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1 Executive Summary

In autumn 2013 and spring 2014, the Intergovernmental Panel on Climate Change (IPCC) submitted
the first three subreports of its fifth major progress report. In thithe IPCC reported on the
scientific state of the art in the top three sets of problems of humaade climate change. In the
subreport Working Group of the IPCC, the findings from the field of physical climate science are
summarised (IPCC 2013), which showcase how strongly humankind alters global climate through the
emission of greenhouse gases. The-sgort by Working Groupll of the IPCC demonstrates the
most recent findings on the impact of humamade climatechange in relation to the mulaceted

areas of life and the various regions of the world, as well as highlighting the opportunities to soften
the impact of climate change through targeted adaptive measures. Theepant byWorking Group

Il saImmarises the latest level of knowledge about the options to avoid the most incisive
consequences of climate change by means of more or less drastic reductions of -madan
greenhouse gas emissions (IPCC 2014a). In autumn 2014, the summary of all bhreygosts was
passed by the plenary of the IPCC in-aaited synthesis report.

The quintessence of the new IPCC report is to indicate that humankind is rapidly approaching the
GLRAYG 2F y2 NBGdNYEX F FiGSN ¢ KA OrRate khangethrough 6 SO2 Y
adaptive measures far enough to yet avoid catastrophic consequences (IPC®.2@)3The report

thus underlines the pressing need for a drastic, global decrease of humade greenhouse gas

emissions (IPCC 2038 27f).

1.1 The lssue

Although the authors of théhree subreports make a sincere effort to collate and demonstrate in a
focused manner the scientific state of the art pertaining to their-gulestion, the presented overall
picture becomes skewed in a major way because afn@dmental omission: The economic costs of
neglecting ambitious climate protection are not describddhis leaning results from the content
structure which was determined by the IPCC for the threergplorts. While the reporbf Working
Grouplll discusses and illustrates the costs of the different strategiesnitigating greenhouse gas
emissionsand Working Grougl also covers thadaptivemeasures pertaining to climate change in
detail, the benefit of climate protection by means afoiding the grave consequencet climate
change isusuallytreated by Working Groupll only by discussing qualitative aspects or quantifying
physical effects. Indications which scale economic damage would reach, if climate change is not
detained are rarely found in the over one thousand pages of the repgitVorking Grougl. Similar

to the fourth progress report of the IPCC, the impression is easily gained that climate protection costs
OX¢ percent of growth, that the adaptation to climate change leads to high economic costs and that
these costs markedly surpass the not further specified benefits of climate protection. This impression
is definitely false and should result under no circumsts) since it can lead to the situation that
politicians do notecisivelyact to inhibit climate change and, furthermore, that substantial parts of
the public cannot beonvincedof the necessity of climate protection.
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1.2 Goal of this Discussion paper

This discussion papaimsto indicate that it is possible, in spite of the considerable uncertainties in
the monetary estimation of the benefits of climate protection (and of the potential or averted costs
respectively), to outline these and contraem with the costs of climate protection.

In this, it will not be disregarded that such a monetisation of the benefits of climate protection
cannot include many of the qualitative aspects of the information on the subsequent damage of
climate change whit have been collected by the IPCC. Furthermore, it should be notedrtheat
monetisation of this damagesocial value judgementare unavoidably includé. This can lead to a
wide range of monetary valuations for one and the same damage typir dhe sane number of
human casualties in developing or industrialised countries respectively.

Thus, the economic assessment of the expected losses from climate change massively depends on
which systemic delimitation is being made in the analysis (for instancehetenly increased grain

prices or also the victims of famine are rated)gifand to which extentg future casualties are
GRA&O2dzyiSRé |yR RS@I f dzSR A yiti©dsgveriieldvantwiiether 02 y (1 S Y
those affected in developing countriefor example according to their purchasing poweare rated

as a smaller loss than those in industrialised countries. Since neither the general public, nor the
active politicians, process complex qualitatinformation about climate change and compéreith

basic monetary results, a monetary valuation of possible climate damage is nonetheless necessary.
That ambitious climate protection, which avoids the most serious consequences of climate change, is
economically sensible, only becomes clear in a direct comparison of the costs of climate protection
with the costs of climate damage which are avoidable by means of these climate protection
measures. A direct monetary compariseery clearlydemonstrates thata loss of a few percent of
economic growth because of the expenditure for climate protection is contrasted with a significantly
higher benefit resulting from prevented climate damage.

1.3 Findings of the Sudy

This study demonstrates that, given agreementfoandamental value judgements, it is possible to
assess the monetary benefit of decisive climate protection equally well as the costs of the required
measures for climate protection. For Germany, a scientifically-faelided proposal on agreeing
about sut essential value judgements exists with the methodological convention for the assessment
of external environmental costs (UBA 2012). This integrates the prevailing convictions in the German
and West European societies with the principle of equality ofliNeConvention on Human Riglats
every human is valued equallyand deduces resulting costs for climate damage from uninhibited
climate change. For the year 2050, thienweltbundesamt (UBAarrives at a mean value of 260
€201dtCO,eq While the developingosts for climate damage up until the shorter deadline in 2030 are
SAGAYIFGSR i I h)tMOREUBA20I45T).8 MNp ¢

Based on the monetary value suggested by thaweltbundesamtand on the statements by the
IPCC about expected greenhouse gasissions for the year 2050 after uninhibited development
(RCP8.5), ambitious climate proten which meets the twalegreelimit (according to the scenario
RCP2.6) can prevent climate damage costs of approkrillibn Euro. According tthe statements by

l¢ K Gedéral F GANB Y YSy It | Jubighdsithe 2qtivaRi@ didhe Afrierican EPA
-3-
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As figure 1 indicates, the costs for pervasive clinpatgection specified byVorking Grougll of the

IPCC are subject to an economic development which is based on an expectedGtdsaNational
Product(GGNPJor the year 2050 without any climate change of approx. 154 Trillion Euro. Due to the
necessary climate protection measures for meeting the -tlegree limit, this hypotheticaGlobal
Gross NationaProduct would be reduced to approx. 149 Trillion Eurphéfwever these climate
protection measures are foregone as a consequence of thetagdutlimate damage, the GNPis
reduced to almost 138 Trillion Euro. If it is additionally taken into consideration that without the
climate protection measures significant additional damage results, particularly due to the emission of
air contaminants, Whout climate protection, a further 6 Trillion Euro have to be expected as further
environmental and health costs. Hence, th&MPwithout climate protection would reach only 132
Trillion Euro for 2050 and thus would beore than 10% under the GNPwith consistent climate
protection. In this, an eventual increase of the Grdsational Product because of the repair of
climate damage is included.

From theperspective of European valuaed on the basis of the values of the UN Convention on
Human Rights about equality and justice, pervasive climate protection is urgently recommended
from an economic point of view as well, since its benefit can exceed the costs by the year 2050 in

triplicate.
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Meeting the twoedegree limit, particularly in order to avoid the catastrophic capsnces of
humantmade climate change, requires quick and decisive actiffiective climate protection
specifically calls for a fundamental transformation of three subareas of our economic framework: in
the area of development strategies of fagtowing meacities, in the area of landse and
particularly in the area of energy supplyhis transformation, which is developed in the reports by
the Global Commission on the Economy and Climate (2014) and the Scientific AdvisorpmBoard
Global Environmental @nhgeof the Federal Government of Germany, leads to significant positive
economic effects and can become a driver for clirffaiendly growth over the next decades.

Decisive climate protection is not only profitable, but can also become a key facigroiwth in the
future. Rigorous climate protection is surely one of the most beneficial investments into our future.

1.4 Recommendation s

From the results of the study can be concluded that, aside from humanitarian and moral reasons,
economic reasons also e it highly commendable to implement a decisive climate protection
strategy as quickly as possible, in orderatmid extreme economic damage and to ensure to meet
the two-degree limit adopted by the global communifihe scenario RCP2.6, which wasealoped

by the IPC@Gnd specifies a budget for global emissions and the connected possible amounts of
emissions until the year 2100 of abo@00 Gt G, (IPCC 2013p. 103), can and should be the
foundation for all further environmental policy. This haste the benchmark for the projected
climate treaty in Paris and the hopddr mobilization of environmental policy in the coming years
even if this initially will proceed from the selbmmitment of the countries.

In light of this background, it becomes imperative to take effective measures for a drastic reduction
of greenhouse gas emissions as soon as possible, and to utilize the economic and technological
opportunities which present themselves for a fundamentahsformation of the global economy, in

order to bring the necessary reductions of emissioniine with the economic growth needed by

many countries. Particularly the area of energy efficiency and the transition to a renewable supply of
energy present may opportunities which offer great potential to reduce emissions and to
subsequently reduce the damage caused by climate change and its adherent costs as well. An EU
policy which is geared towards human rights and the principles essémtia¢ EU would tke the
required measures by itself and increase the mobilization in other countries and regions through
intelligent policies.
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2 Findings of the IPCC about the Cost of Aimate Protection

Thecore of thefollowing section summarises which cotite IPCGerives for climate protection and
the adaptation to climate changa its 5" AssessmenReport (ARS5)for climate protection and the
adaptation to climate change. In addition, this section reflects on howAtRBdiscusseg$oreseeable

climate damage.

2.1 The Emission Scenarios used by the IPCC

The IPCC assumes (cf. IPCC 2014a, p. 19) that the atmospheric concentration of greenhouse gases,
which was 40@ppm CQ.q in 2010, would, without climate protection measuresjd) to over 450

ppm by the year 2030 and to between 750 and over 1300 (i, by the year 2100. This means

that the cumulative greenhouse gas emissions from 2010 onwards until the year 2030 will be at over
700 Billion tongGt CQ.), until 2050 at ovell.500Gt CQeqand until 2100 at markedly over 4.0@
CQeq(IPCC 20144, ). This emissiondevelopment would lead to a temperature increase e 4C

more than preindustrial levels until the year 2100 (cf. table 1 below).

In order to systematicallyexamine the consequences of different, future developments of
greenhouse gas emissions, the IPCC has defined a set of emission scenarios, which form the basis of

all analyses of the"™5progress report. These smlleddrepresentative concentration pathwat (or

RCPpare termed after the energy increase in the climate sysfeswiative forcing) in W/m?2 of the
SIFNIKQa &adaNFI OS> gKAOK gAff 0SS OFdzZASR dzy At (KS
industrial revolution.Until 2010, the humammade increase amounted to approx. 2,3W/mz2 (cf. IPCC

2013,p. 12). The scenarios that have been examiremge from RCP 2.6 to RCB. &hese scenarios

correspond to greenhouse gas emissions of between 450 to over 1.00CCag Table 1 from the

report by Working Grouplll of the IPCC shows which temperature increases will be effected by
different scenarios with a certain probability until the end of thé'2&ntury.

In order to avoid the drastic consequences of climatenge, experts usually assume that the
temperature increase compared to the piedustrial level needs to be limited to approx. 2 °C. Since
these consequences are comprised of hundreds of different effects, the IPCC empulagyan
which demonstrates hw, in connection with the global temperature change, the damage increases
in different areas (cf. figure 2Just fom this diagram alone can be concluded that, starting with an
increase of approx. 2°C, drastic consequential damage from climate change basexpected.
Simultaneously, the illustration shows through the scenarios RCP2.6 and RiG®8.8ramatically
different the consequences will be until the end of this century, by contrast of a development
without climate protection measures (RCP8.5mpared to a decisive climate protection policy
(RCP2.6)The development illustrated in RCP8.5 also demonstrates that the temperature at such a
development would not become stable at a solid plus of 4 °C, but continue to climb precariously. In
contrast tothis, a development according t®ecuringRCP2.6 would already lead to an end of the
temperature increase around the middle of the century.
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Tablel: The most important features of the scenarios by the IR@GICregardto greenhouse gas
concentration level¢IPCQ014a, p. 54)

COeq Cumulative CO, Change in C0,eq emissions .
) o ) Temperature change (relative to 1850-1900)*¢
Concentrations emissions® [GtCO,] compared to 2010 in [%]*
in 2100 [ppm Relative Likelihood of staying below temperature
C0,eq] Subcategories position of 2100 level over the 21st century®
Category label the RCPs* 2011-2050 2011-2100 2050 2100 Temperature
(concentration change [°C]" 15°C 2.0°C 3.0°C 4.0°C
range)’
<430 Only a limited number of individual model studies have explored levels below 430 ppm CO,eq
450 1557 More unlikely
Total range' "° RCP2.6 550-1300 630-1180 —72t0-41 -118t0-78 3 Likely
(430-480) (1.0-2.8) than likely
No overshoot of 1.7-19 More likely
860-1180 960-1430 -57t0-42 -107t0-73
500 530 ppm CO,eq (1.2-2.9) than not
(480-530) Overshoot of 18-20 About as
1130-1530 990-1550 -55t0-25 -11410-90 :
530ppm CO,eq (1.2-33) likely as not Likely
No overshoot of 2.0-2.2
1070-1460 1240-2240 -4710-19 —-81t0-59 .
550 580 ppm CO,eq (1.4-3.6) Unlikely Likely
(530-580) Overshoot of 21-23 More unlikely
1420-1750 1170-2100 —16t07 —-183t0-86 b
580 ppm CO,eq (1.4-3.6) than likely"
23-26
(580-650) Total range 1260-1640 1870-2440 -38t024 —-13410-50 (15-42)
RCP4.5 —
2.6-2.9 More likely
(650-720) Total range 1310-1750 2570-3340 -11to 17 -54t0-21
(1.8-4.5) than not
Unlikely =
3.1-37 More unlikely
(720-1000)* Total range RCP6.0 1570-1940 3620-4990 181054 -7t072 .
(2.1-5.8) e than likely
10002 Total range RCP8.5 1840-2310 5350-7010 521095 7410178 i Unlikely™ Unlikely More e
> 8 e I
: (28-78) i § than likely
Notes:

' The "total range’ for the 430—480 ppm CO,eq scenarios corresponds to the range of the 10th—90th percentile of the subcategory of these scenarios shown in Table 6.3.

2 Baseline scenarios (see TS.2.2) fall into the >1000 and 720—1000 ppm CO,eq categories. The latter category also includes mitigation scenarios. The baseline scenarios in the
latter category reach a temperature change of 2.5-5.8 °C above preindustrial in 2100. Together with the baseline scenarios in the >1000 ppm CO,eq category, this leads to
an overall 2100 temperature range of 2.5-7.8 °C (range based on median climate response: 3.7—4.8 °C) for baseline scenarios across both concentration categories.

3 For comparison of the cumulative CO, emissions estimates assessed here with those presented in WGI AR5, an amount of 515 [445-585] GtC (1890 [1630-2150] GtCO,),
was already emitted by 2011 since 1870 [WGI 12.5]. Note that cumulative CO, emissions are presented here for different periods of time (2011-2050 and 2011-2100)
while cumulative CO,emissions in WGI AR5 are presented as total compatible emissions for the RCPs (2012—2100) or for total compatible emissions for remaining below a
given temperature target with a given likelihood [WGI Table SPM.3, WGI SPM.E.8].

4 The global 2010 emissions are 31 % above the 1990 emissions (consistent with the historic GHG emissions estimates presented in this report). CO,eq emissions include the
basket of Kyoto gases (CO,, CH,, N,O as well as F-gases).

> The assessment in WGIII AR5 involves a large number of scenarios published in the scientific literature and is thus not limited to the RCPs. To evaluate the CO,eq concen-

tration and climate implications of these scenarios, the MAGICC model was used in a probabilistic mode (see Annex I1). For a comparison between MAGICC model results

and the outcomes of the models used in WG, see Sections WG 12.4.1.2, WGI 12.4.8 and 6.3.2.6. Reasons for differences with WGI SPM Table.2 include the difference in
reference year (1986—2005 vs. 1850—1900 here), difference in reporting year (2081-2100 vs 2100 here), set-up of simulation (CMIP5 concentration-driven versus MAGICC
emission-driven here), and the wider set of scenarios (RCPs versus the full set of scenarios in the WGIII AR5 scenario database here).

Temperature change is reported for the year 2100, which is not directly comparable to the equilibrium warming reported in WGIII AR4 [Table 3.5, Chapter 3; see also WGlII

AR5 6.3.2]. For the 2100 temperature estimates, the transient climate response (TCR) is the most relevant system property. The assumed 90 % range of the TCR for MAGICC

is 1.2-2.6°C (median 1.8°C). This compares to the 90 % range of TCR between 1.2—2.4°C for CMIP5 [WGI 9.7] and an assessed /ikely range of 1-2.5°C from multiple

lines of evidence reported in the WGI AR5 [Box 12.2 in Section 12.5].

7 Temperature change in 2100 is provided for a median estimate of the MAGICC calculations, which illustrates differences between the emissions pathways of the scenarios
in each category. The range of temperature change in the parentheses includes in addition the carbon cycle and climate system uncertainties as represented by the MAGICC
model [see 6.3.2.6 for further details]. The temperature data compared to the 1850—1900 reference year was calculated by taking all projected warming relative to
1986-2005, and adding 0.61 °C for 1986—2005 compared to 1850—1900, based on HadCRUT4 [see WGI Table SPM.2].

&  The assessment in this table is based on the probabilities calculated for the full ensemble of scenarios in WGIII AR5 using MAGICC and the assessment in WGI AR5 of the
uncertainty of the temperature projections not covered by climate models. The statements are therefore consistent with the statements in WGI AR5, which are based on the
CMIPS runs of the RCPs and the assessed uncertainties. Hence, the likelihood statements reflect different lines of evidence from both WGs. This WGI method was also applied
for scenarios with intermediate concentration levels where no CMIP5 runs are available. The likelihood statements are indicative only [6.3], and follow broadly the terms used
by the WGI AR5 SPM for temperature projections: likely 66—100 %, more likely than not >50—100 %, about as likely as not 33—66 %, and unlikely 0-33 %. In addition the
term more unlikely than likely 0-<50 % is used.

¢ The CO,-equivalent concentration includes the forcing of all GHGs including halogenated gases and tropospheric ozone, as well as aerosols and albedo change (calculated on
the basis of the total forcing from a simple carbon cycle/climate model, MAGICC).

19 The vast majority of scenarios in this category overshoot the category boundary of 480 ppm CO,eq concentrations.

" For scenarios in this category no CMIP5 run [WGI Chapter 12, Table 12.3] as well as no MAGICC realization [6.3] stays below the respective temperature level. Still, an
unlikely assignment is given to reflect uncertainties that might not be reflected by the current climate models.

12 Scenarios in the 580—650 ppm CO,eq category include both overshoot scenarios and scenarios that do not exceed the concentration level at the high end of the category
(like RCP4.5). The latter type of scenarios, in general, have an assessed probability of more unlikely than likely to stay below the 2 °C temperature level, while the former are
mostly assessed to have an unlikely probability of staying below this level.
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Figure2:  Damage graph by the IPCC, possible temperature development and the probability of
severe damage in five different damage areas (IPCC p013)

Additionally,WorkingGroupll demonstrates irits report how big individual riskslevelopin relation

to a temperature increase until the end of the century. From the example given in figure 3, it can be
clearly inferred that these risks will reach caesable dimensions at a temperature increase of
markedly more than 2 °C; and that they cannot be alleviated by adaptive measures.



