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Abstract: This article — an extension of Murthy et a. (1997) — examines the
consequences of various carbon emission mitigation measures on economic
development and, in particular, the implications for the poor by empirically
implementing an economy-wide model for India over a 35-year time period. A
multi-sectoral, inter-temporal model inthe activity analysisframework isused for
this purpose. The results indicate that carbon dioxide (CO,) emission reduction
imposes costs in terms of lower Gross Domestic Product (GDP) and higher
poverty. In fact, the effects of environmental constraints are found to be virtually
equivalent to amajor oil shock, lending credence to the belief that constraining
carbon emissions of devel oping countrieswithout providing adequate compensation
imposes large costs on these economies and denies them access to legitimate
avenues of development. In addition, the effect of increased population growth
rates on the carbon emission profileisfound to be not aslarge as surmised. Finaly,
the parameter sensitivity of non-linear predictive models, of thetype used here, is
brought out, pointing out to the fact that generic model s, of thetype used extensively
in literature, may not quite provide the results that reflect the conditions obtained
inthe devel oping economies.

Introduction

The contribution of the developing countries to the climate change problem has
been historically small and their per capita emission of carbon dioxide (CO,) is
significantly lower than thosein the devel oped world (Parikh et al ., 1991). But, some
of them are expected to significantly increase their emissionsin the next couple of
decades (WRI, 1996). Chinaand Indiaaccount for 21 and 16% of the current world
population, respectively, and will need special attention inthe futurefor the success
of any global CO, emission reduction strategy. The developed countries might also
find CO, abatement in the devel oping countriesto beless costly compared to their
own domestic costs of mitigation. For the developing countries, the developed
nations may be seen as a source of financial and technological resources to help
control CO, emissionswithout detracting from their developmental objectives. The
developed countries— Annexure | countriesin the Kyoto Protocol Parlance—have
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been assigned thetask of mitigating their emissionsto below that obtained in 1990
(in the Kyoto Protocol), the actual level varying by countries/regions, and that too
by 2012. However, the progress has been mixed with some countries being already
well on the way to achieving their targets while otherslagging behind. In fact, the
emissions of certain countries, such as Australiaand the United States of America
(USA), display arising trend. Simultaneously, pressure is mounting on the
developing countries, especially the larger ones like India, China and Brazil, to
accept certain binding commitments to reduce their rising carbon emissions. But,
many countries point to the projected increases in popul ation and economic well-
being asindicative of proportional risesin carbon emissions. Chinais already the
world’s second largest carbon emitter, after USA. The developing countries have
resisted all effortsto apportion to them some of the responsihilities of the developed
countries pointing out, rightly so, that the cause of the problemisexcessive pollution
by the now-developed countries over along period of time and that, furthermore,
the devel oping countries have priority aims— poverty aleviation and increased access
to commercia energy sources—that, by definition, would entail anincrease of energy
consumption and, hence, carbon emissions. Theseaims, infact, are universal and their
fulfilment can brook no delay, afact recognised by the United Nations Framework
Convention on Climate Change (UNFCCC) and embodied as the “common but
differentiated responsibilities’ assigned to the devel oped and devel oping countries.

Much of the perceived risein emissions of the devel oping countriesisattributed
to their rising populations, increasing urbanisation and economic well-being. The
projections are made to point out that these countries might become among the
largest emittersof carbon after another 25 years. Hence, it isargued that before they
become as large a problem as the currently developed countries, the developing
countries must take measures to ensure that their emissions do not rise by as much
as projected. But, it is not realised or considered significant that these measures
might constrain the economies of devel oping nations, causing large welfare losses.

The following questions are addressed here:

e Do carbon emissions rise drastically with population increase, for various
projections of population increases?

e Do carbon emission restrictions have any impact on welfare, with GDP and
consumption (per capita) asthe metric by which welfare is captured?

e How sensitive are non-linear predictive modelsto parameters?

Theframework of the multi-period activity analysismodel, its specific features,
several sets of model results, the issue of parameter sensitivity and policy
implications of results are also discussed The equations used to formulate the
model aregiveninthe Appendix.

A Review of theM odelling Effortswith Referencetolndia

Models that assess economic impact of climate change in the literature can be
classified as bottom-up, top-down and integrated. The bottom-up models bring
technological knowledge and specificity. However, often techno-economic
evaluations are incomplete and overtly optimistic in that policy and institutional
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obstacles are not fully accounted for. Top-down models bring macro-consistency.
Among them are econometric models which use reduced form equations and the
implied policies behind them remain unclear. Another approach of top-down
modelling isthe computable general equilibrium (CGE) approach where asequence
of singleperiod equilibriaare worked out. In econometric and CGE models, oftena
high substitution elasticity is assumed, which makesit easy and relatively costless
to adjust to CO, constraints. The problem is, thus, assumed away. An activity
analysis approach permits macro-consistency, truly dynamic behaviour, new and
specific technological options and, thus, limited substitution. It can constitute a
truly intregrated top-down-bottom-up approach.

A few modeling studies have explored India’s options. Blitzer et al. (19923, b),
inamulti-sectoral, inter-temporal activity analysisframework, are primarily concerned
with examining theimpacts of restrictions on emissionsof CO, and other greenhouse
gaseson India’'sand Egypt’seconomic growth. They a so examine cost-effectiveness
of different measures for improving energy efficiency in reducing CO, emissions.
Their analysis of thetrade-off between economic and environmental performances
focuses on aggregate welfare measures like the GDP or total consumption of the
society asawhole. Shukla(1996) usestwo models: the bottom-up MARKAL (Berger
eta., 1987), whichisan energy system model suitablefor techno-economic analysis
given exogenously specified sectoral growth rates, and the top-down Second
Generation Model (SGM) with endogenous macro variables such as growth rate.
The Indian component of SGM has been used to explore CO, policy options for
India(Shukla, 1996; Fisher-Vanden et al., 1997). Guptaand Hall (1996) havetried to
use a simple econometric macro-model as a top-down model to integrate the
technological options identified by techno-economic assessment of various
technical options for carbon abatement.

TheMode Structure
Themodel, an extension of Murthy et al. (1997), isamulti-sectoral, inter-temporal
dynamic optimisation activity analysis. It permits exploration of alternative
technologies and CO, strategies from along-term dynamic perspective. Alternative
activities representing different technologies permit substitution and incorporate
non-linearities in this model. It maximises a social welfare function given as the
present discounted value of utility streams corresponding to per capitaconsumption
of an average consumer, given the availabl e resources and the various technol ogical
possibilitiesfor using them. Thetime horizon istaken to be 35 yearsin thismodel.
The whole economy isrepresented as consisting of eight commodities/goods,
some of which can be produced in more than oneway. In particular, electricity can
be produced by coal, oil, gas — combined cycle gas turbine (CCGT) — and other
sources like hydro and nuclear. The focus is on specific options on the power
generation and the transportation sectors aslarge amount of India’'s CO, emissions
occur in these sectors and policy options here need to be clearly understood.
Industrial output can be produced by two alternative activities that use coal-boiler
and oil-boiler. Technical progress and energy efficiency gains over time are
prescribed exogenously. These remain the same across all scenarios. Income
distribution is endogenous and depends on the total consumption, exogenously
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projected total population and specified Lorenz ratio. Thus, population belonging
to each consumption expenditure classisdetermined in themodel. The composition
of aggregate consumption, therefore, changes non-linearly as the economy grows
and people move from one income class to another. In each class, 15 alternative
consumption bundles are provided to represent, approximately, the indifference
curve of the class, which permits substitution across commodities asrel ative prices
change. The bottom class corresponds to those below the poverty line so that we
also get an indication of the number of poor in each period.

Various constraints, such as those on domestic oil and gas production and
capital constraints are imposed to keep the model and its results realistic. On the
trade side, a balance of payment constraint isimposed. There is awedge between
export and import prices to reflect international trade and transport margins.
Restrictions areimposed on export and import growth rates by sectors to keep the
model and its results, realistic. Import of agricultural commodities is restricted
to reflect a self-sufficiency requirement. Table 1 givesthe values of the bounds. A

Table 1
Parameter sensitivity BAU % Change over BAU
Oil shock-FT lower |ICORfalling
GDP (Rs. hillion)
Year 15 26969.00 -7.13 15.20
Year 25 46980.00 -11.15 34.28
Year 30 6599.00 -1257 46.31
Per capita consumption (Rs.)
Year 15 17301.00 -9.75 15.29
Year 25 23851.00 —-16.61 36.61
Year 30 30205.12 —19.67 50.28
Number of poor (millions)
Year 15 62.30 32.76 —94.83
Year 25 26.96 80.95 -98.75
Year 30 13.57 122.22 —99.55
Cumulative emission (million tonnes)
Year 15 12488.00 -6.57 9.97
Year 25 26419.00 —-10.38 23.68
Year 30 37007.73 12.19 —34.00
Selected activity levels(Rs. billion)
Electricity (Year 15) 1532.00 —100.00 21.08
Cod (Year 15) 1546.00 -3.10 6.08
Oil (Year 15) 847.00 0.00 0.00
Electricity (Year 25) 2510.00 —100.00 48.76
Cod (Year 25) 2120.00 -5.33 17.45
Oil (Year 25) 1033.00 —-290 0.00
Oil imports (Rs. billion)
Year 15 218.00 —-7752 77.52
Year 25 619.00 —83.00 103.07

FT: foreigntrade; ICOR: incremental capital-output ratio.
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savings constraint isimposed to restrict marginal savingsrateto 30%. Finally, though
the model is run for aperiod of 35 years, the post-terminal future has to be taken
careof. It isdone by postul ating astationary statein the future with the composition
of output, consumption, investment etc., fixed and growing at a prescribed rate.

Themodel issolved using the GAM S programming tool devel oped by Brooke
et a. (1988). For endogenousincomedistribution consistency, weiterate over optimal
solutions changing distribution parameters between iterations till they converge.
More details on the model may befound in Murthy et a. (1997).

Emissonsinventory

The emissions from the production sectors are computed by considering the scalar
product of the activity vector and the emission coefficient vector that indicatesthe
amount of emissions per unit level of activity. The emission coefficient for an
activity isderived by considering the fuel specific emission coefficient and the fuel
input coefficient. Apart from the production activities, emissions are also caused
by the private and public consumption of fuelslike kerosene, liquefied petroleum
gas (LPG) and motor gasoline, which are accounted for by considering the emission
coefficients attached to each consumption activity. The cumulative emission of
CO, at the end of any period is computed by adding the emission flows during the
current period to the cumulative emissions carried over from the previous period.

Carbon Reduction Options
Inthe model, CO, emissions can be reduced in anumber of ways. Thefirst method
involvesreducing thelevelsof different activities, asit directly reducesincome and
consumption and, hence, resultsin alossin the social welfare. The second method
isto change the composition of production in the economy in favour of less CO,-
intensive activities. This can be done either by changing the structure of trade so
that the more CO,-intensive products areimported or the structure of consumption
and other final demand may be changed by reducing the budget share of CO,-
intensive goods in total final demand. This leads to an indirect loss of current
welfare as the investor and consumer choices get distorted.

In addition, technological optionsthat reduce emissionswithout any significant
loss of output are also available for reducing the CO, intensity of activity levels.
Essentially, the two types of such options are as follows:

(@ Reducing the amount of CO, emitting energy inputs required by different
activities. Additional investment may berequired to install equipment that can
operate these processes at higher energy efficiency.

(b) Switching to less carbon intensive fuels.

TheScenariosand Data

Since the objectiveisto evaluate theimpact of carbon emission restrictions on the
Indian economy, specifically on the welfare losses that might be incurred, the
scenarios also correspond to restrictions on carbon emissions. The types of
restrictions considered herein are cumulative. Another objective is to investigate
the relationship between population growth variations (increases) and increasesin
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carbon emissions, which is an important issue. The model is run with various
population growth scenarios and the results are compared with the BAU and carbon
emission restriction scenarios, given asfollows:

BusinessasUsual (BAU)
There are no restrictions on the economy. Both income and consumption are
determined endogenously.

Carbon Emission Restriction of 10% (C10)
The carbon emissions of the economy are constrained to 10% less than that of the
BAU scenario, with income and consumption determined endogenously.

Carbon Emission Restriction of 20% (C20)
The carbon emissions of the economy are constrained to 20% less than that of the
BAU scenario, with income and consumption determined endogenously.

Population Growth Scenarios(PG1, PG2and PG3)
These scenariosinvestigate the effect of population growth rate falling at 0.0327,
0.0297 and 0.0024% timesthetime period, respectively, from 1.8%.

Oil Shock Scenario

The economy is assumed to suffer from an oil shock in the base year of 300%, i.e.
the price of oil istaken to rise three-fold in the base year and to remain the same
throughout, in real terms. This scenario is considered significant in the model for
two reasons. Firstly, it serves as a metric to compare the results for the carbon
emission constraint and population growth scenarios and, secondly, it allows one
to investigate the effect of a significant shift, albeit price-induced as opposed to
policy induced, away from oil based energy sources. Although, it must be noted,
nothing in the model preventsthe economy from shifting to amoreintensive usage
of coal —amore polluting fuel.

Data
The model has been empirically implemented by using recent data for India to
estimate the various parameters. Theinitial values of different variablesincludedin
the model structure have been discussed earlier. Input-output coefficients and
capital-output ratios for various activities form the core of the model. This datais
available from published sources for most sectors(Parikh et al., 1995). Future
projections of government consumption levelsaswell asthe upper and lower bounds
for exports and imports (where relevant) are specified in terms of growth rates.
Thebaseyear for themodel is1996-97 and all monetary valuesarein terms of
thevalue of Rupeein 1996-97.

Results of the Model Runs
Table 2 showsthe values of someimportant macroeconomic variablesand aternative
activity levelsfor selected yearsfor BAU scenario and various scenariosinvolving
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Table2

Scenariosfor carbon emission reductions BAU % Change over BAU
C10 C20 Oil shock

GDP (Rs. hillion)
Year 15 (2011) 26969.00 0.00 0.11 -171
Year 25 (2021) 46980.00 0.00 0.64 -2.30
Year 30 (2026) 6599.00 0.88 1.32 2.58
Per capita consumption (Rs.)
Year 15 (2011) 17301.00 0.00 0.01 -551
Year 25 (2021) 23851.00 0.11 -0.82 -9.14
Year 30 (2026) 30205.12 0.98 157 11.06
Number of poor (millions)
Year 15 (2011) 62.30 0.00 0.00 17.24
Year 25 (2021) 26.96 0.00 4.76 38.10
Year 30 (2026) 13.57 0.00 0.00 —55.56
Cumulative emissions (million tonnes)
Year 15 (2011) 12488.00 0.01 -1.67 —248
Year 25 (2021) 26419.00 0.20 —6.65 - 247
Year 30 (2026) 37007.73 4.65 13.50 231
Selected activity levels (Rs. billion)
Year 15 (2011)
Electricity 1532.00 0.46 -1.37 -1.89
Coadl 1546.00 0.00 —0.65 —0.58
Oil 847.00 0.00 0.00 0.00
Year 25 (2021)
Electricity 2510.00 0.40 -219 -1.24
Codl 2120.00 -1.23 -943 -0.28
Oil 1033.00 0.00 0.00 0.00
Qil Imports (Rs. billion)
Year 15 (2011) 218.00 0.00 -2.75 —14.68
Year 25 (2021) 619.00 0.48 1.29 -11.63

BAU: Business as usual.
C10, C20: Cumulative carbon emission reductions of 10 and 20%, respectively.
Oil shock: 300% oil price shock over the 1996 price (US$ 10 per barrel).

cumulative and annual emission reduction. Under it, the economy grows at an
average annual rate of 5.03% over 35 years. The carbon emissions grow from 1035
millionton of carbon (mtc) in 1996 to 2984 mtcin 2030.

Enforcing a10% cut on cumulative CO, emissions has, virtually, noimpact in
the medium-term (see column C10, Table 2, Year 15), whilethe GDP and consumption
levelsfall only marginaly. Inthelong run (year 34), however, the effectsof emission
restriction aremorevisible. Inthe 34" year under the C20 scenario, e.g. GDPfallsby
2.87% compared to the BAU scenario.

Asthe emission restriction level istightened from 10 to 20%, the effects on
long-term GDP and welfare become increasingly adverse. The flexibility of the
economic system getsreduced, as emission restriction becomestighter. Also, note
that thelossin GDP and consumptionisnon-linear, i.e. lossrisesat anincreasingly
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faster rate than emission restriction. Furthermore, the losses are more severe
towards the end of the target period (34" year) than near the beginning of the
restriction period. The model tries to postpone the economic losses due to two
reasons: (i) It discountsthe future consumption flows, and (ii) it enjoysthefacility
of attaining emissionsreduction target over a35-year period rather thaninjust one
or two years.

In addition, the results clearly illustrate that when a CO, emission constraint
would be active, Indiawould shift away from coal-based activity to oil- and gas-
based activities. Over thelong run, the shift away from coal isclearly pronounced.
There is, however, no changeover to a new technology in the short run when
cumulative restriction of lessthan 20% is effected.

These scenarios suggest that reduction targets increase poverty and reduce
GDP. Moreover, the GDP lossisalso not negligiblein thelong run, as many seem
to suggest.

Another simulation carried out illustratesthe effect of an oil price shock onthe
economy and traces the path of the economy as it responds to the shocks. Table 2
provesthat an oil shock of the magnitude presented hereis extremely detrimental to
the economic development. Also, the effects of such shocks tend to be permanent
and shift the economy onto a lower growth path, rather than a mere temporary
shock causing deviation from the long run growth path. In fact, the effect of the
shock is higher during the terminal stages since the model tends to postpone
consumption (and GDP) losses to the end. This simulation is extremely relevant
sinceitillustratesthat an oil shock hasavery similar impact on the economic aspects,
albeit of a much higher magnitude, as compared to a carbon emission constraint.
Also, such shocksare unlikely to bein India sinterests because in the aftermath of
an oil shock, carbon emissions tend to rise due to the substitution of oil by coal,
mainly dueto the cost advantage enjoyed by it vis-a-vis gas. Indeed, the losses can
betakento bethelower bound since the model has sufficient scope for substitution
of oil with coal and gaswithin one time period — something that actual economies
do not possess. In addition, both oil shocks and carbon emission mitigation arethe
focus of much attention, but theformer isamajor, and immediate, issuefor India. Oil
prices have virtually quadrupled (current prices) over the past decade or so, from
US$ 10 (average) in 1996-97 to US$ 55 in 2004-05, for various reaons (irrespective of
whichtypeof crudeisconsidered, Brent, Dubai or the Indian Basket, the differences
are still hugein terms of prices compared to adecade ago) and theimpact on India
isespecialy large since sheimportsaround 70% of her total petroleum requirements
and oil imports arethelargest segment of importsfor India.

A major reason for the pressure on devel oping countriesto curb emissionsis
their high carbon intensity (of GDP) and aperceived risein the same over aperiod
of time, asthese economies devel op and popul ationsrise. We investigate whether
fears of arising trend of carbon intensity are indeed likely to be proved true and
find that the carbon intensity is, in fact, falling in the latter periods. This may be
accounted for by the changing structure of the economy, with services playing a
dominant role — services is the largest sector of the economy by the terminal
periodinall scenarios (Table 3) —with the share of servicesin GDPrising from 33.4
to 58.2% and having a much smaller emission associated with it while emission
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intensive transportation and industrial sectors are a much smaller proportion of
the economy (Table4).

Per capitaemissionsdo risein al the scenarios but once again, they are well
below the current world average (3.89 ton) throughout the timeframe of the model
and rise only upto half the world’s current average, i.e. 1.90 (a factor of 2.4)
(Table5), while, at the sametime, GDP and per capitaconsumption rise by afactor
of 5.4and 4.7, respectively (w.r.t. the base year) (Table 6).

Table 3. Selected model parameters

1 Maximumdomesticincremental savingsrate 0.30

2 Annua growth rate of government consumption 0.05

3 Annud socid discount rate 0.10

4 Post-terminal annual growth rate 0.05

5  Population in base year in 10° 821.90

6  Annua growth rate of population (%) 1.80

7  Lorenz Ratio of private consumption expenditure distribution LR~ 0.38

8  Upper cut-off level of expenditure for bottom class (Rs.) 4500

9  Upper cut-off level of expenditure for middle class (Rs.) 8000

Table 4. Structural changes in the Indian economy
Time period Proportion of Value added coefficient Emission coefficient (g of
servicesin the GDP for services CO, per Rupee of output)

Base 0.33
Termina 0.58 0.79 111

Table 5. Per capita emissions and carbon intensity

Timeperiod Per capitaemissions  Carbon intensity of ~ World average of per capita

(ton of CO,) GDP (ton of CO, per emissions (ton of CO,)
Rupee of output) (2003)
Base 0.78 0.04
Termina 1.90 0.03 3.89

Table 6. Growth in GDP and per capita consumption (base)

Time GDP (Rs. hundreds PCC (Rs.) Magnitude of rise over base
period of billions)
GDPtermi naI/GDPbase Pcctermi naI/PCCbase
Base 17.89 8,799.07
Terminal 96.93 41,651.17 5.4 4.7

PCC: Per capita consumption.
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Parameter Senditivity of the M odel

The simulations in Table 1 illustrate the pitfalls of relying on the quantitative
predictions of models to draw conclusions on policies that have economy-wide
ramifications. To illustrate, it is argued that oil shocks have a positive effect on
economies by promoting efficient use of energy sources, especialy over the
longer run. But most of thiswill assumethat acountry will have sufficient foreign
exchange to finance at |east avery necessary part of itsimports, in the short- and
medium-term — an issue of some importance for most developing countries
including India but not to the developed ones. As soon as the availability of
foreign exchangeisreduced, the losses dueto an oil shock are magnified, with the
long-term effects being more pronounced than those of the medium-term —
evidenced by thefall in GDP up to 11.15% at the 25" period and 14.88% at the end
of the 34" period. In addition, the results of the model illustrate the capital -output
ratio — another major factor driving most models — and assumptions regarding
this parameter may, in fact, drive model results. For instance, if the capital-output
ratio (COR) is assumed to fall due to technical progress, the GDP over a long
period rises significantly — by a stunning 55% over along period with medium-
term effects and a corresponding rise in carbon emissions.

The point to be noted here is the sensitivity of the quantitative results to
parameter changes and assumption regarding the various linkages in these
models. Whilethe direction of changes may be quite useful for policy formulation
and discussion, to conclude that the numerical values are to be interpreted as
accurate indicators of actual possibilitiesis to ignore inherent uncertainties with
regard to the ‘correct’ parameter values and the necessity to re-calibrate, if not
restructure, model sthat have been constructed for extremely different economies.
However, the qualitative results of themodel are unaltered (Figs. 1 and 2), wherein
the trends of carbon intensity and per capita emissions of the economy are
similar to the base case. This result also corroborates that for various general
equilibrium models, the quantitativeresults differ widely whilethe qualitative results
all agree on the point that the carbon intensity of Indiais on adecreasing path. In
the present model, though, the carbon intensity decreases after a point, not before,
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Fig. 1. Carbon intensity (kg of CO, per Rupee of output).
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probably due to the fact that the rise in GDP tends to overwhelm the structural
change effects in the economy.

Conclusions

Large developing countries, such as India, are under pressure to agree to some
commitments regarding carbon emission mitigation. An argument most often used
isthat they arelikely to overtake the devel oped countriesin terms of emissions of
carbon. It isalso felt that the devel oping countries may, with suitable assistance,
‘leapfrog’ the‘dirty’ development stage by making use of the latest technologies.
But unless there is a binding compensation framework, India stands to lose quite
significantly, in terms of lossesin GDP and, equally important, in greater poverty,
if she agreesto any binding commitments to reduce emissions.

Contrary to many predictions, the emission intensity of the Indian economy is
seen to reduce after apoint of time whilethe per capitaemissions—apoint of focus
for the alleged rise engendered by therisein population —show arising trend. But
thisismuch below, aimost by half, even the current world average. Therefore, the
emissions of India, while definitely rising, are not expected to rise so much that
they cause any drastic changes in the distribution of world emissions, much less
than to exacerbate the problem of climate change. The model also brings out the
uncertainty involved in the quantitative predictions of non-linear predictivemodels
of the type used here and the pitfalls of policy being driven by these predictions.
This indicates that the utility of modelling exercises lies not in the predicted
magnitudes of the solution variables, but in the qualitative resultsthat they provide.
Thus, the models serve as an aid to, rather than the basis of, policy.

Given this scenario, there is no reason for India to agree to any binding
emission constraints and the focus must be firmly on achieving domestic economic
and social goalsviz. poverty eradication, a problem that, asthe model points out,
does persist to the end of the time period considered.
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Appendix: Mode Equations

The model’s objective is to maximise a socia welfare function W given as the present
discounted value of utility streams U, corresponding to the per capita consumption PC, of
an average consumer over thetime horizon 1,2,....,T. The social discount rate chosenisp.

P < Ut
Maximise W= Z—t_l where U, =log (PC) (0]

The maximisation is subject to several constraints. In the description below, we have
omitted what is obvious, that constraints have to be specified for each commodity or each
activity and for each period. Thefirst constraint refersto material balance. Thetotal supply
of each commodity i, domestic production Y, plusimports M, must be no less than the total
demand which isthe sum of intermediate demand, private consumption H, public consumption
G, investment N, and exports E. All these are real variables evaluated at base year’s prices:

Y +M|t—231 th+H|t+th+N|t+E|t (2)
j=1

where a is the input-output matrix with i commodities and m activities, X is a vector of
activity levels and g is the vector of public consumption budget shares. G, is specified
exogenously, while determination of H, , in relation to PC, is discussed Iater The input-
output matrix need not be square aswe dlstl nguish between theset of commodities and the
set of activitiesthat producethem. In general, more than one activity is capable of producing
a given commodity. A make matrix u links each production activity to the commodities it
produces. Additionally, this alows the possibility of joint production — an activity may
produce more than one output. Thereis one column vector corresponding to each activity in
thematrix, which represents, numerically, the commodity-wise composition of itsgross output:

=D X, ®3)

=1

Theincome generated by each production activity isproportional to itsrespectivelevel
X and is equal to the value of the output less the cost of the inputs. Aggregation over al
activitiesj gives the gross domestic product (GDP) at market prices:

GDR =YY (u;-a )X, (4)

j=li=1

The constraintsin Egs. (5) to (9) describe the capacity and investment relations in the
economy. All activities must operate within the available domestic capacity:

byX;, <K, (5)

where KJ is the capital stock available for activity j in period t and b; is the incremental
capital output ratio (ICOR) for activity j. The production capacities available in different
sectors at the beginning of the first period are specified as a part of the initial conditions:

{K}={K} (6)

We have computed { K, } using Eq. (5) asan equality for t = 1, assuming that there was
full capacity utilisation in that year. Capital stock for the later periods is accumulated
through investment Z which matures into new capacity after alag of one period:
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KitS@Q-dpK;i+Zj4 (7)

where d. istherate of depreciation of capital stock in sector j.

The aggregate level of investment is constrained by the total savings generated in the
economy. Themodel chooses consumption and savingslevelsfor each period by optimising
the inter-temporal preferences. To counter the possibility of high savings rates resulting in
unreglistically low consumption levelsweimpose an upper limit on the aggregate investment
by specifying amarginal savingsrates:

m
>z, <S’+S(GDR - GDRy) + F ®)
j=1

where Sisthe savings at time period 0, GDP, isthe baseyear GDP and F, isthe exogenously
specified level of foreign capital inflowsin period .

The investment by sector of destination Z such as agriculture or electricity must be
bal anced against the investment goods available by sector of origin N such as machinery or
construction. Therefore, we have

;KJ Zj,tSNi,t 9

where Ig'j is the capital coefficient indicating the amount of i™" type of capital per unit
investment in sector j.

Turning now to trade, we impose the constraint that the total value of imports cannot
exceed the foreign exchange available either through export earnings or through inflows of
foreign capital F;:

m n
YM <YE +F (10)
i=1 i=1

The export markets are not unlimited for Indiaand an upper bound on the growth rate
of exportsismoreredlistic:

Ei(<E..1+ g™) (12)

where g&Y is upper bound on growth of exports. Similarly, import upper bounds are also
used for afew sectors on grounds of food security and limited trade possibilitiesin sectors
like electricity and transport:

M L+ giMU )= M, (12

where gMV is the upper bound on imports.
While we might restrict our choices to T periods in practice, the economy would
continue to evolve beyond this limited horizon. This cals for a minimum level of post-

terminal capital stock { KT+]} to provide for the future:
{ KT+1} 2{ KT+1} (13)

However, what is {KTH}? We assume that output, capital stock and consumption
grow at a constant rate ¢ in the post-terminal period T+1,...,e, i.€e., the economy attains a
stationary state:

{Yy=@+f){y,_} fort>T (14)
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m K
> 'JbJT+1 @+ )Y r or i—ui'j(Jj'T_dej'T)

i=1 i " .
] j=1 bJ

u
20%, (19

The above simplification might compromisethe optimality of theterminal year solution
determined by us. However, acompromiseis unavoidable in this case.

The objective function is now modified to include the utility from post-terminal
consumption, which isassumed to grow at the post-terminal rate of ¢. Therevised objective
function can be expressed as

1+¢

T
U

Maximise W=2—t+ocUT where o=——F

o @+p) o -0)

(16)

which gives a higher weight (typically, oo > 1) to the utility derived from consumption in
the terminal period, because the post-terminal consumption is directly proportional to it.
Thisisin contrast to the objective function defined earlier in Eq. (1), in which the weight
attached to utility isthe least in the terminal period. In case the objective function was not
modified in the above fashion, the model would choose asmaller consumption level for the
terminal period asthisleadsto asmaller requirement of capital investment for post-terminal
growth.

The basic framework discussed here sufficesto describethelikely growth pattern of an
economy. Only onething remainsto be specified—How isH,; ,, the consumption expenditure
by sectors, determined in relation to PC,? Thisis discussed as follows:

Consumption Expenditur e Distribution and Poverty
Developing countriestypically articulate two concerns other than aggregate economic growth:
(i) reduction of mass poverty, and (ii) provision of minimum basic needsto their people. We
incorporate aspectsrelated to absol ute poverty in our model by focussing on the distribution
of consumption expenditure amongst the population. Parikh et al., 1995 describe how
provision of basic needs can a so be represented in thismodeling framework. We segment the
total population into three different classes by arranging the population in ascending order of
per capita consumption expenditure. A fixed pair of lower and upper boundaries (6™, €°)
defines the class p. The lowest income households are included under the class p = 1, their
per capita consumption being less than e', which is made equal to the poverty line so that
households belonging to this class are identified as poor.

The distribution of population across the three classes is given by a function f(PC;
LR, €”), which represents the proportion of total population having per capitaconsumption
expenditure less than €°. Typically, in the literature, a two-parameter standard lognormal
probability density function, SLN underliesthe distribution function f. The two parameters
are the Lorenz Ratio LR and the per capita expenditure PC. We calculate the proportion
POPy,¢ of peoplein the p™ class using the value of PC, chosen optimally by the model, the
class expenditure boundaries (¢! and e?) for the pth class, and the value of LR, each
specified exogenously. The magnitude of population in the pt" classis given as

pop,, = Pop; - pop,,, where pop,, = f (PC;; LR, &) —f (PC; LR, eF*l) a7)

e’ | LR 1S
f(PC,;LR e”) = &N[ﬁl [PC}?] where SLN(Z)-_[\/_e ds (18)

Notethat €°=0and €* = whichyieldsf(PC; LR, 0) = 0and f(PC; LR, =) = 1
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The average consumption expenditure PCCp’t of classp can be computed as

pc.an| Linf & |-LR
LR PC | 2 9)
f(PC, LR.€%)

PCC,, =

A representative consumer of the p" classisallowed to choose alinear combination of
R different types of commodity bundles. His consumption expenditure budget PCC,; is
allocated across the R bundles in each time period t so that the following identity holds:

R
PCC,, = lecsr' ot (20)
r=

Each commodity bundle is composed of different commodities in fixed proportions.
For example, ; is the expenditure share of commodity i in the r'" bundle available to a
consumer of class p and this value remains fixed in the model. Neverthel ess, the consumer
achievesadegree of substitution between different commodities by choosing the combination
of different bundles and the amounts he spends on each of them. The consumption vector C
of each classisthe aggregate over the set of R consumption bundles:

R
Cpi = POR,,; 'Elluhn p PCB: . (21)
r=

The economy-wide consumption vector H is then represented by the sum of
consumption vectors corresponding to the individual classes:

=]
Hio = Zcp,i,t (22

Since the distribution parameter LRisfixed in our model, poverty alleviation requires
growth in consumption, which is chosen optimally in the model subject to the constraints.

Another point to note in this connection is that we have used the GAMS program to
solve the model. GAMS, however, does not permit equations with standard lognormal
functions, SLN(.). It, however, permits aloop where the SLN function could be computed
before obtai ning the optimi sation solution and iterations could be carried out within theloop
such that the value of the SLN function converges. We have taken advantage of thisfacility.

Emissions Inventory

The emissions from the production sectors are computed by considering the scalar product
of two vectors: (i) the activity levels X, and (ii) an emission coefficient vector €. Emissions
arealso caused by the private and public consumption of fuelslike kerosene, L PG and motor
gasoline. We account for these by considering two other emission coefficient vectors, © and
€®. Thetotal emissionsin periodt is, therefore, given as:

EM, = €* X, +€°H, + €°G, (23)
The cumulative stock of CO, emissions CEM, at the end of any period t is computed by

adding the emission flows EM, during the current period to the stock CEM, , carried over
from the previous period:

CEM, = EM, + CEM_, (24)



