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Climate negotiations have been going on for the last two decades and the awareness
for impacts of climate change has improved substantially. However, the trends of
global CO, emissions did not reveal any encouraging signs, with developing countries
emitting even more CO, and industrialized nations showing no signs of reducing
emissions to below their 1990 levels. In order to meet the ambitious targets set by
the Stern report for the next two decades, it is important to find new and path-
breaking approaches to climate change. This paper attempts to analyze the use of
carbon/development space historically, at present and in the future with a focus on
equity. Trends analysis focuses on the last two decades (Post Rio) and the carbon
budget based analysis considers a period of 1850-2050. Industrialized countries are
found to have significantly overshot their budgeted allocation for the last 160 years.
Both the developing and industrialized countries are overshooting the present budget
estimates based on world per capita budget for the next forty years and proportional
to the population of each country. It is important for the industrialized countries to
bring down their emissions to meet their carbon budgets while the developing countries
use their development space as a guideline for their development path. Furthermore,
this paper presents aggressive and regressive scenarios for the industrialized countries
to compensate for the climate debt they have created.

Keywords: Climate Change, Climate Debt, Carbon Budget, Developing Countries, Carbon
Overshoot
JEL Classification: H41, O13, QO01, Q54

I. Introduction

By the year 1992 the world has accepted the fact that the global emissions of
greenhouse gases are alarming and immediate actions are warranted in order to
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278 Sudhakar Yedla and Sandhya Garg

avoid the catastrophes of climate change. Rio earth summit testimonies this global
agreement. This global agreement has resulted in the institutionalization of United
Nations Environment Program (UNEP), United Nations Framework Convention of
Climate change (UNFCCC), and Inter Governmental Panel on Climate Change
(IPCC) and thus the year 1992 is purposefully a decisive year for the mitigation
of Greenhouse Gases (GHG). Accordingly 1990 was considered as base line for
all the Climate Change Mitigation efforts, which is institutionalized in the first
commitment period of the Kyoto Protocol (UN, 1997). Ever since, the climate
negotiations are on with as much success as the failures. As the time progressed
we have come across more academic evidences in terms of [PCC Assessment reports
as well as natural ones such as increasing incidence of natural catastrophic events
that re-emphasized the impending danger of climate change and its intensity. Recent
report of average CO, concentration touching 400 ppm on 9" of May 2013 (The
Guardian, 2013) makes it almost an evidence of where we are heading. In this
context, Nicholas Stern, the author of Economics of climate change has recently
confessed that the impacts of climate change have been underestimated in their
original work and it needs sooner and firmer action to fight the impending danger
(The Independent, 2014; Stern, 2006). The need for early reaching of the peak
for GHG emissions by 2050 is re-emphasized and so is the need to meet the
intermediate target of achieving 50% cut from their 1990 level emissions in the
next fifteen years (Stern, 2006).

Therefore, it is an important time for us to take stock of what is achieved so
far with CO, emissions and what is in stock for us as we plan for the future course
of actions on a global scale. As argued from time to time, such global actions
have to be based on the principles of equity and differentiated responsibility. Thus,
the present paper analyzes how the global action on CO, mitigation progressed
post 1990 till 2009, what is the degree of inequity in the historical and the present
use of the “development space” among the industrialized and developing countries
and the way forward in planning for the future allocations of such a space on
equity grounds.

II. Global Climate Negotiations and the Trend of CO, Emissions
The Kyoto Protocol is the main framework of CO, emission control on global
scale. However, all the pledges from various countries, by and large, remain

voluntary and also very marginal when compared to the magnitude of the problem.
Thus, CO, emission by various countries and regions retained their upward sloping
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trend line. Figure 1 presents the trends of CO, emissions in the world during the
period of 1991-2009, capturing post-Rio trends of CO, emissions. For the data
analysis and structured presentation of CO, emission patterns in the world, CO;
contributing countries in the world are categorized into different clusters such as
Asia, OECD, Annex 1, Non-Annex 1, BRICS, Sub-Saharan Africa. Emissions by
each cluster under consideration are calculated by aggregating the annual CO;
emissions of all countries.

Figure 1. Trends of Total CO, Emissions During 1991-2009 in
Different Regions of the World

Total CO2 Emission (1991-2009)
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Source: Developed by authors based on the data source <http://data.worldbank.org/topic/climate-change>
(accessed May 1, 2014)

All the developing countries and OECD countries, individually and as clusters,
showed an upward trend over the entire time period with steeper slopes after 2002.
It is a surprising trend as the emissions are actually expected to reduce from the
year 2002 with the beginning of the first commitment period of the Kyoto Protocol.
It is interesting to note that the total CO, emissions of BRICS, Annex I and OECD
countries as clusters converge towards a common factor over the year 2009 leaving
the Sub-Saharan Africa far behind. Though OECD and Annex I countries did
increase their CO, emissions post 1991, their total emissions have shown a declining
trend after 2007 but almost at the same level of 1990.

Pattern of CO, emission for Asia and Non-Annex 1 countries is similar in their
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trends as well as intensity. China showed a similar trend with 200% increase in
total CO; emissions from the year 2002. Though India has recorded a rise by about
100%, the intensity of emissions remains far low compared to China. Such a rising
trend can be attributed to the developmental needs of this region and the rapid
economic growth that is being perceived as a means to fight poverty and food
insecurity by many countries of this growing region.

As shown in Figure 1, global CO, emissions have been increasing over the last
19 years (1991-2009) in spite of being treated with top priority on global scale.
It is in this context that Stern’s goal of 50% reduction in CO, from the 1990 level
by the next 15 years appears to be a proposition too far from reality. Overall,
the global trend of CO, emissions for the last two decades has been rising and
the present approach to climate policy does not provide any positive sign towards
achieving the ambitious goal.

Twenty years of global efforts in the forms of international negotiations,
technology transfer, clean development mechanism, and various other financial
mechanisms could not control the rate of global CO, emissions to any significance.
At this crucial juncture of Post-Kyoto, it is important to introspect and revisit the
climate protection pathways.

[I. Dynamics of Climate Change

On Climate Change issues the world is divided into Annex 1 and Non-Annex
1 countries, which is otherwise typified by Industrialized Countries (IC) and
Developing Countries (DC). The Kyoto framework developed with intent of
streamlining the mitigation efforts has actually formalized the divide of the world
on the larger canvas of “climate protection”. While industrialized countries were
responsible for the past emissions and so the very incidence of climate change
(Rogelj et al., 2011; Anderson and Bows, 2008; Najam et al., 2003), developing
countries are the future contributors and would further add to the already impending
problem of climate change. Though UNFCCC in its fundamental document has
clearly stated that the action to control climate change and environment degradation
in general has to be based on Common-But-Differentiated Responsibility (CBDR)
principle, the world has largely failed to devise a common action plan so far. Though
the Kyoto Protocol (KP) has provided a basis for such an action plan, it was limited
to voluntary pledges and Post-Kyoto regime is yet to be developed. It suffered
further setback by missing emission giant (USA) on board the Kyoto Protocol.
While ICs argue that DCs should also take up legally binding emission targets,
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DCs claim that their developmental objectives have to be respected, hence not
willing to commit for legally binding emission targets. While DCs argue that ICs
are responsible for the problem of climate change and hence need to do the necessary
control, ICs portray the DCs, particularly large economies such as India and China,
as future emission giants and expect some degree of commitments for actions. It
is, however, to be noted that in order to meet the ambitious goals set by Stern’s
report, the future use of atmospheric space and development space needs to be
normalized across all countries. This essentially means that while DCs limit the
use of their development space, ICs have to cut down on the space they have
been using historically to draw to a common line with DCs. Such drastic and
stringent measure only can bring the much needed change in global CO»
concentration.

The source of CO, emissions can be presented in a generic framework as shown
below:

002 = Z EQJL + Z EPI]L
i=1j=1k=1 i=1j=1k=1
« ~ J “ ~ Y
Quantity of Quality of

Consumption of Goods  Production of Goods

Where

CO, Total CO, emissions

ECijx Emission of CO; related to consumption from the sector i, using technology
j and material k

EPjx  Emission of CO, related to production from sector i, using technology
j and material k

While the consumption part could be influenced greatly by the per capita
consumption as well as the total population, the production part is influenced by
the “cleanliness” in technology. Industrialized countries have very high per capita
emissions and hence have very strong carbon footprints in the consumption domain.
At the present time their CO, emissions are driven by very high per capita emissions
but with very clean production process. Their energy dependence on coal is also
less compared to the other parts of the world. As their production is already clean,
ICs have to address the consumption part of “emissions basket” in order to reduce
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their CO, emissions from the base line. The reason for the stalled growth of CO,
emissions in the ICs is the cleaner production coupled with almost stalled population
growth and unchanged per capita consumptions. Therefore, these countries which
have stabilized on historical emissions backdrop show no significant increase in
CO, emissions. This also implies that for the past twenty years, their contribution
to the efforts to control of CO, emissions is insignificant.

In contrary to the above, DCs have large population with very poor income levels.
But the economies are experiencing rapid growth. With the production process not
so clean and relying heavily on coal based power generation, DCs are showing
higher rates of growth in CO, emissions due to the increasing population and also
economic growth. With very low per capita emissions, which reflect the “less energy
intensive life styles”, DCs’ efforts towards CO, reduction go to production domain.
This precisely explains the reason behind the patterns of CO, emissions in DCs
as shown in Figure 1. Developing countries’ increase in their production and the
population adds to it, resulting in increasing CO, emissions. In case of ICs, the
production is clean, consumption which is very high is not falling and as an icing
on the cake their population is also not growing, allowing them to maintain “flat”
in the pattern curve even without any efforts towards CO, mitigation. This is argued
by many researchers that the ICs ride comfortably on the free development space
they have enjoyed historically from the domains of DCs (Baer et al., 2009; Khor,
2010; Schellnhuber et al., 2009). They continue their free ride on the development
space that they have ‘“captured” with their consumption patterns which remain
uncompromised.

IV. Climate Change and the Equity

The Gross Domestic Product (GDP) and populations are disproportionately
distributed among the countries in the world. As shown in Figure 2, majority of
the global population has been in Non-Annex 1 countries and it is rising with time.
On the contrary, Annex 1 countries support very small fraction of population, which
does not show any sign of growth in the last two decades. Annex 1 countries
hold the major share of GDP in the world with DCs sharing as low as 28% of
the total global product. The difference is increasing over the last two decades,
making it even more skewed.

The inequity based on population and GDP distribution vis-a-vis CO, emission
is presented in Figure 3 and 4. Per capita emissions in Asian countries, Non-Annex
1 countries and BRICS countries have followed similar patterns in the last two
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decades with China showing more aggression. The per capita emissions, which
were very low at less than 2 tons in 1991, have remained almost the same for
a decade and started showing increasing trends from 2002 onwards. They have
doubled during this period. China has shown much higher growth in per capita
emissions, which has in fact grown three folds. Indian per capita emissions continue
to remain very low at 1 ton and have almost doubled in two decades time.
Sub-Saharan African (SSA) countries have shown a negative growth in the middle
and regain to the same point as in 1990. It can be inferred from Figure 2 and
3 that the dynamic economic growth could outweigh the population growth to show
increasing per capita emissions among the DCs.

Industrialized countries have very high per capita emissions at 11 tons and have
shown no growth in the last two decades. They have shown declining per capita
emissions since 2007 and in the year 2009 they are at the same level as 1990.
This reduction in per capita emissions could be attributed to the improvement in
energy mix by promoting more non-conventional energy sources such as bio-diesel.
(Or could it be attributed to global meltdown of economies?). Per capita CO»
emissions, based on population, are seriously skewed towards ICs. Large share of
poor populations contribute so little CO, emissions compared to a very small share
of rich population in the world, which explains serious inequality.

There is an argument that the CO, emissions are largely driven by the creation

Figure 2. Trends of GDP and Population in the World
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(accessed May 1, 2014)
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of wealth and the industrialized countries are in the forefront in GDP. Therefore,
they are bound to have more CO, emissions. Figure 4 presents the trend of CO,
emissions as emissions per unit of GDP during the past two decades. The OECD
and Annex 1 countries showed promisingly low CO, emissions per unit of GDP

Figure 3. Per Capita CO, Emissions during 1991-2009 in Different Regions of the World
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(accessed May 1, 2014)

Figure 4. CO, Emissions per Unit of GDP during 1991-2009 in Different Regions of the World
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for the entire analysis period, which has further improved towards 2009. However,
it may be interesting to note that Asia is not too far behind and is comparable
to OECD and Annex 1 countries’ CO, emissions per unit GDP. Though China
had very high CO, emissions per GDP in 1991, it has improved over the analysis
period and reached a comparable value by the year 2009. It is interesting to see
these clusters converged by the year 2009. This indicates that the carbon efficiency
of different economies, which is an indicator for the efficiency of production, is
comparable with each other. In other words, the carbon intensity of GDP has
converged and is comparable among ICs ad DCs whereas population based per
capita emissions are diverged.

Therefore, with carbon footprint of economies comparable with that of ICs and
very low per capita emissions and increasing population, DCs have a natural pattern
of increasing CO, emissions. And this finding adds more to the complication on
who should play a key role in combating climate change. With an immediate task
of fighting poverty the DCs are naturally poised for “economic growth” pathways
which might result in more CO, emissions.

With the developing countries growing as large CO, emitters and joining elite
club of “mega emitters”, are we heading to a stalemate situation where the
“development space” get exhausted as in the case of “open pool resource regime”
and leaving SSA and some other Non-Annex 1 countries with no space for their
growth in future? What are the system boundaries that we should be dealing with
and respecting while we plan our actions for climate protection? Climate change
as a problem has two important facets:

a) Control of CO, emissions so as to halt the changing environment;
b) Adaptation of the system and communities to the impacts that are resulting
from the already changed environment

As the international negotiations are failing to garner support for a common
framework of action plan to fight climate change, it is important to develop an
argument which is logical and yet historically evidenced, and to devise such a
common framework that can potentially address the impending issue of climate
change and equally bothering issue of in-equity in the global development space.
Such a framework should be applied to the issues of both mitigation and adaptation.

Per capita Emissions and In-equity Mapping

On equity terms, each country would ideally have CO, emissions commensurate
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to their respective share of population and or GDP contributions. In order to quantify
and map inequity in CO, emissions, the annual emissions for each country were
calculated by multiplying the global per capita CO, emissions with population of
the respective country. Further the CO, emissions calculated for each country are
aggregated into various regions as considered in this study. The following formula
is used for the same as explained above.

Estimated [COZ]M = [002 W Per capita}t .Pz't

Where

002 wt
[002 W Per capita ]t - [ PVVt

Where
Estimated [COs]; Total estimated CO, emission of country ‘i’ in the year ‘t’
[COw Per capita]t ~ World CO;, per capita in the year ‘t’

Py Total population of country ‘i’ in the year ‘t’
COu Total global CO, emission in the year ‘t’
Pw: Total global population in the year ‘t’

Figure 5 presents the degree of inequity in total CO, emissions for different
regions in the world based on the present analysis. While Asia, Non-Annex 1,
BRICS and SSA countries have been emitting far less CO, compared to their quota
of emissions based on world per capita considerations, ICs clustered as OECD
and Annex 1 countries have been emitting CO, in excess of their quota estimated
based on the global per capita emissions. While Non-Annex 1 countries as a cluster
continue to widen the gap between the actual emissions and world per capita based
estimates (“under-emission”), Asian countries are slowly closing in on their world
per capita based estimates of CO, emissions. India has been emitting less than
their emissions based on world per capita and the difference is increasing which
could be attributed to the population growth to a factor.

China presents an interesting situation where its actual emissions were less than
the estimated emissions based on world per capita till 2004. After that the actual
emissions have exceeded the estimated emissions. This presents a classic case of
a country turning from “under-utilization” to “over-utilizing” the development space.

This analysis presents the inequity prevailing among the countries in the world
where the richer nations are using more development space than they deserve for
the size of their population. During the analysis period the poorer countries were
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using far less development space compared to their entitlements. The irony is that
the “excess space” being used by the richer nations, which otherwise belongs to
the poorer nations, would get blocked by the farmer denying the developmental
rights to the poorer nations in the world in the future.

The above analysis covered last two decades during which international climate
change negotiations are ripe. The next section attempts to analyze the equity in
historical use of development space across different countries in the world.

Figure 5. Annual Estimated CO, Emissions Based on
World Per Capita Emissions Vs. Actual Annual CO, Emissions (Million Tonnes)
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3. The red colour signifies the excess of actual total CO, emission over the estimated total CO, emission.

Source: Developed by authors based on the data source <http://data.worldbank.org/topic/climate-change>
(accessed May 1, 2014)
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V. Development Space - Equity in Usage and
its Historic Overshooting

Historic emissions for the period 1850-2009 are used to calculate the overshooting
of development space by different countries in the world. World per capita carbon
budget and cumulative carbon-budget per unit of GDP are calculated using the
cumulative global CO, emissions, global population and global GDP.

Carbon budgets based on population and GDP for different countries as clustered
subsequently are calculated using the following formula.

[TCE} 1850 — 2009

CB erca =
pereap [PW]QOOQ
[TCE] a5
CB, er unit GDP T
b o [GDP ;)09
Where

2009

[TCE]185072009 = 28 0[002],5
t=185

CBper wnit gop  Carbon boudget per unit GDP for the period 1850-2009

CBpercap Percapita carbon budget for the period 1850-2009
TCE 5502009 Total carbon emitted for the period 1850-2009
[Pyw]2009 Global Population in 2009

[GDPW]2009 Global GDP in 2009

[CO.] CO; emission in the year ‘t’

Table 1. Estimation of World Per Capita Carbon Budget based on Population and GDP

World Cumulative CO2 Emissions (1850-2009) [1] 1299.5 | Billion Metric Tonnes
Total World Population in 2009 [2] 6.81 Billion

Total World GDP in 2009 [3] 58074.1 Billion US$
World Per Capita ‘cumulative’ Carbon-Budget [4] 190.8 Tonnes ([1]/[2])
Cumulative Carbon-Budget per Unit of GDP [5] 0.022 Tonnes ([1]/[3])

Note: The global per capita captured the emission over a period of 160 years.
Source: Calculated by authors based on data source <http://cdiac.orml.gov/trends/emis/meth reg.html>
(accessed May 1, 2014)
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As presented in Table 1, world per capita ‘cumulative’ carbon-budget and
cumulative carbon-budget per unit of GDP are estimated to be 190.8 tons and 22kg,
respectively.

These carbon budgets per person and per unit GDP are used to calculate the
total carbon budgets for individual countries by multiplying the per capita numbers
with the corresponding population and GDP of the respective countries. Population
and GDP shares of each country in 2009 are considered in calculating historic
share of carbon budget as the per capita CO, calculated has captured the time
period 1850-2009.

Table 2 presents the carbon budget for different regions in the world based on
population and GDP figures and Table 3 presents the overshoot of the actual CO,
emissions till the year 2009. Based on global per capita carbon emission calculations
(Table 1), the equitable carbon budgets by a multiple of individual population are
calculated to assess the overuse or underuse of the “development space” by different
regions over a period of 160 years (1850-2009). A similar approach was followed
to calculate the historic use of “development space” based on economic performance
of the regions (Carbon per unit GDP).

Based on population distribution, all regions other than OECD and Annex 1

Table 2. Estimation of Region Wise Carbon Budget based on Population and GDP

Calculation Based on Population Calculation Based on GDP
World Carbon Worlq Carbon
. . GDP Cumulative .
: Population | Per-Capita | Budget based Budget in
Regions . . 2009 Carbon-
2009 Cumulative |on Population (in Budget per terms of GDP
(in Billion)|Carbon Budget| (in Billion Billion $)|Unit of GDP (in Billion
(In Tonnes) Tonnes) Tonnes)
(In Tonnes)
® (i) (iii) (iv)=(ii)*(iii) (\2) (vi) (vVi)=(v)*(vi)
Asia 42 190.8 798.4 17777.5 0.022 391.1
OECD 1.3 190.8 239.1 40812.5 0.022 897.9
BRICS 29 190.8 554.5 9483.4 0.022 208.6
SSA 0.8 190.8 158.8 949.8 0.022 20.9
Annex1 1.3 190.8 244.4 40612.8 0.022 893.5
Non-Annex1 5.5 190.8 1043.9 16604.5 0.022 365.3
India 1.2 190.8 2271 1365.4 0.022 30.0
China 1.3 190.8 254.0 4991.3 0.022 109.8

Source: Calculated by authors from data analysis <http://cdiac.ornl.gov/trends/emis/meth_reg.html and
http://data.worldbank.org/topic/climate-change> (accessed May 1, 2014)
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countries have been underusing their “development space” for the last 160 years.
SSA presents a case of serious underuse with only fourteen percent development
space being used so far in the last 160 years. While Asia and Non-Annex 1 countries
were underusing the space by about seventy percent, China and India have been
underusing their space by about 50% and 84%, respectively. This underutilization
of space by DCs has been neutralized by the ICs with OECD and Annex 1 clusters
overusing the space by about 225% and 250% respectively. This present a case
of serious inequality in the world in the use of development space among different
countries clustered into rich and poor. Figure 6 presents the use pattern of
development space among Annex 1 and Non-Annex 1 countries during 1850-2009.

Calculating by the same methodology, Annex 1 countries would have their share
of development space for the entire period of 1850-2050 at 294.12 which is far
less than (three times less) their usage of development space till 2009. This would
mean in principle, based on historical usage, ICs have been relying on DCs space
and enjoying the “rich” life style. It is a substantial degree of “Climate Debt” and
the future consumption of “space” for ICs would only add to this DEBT as they
do not have any more share of development space in the future years (Allen, et
al., 2009; Rafalowicz, 2011; TWN, 2009).

Table 3. Estimated Region Wise Overshooting of Carbon Budget Based on
Population and GDP

Carbon Budget . Overshoot / Underuse
(in Billion Tonnes) Cumulatl.ve. Carbon (in Billion Tonnes)
Regions Based Emission
a”ls“f)talon Based on | 1_85_0'2009 Based on Total| Based on Total
. Total GDP |(in Billion Tonnes)|  Population GDP
Population
® (i) (iii) (iv) (v) = (i)-@v) | (vi) = (iiD)-(iv)
Asia 798.4 391.1 440.4 358.0 -49.3
OECD 239.1 897.9 778.1 -539.0 119.8
BRICS 554.5 208.6 329.3 2252 -120.7
SSA 158.8 20.9 22.6 136.2 -1.7
Annex1 2444 893.5 913.0 -668.5 -19.5
Non-Annex |1 1043.9 365.3 329.0 715.0 36.3
India 227.1 30.0 35.7 1914 -5.7
China 254.0 109.8 124.3 129.7 -14.5

Note: Overshooting is given a negative sign and underuse is assigned a positive sign
Source: Calculated by authors from data analysis <http://cdiac.ornl.gov/trends/emis/meth reg.html and
http://data.worldbank.org/topic/climate-change> (accessed May 1, 2014)
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Figure 6. Use Patterns of “Development Space” Based on
Average Global Per Capita Carbon Budget for the Period 1850-2009 (Million Tonnes)
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Source: Calculated by authors from data analysis <http://cdiac.ornl.gov/trends/emis/meth reg.html and
http://data.worldbank.org/topic/climate-change> (accessed May 1, 2014)

Based on the criteria of wealth (GDP), all the regions except OECD and
Non-Annex 1 countries are overshooting but mostly at insignificant levels. This
would mean that the development space has been used proportionately except in
the case of OECD, which has underused its development space. Though the use
of development space on economic performance appeared to be equitable, it
indicates that the wealthy have more right to use more ‘development space’ and
due to its “open access” regime, the development space which is the limiting factor
for the development would become scarce, forcing the DCs to remain in poverty
and undersupplied for the rest of the time. That could probably indicate the higher
degree inequity in the world even if the argument is based on GDP distribution.
This analysis established the fact that based on both population and product
distribution, the historical use of development space has been highly inequitable
among different regions of the world. The next section examines the pattern of
development space use at present and analyses the scenario for future use of
available space and the degree of possible overshooting.
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VI. Future Use of the Development Space - Equity Issues

According to the literature on the bearing capacity of the globe, and also the
IPCC assessment reports, we cannot have a temperature rise of more than 2C
(IPCC, 2007; Ranger, 2012; Solomon, 2007; Huntingford et al., 2012; Den Elzen
and Hohne, 2008). The catastrophes could get magnified with any further rise in
global mean atmospheric temperatures. It is argued that it could be possible to
keep the temperature rise limited to 2°C if we control the total CO, emissions
in a way to have an average atmospheric CO, concentration of 350 ppm (Allen,
2009; Schellnhuber et al., 2009). Accordingly the carbon budgets are calculated
and reported by the South Center (Baer et al., 2009; Khor, 2010). Based on this
the carbon budget available for the next 40 years (2009-2050) is calculated to be
335 billion tonnes as reported in the Table 4. With a simple annualization we get
an average annual global carbon budget of 7.98 billion tonnes. This essentially
means to have 7.98 billion tons of development space per year which needs to
be shared among all countries equitably either based on population distribution or
wealth creation (GDP).

Table 4. Estimation of Total Carbon Emission Allowed from 2009 to 2050 in
350 ppm Scenario (in Billion Tones)

Analysis of Total Allowed Vs Actual CO2 Emissions: 350 ppm Scenario (in Billion Tonnes)

Total Projected CO2 Emissions till 2050 1634
Total Cumulative CO2 Emission till 2009 1299
Total Allowed CO2 Emission from 2009 to 2050 335 (1634-1299)
Annual Allowed CO2 Emission from 2009 to 2050 7.98 (335/41)

Source: Calculated by authors based on data source <http://cdiac.ornl.gov/trends/emis/meth reg.html>
(accessed May 1, 2014)

The overshoot in the use of development space on annual basis is calculated
by considering the global annual budget available and proportions of populations
and GDP in the world. The following set of equations developed by the authors
are used to calculate the overshoot or underuse of development space on annual
basis for the current year (2009).

Annual Overshootp,, = TC, — TCBp,,
Annual Overshoot .p,p = TC; — TCB;pp
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(TCB,, ],
[TCBapp);
/Pi
fGDP;
CBy,
Over-shoot;

Where

[TCBPOPL = fP;: CBy,

[TCBeppli = fGDP;* CBy
Annual CO, budget based on population for the region ‘i’
Annual CO, budget based on GDP for the region ‘i’
Fraction of population of region ‘i’ in the world population
Fraction of GDP of region ‘i’ in the global GDP
Annual Global Carbon Budget
Excess of carbon emission by the region ‘i’

3

TG Annual CO, emission by region ‘i’

The overshoot is calculated for the regions as presented earlier in the paper.
Table 5 presents the results of the current year overshooting and underusage of
development space.

In the backdrop of excessive use of the development space by the industrialized
countries, the remaining space for the development normalized to the present
population shares of different countries presents an alarming situation. All regions
except SSA have shown an excessive CO, emission in the year 2009 compared
to their annual carbon budget, which is estimated using the global average annual
carbon budget distributed among countries in the world based on their share of
population. While the annual global carbon budget is 7.98 billion tonnes, the

Table 5. Comparison of Annual Carbon Budget and Actual Annual Carbon Emission

Comparison of Estimated Annual Budget and Actual Annual Emissions (Based on Population)

Annual Allowed CO2
Regions | Lopulation Emission from 2009 to 2050 Enﬁﬁfﬁf i§%2009 Annual
Share 2009 (in Billion TO@SS) . (in Billion Tonnes) Overshoot
World Region-Wise
@ (i) (i) (iv) = (i)*(ii) (v) (vi) = (iv)-(v)
Asia 0.62 7.98 4.92 16.69 - 11.76
OECD 0.18 7.98 1.46 12.24 - 10.78
BRICS 0.43 7.98 342 11.61 - 8.19
SSA 0.12 7.98 0.98 0.72 0.25
Annex1 0.19 7.98 1.50 13.27 - 11.77
Non-Annex|1 0.80 7.98 6.41 15.34 - 8.92
India 0.18 7.98 1.41 1.98 - 0.57
China 0.20 7.98 1.56 7.69 - 6.13
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Table 5. Continued

Comparison of Estimated Annual Budget and Actual Annual Emissions (Based on GDP)

Annual Allowed CO2
) GDP Share | Emission from 2009 to 2050 Actual CO2 Annual
Regions 2009 (in Billion Tonnes) Emission in 2009 15, ershoot
- - (in Billion Tonnes)
World Region-Wise
® (i) (iii) (iv) = (ii)*(iii) 2 (vi) = (iv)-(v)
Asia 0.36 7.98 2.86 16.69 - 13.83
OECD 0.74 7.98 5.86 12.24 - 6.38
BRICS 0.20 7.98 1.60 11.61 - 10.01
SSA 0.02 7.98 0.16 0.72 - 0.57
Annex1 0.73 7.98 5.83 13.27 - 744
Non-Annex1 0.34 7.98 2.74 15.34 - 12.60
India 0.03 7.98 0.23 1.98 - 1.74
China 0.10 7.98 0.81 7.69 - 6.87

Note: Overshooting is given a negative sign and underuse is assigned a positive sign
Source: Calculated by authors from data analysis <http://cdiac.ornl.gov/trends/emis/meth reg.html and
http://data.worldbank.org/topic/climate-change> (assessed May 1, 2014)

measured global CO, emissions are 28.61 billion tonnes, 3.58 times higher than
the allowable limit. Except SSA region no other region including individual
countries like India and China are living “within allowable carbon limits”. Figure
7 presents the CO, emissions of various clusters in the year 2009 vis-a-vis global
average budget calculated in the method explained earlier in this section.

GDP based estimation presents even more disturbing patterns with all
clusters/regions including SSA overshooting the annual budget in 2009 and with
even more intensity.

While the historical use of the development space is a classical recitation of
inequality, the present use portrays a dangerous trend towards a major disaster of
resource use. It is important to address the present “unsustainable use” of the space,
and also to address the consequences of the previous “over-use” by the richer nations.

As summed up in the Table 6, Annex 1 countries have used their entire carbon
budget meant for 200 years (1850-2050) in just 160 years. Further they have
consumed the development space meant for DCs in excess of 600 billion tonnes
of carbon.

Non-Annex 1 countries have development space (budget based on population
consideration) of 1307 billion tonnes and they have consumed 329 billion tonnes
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Figure 7. Carbon Emissions by Different Countries in Comparison to
the Estimated Annual Carbon Budget Globally (Million Tonnes)

Carbon Load Vs. Average Annual Budget
|
|
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WSeries 1| 7.98 | 16.69 [12.24 | 13.27 | 15.34 | 11.61 0.72 7.69 1.98

Source: Calculated by authors from data analysis <http://cdiac.ornl.gov/trends/emis/meth reg.html and
http://data.worldbank.org/topic/climate-change> (assessed May 1, 2014)

so far during 1850-2009. That should leave them with a carbon space of 978 billion
tonnes for the next 40 years. However, Annex 1 countries have consumed 618
billion tonnes of that space leaving the Non-Annex 1 countries with only about
300 billion tonnes of carbon space. It is also to be noted that the Annex 1 countries
have long exhausted their development space.

If one has to take a “progressive approach” towards the problem of climate change
and consider 2009 as the base year, for equity in allocation, Annex 1 countries
should be given a space of 60 billion tonnes (7.98 times the share of their population)
and Non-Annex 1 countries should be allocated a space of 268 billion tonnes.
Historically ICs have been exploiting the development space of DCs and the present
balance of carbon budget should be left for the DCs and should not be allowed
to be consumed by the industrialized countries beyond their share of carbon budget.
In addition, the Annex 1 countries should compensate for the development space
used from the basket of Non-Annex 1 countries by establishing Adaptation fund
for DCs to fight the calamities resulting from the changing environment (Martin
et al.,, 2009; Kevin and Alice, 2011).
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Table 6. Pattern of Using Development Space by Industrialized and
Developing Countries Over Different Time Horizon

Global Annex 1 Countries Non-Ann.ex !
Countries

Budget Used Budget Used Budget Used
1850-2050 (A) 1634 - 294.12 - 1307.2 -
1850-2009 (B) 1299 244.4 913 1043.9 329
Entitled for 2009-2050
(Abudset - Buer) 335 - 50.28 - 263.26 -
Available for 2009-2050
(Abuget - Busd) 335 - -618.88 - 978.2 -
Available for 2009-2050
based on Average global
annual budget of 7.98 335 ) 60.3 ) 268 i
Billion Tonnes

Source: Calculated by authors from data analysis <http://cdiac.ornl.gov/trends/emis/meth_reg.html and
http://data.worldbank.org/topic/climate-change> (accessed May 1, 2014)

Dividing the situation into scenarios of aggressive and regressive nature towards
devising a management policy of the development space, the following can be
arrived at:

Aggressive Scenario: The Annex 1 countries should compensate the Non-Annex
1 countries for the climate debt of 618 billion tonnes and also pay for the
development space they would use (but limiting to only 60 billion tonnes) for the
next 40 years as they do not have any space left for them from the budgeted
development space. Not just the past but the present and future overshooting of
development space needs to be compensated by the annex 1 countries.

Regressive Scenario: The Annex 1 countries should be allowed to use the
remaining development space proportionate to their population that accounts to 60
billion tonnes of carbon. Further, these countries should not be allowed to use the
development space earmarked for the Non-Annex 1 countries and should follow
“no perfect substitution” principle. Compensation for the “underuse” of development
space by Non-Annex 1 countries should be made in the by of a Climate Debt
fund.
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VII. Conclusions

Industrialized countries have used up the space in excess of their budget for
the last 160 years. That has resulted in large Climate Debt towards the Non-Annex
1 countries. It is essential to adjust the past inequality by creating carbon DEBT
fund based on historical usage of development space.

In a more pragmatic and optimistic approach, it is important for the industrialized
countries to correct their future emissions to at least “as it stands” position and
bring down their annual emissions to global average annual budget allocated based
on population shares. Industrialized countries should limit their carbon footprints
to their budget limits and avoid any over-stepping to the development space of
DCs. Not even in “perfect-substitution” condition.

ICs should compensate for the climate debt accrued on the basis of historical
overshooting and follow “pay for the service” towards the development space that
they will use from DCs for the next 40 years. Alternatively the ICs should instate
an adaptation fund to help DCs for their adaptation to the disastrous effects of
changing climate and strictly follow their annual carbon budget by adjusting their
consumption patterns.

ICs should de-carbonize their society by 2050 and DCs should green their growth
and society by the same period resulting in equity at least for the sake of “Global
Wellbeing”. Irrespective of the pathways, though important per se, reaching the
global common by means of per capita GHG emissions, per capita service
availability and (energy) consumption is perhaps is the only way to realize the
global dream of 2°C or as popularly known as 350 ppm target.
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