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THE WORLD ECONOMY IN 2050:A TENTATIVE PICTURE

NON-TECHNICAL SUMMARY

It is tempting perhaps to extrapolate current ghowdtes to figure out how the global
economy will be reshaped in the next decades. @mtkasure, an 8% growth rate in China
over the next 40 years would produce a 21-foldease in the Chinese economy by 2050,
and a 2% growth rate in the European Union wousdilten 21% economic growth over the
same period. However, back-of-the-envelope caliculat based on past trends can be
extremely misleading.

Based on a three-factor production function of labeapital and energy, plus two forms of
technological progress, we propose a long-run draegenario for 122 countries and a time
horizon of 2050. The model is fitted with United tidas and International Labour Office
labour projections, and econometric estimationg8)afapital accumulation, (ii) savings rates,
(iii) relationship between savings and investmaes, and (iv) technological progress (which
includes energy and total factor productivity). Gaudy provides four novelties. First, we
account for the energy constraint by includingntthe production function. Second, we
estimate a non-unitary relationship between saviagsl investment, departing from
assumptions of either a closed economy or full tehpnobility. Third, we account for the
2008-09 global crisis by initialising our projeationodel in 2013 while relying on IMF
projections between 2008 and 2012. Finally, we rdesggle real gross domestic product
(GDP) growth rates from relative price effects tigh a consistent Balassa-Samuelson effect.

Our results suggest that the Chinese and Indianoeci@s could grow 13-fold between 2008
and 2050 at constant relative prices. Over the gaaned, the US economy would double
and Europe’s economy would inflate by 60%. Adjugtior relative prices results in a 16-fold
increase in China’s economy and a 21-fold incréaséndia, the US economy doubling and
the European Union economy increasing by only 40%.

Taking account of relative price variations, Chimauld represent 28% of the world economy
in 2050, dominating the United States (14%), India%), the European Union (11%) and
Japan (3%). Our results suggest that in approxign&@25 (or c. 2035 at constant relative
prices) China could overtake the United States, |ladh could overtake Japan. However, in
terms of living standards, measured as GDP petacappurchasing power parity, only China
would be close to achieving convergence to US $&\aaid only at the end of the simulation
period.

As is the case with any exercise that producesegtions over a long horizon, the work
presented here should be considered tentative. Ve tnied to make it transparent, and rely
on robust research for the determination of sayimggestment and productivity growth.

Although our results should be taken with a certaimount of caution, we believe they could
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be useful benchmarks for downstream studies ondmsmmodity demand, international
trade, financing capacity, global power, etc.

ABSTRACT

We present growth scenarios for 128 countries ®02®ased on a three-factor production
function that includes capital, labour and enekye improve on the literature by accounting
for the energy constraint through dynamic modellaigenergy productivity, and departing
from the assumptions of either a closed economyulbrcapital mobility by applying a
Feldstein-Horioka-type relationship between saviugd investment rates.

Our results suggest that, accounting for relativeepvariations, China could account for 28%
of the world economy in 2050, which would be mucbrenthan the United States (14%),
India (12%), the European Union (11%) and Japan).(3¥ey suggest also that China would
overtake the United States around 2025 (2035 adtannrelative prices). However, in terms
of standards of living, measured through GDP p@itaan purchasing power parity, only
China would be close to achieving convergence ¢oUl level, and only at the end of the
simulation period.

JEL Classification E23, E27, FO2, F47
Key Words: GDP projections, long run, global ecoyom
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UN SCENARIO POUR L’ECONOMIE MONDIALE AL "HORIZON 2050

RESUME NON TECHNIQUE

Il est toujours tentant d’extrapoler les taux deisgance observés pour imaginer comment
I’économie mondiale pourrait se transformer au sales décennies a venir. Dans cet esprit,
avec un taux de croissance de 8% par an pendaramjeaans, I'économie chinoise serait

multipliée par 21 a I'horizon 2050. Pendant ce temme Europe croissant a 2% par an ne
verrait sa taille augmenter que de 21%. Cependantype de calcul de coin de table, fondé
sur des tendances passées, peut étre trompeur.

Nous proposons ici un scenario de croissance dpteyme pour 122 pays a I'horizon 2050,
fondé sur une fonction de production a trois factefcapital, travail et énergie) et deux
formes de progrés technique. On utilise les prigastdémographiques de I'ONU et de I'OIT
ainsi que différentes estimations économétriquegs @stimations portent sur (1)
I'accumulation du capital, (2) les taux d’éparg(8,le lien entre épargne et investissement et
(4) le progres technique (qui couvre a la foisadpctivité énergétique et celle des facteurs
travail et capital). Nous apportons plusieurs aométions par rapport a la littérature existante
dans ce domaine. Premiérement, nous prenons erntedagontrainte énergétique en insérant
I'énergie comme facteur de production. Deuxiememeotis nous situons entre I’hypothese
d’économie fermée et celle de parfaite mobilité dapitaux concernant la relation entre
épargne et investissement. Troisiemement, nousopseen compte la crise mondiale de
2008-2009 en utilisant les projections du Fonds étaire international entre 2008 et 2012 et
en ne démarrant notre propre projection qu’en 2E&I8in, nous séparons explicitement la
croissance réelle des variations de prix relatifia@ers un effet Balassa-Samuelson cohérent
avec le modéle de croissance.

Selon nos résultats, les économies chinoise etringi pourraient toutes deux étre multipliées
par 13 entre 2008 et 2050 a prix relatifs inchan@&sant cette méme période, 'économie

américaine doublerait mais I'économie européengenanterait de seulement 61%. En tenant
compte des ajustements de prix relatifs, les écawnchinoise et indienne seraient

multipliées respectivement par 17 et 20, tandislgoenomie américaine doublerait toujours

et que I'économie européenne augmenterait de seutef0%.

En tenant compte des évolutions de prix relatiés,Chine pourrait représenter 28% de
I’économie mondiale en 2050, soit beaucoup plus lgaeEtats-Unis (14%), I'inde (12%),
I'Union Européenne (11%) et le Japon (3%). La Chdépasserait les Etats-Unis vers 2025
(vers 2035 a prix relatifs constants) et I'lnde akserait le Japon autour des mémes dates.
Cependant, en termes de niveaux de vie, la Chiret da seule a s’approcher du niveau
américain, et encore, uniquement a la toute fitageriode de simulation.
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Comme tout exercice de projection sur longue périad travail doit étre interprété avec
beaucoup de précautions. Nous avons cependantdeméndre I'exercice le plus transparent
possible et de nous appuyer sur des résultats tesbude la littérature relatifs a la

détermination des taux d'épargne, de l'investissdgnat de la productivité. Méme si les

résultats ne peuvent étre pris au pied de la Jatgeconstituent des points de repere utiles
pour d’éventuelles études en aval sur la demandediale de matieres premieres, le
commerce international, les capacités de financgrnenpuissances mondiales, etc.

RESUME COURT

On présente ici des projections de croissanceaizbn 2050 pour 128 pays, a partir d'une
fonction de production a trois facteurs — capitayail et énergie. La prise en compte de la
contrainte énergétique (avec une modélisation dymmaende la productivité énergétique),

ainsi qu'une hypothese intermédiaire entre I'écoeofermée et la parfaite mobilité des

capitaux pour ce qui concerne la relation entrergpa et investissement (grace a une
modélisation de type Feldstein-Horioka) constitulest principaux apports par rapport a la
littérature.

Les résultats suggerent que, en tenant comptevo@giéns de prix relatifs, la Chine pourrait
représenter 28% de I'’économie mondiale en 205Q, aucoup plus que les Etats-Unis
(14%), I'ilnde (12%), I'Union Européenne (11%) etJi@pon (3%). La Chine dépasserait les
Etats-Unis vers 2025 (vers 2035 a prix relatifsstants). Cependant, en termes de niveaux de
vie, seule la Chine s’approcherait du niveau araérjcet ce uniquement a la toute fin de la
période de simulation.

Classification JEL: E23, E27, FO2, F47
Mots-clefs: projections de PIB, long terme, économie mondiale.
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THE WORLD ECONOMY IN 2050:A TENTATIVE PICTURE

Jean Fouré Agnés Bénassy-Quérd.ionel Fontagné

INTRODUCTION

The way that limited growth differentials have thality to re-shape the world economy in
few decades is quite striking. A growth differehtid a single percentage point per year,
cumulated over 40 years, for example, results 49% income gap, while a differential of
two percentage points results in a gap of 121%threk percentage points a gap of 226%.
Based on the same arithmetic and simple assumpdibost productivity and demographic
trends, Fogel (2007) predicts that the three largesnomies in the world in 2040 will be
China (40%), ahead of the United States (US) (1d8d)India (12%).

However, the growth process is far from being maa®. Accumulation of physical and
human capital, growth in total factor productivfiyFP) and energy constraints may vary over
time. For instance, assuming a constant annual i@%6tly rate, China’s economy will grow
21-fold in the next 40 years, while assuming admeonvergence of China’s annual growth
rate from 8% to 3% in 40 years would result in Yor8-fold growth. These two scenarios
would have entirely different implications for theorld in terms of commodity markets,
multinationals’ strategies, carbon emissions, thhtipal order, etc. Although a very risky
exercise, projecting the long run world economwssful since it is indicative of magnitude
that can change the face of the world. It also joless a useful baseline for global economic
policy models, since the results of these simutatiare often heavily dependent on the
baseline path of the world econorhy.

This paper contributes to the literature (Wilsord &urushothamam, 2003; Poncet, 2006;
Duval and de la Maisonneuve, 2010) in various ways.

On the theoretical side, we rely on a three-fagi@duction function: labour, capital and
energy, plus two forms of technological progres dérive explicitly both TFP and energy
productivity. Capital-income and capital-labour igat are determined in an original

1

ENSAE and CEPII.
2

CEPILI.
3

CES (University Paris 1, CNRS), Paris School of Ecoics and CEPII.
We are grateful to Benjamin Carton, Gilbert CettealY Decreux and Valérie Mignon for helpful adviced @o the
participants in the joint Bank of France-CEPII-INSEEench Treasury seminar, held 19 May 2010, foir tiegnarks
on an early draft. All errors remain ours.

4
This is the case of MIRAGE, a computable generailigium model developed at CEPII for the analysigrade
policies. See Decreux and Valin (2007).
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framework that links investment and savings throwgliunction that assumes imperfect
international mobility of capital and savings detered by a life-cycle hypothesis.

On the empirical side, we propose a long-run grosenario for 128 countries to 2050. The
model is fitted with United Nations (UN) and Intational Labour Organization (ILO) labour
projections as well as econometric estimationgijocapital accumulation, (ii) savings rates,
(i) the relationship between savings and investhmates, and (iv) technological progress
(which covers both energy productivity and TFP). Weount for the energy constraint by
including this factor in the production function.eMassume a positive but non-unitary
relationship between savings and investment thpsrtiag from the assumptions of either
full capital mobility or a closed-economy. Finallye account for the 2008-09 global crisis by
initialising our projection model in 2013, but relg on International Monetary fund (IMF)
projections from 2009 to 2012.

What is important about this model is that it eks@les the difference between the long-run
path of the world economy in real terms, which etevant to e.g. future greenhouse gas
emissions, and the long-run path of the world eoonn current dollars, which depends on
the relative valuations of incomes. In order toragd this difference it is necessary to model
long run real exchange rates; we separate real @B&Wth rates from relative price variations
through a consistent Balassa-Samuelson effect. faodstrate theoretically that real-
exchange rate appreciation results from TFP andggr@oductivity catch-up, and that this
effect is magnified by a higher share of non-trdelsin the consumption basket.

The paper is organised as follows. Section 1 ptesie theoretical framework. Section 2
describes the data and econometric estimationghéoperiod 1980-2008. Section 3 reports
projections up to 2050. Section 4 provides somessssent exercises. Section 5 concludes.

1. THEORETICAL FRAMEWORK

1.1. Production function

Long-run growth analyses are generally based oolbMouglas production function (see,
e.g., Wilson and Purushothamam, 2003; Poncet, 2008al and de la Maisonneuve, 2010).
This has several advantages, including that asguoanstant returns to scale, the parameters
of the function match the distribution of incomeass different production factors.

This paper improves on the literature by introdgcemergy as a critical production factor.
This means that the unitary elasticity of substituimplied by the Cobb-Douglas production
function is no longer adequate: capital and labmam barely substitute for the scarcity of
energy in the economy. We retain a Constant Elgsti¢ Substitution (CES) function with
two factors: energy and a Cobb-Douglas combinatibeapital and labour. Therefore, we
retain the traditional unitary elasticity of sulstion between capital and labour, but embody
this composite factor in a CES function with relaty low substitution between energy and
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the composite factor. If we denote energy, capstiadl labour byE;., K;, and L;, ,
respectively, for countryat timet, real GDP can be written as:

- 1/
Yi,t = [(Ai,t-Ki,taLi,tl a)p + (Bi,t-Ei,t)p] g

(1.1)
A; ¢ is the usual TFP, which in this case is the edficy of the combination of labour and
capital, andB;, is a measure of energy productivity. The use ofested CES production
function was proposed by David and van de Klun@e65) to encompass different kinds of
input-augmenting technical change, and is emplogk in van der Werf (2008) and
Markandya and Pedrosso-Galinato (2007).

In line with the literature (see, e.g., Mankiw, Remand Weil, 1992), we set= 0.31. For
the elasticitity of substitution between energy dhd composite factor, we calibrate this

based on the simulated elasticity of substituti@eovered from the MIRAGE model:
1

=15 = 0.136, hencep = —6.353.
We need to project each variable in Equation (1012050. With the exception of labour
force, which relies on the existing demographicjgmtions, all our projected variables are
based on econometrically estimated behaviours.

For labour force, we rely on UN projections to 20&60edium fertility variant), and
participation rates by age group from ILO, up t@@0set constant by age group from 2020 to
2050

Ly = Zg; leitPopc i (1.2)

where Pop, ;. is the population of age group in countryi at timet, and [, ;. is the
corresponding participation rate, with , constant after 2020.

Econometric estimations are used to recover thgegied value of the other variables of
interest (except real exchange-rate variationschviare calibrated to be consistent with the
growth model). In order to understand the logicerhdng this exercise, it is useful to start
with the process of capital accumulation.

Capital stock is accumulated through a permanesgnitory process:

Kt = 1- 5)Ki,t—1 + 1t (1.3)
where I;, denotes the gross fixed capital investment of tigunat timet, and J is the
depreciation rate, which is set here at 0.06 (dieevin the MIRAGE model).

° This assumption allows aggregate participationaity wver time according to the demographics, beitigshaviour of
each age group is remains constant after 2020.na&ltieely, we could assume some convergence incgzation rates
across countries and genders. However no such gener has been observed historically, and espeuidthe cases
of China, the United States and Japan; hence, werpedfto keep these rates constant after 2020.

10
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In the literature, the projection of gross fixedpital investment sometimes relies on the

assumption of a closed economy, which allows ghegsstment to equal gross savings (see
Poncet, 2006). This assumption is at odds witHalge current-account imbalances observed
especially in the 2000s. In the present paper,eljean estimated error-correction, Feldstein-

Horioka-type (FH) relationships between savings iandstment rates, which allows for some

discrepancy between these variables. Gross sawiteg are derived from an econometric
equation based on the life-cycle hypothesis (sed@e2).

We next describe our theoretical framework accogntfor energy productivity and TFP
(Section 1.2), and relative prices (Section 1.3).

1.2. Energy and TFP

Energy consumption projections are based on engrggs, assuming that firms maximise
profit along their nested CES production functidar (greater clarity, country and time
subscripts are dropped here):

max(Y — pgE —pgK —p,L) s.c. YP = (AK®L*"%)P + (BE)* (1.4)

wherepg, px andp. denote the real prices of energy, capital andughb@spectively, relative
to output. This programme vyields the following tela (see Appendix A):

E=Y <BP (i)>a, withs = —>0 (1.5)

PE

Replacingk by its in the production function value yields:

1

Y = [1 - (%E)ﬁl " AKei-a (1.6)

We use oil-price forecasts to 2030 provided by Energy Information Agency (EIA).For
2030 to 2050, the price of energy is set to in@eatsa constant rate equal to its average
growth rate over the 2025-2030 perfod.

Within this framework, energy intensigy/Y varies based on two different mechanisms: first,
the level of energy-related technological progrBs@®r energy productivity) determines the
number of units of GDP that is produced by 1 baafeknergy at given relative prices;

6
Alternatively, Wilson and Purushothaman (2003) asswexogenous investment rates, while Duval and de la
Maisonneuve hypothesize a convergence of capi@B® ratios to the US level, the latter country beasgumed to
be on its balance growth path.
7

www.eia.doe.gov/oiaf/forecasting.html
8
The sensitivity to this assumption is tested intide 4.

11
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second, energy can be substituted depending ornedts price p; and the elasticity of
substitutiono.

Past values of the two forms of technological pesgA andB are computed according to the

theoretical model described above (Equation 1.5Bfaand then Equation 1.6 for A). Based

on the recovered series and to obtain a formulacra be projected, we estimate two catch-
up models (see Section 2). Specifically, we estnaatwo-dimensional catch-up process for
energy productivity that results in a U-shapedti@fship between economic development
and energy productivity. TFP, in its turn, is supgd to follow an estimated Nelson-Phelps
catch-up model in which speed of catch-up is rdlédehuman capital.

1.3. Real exchange rate and the Balassa-Samuelson effect

The long-run growth model presented above depiesetolution of GDP at constant prices.
It is sufficient to study the possible impact oblghl growth on commodity and energy
markets, or to predict greenhouse gas emissionaetdr, the relative sizes of the different
countries and zones in terms of markets and fimrpower depends also on the relative
valuations of incomes. For instance, the weighChina in the world economy is likely to
increase due both to high real growth rates, and fwogressive real appreciation of the
renminbi (China’s official currency). It is crucié disentangle the two dimensions of the
dynamics of world GDP. Hence, we need to model lomg real exchange rates. The
underlying theory is the Balassa-Samuelson effebich relates TFP growth to progressive
appreciation of the relevant currency in real terf@sirrency appreciation is based on
diverging evolutions of the prices for non-tradewl draded activities. Figure 1 shows that
there is a positive relationship between the pwitlgapower of per capita GDP and the real
exchange rate.

12
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Figure 1 —PPP GLP per capita and real exchange rates in 20

3,0 4

=1)

Real exchange rate against the USD (US

0,0

0 0,2 0,4 0,6 0,8 1 12 1,4 1,6 1,8 2

GDP per capita in PPP relative to the US level (US=1)

Source: IMF, World Economic Outlook, April 2010damwn calculation:

In the Balass&amuelson framework, the real appreciation of ¢af-up countries derive
from an increase in the relative price of -tradables to tradalde Consistel with this, and
following Obstfeld and Rogoff (1996), we assumet tevery national economy héwo
sectors: tradedoods (denoted LT), and non-traded goods (denoted\)yBoth sectors have
the same production functic as above. However, th@roductivity diverges in terms both
primary factors and energy:

{YT = [(A7Qr)? + (BTET)p]l/p = F(A7Qr, BrET,) (1.7)

1
Yy = [(AnQn)?P + (BNEN)P] /p = F(AyQn,ByEy)
whereQ denotes the Cobbouglas combination of capital and lur (Q = K*L1™%). Letp
denote the relative price of r-tradables to tradableg: = Py /Pr. Writing the first orde-

conditions and assuming that the share of energycwome (denoted by) is the same across
the two sectors, we get (see Appendix

p=0—-w(Ar — Ay) + n(Br — By) (1.8)
whereX = dYth. Assuming a Cot-Douglas consumption bundl€ & YT"YA}_” O<y<1), the

consumer price index, in terms of ttradable good can be written &= p'~”. If we ignore
productivity growth in the nc-traded sector, we get:

13



CEPII, WP No 2010-27 The world economy in 2050: a tentative picture

p=—(uB+ (1~ wA) (1.9)

Finally, if we denote the real exchange rate (he. relative price of the home consumption
basket to the foreign one) IRER, and the foreign country by an asterisk, we get:

RER = 1;—V [1 - WA+ uB] - 1;—V [(1 — A" + 5] (1.10)

Hence, real-exchange rate appreciation is basdd~Brand energy productivity catch-up, and
the effect is magnified by a higher share of nad#bles in the consumption basket.

2. DATA AND ECONOMETRIC ESTIMATIONS

We referred above to the four relationships thadne be estimated:

a life-cycle model of the gross savings rate;

the relationship between savings and investmeesyat

a Nelson-Phelps catch-up model for TFP;
* adouble catch-up model for energy productivity.

This section describes the econometric strategytheddata used for the estimations and
presents results for each model.

2.1. Data for 1980-2008

Our estimations cover the period 1980-2008. In tamdito increasing data collection

problems, earlier data are unlikely to be meaninhfffiu emerging economies, and also less
significant in relation to international capital bility (cf. the relationship between savings
and investment rates).

We recovered GDP series in 2005 constant US dditars (i) GDP in current dollars for
2005, and (ii) GDP growth rates in real terms Far period 1980-2008 (sources: World Bank,
IMF and UN databases).

Labour force (1980-2008) data are from the ILO. yitewver the economically-active
population, i.e. all persons of either gender syipgllabour for the production of goods and
services, and come from population censuses (wheadable) or labour force surveys.
Human capital is proxied by average years of edutataken from the Barro & Lee dataset
for the period 1980-2000 (education is measurettha@tbeginning of three sub-periods, see
Section 2.4).

14
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Energy consumption (total primary energy) data (£2808) are from the EIA. They measure
total primary energy consumption in British thermaits (Btu)f net of electricity generation
(in order to avoid double counting). This meansdiiruse at source, or supplied to users
without transformation, including fossil energy ds® produce electricity, but excluding
corresponding electricity consumption.

Annual average oil prices for 1980-2008 are alsmfiEIA, expressed in 2005 constant US
dollars!® We assume that the price of energy is indexederoil price, and that this price is

common across the world. Although this is a crugg@reximation, this assumption is

consistent with the fact that the variance in atrgy prices is related mostly to oil price
fluctuations.

The ratios of savings and investments to GDP ama the World Bank World Development
Indicators. They cover private and public savingd avestments. We use both grdised
capital formation, and gross capital formation (Seetion 2.3).

Our capital-stock series from 1960 to 2008 is aosed using the permanent inventory
method (see Equation 1.3 in Section 1). Where dateitial capital stock are not available,

we set it to three times GDP in 1960. Since ounentetric estimations start in 1980, when
most of the 1960 stock had been scrapped, thissa@adumption is benign. Figure 2 reports
the implied capital-labour ratios for a selectidhavge economies.

9
1 million Btu = 0.025 metric tons of oil equivaten0.17 barrels.
10
Converted from 2007 US dollars by applying a deftaftactor ofﬁ.
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Figure 2 — CapitalHabour ratios, 1980-2008 (2005 USD ‘00Qer capita)

t JPN

200

100

I " .
f— RUS

""“""T""fr%;f—f—f—“—'—',‘""""_"'_‘—._TmN

0 == T
1980 1985 1990 1995 2000 2005
= JSA === (HN ==e=FRA IND  ==e=RUS =t PN DEU BRA ==fe=GBR

Source: own calculations.

Energy productivity for 19¢-2008 is obtainedy inverting the relation between optin
energy consumptiol and the price of ener¢pe (Equation (1.5) irBectionl):

1

B = (pp)oi(2) (2.1)

Figure 3 depictshe resulting series for a selection of large ecaasnThedeveloped country
with the highest energy productiviin the 19802008 period is Switzerland (CHin Figure
3), with a level wellabove thegroup made of the United-KingdogGBR), Japan (JPN
Germany (DEU) and France (FRA). The declining engogpductivity of Brazil over the
period may be related tthis country’sspecific energy mixlIts main energy source
biomass, whose pridgas not evolved in line witworld oil prices. @r mode indicates that a
high price for energy iBrazil, but this is not the real e paid for an equivaleiamount of
energy. This may result iBrazil's energy productivitybeing underestimate(recall that
o < 1in Equation 2.1).

16



CEPII, WP No 2010-27 The world economy in 2050: a tentative pic

Figure 3 —Energy productivity, 198C-2008 (2005 USD per barre
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Finally, we estimat@FP by inverting the production functic

1
[Yig:_(Bi,tEi,t)p]E

ajl—a
KieLit

Ai,t = (22)

Figure 4 depictshe resulting series. TFP generally incredn 1980200¢, except in periods
of crises, such asccurred inRussia followingthe breakdown of the USSR. As expecthe
US isthe technological leader during most of the pe
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Figure 4 — Total Factor Productivity, 1980-2008
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We next estimate the behawral equations.

2.2. Savings rates

To project savingsrates, we rely orMasson, Bayoumi and Samiei's (1998) lifecy
approach, alreadgmployed in Poncet (20C. In this approachthe gross savits rate depends
on the agestructure of the population and the C-per-capita gap witlthe leading econom
We employthe methodology proposein Higgins (1998) to characterise the -structure
through a simple polynomial of age groups. Thenestied equation ias follows:

S YVit-1 + B, [ YVit-1

2 K K
it Yust-1 £t ]

Yus,t—1

(2.3)
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where(S/I);, is the savings rate in countirat timet, y; . is country i's per capita GDF; .,
is the rate of growth of per capita GBDPand the variableslllft are demographic factors
constructed as follows (for simplicity, country ayear subscripts are dropped):

. 1 .
d* = (Z)o1 )"y = 3200 (2.4)

wherej = 1,...,] are theJ population cohorts (0-4, 5-9, ..., 65-69 and 7@¥)dp; is the
proportion of cohortj in the population. This specification allows us gommarise the
distribution of the population using only a few iedles (see Appendix C). The number of
demographic variableK] is determined by an Akaike information criterion.

The behaviour underpinning Equation (2.3) is strtait Hence, it is expected to hold on
average during relatively long periods of time lfgtthan year after year). However it may
omit important determinants of savings rates, sashinstitutions, governance or culture,
which move only slowly, hence cannot be introdudada panel regression. These
considerations led us to the following choicesstiyr all variables are expressed as 5-year
averages in order to correct for business cyclesoi&lly the equation is estimated on the
whole sample with country fixed effects in orderatzount for time-invariant heterogeneities
not controlled for by right-hand side variablésOmitting such key covariates could
otherwise lead to a large bias in estimating thiecés of our included variables. Still, these
important underlying factors may well change grdilguaver such a long period.
Accordingly, one of the robustness checks performegkction 4 addresses the consequences
of a half convergence of these unobserved detentgnaithin our sample, at the 2050
horizon.

The results are presented in Tablié An increase in per capita GDP (GDPcap) relativihéo
US, or a higher per capita GDP growth rate, imphigsse in the savings rate. In terms of the
demographic factors, only their interaction withogth has a significant impact on the
savings rate. Hence our preferred specificatiothésone in Column (2) of Table 1, where
additive demographic factors are dropped.

Appendix D describes that the impacts of the dé#ffiércohort shareg() on the savings rate
can be deduced from the estimated coefficients@flt variables. These impacts are plotted
in Figure 5, which assumes a 2% per capita GDP tiroate. Figure 2 shows that there is a
strong, negative impact of ageing on the aggregmtengs rate, which is consistent with life-
cycle theory.

11
Both per capita GDP and its growth rate are laggetthatothe equation can be used non-recursivelygrogection

exercise.

12
Preliminary estimations tended to reject any syst& heterogeneity in the determinants of savaitgs between
OECD and non-OECD countries.

13
The country fixed effects are displayed in Apperdix
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Table 1- Determinants of the savings rate

Dependent variable : (2) (2)
Savings rate
Constant 0.0598** 0.139***
(0.0291) (0.00531)
Lagged GDPcap rel. to the USA 0.135** 0.118***
(0.0527) (0.0172)
Lagged GDPcap? rel. to the 0.000374
USA (0.00 74)
Lagged GDPcap growth 1.195%** 1.201***
(0.281) (0.234)
dt 0.259
(0.202)
d? -0.0256
(0.0344)
d3 0.000456
(0.00159)
d* x GDPcap growth -14.98*** -12.99%**
(3.883) (3.273)
d? x GDPcap growth 2.551%** 2.276%*
(0.631) (0.529)
d® x GDPcap growth -0.115%** -0.104%**
(0.0275) (0.0230)
Observations 907 907
R-squared 0.192 0.177
Groups 163 163

Standard errors in parenthese
*** n<0.01, ** p<0.05, * p<0.1

Source: own calculations.

Figure 5— Impact of the life cycle on savings rates,
(assuming a 2% GDPcap growth rate
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2.3. From savings to investment: The FH relationship

Projecting gross investment raises some difficidthndological issues. Indeed, fixed capital
investment, with inventories, is the most unstaolmponent of demand. In the short run, it is
driven mostly by an accelerator effect. In the loag, it is deemed to depend on capital stock
and real interest rates. However, it is difficdtitientify a robust, econometric relationship.
The problem is magnified for developing countridgeve the cost of capital is a rather blurred
concept. One solution is to rely on a model of sgsirather than investment, and assume a
long-run savings-investment balance (see PonceltD)2However, this assumption of a
closed economy would be at odds with the receriBeoved savings-investment imbalances
in the global economy. Here, we estimate an emaorection, FH-type relationship between
the savings and the investment rates.

The basis of the contribution made by Feldstein ldndoka (1980) is that the relationship
between savings and investment depends on finalgahness: in a closed economy,
domestic investment is constrained by domesticngawvhereas perfect capital mobility
would require domestic investment being uncorrelatgth domestic savings. The most
general specification of the FH relationship is fillowing (see Herwartz and Xu, 2010):

(é)l-,t =a+fi (%)i,t Ui (2.5)

where(1/Y) and (S/Y) respectively denote the investment and savingSD® ratios. The
lower is S, the higher will be capital mobility. For a sample16 OECD countries between
1960 and 1974, Feldstein and Horioka found thagwerage, a one percentage point increase
in the savings rate was related to a 0.89 percenpagnt increase in the investment rate
(B = 0.89), meaning limitedde facto international financial integration despitie jure
liberalisation (hence the FH puzzle). Some subs#gestimations find lower values fgt,
especially within the Eurozone, but generally thefficient remains relatively high.

Measuring the link between savings and investmatesrraises three issues. First, measuring
capital formation is far from straightforward. Sadpa FH-type estimation can be spurious if
investment or saving rates are non-stationary. d]hion-stationarity requires the correct
model to be implemented. These three points areldesd below.

a. Measuring investment

There are two ways to measure capital formatiorosgfixed capital formation’ (GFCF),
which corresponds to the purchase of fixed asaats,gross capital formation’ (GCF), which
includes changes to inventories:

14 E.g., Obstfeld and Rogoff (1996) found a coeffitieh0.69 for a sample of 22 OECD countries overghegod
1982-91 and Blanchard and Giavazzi (2002) obtain@dba coefficient for the 30 OECD countries in theiguk
1975-2001. It is interesting that in their estimatthe coefficient is lower and declining in the@area at only 0.14
in 1991-2001, down from 0.41 in 1975-90.
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GCF = GFCF + Alnventories (2.6)

Our production function includeonly fixed assets, and our capital accumulationmp@ent

inventory equation relies on GFCHowever,savings (the source of investms) are used to
buy fixed assets and to accumulate inventoro that the FH relationship holonly for GCF

and savings. Hence, we need to use the GCF seratitnate our FH relationshiand then

correct projected GCto recover GFCI

Figure 6 shows thathe two series arfairly similar, althoughGCF is more volatile tha
GFCF, due to inventory changes. On averidhough, the variace in th' inventories is
generally positive (Figure 7). Because our focusndon¢-term accumulation, only lor-run
discrepancies need to be accounted for. Sinceistrgbdtion of average inventory change:
clearly asymmetric, we subtract its median (0.87%@DP) to correct GClto obtain GFCF.
Note, however, that this choice is nrucial since the correction igery small compared to
the capital formation levels.

Figure 6 —Gross capital formation anc gross fixed capital formation
% of GDP, 1960-2008
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Figure 7 —Distribution of average inventory ctanges over the 19¢-2008 period
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b. Stationarity

As noted, e.gby Coiteux and Olivier (2000), savis and investment rates are often -
rather than @anordinay least squares OLS)
regressions. Howevethe breadth olour sample means that ig likely to include bott
stationary and nostationary seriesin addition, for some countries we h. missing or
unreliable dataFor these reasons, we prea panel to a country-bgeuntry approach. W
follow Chakrabarti (2006and divideour sample into OECD and n@ECD countries an
implement panel uniteot tests. This choice is motivated by the largieibnces in financial
openness between the two types of coes (see Figure 8).

stationary, requiring cointegration
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Figure 8 — Financial openness, 1970-2007
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Source: Chinn and Ito (2008), based on the IMF AsiriReport on Exchange Arrangements and Exchange
Restrictions, 1970-2007.

Panel unit root tests, first proposed by Levin &md(1992), have been developed by several
scholars, resulting in five different tests thah ¢ implemented in Stata. Four of these tests
(Levin Lin and Chu, Im Pesaran and Shin, Breitund Risher) consider the null hypothesis
of a unit root (common or country-specific). Thighfi(Hadri) sets the null as stationarity. The
results of all five tests are presented in Apperktixun for both series and country groups.

For both the OECD and the non-OECD sub-samplesislieof non-stationarity is generally

accepted (and the null of stationarity is rejectdddn-stationarity of the series is less
compelling for savings rates than for capital fotim®a and especially for the OECD

countries. Nevertheless, we can consider both gavand investment rates to be non-
stationary. We check next for cointegration.

c. Cointegration

We implement two sets of panel-cointegration téstsed on four tests in Westerlund (2007)
and seven tests from Pedroni (1997), which diffetarms of the heterogeneity allowed
within panels. For all these tests, the null hypstb is of no cointegration. The results are
reported in Appendix E.

24



CEPII, WP No 2010-27 The world economy in 2050: a tentative picture

It is important to note that Pedroni’s tests asstimaé all countries are independent, which is
not the case since the world sum of investmentraatically equals the world sum of savings
(with no statistical, world discrepancy). Althougiiesterlund tests are less frequent in the
literature, they do not make this assumption ofepehdence. Hence, we rely on the
Westerlund tests, which all reject the null of mmntegration (at the 1% level for OECD
countries, and at the 5% level for the non-OECDug)oThe results of the Pedroni tests are
more mixed, but still tend to favour cointegratidrherefore, we need to estimate an error-
correction model.

d. Error-correction model

The error-correction model is estimated using thgl& and Granger two-step method (see
e.g. Coiteux and Olivier, 2000, or Herwartz and X009). First, the long run relation
(Equation 2.5) is estimated in panel, leading tbrreges ofa; and S. This allows us to
estimate the following relation:

2(®), =ara(l),  —a-p(E) )+pa(®) +ea 2.7)

wherea is the first differences operat@t; andf are estimates from the first estimation, and
0; is the speed of adjustment towards the long-rlatioaship.

Some authors estimate this relationship on a cgdoycountry basis (see Pelgrin and
Schich, 2004 for a review). However, the coeffitseobtained can be insignificant, especially
among developing countries (Mamingi, 1997). Usimgngd data estimation techniques
increases the degrees of freedom for the estimation

Table 2 reports the cointegration vector for eaaheb of countries (OECD, and non-OECD).
The FH coefficient obtained for the OECD panel 8.)is in line with the literature (see
Footnote 11, and Table 3). However, for the devabppountries it is significantly lower, and
lower than that obtained in Chakrabarti (2006) ($able 3): despite lowede jure capital
mobility, emerging and developing countries seerdisplay highede factocapital mobility.

In the period 1980-2008, the non-OECD countriegsd tem display larger current-account
imbalances (in proportion to GDP) than the OECDugrorhe absolute value of their current
accounts, on average, is 9.7% of GDP, compareadltp 4% for the OECD countries.In
addition, our developing countries sample is latgan the sample in Chakrabarti (2006) and
our results for the non-OECD group might be hicsogne heterogeneity. In the following, we
keep different FH coefficients for OECD and non-@ECountries. In results not reported
here, we checked that the sensitivity of our restalithis assumption was limited.

15
Calculation based on the IMB/orld Economic Outlookatabase, April 2010.
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Table 2 — The FH relation, cointegration vector

Dependent variable : (1) (1)
capital formation rate OECD Non-OECD
Savings rate 0.685*** 0.204***
(0.0180) (0.0103)
Constant 0.0747*** 0.189***
(0.00450) (0.0019)
Observations 1232 4418
R-squared 0.547 0.091
Number of groups 30 121

Standard errors in parentheses
*** pn<0.01, ** p<0.05, * p<0.1

Source: own calculations.

Table 3 — FH coefficient: comparison with the coirggration literature

Data Own Chakrabarti Coiteux and Olivier Jansen Pelgrin and

(2006) (2000) (1998)+ Schich (2004)
OECD 0.685*** 0.81*** 0.63*** 0.731 0.93***
Non OECD  0.204*** 0.79*** - - -

" In Jansen 1998, the coefficient is the averageafly coefficients between 1955 and 1994

The results of the error-correction models (ECM) presented in Table 4. The Fisher test
cannot reject the null hypothesis that all fixetkeetls are equal to zero. Hence, the ECMs are
finally estimated with neither fixed effects noc@nstant. The error correction coefficighis
found to be significant and negative for both g®ub countries, with similar magnitude:
each year, approximately 20% of the discrepancyden the lagged investment rate and its
(lagged) long-run value is erased. However, theachmwf the short-term dynamics of the
savings rate on the investment rate is higher lier @ECD than in non-OECD group of
countries.
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Table 4 — Error correction model

Dependent variable : (2) (2) (3) (3)
A capita] formation rate OECD Non-OECD OECD Non-OECD
Error correction term -0.211%** -0.245%** -0.211%%* -0.245%**
(0.0181) (0.0099) (0.0180) (0.0098)
A savings rate 0.767*** 0.191*** 0.767*** 0.191***
(0.0211) (0.0105) (0.0211) (0.0104)
Constant -0.000635 0.000653
(0.000615) (0.000650)
Observations 1202 4297 1202 4297
R-squared 0.564 0.184 0.563 0.184
Number of groups 30 121
Fisher statistic 0.20 0.17
Prob > F 1.0000 1.0000

Standard errors in parentheses.
*** n<0.01, ** p<0.05, * p<0.1.
Source: own calculations.

2.4. TFP growth

Similar to Poncet (2006), we model TFP growth based Nelson-Phelps catch-up model
(see Benhabib and Spiegel, 2005). We divide the¢@er980-2008 into three sub-periods:
1980-1989, 1990-1999 and 2000-2008, and calcule¢eage TFP growth for each sub-
period, denotedln(Ai,t). For the already stressed reasons regarding uodedt
heterogeneity, we then estimate the following refatvith country fixed effects, excluding
1990-1999 for former soviet republics:

Aj—
Aln(A;.) = 8; + y1In(H;t) + voIn(Hy,) AU.:t—ll + € (2.8)
whereH;, denotes the stock of human capital (average numibgears of schooling taken
from Barro and Lee, 1993) at the beginning of eHelfor 8)-year period, an§} are the fixed
effects. The results are reported in Tablé &s expected, TFP growth is faster when human

capital levels are higher; the speed of TFP grawtluces with nearness to the TFP frontier,
and this effect is also stronger for higher lexa#lauman capital.

16
Country fixed effects are displayed in Appendix C.
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Table 5 — TFP growth

Dep. Variable : AA;, (1D
Within
estimator
ln(Hi,t) 0.0452%**
(0.0057)
A -0.0663***
n(Hie) 7= (0.00757)
Constant -0.0191**
(0.00961)
Observations 419
Number of groups 145
R-squared 0.336

Standard errors in parentheses
*** n<0.01, ** p<0.05, * p<0.1

Source: own calculations.

Finally, we need to make projections of human edhphgain, we rely on a catch-up model:
each country increases its average mean leveluwfagidn up to the education frontier, which
the data reveal to be the US level. The speed udatbn catch up is assumed to vary across
broad regions of the world. We therefore estimlagefbllowing relation:

ln( Hit ) _ /ﬂ‘egionln (H:s,t—1> Ty (2.9)

Hitq L it—1
wherei denotes the country,is a 5 year period anf“?*" is the speed of catch-up of the
region to which country belongs. Regions are defined here according tdHNGE, which is
an international, general-equilibrium, overlappopgaeration model focusing on ageing and
growth, co-developed by CEPII, CEPREMAP and OFC®/e do not add country or region
fixed effects to this specification to avoid the PTfeader being overtaken before 2050.
Educational attainment is assumed to grow by 0.8%ypar in the US (average growth rate
in the 1990s). The results are presented in TabMo6surprisingly given the efforts made in
the 1980-2008 period, education catch-up is fastéturope and the Mediterranean region
than in the other regions. On average, a 10% eiducgap with the US triggers a 1% growth
in human capital in the succeeding 5 years (0.8%\foca, 1.2% for Western Europe).

17
See Borgy et al. (2009).
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Table 6 — Educational catch-up speed

Dependent variable : In(H;,/H;;_4)
Western Europe 0.120%***
(0.0230)
Eastern Europe and former USSR 0.136**
(0.0568)
North America and Japan 0.0700***
(0.0155)
Latin America 0.0894**+*
(0.00883)
Mediterranean region 0.162%**
(0.0101)
Chinese region 0.108***
(0.0167)
Sub-Saharan Africa 0.0760***
(0.00458)
Indian region 0.0891***
(0.00811)
Observations 835
R-squared 0.507

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Source: own calculations.

2.5. Energy productivity

Energy productivity, like TFP, can be seen as #wult of cumulated innovation. The data
seem to emphasise two determinants of energy ptiwdyccatch-up. In addition to the
distance to the energy-productivity frontier, weedeto consider the distance to the
development frontier. The latter tends to impadatieely on energy-productivity growth,
whereas the catch up of energy productivity is lecated by higher distance to the energy-
productivity frontier.

The underlying empirical evidence shows a U-shapethtion between economic
development and energy productivity: low incomertddes are very energy-efficient because
their economies are based on the primary sectordéceloping countries, the industry sector,
which is very energy demanding, becomes more impgrtmaking energy productivity
lower; after industrial transition is completede ttechnological efficiency of these countries
tends to improve, and this is accompanied by tigarosation of their economies around the
services sector, which means that energy prodixvarts to increase.

Thus, we estimate the following relationship:

In (BB” ) = wyln (—BF't_l) + pyln <M> + & (2.10)

it—1 Bit—1 Yit-1
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whereBr denotes the energy-productivity frontier. In oample, SwitzerlandGHE) appears
the most energy-productive country over the wh®80t2008 period. However, due to its
specificities (small landlocked country based maioh the service sector), this country
cannot be used the energy-efficiency frontier. Wine the frontier based on the mean of the
next four most energy productive countries (Unikedgdom, Japan, Germany and France).
The estimation results are presented in Table 7tHe®whole sample of countries, the data
support the idea of a double-catch-up process.etmg of distance to the development
frontier, there is no significant impact on enemygductivity catch-up for the OECD
countries, which contrasts with the results for4@BCD countries. It is only countries in the
non-OECD group that are faced with a trade-off leetveconomic and energy catch-up. In
the following, we retain the OECD/non-OECD groupfagenergy productivity.

Table 7 — Energy productivity

Dependent variable : (1) (2) 3)
Growth of B OECD OECD Non-OECD
Distance to energy-  0.0238*** 0.0207*** 0.0161***
productivity leader (0.00481) (0.00319) (0.00301)
Distance to GDP-per- -0.00404 -0.00465***
capita leader (0.00459) (0.00126)
Observations 779 783 3607
R-squared 0.05 0.05 0.01

Standard errors in parentheses
*** pn<0.01, ** p<0.05, * p<0.1

Source: own calculations.

2.6. The Balassa-Samuelson effect

As described in Section 1, the evolution of reall@nge rates for each country compared to
the US can be expressed as a simple function afuptivity and energy-productivity catch
up, with proportionality factors that depend on #hare of traded sectors and the returns to
energy in each country and in the US.

The share of traded sectors for each country ibresééd based on the Global Trade Analysis
Project (GTAP) databa¥efor production and bilateral trade in year 200&the industry
level. We consider all the 57 GTAP sectors (inahgdservices). For each sector, we compute
a world level exposure rate according to the follmpformula:

=t (1-5) (2.11)

YS) YS+MS-XS

with Y* denoting the world production of seckgrX® world exports, and/® world imports.

18
See www.gtap.agecon.purdue.edu.
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The distribution of these exposure rates is digaayn Figure 9. It appears that there are
modes, which we identify as the r-traded goods (low exposure rate) and tregoods (high
exposure rate). The threshold this tt""¢" = 0.165. The shareof traded sectors in ea
country is recovered by adding the shares of tragtamts in total productio In turn, the
share of energy in income (the m coefficient in &gn 11.8) of Sectiorl) is derived from
the simulation itself.

Figure 9 —Distributi on of exposure rates for GTAP sectol
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3. THE WORLD ECONOMY IN 2050

The methodology describdad the previous section allows us make long-run economic
projections for 12&ountries. It relies on the assump that in the dng run, only supp-side
factors (labou capital, TFP, energy productivity) matter foroeomic growth.Thus, the
starting point foithe projections should ta year wherGDP was at its potential level in mc
countriesHowever, we are It with the problem of the 20089 global crisisWe could take
as our starting point a paisis year— say 2007, but the crisisvolved falls in production
and income andlso a collapse in investms, which is likely to have long-lasting impact
on potential outputTherefore, e (i) rely on IMF GDP forecasts #2012, (ii) assume that tt
output gap has beattosed at that date, (iii) adjust TFP levels actwly, and (iv) perforn
supply-side projections f@2013 to 2050This methodology may overstate the drop in 1
during the crisis since we aunable to account for the temporary fall in investineres and
the rise in unemploymeniyhose effects could extetbeyond 2012. However, this feature
benign since our interest 13 GDP, not employment or TF
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A key assumption in our projections is the (realygnf oil. As mentioned in Sectic1, we
use EIA projections up to 2030, and apply a consgaowth rate from 2030 to 2050 (s
Figure 10). We alstest the sensitivil of our resultsd this assumption (see Sectic).

Figure 10 —Real price, past and projecte: oil prices, 19802050, constant USI
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Source: EIA (198@030), own calculations (20-2050).

Finally, we are faced with the™ country problem: witm countries in the world, there &
only n-1 independent savis-Hnvestment imbalances. In other words, sas-investment
imbalances should sum to zero across 128 countries (assuminghat the weight is
negligible for theremaining world countries). Réter than dropping the savis and
investment equations for one country tmight be considered the ‘rest of the world’, !
choose to distribute the discrepancy acros<128 countries, proportical to their share in
world investmentsWe denot the projected GCF of countiyat timet as I;, and projected

savings as; , , makingthe corrected value of investms; , such that:

7 I,
We turn nexto the projections, starting with the different guweaion factors(Section 3.1) and
to GDP at constant relative prices.2) and variable relative prices.83. At each step, tr

results for a few large economies are displayeddismlisse: the detailed resuliare reported
in Appendix F.
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3.1. Production factors

a. The labour force

Figure 11 depictshie evolution of the labour forcfor a few large economieNote that
China’slabour force starts to decline around 2Cwhile India’scontinues to grow (althouc
at a slower pace after 2035). At the 2050 horibothlabour forces are similewith slightly
more than 700 million individua

Over the same period, théS labour force is fairly dynamjowith a 34% increase betwe
2008 and 2050. In 2050, thés labour force isaround 200 million individualswhich is 3.5
times smaller thafhina or Indi.

Japan and Russian the other hand, shi a large decrease in their labour f¢, along the
200850 period, which will make it more difficult for &m to maintain positive growth rat

Figure 11— Labour force (million persons), 1980205(
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b. Saving and investme

According to air estimated equations, savs rates are amcreasing function of GDP p
capita levels (relative to thdS) and growth rates, and a decreasing function efstare o
older peoplein the population.The progressive ageing of Ching®pulation triggers
dramatic reduction in China’s savs rates (Figure 12)he impact of ageing is evidefor
Russia and to a lesser extent for the other casin the graphin Figure 12. In India, the
savingsrate increases slightly up to 2040, and then des
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Figure 12— Saving rate (% of GDP), 1980-2050
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The decline in savingsates implies a decline in investment ratethougl not necessarily in
parallel with savingsates (Figure 13)For example,n China, investment res and savings
rates fall respectively by 5&nd more tha8% of GDP. In India, theate ofinvestment falls
steadily while savings ratéscreases slightly. In thUS and in the UKtherate of investment
falls much more than the savs rate.
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Figure 13 —Investment rate (GFCF, % of GDP), 198-205(

50%

40%

30%

20%

10%

/
0% T T T 1

180 1990 2000 2010 2020 2030 2040 2050

=—4=USA ===CHN ===FRA IND ====RUS ===]PN ==—DEU BRA =a—GCBR
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Figure 14 plots the implications of savs and investment developments for current accs.
Between 2020 and 2040 Chinisurplus andhe US deficit disappear. In contrast, Inhas a
current-account surplusfter 2020 and Russia haslarge surplus over the whole project
period.
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Figure 14 — Savingdnvestment balance (savins minus GCF, % of GDP), 198(-2050

h

30%

20% n
\

10%

v
YW\
0% N tp\a:‘
-10%
1980 1990 2000 2010 2020 2030 2040 2050
=== |JSA =m=(CHN ====FRA IND ===RUS ==t=JPN DEU BRA =——GBR

Source: own calculations.

Since in China, GDRontinues tcincrease rapidlpver the period, even a falling investm

rate fuels fasgrowing capital stockAfter 2035, China’scapital endowmenis larger than
that of the USat 2005 US dolla (Figure 15). However, given the differencethe sizes of
these countries’ labour forgeChina’s capital intensity (K/L) is stilhalf that of the USin

2050. It is interesting thagiven the pace of accumulation and decliningmography,
Germany'’s capital intensitig largerthan that ofFrance in 2035 (Figure 16). FinalJapan’s
leading position forcapital intensityis unchallenged: steady investment and decli
demography lead to a sharp increase in the K/b.
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Figure 15 —Capital stock, 198(-2050 (2005 USD billions
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Figure 16 —Capital Intensity, 198(-2050 (2005 USD‘00@er capita)
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c. Energy Productivity

In our projections, the energy productivihierarchy remains rbadly unchanged fothe
developed countries. The four frontier countriesvwgrat a constant exogenous (+0.5
percent per year, which corresponds to their awegagwth rate over 19-2008), with the
remainingOECD countries cating up to this frontier. Th8razil, India and Chinicatch up
to the energy productivitirontier at esimilar rate to the US (Figure 17).

Figure 17 —Energy productivity, 198C-2050, OECD and BRICs (in % of frontier level
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The dynamics of energy quuctivity is very different for developing econat; the poorest
ones show a U-shapexyolution (Figure 18). Bllowing a phase of high energy efficien
characterised by lodevel of industrialdevelopment, limited use of fossil fuefor transport
and extensive use @échnoloty in the agricultual sector, there is an incre in per capita
GDP and more energgtensive production (e.increased industry sharelhere is evidence
of economic development leading progressive improvement ianergy productivit in
approximately\2007 for Thailand ¢ 2035 for Kenya.
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Figure 18 —Energy productivity, 1980-2050, developingountries
(as a % of the frontier level)
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d. TFP

Education is the main driver of TFP ce-up. Given our specification without fixed effe;,
but with different catchup speeds across tworld’s regions, theanking ofeducation levels
remains broadly at 200@vels (latestavailable data), although China, India and Brare
shown to be catching up fagtigure 19)
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Figure 19 —Human capital (avg years of schoolinas a % of theUS level), 198-2050
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TFP growth can be computeon rates of education catcip. Figure 20shows clear
convergence in TFP growth rates. For sccountries (e.g. RussiByrazil), however, thre is a
downward convergence in TFP growth s, leading to very slow catalp of TFP leves. In

contrast, China’siigh TFP growth rateoveran extended period, fuel impressive c-up of

its TFP level (Figure 21However, our results indice that China’sTFP level is likely to be
only half that of the US bg2050

As alreadymentioned, the 20(-09 global crisis resulteth a dramatic drop in TFP in o

model since we do not account iits impact on produadn factors (capital, lalur, energy
productivity). Because all countries are affectgdhe crisis, the effectn TFP growth rates
Is minor, but the impaan TFP level is more substantial.
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Figure 20— TFP growth, 1980-2050, % per year
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Figure 21— TFP (in % of USA level), 1980-2050
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3.2. GDP

To project volume ofDP for our sample ¢128 countries from 2013 to 20, we need to
combine laboy capital, TFP and energy productiviFigure 22 depictGDP growth rates.
Up to 2030, the highegirowth ratcis achieved by China, but in 2030 to 2(it is overtaken
by India. After 203QJapan and Germailexperience very low growth rates. This refletheir

reduced labour force whicis not fully compensat¢ for by capital accumulation and TI

growth.
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Figure 22— GDP growth, 1980-2050 (% per year)

15%

10%

0%

-5%

-10%

-15%
1980 1990 2000 2010 2020 2030 2040 2050

—4—USA —=—CHN ——FRA IND —#—RUS5 —+—JPN DEU BERA ——GER

Source: own calculations.

In the introductiorto this pape, we showed thaassuming a constant 8% GDP growth for
China would result in thisconomygrowing 21-fold in 40 years. Herege project ereduction
in this growth rate for Chindrom 8.6% per yeain 2008-25 to 4.% per yeaiin 2025-2050,
resulting in a 13eld growth between 2008 and 2050 (see Figure d3)e actualorder of
magnitude of China’s ecomic growthis a direct indication of iB country’s demand fc
global natural resources. According to our caléolest, measured i2005 USdollars, China
could overtake the US as the largworld economy around 2035, acduld be 37% larger
than the US in 2050°his would makeChina ten times larger than the largest EU coui.e.
the UK. At around the same time, 20&India would be set to overtakke become the third
largest world economy twice the size of Japan’s and half the US one.

The corresponding shares global GDPof the main economies 2008, 2025 and 20Zare
depictedin Figure 24. At constant relative prices, US would account for only 9% of the
world economy in 2050, compared t7% in 2008. The loss of positicof the US would
occur between 2025 and 205By 2050, according to this projectio@hina would accour
for 25% of global GDP (compared 7% in 2008) and India would haee9% share in 20%
(compared to 2% in 2008T.he shares cthe European Union anthpan would be rough
halved during this period/hile the shareBrazil and Russia woultemainunchanged at 2%
each. Within the BRIGBrazil, Russia, India, Chin groupthere are wide differenc: while
the shares oChina and Indicare multiplied by a factor of at least faoy 2050, Russia and
Brazil manage onlyo keep their shas constant witim a rapidly expanding world econor
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Figure 23— GDP, 1980-2050 (2005 USD bn)
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Figure 24 —Shares of the world economy, 2008, 20:and 2050,(in % of world GDP)
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To estimate standards otilng, we convert projected GDP into purchasing poywarity
(PPP) and divide thiby projected populatiorDenoting byPPP the PPP conversion fact
(taken from The Wirld Bank for year 2005) and IN the total population, we ha

GDPcap = 1 X = X PPP (3.2)
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Hence, GDP per capita in PPP differs from laboodpctivity due to (i) the employment re
L/N, and (ii) the PPP conversion fac Our calculations suggest thahina’s GDP per capit
would reachalmost 90% of the US level in 2C, thanks to both a relatively high employm
rate and a high conversion fac (Figure 25) while India woul@datch upwith Brazil to be
36% of the US level. Japan, Franind Germany wouldegress substantially after 20
according to this criterigrwhich is not to indicatabsolute impoverishmelbecause the US
level would continue to grow.

Figure 25 —GDP per capita, 1982050 (2005 PPP USD, in % of USA lev
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3.3. GDP with relative-price variations

In the scenarios so fawe have not includevaluation effects, an@DP growth rates ar
levels have been presented at constant price2005 US dollars (for GDP) 02005 PPP
dollars (for per capit&DP). The figureswe obtained are the key tmw global production
will be reshaped, and haweassive implicationfor demand for production factors (especi:
energy anchuman and physical capital) and carbon emissionseder, theydo not provide
an indication otthe weight of each country in terms of global pasihg or financial powe
For instance, the fast catch up of China in terfrper capitaGDP will trigger an increase
the pricesof Chinese gooc relative to other countries’ good3his real exchange-rate
appreciation will contributéeo GDP growtrand result in greatenternational purchasing ar
financial power.Taking into accoul this valuation effecdoes not radically change t
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picture of the world economy in 2050. Country rargd are unchanged evewhen the
previously projected changes in world GDP sharesragnifiec

In the Balassa-Samuelsdrmamework described in Sectior, TFP and energy productivi
catchup involve a real exchan-rate appreciation against the US dollar, speed that
depends on the share of Avadable goods in each economy (Ségure 2¢). As might be
expected India, China and Russia enjoy strong real excE-rate appreciation up to 20¢
but this is sustained onlfor India after this date. Accountinfpr these relative pric
projections, Chinaovertakes USGDP ataround 2025 (against 2035 at constant rele
prices), and India wilbvertake Japan before 2030 (Figure 27). Hence,uatow for real
exchange rate appreciatichanges the relative lev but not the 2050ankin¢s of the three
largest economies: China’s economill be twice that othe US in 2050, and Indiaill reach
86% of the US level.

Figure 26 —Real exchange rate, 19¢-2050 (in base 100 for 200
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Figure 27 —GDP with real exchang-rate variations, 19802050 (USD bn

60000

50000

40000

30000

20000

10000

0 [
1980

JPN

FRA

GBR RUS

1990

2000

=4—=USA =s=CHN =—=FRA

2010

2020

2030

IND ===RUS ===]JPN

2040

DEU

2050

BRA =—GBR

Source: own calculations.

The resulting shift ineconomic power between 2008 and 20t depictec in Figure 28.
Adding valuation effects naturally increases thétsin the economyowards China and
India. The USwould account for 21% of world GDP in 2025 and 1422050, compare
with 26% in 2008; the European Union would dromirél% of world GDP in 2008 t21%
in 2025 and 1% in 2050, and Japawould drop from 10% to 7% to 3% the same periods.
In contrast, the respectiahars of China and Indisvould grow from 7% in 2008 to 20%
2025 and 28% in 2050, and 2% to 5% and then Brazil and Russia woulremain
relatively stable over #hwhole¢ period with shares of around 2% eackdn this basis, the
relative size of Europ&ould be a third lesin value at the 2050 horizon, rhalf as estimated

using GDP volume.

1

9
Our projectiondor Brazil and Russia migtappear conservativ@his is because they are based on econon

relationships estimated for 198008, a period when their average economic perfocmaras relatively poc
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Figure 28 —Shares of the world economy, 2008, 2025 and 2|,
(in % of world GDP, including valuation effects’
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4. ASSESSMENT

In this section we assess our projections in twgswé&irst, we perform sensitivity exercis
to check the robustness of the projections to cbsmgcertainkey parameters. Second,
compare our projections with those in the litera

4.1. Sensitivity analysis

First we test the robustness of our projections to chamgexr number of key assumptio
Specifically, we simulatsevel different world economy scenarios:

* the reference scenario is the one described &

* ‘low energy pice’ scenario assumes a lower oil price, accordintheEIA low price
scenario up to 203@Kd a price oUSD 50 per barrel in 2050, instead of USD 17
the reference case, sFigure 29);

* ‘high energy pice’ scenaricis based on the EIAigh price scenariand USD 230 per
barrelin 2050, see Figure Z

* ‘substitutable E’ scenario combines two assumptiangpermanent, technologic
shock in 2012leads to higher substitutabilityetween energy and other fact
(o = 0.22 instead 00.136), and the EIA low energgrice scenari.

20
Allowing for higher substitutability between eny and the other factors reduaglsbal demand for energy, whi
is consistent with a lower energyice
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» ‘closed economy’where¢ the investment rate is set equal to the ses rate, for each
country and each year, such that there is no dapdhility aroundthe world.

e ‘converging behaviors’ whereby nationidiosyncrasiesin terms of institutions
preferences, governance would Fconverge to the indl world average at the 20!
horizon. To this end, we linearly reduce half of thivergence to the samgmean for
each country over the projection period. This tabustness check is warranted by
nonsignificance of a large number of country fixedeefs (see Appendix C
combined with the possibility that country fixedests correspond to n-permanent
idiosyncrasies.

Figure 29— Energy price scenarios, 1980-2050
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Figure 30provides comparisons che various scenarios for three countries US, China
and India), three variables (energy inity, average investment rate and GDP in volume)
two time horizons (2025 and 2050). As expected, in all troeentries energy intensity

higher in the low energy price scenario (or high substitditgbicum low energy- price
scenario) than in the mxfence scenario, aris also higher irthe high energy price scenar
However this does not translate into major diffeemin GDP at 2025 and 2050. In Chi
the low energy price scenariresults in a 4% increase @DP by 2050, compared to t
referene scenario, and a high energy price res GDP by around 3% at the sartime

horizon. These benign effagboint to the minorcontribution of energy to GDP growtas
opposedo the contributions ccapital accumulation, labosupply and productivity gwth.21

The last panel of the figure presenting the alti&ragrojections of GDP for China, India a
the United States in 2050 also presents the robsstoheck on the fixed effects. The r

21
Note that we do not take into account the impact lofaaprice of energy in terms of greenhouse gas €ons anc
the correlated impact on the cliteand ultimately on GD
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change is for China. Interestingly, it is at oddghwwhat tte intuition suggests, as tl
projection is less favourable in this case. Theswoaas straightforward: with declining fixe
effects, Chinese savings are lower, as compareditaentral exercise, and this reduces
accumulation of capital. Still, theimited change at the 2050 horizon suggests thai

exercise is not put at risk by the use of fixea:€ti$
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A closed economy scenariavours capital accumulation in Chirflhigh savings are investt
locally), at the expense of ttUS (local investment can no longer be financed by ifpr
savings). he implications for GDFagainare limited since net capital flows are a mi
source of investment finandeompared to local savings) in the baseline scen&verall,
our projections appear relatively robust to changethe mainassumptions concerning t
price of energy or the regime of international taflows.

4.2. Comparison with other projections

We campare our projections witlthose resulting fromsimilar exercisesconducted by
Goldman Sachs (GS) atite OECD (based on Duval and de la Maisonneuvd)):

OECD projections are in PR®hich in terms of growth rates ike same as constant doll;;
GS projections take accouot relativeprice variations through a Bala-Samuelson effect.
GS projectionsprovide GDP levels for 2050, whereashe OECD publishes avera
growth rates for 20085, 201'-25 and 2025-50 hevided the appropriate horizon andt
(without or with valuation effectsare considered,us results can be compared to eact
these sources.

Figure 31 compares theverage growth rat obtained in our exerciéeto those obtained
OECD and GS, over the same time s, and Figures 32-3B8port the composition of tt
global economy in 2025 and in 2050, according &se sources. Although broadly in lir

22 )
Geometric averages.
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with their projections (in terms of country rankings), ourules show somedifferences,
especially with OECD data.

Up to 2025 (or 203Q)our projections for China and Incare optimisticcompared to OECI
projectionsat constant real exchange rates areclose to GS in currerexchange rates. On
the other hand, our projectiotend to underestimate growthBmazil and Russia compared
the other sources. For tlaglvanced economies, our results are slightly metandgstic for
countriesthat show a surplu(JapanGermany) and slightly more pessimistic those with
deficits (the USA, the UK, FranceThese differences may be duedor more ambitiou
modeling of capital accumulation: while the OECD asssmenvergence of all countries
the US capital-tdsDP ratio and GS assumes an exogenous investmentwa relate
investment to savings through a pressive closing of the savingsvestment gajin each
country. This methodology leads to higher ca-to-GDP ratios incountries with esurplus
than in the USpver the projection period (Figure &

After 2025, our growth rates for China are stillmm@ftimistic than those cthe OECD, but
slightly below GS projectiond-or India, they are close to the OEQID} lower than GS. Fc
the other countriegur projectionsare more pessimistic than both thesercesSome of the
difference is based agaion different assumptions abowpital accumulation. Iso the
production functiorapplied differ: whereas OECD and GS use a Cdsglas productiol
function (including respectively capital, labourrde and human capital; and capitiand
labour force), we int]duce enely constraints, which perhaps lead to kbwer estimation o
GDP growthin our exercise fothe 202550 period. Finally, GS assumes a uniformto 1
relationship between theroductivity differentials and real exchange ratgpraciation,
whereas we use a countoy-country calibration based on the shares of tradsmtg anc
energy remuneration in each econc

Figure 31— Average GDP growth rates

CEPII versus OECD, 201525, constant USI CEPII versus GS, 201-25, current USD
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CEPII versus OECD, 202550, constant USI CEPII versus GS, 202-50, current USD
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Source: own calculations.

Figure 32 —Share in the world economy, Purchasing Power ParityCEPII versus OECLC
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Figure 33 —Share in the world economy, curreniprices, CEPII versus G¢

CEPII

2025 (current prices)
5 V‘Russ'\a
razi
29 3% india

- I 5%

/. ’
Other
21%

European
Union

2050 (current prices)

Russia
Brazil 5o,

2 |

European
Union
11%

GS

2025 (current prices, GS)

Russia
Brazil N

3% | ’ India
5%

European
Union

2050 (current prices, GS)

Brazil Russia

o
4%_‘ |

European
Union
13%

a
1€80

1990 2000 2010 2020

== SN\ ===(HN =sf=FRA —==—=|ND ====RUS ==]JPN ==o—DEU -——BRA =—=—GER

7030 2040 2050

Source: own calculations.

54




CEPII, WP No 2010-27 The world economy in 2050: a tentative picture

CONCLUSION

A theoretically consistent model of world econongmowth is especially important for
projecting GDP in several countries over a longetiperiod. As is the case with any
projections over long time horizons, the work présd in this paper should be considered
tentative. However, we have endeavoured to maks transparent as possible and rely on
robust research concerning the determination oingay investment and TFP growth. Our
contribution to theory is that we include energythe production function and explicitly
derive not only TFP, but also energy productivite also derive a fully fledged
representation of the valuation effects based enB@lassa-Samuelson effects. In our view,
we improve on the existing work by including an mgye constraint in the projections,
accounting for imperfect international capital miiin the process of capital accumulation,
and explicitly measuring the contribution of valoat effects. These changes lead to
somewhat different results compared to existingegtmns. Although the results obtained
should be treated with some caution, we believe they provide useful benchmarks for
downstream studies on world commodity demand, matgrnal trade, financing capacities,
global power, etc. They also provide a fully-trasxgmt and theoretically-grounded
benchmark for comparing existing projections angta$sing their underlying assumptions.
Integrating environmental effects with GDP growdmbpt addressed in this study, but should
remain on the research agenda.
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APPENDIX A: FIRMS OPTIMIZATION

Considering the combined capital-labour facpre= K*L'*~%, and p, its real price, the
optimization programme of the representative filggyation (1.4) in Section 1) can be re-
written as:

Max(Y — poQ—pgE) s.t. YP = (AQ)” + (BE)”
The first order conditions are:

ApAPQP™H = pqg
ApoEp_l = Pg

whereA is the Lagrangian multiplier. Recall thgt(1 — p) = o, so we have:
E_ [pe(B\]”
o [pE (A) ] (A.1)

Assuming perfect competition, we haVe- p,Q—pgE = 0. Additionally, the cost function
yields:Y? = (AQ)” + (BE)P. Then, we can rearrange by using the above expreks E/Q:

re = ()7 B[ ps 7 + (40)7pg ] ”2)
¥ = (52) E[G)7pe = + (4071~ "3

If we divide the two expressions (A.2/A.1), we get:

—p _ P _
yl—r = B—ﬁEl p (A.4)
And finally (recall thato =1 — 1/0):

- (@) -2 &

PE pg

We can now derive TFP from the production functma equation (A.5):

l —_—
T A (= FO O ()
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APPENDIX B: THE BALASSA-SAMUELSON EFFECT

e Prices and productivity growth

We assume that there are two sectors in a natewwiomy: one producing tradable goods
(denoted byr"), and the other producing non-tradable goods (#ehlbyN). The two sectors
have the same type of production function:

{YT = [(ArQr)? + (BrEr)] /e B.1)
Yu = [(AnQn)? + (ByEn)?] /o
Rewriting (B. 1) in Q-intensive terms gives:
Yr = Z_; =[ArP + (BTeT)p]l/p
o , " (B.2)
N T [An® + (Byey)P] /P
Withe = £/,.

The tradable sector

Here we adapt the approach proposed by Obstfeld Rogbff (1996) to our particular
production function. Denoting by the price of energy in terms of the tradable good,
have:

7] — —
e =pg < Breg 'y " =p; (B.3)

Similarly, denoting by, the price of the combined, capital-labour factotarms of tradable
goods yields:

oYr _ p1-p _
E)_Q: =Po S Aryr " =Do (B4)

Assuming perfect competition, the zero-profit caioti can be written as:
1
yr = [Ar? + (Brer)?] /p = pg + prer (B.5)

Log-differentiating (B.5), we get:

l d(Ar” + (Brer)”) _ d(PQ + pEeT)
p Vr yr
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— l d(A ) d(Bﬁ) -I;)Bﬁd(eﬁ) _ dpq _I_pEdeT n erdpg
p yT yT yr yr yr

ﬂdAT e;B-ﬁ dBT + 878378 der — p_deQ + peger der + peeT Apg
y£ AT Y£ Bt Y£ er YT PQ yr er YT DE

(B.6)

p
From (B.3) we know thaiu PET and from (B.4) we know theﬁ; pQ Replacmg the
left hand-side of (B.6) and rearranglng we get:

&(dﬂ_@>+ﬁ(&_dﬁ):0 (B.7)
yr \ AT 126} yr \ Br PE '

Let ugr = prer/yr anduor = po/yr be the share of energy and capital-labour factotise

income generated in the tradable sector, andlet % denote any variable. Equation
T

(B.7) can be re-written as:

uor(Ar — o) + tgr(Br —pg) =0 (B.8)
The non-traded sector

The same derivation can be achieved for the natable sector. Letting = Py /P be the
relative price of non-tradables, we have:

7]
Por=ps = p(Byey Wy ") =ps (B.9)

e
=po © p(Ayy ") = pe (B.10)
The zero-profit condition for non-tradables is:

1
pyn = plAn® + (Byey)”] /p = Po + Peén (B.11)

By log-differentiating (B.11) and using (B.9) ar#8l10), we get:

d
d£+&<ﬂ_ﬂ)+w(ﬂ_ﬂ):o (B.12)
p YN \ AN PQ YN \ By PE

Using the same notation as for tradables, we get:

p+ #QN(AN - PQ) + ﬂEN(BN - ?E) =0 (B.13)
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Relative price growth

To recover from (B.8) and (B.13) the variation le trelative price of non-tradables, we need
to assume that the remuneration of energy (regptatdabour) represents the same share of
income in the tradable as in the non-tradable secto

E Q

HET = HEN =H=;andHQT=HQN= 1—11:;

We then have:

p=0—-w(Ar — Ay) + n(Br — By) (B.14)

e The real exchange rate

Definition

The real exchange rate is defined here as theivelarices of the home and foreign
consumption bundles. Denoting the domestic consemptrice index asP, the foreign
consumption price index & and the nominal exchange rateSashe real exchange rate can
be written as:

RER == (B.15)
Assuming a Cobb-Douglas consumption bundle, theepnidex can be written as:

P=P/P; Y =pp'Y (B.16)
where y is the share of tradable goods in domestic conompSimilarly, the foreign
consumption price index is:

P = (PRY (P = Pr(p)' ™" (B.17)
wherey ™ is the share of tradables in foreign consumpt#i@suming that the law of one price

holds in the tradable sector (herge P; — P; = 0), the log-variation of the real exchange
rate can be written as:

RER=S+P-P =(1-y)p—-(1A—-y")p" (B.18)

Aggregate technical progress
From (B.14) and (B.18), we get:

RER = (1 —)[(1 — w(Ar — Ay) + u(Br — By)]
—(1=y)[(1 = u) (A7 - Ay) + w (B — By)] (B.19)

As in the standard Balassa-Samuelson model, wenasthat all technical progress occurs in
the tradable sectordy = By = Ay = By, = 0. We can estimate technical progress in the
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tradable sector from aggregate technical progressed on the following aggregator,
assuming that the share of tradables in outplieisame as in consumption:

A=yAr + (1 —-y)Ay =y4A; (B.20)
B=yBr+(1—y)By =yBr (B.21)

where A (resp.B) is TFP (resp. energy productivity) for the whaeonomy. The same
relations can be written for the foreign economithw™ denoting the share of tradables in
foreign output. Plugging these relations into (B,18 have:

RER = “;—” [(1— WA + uB] - % [(1— w4 + wB] (B.22)
Equation (B.22) provides the evolution of the reathange rate which is consistent with our
long-run growth model. The parameters correspond to the share of tradabkbe iaconomy

while theu parameters are the share of the remunerationesfgnn domestic income. We
take the US as the foreign economy.
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APPENDIX C: FIXED EFFECTS

Figure F1 - Distribution of t-statistics for fixed effects
8,00

7,00

6,00

5,00

4,00

3,00

2,00 |

1,00 L

0,00 = T = 1
TFP growth Savingsrate

Note: shaded boxes represent the first quartileliame and third quartile of thdistribution; the bars cover ti
whole range of the t-statistics.

Source: own calculations.
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Figure F2— Country fixed effects
Savings rate TFP growth
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APPENDIX D: DEMOGRAPHIC FACTORS IN THE DETERMINANTS OF SAVING

Following Higgins (1998), we represent the ageritistion through a polynomial. First
consider the regression specification:

S '
(;)t = xtﬁ + a1P1t + -+ a]p]t + U (Cl)

where x; is a vector of explanatory variables apg, ...,p;. represent the shares of age
groupsl, ...,/ in the total population.

If we assume that the coefficients lie along a third order polynomialhish means
specifyinga; = v, + v1j + v2j* + v3j°, the regression specification can be rewritten:

s , . ; .
(;)t = xtB + Yo Z§=1 Pjtt V1 Z§=1]Pj,t +72 Z§=1]2Pj,t +73 Z§=1]3Pj,t +u (C.2)

Now assume the additional restriction that the fomehts of the age distribution variables
sum to zero, i.e} a; = 0. This then implies the following relationship be®ny,, y1, v,
andy;:

Yol 71 Z§=1j +72 Z§=1j2 +73 Z§=1j3 =0

=yo=-"%) -2t - BEL (C3)

Thus, our final regression specification is givegn b

S ’
(;)t =xf + Y1d% + Vzdg + V3d? + U (C.4)

with
J 1 J
a“ = D Jpe=7 )
j=1 j=1

The main interest of this third-order polynomigbmesentation lies in deriving the origingl
coefficients from the estimated tripl@t,, y,,v3), after accounting for growth (which means
replacingy; by (y; + g.) in the reasoning) :

a =Yo+vd+ Yzjz + V3j3 (C.5)
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APPENDIX E: STATIONARITY AND COINTEGRATION TESTS FOR SAVINGS AND INVESTMENT
RATES

» Stationarity
Our stationarity tests rely on the following esttiog:

AXip =a; + Pt + ¢pXipq + 2 PjAX;j + €t (E.1)

The number of lagg has to be sufficiently large to correct for autoetation of the
residuals;;, . The number of lags is selected based on theadgiroposed by Campbell and
Perron. After setting a maximum,,, lags, we estimate (E.1) withpg,,, number of lags. If
®p.. IS NOt significantly different from O (at the 1%vkl), we estimate the relation with
Pmax — 1 1ags. We repeat this until the coefficient beftire last lag included in the relation
is significant. The lags are reported in Table ®ith p,,,, = 6. Then, Tables E2 and E3
respectively report the results of the unit-rostiefor the OECD and the non-OECD panels.
The corresponding cointegration tests are presenté€dbles E4 and ES.

Table E1 — Lag order for unit root tests

Series Lags Lags
OECD Non OECD

Capital formation 4 3

Savings 5 3

Source: own calculations.

Table E2 — Panel unit root tests for the OECD group

Series Test Ho Statistic p-value 5% 1%

Levin, Lin and Chu Unit root -0.7611 0.2233 v v

Im, Pesaran and Shin Unit root -2.0983 0.0179 x 4

Breitung Unit root 0.2165 0.5857 v v

Capital formation Fisher y? Unit root 84.9887 0.0001 x x
Fisher Unit root -1.1779 0.1194 v v

Fisher logit Unit root -2.1756 0.0159 x v

Hadri Statio. 17.8639 0.0000 v v

Levin, Lin and Chu Unit root 1.9437 0.9740 v v

Im, Pesaran and Shin Unit root -2.5086 0.0061 x x

Breitung Unit root 0.4020 0.6562 v v

Savings Fisher y? Unit root 67.8555 0.0070 x x
Fisher v' Unit root -1.9368 0.0264 * v

Fisher logit Unit root -2.1166 0.0183 x v

Hadri Statio. 18.0035 0.0000 v v

Source: own calculations.
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Table E3 — Panel unit root tests for the non-OECD gup

Series Test HO Statistic p-value 5% 1%

Levin, Lin and Chu Unit root -0.1317 0.4476 v v

Im, Pesaran and Shin Unit root -1.5786 0.0572 v v

Breitung Unit root -1.4109 0.0791 v v

Capital formation Fisher y? Unit root 191.1551 0.0584 v v
Fisher ¥ Unit root -0.6123 0.2702 v v

Fisher logit Unit root -0.8782 0.1902 v v

Hadri Statio. 42.5010 0.0000 v v

Levin, Lin and Chu Unit root -0.0929 0.4630 4 4

Im, Pesaran and Shin Unit root -1.5198 0.0643 4 4

Breitung Unit root -0.3207 0.3742 v v

Savings Fisher x? Unit root 206.8525 0.0099 x x
Fisher ¥ Unit root -0.5946 0.2761 v v

Fisher logit Unit root -0.8502 0.1979 v v

Hadri Statio. 38.6100 0.0000 v v

Source: own calculations.
« Cointegration

Table E4 — Cointegration tests for the OECD group

Author Stat name Stat p-value 5% 1%
Panel v -0.937 0.826 x x

Panel p -2.247 0.012 v x

Pedroni Panel PP -4.201 0.000 v v
Panel ADF -5.239 0.000 v v

(only 13 countries) Group p 0.049 0.519 x x
Group PP -2.388 0.008 v v

Group ADF -4.932 0.000 v v

Gt -1.847 0.000 v v

Ga -7.600 0.000 v v

Westerlund Pt -9.048 0.000 v v

Pa -4.862 0.000 v v

Source: own calculations.
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Table E5 — Cointegration tests for the non-OECD grop

Author Stat name Stat p-value 5% 1%
Panel v -1.323 0.9072 x x

Panel p -4.561 0.0000 v v

Pedroni Panel PP -5.551 0.0000 v v
Panel ADF -7.376 0.0000 v v

(only 37 countries) Group p -1.612 0.0534 x x
Group PP -6.310 0.0000 v v

Group ADF -8.304 0.0000 v v

Gt -1.186 0.013 v x

Ga -4.660 0.019 v x

Westerlund Pt 15.070 0.000 v v

Pa -4.358 0.000 v v

Source: own calculations.
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APPENDIX F: DETAILED RESULTS

F-1: GDP and GDP growth

GDP GDP GDP per capita

(billions constant 2005 USD) (billions current USD) (constant 2005 PPP)

2010 2020 2030 2040 2050 2010 2020 2030 2040 2050 2010 2020 2030 2040 2050
United States 12900 16400 19900 23700 27700 12900 16400 19900 23700 27700 40566 47399 53784 60925 68564
Japan 4540 5320 5860 6040 6150 4750 5770 6260 6330 6320 30394 36532 42564 46727 51275

European Union (27)° 14016 17064 19307 21182 23145 14318 17049 18674 19786 20857 27427 32985 37254 41247 45532

Oceania 887 1138 1376 1641 1918 945 1164 1366 1598 1839 34569 40255 45123 50661 56684
Total OECD 36487 45589 53519 60934 68516 37366 46232 53113 59161 65103 29749 35741 40955 46110 51744
Brazil 1050 1470 1970 2490 3000 1190 1610 2130 2670 3210 9641 12679 16313 20318 24612
Russia 882 1220 1550 1850 2050 1100 1720 2350 2910 3240 14000 20074 26744 33689 39224
India 1180 2330 4460 7960 12800 1410 3120 6630 13000 22400 2917 5109 9054 15321 23913
China 3640 8520 16800 27400 37900 4500 11500 24000 39700 53500 6400 14196 27329 44589 63521
Total BRIC 6752 13540 24780 39700 55750 8200 17950 35110 58280 82350 5530 10388 18348 29024 41201
Rest of Latin America 1543 2269 3091 3928 4797 1699 2309 2905 3495 4097 9613 12733 16103 19712 23971
North Africa 370 608 997 1542 2172 423 692 1157 1818 2569 6025 8859 13591 20020 27269
Rest of Africa 540 884 1531 2826 5406 603 1045 2118 5339 15981 2168 2959 4435 7278 12620
Total World 47920 66272 89084 116739 148191 50879 72283 101023 139496 191295 10197 13968 19250 26060 34158

* excluding Cyprus and Slovenia due to lack of data

Average GDP growth Average GDP growth Average GDP per capita growth
(constant 2005 USD) (current USD) (constant PPP)

2010-20 2020-30 2030-40 2040-50 2010-20 2020-30 2030-40 2040-50 2010-20 2020-30 2030-40 2040-50

United States 2.4 2.0 1.8 1.6 2.4 2.0 1.8 1.6 1.6 1.3 1.3 1.2
Japan 1.6 1.0 0.3 0.2 2.0 0.8 0.1 0.0 1.9 1.5 0.9 0.9
European Union (27)+ 2.0 1.2 0.9 0.9 1.8 0.9 0.6 0.5 1.9 1.2 1.0 1.0
Oceania 2.5 1.9 1.8 1.6 2.1 1.6 1.6 1.4 15 11 1.2 11
Total OECD 2.3 1.6 13 1.2 2.2 1.4 11 1.0 1.9 1.4 1.2 1.2
Brazil 3.4 3.0 24 1.9 31 2.8 2.3 1.9 2.8 2.6 2.2 1.9
Russia 33 2.4 1.8 1.0 4.6 3.2 2.2 11 3.7 29 2.3 15
India 7.0 6.7 6.0 4.9 8.3 7.8 7.0 5.6 5.8 5.9 5.4 4.6
China 8.9 7.0 5.0 33 9.8 7.6 5.2 3.0 8.3 6.8 5.0 3.6
Total BRIC 7.2 6.2 4.8 35 8.1 6.9 5.2 35 6.5 5.9 4.7 3.6
Rest of Latin America 3.9 3.1 2.4 2.0 3.1 2.3 1.9 1.6 2.9 2.4 2.0 2.0
North Africa 5.1 5.1 4.5 3.5 5.0 53 4.6 3.5 3.9 4.4 3.9 3.1
Rest of Africa 5.1 5.6 6.3 6.7 5.7 7.3 9.7 11.6 3.2 4.1 5.1 5.7
Total World 33 3.0 2.7 2.4 3.6 3.4 33 3.2 3.2 33 3.1 2.7

* excluding Cyprus and Slovenia due to lack of data

Source: own calculations.
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GDP GDP GDP per capital GDP growth | GOP growth | GDP per capital
1SO Country name constant 2005 USD bn | USD bn with valuation effects 2005 PPP USD (volumes) |(with valuation | - growth (2005
effects) PPP)
2008 2025 2050 | 2008 2025  2050| 2008 2025 2050  082550| 08-25 25-50 | 08-25 25.50

USA _ United States 1300018100 27700| 13000 18100 27700| 41786 50520 68609] 2.0 1.7] 20 17| 11 1.2
JPN  Japan 4720 5630 6150 4920 6060 6320 31546 39638 51434] 1.0 04| 12 02| 1.4 1.0
CHN  China 3070 12300 37900 3400 17100 53500 5463 20055 63633 85 46| 100 47| 7.9 47
DEU Germany 2990 3520 3930| 3230 3600 3620| 33687 41222 51630 1.0 04| 06 00| 1.2 0.9
GBR  United Kingdom 2380 3070 4350| 2470 2880  4060| 34169 40421 52762| 15 14| 09 14| 10 11
FRA France 2260 2860 3780| 2310 2860 3510/ 31661 37882 48620 1.4 11| 1.3 08| 1.1 1.0
TA  Ialy 1820 2150 2440| 1810 2030 2010 28380 33223 39668 10 05| 07 00| 09 07
ESP  Spain 1230 1670 2120| 1220 1620 1930| 29016 35645 43445 1.8 1.0| 17 07| 1.2 0.8
CAN Canada 1200 1760 2650 1230 1880 2710 36010 45368 59496| 2.3 17| 25 15 14 11
IND  India 1050 3240 12800| 1140 4580 22400 2669 6810 23878 6.9 56| 85 66| 5.7 5.1
BRA Brazil 1020 1720 3000| 1110 1860 3210 9517 14430 24656| 31 2.3| 31 22| 25 22
KOR Korea, Rep. 955 1420 1700| 1020 1450  1410| 25739 37290 49921| 24 07| 21 01| 22 12
RUS Russian Federation 9401390 2050| 1140 2040  3240| 14764 23265 39160| 2.3 16| 35 19| 27 2.1
MEX Mexico 932 1560 2550 933 1390 1670| 13135 19374 30181 31 20| 24 07| 23 18
AUS  Australia 751 1090 1660 770 1090  1590| 36214 44702 58740 22 17| 21 15| 1.2 1.1
NLD Netherlands 692 888 1180 743 920  1130| 37876 46348 61312| 15 11| 1.3 08| 12 11
TUR  Turkey 545 982 1740| 569 1100  1840| 11932 18176 28856 3.5 23| 40 21| 25 1.9
CHE  Switzerland 407 521 700| 444 554  666| 38509 46385 58663 1.5 12| 13 07| 11 09
BEL Belgium 401 516  687| 411 486  517| 33841 41198 53493 15 12| 1.0 02| 1.2 1.1
SWE Sweden 391 496 712 407 465  610| 33824 39853 53669 14 15| 08 11| 1.0 1.2
POL  Poland 362 470  499| 424 539 503| 16427 22005 26955| 1.5 02| 1.4 -03| 17 0.8
SAU  Saudi Arabia 351 646 1250| 356 655 1070| 21670 20398 44372| 37 27| 37 20| 18 17
IDN  Indonesia 339 821 2500| 360 996 3330 3689 7702 21406 53 46| 62 49| 44 4.2
AUT  Austria 334 425 530 353 421  456| 36162 44721 56250| 14 09| 1.0 03| 13 09
NOR Norway 325 429  648| 331 366  494| 49432 57975 78894| 16 17| 06 12| 09 12
ZAF  South Africa 277 441  776| 294 483  806| 9159 13476 22445| 2.8 23| 30 21| 23 2.1
GRC Greece 276 342 410 298 329  349| 27812 34009 41984] 1.3 07| 06 02| 12 08
DNK Denmark 268 329 427 267 310  369| 34204 40993 53633 12 10| 09 07| 11 1.1
IRN  Iran, Islamic Rep. 224 447 976 243 532  1170| 10269 17213 33746| 41 32| 47 32| 31 27
IRL  Ireland 218 310 479 209 248  313| 39186 46176 60760 2.1 1.8 1.0 09| 1.0 1.1
FIN Finland 216 249 330 230 224 253| 33473 36958 49763 08 11| -02 05 0.6 1.2
HKG Hong Kong, China 207 275  366| 257 310  404| 40572 47207 57990| 1.7 12| 11 11| 09 0.8
PRT  Portugal 191 258 339 192 268 338| 21066 28290 39723 1.8 1.1 20 09 1.7 1.4
THA  Thailand 190 394  991| 198 444  1070| 7483 14407 35852 4.4 38| 49 36| 3.9 3.7
VEN Venezuela, RB 183 293 607 207 304 578| 11760 14992 26122 28 3.0 23 26 1.4 2.2
ARE  United Arab Emirates 166 291  522| 177 294  436| 55809 71634 95342 3.4 24| 30 1.6 15 1.2
MYS Malaysia 162 319 672 168 306 493| 13117 20643 36978 41 3.0 3.6 1.9 2.7 2.4
SYR  Syrian Arab Republic 153 291 594 155 282 466 4103 5789 9162 39 29 36 20 2.0 1.9
ISR Israel 153 257  457| 158 245  340| 26480 35708 52276 3.1 23| 26 13| 1.8 15
CZE Czech Republic 149 228 164 177 209 223| 23513 29076 37088 0.0 0.0 0.0 0.0 0.0 0.0
SGP  Singapore 143 214 280 150 203  214| 47768 61473 82873 24 11| 18 02| 15 1.2
CHL Chile 134 223 358 136 240 363| 13333 19458 29055 30 19 34 1.7 2.2 1.6
PAK Pakistan 125 337 1810| 127 435 4060 2200 4266 16800| 6.0 7.0/ 75 93| 4.0 5.6
ROM Romania 125 238 139 153 259 205| 10927 17088 26435 0.0 0.0 0.0 0.0 0.0 0.0
HUN  Hungary 117 150  188| 123 152  166| 18072 24187 32667 15 09| 1.3 04| 17 1.2
PHL  Philippines 116 233 583 124 235 498 3244 5026 10104 42 3.7 3.8 3.0 2.6 2.8
NZL New Zealand 116 170  258| 115 171 249| 25627 32733 44883 2.3 17| 24 15| 14 1.3
EGY Egypt, Arab Rep. 114 335 1210 126 431 1660 5012 11406 33358 6.5 53 75 55 5.0 4.4
DZA Algeria 111 220  501| 100 219 461| 7422 11836 23279 4.1 33| 42 30| 28 2.7
PER Peru 102 193 364 114 199 296 7863 12403 20313 3.8 26 3.3 1.6 2.7 2.0
UKR  Ukraine 102 123 166 129 200 340 6760 9024 14427 1.1 1.2 26 21 1.7 1.9
KWT  Kuwait 92.6 1250 1870 97.1 1140  134| 43358 42783 48804| 1.8 1.6/ 09 06| -0.1 0.5
MAR Morocco 69.6 139.0 309.0 724 151.0 314 3999 6667 13187 42 3.2 44 3.0 3.1 2.8
BGD Bangladesh 69.2190.0 922.0| 76.4 340.0 3910 1229 2761 11776] 6.1 65| 9.2 10.3| 4.9 6.0
SVK  Slovak Republic 66.3 95.0 70.3 81.2 81.3 95| 20554 27691 35108 0.0 0.0 0.0 0.0 0.0 0.0
LBY Libya 495 880 1520/ 545 952  134| 15237 20946 30007| 3.4 22| 33 14| 19 1.4
DOM Dominican Republic 42.4 82.3 168.0 47.0 88.8 154 7505 12118 21970 40 29 38 22 2.9 2.4
BLR Belarus 390.7 556 653| 467 698 75| 11343 17369 24795 2.0 06| 24 03| 25 1.4
SDN  Sudan 35.9 137.0 1010.0 39.7 219.0 2720 1963 5474 30244 8.2 8.3| 106 10.6 6.2 7.1
TUN  Tunisia 340 814 1920 367 103.0  243| 7452 15399 33640 53 35| 63 35| 44 3.2
BGR Bulgaria 325 456 62.7 34.2 45.3 49| 10571 16660 28689 20 13 1.7 0.3 2.7 2.2
GTM Guatemala 317 66.3 2210 326 681  301| 4397 6313 15239| 4.4 49| 44 61| 22 3.6
LKA  Sri Lanka 29.7 60.8 134.0 335 81.1 186 4235 7881 17603 43 3.2 53 34 3.7 3.3
LTU Lithuania 26.2 41.3 36.1 26.9 36.2 49| 16584 19227 28068 0.0 0.0 0.0 0.0 0.0 0.0
LBN Lebanon 253 411 600| 27.9 414 48| 10877 15641 21503] 2.9 15| 23 06| 22 1.3
CRI Costa Rica 24.0 42.8 81.2 25.9 45.6 85| 10374 15145 24857 35 26 34 25 2.3 2.0
KEN Kenya 217 533 2260 226 57.9  275| 1433 2366 6746/ 54 59| 57 64| 30 4.3
URY  Uruguay 21.3 329 50.5 26.0 41.8 65| 11717 17086 25574 26 17 2.8 1.8 2.2 1.6
PAN Panama 204 386 70.4| 311 754 182 11543 17384 26549 3.8 24| 53 36| 24 1.7
LVA Latvia 189 26.4 44.8 20.5 29.5 57| 14686 22084 42430 20 21 22 27 2.4 2.6
YEM Yemen, Rep. 185 49.2 190.0/ 180 483  181| 2226 3816 9760| 59 56| 6.0 54| 32 3.8
TTO Trinidad and Tobago 18.4 25.0 31.4 19.9 28.8 33| 22831 29789 40591 1.8 0.9 22 05 1.6 1.2
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GMB

VCT
VUT

Cameroon
Iceland
Tanzania
Cote d'lvoire
Ethiopia
Babhrain
Jordan
Estonia
Ghana
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Honduras
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Bolivia
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Brunei Darussalam
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Zambia
Mozambique
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Congo, Rep.
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Mali

Papua New Guinea
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Haiti
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Barbados
Rwanda
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Fiji
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Togo

El Salvador
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Cape Verde
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Guyana
Burundi
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Grenadines
Vanuatu

2003
36657
1167

9861
56109
12797

5.6

Source: own calculations.
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F-2: Production factors

Capital stocks

Labour force

Average years of education

(billion constant 2005 USD) (million workers) (years)
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050 2010 2020 2030 2040 2050
United States 31500 45900 59400 72300 85800 164 177 186 195 202 126 130 134 138 14.2
Japan 17200 22700 27900 31800 33900 65 62 57 51 45 100 104 107 110 114
European Union (27)° 40039 56434 71593 83053 92245 239 238 225 213 204 9.4 100 10.7 112 118
Oceania 2662 4104 5489 6783 8091 14 15 16 16 17 109 112 114 117 119
Total OECD 102566 147512 190266 226516 258489 592 615 614 607 598 101 107 113 11.8 123
Brasil 2240 3700 5470 7400 9420 103 117 124 124 119 5.4 6.3 7.1 7.9 8.7
Russia 2730 4060 5660 7290 8770 75 71 65 60 53 109 114 11.8 122 126
India 2790 5390 10100 18400 31400 484 572 648 697 710 5.6 6.4 73 8.1 8.9
China 9790 25600 56600 104000 165000 798 817 799 769 727 6.7 7.7 8.5 9.4 10.2
Total BRIC 17550 38750 77830 137090 214590 1460 1577 1636 1650 1609 7.1 7.9 8.6 9.4 101
Rest of Latin America 3813 6424 9652 13109 16643 123 146 163 175 180 6.9 7.6 8.3 9.0 9.6
North Africa 903 1613 2747 4397 6573 58 68 77 84 87 6.6 7.8 8.9 9.9 10.7
Rest of Africa 1189 2062 3430 5805 10290 216 283 366 457 548 4.1 4.7 5.3 6.0 6.7
Total World 131704 205878 298982 409701 540075 2907 3220 3454 3622 3703 6.9 7.6 8.3 8.9 9.6
* excluding Cyprus and Slovenia due to lack of data
Saving rate Investment rate Energy Intensity Average growth of TFP®
(% of GDP) (% of GDP) (barrels per thousand 2005 USD) (%)
2010- 2020- 2030- 2040-
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050 2010 2020 2030 2040 2050 20 30 40 50
United States 13.7 172 163 16.0 16.1 17.2 19.7 185 17.7 175 13 1.1 1.0 0.9 0.8 0.8 0.8 0.8 0.8
Japan 289 252 254 253 239 273 272 270 260 246 0.8 0.7 0.7 0.6 0.6 11 0.8 0.8 0.8
European Union (27)° 19.6 215 207 196 19.1 19.7 229 219 204 197 0.9 0.8 0.8 0.7 0.7 1.0 0.9 0.8 0.9
Oceania 23.6 245 236 229 227 251 27.0 258 244 239 1.4 1.2 1.0 0.9 0.8 0.6 0.7 0.8 0.7
Total OECD 185 20.7 199 19.2 186 19.1 221 216 208 205 11 1.0 0.9 0.8 0.7 0.8 0.8 0.8 0.9
Brasil 17.7 223 219 210 197 188 212 20.7 199 194 1.7 1.6 1.5 1.4 13 11 13 1.4 1.4
Russia 26.8 37.8 357 350 34.2 21.2 26.0 252 243 238 5.4 4.1 33 2.7 2.2 2.6 19 1.5 1.2
India 22.8 254 262 263 248 27.8 242 235 228 222 3.2 2.8 2.5 2.2 19 3.8 3.8 35 3.0
China 447 456 398 351 349 377 396 376 355 350 4.5 3.6 3.0 2.4 2.0 5.6 4.5 33 2.2
Total BRIC 223 268 268 262 263 234 272 278 274 271 3.9 33 2.8 23 2.0 4.1 3.7 2.9 2.2
Rest of Latin America 163 23.6 23.0 222 214 16.1 233 245 245 247 1.7 1.5 13 1.2 11 1.0 11 1.0 11
North Africa 22.0 244 243 228 206 229 253 248 237 23.0 2.8 2.5 23 2.0 1.8 21 2.4 2.3 2.0
Rest of Africa 169 186 175 169 16.2 181 174 142 9.9 6.1 23 19 1.7 15 1.4 1.4 2.2 3.0 3.5
Total World 206 244 243 238 237 20.6 244 243 238 237 1.7 1.6 1.5 1.5 1.3 1.2 1.3 1.4 1.4

* excluding Cyprus and Slovenia due to lack of data

*for single countries : computed value ; for country groups : Cobb-Douglas approximation : A = Y/(K“L“'“')

Source: own calculations.
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Capital stocks Labour force ) Average Growth of
Average years of |Average saving investment rate energy Growth of TFP
1SO Country name education rate (% of GDP, (% of GDP) productivity (% | (% per year)

2005 USD bn thousands workers per year)
2008 2025 2050 2008 2025 2050| 2008 2025 2050/08-25 25-50 | 08-25 25-50| 08-25 25-50 08-25 25-
USA United States 2910052800 85800/ 162000 181000 202000{ 12.4 13.2 14.2| 17.1 16.2| 20.0 18.0 1.2 09 04 038
JPN Japan 1600025400 33900 66600 59900 45100, 9.9 105 114 259 25.0( 273 26.1| 05 05 0.6 0.8
CHN China 7980 39000 165000f 784000 811000 727000, 6.2 8.1 10.2| 45.7 36.9| 39.6 36.3] 20 20 52 3.0
DEU Germany 7830 12600 16600f 42400 39500 31100f 9.3 10.6 11.9| 21.2 19.3] 221 20.3] 05 0.5 04 038
GBR United Kingdom 5170 9370 14300f 31400 33300 35100, 9.7 10.8 12.1| 183 17.2| 20.3 184 05 05 0.2 0.7
FRA France 5680 9720 14000/ 28500 28300 27700, 8.8 10.2 11.7| 204 18.8| 21.7 19.7| 05 0.5 05 0.7
ITA Italy 5120 7860 9990 25100 23400 19300 7.5 93 11.1| 208 19.2| 219 19.7f 0.0 0.2 05 0.8
ESP Spain 3600 6520 9610 22200 23200 20200/ 7.7 9.4 11.2| 233 21.7| 269 238, 04 05 06 0.9
CAN Canada 2870 5550 9200 18600 20800 22500 11.5 11.8 12.3| 22.8 21.1| 22.6 20.3 19 14 0.6 0.8
IND India 2350 7360 31400f 466000 612000 710000, 5.2 6.9 89| 25.0 26.1| 24.6 23.0 11 1.2 35 34
BRA Brazil 2010 4550 9420| 100000 121000 119000 5.0 6.7 87| 220 21.1| 212 20.1f 06 0.6 08 14
KOR Korea, Rep. 2750 6500 9920 24200 25400 20400| 10.6 11.4 12.3] 32.0 28.0/ 34.1 30.0 1.7 13 0.6 0.8
RUS Russian Federation 25204850 8770 75800 67000 53100/ 10.7 11.6 12.6| 37.1 35.1| 259 246 26 2.2 14 14
MEX  Mexico 2100 4850 9600 47700 59200 59900, 7.1 85 10.2| 24.2 23.3| 256 234 1.3 10 06 11
AUS Australia 2100 4230 7120 11100 12600 14100, 10.7 11.2 11.9| 25.2 23.5| 27.6 253 1.3 10 04 038
NLD Netherland 1730 3000 4430 8976 9096 8747 9.6 10.7 12.0f 25.3 23.6| 224 20.3| 0.6 0.6 04 038
TUR Turkey 1140 2690 5630 25800 29900 30800, 5.6 85 11.2| 19.3 18.6| 23.7 20.9 12 10 1.3 13
CHE Switzerland 1190 1990 2920 4324 4314 4257| 10.6 11.4 12.4| 259 239| 247 22.6| -0.7 -0.3 05 038
BEL Belgium 1000 1790 2660 4726 4701 45811 9.1 104 11.8| 24.0 224| 230 21.0/ 09 038 04 07
SWE Sweden 842 1500 2390 4988 5215 5452| 11.5 12.0 12.7| 22.2 21.1] 20.2 19.0f 05 0.5 0.2 038
POL Poland 774 1790 2510 17600 15800 11300 10.2 11.3 12.4| 25.2 23.4| 26.1 23.8 19 14 04 07
SAU Saudi Arabia 730 1620 3730 9234 13100 17300 7.1 9.5 11.8| 36.0 36.0f 20.9 203 23 1.8 06 038
IDN Indonesia 794 2160 6940/ 113000 143000 160000, 5.1 6.8 8.8] 328 31.3| 254 236/ 0.8 0.9 24 28
AUT  Austria 872 1590 2340 4293 4222 3736 9.2 105 11.9| 254 23.5| 25.2 231 0.1 0.2 04 038
NOR  Norway 783 1670 2980 2637 2882 3084 119 122 129| 33.1 31.8| 284 274 06 06| -01 038
ZAF South Africa 569 1300 2660 19000 21500 23800/ 8.1 9.2 10.5| 254 25.6| 23.1 22.0 1.8 15 07 11
GRC Greece 709 1500 2180 5157 4808 39921 8.9 103 11.7| 19.0 17.4| 298 27.3| 04 05 0.2 038
DNK  Denmark 690 1140 1570 2944 2881 2798| 10.3 11.2 12.3| 21.2 19.6| 215 19.4| -06 -0.2 04 07
IRN Iran, Islamic Rep. 601 1500 3970 28300 35100 35600, 7.1 9.5 118/ 33.3 33.3|] 30.3 29.3] 25 21 1.3 18
IRL Ireland 469 1030 1980 2226 2650 2849 9.4 10.6 11.9| 28.2 28.5| 26.8 24.9| -0.7 -0.2 0.0 0.7
FIN Finland 514 957 1430 2715 2576 2487| 104 113 123| 259 243| 250 233 0.7 06| -01 0.7
HKG Hong Kong, China 483 1060 1720 3722 3791 3572 9.7 10.7 11.9| 323 28.8| 27.2 259| 02 03 0.2 07
PRT Portugal 573 1020 1580 5653 5456 4534 55 7.7 10.1| 17.7 16.4| 271 25.0/, 05 05 09 11
THA  Thailand 534 1290 3570 38500 40900 40000, 6.6 8.4 10.4| 30.7 26.9| 299 27.8 15 14 24 25
VEN Venezuela, RB 425 924 2140 12800 17500 21400, 6.0 7.6 9.5| 30.7 31.2| 25.6 24.6 1.7 14 01 13
ARE United Arab Emirates 334 911 2020 2813 3689 4645 7.1 9.5 11.8| 43.8 422 270 257 22 17 03 0.7
MYS  Malaysia 381 958 2480 11700 15400 18200, 8.2 9.4 10.8| 353 35.0| 27.1 26.1 14 12 12 14
ISR Israel 298 726 1580 3039 3756 4679 9.7 111 126 9.0 89| 231 226/ 03 04 0.6 0.8
SYR Syrian Arab Republic 341 752 1800 6947 9863 13300 6.5 9.1 11.6] 159 16.5| 214 209| -0.2 0.1 09 10
SGP Singapore 363 960 1690 2489 2782 2436/ 85 9.9 114| 40.7 37.2| 352 336 20 16 01 0.8
CHL Chile 285 631 1170 7686 9142 9596/ 8.2 94 10.8| 226 20.7| 21.7 20.0f 06 0.6 09 10
PAK Pakistan 213 606 3150 59500 94000 140000, 2.8 45 6.8 123 15.7| 19.2 18.38 1.0 12 21 37
HUN Hungary 313 609 958 4261 4015 3230, 9.2 10.6 12.1| 26.0 25.3| 285 27.0 16 1.2 05 0.9
NZL New Zealan 307 577 971 2291 2604 2814| 11.6 11.9 12.4| 22.0 20.8| 24.2 22.0 1.1 09 05 038
PHL Philippines 215 583 1680 37900 53100 71900 8.0 95 11.1| 216 221 23.0 226| 03 04 1.0 16
EGY Egypt, Arab Rep. 219 707 3010 26300 36300 45500, 5.8 8.7 11.3| 16.8 17.8| 23.3 223 1.8 1.7 29 27
DZA  Algeria 322 837 2270 14500 18500 21100, 5.0 6.4 80| 37.3 37.0f 34.1 33.6 11 10 1.3 17
PER Peru 212 573 1300 13300 17800 21200 7.7 9.0 10.5| 221 214| 252 241 -01 0.1 08 11
UKR Ukraine 343 530 790 23000 19600 15100 10.7 11.6 12.6| 285 27.1] 27.0 255| 32 25| -07 12
CZE Czech Republic 442 800 1200 5187 4932 4122 9.8 11.0 12.3| 28.0 26.8] 29.1 27.4 19 14 05 0.9
KWT  Kuwait 152 274 435 1528 1883 2186 7.7 10.0 12.0/ 24.7 23.0| 143 134 1.7 13| -02 06
EST Estonia 49 88 148 701 644 573 9.2 10.6 12.1| 24.7 24.2| 32.2 30.7 15 13 03 12
MAR  Morocco 182 406 963 11800 14600 16500, 7.1 9.5 11.8| 20.2 19.6| 242 224 0.1 03 1.8 19
BGD Bangladesh 140 346 1510 76800 103000 116000, 2.8 45 6.8 144 17.6| 181 17.3| -01 04 3.2 43
LBY Libya 82 167 330 2295 3060 3663, 7.1 95 11.8| 19.7 19.1| 145 137 16 1.3 09 0.9
DOM  Dominican Republic 72 196 479 4425 5589 6417 6.4 80 9.7| 16.6 16.1] 21.0 20.0f 00 0.2 11 14
BLR Belarus 100 236 371 4927 4268 2957| 10.7 116 12.6| 27.8 25.2| 30.6 286 24 20 08 11
SDN Sudan 48 181 1460 13100 20700 31400, 2.2 35 55| 126 17.1| 17.0 16.9| -0.8 0.0 3.7 44
TUN Tunisia 81 233 680 3734 4379 4384 50 8.0 11.0f 27.8 259| 280 26.5| 05 0.7 26 21
BGR Bulgaria 92 175 287 3653 3041 2047| 10.0 11.2 124| 206 18.4| 27.3 249| 21 138 1.5 17
LTU Lithuania 84 131 186 1594 1375 1067| 9.2 10.6 12.1| 17.4 16.4| 24.4 23.0 11 1.0 00 12
GTM  Guatemala 58 125 401 5297 9115 14800, 35 53 75 99 123| 16.6 159 -0.3 0.0 08 21
LKA Sri Lanka 66 169 415 8256 8420 8043| 6.5 80 9.8| 185 14.7| 24.1 223| -02 0.2 25 22
LBN Lebanon 62 136 244 1407 1752 1749 7.1 95 11.8|-12.8 -14.3| 246 238 05 0.5 0.6 0.8
CRI Costa Rica 46 114 254 2112 2687 2948 6.4 79 9.7| 186 17.6| 224 210/ 02 04 08 13
SVK Slovak Republic 176 376 563 2703 2620 1965| 9.6 109 12.2| 28.3 26.1| 32.0 296 23 1.7 05 0.9
KEN Kenya 43 117 468 18200 29500 50600, 4.3 58 7.7 17.1 19.1| 215 20.6/ -0.3 0.1 1.5 26
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2853
2280
3580
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2866
2497
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227
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13200
64600
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343
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6229
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3523
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1022
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8.9 105
9.4 108
106 121
95 118
9.2 107
104 11.8
50 6.9
51 70
11.0 123
51 70
51 70
9.4 117
9.5 118
101 121
58 7.7
71 88
6.2 84
73 9.2
75 94
106 121
9.2 109
39 59
51 70
39 6.2
77 95
72 88
26 44
11.6 12.6
73 89
6.5 83
51 7.0
1.9 36
40 58
6.6 8.6
38 57
48 7.1
20 37
51 7.0
11.6 12.6
10.3 11.4
3.7 57
11.6 12.6
9.2 103
10.2 121
74 9.1
46 6.6
6.6 87
51 70
8.0 97
6.3 8.1
3.8 58
36 56
51 70
8.0 97
6.1 82
8.0 97
51 70
51 7.0
35 654
8.0 97
9.7 10.7

16.7
30.0
27.0
7.9
33.6
22.8
20.4
7.1
19.9
20.9
12.8
36.5
0.8
1.8
10.7
36.1
18.3
17.3
14.8
9.9
43.8
8.5
45.3
14.2
16.9
18.5
0.8
14.4
23.6
29.5
4.4
6.1
23.0
6.6
3.6
6.4
9.8
17.3
17.7
17.6
4.1
22.4
16.6
11.8
9.5
13.6
8.6
5.0
19.2
-48.5

4.0
10.4
-3.0
16.5
30.8
19.4
0.7
-0.2
8.4

16.3
9.9 104

17.7
22.5
31.1
22.1
24.0
27.7
19.9
20.7
26.6
16.3
20.1
25.6
26.6
30.5
18.6
34.0
25.0
25.8
17.2
27.2
23.1
17.1
32.9
20.3
21.9
215
19.4
27.8
27.2
30.9
18.5
20.6
23.7
23.3
16.3
17.9
14.3
18.5
34.2
21.6
153
42.6
215
26.1
21.9
20.2
17.2
21.6
26.7
32.2

13.9
13.3
31.9
24.2
47.6
28.8
11.5
16.5
19.4

32.7
24.3

16.8
21.2
29.4
21.7
23.3
24.7
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20.4
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16.4
19.7
24.4
24.2
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16.9
33.9
23.8
24.6
17.0
25.4
22.4
15.8
32.7
20.5
215
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19.2
26.2
25.6
30.8
17.9
20.5
24.2
22.0
16.0
17.0
13.6
18.4
32.1
19.9
14.7
40.9
20.6
25.3
22.3
19.6
16.7
20.9
25.4
31.9

141
12.7
30.3
23.6
46.4
26.9
11.2
14.9
19.2

31.0
23.5

Source: own calculations.
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