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ABSTRACT/RESUME

Long-run GDP growth framework and scenariosfor the world economy

This paper develops and applies a simple “conditional growth” framework to make long-term
GDP projections for the world economy, taking as a starting point recent empirical evidence about the
importance of total factor productivity and human capital in explaining current cross-country disparitiesin
GDP per capita levels. Other distinct features of the projection framework include human capital
projections by cohorts and implicit allowance for the impact of ageing and potential labour market and
pension reforms on future growth in employment levels. In the baseline projection, world GDP would
grow in PPP terms by about 3 % % per year on average over the period 2005-2050. When expressed in
constant market exchange rates, this projection falls roughly in the middle of the range of long-run
scenarios recently developed in the context of greenhouse gas emission projections. The sensitivity of the
projection to total factor productivity and population growth assumptions is significant, however, and
compounds with deeper sources of uncertainty such as model and parameter uncertainty.

JEL classification: O11; 0O43; 047; O57; Q43; Q54.
Keywords. Growth; Long run; Projections; Human Capital; Cohorts.

+++++++HHHH

Un cadre d’analyse et des scénarios de croissance a long terme pour I’ économie mondiale

Cet article développe et appliqgue un cadre d'analyse simple fondé sur la «convergence
conditionnelle » pour produire des projections de long terme du PIB mondial, prenant pour point de départ
I’ évidence empirique récente concernant I’importance de la productivité multifactorielle et du capita
humain dans I’ explication des disparités actuelles de niveaux de PIB par habitant entre pays. Les autres
traits distinctifs du cadre d’'anayse incluent des projections de capital humain par cohortes, ains que la
prise en compte implicite de I'impact du vieillissement et des réformes du marché du travail et des régimes
de retraite sur la croissance future de I’ emploi. Dans la projection centrale, le PIB mondial exprimé en PPA
croitrait & un rythme annuel d’ environ 3 % % en moyenne au cours de la période 2006-2050. Exprimé en
taux de change de marché constants, cette projection se situe dans le milieu de la fourchette des scénarios
de long terme dével oppés récemment dans |e contexte des projections d émissions de gaz a effet de serre.
Cependant, la sensibilité de la projection aux hypothéses de taux de croissance de la productivité
multifactorielle et de la population est forte, et se combine & des sources d'incertitude plus profondes
relatives au modéle et alavaleur des paramétres.

Classification JEL : O11 ; 043 ; 047 ; O57 ; Q43 ; Q54.
Mots-Clés: Croissance ; Long terme ; Projections ; Capital humain ; Cohortes.
Copyright OECD 2009
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LONG-RUN GDP GROWTH FRAMEWORK AND SCENARIOSFOR THE WORLD ECONOMY

By Romain Duval and Christine de laMaisonneuve'

1. I ntroduction

1. A long-term growth framework for the world economy is key to exploring a number of long-run
economic issues, such as ageing, fisca sustainability, migrations, or natura resources. Baseline economic
scenarios have proliferated in recent years in the context of climate change projections, such as those
developed by the Intergovernmental Panel on Climate Change (IPCC), which typically assume a
convergence process whereby the income levels of less-developed countries gradually, and at least
partialy, catch-up to those of more developed economies.” The vast majority of projections focus on
convergence at the macroeconomic level, in terms of GDP per capita or GDP per worker (the “top-down”
approach) while a few others assume some gradual catch-up at the sectoral level (the “bottom-up”
approach).® In both cases, climate modellers have typicaly relied on simple assumptions regarding the
form and the speed of convergence, without explicitly specifying the policy assumptions underlying their
scenarios. This, and the fact that in the IPCC’'s Specia Report on Emission Scenarios (SRES) a large
number of possible outcomes are presented as being equally likely, may have contributed to strengthening
the impression of uncertainty that isinherent to any long-run world economic projections.*

2. In this paper, speciad emphasis is put on setting up a theoretical framework that explicitly
integrates some of the current theoretical and empirical knowledge regarding the long-run drivers of
economic growth. At the same time, reflecting both data constraints and the wide diversity of existing

! The authors are Principal Administrator and Statistical Assistant at the OECD Economics Department,
respectively. (Email: romain.duval @oecd.org; christine.maisonneuve@oecd.org ). They would like to
express gratitude to Jean Chateau for running the ENV-Linkages model simulations. They also want to
thank Jorgen Elmeskov, Giuseppe Nicoletti and Jean-Luc Schneider for helpful comments. Thanks too to
Irene Sinhafor editorial assistance. The authors retain full responsibility for errors and omissions.

2 Seein particular Nakicenovic et al. (2000).

3 See, for instance, the approach followed by McKibbin et al. (2004) using the G-Cubed model. One
difficulty with the “bottom-up” approach is that it relies on comparisons of sectoral labour productivity
levels across countries which, in turn, requires the use of PPP exchange rates at the sector level. Insofar as
these data do not exist for the vast majority of countries, strong assumptions have to be made when
constructing them.

4 See Nakicenovic et al. (2000), as well as the recent update provided in Fisher et al. (2007). Figure 3.2
p.180 in the latter paper indicates that even when ignoring the most extreme scenarios, projected world
GDP in 2100 could lie anywhere between less than 100 billion US$ 1990 (5™ percentile of the distribution
of SRES scenarios) and more than 500 billion US$ 1990 (95" percentile).
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growth theories,”> a simple and fairly consensual framework is retained, in which GDP per capita depends
on technology, investment in physical capital, investment in human capital and the employment rate, and
“conditional growth convergence’ applies. With this framework at hand, a basdline scenario can be
constructed based on explicit assumptions regarding each of the four growth drivers. As well, plausible
aternative scenarios can be built up in order to roughly assess the degree of uncertainty surrounding the
projections, while still placing some bounds on the future path of world GDP.

3. Against this background, the paper proceeds as follows. Section 2 presents the theoretica
framework underlying the long-run GDP projections. Section 3 discusses the assumptions made within this
framework in order to construct a baseline scenario, including at the sectoral level, and provides the
associated GDP projections. Section 4 briefly reviews the inherently large uncertainties surrounding such
projections and illustrates some of these uncertainties through simple sensitivity analysis. Section 5
concludes.

4, It should be stressed upfront that the projections presented in this paper were built as part of an
OECD project on the Economics of Climate Change Mitigation which was carried out in the course of
2008 (Burniaux et al. 2008). As aresult, they do not incorporate the sharp deterioration in world economic
activity and forecasts that occurred during the second half of 2008. Factoring in this slowdown would
imply a downward revision of world GDP growth over the first 5-10 years of the projection period, but
would be expected to have very small, if any, effects over the period up to 2050, at least insofar as long-run
potential growth is only marginally affected.

2. Theoretical framework and basic assumptions underlying its empirical implementation
2.1 Theoretical framework

5. While there is no agreement on any single theoretical model of economic growth, a basic
empirical consensus— including previous OECD work — seems to support the so-called “conditional
convergence” hypothesis.® This hypothesis basically states that a country’s growth rate in GDP per capita
should be negatively related to the starting level of its GDP per capita conditional on fixed values of other
variables, including inter alia investment rates in physical and human capital, policies and institutions
more broadly, demographics, geography etc. As aresult, each country would be expected to converge to its
own steady-state level of GDP per capita determined by the above-mentioned variables. Because the latter
vary across countries, in the long-run differences would remain in per capita income levels but not in
growth rates.

6. In order to incorporate the conditional convergence hypothesis into the projections, this paper
adopts the most widely-used theoretical framework in recent empirica analyses of cross-country
disparities in per-capita incomes (Caselli, 2005; Caselli and Coleman, 2006; Easterly and Levine, 2001,
Hall and Jones, 1999; Jones, 1997; Klenow and Rodriguez-Clare, 1997; OECD, 2004). Cross-country
variation in the levels of output per worker is typically decomposed into parts attributed to the variation in
physical and human capital per worker and total factor productivity (TFP). Such exercises have found TFP
and — to a lesser extent — human capita to be the main drivers of current disparities in living standards
between developed and developing economies.” With such decomposition at hand, long-run output per

° See Barro and Sala-i-Martin (2004). For an overview of the potential implications of growth theories for

global convergence scenarios, which was the topic of an OECD workshop held on 16 January, 2006, see
Vanston (2006).

6 Barro and Sala-i-Martin (2004), OECD (2004).

In turn, cross-country differencesin levels of TFP and/or human capital may reflect differences in policies
and ingtitutions. Analysing such factors goes beyond the scope of the present paper.
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worker scenarios for each country may then be built up by projecting each of the three components (see
e.g. Jones, 1997).

7. Concretely, as shown in Box 1, based on a standard aggregate Cobb-Douglas production function
with physical capital, human capital, and labour as production factors and labour-augmenting technol ogical
progress, and assuming that production function is invariant both across countries and over time, GDP per
capita can be decomposed as follows:®

Yt /POpt = (Kt /Yt )a/(l_a) A ht (Lt /POpt) 1

where K{/Y,, A, hy, and L/Pop; denote the capital/output ratio, TFP, human capital per worker and the
employment rate (defined here as the ratio of employment to total population), respectively, and o is the
capital share in aggregate outpuit.

Such decomposition can be performed for a base year, and long-run projections then be made for each of
the four componentsin order to project the future path of GDP per capita.

Box 1. Disentangling the long-run drivers of GDP per capita

Consider a standard Cobb-Douglas production function with capital and skilled labour and labour-augmenting (Harrod-
neutral) technological progress:

Y, =K{(AH, )La =K (Ah Lt)l_a

where Y, K, H, h, L and A denote output, physical capital, effective labour input, human capital per worker, employment
and TFP, respectively. After some basic manipulations, this can be re-written as:

Y /Lt =(Kt /Yt )a/(l_a)A ht
GDP per capita and GDP can then be written respectively as (with Pop denoting population):
Yt /POpt = (Yt /Lt)(Lt / POpt ) = (Kt /Yt )a/(l_a) A ht (Lt /POpt )
and:
— — 1-a)
Y, =(Y, /L)L /Pop,)Pop, = (K, 'Y, )" A h, (L, / Pop, )Pop,
Cross-country differences in GDP per capita at any point in time can thus be decomposed into four components: !
Capital/output ratios
Human capital per worker

TFPs
Employment rates

1. In principle, hours worked could also be incorporated as another driver of cross-country differences in GDP per capita. In
practice, however, this would be feasible only for OECD countries, due to data availability constraints. This factor is therefore

The constant-returns-to-scale assumption excludes de facto the possibility of permanent growth effects of
the human capital stock. While some empirical literature hints at endogenous growth effects of human or
even physical capital (see e.g. Bassanini and Scarpetta, 2004; Bond et al., 2004), this issue remains fairly
controversia in practice (e.g. Sianesi and Van Reenen, 2003).
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omitted from the framework. This means that any cross-country differences in hours worked will ultimately be captured as cross-
country differences in TFP, and any TFP convergence scenario will also implicitly include an hours worked convergence
scenario.

22

8.

Basic assumptions underlying the empirical implementation of the theoretical framework

In order to perform the decomposition featured in equation (1) for a base year, comparable data

are needed acrass countries for labour productivity, TFP, the capital/output ratio, human capital per worker
and the employment rate. This in turn implies a number of simplifications to facilitate harmonisation, not
least regarding physical capital stocks. Data sources and data construction methodology are described in
detail in the Annex. The key features of the data are the following:

Two base years are considered, 1995 and 2005.

Labour productivity levels are computed for each country as the ratio of GDP in 2005 constant
PPP US$ to employment, using the latest PPP estimates published within the context of the
International Comparison Program (ICP) coordinated by the World Bank (World Bank, 2007).
These include noticeable revisions with respect to past estimates, which had been shown to
overstate aggregate price gaps and therefore to understate PPP income gaps between devel oped
and developing countries.” As a result, income gaps between devel oped and devel oping countries
have been typicaly revised upwards, with potentially important implications for future world
GDP growth within the context of convergence scenarios.™

Capital stocks (in constant 2005 national currency prices) are built up from investment series
through the perpetual inventory method, assuming a 5% annual depreciation rate.*! Long
investment time series— dating back at least to the early 1970s— are used, so that capital stock
estimates in 1995 and 2005 are largely insensitive to the choice of theinitial value.? The capital

10

11

12

This is due in part to past estimates relying on the so-called “Geary-Khamis’ technique for constructing
GDPs in PPPs, which has been shown to overestimate the relative incomes of poor countries. Other
available approaches, including the so-called “EKS’ method now used for most countries, have been found
to be less biased in this regard (at least under homothetic consumer preferences, see Neary, 2004). See
World Bank (2007), as well as Nordhaus (2007) for some discussion of this issue within the context of
climate models.

For instance, GDP per capita levels in China and India for the year 2005 are now estimated to be equal to
about 10% and 5% of the US level, respectively, versus 16% and 8% previously, although the revision may
also reflect other factors including the use of more recent price survey data.

This very simple method was chosen for two reasons: i) it alows capital stocks to be constructed for a
large number of countries, including many developing countries; ii) it allows capital-output ratios to be
compared across countries, which is essential in the context of convergence scenarios. However, one
drawback of the approach — and one potential source of bias both across countries and over time—is to
ignore changes in the relative price of investment, and in particular the trend decline in the price of
information and communication technologies. This decline has contributed to the gradual shift to chain-
weighting in the National Accounts of most OECD countries.

The initial value of the capital stock is computed as 1¢/(6+g), where |, denotes investment for the first
available year, § isthe depreciation rate of the capital stock (set here at 5%) and g is average GDP growth
rate between periods 0 and 10. This is the capital stock that would prevail along a balanced growth path
where GDP growth and the investment rate would be constant. While applying this common methodol ogy
to all countries yields rather crude capital stock series for those countries where such data are readily

8
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stock estimate is then divided by GDP (also expressed in constant 2005 national currency prices)
to obtain the capital/output ratio.

¢ Human capital stocks are constructed in two steps. In afirst step, data on the average number of
years of schooling across population aged 25-64 are assembled for a wide range of countries,
using primarily the dataset constructed by Cohen and Soto (2007),"® which in turn is consistent
with, but improves on the well-known Barro-L ee dataset.™ In a second step, the average number
of years of schooling across the population is converted into a human capital stock based on an
assumption regarding returns to education. Following the seminal paper by Hall and Jones
(1999), and relying on microeconomic evidence on returns to schooling for many countries
surveyed in Psacharopoulos (1994) and Psacharopoulos and Patrinos (2002), the marginal return
to schooling is set equal to 13.4% for the first four years of education, 10.1% for the next four
and 6.8% beyond the eighth year.™® While the magnitude of social returns to education — and of
possible externalities to education in particular — remains subject to uncertainty, the genera
pattern of falling returns by level of education is well established, and a 6.5%-7% average return
to upper secondary and tertiary education is fairly consistent with both microeconomic and
macroeconomic evidence.'®

e TFP is then derived from GDP per capita, physical capital stock, human capital stock and
employment rate data, re-arranging equation (1) asfollows:

A =(Y, 1Pop, )/[(K, 1Y, )*" & h (L, / Pop, )], where the capital share o, is set equal to 1/3.

9. Results from this decomposition are presented in Table 1 for the year 2005. In line with findings
from recent literature — which Easterly and Levine (2001) labeled the “new stylised facts of growth”, and
in contradiction with basic neo-classical growth theory,'” TFP appears to be the main driver of existing

available from National Accounts, its key strength within the present context is to vastly expand the set of
countries covered and to alow for cross-country comparisons of capital/output ratios.

B3 See Cohen and Soto (2007) and Annex for details. Thanks are due to Marcelo Soto for providing these
data.
14 Barro and Lee (1993, 2001).

15 (S)

Formally, it is assumed that human capital per worker can be written as h =e’® | where S denotes the

number of years of schooling, and ¢(S) is chosen to be a piecewise linear function in order to reproduce the
three different marginal returns to education used here for three different levels of education. Bils and
Klenow (2000) argue that such specification is the appropriate way to incorporate years of schooling into
an aggregate production function. An additional year of schooling increases both “effective” labour input
in equation (1) and the real wage by 1000'(S) %, which is the marginal (Mincerian) rate of return to
schooling.

16 Meta analysis of microeconomic studies provided by Harmon et al. (2003) concludes to an average 6.5%

return to schooling across a wide range of OECD countries, datasets and model specifications. Boarini and
Strauss (2007) obtain average private internal rates of return to tertiary education of about 8% on average
across 21 OECD countries over the period 1991-2005. Based on panel data growth regressions for a sample
of OECD countries, Bassanini and Scarpetta (2001) find an implicit 6% marginal (social) rate of return to
education at the sample mean of 10 years of average education. Thisisin line with the implicit 5.9% return
found in Gemmel (1996).

See e.g. Mankiw et al. (1992), based on a similar production function to that used in the present paper.

17
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cross-country differences in GDP per capita, especialy between developed and developing countries.™
Human capital is aso found to play an important role. This suggests that both these factors are likely to be
the magjor drivers of any long-run convergence scenario.

[Table 1. Decomposition of cross-country differencesin GDP per capitainto their broad
deter minants (2005)]

3. Baseline economic scenario for the world economy up to 2050
31 Assumptions
10. Up to 2008, GDP, investment and employment projections are taken from the OECD Economic

Outlook for OECD countries as well as for Brazil, China, India and Russia, and from the IMF World
Economic Outlook for all other countries. This allows some extension of the GDP decomposition presented
in Table 1 up to 2008. Starting from 2009, scenarios are then drawn for each of the four GDP components
for each country up to 2050. These scenarios are described below, followed by a description of the
approach adopted for those countries— representing about 10% of world GDP — where the projection
framework cannat be applied due to lack of accurate data.

TFP growth scenario

11. Because technology circulates freely across the world at least in the long run, it seems
reasonable to expect TFP levelsin lagging countries to gradually catch up to those of technological leaders.
At the same time, a host of factors, including persistent cross-country differences in policies and
ingtitutions, may prevent full convergence. The baseline scenario implicitly assumes that such factors will
continue to play a role in the future, abeit to a lower extent than they do today. More concretely, it is
assumed that TFP in lagging countries will ultimately converge not to the technological frontier but rather
to the (lower) average of TFP levelsin “high-TFP” OECD countries. Concretely, the baseline TFP scenario
rests on the following assumptions:

o The average TFP level across those OECD countries whose TFP levels stand above the OECD
average is calculated for 2005.% This TFP level across “high-TFP” economies is then assumed to
grow at a 1.5% annual rate between 2009 and 2050.° The resulting path is assumed to be the
“frontier” towards which all lagging countries converge. The 1.5% TFP growth assumption
implies that in the long run, assuming the educational attainment of younger generations
ultimately levels off and the capital/output ratio stays constant, labour productivity will also grow
at 1.5% ayear.

18 Cross-country variance in the logarithm of TFP is found to account for over half of the cross-country

variance in the logarithm of GDP per capita.

19 These countries are Austria, Belgium, Canada, Denmark, Finland, France, Greece, Ireland, Italy, the

Netherlands, Norway, Spain, Sweden, the United Kingdom and the United States.

20 Thisis slightly above the 1.3% average annual growth rate over 1990-2006 observed for the United States
in the dataset, and yields medium-term potential GDP growth estimates for this country which are
consistent with OECD medium-term projections.

10
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For lagging countries and up to 2015, recent TFP trends are extrapolated by assuming these
countries converge to the above “frontier” at the average rate observed for each country over the
period 1995-2005 (set equal to zero if they actually diverged).”

Between 2015 and 2025, the speed of convergence is assumed to converge gradually to a 2%
annual rate. This corresponds to the average estimated speed of convergence in GDP per capita
across a wide range of datasets and econometric methods reported by Barro and Sala-i-Martin
(2004).2 Applying such speed of convergence to TFP seems reasonable given that TFP is the
main driver of cross-country differences in GDP per capita levels and growth rates®
Incidentally, this figure is aso not inconsistent with the 3% TFP convergence speed estimated in
recent OECD work (Nicoletti and Scarpetta, 2003) for a sample of OECD countries.”*

Beyond 2025, lagging countries converge to the “frontier” at a 2% annual rate, i.e. the TFP gap
with respect to frontier closes by 2% each year.

Human capital accumulation scenario

12.

Two main stylised facts stand out regarding world accumulation of human capital, which can be

useful for the projection.? First, based on the historical dataset by cohorts used in this paper, educational
attainment of the 25-29 age group increased on average at a fairly regular pace of about 1.2 years per
decade between 1960 and 2000 in less-educated countries.? Second, educational attainment has tended to
level off in those countries where it was highest, e.g. Australia, Switzerland or the United States. A
hypothesis that may be drawn from this observation is that the speed of human capital accumulation
typically slows as educational attainment increases. The baseline human capital scenario is, therefore,
constructed as follows:

Educational attainment of the 25-29 age group is projected to remain constant in the future in the
country whereit is currently highest (South Korea, with 14.4 years of education in 2000).

Up to 2015, recent trends are extrapolated by assuming that all other countries converge to the
above “frontier” at their average 1990-2000 speed (set equal to zero if educational attainment
actually declined over this period).

21

22

23

24

25

26

The dynamic annual equation used is; dIn(TFP) = dIn(TFP*) - B [IN(TFP.,) - IN(TFP.1*)], where TFP* is
the “frontier” described in the text and B is the average speed of convergence observed over the period
1995-2005.

Summing up the evidence, the authors argue p.497 that “one surprising result is the similarity of the speed
of B convergence across data sets. The estimates of B are around 2-3% per year in the various contexts’.

For some decomposition of contributions to cross-country differencesin GDP per capitalevels, see Table 1
above, as well as Hall and Jones (1999). For some decomposition of contributions to cross-country
differencesin GDP per capita growth rates, see Easterly and Levine (2001).

It may also be worth pointing out that such speed of convergence is also close to that observed for China
over the period 1995-2005, and above that observed for India.

In line with the theoretical framework adopted, one strong assumption made here is that educational
convergence impacts on, but is not influenced by income convergence.

This is the average increase across al countries for which data are available, excluding those 15 countries
where educational attainment was highest back in 1960.

11
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e Between 2015 and 2025, the speed of convergence is assumed to converge gradually to the
average speed observed in the average world country®” over the period 1960-2000.

e Beyond 2025, countries converge to the “frontier” at the average speed observed in the average
world country over the period 1960-2000.

e Based on this scenario for the 25-29 age group, future educational attainment across the
population aged 25-64 is projected through cohort effects, and then converted into a human
capital stock based on the returns to education assumptions described above.

Physical capital accumulation scenario

13. In a world where international capital is at least partly mobile, future physical capital
accumulation at the country level should be driven at least partly by real interest rates at the world level,
which in turn should reflect the world saving-investment equilibrium. Unfortunately, in the absence of a
truly global, integrated world growth framework, world saving trends cannot be factored in the analysis
undertaken here, so that their impact on future world investment via real interest rates cannot be explored.
Thisis certainly an area for future development of the above framework. Nevertheless, it is still possible to
incorporate the fact that capital/output ratios should not diverge permanently across countriesin aworld of
integrated capital markets, as this would imply permanent cross-country differences in the marginal return
to capital.® This isimplemented here as follows:

e The US investment rate path is assumed to gradualy stabilise the capital/output ratio at its
current level. Thisimplicitly assumes that the United States is on a balanced growth path.

e Investment ratesin all other countries are projected to vary in such away that their capital/output
ratios converge gradually to the US level. Full convergence is assumed to be reached only by
2080, i.e. beyond the horizon of the scenario presented here.*

Employment scenario

14. The TFP, physica capitd and human capital projections need to be combined with an
employment projection in order to yield a baseline GDP scenario for each country. Future employment is
forecast by decomposing employment into population, the participation rate and the unemployment rate,
and then by assuming the following paths for each of these three components:

e Population projections are taken from the baseline United Nations (UN) scenario up to 2050.

e Participation rates are projected in two steps. Firgt, in the top quintile of OECD countries where
participation is currently highest, future effective retirement ages are partially indexed to life

2 Excluding those 15 countries where educational attainment was highest back in 1960.

= For those few countries where educational attainment data by cohorts is not available (Czech Republic,
Croatia, Hong Kong, Iceland, Pakistan, Poland, Slovak Republic, Slovenia, Russia, South Africa), the
projection method was applied directly to the 25-64 age group.

» The marginal return to capital is equal to otY/K in the theoretical framework used here.

%0 Formally, the investment rate path chosen for each country is the smoothest possible path that meets the
constraint that the capital/output ratio is equal to the US level in 2080.

3 These countries are Canada, Denmark, |celand, New Zealand, Norway and Sweden.

12
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expectancy, so as to maintain a constant share of life spent in retirement. Second, in al other
countries where data by cohorts are available, participation for each age group is assumed to
converge gradually to the average of the top quintile® Aggregate participation rates are then
projected using the cohort approach presented in Burniaux et al. (2003). For those countries
where data by cohorts are not available, the convergence assumption is similar but is applied
directly to aggregate participation rather than to the participation of each individual age group.

o Unemployment rates are assumed to converge gradually to 5% by 2050.
Baseline scenario for those countries where the framework cannot be applied

15. The above approach is applied to 76 individual countries covering over 90% of world GDP and
world population in 2005. For all other countries, human and/or physical capital data are too scarce or too
unreliable to apply the same framework with a reasonable degree of confidence. In a number of cases, for
instance, the period over which investment series are available is too short to be able to estimate capita
stocks with a reasonable degree of confidence. The approach followed for these countries is to apply to
labour proggctivity the methodology applied to TFP for those countries where the above framework could
be applied.

3.2 Sectoral issues

16. One missing element from most aggregate projections, especialy those made within the context
of climate policy analysis, isthat GDP is seldom endogenised for those areas where fossil fuels extraction
makes a sizeable share of overall output. For example, it makes little sense to project future GDP in OPEC
countries regardless of the future paths of oil supply. In order to overcome this issue, for those countries
where fossil fuels matter, the convergence scenarios described above are in fact applied not to GDP but
rather to GDP excluding the mining and quarrying sector.** GDP excluding mining and quarrying is
projected using the approach described in Section 3.1, and the value added in mining and quarrying — and
therefore overall GDP— is then determined by running the OECD’s global, multi-sector, genera
equilibrium model ENV-Linkages. With its nested-CES structure featuring a detailed representation of
energysénputs at the sectora level, the model is particularly suitable to project energy supply, demand and
prices.

17. OECD ENV-Linkages being a multi-sector model, the variables projected in Section 3.1 for the
economy as a whole are not sufficient to run it, and sectoral assumptions are required. Such assumptions
are also useful per se because various long-run economic projection exercises have a mgjor sectora
dimension, not least greenhouse gas emission projections. The starting point for projecting sectora output
and value-added growth is that history consistently points to different productivity trends across sectors, as

2 Countries for which participation data by cohorts are available include the OECD countries, Brazil, Russia,

India and China. Assuming convergence in participation by age group rather than on aggregate allows
taking into account permanent cross-country differences in participation that may still be associated with
country-specific demographics.

3 Finally, for those (very) few countries and geographical areas where labour productivity datain levels are

not available, labour productivity growth is assumed to be equal to average world labour productivity
growth over the projection period.

34 These countries are OPEC countries as well as Norway and Russia. In the latter two countries, it also hasto
be assumed that the capital/output ratio in the mining and quarrying sector is similar to that in the rest of
the economy.

® For an overview of the OECD ENV-Linkages model, see Burniaux and Chateau (2008).

13



ECO/WK P(2009)4

illustrated for instance by the long sector-level productivity growth time series assembled by the
Groningen Growth and Development Centre for a wide range of countries (Groningen Growth and
Development Centre, 2006; Van Ark, 1996; Timmer et al. 2007). Productivity growth has typically been
found to be faster in agriculture and manufacturing than in construction, transport and — to an even greater
extent — other services. One challenge is, therefore, to build up for each country a sectora productivity
growth scenario that factors in the continuation of these historical patterns while still being consistent with
the aggregate productivity growth scenario — excluding the mining and quarrying sector, whose output is
determined endogenously by the model — described in Section 3.1. This is done here by calibrating sectoral
productivity growth in the OECD ENV-Linkages model in such a way that particular relative sectora
productivity growth patterns and the aggregate productivity growth scenario (excluding mining and
guarrying) both hold ex-post. The reative sectoral productivity growth patterns are assumed to be the
following:

e Recent relative sectora productivity growth patterns observed in each country over the past 15-
20 years® are extrapolated in the short run, but they are assumed to converge by 2025 to the
average historical patterns observed over 1950-2000 across those 10 OECD countries where long
time series exist.”’

e Average historical patterns apply to all countries beyond 2025. The implicit assumption is that
past relative sectoral productivity growth trends across developed countries offer a good
indication of the future path developing countries will follow. It is also assumed that past patterns
will continue to hold in developed countries, with faster productivity growth in agriculture and
manufacturing than in services. This seems plausible given that no mgor break has been
observed so far in these patterns, although productivity growth in services picked up during the
late 1990s and early 2000sin afew devel oped countries, including the United States.

18. The approach followed in this paper also addresses the criticisms made recently in the climate
change economics literature towards using market exchange rate (MER)-based economic projections.
These constitute the vast mgjority of scenarios published over the past two decades, including in the IPCC
SRES (Castles and Henderson, 2003a, 2003b; Henderson, 2005). Price levels expressed in common
currency are typically higher in developed countries than in devel oping ones, due to the “Baumol-Bal assa-
Samuelson” effect. As a result, current cross-country differences in income per capita levels tend to be
over-estimated when MERs are used to convert national GDPs into a common currency. Within the
context of any convergence scenario, such over-estimation is likely to trandate into an over-estimation of
future GDP and greenhouse gas emissions growth, ceteris paribus. In the present paper, no such problem
arises because PPPs, not MERs, are used to compare initial income per capita levels and compute the
€economic convergence scenario.

3.3 Results
19. The main features of the baseline economic scenario are presented in Tables2 and 3. The

baseline scenario in PPP US$ (Table 2) is roughly in line with — abeit somewhat below — recent OECD
projections up to 2025 (Hervé et al. 2007). World GDP per capita growth is projected to be higher in PPP

% The exact time span considered varies across countries, depending on the exact period covered by the

Groningen Growth and Development Centre databases used here. As well, while sectoral productivity
growth data are available for al large emitters and more, many — e.g. African and Middle Eastern —
countries are not covered. For the latter, the average historical patterns across those 10 OECD countries
where long time series exist are assumed to hold throughout the whole projection period.

3 These countries are Denmark, France, Germany, Italy, Japan, the Netherlands, Spain, Sweden, the United

Kingdom and the United States.
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USS$ than in constant 2005 MER USS$, due to the smaller weight assigned to fast-growing countries in the
latter case. When expressed in constant MER USS$, baseline world GDP per capita growth up to 2030 falls
roughly in the middle of the 1%-3.1% range provided in the IPCC SRES, which also relies on constant
MER USS.

20. Applying the long-run growth framework also yields a number of interesting country-specific
findings, such as the fact that growth could be lower in China than in India over the coming decades. This
is because compared with India, Chinais already fairly capital intensive, has virtually no room for further
raising labour force participation, and is bound to face a significant slowdown in popul ation growth.

[Table 2. Basdline economic scenario: main featur e
[Table 3. Basdline economic scenario: population and employment projections]
4. Uncertainties

21. Long-run economic growth projections are inherently speculative. Uncertainties compound at
several levels. First, there is model uncertainty, i.e. the most appropriate growth model is unknown and
could feature a very wide range of determinants, as the empirical growth literature illustrates.® Second,
there is parameter uncertainty, i.e. the magnitude— and in some cases even the nature — of the growth
impact of any given determinant is uncertain. Third, even under the extremely optimistic assumption that
the framework developed in Section 3.1 builds on the right model and parameters, al of the growth drivers
it features, be they TFP growth — especialy in catching-up economies— physica and human capita
accumulation, demographic trends or labour force participation, are hard to predict, and their ex-ante
probability distribution is unknown. For all three reasons, full sensitivity anaysis around the baseline
world GDP growth scenario presented in Section 3 isimpossible.

22. Still, as an illustration of the magnitude of the uncertainties involved, a simple sensitivity
exercise is carried out here, in which world GDP growth projections are re-run under aternative
assumptions regarding TFP growth in “high-TFP" countries, the speed of TFP catch-up in lagging
countries, capital intensity, human capita accumulation, employment rates and population growth,
respectively. In each case, two arbitrary, “high-case” and “low-case” assumptions are made, and their
resulting impact on GDP growth is simulated using the framework presented in Section 3.1.*° Concretely,
the “high” and “low” case assumptions considered are the following (see Table 4 for details):

e Annual TFP growth in countries close to the technological frontier: high and low case scenarios
assume 2% and 1% average annua TFP growth over the projection period, respectively, versus
1.5% in the baseline scenario.

o  Speed of convergence of TFP in lagging countries. assumed to converge gradually to 3% and 1%
annual ratesin the high and low case scenarios, respectively, versus 2% in the basaline scenario.

e Pace of human capital accumulation by new cohorts: assumed to tend towards average pace
observed across the OECD over 1960-2000 — as opposed to the lower pace observed across the

38 Most recently, this has led to an empirical quest for the “right” model. For instance, taking a Bayesian

Averaging of Classical Estimates (BACE) approach, Sala-i-Martin et al. (2004) conclude to the existence
of 18 significant growth determinants among a pool of 67 potential explanatory variables.

¥ No use is made of the OECD ENV-Linkages model here, the implication being that the sensitivity analysis

is carried out with respect to the baseline GDP growth scenario excluding the mining and quarrying sector.
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world in the baseline scenario — in the high case scenario, and to zero — so that human capital
increases through cohorts effects only from 2025 onwards —in low case scenario.

e Physical capital accumulation: capital/output ratios converge to one third above and below
current US levels in the high and low case scenarios, respectively, versus the US level in the
baseline scenario. Implicit to these aternative scenarios are dternative world saving rate
assumptions.®

e  Employment rates: the low-case scenario assumes no indexation of future effective retirement
ages to life expectancy, as opposed to partia indexation in the baseline, while the high case
scenario assumes full indexation and faster convergence — implicitly through labour market and
pension reforms — of labour force participation rates in low-participation countries to the levels
observed in those OECD countries where participation is highest.

e  Population growth: The high, low and baseline scenarios are the high, low and baseline scenarios
published by the United Nations.

[Table 4. Sensitivity analysis: main features)

23. Bearing in mind that these six different sensitivity exercises are not strictly comparable in the
absence of any prior knowledge regarding the joint probability distribution of the six underlying
parameters, the results confirm that any growth scenario is highly sensitive to assumptions regarding
technological progress and population growth (Figure 1). Average annual world GDP growth up to 2050
could be about 1 percentage point higher (lower) than in the basdline under a combination of high case
(low case) TFP and demographic scenarios, with significant variance across countries, however (Table 5).
Assumptions regarding human capital and employment rates are comparatively less important over the
projection horizon considered, in part because their growth effects ultimately fade out — at least in the
framework adopted here, where human capital has no permanent effects on growth. Even under a
combination of high case (low case) employment and human capital scenarios, average annual world GDP
growth would be raised (lowered) by just ¥ percentage point. Capital intensity — and implicitly world
saving — assumptions also affect only the level but not the growth of GDP. Nevertheless, the impact on
annual GDP growth of the aternative scenarios considered here is still significant over the projection
horizon, reaching almost 0.2 percentage points.

[Figure 1. Sensitivity analysis: World GDP growth under alter native scenarios]

[Tableb. Sensitivity analysis. GDP growth in selected world regions under alternative
scenarios)

5. Conclusion

24, This paper has presented a simple, “conditional convergence” framework for projecting long-run
GDP growth at the world level, taking stock of some of the current theoretical and empirical knowledge
regarding long-run growth drivers, including the role of human capital accumulation. Special emphasis has
also been put on the role of ageing populations and potential labour market and pension system reforms for
future employment growth. This framework has been applied to project world GDP growth up to 2050,
although extension to longer horizons is fairly straightforward. According to the baseline scenario

In the context of the production function framework adopted here, the low case scenario corresponds to
steady-state world saving and investment rates being about 3.5 percentage points lower than in the baseline
scenario.
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constructed here, world GDP would grow by about 4% per year on average over the period 2006-2025 and
by 3.5% over 2025-2050. These projections were made in the course of 2008 and as such they do not factor
in the sharp deterioration in world economic activity and forecasts of the second half of 2008.
Incorporating the latter would imply a downward revision of world GDP growth over the next few years,
but changes to projections up to 2050 would be fairly limited insofar as long-run potential growth remains
little affected.

25. Long-run growth projections are inherently speculative due to model and parameter uncertainty,
but also because the various determinants of growth would remain very hard to predict even in a
hypothetical case where the “true” model were known. In this regard, simple sensitivity analysis confirms
the major influence on future world GDP growth of productivity growth trends in countries close to the
technological frontier and the speed of catch-up in countries lagging behind. A limitation of the smple
long-term growth framework presented in this paper is that trade linkages across countries are ignored, and
financial linkages are only roughly and indirectly incorporated. The single most important extension of this
framework would be to model and project national saving rates — taking at least into account the influence
of future demographic trends — and, via the world saving-investment equilibrium, world real interest rates
and physical capital accumulation. A more comprehensive but costlier approach could be to plug the
projections of growth drivers produced here— not least human capital and labour supply projections by
cohorts — exogenously into a global macroeconomic model with overlapping generations, so as to project
investment, saving and interest rates within afully consistent framework.
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ANNEX: DATA SOURCESAND METHODOLOGY

This Annex presents further details on the sources and methodology used to construct the data used in the
long-term growth framework.

1. GDP
Definition: Real GDP in 2005 constant PPP US$

Source: OECD Economic Outlook (hereafter, EO); World Bank, Word Development Indicators
database (hereafter, WDI) for GDP and World Bank (2007) for 2005 PPP exchange rates;** IMF, World
Economic Outlook (hereafter, WEO);

Data adjustments. GDPs in local currency are converted in PPP USS$ for the year 2005, using World
Bank PPP estimates. GDPs are then extrapolated backwards to 1995 and forward to 2006 using rea GDP
growth rates in national currency. Finally, GDPs in constant 2005 PPP USS$ for the years 2007 and 2008
are obtained by extrapolating 2006 GDP data using projected GDP growth rates as published in EO82 (for
OECD countries and Brazil, Russia, India and china) and the October 2007 issue of the WEO (for other
countries).

For countries where fossil fuels extraction makes a sizeable share of output, convergence scenarios
are applied to GDP excluding the mining and quarrying sector (OPEC countries, Azerbaidjan, Kazakhstan,
Bahrein, Israel, Jordan, Oman, Syrian Arab Republic, Yemen, Brunel Darussalam, Norway and Russia).
The share of this sector in total value added is calculated from the United Nations National Accounts. For
most countries, the latest year avail able was 2005.

2. Employment
Labour Force
Definition: Labour force aged 15 and over.

Source: OECD, Labour Force Statistics (hereafter, LFS); OECD Employment Outlook; International
Labour Organisation, Labour Force Survey (hereafter ILO); WDI; WEO; EO; for China, Statistical
Y earbook 2007; for India, Report no 522, National Sample Survey, National Sample Survey Organisation,
Ministry of Statistics and Programme Implementation. Primary sources are LFS for OECD countries, The
OECD Employment Outlook for Brazil and the Russian Federation, national sources for China and India,
and ILO or WDI for other countries up to 2006 (or the latest available year).

Data adjustments. Over the period 2007-2008, EO and WEO projections are used to extrapolate
labour force data for OECD and other countries, respectively. Any missing values over the period 1995-
2006 arefilled in using alternative data sources available and/or linear interpolation.

! For those few countries where no 2005 PPP exchange rates are published in World Bank (2007), PPP estimates for
the year 2000 are used, as published in WDI. The countries concerned are Algeria, the United Arab
Emirates and some Central American countries.
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Unemployment

Unemployment of individuals aged 15 and over is taken from similar sources as labour force data, and
is subject to the same data adjustments.

Employment

Employment is calculated as labour force minus unemployment.

Employment rates are cal culated as the ratio of employment to population aged 15 and over.
3. Population

Population data are available by cohorts (5-year age groups) and are taken from United Nations
population projections.

4, Human capital stock

Definition: Average number of years of schooling of population aged 25-64 (then converted into a
human capital stock measure, based on explicit assumptions about social returns from education)

Source: Cohen-Soto database; Barro-Lee dataset. The primary source is the Cohen-Soto database,
which provides average years of education by 5-years age groups. The average number of years of
education across the population aged 25-64 can then be projected by cohorts, based on a single educationa
attainment scenario for the 25-29 age group.

For some countries, data by cohorts are unavailable (Croatia, Czech Republic, Hong-Kong, Iceland,
Pakistan, Poland, Russia, Slovakia, Slovenia and South Africa), The Barro-Lee dataset is then used in
those cases, and the average number of years of education across the population aged 25-64 is projected
directly.

5. Physical capital stock
Definition: Real aggregate capita stock in constant 2005 national currency prices.
Source: WDI, WEO and Statistical Y earbook for Russia.

Data adjustments. Historical real investment and GDP series are taken from WDI and extrapolated up
to 2008 using EO82 and October 2007 WEO projections. A capital stock to GDP ratio is then derived
using the so-called perpetua inventory method . For a few Eastern European countries where investment
series are too short to derive reliable capital stock estimates from the perpetual inventory method, strong
assumptions are made regarding the initial value of the capital stock. For Croatia, Czech Republic, Poland,
Slovakia and Slovenia, the capital/output ratio is assumed to be similar to that of Hungary (which is
available) in 1990, and the perpetua inventory method is applied starting only from 1991 to extrapolate the
capital stock up to 2008. For Estonia, Latviaand Lithuania, the capital/output ratio is assumed to be similar
to that of Russiain 1995. For Romania, the capital/output ratio is assumed to be similar to that of Bulgaria
in 1990.
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Table 1. Decomposition of cross-country differences in GDP per capita into their broad determinants, 2005"2

(United States = 100)

GDP PPP per capita TFP Human capital Physical capital Employment

Y/Pop A h (KIY)y¥ L/Pop
United States 100.0 100.0 100.0 100.0 100.0
Canada 83.5 72.0 103.3 105.8 106.0
Japan 72.6 52.6 100.4 130.7 105.1
China 9.8 13.6 57.3 105.2 119.5
India 5.2 12.7 47.7 98.3 87.1
Brazil 20.5 29.3 70.1 103.1 96.8
Russian Federation 28.6 315 84.9 97.4 99.3
Australia-New Zealand® 78.3 64.1 101.5 114.8 104.5
EU27 + EFTA® 64.7 67.8 91.2 114.1 91.3
Rest of the World® 12.3 20.9 59.7 103.6 81.7
Total World® 22.8 27.9 64.2 104.2 95.8

1. While equal in principle, Y/Pop and the product of A, h, (K/Y)™™ and L/Pop can differ in practice for two reasons: First, for countries where fossil
fuels extraction makes a sizeable share of overall output (Russian Federation and a number of countries in the Rest of the World aggregate), TFP
levels were estimated for total output excluding the mining and quarrying sector, for reasons explained in the text. Second, geographical area
aggregates are computed as arithmetic averages, while geometric means would have to be used for the equality Y/Pop = A h (K/Y) al-a) L/Pop to
hold.

2. The long-term growth framework is applied at the individual country level. The geographical disaggregation of the world economy presented here
matches that of the OECD ENV-Linkages model, as used in Burniaux et al. (2008).

3. Population-weighted arithmetic averages.

Source: Authors' calculations.
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Table 2. Baseline economic scenario: main features®
(Average annual growth rates, PPPs US$)

GDP per worker GDP per capita GDP
2000-2006  2006-2025 2025-2050 | 2000-2006 2006-2025 2025-2050 | 2000-2006 2006-2025 2025-2050

United States 1.7 1.7 1.6 1.6 1.6 1.6 2.6 2.4 2.2
Canada 0.7 2.0 1.7 1.6 1.9 1.6 2.6 2.7 2.1
Japan 1.7 1.9 1.9 15 1.7 15 16 15 0.8
China 8.6 6.4 3.7 9.0 6.1 3.3 9.7 6.6 3.2
India 5.0 5.2 4.6 5.6 6.3 5.1 7.3 7.6 5.6
Brazil 0.0 25 3.3 15 3.0 35 2.9 4.0 3.9
Russian Federation 5.4 3.8 25 6.7 4.0 25 6.2 34 1.8
Australia-New Zealand 0.9 2.0 1.7 19 2.0 1.6 3.1 29 2.1
EU27 + EFTA 1.1 2.1 1.8 1.7 2.3 1.8 2.1 2.4 1.7
OPEC + Other oil producers 1.9 2.3 3.7 2.9 3.0 4.2 4.8 4.4 5.0
Rest of the World 21 3.1 35 2.8 3.3 3.7 45 4.9 4.7
Total World 2.0 25 2.8 25 2.8 2.9 3.7 3.8 34
Total World in constant 2005

MERs US$ 1.9 2.3 2.2 24 3.2 3.0

1. The long-term growth framework is applied at the individual country level. The geographical disaggregation of the world economy presented here matches
that of the OECD ENV-Linkages model, as used in Burniaux et al. (2008).
Source: Authors' calculations.
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Table 3. Baseline economic scenario: population and employment projections®

(Percentages)

Population growth, average annual

Employment rates?, average

2000-2006 2006-2025 2025-2050 2000-2006 2007-2025 2026-2050
United States 1.0 0.8 0.5 60.0 58.5 56.6
Canada 1.0 0.8 0.5 60.3 60.8 57.9
Japan 0.1 -0.3 -0.7 58.2 55.8 51.8
China 0.7 0.5 -0.1 72.6 68.9 60.5
India 1.6 12 0.5 61.8 64.3 68.8
Brazil 1.4 1.0 0.4 61.7 64.0 63.6
Russian Federation -0.5 -0.6 -0.7 54.7 58.0 58.8
Australia-New Zealand 1.2 0.9 0.5 60.5 61.6 58.4
EU27 + EFTA 0.3 0.1 -0.1 51.2 53.5 53.4
OPEC + Other oil producers 1.8 15 0.8 52.6 54.8 55.2
Rest of the World 1.7 1.5 1.0 60.2 60.1 57.8
Total World 1.2 1.0 0.5 61.6 61.6 59.9

1. The long-term growth framework is applied at the individual country level. The geographical disaggregation of the world economy
presented here matches that of the OECD ENV-Linkages model, as used in Burniaux et al. (2008).
2. Defined as employment as a percentage of population aged 15 and over.

Source: Authors' calculations.
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Table 4, Sensitivity analysis: World GDP growth under alternative scenarios

TFP growth TFP speed of Human capital Physical Employment Population
frontier convergence capital
Baseline TFP growth at Convergence Pace of Capital/output Partial indexation to longevity Baseline
scenario the frontier is speed tends to accumulation by ratios converge in high-participation UN
1.5% 2% younger cohorts to current US countries; others gradually population
tends to average level converge to levels in high- scenario
world pace over participation countries
1960-00
High case TFP growth at Convergence Pace of Capital/output Full indexation to longevity in High case
scenario the frontier is speed tends to accumulation by ratios converge high-participation countries; UN
2% 3% younger cohorts to 1/3 above others converge to levels in population
tends to average | current US level high-participation countries scenario
OECD pace over faster than in low case and
1960-00 baseline
Low case TFP growth at Convergence Pace of Capital/output No indexation to longevity in Low case
scenario the frontier is speed tends to accumulation by ratios converge high-participation countries; UN
1% 1% younger cohorts to 1/3 below others gradually converge to population
tends to zero current US level levels in high-participation scenario
(cohort effects countries
only starting from
2025)
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Table 5. Sensitivity analysis: GDP growth in selected world regions under alternative scenarios, average

2006-2050*

(Gap with respect to baseline in percentage points)

Panel A. High case scenario

Physical

TFP growth  TFP catch-up  Population capital Employment Human capital
United States 0.4 0.0 0.2 0.3 0.1 0.0
Canada 0.4 0.0 0.2 0.2 0.1 0.0
Japan 0.4 0.1 0.2 0.1 0.2 0.0
China 0.5 0.4 0.2 0.2 0.1 0.1
India 0.5 0.5 0.3 0.2 0.2 0.2
Brazil 0.5 0.3 0.2 0.3 0.1 0.1
Russian Federation 0.5 0.2 0.3 0.2 0.2 0.1
Australia-New Zealand 0.5 0.1 0.2 0.2 0.1 0.0
EU27 + EFTA 0.4 0.0 0.2 0.1 0.2 0.0
OPEC + Other oil producers 0.5 0.2 0.2 0.2 0.2 0.0
Rest of the World 0.5 0.3 0.2 0.2 0.2 0.1
Total World 0.5 0.2 0.2 0.2 0.2 0.1
Panel B. Low case scenario
TFP growth  TFP catch-up  Population Pc?;ilt(:l Employment Human capital
United States -0.4 0.0 -0.2 -0.2 -0.1 -0.1
Canada -0.4 -0.1 -0.2 -0.2 -0.1 0.0
Japan -0.4 -0.2 -0.2 -0.2 -0.1 0.0
China -0.5 -0.5 -0.3 -0.3 -0.1 -0.2
India -0.5 -0.6 -0.3 -0.2 -0.1 -0.3
Brazil -0.5 -0.4 -0.3 -0.2 -0.1 -0.1
Russian Federation -0.5 -0.2 -0.3 -0.2 -0.1 -0.2
Australia-New Zealand -0.5 -0.1 -0.2 -0.2 -0.1 0.0
EU27 + EFTA -0.4 0.0 -0.2 -0.2 -0.1 0.0
OPEC + Other oil producers -0.5 -0.3 -0.3 -0.2 -0.1 -0.1
Rest of the World -0.5 -0.3 -0.3 -0.3 -0.1 -0.2
Total World -0.5 -0.3 -0.3 -0.2 -0.1 -0.1

1. The long-term growth framework is applied at the individual country level. The geographical disaggregation of the world
economy presented here matches that of the OECD ENV-Linkages model, as used in Burniaux et al. (2008).

Source: Authors' calculations.
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Figure 1. Sensitivity analysis: World GDP growth under alternative scenarios,
average 2006-2050
(Gap with respect to baseline in percentage points)
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Source: Authors' calculations.
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