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Although developing countries are called to participatetium efforts of reducing CO2| e take advantage of these correlations and assume that the systeadlis,ergof the 1000 Gt CQ limit for a 75% probability of keeping global warming below
emissions in order to avoid dangerous climate change, tpédations of CO2 reduc-| j ¢ *that the process over time and over the statistical ensemble is the 5Bm@°C, as calculated by Meinshausenal. and indicated as M75 in Fig. 4. Ac-

ggg;:?ev(\fe'?i:gm;z;we ) (s ;':pned"aésslocfo"emon mm;imlna Bn:‘:;?;; other words, we assume that these correlations also hold for eactncdi-  cording to our projections, the 1000 Gt budget limit by 2050 would alrezaly

ment Index (HDI) and per capita CO2 emissions from fossil Gaenbustion. Based or| Vidually and apply the exponential regression exhausted around 2030 if human development proceeds as in the past.
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by 2050 around 85(above 0.8) as defined in the United NationsaritDevelopment Re: and Ob.tam the parametdisandg;, which .are ”"W (f\oumry dependent. Based on ! . "

port 2009. In particular, we estimate that at least 300Gturhuative CO2 emissiond the estimated parameters the £ger capita emissions are extrapolated country ! st e o aton

between 2000 and 2050 are necessary for the developmentaibding countries in the| Wise. Zetueing | -
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Consensus emerging in favor of low g€tabilization targets requires the par- 5 ~ 110 & time roduc thir CO, emissios.
ticipation of developing countries in the efforts to reduce global emissiBos. S. 10 s DAL end of D! and 0, before develpment
example, it has been claimed that in order to keep global temperatuoss &e ¢ @ —— Newirend ofHD! and €O, aor dovslopment
2°Cincrease, developing countries should attain more than 20%&fctions o e o Figure 5
below business-as-usual levels by 2020. The potential implicationsctf e 1950 2000 2050 1950 2000 2050
ductions on development standards remain unclear as developingiesiare
expected to extensively rely on fossil energy to fuel their developmeatls. 0l @ H @ -5 Human development framework for CO,
Developing countries have expressed their concerns if developraistcan, or ﬁ% - allocation and reduction
cannot, be met under current technological development and pimpLtieends. i 9 {H h 5

In order to tackle above mentioned challenges, the @l@cation and reduc- g % ¢ A fair approach implies that an hypothetical developing country shouldao
tion approach here outlined contrasts from existing ones by relying onutheah @ ﬁﬁ% £ limited in its emissions of C@until it reaches a particular threshold of human
Development Index (HDI) as a summary measure reflecting the achénteof 8 -8 development. In practice, the development path made by curreribgedscoun-
a country in three basic dimensions of human development: a long headthy lif tries in the past should be possible for developing countries in the futureyif th
access to knowledge, and decent living standards. FurthermoreDiHeas been 1950 2000 2050 1950 2000 2050 ° choose to do so. Figure 6 makes use of the 0.8 HDI threshold to differentia
reported to play an important role in raising the political profile of generalthe t [year] t [year] four areas of action regarding climate policies. Countries whose HDI beltsv
and educational policies, to be an indicator of a country’s exposure t@ateim Figure 3 the minimum human development standard evolve in the context-afraess
related extremes and its dimensions determinants of vulnerability and alapti . . domain. In this domain the developing country is allowed to fulfill the basic de-
capacity at national level. In Fig. 3 the panels (a) and (b) show examples of extrapolatedeB@ssions  velopment needs by following a development path where HDI is highhetated

per capita for six countries according to the described methodologysieg ith CO, emissions from fossil fuel burning. In tiiest-case domain developing
values (solid lines) and extrapolated values are plotted up to the middle of db@ntries are able to proceed with their development goals and at thetisame

§ ' 21st century (dashed lines). The gray uncertainty range is obtaingthigl-  reduce their C@ emissions. After basic development needs are fulfilled, coun-
Sl 1 sa ing the statistical errors of the regressions (one Standard Deviation (8B). earies are no longer said to be developing and transit tdRésponsibility domain

s « Japan For the set of countries for which data is available we obtain the parantgterghere they engage in GQeduction rates proportional to their HDI in order to
i. 0L B 4 chna andg: as displayed in the panels (c) and (d) of Fig. 3 for the past values (fillggbserve a global warming limit of°Z by 2050. TheNo-go domain needs to

g ¥ Indonesia symbols) and for projected values (open symbols). The parametplg inat in e avoided by future developed countries and quickly abandonedttBncones

5 o}goo s average, for a given HDI, the corresponding O@nissions decrease during theyn the basis that resulting emissions would be largely incompatible with future
o0 & o o P 3 xBangladesh time frame under investigation. It is apparent that these correlatiortsaatieto  climatic policies. A generalized convergence of countries towardBegonsi-

5 s7e o overcome since they are intrinsic to the energy supply systems. bility domain should be operated.

é 107 E Lo, . 4 Future country-based emissions estimates are obtained multiplying the-extragro formalize this, we propose that a developed cotinieguces it's per capita
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.
olated CQ per capita values by population numbers extracted from three scenar: i (© (9) i i
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The statistical approach undertaken in this work can be named "Devehtpmra €fit, given by fe=f(d—d) for dy>d* @)
As Usual” (DAU) in the sense that development and emission trends cerds L " » " " .
In Fig. 1 per capita emissions are plotted against the corresponding HDlifothe past. Accordingly, we are not claiming that the calculated HDI angl€x© wher_ed isthe developmennhre_shold a‘.“" propomo_nal_lty cons_tantwhlch de-
countries with available data in the year 2000. We find that the per capifa G@polations are predictions, instead, they represent a plausibleutese-fvorld termines h"YV strong the reduction rate increases with increasing HDddzas
emissions from fossil fuel burning are exponentially correlated with dmne- (by 2050) where C@ emissions from fossil fuel combustion are still (:Io:;el;}he above discussed development threshald-( 0.3) we estimate tha!»: 3.3
velopment — highlighting the often disregarded social-dimension of emissitinked to human development. This assumption is supported by (i) the findil a lower bound) would lead to gIobaI_ cumulatl\{e emissions ral_'nglngehetw
reductions. The magnitude of the challenges ahead become clear enperththat no discernible decarbonizing trends of energy supply among wegidns and_ 1100 (_Bt of Coby 2.050 if redgctlo_n ;tarts in 2015 (assuming the same
capita CQ emissions guard rail of 2 tons for avoiding dangerous climate changgn be identified and (i) the existence of substantial obstacles to large sealefjgertainty as in DAU). T_h's amount is within the range of allowed °“T““'a""9
and the HDI threshold of 0.8 and 0.9 characteristic of a developed wm#ldon- plementation of renewable energy in the near future. CC, emissions that proylde between 80% and 66% change of keeping global
sidered. A fair distribution of C®emissions under current technological con- temperatures below £ 2 increase.
straints should allow a convergence of all developing countries towaBds 0.9
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Our approach starts by investigating the evolution of future human developpig“_re 4 depicts the estimated cumulative emi_ssions for the three populatiol
ment standards. We assume that the Hi), of a countryj, evolves in timeg, ~ Scenarios together W|th_ a set of gBudgets for particular warming gnd concen- )
following a logistic regression. This choice is supported by the fact thatBie tration targets. According to the DAU approach, global cumulative €@is- Figure 7
is bounded to 6< di; < 1 and that countries with high HDI evolve slowly in time SIS by 2050 range from 1700 up to 2300 Gt of O@ith about 85% of the e yalye off = 3.3 implies that in each time step of 5 years, countries with
Further, this asymptotic behavior suggests the existence of smooth trangitiofV0rd’s population living in countries with an HDI above 0.8. When assésm 5, b of 085 would need to reduce their per capita emissions by approx. 17 %
development. The logistic regression fulfills these requirements. Therafe & Peryear basis, emissions range between 45.6 and 62.4680@050. 454 countries with an HDI of.@ by 33%. As a result of applying these reduction
fit for each country separately Of a total of 165 countries, 104 were found to be developing countries (Hrates, emission curves of current and future developed countiesase approx-

~ 1 below 0.8) in the year 2000. By using the UNDP HDI threshold of 0.8 t@Giff i, a16)y exponentially. Developing countries unable to reach an HDI of @i

G = T gath (1) entiate countries with high human development from developing countités Wne time frame of this analysis are allowed to emit following DAU. For example,
) . re ) ~ mediumto low human development, estimated globaj @@issions are divided payistan is entitled to increase emissions to a maximum of approx. 2.5 tons pe
to the available data (obtaining the parametgrandb;). Basn_:ally,a qugnnfles into two budgets. The flrs_t budget includes the_ emissions necessanefdeth capita in 2050, the year when its expected to become a developed coalntry f
how fast a country develops am{d represents a dglgy. In Flg,_2 we dlspla_y thsrelopmen_t of countr}es with HDI below 0.8 vyh_lle the_ sepond budget mulowing our approach. In Fig. 7 we provide an overview of our resultsing
collap§e of the past HDI as ok_:talned from the Iogls}lc regressions illusttating for emissions occurring after developm_ent, this is, emissions frormueswnh to the current political world map. The Figure highlights the geographic trade
countries have been developing in the scope of this approach. TheaHsvof HDI abovevo.s. Emissions from countries carrying out a developtnansition s hetween the necessary achievements i @@uction by current developed
each country are plotted using a transformed tifne ‘32 so that values of all (i.€., crossing the HDI threshold between 2000 and 2050) are addpond- o ntries (brown shading) and cumulative G@nissions for the DAU of current
countries (open circles) fall within their spreading on the curve whichéslas  ingly to each budget. For example, we estimate India to achieve an HDEabge|oping countries (green shading) in order to comply with tH@ frget.
fitthe data. The filled symbols highlight the same countries as in Fig. 1. The s@li§ between the years 2035 and 2040. Until the HDI threshold is reabled
line corresponds to the functiah= 2. Based on the obtained parameteys, €missions are accounted to be necessary for development, from the®o N
andby, we estimate the future HDI of each country until 2050 assuming simignissions from India are accounted to occur after development. Acknowledgement: We acknowledge the financial support from BaltCICA
development trajectories as in the past. In a DAU future we estimate that between 200 and 300 Gt of cumulative C(Baltic Sea Region Programme 2007-2013). We wish to thank the Federal Min-
emissions will be necessary for developing countries to proceed withdinesi-  istry for the Environment, Nature Conservation, and Nuclear Safety ohegy
opment. In the scope of our approach, 61 developing countries ected Who supports this work within the framework of the International Climate Pro-
to overcome the HDI of 0.8 by 2050 consuming roughly 98% of the abov&ction Initiative.
&9 _ hdia 2 mentioned 200-300 Gt budget. The remaining 43 countries are likely to stay
S = @ below the UNDP high human development threshold in the considered time

to the data by linear regression througtelf versusd;, for fixed yearst and frame. Total cumulative emissions occurring after developmenerfiogn 1500 & £ o S Balt
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The correlations between HDI and the £@nissions per capita,(f:’, were as-
sessed for all years (1980-2006), see example of Fig. 1. We appyplomential
regression

obtain the parametets andg;. At a global ievel, correlation coefficients variedto 2000 Gt of CQ. This amount is similarly divided among countries carrying Eome et Reseaen

between a minimum of 89 in 2005 and a maximum of®1 in 2006. The in- Out a development transition (700 to 1000 Gt) and those whose devetopoie

dividual components of HDI were found to be as well correlated withcppita Ccurred before the year 2000 (800 to 1000Gt). -

emissions, in the following decreasing order of correlation coefficient?@@- ~ We further compare our estimates with previously calculated Q@igets for :

ucation, and life expectancy. particular time frames, global warming targets and atmospheric€@centra- ) LW
tions. We find that the emissions necessary for development consutn@0ph frogramme 20072013
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