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Abstract

The aim of this article is to analyze the potenfal synergies between climate
policies and development in a case study on Inatading on the power sector sub-
optimalities. To do so, we usaACLIM-R, a dynamic recursive energy-economy
model that represents a second best world with etarkperfections and short-run
adjustments constraints along a long-term growtth.p&he analysis suggests (i)
global carbon pricing induces prohibitive macroemoitc costs for the Indian
economy, even in the case of significant finantiahsfers associated with a global
cap-and-trade system and a “Contraction and Coewery in 2100” allocation
scheme; (ii) the most cost efficient climate pa@giare not uniform carbon pricing
only. The implementation of domestic policies stit® the national context, for
instance targeting sub-optimalities in the powettae for India, allows reducing

significantly the macroeconomic costs induced hgrimational mitigation policies.
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Introduction

There is now a global scientific consensus thahggnt GHG emissions reductions
are necessary to limit the high risks associated amthropogenic climate change, and
this consensus is flagged as a long run colledvget by an increasing number of
policymakers from all countries (G8 declaratior’’Aquila in July 2009, Chin& and
Japaf Statements at the United Nations Climate Sumndi®92 But translating this
long run target into an international agreemeninses over the common argument
that climate policies would harm economic growtmdain particular slow the

development of emerging and developing countries.

The assessments of climate policies costs prowdssuring messages: the global
macroeconomic mitigation cost is estimated belox® fiercent of GDP in 2050, even
for the most stringent emission constraints (IPA@D7). In addition, a majority of

economic analyses recommend a uniform carbon taa oniversal cap and trade
system equalizing marginal abatement costs acrosstries as the most efficient

policy (for instance Manne and Richels, 1997 or Whand Hill, 1999).

! "wWe recognise the broad scientific view that thereéase in global average temperature above pre-
industrial levels ought not to exceed 2°C. Becahse global challenge can only be met by a global
response, we reiterate our willingness to sharé wlit countries the goal of achieving at least &50
reduction of global emissions by 2050, recognighag this implies that global emissions need tdkpea
as soon as possible and decline thereafter. Apérts, we also support a goal of developed awest
reducing emissions of greenhouse gases in aggregad®% or more by 2050 compared to 1990 or
more recent years”

2"We will endeavor to cut carbon dioxide emissi@es unit of GDP by a notable margin by 2020 from
the 2005 level [...] We will endeavor to increase tshare of non fossil fuels in primary energy
consulmption to around 15% by 2020". (Jintao, 2009)

% "For its mid-term goal, Japan will aim to redutg émissions by 25% by 2020, if compared to the
1900 level, consistent with what the science cfatsin order to halt global warming”.( Hatoyama,
2009)



However these results are submitted to the critealeat that most models used to
analyze the climate change economics issues reprad@st best world (optimizing
agents with perfect foresight, market-clearing Boguum in all markets, full
utilisation of production factors) , as specifiedBox SPM-3 of last IPCC assessment
report: ‘Most models use a global least cost apgrda mitigation portfolios and with
universal emissions trading, assuming transparearkets, no transaction cost, and
thus perfect implementation of mitigation measuhesughout the 21st century’. Such
assumptions can be suspected of underestimatingatioh costs, making modelling
results ‘too good to be true’ as Stavins et al @0rgue in an examination of three
economic assessments of California climate chamdeyp Moreover, any deviation
from the assumed optimal equilibrium to accommoaataronmental policies will by
definition lead to costs in models representing'st best world (Barker et al, 2002).
Therefore, these methodological choices excludecdmstruction the possibility of
synergies between environmental policies and dewedmt policies, and thus prevent
from analyzing this issue. Nevertheless, real ecoes are characterised by numerous
imperfections contrasting with the first best reyer@ation in most environment-
energy-economy (E3) models. These imperfectiondezhto higher mitigation costs
than estimated as Guivardt al. (2009) showed in the case of labour markets
rigidities. But they can also provide opportunitits synergies between climate

change mitigation and economic growth.

The aim of this article is to analyze the potenfad synergies between climate
policies and development in a case study on Inatading on the power sector sub-
optimalities. To do so, we usRACLIM-R a dynamic recursive energy-economy model

that represents a second best world with marketeifaptions and short-run



adjustments constraints along a long-term growth.pghe first section describes this
modelling framework, and details how the Indian powector sub-optimalities are
represented in this framework. The second sectioalyses the macroeconomic
impacts for India of international climate policiesm the form of a worldwide
coordinated carbon tax or through a global capteadke system. We disentangle the
mechanisms explaining why global carbon pricinguces prohibitive macroeconomic
costs for the Indian economy, even in the caseigiifecant financial transfers
associated with a “Contraction and Convergencelfio2allocation scheme. The third
section analyses a ‘package of domestic policiesna@asures’ implemented in India
jointly with the participation to the global capeatrade system, and focused on
combining (i) electricity tariff reforms in the agultural sector accompanied by
demand side management measures, and (ii) efficiehthe power sector. We show
that this package of domestic policies and measlless reducing significantly both
the duration and the magnitude of India GDP lo$skswing the introduction of the
global cap-and-trade system. While, the second #mdl sections focus on
disentangling the mechanisms leading to our restiits fourth section examines the
robustness of results through sensitivity testst saction concludes. Conclusions are
twofold (i) from a methodological point of view, msidering second best mechanisms
and sub-optimalities arising in the real world inmadelling framework opens the
possibility to study potentials for synergies betwe mitigation policies and
development; (ii) from a policy point of view, timeost cost efficient climate policies
are not uniform carbon pricing only. The implemeiota of domestic policies suited
to the national context, for instance for Indiageting sub-optimalities in the power
sector, allows reducing significantly the macroemoit costs induced by international

mitigation policies.



1. A modelling framework to represent a second best winl

1.1  Model architecture and major features

1.1.1. A hybrid recursive framework to account for inertia in technical systems

and sub-optimalities

IMACLIM -R is a hybrid recursive general equilibrium modetre world economy that

is split into 12 regions and 12 sectors (Sassl. &087).

It is hybrid in two senses. First, it is a hybriddel in the classical sense: its structure
is designed to combine Bottom-Up information in apdDown consistent
macroeconomic framework. Energy is explicitly reymeted in both money metric
values and physical quantities so as to captureybkeific role of energy sectors and
their interaction with the rest of the economy. Tdyastence of explicit physical
variables allows indeed a rigorous incorporationsettor based information about

how final demand and technical systems are tramsfdroy economic incentives.

Second, it is hybrid in the sense of Solow (2000¥. it tries and bridges the gap
between long-run and short-run macroeconomicsffagsewere devoted not only to
model long-term mechanisms but also focus on ttiansand suboptimal pathways
through possible underutilization of productionttas. We seek, indeed, to capture
the transition costs with a modeling architectutatt allows for endogenous
disequilibrium generated by the inertia in adaptmgew economic conditions due to

both imperfect foresight and non flexible charasters of equipment vintages

* Solow (2000): ‘I can easily imagine that therais true » macrodynamics, valid at every time scale
But it is fearfully complicated [...] At the fiveatten-year time scale, we have to piece thingstheges
best we can, and look for a hybrid model that ddllthe job.’



available at each period (putty-clay technologiésthe short run the main available
flexibility lies in the rate of utilization of capdies, which may induce excess or
shortage of production factors, unemployment andqual profitability of capital

across sectors. Therefore, the model architeceparts from the picture of a first best

world.

Technically, the model can be labelled as ‘recersiynamic’, since it generates an
energy-economy trajectory by solving successiverlyesatatic equilibria of the
economy, interlinked by dynamic modules.

Within the static equilibrium, domestic and intefaaal markets for allgoods —
exceptfactorssuch as capital and labour — are fully clearea loyique set of relative
prices that depend on the behaviours of represemtagents on the demand and
supply sides. The calculation of this equilibriumtetrmines the following variables:
relative prices, wages, employment, quantities @bddg and services, value flows.
Within each yearly static equilibrium, the behaviofiproducers is not represented by
a flexible production function allowing for substibn between factors. These
substitutions are treated between two equilibrisentor-specific dynamic modules.
Producers are therefore assumed to operate unddfrsh constraints of (i) a fixed
maximal production capaci@ap;, defined as the maximum level of physical output
achievable with the equipment built and accumulgaexyiously, and (ii) fixed input-
output coefficients representing that, with therent set of embodied techniques,
producing one unit of a goaddin regionk requires fixed physical amount§;; of
intermediate goodsandly; of labour. In this context, the only margin of fdeen of
producers is to adjust the utilisation r&e/Cap; according to the relative market

prices of inputs and output, taking into accoumteasing costs when the production



capacities utilization rate approaches “orféhis represents a different paradigm from
usual production specifications, since the ‘capftadtor is not always fully operated.
The dynamic modules shape the accumulation ofalegoiid its technical content, they
are driven by economic signals, such as priceseotogl profitability, that emerge
from former static equilibriums. They include theodaelling of (i) the evolution of
capital and energy equipment stock described ih bimitage and physical units (such
as number of cars, housing square meter, transjportanfrastructure), (i) of
technological choices of economic agent describedliacrete choices in explicit
technology portfolios for key sectors such as el@ty, transportation and alternative
liquid fuels, or captured through reduced form exfhinology rich bottom up models,
and (iii) of endogenous technical change for enetgghnologies (with learning

curves).

1.1.2. A growth engine allowing gaps between potential gwth and effective

rowth
Our model growth engine is composed of:
(i) exogenous demographic trends. The demograggsicnaptions are drawn from the
United Nations World Population Prospects “mediaariant” scenario (United
Nations 2005).
(i) technical progress that increases labour pecadily, as in Solow’s neoclassical
model of economic growth (Solow, 1956). We use exogis trends of productivity
growth, as it is a common practice in the energyirenment modelling community

(e.g. Edmonds et al., 2004, Paltsev et al., 2006)build these trends we draw on

® Mean generation costs increase when capacitgatiitin approaches one due to the existence of stati
decreasing returns due to higher labour costs anduse less efficient units are switched on lagieat
aggregate level. By default, following Corrado avidttey (1997), in our model the increasing factor i
attached to wages.



stylized facts from the literature, in particulaetconvergence assumption (Barro and
Sala-i-Martin 1992) and two empirical analyses aon®mic convergence, one
investigating the past trends by (Maddison 1998), the other one looking at future
trends, by (Martins et al. 2005). We retained aader”, the US, whose labor
productivity growth trend lies between 2% today amb% in the long run. The other
regions labor productivity trends catch up with theader’s, i.e. their labor
productivity growth is higher all the more as thabsolute labor productivity is far

from the leader’s level.

These two sets of assumptions on demography arthitat change, although
exogenous, only prescribe potential growth. Foridngbotential growth decreases
from 8% to 2.7% over the 2050 time horizon. Effeetgrowth results endogenously
from the interaction of these driving forces withog-term constraints: (i) available
capital flows for investments and (ii) rigiditiesjch as fixed technologies, immobility
of the installed capital across sectors or riggditin real wages, which may lead to

partial utilization of production factors (laborchoapital).

1.1.3. Calibration

Our model is calibrated on 2001 data from GTAP @alblase (Dimaranan et
McDougall 2002) that provides, for the year 2001set of balanced input-output
tables of the world economy, detailed in 87 regiand 57 sectors. We modified the
original GTAP-6 dataset (i) to aggregate regionsl aectors according to the
IMACLIM -R mapping (Table 1) (ii) to make it fully compatibleth the 2001 IEA

energy balancés

® This process of building hybrid input-output megs is very precisely discussed in (Sands, Milket a
Kim 2005).



Regions Sectors

USA Coal

Canada o]]

Europe Gas

OECD Pacific (JP, AU, NZ, KR) Liquid Fuels

Former Soviet Union Electricity

China Air

India Water

Brazil Other transports

Middle-East Countries Construction

Africa Agriculture

Rest of Asia Energy-intensive industry

Rest of Latin America Composite (services and light
industry)

Table 1: Regional and sectoral disaggregation of €hIMACLIM -R model

In the two following subsections we describe hovecsfic sub-optimalities of the

Indian power sector can be embarked within the limaBR model.

1.2  Sub-optimalities in the power sector in India

India is characterized by a restrained accessetdrality services for both households
and productive sectors. In 2007, capacity shorteag estimated to 10 GW (14.8% of
peak power) and the gap between supply and deneaatied 66 TWI(9.6% of total
demand). Electrification covers only 60% of Indiamuseholds. The remaining 40%
mainly on traditional biomass or on diesel genegmtéor their energy needs.
Productive sectors are also affected by power aubéch hinder productivity and
development, in particular for industry, and fotice use of diesel generators as well.
Power cuts and capacity shortage are caused bgtstal under-investment in the
power sector, rooted between market and institatidailures. The opening of the
sector to independent power producers began in 98ider to absorb the shortage
and to compensate for the constraints on publicifgh But it failed to improve

significantly the situation and the private seatontributes only to 11%, 0.4% and



12% of total generation, transport and distributi@spectively. In 2008, realized
investments in the power sector equal to 14 billis®$ and 21.5 billion US$ would be
needed to respond to total demand (i.e. the inverdtigap is equal to 7.5 billion US$
or 35%o0f estimated needs for investments). Durimg 10" Plan implementation
period (2002 — 2007), less than half of the addélgoower capacity that had been
programmed, has actually been built. This undeestwment is largely due to the high
risks and low profitability of investments in thewer sector. Administered prices do
not cover production costs: in 2006, the averageemf electricity sold covered only
77% of the average production cost. Official da@oernment of India, 2008)
estimate the total under-recovery of costs to 4ilibi rupees in 2008 (i.e. 8.8 US$
billion). The same report estimates that the regide tariff covers 56% of the
generation costs and farmers tariff only 12%, wimldustries and the commercial
sector partly compensate by paying respectivelyd@8d 122% of production costs.
Official data reports that subsidies to househt#dtacity consumption tripled to 80.8
billion rupees (US$ 1.7 billion) between 1992-1983d 1999-2000. Subsidies to
agriculture electricity consumption more than ®iplto 227 billion rupees (4.7 US$
billion, 1.1% of Indian GDP) over the same peritrd.2000, agriculture electricity
uses represented one third of electricity salewalume while the corresponding
revenues constituted only 4 or 5% of total revenues

These subsidies are justified by positive extetiealion development, particularly
regarding access to cheap energy for irrigaticanireffort to promote food production
(Tongia and Banerjee, 1998). Nonetheless, they bigvaficant side effects. First, the
very low tariffs for farmers induce overconsumptievhich increases the magnitude
of capacity shortage. Dorin and Jullien (2004) reate that overconsumption of

electricity in the agricultural sector amounts %3 of its consumption due to the



combination of critically low prices and of frequdyut unpredictable power cuts that
create a strong incentive to a continuous useeaftret pumps for irrigation. Second,
low revenues from electricity sales induce mainteea under-financing and
increasing inefficiencies in transmission and dsttion (T&D). Technical and
commercial T&D losses have increased from arourtd 201993 to more than 30%
in 2001 (Thakur et al., 2006)

Moreover, power sector inefficiencies constrain regoic activity and economic

growth: electricity shortages hamper productivityl @ompetitiveness.

It appears that the sub-optimalities of the Indgmwer sector described above are
structural characteristics of the Indian energyesys Therefore, they have to be taken
into account in modelling framework to develop €& prospective scenarios, as
advocated almost fifteen years ago by Shukla (1888)more recently by Urban et al
(2007) and Van Ruijven et al (2008). Next sectioasatibes how stylised

representations of these sub-optimalities arediuiced in our modelling framework.

1.3 Representing market and institutional failures ofthe power sector in our

modeling architecture

In the static equilibriums, the electricity pricepnds on the characteristics of the
installed power generation capacities (the typefusfl used and the efficiency,
including T&D losses) and on the utilization ratetlvese generation capacities: high

utilization rates induce extra-costs. Between estaktic equilibrium, the evolution of

" The level of T&D losses is in fact uncertain. Fostance, the value stated by the Indian Planning
Commission was 22% in 1998 while the World Bank9@Rpointed out that it could actually be twice
this official level. Moreover, as there is no matgrof the electricity consumption it is difficuto
distinguish technical from commercial losses.



power generation capacities is represented aswsilovhen describing annual
investment decisions within the electric sectore timodel anticipates, ten years
forward the potential future demand for electricity, takingp account past trends of
demand. The module then computes an optimal midaxtric productive capacities
to face the future demand at the lowest cost g{iraperfect) anticipations of future
fuel prices, including carbon pricing if applicablehe share of each technology in the
optimal capacity mix results from a classical cofitpg;mn among available
technologies depending on their mean total lifdeyosts (fixed costs, variable costs,
investment costs). In practice, 26 producing tetfies are in competition according
to a non flat load curve.

Once the optimal mix of productive equipment foane10 has been computed, the
model accounts for the time constraints in the @@pkent of capacities: the new
capacity built at yeat results from a minimization of the gap between thig of
capacity currently installed and the mix of capadtitat is expected to be optimal to
face the demand at ye&r10. This minimization is run under the constrainttoé
actual amount of investment allocated to the dlesictor. This process of planning
with imperfect foresight is repeated at every peramd anticipations are adapted to

changes in prices and demand.

Within this modelling framework, specificities dig Indian power sector namely (i)
power generation capacity shortage, (ii) understwent, (iii) tariffs not reflecting
costs and subsidies to electricity consumptionfésmers and households and (iv)
inefficiencies and T&D losses, are embarked.

(i) Power generation capacity shortage is represeby over utilization of generation

capacities. In the model, a utilization rate supretdo 0.8 means that the capacity is



overused. In 2008, the utilization rate of eledyigroduction capacities is 0.86,
which corresponds to 7.5% of capacity shortage 7i.8% more capacities would be
needed to reach a utilization rate of 0.8) andissistent with estimations given in the
first section. This over utilization of productivaapacities entails extra generation
costd and raises the electricity usage cost, which istydized representation of
electricity shortage (power cuts) for the Indiaomamy.

(i) Under-investment in the power sector is reprégsd by a gap between the
estimated need of investments and realized invedtime the power sector. Realized
investments for all sectors are constrained byosegirofitability and total domestic
investment plus net capital inflows.

(i) Tariffs and subsidies for all commoditiesclading electricity, are encompassed
in the sectors cost structure of the Social Accogniatrix for India from GTAP-6
database (Dimaranan and McDougall, 2002) thatesl us calibrate our model on the
year 2001.

(iv) Power plants characteristics, in particulareith efficiencies, as well as
transmission and distribution losses are calibradadthe sectoral model POLES
(LEPI-EPE, 2006). In 2001, the calibration datejemall efficiency of power

generation is equal to 32% and Transmission anttiBusion losses are 35%.

In sections 2 and 3, we investigate different Indihmate policies and their impact on
economy. Within the following scenarios, the taritind subsidies structure for all
commodities, including electricity, is by defauleg® unchanged through the entire

time horizon. Moreover, without specific policiethe electricity transmission and

8 Mean generation costs increase when capacityésused due to the existence of static decreasing
returns due to higher labour costs and becauseefésent units are switched on last at the aggteg
level. By default, following Corrado and Mattey @8, in our model the increasing factor is attactoed
wages.



distribution losses are assumed to evolve at theegaace as generation capacities

efficiency improvement.

2. Climate policies and Indian development: a deadlock

2.1  Experimental protocol

We use theMACLIM -R model described in the previous section to dgvekenarios
with climate policies starting in 2013 so as to ditgiven global emissions profile
corresponding to stabilisation target at a conedioin of 450ppm CO2. This places us

in a “cost-efficiency” context.

For the setting of climate policies, we test, instlsection, the prescriptions
straightforward in a first best world: to equalizearginal abatement costs across
countries with uniform carbon pricing so as to mirie the costs of a given
environmental target. Two polar variants of climaggimes assure uniform carbon
pricing: either a worldwide coordinated carbon taxa global cap-and-trade system.
The allocation of emission quotas in this secontingeinduces transfers between
countries, therefore giving a lever on equity issue the following, we first consider
a uniform carbon tax for all regions (Simulation fhe level of this carbon tax is
endogenously determined so that global emissisment the emissions profile target.
The carbon tax revenues are rebated to households limp-sum manngrin a
second step, we consider a global cap and tradensy&Simulation 2). The quota

system is represented by the assumption that gesrduction emission permits and

° It has previously been show that the alternatisesiof tax revenues, for instance to reduce otrger p
existing taxes, can change results significantlgul@er, 1995; Bovenberg, 1999). It is also the dase
our model (Guivarch et al, 2009), as we will seéhimsection 4 “Sensitivity analysis and robusthess



return the revenues to households in lump-sum pagsne&omparing these two
simulations will allow us to separate the respectivies of the carbon pricing and of
the international transfers due to quota allocatidhe allocation rule chosen for
Simulation 2 corresponds to a “Contraction and @ogence” (Meyer, 2000) of per
capita emission at the 2100 horizon (CC2100), uredepntracting global emission
profile. This rule has been proposed as a bridgevdsn the two polar rules: the

grandfathering approach and the immediate equalitgrer capita criteria.

2.2 Implications of sub-optimalities in the reference senario and in mitigation
scenarios

Before describing and analyzing mitigation scersrige give a short description of
major features of the baseline. An analyze of teierence scenario is detailed in

Guivarch and Mathy, 2009.

The first major characteristic of the baselinehis fact that sub-optimalities in the
power sector are long lasting. The power shortagsigts due to the constraint on
investment and the induced over-utilization of atisd capacity drives to significant
extra usage costs of electricity (the extra cosie tb over-utilization of power

generation capacities represent between 1.5% afd df5production costs in the
baseline scenario). As a consequence, industriesfaced to resort to diesel
generators to compensate for deficiencies of tdrakéezed power supply. This limits
the substitution from other energy sources, in i@adr oil, to electricity and

constraint industrial production.



The second characteristic is therefore India’s enpndependency on oil, the majority
of which is imported. The power sector deficienceasl the induced obstacles to
substitution to electricity reinforce India’s vuhaility to the rise of oil price. As a
result India is deeply affected by its oil dependermil imports reach 10% of GDP in
2027 when the oil prices rise steeply due to thgirtmeng of the depletion phase of

reserves.

The interplay between the structural capacity slgmtof the power sector and the
rising profile of oil prices drives to slower ecaoniz growth than in other existing
prospective scenarios (IEA, 2007; Shukla 2006; EA807). In particular, economic
growth declines significantly during the steep fis@il price from 5.7% GDP growth
rate in 2019 to 3.8% in 2027. GDP growth constranergy efficiency improvement
through the (limited) capacity to finance carbormesotechnologies for productive
capital or final equipment, and through the paceagital vintages replacement: the
lower the GDP growth, the lower the investment gwncapital, the older is the
average capital age, the worse its average enéfigigecy. Therefore with important
constraints on investments in the power sectorrggnefficiency improvements are
mechanically also constrained. As a result, eneepoupling of GDP and economic

growth are much slower than in other existing sagesgIEA 2006, 2007).

In mitigation scenarios, the electricity price iease and the overall activity decrease
due to the macroeconomic impact of carbon pricimyices lower electricity demand
significant enough to absorb the capacity shortsggoon as 2017 in Simulation 1 and
2020 in Simulation 2. But the pace of energy efincly improvement in the power

sector remains constrained by an even slower paoamtal vintage replacement.



Moreover, subsidies mask incentives for end-usécieficy and maintain over-
consumption habits. Given these implications of gbever sector sub-optimalities in
mitigation scenarios, we further investigate thecrmaconomic impacts of mitigation

policies in Simulations 1 and 2.

2.3 Auniversal carbon tax: prohibitive costs for India

The stabilisation objective leads to a world carlpoite quasi-linear from 2013 to
2040, when it reaches 80US$(2001)/tCOand slightly decreasing to
65US$(2001)/tCQin 2050. These values are within the range degpibte existing
modelling studies analysing stabilization aroun@pfnCQ: 30 to 155 US$/tCQin

2050 (IPCC, 2007).

This carbon tax induces prohibitive macroecononost for India (Figure 1): Indian

GDP losses reach almost 20% of baseline GDP in .2088se GDP losses are
composed of (i) final consumption losses, (ii) gddsses (fewer exports and more
imports) and (iii) less investment. Next paragrapkglore the mechanisms at stake in

the evolution of the three components.

Decomposition of GDP variation
(% Reference GDP)

0%

_5%

-10%

-15%

-20% - _—+— Final Consumption Investments —e— Trade =——GDP



Figure 1. Decomposition of GDP variation between final consuption losses, decrease in
investments and trade losses between Simulation dnfform carbon tax) and the
reference scenario.

First, final consumption losses come from the caration of (i) an increased energy
budget for households, which crowds-out other gamtsumption; and (ii) an income
effect: the carbon tax rebated to households doesampensate the revenue losses
due to less activity and lower real wages I&eFigure 2 gives the evolution of
households budget share for non-energy goods cqigumin the presence of the
carbon tax compared to the reference scenaris.réidduced the first ten years after the
introduction of the tax, but increases afterwarslsezhnical change and consumption
behaviour change away from carbon intensive gooesrauced by carbon pricing.
Households real inconfrelosses roughly follow the same profile as GDPdegsrofile

and peak at -18% in 2030.

Variation of households budget share for non energy
goods consumption
(compared to Reference scenario)

2.0% -

1.0%

0.0% T T T T T T T

2012 X017 2022 2027 2032 2037 2042 2047
-1.0%
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Figure 2: Evolution of household budget share for an energy goods consumption in
Simulation 1 (uniform carbon tax) compared to the eference scenario.

Second, trade losses are due to competitivenessslad Indian products following the

introduction of carbon pricing. The competitivendess can be measured by the

19 This latter effect comes from the representatibthe labour markets through aggregate regional
wage curves that link real wages to unemploymetgsrgBlanchflower and Oswald, 1995). See
Guivarch et al (2009) for a detailed analysis af tmplications of such a representation of labour
markets imperfections on stabilisation costs.

M Households real income is their total revenuetedl#o the final consumption price index.



evolution of the ratio of the selling price on imtational markets to the local

production cost (Table 2). Throughout the simulatjgeriod, the competitiveness
index remains about 5% inferior in simulation 1rtha the reference scenario. This
competitiveness loss is due to higher energy skmaradustrial production costs in

India than in other regions of the world. These&f are reinforced by persisting sub-
optimalities in the power sector and thus the halgttricity usage costs for industry.
Therefore production costs are relatively moreciffé by carbon pricing than in other

regions.

And third, the investment term showed in Figureollofvs the general economic

activity, and is therefore reduced compared ta¢ference scenario.

Table 2 Evolution of the competitiveness index and of thel@ctricity price in Simulation
1 (uniform carbon tax) compared to the reference smario (reference scenario index=1).

2020 2030 2050

Competitiveness index0.96 0.95 0.96
Electricity price 1.29 1.41 1.17

If GDP losses reach dramatic levels around 2030nay nonetheless note that Indian
GDP losses are ‘transition losses’ over the pe2@ti3-2050: they increase in the first
part of the period and decrease in the second Pphis. latter decrease is due to (i)
carbon tax induced technical change that lowerseaient costs and energy shares in
production costs; but also to (ii) less vulnerapibf the Indian economy to oil price

rise at the end of the modelling period.



The first element is illustrated in Table 22, whilows the evolution of the energy
share in Indian industrial production costs over #012-2050 period in Simulation 1
compared to the reference scenario. It reveals #tdahe end of the period, technical
change induced by the global carbon tax leads lmwar energy share than in the

reference case.

As for the second element, Guivarehal. (2009) and Guivarch and Mathy (2009)
showed that, inMACLIM-R simulations, in the absence of specific policgesh as

subsidises to oil consumption or capital inflowsgia is very vulnerable to a rise of
international oil prices. This vulnerability is damed by mechanisms similar to those
described above in the case of a carbon tax (lossnopetitiveness due to high energy
share in industrial production costs, crowding-olubther goods consumption by the
energy burden, wage effect), aggravated by thesfgarof income to oil exporting

countries implied by higher oil prices. This vulabtlity is reduced by climate policies
for two reasons (Table 3). First, international ilces are lowered by less global
demand: compared to the baseline, oil prices an®stl 30% lower in 2030 and 12%
in 2050. Secondly, technical change and consumggiarcture change induced by
climate policies reduce Indian dependence on ineplorTable 3 shows indeed that
Indian oil imports are 40% lower in value in 203@W&0% lower in 2050 with climate

policies compared to the reference scenario. Hdsaation of vulnerability to oil price

rise can be explained by a better anticipationildleasions, thanks to earlier and more
regular increases in final energy price. In a sddoest world where anticipations are
imperfect, indeed, brutal and unexpected increasesnergy prices cause larger
macroeconomic losses than regular and plannedasese Here, the more regular

increase in energy price with climate policies pr@g economic lock-in in an oil-



dependent scheme and promotes the development-foé@itechnologies before the

beginning of the depletion phase in oil production.

Table 3 Variations, between Simulation 1 and the referencecenario, of the value of oil
imports and decomposition of this variation betweera price effect and a volume effect
second and third line

2020 2030 2050
Oil imports (value) -31% -39% -17%
World oil price -20% -28% -11%
Oil imports -13% -15% -T1%
(volume)

This uniform carbon tax scenario reveals very diggmt economic impacts for India.
The following sub-section analyses whether thenfoma transfers induced by a cap-
and-trade system are able to reduce the costsrlobrcgricing to an acceptable level

for India.

2.4  Quota allocations to solve equity issues?

The second simulation considers a global cap-adktscheme with a ‘Contraction
and Convergence’ (at the 2100 horizon) quotas ailloe rule. With this allocation
rule, India receives quotas equal to its emissiamsn the global cap-and-trade system
is implemented; its per capita allocation increase.4 tC/cap in 2030 and decreases
afterwards. Table 4 shows that the allocation bedleomes stringent before 2020. The
carbon price resulting from the implementation loé tglobal cap-and-trade system
induces effective emissions significantly lowerritthe allocation India receives with

the contraction and convergence rule.

Table 4: Emission quotas allocated to India compared to theeference scenario emissions
and effective emissions in Simulation 2 (in tons afarbon per capita).



2013 2020 2030 2040 2050
Reference scenario 0.31 0.40 0.52 0.62 0.76

Contraction and Convergence 0.31 0.36 0.40 0.38 0.32
Effective emissions 0.31 0.27 0.26 0.24 O,

The carbon price emerging from this climate poli@gign is very close to that of the
scenario with a global carbon tax. Financial trarstinked to quotas exchanges take
place: India is a quota seller throughout the whotee horizon and receives up to

2.6% of its GDP from these sells (Table 5).

Table 5 Financial transfers received by India as a percenge of its GDP, compared to
transfers received by other quotas sellers and paioly quota buyers as a percentage of
their respective GDP.

2020 2030 2040 2050

India 15% 26% 23% 0.6%
Other quota sellers0.4% 1.0% 1.4% 0.4%

Quota buyers 0,1% 0,3% 0,3% 0,2%

Note: 1. The group of quota selling countries eeslwith time. India, China, Brazil, Africa are gaot
sellers during the whole period; USA, Canada, Eey@pECD Pacific, FSU and Middle East are quota
buyers during the whole period; Rest of Asia andti®é Latin America are alternatively quotas seller
and quota buyers.

2. Figures related to quota buyers are inferidigores related to quota sellers because of tHerdifice

in GDP levels between the two groups of countries.

In spite of the very significant transfers receifedndia economy is still heavily
affected the first fifteen years of the climateipels, with GDP losses reaching 6% of

the reference scenario GDP in 2019 (Figure 3).

12 To put these financial flows into perspective, i Development Assistance (ODA) currently
received by India represents about 0.3% of its G&¥fe, donor countries devote between 0.3 and 0.4%
of their GDP to ODA.
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Figure 3 : Decomposition of GDP variation betweenimal consumption losses, decrease in
investments and trade losses between Simulation @¢bal cap-and-trade CC2100) and
the reference scenario.

Two main elements due to capital inflows linked dqootas selling explain the
differences from the scenario with a global carben (i) the income effect of quotas
revenues, and (ii) the trade balance and real egghaates effect due to quotas
exchanges. On the one hand the revenues from gpatéially offset the revenue
losses due to less activity and lower real wagesllen the years following the
introduction of carbon pricing, and contribute e increase of final consumption. On
the other hand, the capital inflow from quotasisglicauses an appreciation of real
exchange rates, which penalizes Indian productsekmorts and favours imported
goods on domestic markets. This appreciation df egehange rates corresponds to
one of the symptoms of the so-called "natural resowurse” or ‘Dutch Disease’,
which have been observed in most oil-producing toes(Sachs and Warner, 2001),
and has previously been highlighted in the caseagpital flows due GHG quotas

exchanges by McKibbin et al. (2000).

The resulting time profile of GDP variation (Figusg shows that financial transfers

due to quotas selling do not offset the negativecroeronomic effect of



competitiveness losses and crowding out of honggngoods consumption, during a
transition period. After 2030, however, the postmacroeconomic effect of financial

inflows dominates and Indian GDP becomes higher thdhe reference scenatrio.

The transition macroeconomic losses happen whertah®son price is still low and
when allocations are still close from the granddatig allocation rule. One solution
could be to define another allocation rule genegathore financial transfers towards
India in the early years of implementation of tlag@-@nd-trade scheme. Nevertheless,
high transfers face a credibility gdmnd that have little chance to be acceptable for
Annex | countries (Jacoby et al., 2008). Moreovkis solution would not solve the
issue of real exchange rate appreciation due tgelamount of financial inflows in

India.

In the following we propose an alternative scenaased on Indian domestic policies

targeting sub-optimalities in the power sector.

3. Looking for synergies between climate policies andevelopment

3.1  Further simulations

This part explores a ‘package of domestic poli@esl measures’ implemented in

India jointly with the participation to the globeap and trade system. The domestic
policies we consider are meant to reduce transigoonomic losses due to the

international mitigation policy and to create syjies between mitigation policies and

development policies in India. As it was highlightiat sub-optimalities in the power

sector hinder both growth and energy efficiency iy@ch and Mathy, 2009), the

13 One should not forget that donor countries conetithemselves to dedicate 0.7% of their GDP to
Official Development Assistance (ODA), but do nespect this commitment, only dedicating 0.4% of
their GDP dedicated to ODA.



policies considered are specifically targeting ¢heab-optimalities. In the following
simulation (Simulation 3), the focus is on comb(ii) electricity tariff reforms in the
agricultural sector accompanied by demand side genant measures, and (ii)
efficiency of the power sector. Indeed, literatoreenergy issues in India shows the
need for a tariff reform so that prices better eefflcosts (Filippini and Pachauri,
2004). In addition to giving energy savings inceatiit would increase revenues for
the power sector. However, to overcome strong saoi@ political obstacles to a tariff
reform, it appears, as pointed out by Bose et2806)*, that it has to be combined

with an ambitious program improving the power sypplality.

In practice, the alternative scenario we considi#irfsllows global emissions profile
corresponding to stabilisation target at a conesioin of 450ppm CO2, and assumes a
global cap and trade system starting in 2013 wilbta allocations based on the
CC2100 rule, as in the preceding section. The ‘pgekof domestic policies and
measures’ is assumed to start also in 2013 andrgrasses:

The progressive reduction of subsidies to eletyriconsumption for the agricultural
sector, accompanied by demand side managementofrerpent of irrigation pumps,
evolution of consumption habify. Following the reform suggested by the World
Bank (2001), it is assumed that on the one harestibsidies decrease and the unit
price increases, but on the other hand, the consomfevel decreases. This joint
evolution is supposed to occur at a constant bufitgetlectricity for farmers and to
reach a cut of 50% of the subsidies to electriciypsumption for the agricultural

sector, over a 10 year period.

14 Bose et al. (2006) evaluate for different consuocagegories their willingness to pay more for adyet
supply quality (with less shortage) in the Karnataggion.

15 In particular, if the grid quality and the servimes improved, the number of unpredictable powés cu
will be significantly lower, and farmers will notikie to leave their pumps switched on all day long.



- The implementation of a program to reduce eleityri T&D technical and
commercial losses. This program would partly be mposed of refurbishment of
obsolete installations of power distribution alband the country but also of new
managerial methods to reduce commercial lossesil@etf such a program can be
found in IEA, 2002). The cost and the potential ifmprovement are calibrated on
Ruet (2001). The level of T&D losses decrease$#o bver a 20 year period.

- The revenues following the partial removal ofcélieity consumption subsidies in
the agricultural sectors are used to finance threathel side management program in
the agricultural sector, the reduction of technematl commercial losses in electricity
T&D, and the additional power generation capacitieseeded. Remaining additional

revenues, if any, are rebated to households thrbwmgp-sum transfers.

3.2 Results
Figure 4 focuses on the transition and shows tltkatn GDP variation between
Simulation 3 and the reference scenario for thst fivo decades after policies

introduction.
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Figure 4 : Decomposition of GDP variation betweenifial consumption losses, decrease in
investments and trade losses between Simulation @¢bal cap-and-trade CC2100 with
package of domestic policies in India) and the refence scenario.



In this simulation, Indian GDP losses are confiteethe first three years after the start
of mitigation policies and peak GDP losses aretéhto 2% of the reference scenario
GDP. These lower macroeconomic costs of the interma mitigation policy than in
Simulation 2 are brought by the package of domexilicies and measures via three
main channels.

First, the reduction of electricity T&D losses demses the electricity usage cost by
4% in 2015, 5% in 2020 and 8% in 2030 in Simulatdooompared to Simulation 2.
This cost decrease induces substitution from fdasiks to electricity in the industry
section, which leads to a lower share of energygbuh industrial production costs.
Therefore Indian products lose relatively less cetiipeness in this simulation than
in Simulation 2, and salaries are less squeezedstore commercial balance: wage
levels are 3% higher than in Simulation 2 in 204k 9% in 2020 and 2030.

Second, the same decrease of electricity usageaenistes households energy budget
share, which leads to less crowding-out of othevdgoconsumption. However, this
effect is non monotonous as it derives from complaeractions between energy
prices, revenues dynamics and equipment dynamesdpal vehicles ownership for
instance): between Simulations 2 and 3, houselendsgy budget shares are reduced
by 0.7 percentage point in 2015, 0.4 in 2020 abdr02030.

Third, there is a positive income effect stemmingnf higher wage levels, more
wages volume due to more overall activity and tienssto households coming from
the remaining revenue generated by subsidies dexreat used to finance the
domestic policies and measures (which representtou®.4% of GDP in the

Simulation).

These results show that the package of domesticigmland measures considered in

this scenario reduces significantly the magnituded aduration of transition



macroeconomic losses due to international mitigapolicies. While last sections
aimed at disentangling the cost formation mechasismder alternative policy
settings, next section will test the robustnessthef results through a sensitivity

analysis to the model parameterization.

4. Sensitivity analysis and robustness

In this antepenultimate section we reproduce theesaolicies setting as in Simulation
1, 2 and 3 with alternative parameterization of thedel to take into account the
uncertainties on a large set of exogenous paramdike uncertain parameters include
inter alia: the amount of fossil fuel reserves, ¢bal market responsiveness to demand
increase, the rhythm of technical change (date wilability of low carbon
technologies such as carbon capture and sequestredte of learning by doing, etc.),
the synfuels supply curve characteristics and vislution, the future development
styles (rate of car ownership increase when revamrease for instance). A detailed
description of these parameters and the method tosednduct a sensitivity analysis
is given in Vogt-Schilb et al. (2009). Climate midis international architecture is
either a uniform carbon tax (as in Simulation 1aaglobal cap-and-trade scheme with
emission quotas allocated following the CC2100 (ake in Simulation 2). Domestic
policies are either uniform carbon pricing alons (a Simulation 1 and 2) or in
parallel with the package of domestic policies amehsures focussing on electricity
tariff reform for the agriculture sector and oni@éncy in the power sector (as in
Simulation 3). Moreover, we test alternative uskesasbon pricing revenues: they are

either rebated to households in a lump-sum mammesex to reduce other taxes.



Figure 5 confirms that a global carbon tax imppeshibitive costs for India: the mean
peak GDP loss is 10.8% of reference GDP, with teswanging between 4.7% and
24.3%. We may note this result varies significamtiygh the use of carbon pricing

revenues: the mean peak GDP loss is 15.7% of refer€DP when carbon revenues

are rebated to households and 8.1% when they acctaseduce other taxes.
Indian GDP variation (% Reference)
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Figure 5: Range of Indian GDP variation when a glbal uniform carbon tax is
introduced (% of corresponding reference GDP). Theshaded area gives the full range of
variation for the alternative parameterization of the model tested, the plain line gives the
mean across scenarios where the carbon tax revenua® rebated to households and the
dashed line gives the mean across scenarios whenyttare used to reduce other taxes.

Figure 6 (left panel) shows that a global cap aadd system with CC2100 quota
allocation rule does not solve the transition destie. Indeed, the mean duration of
GDP losses is 9 years, with results ranging frota 81 years, and the magnitude of
peak GDP loss ranges from 2.3% of reference GOI® 1@%, with a mean value equal
to 4.8%. In this policy setting again the use ofboa pricing revenues influences
significantly the results: the duration of GDP lesseduced on average by 4 years
when revenues are used to reduce other taxes cethparthe cases when they are

rebated to households in a lump-sum manner.



Figure 6 (right panel) shows the robustness, ier@ditive future worlds, of the
package of domestic policies and measures consdidarehis study to reduce the
transition macroeconomic losses for India followthg introduction of a global cap-
and-trade scheme. The duration of macroeconomge$oss limited to 5 years on
average, extremes being 0 years and 15 years. @geitnde of the peak GDP loss is

reduced by 3.7 percentage point on average.
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Figure 6: Range of Indian GDP variation when a glbal cap-and-trade scheme is
introduced (% of corresponding reference GDP). Theleft panel gives the range for
scenarios where domestic policies are uniform carlmopricing alone (as in Simulation 2),
while the right panel gives the range for scenariogncluding the package of domestic
policies and measures focussing on electricity tdfireform for the agriculture sector and
on efficiency in the power sector (as in SimulatioB).The shaded area gives the full range
of variation for the alternative parameterization of the model tested, the plain line gives
the mean across scenarios where the carbon tax rewees are rebated to households and
the dashed line gives the mean across scenarios wiikeey are used to reduce other taxes.

Figure 7 shows histograms and smoothed densitiggeak GDP losses (in % of
reference scenario GDP) with and without the paekafj domestic policies and
measures considered in this article. With the pgekaf domestic policies and
measures the histogram is shifted to the left,caiihg that these domestic policies
reduce the macroeconomic transition losses foralfioliowing the introduction of a
global cap-and-trade scheme. Moreover the righbfahe peak GDP loss distribution

is shortened: the domestic policies avoid casds vaty large GDP losses.
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Figure 7 : Histogram and smoothed densities of Indian peak GDRosses (in %) due to
mitigation policies. Grey bars and dashed line coesponds to scenarios where domestic
policies are uniform carbon pricing alone, while back bars and plain line corresponds to
scenarios including the package of domestic polideand measures focussing on
electricity tariff reform for the agriculture sector and on efficiency in the power sector.

5. Conclusion

To conclude, we may first summarize the findingshef modelling exercises explored
in this article. First, it appears that global @arbpricing induces prohibitive
macroeconomic costs for the Indian economy, evehearcase of significant financial
transfers associated with a “Contraction and Cayesgece in 2100” allocation scheme.
Second, we identified a ‘package of domestic pedicand measures’ focussing on
combining (i) electricity tariff reforms in the agultural sector accompanied by
demand side management measures, and (i) efficiemcthe power sector. We
showed that this package of domestic policies anehsures allows reducing
significantly both the duration and the magnituddnalia GDP losses following the
introduction of the global cap-and-trade systemsHmalyse confirms, in the case of

India that policies focusing on the current subiraptities of the power sector appear



as a centre piece of domestic development poliniéise context of global mitigation

policies.

We acknowledge that this study is limited becausthe focus on the power sector
only. Conclusions regarding the potential for iempenting synergies between
development and mitigation could be reinforced lmpnsidering a larger panel of
sectors. Further research is needed to broadersdbyge of sectors and types of
domestic policies and measures considered. Morgtivertime sequence of policies

and entry into a global agreement should be andlyse

Nethertheless, two strong messages can be drawm dwr results. First, from a

methodological point of view, our approach callstfte representation of second-best
mechanisms and of national specificities in modgllirameworks used to assess
climate policies. Second, from a policy point oewi our results open room for

synergies between mitigation policies and develapn#st the core of these synergies,
appears the crucial role of domestic policies arehsares focusing on removing
energy consumption subsidies and enhancing eneffigielrcy, and adapted to

national specificities. This result suggest repingashe issue for international climate
policies from the question of the fairness of burdgharing to the design of an
architecture in which climate policies could contiie to development over the long

run but also here and now.
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