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Abstract

Global simulation models are increasingly useddseas future scenarios and the impact of policies
related to food security, land use and climate gharA crucial element in these studies are

assumptions on productivity change and technicagnass, the key drivers of long-run economic

growth and structural change. However, despiter tiaportance, these assumptions are often
simplistic or rather ad hoc. This paper addressissidsue by presenting sector and country specific
projections for labour productivity till the yea®20 for seven economic regions in the world.



Introduction

Policy makers frequently rely on global outlooksdascenario studies to gain insights on future
developments related to major global and highly glemissues such as food security, climate change,
biodiversity and land use change. Prime exampldéhe@OECD Environmental Outlook, the OECD-
FAO agricultural Outlook and the IPCC Special Rémor Emissions Scenarios (SRES). In many of
these reports multi-country multi-sector simulatinadels are used to quantify future global economic
development as well as the impact of certain psdi@n economic growth using a variety of scenarios.
A key input for these models are assumptions onréutproductivity growth and its principal
component, technical change, which are the maiwedsiof long-run economic development and
structural transformation.

Assumptions on how productivity change will difseross sectors and countries will have substantial
impact on the outcomes of the models. For exangpid,increase in agricultural labour productivity
relative to that of other sectors will have an igtpan the economy through a number of channels.
Through intermediate and final demand linkagesilit ot only increase the demand for agricultural
products but also for other industrial outputs aatvices. At the same time, it improves internaion
competitiveness resulting in a reduction of foogams and increased exports. Finally, the use of
more labour saving technologies might lead to aft sim employment from agriculture to
manufacturing. In order to provide realistic projections of eootic development it is therefore
essential that global simulation models implemettaral productivity forecasts that are historigall
valid and empirically founded.

In a recent paper Van Meijl (Forthcoming) compaitesl sensitivity of five global computable general
equilibrium models to assumptions on technologatelnge. In most of the models, the assumptions
on future productivity change are rather ad hosimplistic due to lack of information. For example,

it is frequently stated that technological changédentical across sectors and countries, something
which is not in line with the empirical literatuoa innovation and growth. Using detailed case stdi
scholars in the field of innovation sciences hawmdnstrated the existence of ‘technological
trajectories’ (Dosi, 1982; Pavitt, 1984; Breschiakt 2000) that may differ considerably between
sectors, depending on the underlying knowledge ,bapportunities for innovation and demand
factors. Another strand of literature found strdmgerogeneity in total factor productivity change
across sectors in both time and space (Bernard@amek, 1996a; O’'Mahony and Timmer, 2009). Also
several models that are reviewed in the study by Maijl (Forthcoming) use advanced productivity
forecasts for the agricultural sector while relathaive assumptions were used for manufacturing and
services. In many economies, also including dewetppountries, these sectors make up the largest
part of GDP. Through general equilibrium effects dmackward and forward linkages, technical
progress in manufacturing and services will havesimerable impact on agricultural growth structural
change and trade. Hence, the forecasting of teahuitange should not be easily neglected and
deserves considerable attention.

The aim of this paper is to address these isswpr@sent forecasts for labour productivity chaage
the sectoral level that can be used in multi-cquaind multi-sector models to improve long-run
economic projections and scenarios studies. Thecé&sts cover 9 individual economic sectors that
together span the total economy till the year 20%&sults are presented for eight important economic
regions, including advanced, emerging and devetpgiconomies. To prepare the projections, we

! There exists a considerable amount of researdhatiedysis the impact agricultural productivity gtb on
industrialisation and economic development. Seeef@mple Gollin, Parente and Rogerson (2002, 2a6d)
Alvarez-Cuadrado and Poschke (2011).



closely follow the approach of Niet al. (2005) and Ludenet al. (2007), who decompose historical
data on inputs and outputs into a movement of #whrtical frontier (technical change) and
movements towards the frontier (catch up) for tep@nd livestock sectors. The distinction between
these two elements of productivity growth allowstaisaccount for the limitations to catch up when
countries approach the frontier. Something whichnch be addressed in simple extrapolations of
productivity trends. The historical analysis is éh®n a new database with value added and labour
data compiled by Timmer and De Vries (2009) and Miei and Rodrik (2011). Results of this study
can be used as input for global and national CGHeatsoand integrated assessment models to analyse
future growth and development.

The paper is divided into three parts. First, aforeview of the literature on economic growth,
technical change and catch up, in particular fdogsen patterns of sectoral productivity change
development across time and space. The second etavbrates on the historical analysis of
productivity growth. It describes the database wgedy the decomposition methodology and the
results. The third part focuses on the labour prtidity projections. The approach to prepare the
forecasts is summarized and the final projectiorgpeesented. Finally, we end with conclusions.

Catching up and convergence at the sector level

Economic growth and development is a highly dynamienomenon, which often has been
characterised as a process of ‘catching up, forgimead and falling behind’ (Abramovitz, 1986; also
see Fagerberg and Verspagen, 2002). The ‘catchyppthesis commonly refers to the idea that in the
long run countries with a relatively low level afoguctivity will exhibit faster (productivity) groth
than countries that operate at higher levels addalproductivity, all else equal. The rationale ineh
this hypothesis is that technologically backwardirtdes (i.e. low-income countries) carry the
potential for rapid advance because they have ppertunity benefit from the diffusion of a backlog
of technologies that already have been developedeblgnologically leading countries (i.e. high-
income countries). The further away a country @ated from the technology frontier, the greater the
potential for catch-up and the faster the expedjeowth in productivity growth, leading to
convergence. Catch up is, however, inherently Igaifing and the rate of productivity growth is
expected to decline as following countries apprdahehfrontier and managed to imitate and assimilate
the majority of existing technologies. Productivggowth of leading countries is determined by the
rate of innovation — the development and implemeniaof technologies that are new to the world.
Innovation results in an outward shift of the temlogy frontier and productivity divergence.
Eventually, the global pattern of productivity clganis determined by the opposing forces of
innovation and diffusion.

The empirical investigation of the ‘catch up’ hypesis as well as the related presumption that
productivity levels of countries will converge haseived considerable attention. Due to the lack of
data most studies have investigated aggregate radototal labour productivity patterns (for an
overview see Baumol et al., 1994). Nonethelesgethee also exist a limited number of papers that
adopt a sectoral approach which are relevant ferstibject of this study. The seminal work is by
Bernard and Jones (1996a, 1996b), who estimatefaatar productivity for fourteen OECD countries
and six sectors for the period 1970 to 1987. Tlwy that a strong tendency towards convergence in
in labour productivity and total factor productior most of the sectors, in particular servidaes, no
evidence for convergence in the manufacturing sebtklaar and Timmer (2009) extent the analysis
by using an expanded dataset up to 2005, morerakdaietail and industry level PPPs (also see



Sgrensen and Schjerning, 2008; Van Biesebroecl9)20bey confirm the findings of Bernard and
Jones and find convergence in services but notanufacturing. Heterogeneity is even larger when a
more disaggregated sectoral classification is uSedtellacciet al. (2010) apply quantile regression
techniques to analyse convergence in labour privitycfor different sub-samples and sub-periods
using data for a larger group of countries alsduiiog Latin America and Asian economies. They
find that sector-level convergence is limited toolgth’ miracle economies in the sample while other
countries exhibit a pattern of divergent produtyivpatterns. Recently, Rodrik (2011) used the
UNIDO INDSTAT2 database to analyse labour produsticonvergence for ISIC 2-digit level
manufacturing sectors in a sample of over 100 cmmtin contrast to the other studies, he findg th
productivity in manufacturing is converging acrassintries and is not conditional to country specifi
characteristics. He explains his finding by arguihgt technology transfer and upgrading is more
likely in manufacturing than in agriculture and\dees sectors.

In sum, the literature finds mixed evidence of angence at the sector level with considerable
heterogeneity in convergence across sectors. Temtlire also shows that the results are very
sensitive to sample coverage, data construction estonation strategy. This study utilizes the
concepts of technical change and catch up as s tmasnaking sectoral productivity projections.

Productivity growth: 1961-2005
Data

The analysis of global technical change and catchmat the disaggregated level has been hampered
by lack of detailed sector data that is availaber@ long time span and for a wide range of coestr
Typically, the available databases cover a highlramof sectors at the 3 to 5 level digit in advahce
economies (e.g. Inklaar and Timmer, 2009) or dbsconly a few broad sectors, such as agriculture
and manufacturing, for a larger sample that alstudes developing economies (e.g. Martin and
Mitra, 2001). For this paper, we use the sectaalube that was originally developed by Timmer and
De Vries (2009) and recently has been expanded byliNMan and Rodrik (2011). The database
presents internationally comparable informatiorvalue added and persons employed for nine main
sectors in the economy (See annex). The data wengndfrom a number of national sources,
including: national accounts, population surveyssibess surveys and labour force surveys. Value
added figures expressed in local currency at 2009 are converted to dollars using 2000 PPP
exchange rates in order to make international coisgas. The database covers 38 economies of
which twenty-nine are developing countries and rane high-income countries. For most countries
complete data is available for the period 1960-2006for Sub-Saharan countries, China and Turkey
data is limited to the period 1990-2005.

The advantage of the sector database over othasadatthat have been used in previous literature is
the global coverage, including advanced economies @ number of developing countries from
Africa, Latin America and Asia as well as a compleconomic coverage (i.e. all sectors together
comprise total GDP), which is essential to makelitilewith CGE models. A major disadvantage of
the database is that it does not present dataham imiputs than labour. We are therefore only &ble
present an analysis of partial productivity cha(sge discussion below).

2 For some countries data is available before 198QtHis is not always complete. For several coastthat
were added to the 10-sector database by McMillahRwodrik (2011), information is available after 30G-or

consistency reasons we limit the analysis to théo@el960-2005. The data are publicly availableotigh:

http://www.hks.harvard.edu/fs/drodrik/Research%2@ws/Employment VA data_f4.dta[Accessed 11-04-
2013].




Decomposition of productivity growth

In order to make projections on future productiviisowth we start by analysing past patterns of
technical change and catch up. We use the methggofdNin et al. (2005; also see Fare et al., 1994)
which decomposes productivity growth in the two poments of our interest: (1) a shift of the
technical frontier (i.e. innovation) and (2) a ctrigs’ movement towards the frontier (i.e. catching
up/diffusion). Note that due to data limitationghe lack of capital stock and other input datahat t
sector level — we can only use a partial measurgrofiuctivity, namely labour productivity.
Preferably we would have used an index of totatofa@roductivity to inform future trends in
technical change and catch up. Total factor pradittaccounts for changes in all inputs
simultaneously and is therefore able to separateatitumulation and substitution of inputs from
technical change which is not possible with a phrtieasure such as labour productivity. Differences
between labour productivity and total factor prddaty tend to be the largest in capital intensive
industries such as mining, construction and pultiities and smallest in services (Bernard ance3pon
1996a). This limitation has to be born in mind whising the results of our analysis. These limitagio
notwithstanding, we are of the opinion that offarsimprovement to the present modelling of future
sectoral technical change which does not takedot@unt catching up and convergence.

Figure 1 illustrates the decomposition of labourdurctivity into its two components. With a single
input | (labour) and a single output v (value addeadchnology is represented by the production
frontier Ft in period t and by frontier Ft+1 in ped t+1.The frontier reflects the maximum feasible
output at each level of input for a given periodlhe location of the frontier is determined by the
countries with the highest labour productivity ircertain year, in this example country A in period
and country B in period t+1. These countries camdgarded as ‘best practice’ and are regarded as
technically efficient. Figure x also shows the preiibn points of country C that produces ot output
(value added) with It labour in period t and ot+itput with lt+1 labour in period t+1. Labour
productivity for this country in year t and t+1 @efined as LPt=ot/lt and LPt+1=ot+1/It+1,
respectively. However, taking into account the piciithn frontier output could have been increased to
ot* in period t and o*t+1 in period t+1 with produaty of Ft=ot*/It and Ft+1=ot+1*/It+1 for each
periods, respectively. Country C therefore is rethhically efficient in both periods but has the
potential to improve performance. Growth in laboproductivity country C is defined as
LPGt,t+1=LPt+1/LPt, which is greater than one betwe and t+1if productivity is increasing over
time and less than one if productivity is decregsirabour productivity growth can be decomposed in
a catching up and technical change component byiptyuhg the right hand side of the labour
productivity growth equation by (Ft+1/Ft)(Ft/Ft+1)=with F being frontier productivity as defined
above. This can be rearranged’to:

LPGeryq =

LPt+1/Ft+1] [Ft+1] (1)

LP./F; F;

The first term on the right hand side of equatids the efficiency component (EFF), which measures
catching up (or falling behind). It indicates theger at which the target country is approaching or
moving away from the frontier. This is the caseduse LPt+1/Ft+1 and LPt/Ft measure the distance

® The decomposition is the identical to the Malmytisal factor productivity index, proposed by Fateal.
(1994), which can be used when information on rldtinputs and outputs is available. See Ludenal.et
(2007) for an example. In this case, the technat&nge component is simplified because we consder
technology with only one input and one output, aadstant returns to scale. All computations areedasing R
applying the Data Envelopment Analysis package FEWRson, 2008) in R.
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to the frontier (i.e. technical efficiency) in pedit and t+1, respectively. If countries are catghip to
the frontier and technical efficiency improves, LR@l be larger than one. The second term in
equation 1 is an index of technical change (TCH) amreasures a shift of the technical frontier over
time. Technical progress will result in an indexesding one.

Following Nin et al. (2005), we assume constant returns to scale idugtmn. This implies that the
catch up component captures both ‘pure’ and ‘scaffitiency gains. As we are predominantly
interested in obtaining a broad measure of techmitange to make projections and there is no
information available to make assumptions on charigescale efficiency in the future, we do not
consider variable returns to scale in our anafi/siEhe assumption of constant returns to scale also
implies that the shift of the frontier (technicdlamge) between period t and t+1lis independent of
inputs and therefore equal for all countries foy given sector.

Finally, we use a ‘cumulative’ or ‘sequential’ pgrection frontier to estimate technical change (see
Tulkens and Vanden Eeckaut, 1995 for a discussMoye specifically, this approach assumes that
‘what was possible in the past remains always ptesén the future’. By including all data up to and
year t for the construction of the frontier in yeéawe eliminate the possibility of technical reggdthe
frontier moving backwards). The occurrence of técdinregress or ‘forgetting’ is not realistic from
the perspective of the theory of catch up in wHatiecomer countries are able to benefit from the
diffusion of all available technologies that areuise by technological leaders. The same appr@ach i
used by Nin et al. (2003), Luderst al. (2007) and Los and Timmer (2005), in studies on
technological change.

Figure 1: productivity growth and decomposition
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* See Fare et al. (1994) for a decomposition dcieficy growth into ‘pure’ and ‘scale’ efficiency.

6



Historical analysis

The results of our decomposition analysis are sunset in Table 1. We report figures for labour
productivity (LPG) growth and its two componentfficiency change (EFF) and technical change
(TCH), for two periods: 1961-1985 and 1986-200%1tder to examine changes over time. We focus
on seven major regions of the world (Figure 2). Thantry groupings are constructed conform our
expectations on productivity growth and catch upmluktrialised countries composed of the USA,
Japan and European countries are technologicatieadhile countries, such as Brazil, China, India,
and the Asian Tiger countries are expected to ltefrefn technology diffusion resulting in rapid
productivity growth. On the other hand, for devéhgpcountries in Sub Saharan Africa, Asia and
perhaps Latin America technology diffusion and mdstion is probably problematic, possibly
leading to falling behind.

Figure 2: Regional aggregation
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Note: Data on Nigeria, South Africa and Turkey 1aoé used in the analysis (see text).

Following Ludenaet al. (2007) we include the aggregate regions as sepalatervations in our
decomposition analysis by aggregating input anguwubf individual countries within regions. This
means that productivity growth and its components directly estimated for selected country
groupings together with estimates of individual minies that identify the technological frontfefhe
advantage of this approach is that extremes idlale are reduced or eliminated.

The analysis is conducted for seven sectors, nanadyiculture; manufacturing; construction;
wholesale and retail trade; transport, storagecantmunications; finance and insurance; and personal

® Note that aggregate regional labour productiify)(can be decomposed into:

Lp VA ~ va; X l; - va; Zl
L~ LuxL ~ 4T, S _lpl S
= L= 1=
whereva; is value added; is labour ands represents the share of counitiip total aggregate regional labour,
which means that employment is implicitly used asghiting factor to compute productivity at the azgate
regional level.




and government services. We also conducted theysasdbr two other sectors for which data is
available (mining and public utilities) but decidedt to report the results because we regard tleem a
problematic. In the case of the mining sector, lalroductivity trends are highly erratic and séem

be distorted by the extreme performance of a feuntrees that are characterised by a very large oil
and petrol sector (e.g. Nigeria and Venezuela)irtpkito account resource dependencies and related
capital intensity, it is unlikely that other coues will ever be able to reach the same level of
productivity. Similarly, for the public utilitiesestor we find labour productivity growth that is afu
higher than in any of the other sectors for almalktdeveloping and emerging economies in the
sample. We suspect that this is partly caused pyoaess of modernisation and expansion in the
electricity, gas and water supply sectors in thesentries that also involved considerable capital
accumulation. The growth of capital stock cannotdistinguished from technical change in a partial
measure of productivity and creates a bias, iniquéar in capital intensive sectors such as public
utilities.

It is well known that output and employment data sensitive to short run fluctuations and cyclical
movements. As our focus is on long-term trends wplyathe commonly used Hodrick-Prescott
(1997) filter to smooth the data before estimatifgs, TCH and EFE.

The results of the historical decomposition analyse summarised in Table 1. It shows the average
annual change in LPG and EFF for the eight focgons and seven sectors in our analysis. It also
presents the global rate of TCH. As discussed gbshi#t of the (sectoral) frontier is a global
phenomenon and therefore technical change is time dar all countries in the sample. Labour
productivity growth is defined as the combinatioh ghobal level technical change and country
specific technical efficiency change (e.g. catchamgalling behind). For reference, we also include
the decomposition results for the total economta(foThe total economy is defined as all sectors f
which we data is available and therefore also ohetuthe mining and public utilities sectors. The
analysis is conducted by using total economy vallded and labour, implicitly using labour shares as
weights. In this way, the results can directly lmampared with productivity and technical change
analysis that use aggregate economy data from stheces. LPG, EFF and TCH is presented for two
historical periods: 1961-1990 and 1991-2005 to jpi@insights into historical dynamics. The cut-off
point is determined by data availability as we &g time series for SSA and China.

It is interesting to start with a comparison of th€H figures between sectors, which give an
impression of global technological dynamics. Thecdfure and manufacturing sectors are the by far
the most dynamic of all sectors, showing averagmialnrates of technological change of between 2.5
and 4.5 percent in both sub-periods. With aroubdp8rcent, technological progress has been high but
stable over the last 45 years in agriculture witilecreased with almost two percent point from &7
4.2 percent in manufacturing. Technological advere# is also relatively high in the transport,
storage and communications with around 2.5 perpentyear whereas it has been very low in the
remaining sectors: construction; wholesale andilretade; finance and insurance; and personal and
government services. Striking is the finding thiaere has not been any technical progress for
construction and finance and insurance for theopget©990-2005, indicating that labour productivity
levels for this past 15 years have not surpassetétel in earlier years.

These findings are in line with other studies thaestigated technical change at the sectoral .|&ael
instance, various studies found very high ratedabbur and total factor productivity growth for
agriculture, which is frequently higher than in thanufacturing sector (Jorgenson and Gollop, 1992;
Martin and Mitra, 2001). Recently, Jorgenson anarier (2011), using a new database with detailed

® In accordance with Ravn and Uhlig (2002) wejsetual to 6.25 for annual data.
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information on sectoral output and productivity fogh number of sectors in OECD countries, found
that that performance in the services sector ig heterogeneous. Finance and insurance, and pérsona
and government services exhibit low or no proditgtimprovements while trade and transportation
services have been very dynamic, with rapid prdditgigrowth.

Next, we turn to the discussion of the LPG, EFF @a@H components by region, starting with the
industrialised countries. Productivity growth haseb highest for agriculture, manufacturing, and
wholesale and retail trade in both historical pgsid_PG is predominantly driven by TCH, while EFF
is low. This is conform expectations all indusigatl countries are producing on the frontier (irstmo
cases the USA) or very close to the frontier aratdfore opportunities to catch up are limited. For
some several sectors in the most recent period EFRegative, which suggests that several
industrialised countries are longer able to keepwith the technological frontier and are falling
behind.

For China only data is available for the period A-2005. As would be expected from a rapidly
modernising economy like China, labour productiviyange is very high (on average almost 9
percent for the total economy). The decompositibows that growth is driven by technology
diffusion (on average 7.06 percent for the totaneeny), illustrated by the very high EFF scores.
Only in the agricultural sector, catching up hasrbmited with EFF being just over 1 percent.

In comparison to China, the performance of India Ib@en much more moderate . Between 1961 and
1990, LPG for the country was only around 1.2 patrceith above average productivity growth in
agriculture, manufacturing, and wholesale and Irétade. After 1990, LPG accelerated in almost all
sectors with the major exception of the financa@aghich shows a decrease in LPG and EFF.

The Asian Tiger countries have experienced a pesiogrofound structural change and economic
development over the last decades (World Bank, 1988, 1996) which is also reflected by the
productivity estimates. LPG has been consisterigit in almost all sectors with the exclusion of the
financial services sector and construction) fohlmib-periods. An interesting finding is that LP&h
been mainly caused by technology diffusion andngitation in the period 1961-1990 while in the
most recent period, TCH has been the main drivetication that opportunities for catching up
become exhausted.

The Asian Tigers are followed by a second grougaintries we have termed Asian developing
economies, including Indonesia, the Philippines &hdiland. The results are very mixed, both across
sectors and over time, in particular for the ped®61-1990. We find a strikingly high LPG and EFF

figures (8.12 and 7.19 percent, respectively) fue financial sector which is mainly caused by

Indonesia. This might be an artefact of the datahé& most recent period, overall performance ef th

Asian developing economies is deteriorating. Five af the seven sectors are falling away from the
frontier, while the other sectors only marginadgtch up.

There is evidence that Brazil has gone throughpédrphase of economic development becoming
increasingly important as producer of global bitduéod and feedstock, which warrants an in depth
investigation. For this reason we present sepdigibees for Brazil and the other Latin American
countries. Overall, LPG is very disappointing irttbperiods. In contrast to expectations, Brazilsdoe
not experience catching up and exhibits negativie 8F most countries. Between 1990 and 2005 only
agriculture and construction show signs of catch up

LPG and EFF results for Latin America are very Emto those found for Brazil. The evidence
indicates that Latin American countries are notebémg from technology diffusion resulting in



negative EFF rates in all sectors over the lastisbades. For some sectors, performance is dawgeasi
some much, even resulting in negative LPG rateggesting that labour productivity is decreasing
over time.

Finally, we present decomposition results for Sahaan Africa. We decided not to include Nigeria
and South Africa in the group although we have @atdhese countries. Including Nigeria, generates
a strong bias in the analysis because value adukdraployment are, respectively, around 75 percent
and 60 percent (average for 1990-2005) of the adtall the Sub Saharan countries in the sample. We
are of the opinion that, taking into account itsdmiminated economy and sheer size, Nigeria is not
representative for Sub Saharan Africa and theraéfameuld be better to exclude it from the analysis
For similar reasons we exclude South Africa, whehanked as an upper-middle income country by
the World Bank in 2012, from the Sub Saharan agge=@l'he negative figures for EFF indicate Sub
Saharan Africa is falling away from the technol@gitrontier in all sectors. Apart from agriculture,
and transport, storage and communications sectbis, has resulted in deteriorating labour
productivity for the period 1990-2005.

Table 1: Productivity growth and components

1961-1990 1991-2005 2006-205D

LPG EFF TCH LPG EFF TCH LPG EFF TCH
Industrialised countries
agr 4.78 1.30 3.4% 73.8 -0.07 3.47 3.43 -0.02 3.46
con 0.80 0.62 0.18 0.y -0.75 0.00 -1.05 -1.17 0.12
Ccspsgs 0.49 0.07 0.48 0.04 -0.39 0.44 -0.68 -1.09 0.47
fire 0.37 -0.57 0.95 4.1 1.14 0.00 1.37 0.6 0.63
man 3.76 1.07 2.66 83.6 -0.80 4.52 1.74 -1.49 3.28
tsc 3.39 1.66 1.71 62.9 -0.24 3.22 2.37 0.15 2.32
wrt 2.31 2.07 0.23 2.1 0.39 1.85 1.4] 0.6 0.7
sum 2.36 1.17 1.17 91.5 -0.15 1.74 1.17 -0.19 1.36
China
agr - - - 4.61 1.14 3.47 411 0.63 3.46
con - - - 5.70 5.70 0.00 3.96 3.84 0.12
Ccspsgs - - - 7.49 7.02 0.4 4.58 4.10 0.47
fire - - - 6.16 6.16 0.00 1.72 1.08 0.63
man - - - 12.20 7.39 4.52 7.00 3.60 3.28
tsc - - - 7.01 3.69 3.22 5.40 3.12 2.22
wrt - - - 4.04 2.20 1.85 3.11 2.32 0.77
sum - - - 8.91 7.06) 1.74 5.46 4.04 1.36
India
agr 0.47 -2.86 3.45 1.44-1.93 3.47 1.48 -1.91 3.46
con 1.60 1.41 0.18 411 1.14 0.00 -0.18 -0.3¢ 0.12
Ccspsgs 3.08 2.59 0.48 6.43 5.97 0.44 3.42 2.94 70.4
fire 411 3.20 0.95 13.| -3.10 0.00 -4.8¢ -5.45 0.63
man 3.13 0.46 2.66 63.9 -0.56 4.52 1.59 -1.64 3.28
tsc 2.29 0.58 1.71 %.8 3.05 3.22 4.23 1.96 2.22
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wrt 1.27 1.03 0.23 8.4 261 1.85 2.9¢ 2.18 0.17
sum 1.94 0.76 1.17 64.2 2.47 1.74 3.17 1.79 1.36
Asian Tigers
agr 4.83 131 3.4% AP 0.82 3.47 4.23 0.7% 3.46
con 4.79 4.76 0.18 40.4 0.44 0.00 0.38§ 0.26 0.12
cspsgs 1.52 1.0§ 0.48 1.03 0.60 0.44 0.89 0.43 70.4
fire 1.26 0.54 0.95 2D.| -0.27 0.00 0.24 -0.35 0.3
man 6.34 3.65 2.6¢ 56.8 1.76 452 4.55 1.238 3.28
tsc 6.50 4.56 1.71 452 198 3.22 3.05 0.81 2.22
wrt 5.80 5.54 0.23 B0 121 1.85 2.2 1.51 0.77
sum 5.48 4.46 1.17 53.F 1.98 1.74 2.34 1.00 1.36

1961-1990 1991-2005 2006-205D

LPG EFF TCH LPG EFF TCH LPG EFF TCH
Asian developing countrie
agr 3.47 0.05 3.45 02.6 -0.79 3.47 2.59 -0.83 3.46
con -0.68 -0.86 0.19 -1.64-1.64 0.00 -1.49 -1.60 0.12
Ccspsgs -0.11 -0.59 0.48 .781 1.34 0.44 0.9% 0.48 0.47
fire 8.21 7.19 0.95 44. 0.44 0.00 -1.14 -1.76 0.63
man 3.30 0.64 2.66 82. -1.66 4.52 1.87 -1.42 3.28
tsc -0.21 -1.88 1.71 1.15-2.02 3.22 0.84 -1.32 2.22
wrt 1.96 1.73 0.23 0.0 -1.85 1.85 -1.8] -2.56 0.77
sum 4.13 2.93 1.17 424 0.69 1.74 1.53 0.16 1.36
Brazil
agr 2.86 -0.55 3.45 4.17 0.69 3.47 4.87 1.31 3.46
con 0.85 0.68 0.18 50.2 0.25 0.00 0.24 0.1 0.12
Ccspsgs -0.04 -0.50 0.48 .190| -0.24 0.44 0.27 -0.19 0.47
fire 0.90 -0.04 0.95 4.9 -1.98 0.00 -1.5% -2.14 0.63
man 1.26 -1.34 2.6¢ 1.48-2.89 4.52 -0.98 -4.13 3.28
tsc 4.10 2.35 1.71 0.8 -3.96 3.22 -2.17 -4.29 2.22
wrt -0.82 -1.06 0.23 -1.22-2.94 1.85 -2.04 -2.79 0.77
sum 2.56 1.38 1.17 30.8 -1.39 1.74 -0.14 -1.48 1.36
Latin America
agr 1.73 -1.63 3.45 2.31-1.09 3.47 2.39 -1.03 3.46
con -0.75 -0.93 0.18 -0.15-0.15 0.00 -0.64 -0.76) 0.12
cspsgs -0.32 -0.79 0.48 .290| -0.14 0.44 0.0§ -0.41 0.47
fire 0.95 0.00 0.95 549.| -1.59 0.00 -1.5% -2.17 0.63
man 1.08 -1.53 2.6¢ 2.27-2.14 4.52 0.44 -2.73 3.28
tsc 1.32 -0.38 1.71 1.94-1.23 3.22 1.17 -1.02 2.22
wrt -1.62 -1.85 0.23 -0.97 -2.53 1.85 -2.34 -3.08, 0.77
sum 0.65 -0.51 1.17 1.03-0.70 1.74 0.42 -0.93 1.36
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Sub Saharan Africa

agr - - - 1.79 -1.61 3.47 2.14 -1.27 3.46
con - - - -1.81 -1.81 0.00 -2.69 -2.81 0.12
cspsgs - - - -2.81 -3.23 0.44 -4.00 | -4.45 0.47
fire - - - -0.29 -0.29 0.00 -0.57 -1.19 0.63
man - - - -4.26 -8.40 4.52 -6.30 -9.28 3.28
tsc - - - 2.32 -0.85 3.22 2.04 -0.18 2.22
wrt - - - -3.41 -5.16 1.85 -4.89 -5.62 0.77
sum - - - 0.70 -1.02 1.74 0.37 -0.98 1.36

Productivity projections: 2005-2050
Modelling of technical change and catch up

The historical analysis of labour productivity gtbmin the seven target regions forms the starting
point for the construction of future productivityogvth. Our analysis demonstrates that productivity
growth consists of two components: technical chaage diffusion (catching up), which behave
differently over time. Without sector specific kniedlge on future R&D expenditures or bio-physical
and technical limitations of production, it is diffilt to make assumptions on future technical ckang
other than the continuation of the historical tréi@h the other hand, as has been pointed out above,
the process of catching up to the frontier is iehdy limited. Eventually countries like China that
show rapid catch up, will reach the frontier antufa growth will be constrained by the outward
movement of the frontier.

In order to project the catch up component of potigity growth, we assume that it can be modelled
as a diffusion process of new technologies. Studga®& shown that the cumulative adoption path of
new products and processes follows and S-shaped ¢(@riliches, 1957; Geroski, 2000). In our case
this implies that technical efficiency of lateconoauntries improves slowly in the beginning because
it takes time to adopt technologies from leadingntoes. In the subsequent phase, the technology ga
is closed rapidly as more technologies are absoffoédwed by a phase of slower efficiency growth
when countries approach the frontier and oppoligemito transfer existing technologies become
exhausted.

We follow Ninet al. (2005) and Ludenet al. (2007) and model catching up for each of thearegjin
the sample using a logistical functional form:

K;

e = Teap

(2)

where Zit denotes the efficiency level of regidn year t. Kt is the maximum efficiency level theat
region can reach in the long run, which is equal {d00 percent technically efficient) and constant
over time. is a measure of the speed of catching up. A highkre offf denotes a steeper S-shaped
function and therefore faster catching up.is a constant that positions the curve on the tstale.

" See Evenson and Rosegrant (1995) for projectisimg expert knowledge and Van lttersetral. (2013)for
an approach to assess the biophysical limits tic@gural productivity.
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The parameters of the logistical function are estigti using linear regression using the following
transformation of the observed technical efficieacgres:

Z:
Ve = log (=) =a+ ©
L

Positive and significant values pffor a region will be taken as evidence that tiggam is catching up
to the frontier. Negative and significant valueaate falling behind the technical frontier.

To account for the existence of different periofl€aiching up and productivity growth in the past,
which might cause differences in the slope anddef of the S-shaped curve, we test for structural
change in technical efficiency trend. In previotisdges (Ludena et al., 2007; Nin et al., 2005) Chow
tests are used to find structural breaks in thiohcsl data. However, this test can only be u$ede
timing of the change is known at forehand. In case; this information is not available nor would it
be feasible to conduct in-depth research to coleath information given the large number of
countries and sectors for which we aim to prepaogeptions. There exists a number of approaches
that have been specifically developed to identifyitiple structural changes in time series without
having prior information (see (Hansen, 2001) forozerview). Here we apply the method proposed
by Bai and Perron (1998, 2003), which use a dyngrogramming algorithm to compute the global
minimizers of the residual sum of squares, whichrespond with breakpoints in the d&tdo
algorithm requires the specification of the minimummber of years between structural break points
(and the beginning and end points of the data) sé{¢his to 15 years which we regard as suffigjentl
long to constructs future projections. This imglidat for countries for which data coverage is 15
years or less (mainly Sub Saharan African counsmiesChina) no structural changes are assimed.

Apart from the catch up part, we also need to nmakgections for the technical change component of
productivity change. As no information is avaielle simply assume that the technical progress for
each of the sectors continues as in the past (TgbEinally, we calculate future labour produdivi
growth by multiplying the projections for technicafficiency change with technical change in line
with equation 1.

Productivity projection results

The last three columns of Table 1 summarise thdymtovity projections for the period 2006-2050 by
focus region. As has been mentioned above, tedhsfieage is assumed to grow at the same rate as in
the past. TCH is therefore the average of the galu¢he periods 1961-1990 and 1991-2005, and for
each of the sectors is the same for all countriékeé sample.

We start by looking at the labour productivity foasts for industrialised countries. For all sectbes
growth rate is lower or similar than in the prexdqeriods. Like in the previous period, severat@sc

in some of the industrialised countries continuéatbbehind, illustrated by the negative EFF value
Comparing the periods: 1961-1990, 1991-2005 and-20B0, we observe a long term trend of
decreasing labour productivity throughout the econ@2.36 percent, 1.59 percent and 1.17 percent,
respectively for the three periods for the totabremmy) that converges to the rate technological

® The package ‘strucchange’ in R was used to cortiecstructural change analysis .

° We also experimented using F-tests. The advarthties approach is that it does not require arigrination

on the length of the structural change period. disadvantage is that it is only able to identiffea@ingle break
in the series. In most cases the breakyears thatlantified overlap but differences remain. As tioreseries
span more than four decades and multiple breaksamity possible, we prefer the Bai and Perron §12903),

approach.
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change. This is in accordance with our view thgiasfunities to catch up diminish once economies,
such as the group of industrialised countries, @ggr the technological frontier.

The pattern of productivity change that is obserf@dChina resembles that of the Asian Tigers
countries in the past. Labour productivity keepsgoowing in all sectors with rates between 1.71
percent (financial services) and 7 percent (manufeng). However, in comparison with the period
before 1990, productivity growth is lower in allcters mainly because of lower EFF. Catching up is
clearly slowing down as the technology gap becosnesller over time. A closer look at the technical
efficiency scores reveals that opportunities fathtelogy transfer are not exhausted yet. Only in
personal services, financial services and manufagtuechnical efficiency is more than 75 percent,
while other sectors operate around 50 percentefriintier. An interesting exception is agriculture
for benefits relatively much less from technologjicatch up. This contradicts the findings of Ludena
et al. (2007) who find relative high levels of EFF. A ential explanation for this difference might be
the different measures for productivity used (iadour productivity versus total factor productyit
and deserves further research. With the preseat aghtproductivity growth, China will need on
average, depending on the sector, between X argbksyo catch up to the frontier.

India’s productivity performance in the future rangmixed. Several sectors, including personal
services, transport and trade show strong perforenamd positive EFF while productivity of other
sectors is low or even negative, notable in tharfaial services sector. On average, LPG (3.17
percent) and EFF are positive for the total economy

As has been described above, the Asian Tiger ecesonent through a phase of rapid modernisation
in the period 1961-1990, similar to the phase Cisria now, but catching up has been slowing down
since. We forecast this to continue in the futusettze technology gap becomes smaller. EFF is
predicted to become lower for all sectors (exceptld services) but remains positive (except for
financial services) as there are still opportusitfer catch up towards 2050. In fact, technical
efficiency is between 40 and 60 percent for mostase in 2005, surpassing the 70 percent in four
sectors in 2050.

Productivity growth of the Asian development coigdrcontrasts sharply with that of the Asian
Tigers. Performance is expected to remain poorhé future for almost all sectors. Apart from
personal services, the technology gap with thetiftoris growing over time as indicated by the
negative EFF values.

Finally, also in Latin America (including Brazil)nd Sub Saharan Africa, the projections indicate
continuous falling away from the frontier insteédcatch up in nearly all sectors. Moreover, in many
sectors, labour productivity continues to decreaser time. The only major exception is the

agricultural sector in Brazil, for which EFF (1.pércent) and LPG (4.87 percent) are projected to
grow in the future. The overall poor performanceBoézil contradicts with the most recent growth

experience which is overwhelmingly positive.

Another useful way of summarising our results is Uming graphs that depict both historical
productivity patterns and future projections (Fey®-10). The figures display the cumulative labour
productivity for the seven sectors and the totaheeny for the period between 1961 (1991 in case of
China and Sub Saharan Africa) and 2050. In contkétst a standard annual index, the cumulative
index represents the growth of labour productifigm at each point of time relative to the value in
the base year. This type of index can directly $eduin dynamic CGE models to model technological
‘shocks’ over a certain time period, which is tlwenetnon approach in such models.
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The figures confirm the large heterogeneity acsmsdors over time in each region that also has been
found in convergence literature discussed abovenBnithin the same country or group of countries
that share similar characteristics, some sectersnaich more dynamic than others. As can be seen in
most of the figures, this will result in stronglwerging labour productivity rates between seciors
the long run. This demonstrates that measuringpaogecting productivity at the aggregate country
level is misleading and might result in biasedreates.

Three sectors stand out in terms of labour prodigtigrowth: agriculture, manufacturing and
transport services. In the Industrialised countriegan Tigers and Latin America labour productivit
growth is rapidly accelerating in these three gsct@sulting in highest cumulative productivitgéx

in the year 2050. In the other regions, at leastdithe three sectors exhibit the best performalfoe

a large part, these results are determined by itite rate of technological change that characterises
these sectors and which also has been found in ptbductivity studies.
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Figure 3: Cumulative productivity growth — Industri alised countries (1961-2050)
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Figure 4: Cumulative productivity growth — China (1991-2050)
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Figure 5: Cumulative productivity growth — India (1961-2050)
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Figure 6: Cumulative productivity growth — Asian Tigers (1961-2050)
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Figure 7: Cumulative productivity growth — Asian developing economies (1961-2050)
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Figure 8: Cumulative productivity growth — Brazil (1961-2050)
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Figure 9: Cumulative productivity growth — Latin Am erica (1961-2050)
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Figure 10: Cumulative productivity growth — Sub Sataran Africa (1991-2050)
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Conclusions

Future assessments of food security, changes thuaa and international trade depend heavily on
assumptions of productivity growth and technicarue. However, in most CGE models that are used
to make such assessments, the empirical foundatiopoductivity growth and technical change are
weak, often involving ad hoc assumptions or pammgdrovements.

In this paper we present productivity forecastsriore individual sectors, together representing the
total economy, for eight key regions in the wotlg to 2050. The forecasts are based on an analysis
historical labour productivity patterns and sepalyaticcount for a shift of the technological frenti
and catching up towards the frontier. In line witither research, we find that agriculture,
manufacturing and trade sectors exhibit the highatst of technological change. The analysis also
shows that some regions operate at or near thédrdindustrialised countries), while others ame i
the process of catching up (the Asian Tigers anth&hshow mixed performance across sectors
(India, Asian Developing countries and Brazil) oe &alling behind (Latin America and Sub Saharan
Africa). These insights are combined to preparefitred productivity projections for each sector and
country.

Differences in productivity across sectors shageftiture structure of individual economies. A well-
known stylized fact is the shift of output and labdrom agriculture towards manufacturing when
agricultural productivity increases (Kuznets, 19Mifferences in sectoral labour producticity asros
countries will determine international competitiess. Together these effects shape the global patter
of international trade, income distribution, foodcsrity and land use. However, to assess the
processes in detail a global simulation model iguired. Future research will incorporate our
productivity results in a multi-country multi-sect€GE model to analyse the impact of technical
change and productivity growth on global change.

Although we feel our approach is a substantial owpment to the present state of the art of technica
change modelling, which often adopts a rather ad dpproach, it is important to highlight several
limitations. Like previous work to analyse sectdethnical change in a multiple country settings th
study is hampered by data issues. First, althoughdatabase covers major regions in the global
economy, including several BRICS countries, no gutipns could be made for Eastern Europe,
Central Asia (including Russia), North Africa armktMiddle East (except Turkey), which make up a
considerable part of the global economy. Moreotles, Eastern European countries and Russia have
undergone substantial transformation in the paenhtwyears and are therefore difficult to compare
with other regions. hence, a separate analysigamfugtivity growth and catch up would have been
desirable for this group of countries.

Secondly, with 15 years the time covered for Cland Sub Saharan Africa is relatively short. It is
doubtful if this period capture the full dynamidscatch up or falling behind. Thirdly , a majorussis

the lack of input data, most importantly sectorelesapital stock. As a consequence we are only able
to analyse and project labour productivity. Thislsarly a biased measure as it tends to confound
factor accumulation and technical change, whichhinbe severe in capital intensive sectors. Having
data on capital stock will allow for the distingtidoetween capital accumulation and total factor
productivity, the preferred measure of technoldgit@nge.

Finally, another data problem is related with tbewersion of output data in national currencies int
comparable units. Sgrensen (2001) and Sgrenseisehdrning (2008) argue that aggregate GDP
PPPs, which are also applied in this study, areappropriate as conversion factors for measuring
productivity at the sectoral level. They show tledhtive measures of productivity depend critically
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the choice of PPP base year. The bias is partigusirong in the manufacturing sector but is not
found for services. This implies that our resuttisrhanufacturing should be interpreted with caution

At the moment several initiatives are ongoing tdrads this data issues, which might make it passibl
to enhance the analysis in the futtfre.

1% Recently, a new project has been initiated toramg and expand the McMillan and Rodrik database key
source of information in this paper. In particiamn effort will be made to improve the coveraddistorical
value added and employment data for Sub SaharaceAfrhe project is funded under the DFID-ESRC Glow
Programme. For more information sdwtp://www.esrc.ac.uk/my-esrc/grants/ES.J00960&atifaccessed 10-
04-2013]. In addition, as part of the World KLEM®ject, information on output and inputs (includicgpital
stock), and possibly PPPs, at the detailed secval will be gathered for a number of importaet/eloping
and transition economies. More information candaeél on the following websitéxttp://www.worldklems.net/
[accessed 10-04-2013]
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Annex 1: List of sectors

Agriculture (also includes hunting, forestry anshfng) agr A+B
Manufacturing man D

Construction con F

Wholesale and retail trade (also includes hotedsragtaurants) wrt G+H

Transport, storage and communications tsc I

Finance and insurance (also includes real estatk barsiness

services) fire J+K

Personal and government services (also includesnomity and

social services) cspsgs | O+P+Q+L+M+N
Total economy sum -

Note: Total economy also includes data on miningg@d public utilities (E). These sectors are not
analysed separately.

Annex 2: Country classification

1. Industrialised countries: Denmark, France, Italy, Japan, Netherlands, Sigweden, United
Kingdom, USA.

2. Brazl

3. Latin America: Argentina, Bolivia, Chile, Colombia, Costa Ricaekico, Peru, Venezuela

4, India

5. China

6. Asian Tigers: Hong Kong, South Korea, Malaysia, Singapore, Taiwa

7. Asia Developing: Indonesia, Philippines, Thailand

8. Sub Saharan Africa: Ethiopia, Ghana, Kenya, Malawi, Mauritius, Senggambia

Annex 2: Logistic function parameters and breakyeas by sector and country
[To be added]

Note: parameters are estimated for the period thenbreak year to 2005.
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