector wio trade with trade Emissions Emissions
wi/o trade with trade 1990-2050emission reduction w/o trade [and cumulative emissions]
% / cap % / cap % / cap % / cap
t CO2-eg/cap t COz-eqg/cap Tg CO2 Tg CO2 [t COzeq] [t COzeq] [t COzeq] [t COzeq]
71 60 48 37
Technosphere 10.2 16.39 1666 2328
[3489F [3753F [4016F [4280F
Imperative: Net emissions from LUC reduce linearly to zero until 205(
LUC -1.8 k rf -3512 k f
unknow unKnow [610F | [610F | [610F |  [-610F
: 2000-2009 2000-2009 2050 Global emissions equity target [in t C®eg/ca
2000Per-capita | 2000Per-capita . . quity target [ alcap]
. . Cumulative Cumulative
emissions emissions . . 2.3 3.7 5.1 6.5
Sector w/o trade with trade Emissions E_m ISSIONS
w/o trade with trade 20006-2050emission reduction w/o trade [and cumulative emissions]
% / cap % / cap % / cap % / cap
t CO2-eqg/cap t CO2-eqg/cap Tg CO2 Tg CO2 [t COzeq] [t COzeq] [t COzeq] [t COzeq]
Technosphere 10.¢2 13.39 8712 1168 " 63 49 36
P ' ' [2557¢ [2886° [3184° [3500°
LUC 5o Lo 178 unknowd Imperative: Net emissions from LUC reduce linearly to zero until 205(
' ' [437F |  [437F | [-437F |  [437F

2 UNFCCCGC P UNFCCC+ CICERO / GCP¢ Jonaset al. (2014) + IIASA / POP¢ unknown to the ETU framewonkhich requires a globally consistent approach;
¢ UNFCCC+ IFF / WHRC
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It is important to note that the 2050 GEE targets come with the condition that Austria’s
cumulative GHG emissions are limited until 2050; thalinsited to 3489 t CG-eq with

1990 as start yeandto 2552t CO-eq with 2000 as start year. Howeugy 2009 Austria
hadalready consumed 48% of the 19%8lwance(and33% of the available timeand
34%of the 2000 allowancg@and20% of the available time notaccounting for embodied
carbon emissions contained in trdde alsoFigurel).

Il . Data supporting the ETU framework

Here we give a description of the revised and expanded dataset supporting the ETU
framework. The datasetupporting the ETU framework (referred further as HidJ
datase) is organized in the form odin Excel workbook and corstis of the three main

parts:

1. Input data containing global and national estimates of GHG emissions together
with auxiliary data $ection 5);

2. Worksheets facilitating the use tife ETU framework and the calculations of
reduction targetsSection 6;

3. Compilation of projections of future GHG emissions obtained with the use of
widely recognized models, whose output we compare againsttimdtargets
obtainedby means othe ETU frameworKSection 7.

The complete ETU datasistavailable ahttp://pure.iiasa.ac.at/13295/

5. Description of the input data

In this section welescribe the input data required to calculate emissextuctionsargets

with the use of the ETU frameworka the ETU dataset the name of each worksheet
contains the information on the data source as well as the period of time covened by t
datase(otherwise it is given in thdescription of the dat&f. Table5).

11
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Table 5: List of worksheets:rput data requirefor calculatng emissiors reduction

targetsfor use inthe ETU framework.

Worksheet | Worksheet o Spatial and
Data description temporal
no. name :
resolution
CDIAC* Estimates global Cemissions from burning of fossil lobal/
1 Global fuels (solid, liquid gaseous cement manufacture ar Ognnual
1959-2011 gas flaring(in Mt Clyr).
CDIAC? Estimates national C&missions from burning of fossil ___.
) R ational/
2 Nations fuels (solid, liquid, gasoug, cement manufacture arj d;nnual
17512011 gas flaring(in kt C/yr).
CDIAC?
; National CQ emissions from fossilfuel burning, .
Nations 1990, . national/
3-24 cement manufacturend gas flaringextracted from WS 1990
' 2 (CDIAC Nations 175312017 for each individual yeaf 2011’
CDIAC in the period 199€2011(in kt Clyn).
Nations 2011
CO, emissions from fossilfuel use embodied in
GCP CO2 international trade, calculated as a difference bety een.
o X . : national/
25 Transfer emissions from production of goods a given territory| nnual
199G-2013 and emissions embodied in the goods consumed on s
territory (in Mt Clyr).
Estimatescarbon emissions and removals for elements
26 GCP Global | of theglobal carbon cycle: fossiliel burning, landise, | global/
19592013 atmospheric increase, ocean sink, land sink and ¢thational
sinks/sourceéin Pg Clyi.
WHRCS LU
18506-2005 . .
Estimates annual carbon fluxes to the atmospheegional/
27a,27b | and : .
resulting from lanelise changéin Tg Clyr). annual
WHRC LU
185G3-2010
o8 WRI” LUCF Net CQ emissions due to landlse changes and forestryational/
199G-2011 (inTg CO/ yr). annual
Estimates human appropriation of net prim
production (HANPP) resultonfrom agricultual activity
on theterritory of a given country. ,
IFF® HANPP : i ) national/
29 HANPP is defined athedifferencebetweerthe NPP of
agr 19862007 X ; 'l annual
potential vegetatioand the amount MiPP that remains
in the ecosystem after harvefin tons of dry matter
biomass / yeat DM / yr).
o | EFeHaNpp | ESUTales WANPE embocied Boculuer OGS natonay
agr 19862007 Y 9 vt annual

dry matterbiomass / yeat DM / yr).

4 Carbon Dioxide Information Analysis Centéttp://cdiac.ornl.gov/trends/emis/overview 2011.html
5 Global Carbon Projechttp://www.globalcarbonproject.orgrbonbudget/14/data.htm
6 The data are from R.A. Houghton (2011; pers. comm.) from the Woods Hole ReGeater.
"World Resources Institut@itp://cait2.wri.org/

8 The data are from KH. Erb (2015 pers. comm.)rbm the Viennébased Institute of Social Ecology,

Faculty of Interdisciplinary Studies (IFF) of the Alpen Adria Unsiy Klagenfurt.
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IFFS HANPP

Estimates HANPP resulting from forestry activity on {

he

31 forestry territory of a given countryin tons of dry matter 22‘232?"
19972007 biomass / year: t DM / yr).
IFF® eHANPP | Estimatesforestry HANPP embodied in the gooq .
. : national/
32 forestry consumed on the territory of a given courirytons of annual
19972007 dry matterbiomass / year: t DM / yr).
Difference between eHANPP andrritorial HANPP.
IFFE HANPP | This differenceis equal tothe difference betweer national/
33 Trade imported and exported NPahdis used as a proxy far nnual
19972007 the transfers of landse emissions due to international
trade(in tons of dry mattebiomass / year: t DM / yr).
EPA° Non Historical emissions of ne@0, greenhouse gases (hrnationall
34 COo2 199G6-2010) and projections of future emissions (| 5 vear stens
19902030 | 2015-2030)(in Mt COxeq / yd. y P
UNFCCCL° Estimates total GHG emissions (excluding LULU :ﬁationall
35 CO2eq emissions) reported by Annex | countries to th annual
1990-2012 UNFCCC(in Gg CQ-eq / y).
UNFCCC Estimates total C® emissions (excluding LULUCKE national/
36 CO2 emissions) reported by Annex | countries to annual
1990-2012 UNFCCC(in Gg CQ/ yr).
UNFCCC Estimates total GHG emissiorarfLandUse,Landuse national/
37 LULUCF Change and Forestry (LULUCF) reported by Anne annual
1990-2012 countries to the UNFCC(@n Gg CO-eq / yi).
UNFCCC Population of Annex | countries reportetb the| national/
38 POP UNFCCC(in 1000 cap. annual
1990-2012
39 gg';CC@ Gross domestic product (GDP) of Annex | countn national/
1990.2012 reported to the UNFCCQn billions USD). annual
UNFCCC data on theotal annual GHG emissionby | national/
20 Non-Annex | | way of examplefor three big norAnnex | countries: annual
CO2eq Brazil, Ching and India.Data gathered over the periodirregular
1990-2005(in Gg CQ-eq / y). reporting)
a1 UN POP! Population estimates lije UN Population Divisior(in | national/
195G3-2015 1000 cap. annual
Ur%.epgfjnpsr()b Probabilistic projections of future population dynamijcs
493-42¢ ?médian 80 for 20152100 (probabilistic fertility rate, constal national/
and 95 ' mortality rate) bythe UN Population divisior(in 1000 | 5-year steps
; cap.
guantiles)
IIASA 12 POP Probabilistic  projections of future populati¢ global, big
43 2008-2100 (probabilistic fertility and mortality rategublished by| regions/
IIASA in 2007 (in million cap). annual

9 Environmental Protection Agency:
http://www.epa.gov/climatechange/EPAactivities/economics/nonc{@ions. html

0UN Framework Convention for Climate Chanbép://unfccc.int/di/FlexibleQueries.do
1 UN Population Divisia: http://esa.un.org/unpd/wpp/DVD/
211ASA’s World Population Progranhttp://www.iiasa.ac.at/Research/POP/proj07/index.html
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6. Application of the ETU framework — data compilations and calculations

Below we describéhe part of ETUdatasethat implements the ETU framework itself.
Each worksheet in this part contains a logically closed part of analsiging the
derivation ofglobal emissionseductions targets for the year 2050, wisddisfying GEE
requiremerd (cf. worksheets 4%48) Global emissions equity in 2050 means equal per
capita emissions for every human living in 208@xt, the GEE targets are translated to
national reduction targets that are globally consistent (workshee&3)5IFinally, in
worksheets 5456, we demonstrate theETU framework potential to produce
comprehensive and insightful results on global, rediand national level(the latter
two by way ofexamplefor EU-27 and Austria)Table 6 below presents the purpose of
each worksheet in the discussed part of ElBtasetand provides short description of
its contents. Further details can be found invibeksheets themselvelResults obtained
in worksheets 54-56 aedsodescribecand commenteth more detail irSections 810.

Table 6: List of worksheets implementirtge ETU framework.

Wor

Worksheet o
kshee Content description and purpose
tno name

Global toal Summary of global GHG emissions with split to sourd®@®, emissions
emissions from fossil fuel burning anthnd use, notCO, gasesandother emissions
1990-2013 Categories sumarized agechnospheriemissions,dnduse emissions and
total emissions

These summaries describe initial conditions (starting points) for
emissions reduction pattisat are deriveéh furtherETU worksheets

44

1500 Gt budget| The notion of cumulative GHG emissions over a certain period of time lays
the foundations of the ETU framework, as it is considered to be a good
predictor for the future stabilization level of global warmingeework by
Meinshausemt al.2009.Usingthis work we are able to relate the budget|of
global cumulativeGHG emissionsfor 2006-2050 to a risk of exceeding|a
2 °C warming target.

In this worksheet we analyze global emissions reductions tgtggether
with their uncertaintiestorresponding to the 1500 Gt g€y budget of
global cumulative emissions for 20@D50.The worksheet contains:

1) An assessment of the uncertaintihiarisk of exceedinghe 2 °C warming
target.For a sharpcumulativeemissionsvalue (with minimum uncertainty
in emissions) we find the range of risk of overshootimg2 °C warming
(with maximun uncertainty in risk). We call it min/max uncertaini
Similarly, we calculatehis the other way arounthax/minuncertainty That
is, we find the range of cumulative emissiomsakimum uncertaintyin
emissions) associated with the sharp level of risk of exceeding the
warming target (miimum uncertainty in risk).

2) Translation of risks of exceeding@ warming into the risks of exceeding
3°C and 4°C warming targets

3) Calculations ofjlobal GHG emissionsargetin 2050 for linear reductions
starting in 1990, 2000 and 2050 that satisfy 150
Gt CO-eq emissions budget fire period2000-2050

45
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4) Calculationsof GEEtargetsfor 205Q Confidence intervalare givenfor
percapita lineareductions targets corresponding to start years and bu
mentioned above

dgets

46

1800 Gt Budget

Analysis as in worksheet 4t for a cumulative GHG emissions budget
1800 Gt CG-eq for 2006-2050.

of

47

2100 Gt Budget

Analysis as in worksheet 45 but for a cumulative GHG emissions bud
2100 Gt CQ-eq for 20082050

jet of

48

2400 Gt Budget

Analysis as in worksheet 45 but for a cumulative GHG emissions bud
2400 Gt CQ-eq for 20082050

jet of

49

2°Cto 3°C
Conversion

The work ofMeinshause2005 provides unsharp relatisnipsbetweerCoO,
stabilization levels and risks of overshootin§&, 3°C, and 4°C warming
targets. These relatiompsare of the form of Shape beltécf. Figs 32 and
33c¢-33d). Using these relatioihdps it is possible toconvet (in an
approximate manner) thiesk of exceedinghe 2 °C warming targeinto the
risk of overshootinghe 3 °C or 4 °C warming targed.

This worksheet facilitates translation of risks of exceedlire °C warming
target into risks of exceedirtbe 3 °C warming target. It contains:

1) Approximation of unsharp dependendetweenCQO; stabilization level
andrisks of overshooting °C and 3°C warming target EachS-shaped belf
is approximated by piecewise linear functions (for mediaksriand
boundaries of the belt).

2) Analysis of uncertainty of #seapproximations

3) Translation ofthe risk of exceedinghe 2 °C warminginto the risk of
exceedinghe 3 °C warming target

4) Analysis of uncertainty of this translation.

50

2°Cto 4°C
Conversion

This worksheet facilitates translation of risks of exceettie@ °C warming
target into risks of exceedirtbe4 °C warming target (as in worksheet 49

51

GEEas of 1990

This worksheet summarizes global and national emissions reductigetst

for the year 2050 assuming: (i) linear reductions ofgagita emissions

starting in 1990 (i) a cumulative GHG emissions budget 16500 Gt
COy-eq for 2000-205Q and (iii) global equity interms of percapita
emissionsn 2050.

Contents of the worksheet:

1) 2050 target of global GHG emissions for linear reductions stantib@d0
2) GEE target for 2050 per capita emissignigh 95% confidence interval
3) Summay of 1990 emissions for Annex B countries

4) Reduction rates of peapita emissions for Annex B countrigs meet
GEE targetin 2050.

NOTE: Calculations of GEE targets in this worksheet are similar to tho
worksheets 4548 but usehellASA projections of world population in 205
(instead of the newest UN Population Division projections, whiehas
much as 1 billion higher).

ar

o

52

GEE as of 2000

This worksheet summarizes global andESfiercapita emissiomeduction

targetsfor 2050 if reductions had started in the year 2000. All calculations

resemble thosim Worksheet 51 but witB000 asstart year. In additigrthis
worksheet contains calculations ‘afndershooting - that is corrections of
nominal reduction targeto account fordiagnostic uncertainty in emissig
estimatesDiagnostic uncertainty relates to the risk that true GHG emiss
are greater than inventoried emission estimates reporabin

ions
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53

GEE as of 2010

This worksheetepeatsalculations made in worksheet 51 but with 201(
the start year.

as

54

World summary

This worksheet summarizes historical GHG emissions, linear redu
target path&nd projections of future GHG emissions deribydmeansof
widely recognized modelksxternal to the ETU framework. The workshe
contains:

1) Data on global emissions for 1990, 2000 and 2@#Q the considered
start years of reductions)

2) Summary of global emission reductions targets for different-ZIED
emission budgets and stgears(based on targets calculated in workshe
45-48)

3) Compilation of pecapta and total emissioninearreduction target path
with different start years (1990, 2000 and 20403 projectionsof future
emissionobtainedoy means ofvidely recognized external models.

ction

et

ets

[2)

55

EU-27
summary

This worksheet tmmaizes the emissions ofEU-27 (without Maltaor
Cyprus) It contains:

1) Data on ELR7 emissiongwithout Maltaor Cyprug for 1990, 2000 ang
2010(i.e.,the considred start years of reductions)

2) Summary of ELR7 emissia reduction targets for different 2068050
emissiorbudgets and start yeds emission reductioefforts

3) Reductiontargets declared in international agreeméKigto Protocol,
postKyoto pledgesgeffort sharing targetscf. Appendix A

4) Compilation of per cdfa and total emissionsinearreduction target path
obtained using ETU framewodand scenarios of future emissiagenerated
by external models (see also Appendices B and C

(2]

56

Austria
summary

Summary ofAustria’s historical GHG emissions, 2050 targets, internati
obligations and projections of future emissions. The worksheet contair

1) Data on Austria's emissions for 1990, 2000201D(i.e., considered stal
years of reductions).

2) Summary of Austria's emission reductions targets for different:2060
emission budgets and start years for reduction efforts.

3) Reduction targets declared in international agreements (Hyotocol,
EU burdenrsharing and efforsharing targets).

4) Compilationof percapta and total emissions, reduction target paths
scenariodor future emissiongcf. Appendix D.

5) Projections of Austria's GCemissions resulting from energglated

bnal
S:
1

and

functionalities(cf. Appendix B.
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7. Emissions reduction targets of international agreements and ubtrative mid-
term and long-term GHG emissions scenarios

The last part of the ETdatasebegins witha summary of reductidhimitation targets of
the parties to the KyotBrotocol as well as EU member states’ targets foptdstKyoto
period. This is followed by compilation ofexamplescenarios of future GHG emissions
generatedy meanf largescale, energygconomic and integrated assessment models
These targets and scenarios are compared against linear target pates tlytapplying

the ETU method.

Table 7: List of worksheetsontaining reduction targets declared in the international
agreements angtenarios of future emissions.

2nd

VD).

Wor
kshee LSS Content description
name
t no.
Kyoto + EU Compilation of 1) emission limitation/reduction commitments of countries
57 Targets included in Annex B to the Kyot®rotocol; 2) common EU reductiof
pledges for the pod€yoto period; and3) reduction obligations of ELU
countriesfor the Burden Sharing and Effort Sy mechanisms.
58 SRREN?3 Database containing scenarios of emission reductions generatedarg¢he
2006-2100 scale, energgconomi¢and integrated assessment models.
SRREN Extract| Three ambitious emissioreductionscenarios extracted frothe SRREN
59 databasevhich stabilize CQ.cqconcentrations around 450 ppmv by the ¢
of the century (i.etheyare compatible witthe 2 °C warming target)
60 GAINS Projections of general macroeconomic drivers for Annex | coun
Interface generated byhe GAINS'* model
61 GAINS Baseline pojections of GHG emissiorfer Annex | countries generated by
Baseline Em the GAINS model
Con_NONO Analysis of conservative pledges of Annex | countriesabsenceof
Emissions Trading (ET) and Clean Development Mechanisms (C
62 Reduction targets and corresponding costs waken from GAINS’
Mitigation Efforts Calculator (MEE®. The worksheealsocontains targets
corrected for diagnostic uncertainty (undershootiagyl correspondin
additional costs of mitigations.
63 Opt_NONO Analysis of optimistic pledges of Annex | countrinsabsence dET andno
CMD. (Calculations analogous to those made in worksheet 62.)
64 Con_YesYes Analysis of conservative pledgesAfinex | countries assuming availabili
of ET andCMD. (Calculations analogous to those made in worksheet 6
65 Opt_YesYes Analysis of optimistic pledges of Annex | countries assuming availabf

ET andCMD. (Calculations analogous to those made in worksheet 62.

13 Special Report on Renewable Energy Sources and Climate Change Mit{§&RIREN):
http://srren.ipceng3.de/report Scenarios from the SRREN database are available at

http://www.iiasa.ac.at/webhpps/tnt/SrRenDb

14 GAINS: http://gains.iiasa.ac.at/models/index.html
15 MEC: http://gains.iiasa.ac.at/ME

17


http://srren.ipcc-wg3.de/report
http://www.iiasa.ac.at/web-apps/tnt/SrRenDb
http://gains.iiasa.ac.at/models/index.html
http://gains.iiasa.ac.at/MEC/

GAINS Projections of general macroeconomic drivers for Annex | coun
66 Interface generated byhe GAINS model for IEA’'s World Energy Outlook (WE€)
(WEO_2009) baselinescenario from 2009
GAINS I o .
67 Baseline Em PrOJectlonsd O|ffGHG emISSIOES f(l).r Annex I_ countries generatedhéy
(WEO 2009) GAINS model for WEGs 2009baseline scenario
GAINS Projections of general macroeconomic drivers for Annex | coun
68 Interface generated bY5AINS model forthe newECLIPSEbaselinescenario from
(ECLIPSE) 2015
GAINS —_ - .
69 Baseline Em PrOJectlonsd olffGI;G emlssmrl])s folr Annex I.countnes generatedhéy
(ECLIPSE) GAINS model forthe ECLIPSEbaseline scenario
[l . Results

This part of the papecontainsresultsof analy®s performed witithe use ofthe ETU
framework andheupdated ETWatasetlescribed irBections 57. The results presented
below update and extend thagelonaset al. 2014.

8. Global emissionreduction targetsin the ETU framework

Resultspresented in this section were derived in worksheetd8lgemissions reduction
targets and their uncertainties) and in worksheet 54 (summary of historicaloes)iss
reduction targets and scenarios of future emissions).

The cerivation of reduction targefor global GHG emissions is based the concept of
constraineccumulative emissions until 205Meinshauseret al. 2009 @nd authors of
otherpapes) shovedthatthe cumulative emissionsver a specifiegheriod oftime, here
2000-2050, rather than emissions in any individual yaaring this time are a good
predictor ofthe stabilization level of global warming 2050and beyondrelativeto the
pre-industriallevel). It is also possible teelate the budget of cumulative emissions to the
risk of overslooting an agreedvarming targetThe ETUmethodology builds on it
option (for details cf.Jonaset al. 2014. In this paperwe analge targets and their
uncertainties corresponding tour cumulative GHG emissions budgets for the period
2000-2050, namely 1500, 1800, 2100 and 2400 Gt&20O

Table 8 siammarizes- based on thelefault climate sensitivity distribution used in
Meinshausenret al. 2009 - the risks (henceforth referred to as reference rjsk$
overshooting warming targetd 2, 3 and £C for each of these budgetdowever, he
risk of exceeding the warming target ieay depending on the actual traject@sgenario)

of future emissions that satistiye cumulative emissions constraifihe range of these
risks reflects our uncertainip the risk of overshooting the warming target given the

18 |EA World Energy Outlook 200%ttp://www.worldenergyoutlook.org/weo2009/
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constrainecmissions budgeThis type of uncertainty we call min/max, for in this case
theemissions budgéakes ora sharp value (minimum uncertainty) whitteerisk related

to this budgets maximally urcertain
Table 8: Risk (in %) of overshootinga warming target corresponding toglobal
emissionsudgetfor 2000—-2050anging between 1508nd2400 Pg C@eq
The min/maxrisk range ifh %) is givenin bracketswheneverit could be
meaningfully translated frorme risk of exceedinthe 2°C warming target.

Risk of overshootinghe dobal warming targefor cumulativeemission
Warming target constraintdor 2006-2050ranging between 1500 to 2400 Pg 40
in°C 1500PgCO-eq: | 1800PgCO-eq | 2100PgCO.-eq | 2400PgCO-eq
Risk in % Risk in % Risk in % Risk in %
5 26 38 57 76
[10-43] [20-58] [35-76] [53-90]
3 9 15 23 38
[5 —26] [11—40] [19-66]
4 3 6 11 19
[4-21] [8 —36]

The fact thafor differentbudgets risk ranges overlepyet another source of uncertainty,
aseach agreedsk of exceeding the target is in accordance \&itAnge of emissions
budgets dlthough they araotall equally likely). This type of uncertainty we examine
using amax/min approach that is by finding the range of cumulative emissions for
which thearbitrarily fixedrisk level is attainable. In this case the cumulative emissions
budget castraint(or equivalently, emission targein 2050 for linear reductionf.
Table9a.)is maximally uncertainin contrast taa minimally uncertain risk level. Irthe
ideal case this risk levedkes on a sharp valudowever this risk may only be specified
approximately in the form of a narrow interval (Table9b). This unshrpness in the risk
is a consequenceof the lower bound forcumulative emissionbudgets used in
Meinshauseret al. 2009 oris caused bythe uncertainty intranslatng the risk of
overshootinghe 2 °C target to tatof overshootinga higher warming target

Table9 is to be read in the following way. Assume that we require global cumulative
emissions irtheperiod 20062050 to satisfy a budget of 1800 Gt £€3. If the constant

rate reductions had started in 2000 the target emissions in the year 2050 would have been
32.8 Gt CG-eq. The reference risk ekceeding th€ °C warming target corresponding

to this targetor emissions in 20513 38% (cf Table8). Under assumption that emissions

are reduced linearly (i.e. with constant rate) this rigktsinable with emissions in 2050
ranging from 15.8 to 46.8 Gt G&@q. The 2050 emissions targets in this range correspond
alsoto therisk of overshootinghe 3°C warming targetangng from 12to 17%(with a

15 % reference risk of not meetitige 3 °C target cf. Table8). This unsharpness in risk
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is due tothe approximate translation oisk of exceeding 2C tothatof overshooting 3

°C.

Table 9: Max/min wuncertainty analyis of linear reductioatargets for 2050Negative

emissions denote removals of GHGs from the atmosphere).

Emissionreduction targetsin 2050(and max/min uncertainties;

a) in Gt CO2-eq) satisfying global emission constrairg for 2000-2050ranging
between 1500 and 240Gt COz-eq
Start year 1500Gt CO2-eq | 1800 Gt CO-eq | 2100 Gt CO-eq | 2400 Gt CO-eq
25.5 35.5 45.5 55.5
1990
[15.1-40.3] [21.3-47.1] [35.3—-57.8] [45.8—70.7]
20.8 32.8 44.8 56.8
2000
[8.4—38.6] [15.8—-46.8] [32.6—59.6] [45.2—-57.1]
55 20.5 35.5 50.5
2010
[-10.1-27.7] [-0.8—37.9] [20.2—-54.0] [35.9-73.3]
b) Risk (and uncertainties; in %) for which max/min uncertainty intervals of
emission reduction targets in 205@vere calculated
Warming target | 1500 Gt CO-eq | 1800 Gt CO-eq | 2100 Gt CO-eq | 2400 Gt COr-eq
26
2°C 38 57 76
[26 —31]
3°C 9 15 23 38
[7-14] [12-17] [21-26] [34%—41%)]
3 6 11 19
4°C
[2-6] [5-8] [9-13] [17-21]

The guiding principle of the ETU framework for deng percapita reduction targets for
2050 is global emissions equil$6EE], which meanghat in 2050 (and beyond}he
amount of GHG emissions required to supporitk#-being ofeveryindividual will be
common for everyone, regardlesisage, income or nationalityVe find the peicapita
GEEemission targstby dividingtherequired level of global GHG emissions in 2050 by

the estimate of world population in 2050. This procedure introduces yet another source
of uncertainty of GEE targets since estimates of future world poplsatierthemselves
uncertain Table 10 summarizes the pexapita GEE targets correspondingtie four

global cumulative emission constraints considered in this study.
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Table 10: GEEtarges anduncertaintiegin t COx-eq / capp. Negative emissions denote
removals of GHGs from the atmosphere).

(i) Per-capita emission targes (int CO2-eq / cap for 2050 satisfying global emission
constraints for 2000-2050ranging between 1500 and 2400 Gt CO
(i) Range of targety(in t CO2-eq / cap due tothe uncertainty in 2050 population
St values(95% confidence interval)
year (iii) Range of targety(in t CO2-eq / cap for median population in 2050due to
max/min uncertainty
(iv) Uncertainty range combining ii + iii (in t CO2-eq / cap
1500 1800 2100 2400
2.6 3.6 4.7 5.7
[2.5-3.8] [3.5-3.8] [4.5-4.9] [5.4—6.0]
1990 [1.6-4.1] [2.2-4.8] [3.6—5.9] [4.7-7.3]
[1.5-4.3] [2.1-5.1] [3.5-6.2] [4.5-7.6]
2.1 34 4.6 5.8
2000 [2.0-2.2] [3.2-3.5] [4.4—4.8] [5.6—6.1]
[0.9-4.0] [1.6-4.8] [3.3-6.1] 4.6-7.7]
[0.8—4.2] [1.5-5.0] [3.2-6.4] [4.4-8.1]
0.6 2.1 3.6 5.2
2010 [0.5—0.6] [2.0-2.2] [3.5-3.8] [5.0-5.4]
[-1.0-2.9] [-0.1-3.9] [2.1-5.6] [3.7-7.5]
[-1.0-3.0] [-0.1-4.1] [2.0-5.8] [3.5-7.9]

We demonstrate howable 10 is to be readby continuing the exampleclated tothe
budget of 1800 Gt Cfeq (see example of interpretifigble9). According to Bbe 9a
target emissions in 2050 for reductions starting in 20@32.8 Gt CQ-eq.By dividing
this target bythe median ofthe 2050 population distribution we obtaenGEE target of
3.4t COx-eg/cap Taking into account onlthe uncertainty of population in 2050 (95%
confidence intervalthe GEE targetrangesbetween 3.2 and 35CO;-eg/cap On the
other hand, gnoring the uncertainty ofthe 2050 populationestimatewe obtain the
max/min uncertainty interval betweein6 and 4.8t CO,-eqg/capfor GEE targets by
dividing max/min uncertainty range of 2050 global emissions targeT é&d#e9a) by the
median of population estimate€ombining these two uncertainties (i.ethe most
stringent reductions target divided bythe upper 95% quantile of the 20p@pulation
estimate andice versayyieldsarange of 2050 GEE emissions targets between 1.5t CO
eg/cap and 5.0 t C&eg/cap.

Tale 11is an extract of Tdbs 8-40. It summarizes global 2050 targets for total and per
capita emissions assuming linear reductions starting in 1990, 200@010. For each
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period 19962050, 2000—-205(&nd 20182050 we list targets corresponding to 2600
2050 global cumulative GHG emissions budgeiisging betweerl500 and2400 Gt
CO»-eq. We also indicate which warming target is likely to be achieved for a given
reduction targetrigures2—5visualizetarget paths for linear reductiomsentioned above

(for detailed descriptiaof Figs. 25 see end of this section).

Table 11: Summary of results presented iaflles 810.2050 global emissions targets
for linear reductions starting in 1990, 20@8d 2010 are given together with
theindication of the most likely level of global warming they would achieve.

Euurgggti(\)/; g(lgoﬁgl 2050 gtlgl% e;ltgmission Compliance W|;crr]1 ;%rggerature targets
Period emissions (risk of exceedance $0%)
Gt COzeq i quOz— 25/8; 20Cc | 3°c | 3-49C | »40C
1996-2050 1890 25.5 2.6 X
2190 35.5 3.6 X
2490 455 4.7 X
2790 555 5.7 X
20006-2050 1500 20.8 21 X
1800 32.8 3.4 X
2100 44.8 4.6 X
2400 56.8 5.8 X
201G6-2050 1070 55 0.6 X
1370 20.5 21 X
1670 35.5 3.6 X
1970 50.5 5.2 X
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Figures 3-5 show historical global GHG emissions frdmth thetechnosphere (thick
black line) andhe landuse sector (thick brown line). While lainde related emissions
seem to follow the linear reduction path towards sustainableusadgrey dashed line)
required by the ETU framework technospheriemissions- both total and pecapita-

have risensharply since the beginning of thes2dentury. Two decades of delays in
undertaking serious mitigation effoftave resu#din reduction targetthat arédoecoming
increasinglychallenging to meet, which is clearly visibletireincreasing slopes dhe
linear reduction target patlubtainedoy means othe ETU framework(yellow, orange

and red lines). Theeductionpaths starting in 2010 are considerably steeper than the
othersas a result afapidly depletirg 2000-205@missions budgets over the last decade.

The linear reduction target paths are compared agaioskelgeneratedemissions
projections These areambitious reduction scenarios (dark, medium and light green
dashed lines, respectively; for details Appendix B)generated by means of the GTEM,
IMAGE and POLES modeldJsing linear target patlas a reference one can clearly see
that all three scenas lead ta warming betwee2and 3 °C.

We alsoplot the projections of COz-only emissions related to energy production
publishedbythelEA for three case scenarios arldimed to lead to 2, 4 and6 warming
levels (light, mediumand dark olive do#d lines, respectivelycf. Appendix Q. In
comparng these projections with linear target paths we conclude that IEAASH
6 °C scenarios agree withefindings of the ETU framework, betven thanost stringent
2 °C scenario is rather likely to ledol 3 C warminginstead

9. TheEU in the ETU framework

This section demonstrates hdiae ETU framework operateon the regional leveln
Tale 12we present the levels of peapita emissiony start year andeductionrequired

in order to meet GEE targein 2050, which by definition are univers@he reduction
requirements are sphtith reference to both thechnosphere anthe landuse change
sector. Reduction targets ftire technospherare calculated with respect to peapita
emissions without taking international trade into account (i.e., without emissions
embodied in the goods consumed onEhk27 territory which were produced outside its
borders)While international trade Isao impact on dering GEE targets (as its balance
is zero on the global scale), taking it into consideration on the regional or natiaial le
may result in even more stringent reduction targets for net imporrsasthe EU-27.
The ETU framework require¢as applied herghat landuse chage emissions on any
considered area are redddmearly to zero- that is, in 2050 sustainable land use will be
achieved both globally and lotal

Figures6-9 showhistorical emissionsf the EU-27: technospheriemissions without
international trade (tbk black line) and with international trade taken into account (thin
black line).The sim oftechnospheriemissions of EU member countriesl@creased
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over the last two decaddsoweverthepart of emissions embodied in products imported
to theEU has increased from about 0.7 @>:-eq in 1990 to over 1 Gt G&&q in 2012
On the other hand, international trade has ardgnall impact on the E27’s emissions

related to the landse sector. This is evident when one compares these emissions with
and without international trade taken into account (dotted and solid brown lines,

respectively). Both lines follow the reduction path towards sustainable |land-2650.

Reductions declared theKyoto Rrotocol, pledges for the peklyoto period and targst
for the EU’s Effort Sharingi(nplementing theClimate and Energy Package) are marked
with dark blue, dark and light oliyeand light blue dashed lines, respectivéty.
Appendix A). Comparing them withthe linear reduction target paths the ETU
framework corresponding tdhe global constraits considered in this study (yellow,
orange and red solid lineaje can conclude th#te mitigation policieamentioned above
are insufficient andlo not comply with the 3 °@arming targe{cf. Figs. 8 and 9).

We also compare IEA'€O-only projections ofthe EU’s future emissions against the
ETU linear target paths and deduce that blo¢h2and 4°C scenarianay fail to secure
their declared warming targdisf. Figs. 6 and 9).

Table 12: EU-27: Percapita emisions in 1990, 2008nd 2010 and emission reductions

needed to meet GEE targets in 2050.

to

1990Per- 1990Per- 2050 Global emissions equity targets [in t C&eqg/cap]
capita capita
— . 2.6 3.6 4.7 5.7
emissions emissions
Sector . — -
w/o trade with trade 1990-2050emission reduction w/o trade
t CO2-eg/cap | t CO2-eqg/cap % / cap % / cap % / cap % / cap
Techno 102 135 78 69 61 52
sphere
. . . -
LUC 1.3 unknown 100% (mperative: Net emissions from LUC reduce linearly
zero until 2050}
2000Per- 2000Per- 2050 Global emissions equity target [in t C@eqg/cap]
capita capita
Sector emissions S 2.1 3.4 4.6 5.8
w/o trade with trade 20006-2050emission reduction w/o trade
t CO2-eqg/cap | t CO2-eqg/cap % / cap % [/ cap % / cap % / cap
Techno 106 12.3 80 68 56 45
sphere
o - . .
LUC 06 05 100% (mperative: Net emissions from LUC reduce linearly
zero until 2050

to
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2010 Per- 2010 Per- 2050 Global emissions equity target [in t C@eqg/cap]
capita capita

Sector emissions e 0.6 2.1 3.6 5.2

w/o trade with trade 2010-2050emission reduction w/o trade

t CO2-eg/cap | t CO2-eqg/cap % / cap % / cap % / cap % / cap
Techno 9.4 115 94 78 61 45
sphere
LUC 06 unknown 100% (mperative: Net emissions from LUC reduce linearlyto
zero until2050})
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6600

—— Technosphere

—— Technsph. + trade

5600 1- —— LULUCF

= ® = LULUCF + trade

= == 2050 LULUCF sust.
red path as of 1990

——red path as of 2000

4600

——red path as of 2010

eq

3600

= == Kyaoto target
= == Conservative pledge
2600 = == Optimistic pledge
= = = EU effort sharing
B |EA 6degC scenario (CO2 only)

+ |EA 4degC scenario (CO2 only)

Mt CO,

1600

$058.23 4 |EA 2degC scenario (CO2 only)

600
279.64

-2491980——— 223000 Suteplle 240 = 77 77~ 2020
Year

2040 2050

2060

Historicaltechnospheriand landuse related GHG emissionstbie EU-27,
linear reduction target paths likely to secure a 2 °C warming target, intended
reductions for mitigation efforts and future emissions scenéndsglt CO»-

eq)

29
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EU-27 in the context of 3°C warming target
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EU-27 in the context of warming targetbetween 3°C and 4°C
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EU-27 in the context of 4°C warming target

15

—— Technosphere
—— Technosph. + trade
LULUCF

= & - LULUCF + trade
=== 2050 LULUCF sust.
red path as of 1980
red path as of 2000

13

"

= rad path as of 2010

=== Kyoto targat

= = = Conservative pledge

=== Optimistic pledge

= == EU effort sharing
B |EA 6degC scenaric (CO2 only)
# |EA 4degC scenario (CO2 only)

a & |EA 2degC scenaric (CO2 only)

t CO;-eq / cap

3

1

S0 -0 51990 =apgppttanst o TTT T 2050 2030 2040 2050 2060
Year

Fig. 9b: Historical per capita emission$ EU-27 from thetechnospheriand landuse
sector, linear reduction target paths likely to secure a 4 °C warming target,
intended reductions for mitigation efforts, and future emissions sceffiarios
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10. Austria in the ETU framework

In this section weresent resultsf applying the ETU framework on theationallevel.
We have chosen Austria as a working example.

Tale 13 summarizes Austria’s paapita emissions ithe years 1990, 20Q@&nd 2010
which we consider as start years for reduction efforts.algo give levelsf emission
reductions required to achieve universal GEE taige&265Q The reduction requirements
are specified fothetechnospheric and lanuke sectors and were calculated with respect
to start year emissions withataiking international trade into account.

Figures10a—13gresent the techspheric part of Austria’s emissionshd thick black

line represents the GHG emissions frtdme technospheriat occured within Austria

only, while the thin black line represents Austridschnsphere emissionswith
international trade taken into account (i.e., emissibtias occured outside Austria
territory that resulted from the production and transport of goods consumed in Austria).
Austria’stechnspheric emissions exhiatdecreasing trend over the last decade with
relatively stable share of emissions embodied in international trade.

Dark blue andgray dashed lines denote emissions reduction tartgetghich Austria
agreed irtheKyoto Protocol andheBurden Sharing mechanism, respectivélystria’s
targets withinthe Effort Sharing mechanism implementing BUClimate and Energy
Package are marked wistlight blue dashed lingf. Appendix A). All these shorterm
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mitigation effortsfollow linear reduction paths leading towarming targeof around
4°C (cf. Fig. 13).

We alsaanalyze Austria’s projections of future GHG emissions assuming impletoenta

of already existing mitigation measuréwith existing measures” or WEM scenarimght

olive symbols) and additional planned measutestli additional measures” aWAM
scenarig dark olive symbols). Foa description of these scenarios see Appendix D.
Comparing these emissions projectiovith the ETU target pathsve canconclude that
even themore ambitious WAM scenario is hardly sufficient to generate reductions
corresponding tthe4 °C warming targecf. Fig. 13).

Figures 10b—13bpresenta simplified view of Austria’stechnospherie@missions and
reduction targets buwlsoshowhistoricalpercapita emissiongom the land-use sector,

both with and without international trade taken into account (dotted and solid brown lines,
respectively). Austria’s territory has been a sink over the last two decasisiered in

this study. Evidently, international trade has minimal eftecthat pictureThe ETU
framework requiretand-use related emissions to be zero in 2050, thus being auisk
Austria on the safe side of that requiremétdwever thestrength of Austria’s sink has
decreased over the last decade and is approachingemissions much faster thiore

target path for land-use emissions assumed by ETU framework (dark gneyl diag in

Figs. 10b—-13p

In summary, meetinghe reduction target corresponding a® °C warming will be an
immense challeng®r Austriasincenone ofthe analyzedpolicies or scenarie comply
with this targetSmply maintaining the reduction rates assigned to AustrilaarBurden
Sharing or Effort Sharing mechanisms in the future, or relying on currentipgaaor
implemented mitigatiormeasuresinstead puts Austria ona track towardsa global
warming of>4 °C.

Table 13: Austria’sper-capita emissions of Austria in 1990, 2000 and 2010 and
emissions reductions needed to meet GEE targets in 2050.
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1990Per- 1990Per- 2050 Global emissions equity targets [in t C&eq/cap]
capita capita
. . 2.6 3.6 4.7 5.7
emissions emissions
Sector : — -
w/o trade with trade 1990-2050emission reduction w/o trade
t CO2-eqg/cap | t CO2-eqg/cap % / cap % / cap % / cap % / cap
Techno 102 135 74 64 54 44
sphere
) - - .
LUC 13 unknown 100% (mperative: Net emissions from LUC reduce linearly|to
zero until 2050



to

2000Per- 2000Per- 2050 Global emissions equity target [in t C@eg/cap]
capita capita
S emissions e 2.1 3.4 4.6 5.8
ector )
w/o trade with trade 2000-2050emission reduction w/o trade
t CO2-eg/cap | t CO2-eqg/cap % / cap % [ cap % [ cap % [/ cap
Techno 10.0 135 79 66 54 42
sphere
LUC 19 18 100% (mperative: Net emissions from LUC reduce linearly
zero until 2050
2010 Per- 2010 Per- 2050 Global emissions equity target [in t C@eg/cap]
capita capita
Se emissions e 0.6 2.1 3.6 5.2
ector )
w/o trade with trade 2010-2050emission reduction w/o trade
t CO2-eg/cap | t CO2-eqg/cap % / cap % / cap % [/ cap % [/ cap
Techno 10.1 13.3 94 79 64 49
sphere
LUC 05 unknown 100% (mperative: Net emissions from LUC reduce linearly

zero until 2050

to

Austria in the context of 2°C warming target
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Fig. 10a: Analysis oftechnospher@missions of Austria: historicdbHG emissions,
linear reduction target paths complying watl2 °C warming target, intended
reductions for mitigation efforts, and projections of future emissjonmt
COx-eq)
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Austria in the context of 2°C warming target
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Fig. 10b: Historical per capita GHG emission$ Austria from thetechnospheriand

land-use sector, linear reduction target paths complying with a 2 °C warming
target, intended reductions for mitigation efforts, and projections of future
emissiongin Mt CO,-eq/cap)

Austria in the context of 3°C warming target
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Fig. 11a: Analysis oftechnospher@missions of Austriahistorical GHG emissions,

linear reduction target paths complying with a 3°C warming target, intended
reductions for mitigation efforts, and projections of future emissjiondt
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Austria in the context of 3°C warming target
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Fig. 11b: Historical per capita GHG emission$ Austria from he technospheriand
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linear reduction target paths complying with a warming target between 3 °C
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Austria in the context of warming target between 3°C and 4°C
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Fig. 12b: Historical per capita GH@missionsof Austria from thetechnospheriand
land-use sector, linear reduction target paths complying with a warming target
between 3 °C and 4 °C, intended reductions for mitigation efforts, and
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Austria in the context of 4°C warming target
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linear reduction target paths complying with a 4 °C warming target, intended
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Austria in the context of 4°C warming target
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Fig. 13b: Historical per capita GHG emission$ Austria from thetechnospheriand
land-use sector, linear reduction target paths complying with a 4 °C warming
target, intended reductions for mitigation efforts, and projections of future
emissiongin Mt CO»-eq/cap)

V. Summary

In this paperwe revise and extend the resultsJohaset al. 2014,in which the ETU
frameworkwasintroduced.

In Part | we providea condensed, yet comprehensive overview of the ETU framework
including its background, assumptioasd basic featuresWe briefly discuspotential
directions of further development of the ETU framework.

Oneway of upgrading the ETU framewoikto extend its diagnostic period by updating
and expanding théatasetvhich faciitates its applicationPart Il of this papeserves as

a detailed documentation of #eenewinput datalt also providegechnicaldescriptions
of the calculation steps required to obtain emissions reduction tdrgatseans othe
ETU framework

In Partlll we repeat the analysis of global emission reduction targets that waghdds
first in the workof Jonaset al. 2014.We present revised reduction target paths starting
in the years 1990 and 20abat were calculatedsingthe updatediatasedescriled in
Part Il. We als@stablishreduction targets for emission cuts starting in 2020.describe
how to calculatglobal emissions equity targei&/e also discusthe uncertaintin these
targets.The analysis of the targets for emission reductions starting in 2010 reirtfugce
findings of previous studiesiamelythat delayng mitigation resulé in more stringent
reduction requirements until 2050.
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We demonstrate howthe ETU framework can be applied fond globally consistent
emissioreductiontargets ontheregional and national levalsingtheEU-27 and Austria
as examples'heEU hasmanaged to reduce its GHG emissions thelast two decades
however, futuranid-term reduction targets and poésiare not sufficient to secutee 2
°C warming target. Austrie alsofacing severe emissions cuts. Its GHG emissions over
the last two decades were relatively stable vatklight decreas in recent years.
Nevertheless, the lack of serious mitigation efforts in the pase resultedin
dramatically stringent reduction targetsom 10 t CQ-eqg/cap in 2010 to just 0t6COp-

eq / cap in 205y comparingtheprojections of future GHG emissiohased on already
undertaken or planned measuveith Austria’s target paths we conclude that without
fundamental changes in economy and its citizens’ way of life Austria will ndilbea
comply witha globalwarming targetf less than 4C.
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Appendix A: Reduction targets of international agreements

This appendix summarizes emissions reductions targets of parties to tioepkgtocol

(i.e., Annex B countries) and Burden Sharing agreements between member gtetes of
EU that aimed to ensure the compliance of the EU as a whole with the Kyoto target of

8% reductions (cfTableAl andTableA2, respectively). Pogfyoto mitigation targets

until 2020 for the EU as a whole and each EU member country are outlined in Tables A3

and A4.

Table Al: Emissions reductions targets of parties to the Kyoto Protécol.

Annex Base Base
Country B Year(s) Year Commitment Commitment
Group  Country Period KP
for HFCs,
for COo, PFCs,
CHg, N2O SFs
%
la see 1 1990 1995 2008-12 92
below
1b see 2 1990 1990 2008-12 92
below
1c RO 1989 1989 2008-12 92
1d BG 1988 1995 2008-12 92
le Si 1986 1995 2008-12 92
2 US(see3 1990 1990 2008-12 93
below)
3a JP 1990 1995 2008-12 94
3b CA 1990 1990 2008-12 94
3c PL 1988 1995 2008-12 94
3d HU 1985-87 1995 2008-12 94
4 HR 1990 1995 2008-12 95
5a RU 1990 1995 2008-12 100
5b NZ, UA 1990 1990 2008-12 100
6 NO 1990 1990 2008-12 101
7 AU 1990 1990 2008-12 108
8 IS 1990 1990 2008-12 110
1 BE, CZ, DE, DK, EC (= EU-15; the EU-27 does not have a common Kyoto target),
EE, ES, FI, GR, IE, LT, LU, LV, MC, NL, PT, SE, UK. Member States of the EU-
27 but without individual Kyoto targets: CY, MT. Listed in the Convention’s Annex
| but not included in the Protocol’'s Annex B: BY and TR (BY and TR were not
Parties to the Convention when the Protocol was adopted.) BY requested
becoming an Annex B country by amendment to the Kyoto Protocol at CMP 2 in
2006. BY’'s base years and KP commitment are 1990 (1995) and 92%,
respectively.
2: AT, CH, FR, IT, LI, SK.
3: The US has indicated its intention not to ratify the Kyoto Protocol.

The US reports all its emissions with reference to 1990. However, information on
1990 in its national inventory submissions does not reflect or prejudge any
decision that may be taken in relation to the use of 1995 as base year for HFCs,
PFCs and SFs in accordance with Article 3.8 of the Kyoto Protocol.

17SourcelLesivet al.2011
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Table A2: Emissions reductions targets of individual EU member countries uhneer
Burden Sharing agreemeit.

EU Member State ISO Country Code AN U Sharm[go /1]990 p2Re2ue)
()
Austria AT 13.0
Belgium BE 7.5
Bulgaria BG 8.0
Cyprus CYy
Czech republic Ccz 8.0
Denmark DK 21.0
Estonia EE 8.0
Finland Fl 0.0
France FR 0.0
Germany DE 21.0
Greece GR -25.0
Hungary HU 6.0
Ireland IE -13.0
Italy IT 6.5
Latvia LV 8.0
Lithuania LT 8.0
Luxembourg LU 28.0
Malta MT
Netherlands NL 6.0
Poland PL 6.0
Portugal PT -27.0
Romania RO 8.0
Slovak Republic SK 8.0
Slovenia Sl 8.0
Spain ES -15.0
Sweden SE -4.0
United Kingdom UK 12.5
EU-15 EC 8.0

Table A3: Joint pledges of reductions of the EU member countries for thekpagb
periodsubmitted to th& N Framework Convention on Climate Chamgéhe
aftermath ofCopenhagen Agreemetit

EU — 27 pledge for reductions in period 1990 - 2020 Reductions [%]
Pessimistic 20
Optimistic 30

83ource: supplementary materiald &siv et al.2011
9 Source: Center for Climate and Energy Solutibtts://www.c2es.org/international/histery
internationalnegotiations/202@argets#ref2
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Table A4: EU member states’ targets undee Effort Sharing agreement implementing
the Climate and Energy Package @0 —20 targetsf° The kase yeais

2005.
EU Climate and Energy Package Effort
EU Member State ISO Country Code Sharing targets 2013-2020 [%]

Austria AT 16.0
Belgium BE 15.0
Bulgaria BG 20.0
Cyprus CYy 5.0
Czech republic Ccz 9.0
Denmark DK 20.0
Estonia EE 11.0
Finland Fl 16.0
France FR 14.0
Germany DE 14.0
Greece GR 4.0
Hungary HU 10.0
Ireland IE 20.0
Italy IT 13.0
Latvia LV 17.0
Lithuania LT 15.0
Luxembourg LU 20.0
Malta MT 5.0
Netherlands NL 16.0
Poland PL 14.0
Portugal PT 1.0
Romania RO 19.0
Slovak Republic SK 4.0
Slovenia Sl 13.0
Spain ES 10.0
Sweden SE 17.0
United Kingdom UK 16.0
EU-27 20

20 Source: Cater for Climate and Energy Solutiontp://www.c2es.org/international/histery
internationalnegotiations/202@argets#ref2
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Appendix B: Emissions scenarios of models external tbe ETU framework

As representative examples for letggm energyclimate scenariosthe three models that

we use are GTEM, POLES and IMAGEve rely on three scenarios from the EMF22
(Clarkeet al.2009; Gurneet al.2009) and ADAM (Edenhofest al.2010; Kitouset al.
2010) modeling comparison exercises as well as from an individual scenario pablicati
(van Vuurenet al. 2007). Thesehave been assessed in the IPCC Special Report on
Renewable Energy Sources and Climate Change Mitigation (Fisclet@tcR011; Krey

and Clarke 2011).

The models follow different methodological approaches. GTEM (scenario taken from
Gurneyet al. 2009) is an inteemporal computable general equilibrium model that
emphasizes the link between mitigation action and the economy and its diffeters;sec
while POLES (Kitouset al. 2010) is a simulation model with high technology resolution
in the energy system; and AGE (van Vuureret al.2007) is an integrated assessment
model with an elaborate lane module. Regardless of these differences, decision
making in all three models is based on economic criteria under first best assgmy.,
allowing full whenandwhere flexibility for achieving global mitigation targets.

Brief model synopses are available @tobal Trade and Environment Model (GTEM)
Prospective Outlook on Linterm Energy Systems (POLE&)ndIntegrated Model to
Assess the Greenhouse Effect (IMAGE)

Appendix C: IEA’s ETP scenarios

The Energy Technology Perspectives 2015 report (IEA, 2pdd)ides the following
synopsis for the scenarios used in our study:

The ETP scenarianalysis is based on four interlinke@chnologyich models for the
energy supply, buildings, industgnd transport sectors. Depending on the sector, this
modeling framework covers 28 to 39 world regions or countries, over the time horizon
from 2012 to 2050. Based on the ETP modeling framework, the scenarios are constructed
using a combination of forecasting to reflect known trends in the near term and back
casting to develop plausible pathways for a desired tengroutcome.

The ETP scenarios should not be considered as predictions of what is going to happen,
rather they explore the impacts and traofés of different technology and policy choices,
thereby providing a quantitative approach to support decision making in the energy
sector. While different, the ETP scenarios are complementary to those exploned in t
IEA World Energy Outlook (WEO).

The6DS ©6°C Scenario)is largely an extension of current trends. By 2050, primary
energy use grows by almost ttvords (compared with 2012) and total GHG emissions
rise even more. In the absence of efforstabilizz atmospheric concentration of GHGs,
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average global temperature rise above-prdustrial levels is projected to reach almost
5.5°C in the long term (by 2050) and almost 4°C by the end of this cehéf@.increase
within this century islreadylikely tocausesevere impacts, such agbstantiakea level

rise, reduced crop yields, stressed water resouyr@eddisease outbreaks in new areas
(World Bank Group, 2014). The 6DS is broadly consistent with the WEO Current Policy
Scenario through 2040.

The4DS @°C Scenario)takes into account recent pledges made by countries to limit
emissions and step up efforts to improve energy efficiency, which help®tigiie¢im
temperature rise to 4°C (by 2050). The 4DS is, in many respects, already an ambitious
scenario that requires significant changes in policy and technologies compared with the
6DS. This longerm target also requires significant additional cuts in emissions in the
period after 2050, yet with average temperature likely to rise by almost 3°C by 2100, it
still carries the significant hazard of bringing forth drastic climate impacts. The 4DS is
broadly consistent with the WEO New Policies Scenario.

The 2DS @°C Scenario)is the main focus ahe ETP 2015. It lays out the pathway
towardsan energy system and emissions trajectory consistent withredent climate
science research indicates would give at least a 50% chance of limiting average global
temperature increase to 2°C. The 2DS sets the target of cutting ema@d)process
related CQ emissions by almost 60% by 2050 (compared with 2012¢asuring they
continue to decline thereafter. It identifies changes that help ensure a secure and
affordable energy system in the long run, while &sghasizindhat transforming the
energy sector is vital but not solely capable of meeting the ultimate goal. Substantial effort
must also be made to reduce £4d GHG emissions in non-energy sectors. The 2DS is
broadly consistent with the WEO 450 Scenario (referring to concentration levels of 450
parts per million in the atmosphere).

Additional information on the model used irthe ETP report are available at:
http://www.iea.org/etp/etpmodel/

Appendix D: Austria’s WEM and WAM scenarios

Report UBA, 2015) provides projections of Austria’s GHG emissions u@iB5
obtained for two scenarios: “with existing measures” (WEM), and “with additional
measures” (WAM).

WEM scenario considers the policies and measures (PAMs) implemented thefde
of May 2014. The effects of these policies and measures were agsegbgdvith their
interactions taken into account. Investigated PAMs were selectede basis of their
relevance for reductions of emissions from at least one of emissioosssestefined in
theUN Framework Convention on Climate Charggadelines.
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The WAM scenarioalsotakes into account planned polices and measures which have a
chance to be adopted and implemented in time to influence the emissions in the period
between 2015 and 2035.

The detailed list of considered policies and measures ant aefadtions of WEM and
WAM scenarios are given in Chapters 4 and 5 oféipert(UBA, 20195.
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