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Abstract
This paper proposes to test the global hybrid cdaipe general equilibrium model
IMACLIM -R against macroeconomic data. To do so, it consptre modeled and
observed responses of the Indian economy to tleeofi®il price during the 2003-
2006 period. The objective is twofold: first, tosdntangle the various mechanisms
and policies at play in India’s economy responseading oil prices and, second, to
validate our model as a tool capable of reprodusimgrt-run statistical data. With
default parameterization, the model predicts aiogmt decrease in the Indian
growth rate that is not observed. However, thicréisancy is corrected if three
additional mechanisms identified by the Internatiddonetary Fund are introduced,
namely the rise in exports of refined oil produtk® imbalance of the trade balance
allowed by large capital inflows, and the incomel@iass-through of the oil price

increase to Indian customers. This work is a Btsp toward model validation, and



provides interesting insights on the modeling methogy relevant to represent an
economy’s response to a shock, as well as on hont-gfrm mechanisms — and
policy action — can smooth the negative impacteradrgy price shocks or climate
policies.

Running headlineValidation Test for a Global E3 CGE Model.

Keywords:Global CGE model, Oil shock, Model validation.

1. Introduction

In the five decades since Johansen’s model of Ngrwamputable general
equilibrium models (CGE) have become influential$dfor both research and policy
analysis. In more recent years, the twin challergfesnergy security and climate
change have driven intense modeling efforts, whietli in particular to the
development of hybrid CGE models (e.g., Bataillalet 2006, Bosetti et al., 2006,
Edenhofer et al., 2006, Schafer and Jacoby, 2d0&se models aim at providing a
consistent framework to represent the interactidoetween macroeconomic
mechanisms and the energy sector (Hourcade €08&l6) and became widespread to
make long-term projections of energy-environmermreeny (E3) scenarios. The
IMACLIM-R model (Sassi et al., 2007), developed in CIRE@ynts among these
hybrid CGE models. It is a global model with 12 ioeg and 12 sectors, its
architecture is based on a recursive general eguith model with sectoral technico-
economic modules inserted. A detailed descriptibrihe model's architecture is

given in Crassous et al. (2006a, 2006b).



As with any model, a key question is its validatiand the determination of its
validity domain. It appears all the more importast some serious questions have
been raised about the empirical validity of CGE eisdthe econometric critique,
e.g. McKitrick, 1998). In particular they are criied for relying on one year’s data
to project decades in the future and for not modetibservations (Barker, 2004 and
Scrieciu, 2007). The usual explanation for the rédjsancy between CGE models
projections and observations is that these modelsl@signed to explore long-term
issues (over decades) and do not represent shoragjustments, whereas economic
data are largely driven by short-scale processes. dfdim, however, that this
explanation is not satisfying: this article willash that testing a long-term model on
economic data perturbed by short-term mechanisnmossible and useful in the
sense that it can improve the credibility of thelsoused for quantitative policy

advice.

In this article, the response of the Indian econdmthe rapid oil prices rise of the
recent years will be investigated. India was chokenthis test because, in our
model, India is highly vulnerable to oil shocks. rFmstance, for default

parameterization of the model, India exhibits a 3@86rease in growth rate for an
81% increase in international oil price between3@Ad 2005, which is at odds with
the observed resilience of the Indian economy sgi oil price over this period.

Investigating why the modeled response of the Iméiconomy is not consistent with
current observations will, therefore, be particylarseful to assess our model and
give insights on the modeling methodology relevamtrepresent an economy’s

response to a shock.



We analyze the response of the Indian economy tbee?003-2006 period, because,
over this period, economic data are available andther large shock affected India.

Before 2003, the Indian economy is still heavilieafed by the consequences of the
2001 crisis in the U.S. After this period, macrasmmic aggregate estimates are not

available yet.

In this paper, we have a twofold objective: ondhe hand to disentangle the various
types of mechanisms at play in India’s economyaasp to rising oil prices and on
the other hand to validatesAcLiIM-R as a tool capable of reproducing short-run
statistical data. Our methodology is the followirkgrst, we compare the observed
response of the Indian economy to the increasel iwarld price and the response
modeled with the standard calibration of our moésl shown in Section 2, there are
very significant differences between the observed anodeled responses. In
particular, the model predicts a much strongeridech annual growth than what is
observed. Second, we explore, in Section 3, whetherassumptions on labor
productivity growth on which the model lies canthe source of this discrepancy, as
labor productivity growth is the major growth dnivéogether with population
growth. We show that they cannot be the only exgtlan, except with implausibly
high labor productivity growth. Third, we study $ection 4 alternative explanations
for this discrepancy, from the February 2006 IMFurmoy report on India
(Fernandez, 2006): (1) the large capital inflowlmdia; (2) the incomplete pass-
through of oil world price in the Indian market) {Be rise of India as an exporter of
refined products. We then include these mechanisoys changing the
parameterization of the model and assess the yalmifitour modified model to

reproduce the observed response of the Indian etpno Section 5, we show how



taking into account the three short-term mechanigtestified above modifies the
model results, and allows the model to reproduatyfavell the recently observed
response of India to rising oil prices. Sectiondhaudes and proposes leads for

future research.

2. Modeling macroeconomic response to oil shocks: adt modeling test

Since the first oil shock in 1973, an abundantrdiiere explored the relationship
between energy prices and growth, on both the érapiside and the theoretical
side’. On the empirical side, most of the analyses liasgsed on the U.S. and found
that oil price shocks have affected output andatidh. In particular, Hamilton
(1983, 1996) showed in a series of influential veoitkat increases in the price of oll
were followed by periods of recession in the US. @ theoretical side,
considerable efforts were devoted to understand rtheire and size of the
interactions between the oil price and macroeconayggregates. There appears to
be no consensus, and competing or complementamyrié¢ise coexist Notably,
Bernanke (1983) indicates oil price shocks lowetuwaadded because firms
postpone their investments decisions while findiag whether the oil price increase
is temporary or permanent, whereas Bruno and SE®&®5) propose the “wage-
price spiral” explanation: to prevent the real wdgen falling, a decline in value
added is necessary in response to an oil shockanQ$988) shows a potential
channel of transmission is the transfer of weaitloived in paying higher oil import
bills, and Hamilton (1988) suggests the recessatue to a shift in demand causing

costly reallocation of labor across sectors. Rotngland Woodford (1996) argue



the decrease in output following oil price increaselves oligopolistic behaviours
of firms, whereas Finn (2000) imputes this decrg¢aseariable capital utilization of
firms under perfect competition. Bernanke, Gerded Watson (1997) focus on the

recessive effect of monetary tightening in respdogie inflation risk.

The previous paragraph highlighted the theoretomahplexity of the interactions
between oil prices and macroeconomic aggregates.iderest in this paper is
focused on how large-scale models can draw onciimisplexity and represent the
response to an oil price shock, which appearsquéatily difficult. On the one hand,
Jones et al. (2004) assert that macro-models (IMAYLTIMOD, OECD’s
INTERLINK, FRB’s FRB/Global) are structurally una&blto reproduce the
magnitude of the economic response to oil pricelkshas they resort to single-sector
production functions and therefore do not capthee ibtersectoral resource (labor,
capital, materials) reallocation costs. On the otiend, E3 CGE models represent
intersectoral interactions but Barker (2004) affirthat they are unsuited to model
adjustment to price changes such as responses$ poiag shocks because they are
concerned with a set of equilibrium positions amu ribt represent transitional
adjustment paths. Their limit, indeed, is to rastneodeling choices (full utilization
of production factors, maximizing representativeersdg under perfect foresight,
flexible production functions) that, most of then&, lead to instantaneous and
frictionless readjustment to a new optimal growttthpafter perturbations. As a
consequence, E3 CGE models represent long-termchtfans but cannot capture

short-term mechanisms.



IMACLIM -R architecture was developed to try and overcdmeetivo shortcomings
aforementioned (Crassous et al., 2006a, 2006b assi $t al., 2007). It is a hybrid
model in two senses. (1) It is a hybrid model ia ttassical sense: its structure is
designed to combine Bottom-Up information in a Tpan consistent
macroeconomic framework. Energy is explicitly regmeted in both money metric
values and physical quantities so as to capturspbeific role of energy sectors and
their interaction with the rest of the economy. Tdastence of explicit physical
variables allows indeed a rigorous incorporatiorseftor based information about
how final demand and technical systems are tram&fdrby economic incentives. (2)
It is hybrid in the sense of Solow (2080j.e. it tries and bridge the gap between
long-run and short-run macroeconomics, as effodsevadevoted not only to model
long-term mechanisms but also focus on transitimhdisequilibrium pathways. We
seek, indeed, to capture the transition costs avithodeling architecture that allows
for endogenous disequilibrium generated by thetismén adapting to new economic
conditions due to both imperfect foresight and rtexible characteristics of
equipment vintages available at each period (peltty-technologies). The inertia
inhibits an automatic and costless return to stestate equilibrium after an
exogenous shock. In the short run the main availébkibility lies in the rate of
utilization of capacities, which may induce excesshortage of production factors,

unemployment and unequal profitability of capitelass sectors.

Our model is calibrated on 2001 data from GTAP %alase (Dimaranan and
McDougall, 2002). Default parametrization compri§e exogenous trends for
demography (UN World Population Prospects, mediaemnario, UN, 2004) and for

labor productivity growth (this point will be furgh developed in Section 3 of the



article), (ii) resorption of international capitdlows on the long term, (iii)

Armington’s specification (Armington, 1969) for nemergy goods trade and a
standard market-share equation depending on relakport prices for energy goods
trade (so as to be able to sum physical quantdied track consistent energy

balances).

To test our modeling architecture, we perform st fiun of the model (simulation 1),
with default assumptions for all exogenous pararsdia the following, referred to
as the original version of the model). This modekxkactly the one used for long-
term scenarios development, but run over the 2@®2period only. In this
simulation, the oil price is fixed exogenously, filow the observed oil price
between 2001 and 2007 (see left panel of Fig. i§. fight panel of this figure shows
the Indian GDP growth in this simulation. With ainig oil price, the modeled GDP
growth decrease from 7.6% in 2003 to about 6.392084 and between 4.8% and
5.4% in 2005 and 2006, whereas, with constant dep (simulation 2), growth
remains between 9% and 8% over this period. Thisréi shows clearly that, in the
model, the Indian economy is highly vulnerable &viations of the international oil
price. The model reveals an oil price-GDP elastiefjual to -0.048, a median value
compared to estimates summarized in Jones et(fl4f2anging from -0.02 to -0.11.
But this result is at odds with recent observationindia: according to the World
Bank, the Indian GDP growth lied between 8 and Xi%ng this period, showing
the robustness of the Indian economy. The modeketbre, does not reproduce

observed facts.



In the following, we will pursuit a twofold objeet: first to try and explain why
India’'s resilience to the rise of oil prices is neproduced by our model; and second,
to demonstrate whether our model results can approbservations, provided that
additional mechanisms are included in the analy®is.will show that this exercise
gives interesting insights on both the various nma@dms and policies at play in an
economy’s response to a shock and the modeling adekbgy appropriate to

represent this response.

3. Labor productivity gains as an explanation for India’s resilience to the

rise of oil prices?

Our model growth engine is composed of exogenoumodeaphic trends and
technical progress that increases labor produgtiad in Solow’s neoclassical model
of economic growth (Solow, 1956). Demography simijgljows UN scenarios but
technical progress entails more uncertainty onsti@t-run. Solow’s model (Solow,
1957) and following developments on growth accoyntnake technical change the
residual of growth unexplained by demography oiteapccumulation. Endogenous
growth theories (see for instance Aghion and HowWw®92) explore the mechanisms
at play behind technical change but the theoretical empirical researches in this
field are far too complex to be directly appliedmodels for long-term projections in
the climate and energy domain. This is why we usgenous trends of productivity
growth, as it is a common practice in the energyirenment modeling community.
To build these trends we draw on stylized factenftbe literature, in particular the

convergence assumption (Barro and Sala-i-Marti®2)@nd two empirical analyses



on economic convergence, one investigating thetparstis by Maddison (1995), and
the other one looking at future trends, by Olivéétartins (2005). For India, default
assumptions for labor productivity growth lie beenes.7% and 5.3% over the 2003-

2006 period (Fig. 2).

The two sets of assumptions on demography and itsthchange, although
exogenous, only prescribe potential growth. Effectyrowth results endogenously
from the interaction of these driving forces withog-term constraints: (i) available
capital flows for investments and (ii) not full ligation of production factors (labor
and capital) due to the inadequacy between flextdlive prices (including wages)

and inert capital vintages characteristics.

As a consequence, the difference between our nsocksults and observations may
arise from the growth engine or from the short-texomstraints. We first try and
reproduce the observed growth rate by modifying tirewth engine. The
demographic scenarios we use are adjusted on tbe-tshm to follow actual
demography statistics. Therefore, the uncertaimtyttee growth engine, over the
short-term period we consider, lies mainly in tlsswanptions on technical change.
Figure 2 shows the mean labor productivity grovwgbuanptions that are necessary to
make the model reproduce observed GDP growth (atioal 3). In these

assumptions, labor productivity growth reachesak @ 14% in 2005.

These assumptions seem too high to be acceptabpariicular if checked against

the limited set of data available on labor produutiin India (Bosworth and Collins,

2007) that give 3.1% and 5.4% labor productivitgwgth in the industry and services
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respectively on the period 1993-2004. We may alis® @ an upper bound for
plausible assumptions the labor productivity groafiserved during economic take-
off in Europe or Japan in the postwar period ahm Asian “dragons” (e.g. a peak at
9% in France in 1969 and 8.7% in South Korea in 1983Furthermore it seems
unrealistic that the peak in labor productivity gtb takes place precisely the year
when oil price growth is the highest, as labor pi@vity growth results in fact from

economic activity dynamics.

As it is difficult to obtain reliable data on seblabor productivity growth, it is
impossible to calibrate our model with real datatlis point, but we may consider
the original assumptions on labor productivity gtlovas more reasonabli the

following, we will therefore look for other mechams likely to explain the
difference between the observed and modeled respdaghe oil price rise, without

resorting to accelerating the model growth engine.

4. In search for other mechanisms

The robustness of the Indian economy has beenthg@aralyzed in a section of the

February 2006 IMF country report on India (Fernan®906). The report identifies
four key mechanisms that explain the strong Indi@wth despite rising oil prices:

(1) The sectoral reallocation of resources (away fratvirdensive activities) has
been able to take place smoothly as the economgrierpes rapid

productivity gains;
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(2) Large foreign currency reserves and strong capitdlows have limited the
economy's need to adjust;

(3) The incomplete pass-through of international pewoh prices has
moderated the income effect on domestic consumers;

(4) The rise of India as an exporter of refined produtas moderated the impact

of the terms of trade shock and the transfer obrime abroad.

The first mechanism, referring to the structurahrude towards a lower importance
of oil intensive activities and a greater importaraf the service sector, is already
present in our model. It is taken into account ey internal response of the model,
which reproduces the sector interactions withindbenomic system. Figure 3 shows
sectors contributions to the growth of added value,the model results and
according to World Bank data. It reveals that thedel represents fairly well the
sectoral structural change towards a greater irapog of the service sector, which
contributes to around 60% of the growth of totatled value in both the model
results and statistical data. The evolution of TRES/GDP indicator, reduced by
3.2% over the 2003-2006 period in the model’'s tesahd by 3.9% according to EIA
data, also confirms that the model reproduces dlgeegate effect of efficiency gains

and structural change.

The last three mechanisms, on the opposite, areakenh into account by the model.
First, as it is common practice in our field (eggimonds et al., 2004, Paltsev et al.,
2005), the default assumption concerning capitaldl in the model is that the trade
balance and capital flows tend to zero over timallrrountries, and that price levels

adjust to maintain these trade and capital balariddas assumption results from the
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difficulty in predicting capital market and exchangate dynamics, as country
attractiveness for investments ensues from manyploafactors including political
stability and corruption risk, and many others. @& we assume in the original
version of the model that the tax and subventiaucsire and the government budget
structure are not modified in response to the mseil price. This assumption is
made necessary by the high difficulty to prediatd all the more to model, the
political response to an exogenous shock. Thesesh@acomings are acceptable in
a long-term model because these imbalances canoseisthe short-term but are not
sustainable over the long-term: a government cammcrease its deficit or the
country trade deficit for ever to compensate facréasing oil prices. Third, the
endogenous formation of prices and export sharéeermodel does not reproduce
the magnitude of the rise in Indian refined produetports: modeled export value of
refined oil products evolves from 2.1 billion dafian 2003 to 3.1 in 2006, whereas
statistics show a rise to 6.1 billion dollars in0OBOThis is due to the fact that the
coefficients of the market-share equation représgnenergy goods trade are
calibrated on 2001 data when India’s exports ahesf products represented a very

small share of all traded refined products.

Since the model is tested against data that oblyicudude these mechanisms, these

additional mechanisms need to be taken into acdoytite model in this validation

exercise. In the following, we will exogenouslyroduce these mechanisms in our

modeling exercises.

5. Further modeling exercises.
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To see if the model is able to reproduce the olagienv, the three missing explaining
factors identified in the previous section haverbggroduced in the model. It is out
of the scope of this paper to model the full comijeof these mechanisms. To take
them into account, therefore, we modified the patanization of some elements in

the model so as to approximate the aforementiorexthamisms.

First, to model the effect of the strong capitdllaws into India and the large foreign
currency reserves of this country, we forced thearts of capital into India, from all

other countries, so that the Indian trade bal%fitzto the statistical data (simulation
4), whereas in the initial version of the model toeintry imports of capital remain a

constant share of all international capital flossg Figure 4).

Second, to represent the incomplete pass-througiteshational petroleum prices to
domestic consumers, we introduced a government idgubg oil products
consumption that takes the form of tax reductimisiglation 5). Alternatively, we
could have chosen to channel the subsidy througé iouthe government-owned
petroleum company margins, which would have giviemlar results as more than
95% of petroleum products consumed are domesticafiged. The resulting fiscal
deficit is financed by a fraction of the foreigrpdal inflow, which can be seen as an
increase of the government foreign debt (even lit deechanisms are not explicitly
modeled in the current version of the model). Adooy to data from the IMF
country report, we represent a 40% pass-throughthe fact that domestic oil price

increased only by 40% of the rise in internatiambprice.
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Finally, the rise of India as an exporter of refiqoducts is reproduced by forcing
exogenously the volume of refined-product expatotlow the data (simulation 6),
while the original model calculates it endogenoustym the interplay between

supply, demand and relative prices.

Figure 5 shows the results of the initial modeinigiation 1) and of several model
versions, including ore(simulations 4, 5 and 6), or all of these thredi@mhal

short-term mechanisms (simulation 7). It shows ,thatile the original model
simulates a strong decline in GDP growth, the medifnodel version that includes
the three additional mechanisms is close to obtens Our results, therefore,
confirm that the three aforementioned mechanismshble to explain why the Indian
GDP growth remained at a high level in the 2003&2@@riod despite rising oil

prices.

Adding the three factors one by one allows one iszrininate their respective
contribution in narrowing the gap between the madgial results and the data. In
our model at least, the dominating effect is theequilibrium of the trade balance
that is permitted by strong capital inflows. Thigehanism alone increases GDP
growth by more than 2% in 2005. As a comparisoa,dartial pass-through alone is
only able to increase growth by less than 1%, &edrise in exports can hardly be

distinguished from the baseline produced by thgimai model.

The simulation in which the three mechanisms awduded gives growth rates

relatively close to statistical data. Indeed, f602, the year for which the difference

is the largest, the model gives a 7.9% annual draate instead of the observed
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9.2%. These results show how short-term flexihilligre through changes in trade
balance and capital flows in particular, can infloe in a significant manner short-

term GDP growth, and smooth exogenous shocks.

As an additional test of our modified model versiare compare in Figure 6, the
evolution of the sectors shares in added valuenglwe the model and observed.
These results show that the model does not onlpdee aggregate growth, but is

also able to capture fairly well its sectoral diztion®.

Finally, we show that the model’s results in terwh®il import and refined products
consumption fit broadly with available data: ovee 2003-2006 period, the mean
annual increase of oil import volumes is 5.3% mudation 7 results against 7.0% in
ENERDATA data, and the mean annual increase afiedfproducts consumptions is
3.0% in modeling results against 3.9% in data. ppears that the model
underestimate slightly oil imports and refined proid consumption, but it might be
linked to the GDP growth that remains slightly lovie simulation 7 than observed

growth.

Of course, our results are not perfect and thesélis difference between our model
results and the observed response of the Indianoawy Section 2 showed that
changes in productivity growth alone could not explthe resilience of the Indian
economy. They may, however, explain the small ramgi difference between the
modeled and observed economy. We may now look lier @ppropriate labor
productivity growth assumptions (simulation 8) ttsdttould be introduced in the

modified model to bridge the remaining gap betwewdeled and observed GDP

16



(Fig. 7). They appear to remain in a plausiblerirdk as they peak at 8%. We may
note that results from this simulation 8 concerniigimport and consumption are
now slightly above data: 7.6% mean annual incredseil import volumes over
2003-2006 (7.0% in data) and 6.2% mean annual asereof oil products
consumption (3.9% in data). In terms of oil impartd consumption, simulation 7

and simulation 8 bound data.

We may also suggest that the GDP growth differdreteveen our simulation 7 and
the observations is partly due to other economichaeisms that are imperfectly
reproduced by our model, such as the responseeofnformal economy, or the
response of the monetary policy, as explored nptabBlanchard and Gali (2007).
These mechanisms are important and require additresearch to be included in a

global energy-economy model.

6. Conclusion

This paper is a first step toward a validation afr dong-term global energy-
environment-economy CGE model against macroeconaiata. In its original

version, indeed, the model is not able to reprodbeeobserved Indian GDP growth
rate, and it overestimates the consequence ofeainmi®il price on the economy.
Taking into account three mechanisms identifiedtha IMF country report and
disregarded in the original model modifies sigrafidy the model results, and allows
the model to reproduce fairly well the observednetoic data. In particular, these

results stress the importance of the modeling pitakflows, which is a weak point
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in current models. Our results also have policylicagions as they highlight two
mechanisms that smooth the adverse effect of oitkshover the short term, and on
which the policy makers have partial control (thebsidy to oil products
consumption and the capital inflow or trade balard=ficit). Moreover, the
respective effect of both mechanisms is assésswticating that the most powerful
lever lies in the disequilibrium of the trade balarthat is permitted by strong capital

inflows.

In terms of model validation, this paper remainstipl since it considers only a
single country, in a single period, and a singleetpf shock. It is needed, therefore,
to conduct similar tests for other countries oriorg and other periods to further
assess our model; and with other models to disnataiamong the various modeling

choices that are made in our research community.

From a methodological point of view, our resultggest that the inability of the
model to reproduce historical data arise from sterh mechanisms that are
explicitly disregarded. It appears, additionallyat the mechanisms that are needed
to reproduce the observed Indian response to skdrmioil price are bound to remain
short-term or local mechanisms. It seems unrealigideed, that the trade balance
deficits keep growing for decades in all world @yeimporting countries. Also,
government subsidies cannot keep offsetting privereases on the long run.
Therefore, it appears acceptable not to embarletheschanisms in our modeling
architecture when analyzing long-term and globall@wons. But these short-term
mechanisms might, however, play a major role intthasition dynamics, either to

smooth negative impacts of energy price shocksadoan tax — like in the Indian
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case — or to amplify negative impacts if a shamatgrocess acts as an amplifying
feedback. This is of particular importance for auvdeling work. Indeed, following
the intuition that climate change mitigation costgee mainly transition costs,
IMACLIM -R architecture was specifically designed to exploansition pathways.
Important efforts were expended to represent thertim (e.g., technical and
infrastructure inertia) responsible for transitiomsts and to model trajectories year
by year. But this paper indicates further effott®dd be devoted now to explore
how short-term mechanisms, such as the tempordigitd# the trade balance, may
play a role in the transition to a low-carbon eaogcand allow to smooth adverse

effects of shocks.

Additionally, disregarding short-term mechanismsange assuming a complete
separation between short-term and long-term dyraniibis assumption is at the
heart of the growth theory but has been questidiyeseveral authors (e.g., Solow,
1988; Arrow, 1989). We may thus conclude on anogimespect for future research.
It is necessary to investigate how short-term meisinas might influence long-term

growth pathways (see an attempt to do so in Halieget al., 2008) or, in other
words, if there is a path-dependency of long-ruomgn. If this influence is non-

negligible, indeed, the analysis of short-run medras will have an undeniable
place in the understanding of long-run macroeconang modeling teams will have
to devote more time to the apprehension of theslinktween short-term dynamics

and long-term trajectories.
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 7

Labor productivity growth assumptions
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Captions to lllustrations

Figure 1: Left panel: International oil price obgeat during the 2001-2007 period.
Right panel: GDP growth computed by the model fiongation 1 with increasing oll
prices (crosses) or simulation 2 with constantpoites (triangles) or, and observed

by the World Bank (points).

Figure 2: Mean labor productivity growth assumpsiorior the original model
(simulation 1) (grey dots) and for the modifieda¢k triangles) growth engine, such

that the model reproduces observed GDP over thg-2006 period (simulation 3).

Figure 3: Sectors contribution to Added Value giowihe 2003-2006 period, as

modeled (results from simulation 1) and in the Wdhnk dat’.

Figure 4: Indian trade balance between 2001 and,280 modeled by the original
version of the model (crosses) and as observedhdy\orld Bank (points). In the
modified model version, the trade balance is fortedfollow the observations

(simulation 4).

Figure 5: Observed GDP growth in India between 2808 2006, and results of the
initial model version (simulation 1) and of sevenmalodified model versions,
including one (simulations 4, 5 and 6) or all addial short-term mechanisms

(simulation 7).
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Figure 6: Sectors shares in Added Value in 2003thanl mean annual growth rate
over the 2003-2006 period, as modeled (results Bonulation 7) and in the World

Bank dat&’.

Figure 7: Mean labor productivity growth assumpsiado fit GDP data with the

original version of the model (simulation 3) (blaitlangles) and with the modified

version of the model (simulation 8) (grey crosses).
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! See for example Jones and Leiby (1996) and Jdrss(2004) for a detailed review of the

literature.

2 See for instance Barsky and Kilian (2004) fordee of the various channels through which oil
prices may operate that were put forward.

% Solow (2000) : ‘I can easily imagine that thera is true » macrodynamics, valid at every time
scale. But it is fearfully complicated [...] At tlige-to-ten-year time scale, we have to pieceghin
together as best we can, and look for a hybrid iibaé¢ will do the job.’

* Source: INSEE. www.insee.fr.

® Source: OECD.Stat. http://stats.oecd.org/wbhosAragx.

® Terminology and its link with the model’s repressgion should be clarified here: the balance of
payments is the sum of the current account, thi¢adazcount and the financial account. The current
account is composed of the trade balance, theantgdrfincome from abroad (interest and dividends)
and net unilateral transfers from abroad (sucloesdgn aid). The capital account is the sum of the
foreign direct investment, portfolio investmenio(ts and bonds) and other investments (for instance
in currencies). The financial account is compodetdamsaction involving financial assets and
liabilities between residents and non-residentaunmodelling architecture, (1) the financial axcb
and investments other than foreign direct investraesm not represented and (2) the net factor income
from abroad, the net unilateral transfers from abrand foreign direct investments are not
represented separately but grouped into what weaalhyabusively) the “capital balance”. Therefore,
the equilibrium of the balance of payment impligéni our model the equality of the absolute values
of the trade balance and our “capital balance.t Thavhy forcing the capital inflow can be directly
translated into a forcing of the trade balanceunroodel.

" As we know that these mechanisms are not indeperes., the relatively lower oil price due to the
subsidies is likely to have attracted more capitdliyencing the capital inflow), simulations witnly

one mechanism are somehow artificial, but theyhatpful to assess the relative importance of each
of mechanism.

® The additional mechanisms included in the mod&lémce aggregate growth, but do not change in a
significant manner the sectoral distribution ofwgtio.

° However, we did not explore the welfare conseqesrd these policies.
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19 part of the differences between modeled and obdesectors share lies in the fact the sectoral
aggregation used imhcLIM -R differ from the aggregation used in the WorlchBaatabase. For
instance, food-processing industries are includdatie agricultural sector iMRcLIM -R whereas it is

counted in the industrial sector in the World Baiatabase.
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