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Abstract

This paper introduces a new unique database, thddWRroductivity Database
(WPD), which contains information on levels andwgto of aggregate total factor
productivity (TFP) for as many as 112 countriesyezong 1960 to 2000. At its core
are numerous measurement methods, variations inctiémal forms and
specifications—including schooling and health—aé firoduction function, constant
and variable returns to scale, as well as measidirexhnical progress and change in
technical efficiency. Yet further variation emarsafeom five labour and four capital
stock measures. Another significant feature is Té¢Bcasts for the period of 2001-
2010.

Keywords total factor productivity; labour productivitye¢hnical progress; technical

efficiency; production function; productivity measment.
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1. Introduction

The purpose of this paper is to describe a newquendatabase—the World Productivity
Database (WPD)—which contains information on agagtegroductivity performance, level
and growth, across a large number of countries)(bY@r a 40-year period (1960-2000).
Although it mainly focuses on measures of totatdagroductivity (TFP), it also includes
simpler (partial) measures, such as labour prodtctiincome per worker) and basic
statistics, such as growth of labour productivitg &apital deepening.

The interest in productivity performance stems frtm fact that it is thailtimate
determinant of welfare improvement. It also hadrang bearing on issues and variables,
such as competitiveness, interest rates, inflagwafit and wage setting. In the context of
developing countries, sustained poverty reductioaschot occur without economic growth,
in particular, that based on TFP growth. It is prctiVity growth that allows for sustained
expansion of the economy, increased demand fouladoad higher real wages.

While many international and national organizatioms industrialized countries
regularly publish various productivity figures, ghis generally not the case in developing
countries. WPD bridges this gap by making such datalable to policymakers in the latter
group of countries. This allows them to keep tratkroductivity performance and prospects
for increased living standards. Naturally, with quotivity growth being at the heart of
industrial development, UNIDO itself benefits frodWPD—both for its programmatic
development and its role as source of informationrmlustrial development for the global
public. Multilateral institutions, such as the WbrBank and other parts of the United
Nations, as well as bilateral institutions and gowernmental organizations (NGOs) may,
too, find WPD useful.

A third readership is academia—in both developing &ndustrialized countries—to
which WPD provides data for analysis. In particuldfPD caters to the many existing
preferences and views among researchers regarcidggiivity measurement. For example,
TFP measures are provided based on more thanfferedi measurement methods, several
approaches to measuring capital and labour inpegsares of technical chafigehange in

technical efficiency and scale efficiency, and eas specifications of the aggregate

! See Table 1 for a list of countries included in WPD. &ha® sorted based on political and geographical
considerations.

2 Technological change and technical change are refmtiedistinct concepts. The former refers to a change in
the set of feasible production possibilities, while theetadlescribes a change in the amount of output produced
from the same amount of inputs. The latter can occurtaeveral reasons, such as a regulatory change or
improved organization, without any technological change. In thisrpdpe concept mainly referred to is
technical change.



production function, including that accounting &mhooling and health. Furthermore, many
researchers—some of them not experts on produyctimieasurement—want to link
information on productivity to other issues, suck poverty reduction, effects of
environmental regulation and wage determination.DAMRay considerably shorten the
research time needed for data collection and measant.

Because of the many difficulties involved in theasgrement of productivity growth, a
wealth of methods and views has developed oveydhes. Some of these have gained more
popularity than others. For example, while standamivth accounting is arguably the most
popular measurement method—partly because of iteplize simplicity—one has to be
aware of the implicitly restrictive assumptions ahxed. Over time, these restrictions have
gradually been relaxed and the path to alternatigéhods laid open, thus providing nearly a
plethora of approaches to productivity measuremé&he decision as to which of these
methods to choose may depend on a host of facdoch, as conventions, preferences and
suitability. The aim of WPD is to provide as marfytttese alternatives as possible.

Another debated issue is the measurement of caglitek. It seems that accurate
measurement of capital services—and of those ddualas well—requires data of such
guality and detail that comparison across a wideoBeountries is rendered impermissible.
The goal of WPD is to provide as high-quality measuwof capital and labour for as many
countries and length of time as possible.

The paper is organized into three substantive @extiln Section 2, data sources and
data availability are provided, as well as a dgsiom of how the input data for productivity
measurement were compiled and constructed. Soerag#iis and weaknesses involved in the
choices made are discussed as well. MeasuremenEflevel and growth is the focus of
Section 3, with a few comments the on merits asddiiantages of different approaches. The
approach used for forecasting TFP is also discugsisough WPD at the moment covers
aggregate data only, the aim is to expand it ttude manufacturing TFP performance, more
countries and longer time series in the near futBeetion 4 is devoted to such expansion and

other improvements, along with concluding remarks.

2. Data

In this Section, sources, availability and condioc of data used in WPD for TFP
measurement are discussed. The maximum numberuoftraes covered is 112, which is
attained in the simplest specification of productimnction—one that only includes the

primary production factors, labour force and cdpitss more refined measures of labour
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inputs and more elaborate specifications (e.g.ehaosluding schooling and health) are

employed, the number of available countries deeda some cases significantly.

2.1 Data sources
The principal data source is Penn World Tablesierré.1 (PWT, Heston, Summers and
Aten, 2002), from which GDP (chain weighted) andestment, both in power purchasing
parity 1996 US dollars, are obtaine@Real investment is used to compute capital stack i
international prices. Albeit with a few considelhanges to the series as described below,
labour force has been retrieved from the same soiitte combination of output, investment
and labour force data from PWT maximizes the nunobeountries and years covered.
Refined labour measures and more intricate spadtidics require additional data. From
the Groningen Growth and Development Centre (GGR@)5) and Asian Development
Bank (ADB, various issues), data on employmenttamats worked (only GGDC) have been
obtained, while unemployment rates have been delleédrom the International Labour
Organization (ILO)Yearbook 2003I1LO, 2003a), KILM (ILO, 2003b) and ADB (various
issues). Barro and Lee (2000) is the source foodaoiy data, while the health indicators
used here—life expectancy and adult mortality ratesme from World Development
Indicators (World Bank, 2004). Finally, in some essdata have been checked against

national sources and, occasionally, adjusted.

2.2 Data availability and construction
The main intention here is to report on adjustméms have been made to original data. In
addition, the different fashions with which inputriables are allowed to enter the production
function are discussed. While output (GDP) andparticular, capital, represent general
limitations to data availability, in that data farmaximum of 112 countries from 1960 to
2000 are available, indicators of labour, schoolargl health define data availability for
production functions going beyond the most basecsgation, i.e., one based on labour and
capital.

There are two underlying datasets used for TFP mneagent. First, an unbalanced,
which is the main input data and secondly, a baldrneaning that all countries included

are observed for the same years) because some ner@asii methods, such as data

3 PWT version 6.1 has data running from 1950 to 2000, which shibulsl, be understood as the limiting factor
of WPD in terms of time coverage.



envelopment analysis (DEA) require data to be lwaddn The decisive advantage of the
former is that of superior country coverage. Ondtieer hand, the main disadvantage is that
some countries carry less weight than others dineg are observed for fewer years. This
disadvantage is, for example, relevant for parametstimation of TFP. Table 2, which is
sorted by various categories of labour input, sunmea for which countries data are
available. All countries marked with at least o kdave data, while countries marked with
two dots are only available in the unbalanced ddtas

An example is the comparison of Rwanda, TaiwanyiRoe of China (hereinafter,
Taiwan) and United Republic of Tanzania (hereimafi@nzania). Common to Rwanda and
Tanzania is that only TFP estimates based on lafmue can be obtained. But, whereas
Tanzania appears in both the balanced and unbaladetasets—and, hence, for all
measurement methods—when health is included inptbduction function, TFP data on
Rwanda are only available for measurement methbds do not require balanced data,
because data for health are unavailable for allsyda the case of Taiwan, more versions of
labour data are available. Hence, TFP growth estisnean be obtained for all specifications
based on labour force, employment, derived employra@d hours worked for those two
employment categories, as well as for specificatiocluding schooling in addition to labour
indicators. However, when health is involved in sweang TFP, for Taiwan such measures

are no longer available.

2.2.1 Output

Output is measured as chain-weighted real GDP insteot 1996 prices adjusted for
purchasing power parity. Tables 3 and 4 list thentdes that did not have full coverage of
output data, the missing-years problem and how was resolved. The most common
problem is that, for some countries, one or a féwhe end years are missing. The general
solution is to use information on the growth of Ir&DP, as obtained from the World

Development Indicators (World Bank, 2004). To epatble capital stock series to start in
1960, both GDP and investment are “back cast”. iéve Section describes how this was
done, with pre-1960 missing years referring to tercise. When GDP is missing for the
middle of the series (for example, Haiti in 1968)is interpolated by taking the average

between two years.



2.2.2 Investment

Tables 3 and 4 list cases where investment dateitrer missing or data series are shorter
than needed and, as in the case of output, deswibdehese issues are treated. If investment,
but not output, data are missing, backward extetmsi based on a moving-average
mechanism is applied. For example, if the averagestment rate of a country between 1960
and 1964 is 20 per cent, this is assumed to beahe for 1959 as well. Thereafter, a new
average investment rate for 1959 to 1963 is caiedland applied to 1958 and so on until
sufficient data has been derived to allow for claftton of initial capital stocK. The
consequence is that business cycles are “smooting’ &or the missing years. But this does
not necessarily have a profound negative impadfpand subsequent TFP measurement. In
case output data, too, are missing, a similar ngpaverage mechanism is first used to
extrapolate output before repeating the above piireeas for investment.

At this stage, it is possible to rank the capitatks based on the extent and way output
and investment series are extrapolated. The mbable capital stocks are those based on
time series dating sufficiently back so as to avamidnipulation. This generally includes
capital stocks for industrialized countries. Nevd aapital stocks that require extrapolation of
the investment series. Fairly advanced developimgnties belong to this category, for
example, those from Latin America and East Asia Tiird best cases are those where both
output and investment data have to be extrapolatpitally low-income countries. Although
the impact of such data manipulation is only detielet early in the output and capital series,
the user should be aware of this. For qualitativeppses, the impact nonetheless appears
quite insignificanf For international comparison of TFP levels, it htigtherefore, be
advisable to avoid using the first decade of TFR dahere the impact of initial capital is the

largest; over time, this impact dwindles.

2.2.3 Capital
Capital is arguably the most difficult productiomcfor to measureFor that reason, WPD

includes TFP estimates based on four approacheapital stock measurement (K06, K13,

4 This implies that data are extrapolated back to 1946, 1950 @54l for K, based on 15, 10 and 5 years,
respectively.

® An example here is the comparison of poor and rich countiesd@scribed data manipulation does not affect
country rankings but may have an impact on whether the gayedettwo countries is 15 or 16 per cent.
Isaksson, Ng and Robyn (2005) provide country rankings baseBRn T

® Flow of capital services is actually what needs to be medsAs this cannot be easily carried out for many of
the countries in the WPD sample, it is conventional suae that capital services are proportional to theksto
of capital.



Ks and Keff)’ These differ in how the initial capital stock isneputed, the rate at which
capital is assumed to depreciate, whether thatisatenstant or varies over time and whether
the lifetime of an asset should be explicitly acuted for®

The perpetual inventory method provides a standag of formulating how capital

evolves:
K= (1_6) Ket 1, (1)

wherely is the investment undertaken yéd(; is the capital stock at the end of yeando is

the depreciation rate. Substituting back in timedme initial period leads to equation (2):

K. = (1-0) Ko + z a-9)"1,. 2)

whereK, represents the initial capital stock. In (2)andKy are unknowns and have to be
estimated or assumed. Since the correct valugseséttwo unknowns can be debated, WPD
offers capital measures based on alternative etsmar assumptions of these, leading to
three different capital stocks (K06, K13 and Kspn@non for the three is that capital is
assumed to depreciate at a constant rate over time.

For two of these, KO6 and K13, it is assumed thatytears of investment serve as an
adequate proxy for the initial capital stokk. For example, for investment data starting in
1950, investments from 1950 to 1959 are used tetoart Ko for 1960. Underlying the 39
versions of each capital stock measure, among a&evether considerations, is
experimentation using three different initializatiengths, namely five, ten and 15 yers.

The two capital stocks only differ in terms of thassumed depreciation rates, which
are six and 13.3 percent, respectively (hence, &6 K13). The latter measure is based on
Leamer (1988) and assumes an unusually rapid depogcrate, implying an emphasis on
relatively recent investments and less impad@flt should be noted that the chos@rs a
number matching the double-declining balance methoglicitly assuming a lifetime of 15

years for K13. By contrast, KO6 places relativaelyd emphasis on recent investments and the

" There are 39 alternative assumptions for each ditirecapital stock versions, implying a total of 156 capital
stocks. Variations in assumptions include parameterh, asiaumber of years back cast, numbers of years used
for the moving-average mechanism and numbers of yeadsfascomputind<o.

8 The effect of different ways of calculating capitalmost readily seen when comparing TFP levels, while for
comparison of TFP growth it is much less discernible.

° However, note the exception of capital based on the eféigierethod (Keff).
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effect of initial capital lingers longéf. The implied lifetime for KO6 goes beyond the eiiid o
the sample period.

Another common way of computing the initial capittbck is to assume that the
country is at its steady state capital-output rdeading to what is called here steady-state
capital stock (Ks). The major advantage compardtD®and K13 is that ten years of data do

not have to be lost in the calculationkaf The key equation is:

k=il(g+9), 3)

wherek, g, i and ¢ are the capital-output ratio (K/Y), growth rate afal GDP (Y),
investment rate (I/Y) and depreciation rate, respely. Hence, (3) requires estimates of
steady-state values ipfg ando.

The depreciation rate is set at six per cent. Ratig Easterly and Levine (2003),is a
weighted average of all countries’ average growatie and world growth rate of output (for
the first ten years, the time period here equaB01®69). The weights are set to 0.75 and
0.25 for the world and country growth rates, refipely, leading to country-specific
estimates of the steady state growth rate. Theageeinvestment rate for the first ten years
(1960-1969) serves as a proxy for the investmeat rénserting these numbers into equation
(3) leads to a solution fd«. Finally, the initial capital stock is computediagial Y (i.e., the
1960 value}imesk.

A drastically different way of measuring capitairoduces the concept of asset lifetime,
which implies the use of a time-varying depreciatrate. The physical efficiency method
(leading to Keff) starts from the notion that arset®s productivity is a function of the
depreciation ratej, which, in turn, depends on the age of the as&ktyear one, the
productivity of the asset is unity (i.e., 100 pant). As the asset ages, its productivity
declines at an increasing rate. After some time aéset’s lifetime L is considered over or, at
least, the asset’s productivity is too low, so #Hsset is scrapped. Following Cregbal.

(1998), the relative productivity of an asSadt agg, Sj, can be expressed as:

1% Individual countries may have different depreciation saiee to different compositions of capital. For
example, more developed countries tend to have a lahgee of IT-related assets, which have relatively high
depreciation rates, while developing countries’ capitalkst@ontain a relatively large share of buildings and
machines, which have a slower rate of depreciation

7



S,-=(L—J')/(L—,6’j),0SJ'<L. @
Si=0, j=L

In (4), p is the curvature parameter and crucially determithe rate of deprecation as
the asset ages. fifis positive but less than unity, depreciation sreges over time leading to
a concave asset productivity curve. Figure 1 itatsts this idea for two fictitious assets, A
and B, with different lifetime and decay parameters

In addition tog, the lifetime of the asset also affects the deaten path. According to
Cregoet al (1998), when the different assets—which haveediifit lifetimes—are translated
into aggregate investment, the aggregate senfieguins out to be 20 years with a decay
parameter of 0.7(5). WPD adopts 20 years of service life for eachr'gaavestment. As a
consequence, it also uses 20 years for the calmulat initial capital stock for this particular
capital stock. The implication is that the capgtdck and TFP series based on this method
starts in 1969, as compared to the standard of, 18&@l in WPD.

2.2.4 Labout*

Standard in empirical literature of cross-countagune is to measure labour input by labour
force. The advantage of this labour measure isufeerior availability and, possibly, quality
compared to alternative labour measures. The méaddantage is that it leads to
underestimation of measured productivity level lksea of under-utilization, or
unemployment. The effect on productivity growth uecertain, since it depends on the
behaviour of growth in both the labour force amdcibmponents.

WPD offers productivity estimates based on fiveolabinput measures: labour force,
employment, derived employment, hours worked base@mployment and hours worked
based on derived employment. There are two kind&alebur utilization rates for which
labour force should be adjusted: variations in neratemployed and in hours worked. The
first two alternatives to labour force (LF) are dayment (EMP), which is obtained either as
a direct measure of employment or derived by applyinemployment rates to LF data,
leading to derived employment (DEMP). Both of th&dsour measures are then adjusted to
account for variation in hours worked, giving risetwo additional labour measures (HEMP
and HDEMP). While productivity measures based orMREand HDEMP are considered

1 Here, labour is understood as raw labour. This distinguisfresn cases when adjustments for its quality are
made (see the discussions on schooling and health).
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superior to those based on, for example, LF, thdetoff is significantly reduced country
coverage.

The labour force (LF) data underpinning the diffégréabour measures used were
obtained from PWT 6.3 In several cases, unusually rapid LF growth periadere
observed, possibly due to changing measurement oaetlor population coverage. In
Argentina, for example, average annual labour fayeenvth rate is some one per cent. In
1991, that number exceeded five per cent, a ratddbted until 1995. Thereafter, it returned
to some one per cent. The jump in growth may mankesadministrative change in coverage,
such as inclusion of rural areas, in addition f@aaror women, in addition to men.

Large increases in the growth rate of LF are casid incredible and are, therefore,
smoothed. The adjustments made to LF are basetieoassumption that relatively recent
measurement methods are superior, in particulatenims of coverage, to relatively older
ones. The implications of these adjustments am@r afethe case of the Argentinean example.
The LF growth rate of 1991-1995 is aligned to thstrof the series by, first, adjusting the
five per cent growth rate down to the average anpost-1995 growth rate of some one per
cent. Secondly, the pre-1991 LF levels are adjustedlign with that of 1996. These
adjustments do not affect TFP growth but have iogpions for TFP level. Continuing with
this example, because pre-1996 LF levels are adjusipwards, TFP levels are
correspondingly adjusted downward. Table 5 showscibuntries and years for which this
kind of adjustment is made.

As can be expected, data on EMP are more diffitulbbtain. Consequently, the
country coverage is reduced by some 50 per cenpared to that for LF. The source of
EMP for countries in the Organization for Econo@im-operation and Development (OECD)
is OECD itself, while GGDC provides information fdmatin America. Data for Asian
countries come from various issues of ADBKey Indicators of Developing Asian and
Pacific Countries Contrary to the case of LF, these data are njpistd and are used for
TFP calculations as they are.

Derived employment (DEMP) is arrived at by adjugtitF according to unemployment
rates obtained from OECD, ILO and ADB. Comparechv&MP, country coverage differs

because countries that have information on unempdoy may not have data on

12 A few cases of simply erroneous labour data were found ifi.Fat those cases, after having cross-checked
against national sources, data from the World Bank were inséehd of PWT. Table 5 provides a list of
countries for which this is the case.

13 GGDC employment data give the impression that, betweesuseyears (normally undertaken once a
decade), they have been linearly interpolated.



employment, and vice versa (see Table 2 for coumyerage)’ In cases where
unemployment series are shorter than the employnsenies described above, the
unemployment series are extrapolated based on Igrofmierived unemployment resulting
from subtracting employment from labour force. Eablindicates for which countries and
periods extrapolation is undertaken.

Based on EMP and DEMP, labour input measured assheorked (HEMP and
HDEMP) is computed. In addition to correct labounput for variations in numbers
employed, hours worked adjust labour for the wdtiian rate with respect to the intensity
with which employees work, for example, part-timedaovertime. These measures thus
account for two adjustment mechanisms availablenployers in case of shifts in demand.
Data on average hours worked come from GGDC. Thmbeu of countries reporting on
hours worked for a sufficient time period decreasgsificantly, and country coverage only
includes OECD and a few others (see Table 2).

Methods of labour data collection can have an itgwarimpact on productivity
measurement. Luxembourg is a particularly importzage, since the country ranks first in
terms of TFP. While the measured labour force ialkrthere is a large group of employees
commuting from neighbouring countries, leading mouaderstatement of actual labour input
and, thus, overstatement of TFP. In fact, the shiomemployment and employment turns out
larger than the (derived) labour force. Becaus#soimplausibility, unemployment is set to

zero for the few years in which this phenomenorucec

2.2.5 Schooling
Going beyond production functions with only primamputs, WPD allows for schooling (S)
as one of two additional (secondary) inptitSchooling is measured by attainments levels for
the population 15 years and older, as obtained fBarro and Lee (2000). As Table 2
suggests, country coverage is reasonably goodererefes as to how to include schooling in
the production function differ among economists.Wdtlows for two common ways. Either
schooling enters as a separate regressor, orefit@rs as an augmentation to labour, labour
can be said to be quality-adjusted instead ofrawstlabour.

First, schooling is treated as a separate regresgs@mommon issue encountered in

production function estimation, when schooling entas a separate input, is that it has a

¥ This concerns Costa Rica, Ghana, Kenya and Malawi.
5 Health is the second.
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tendency not to be statistically significant. Jo(lE396) argues that the root of the problem is
that it usually enters in logarithmic form, implginan investigation into the effect of a
percentage change in schooling. This, howeverpiscammensurate to realistic changes in
schooling. As an alternative, he proposes thatdoig enters in actual school years. WPD
adopts this line of thought when the productiorction is of Cobb-Douglas form. In the case
of translog production functions, the logarithmiormh of necessity is maintained
throughout:®

Secondly, schooling may also enter as an augmentadi labour, for example, along
the lines of Hall and Jones (1999). In their warks assumed that returns to schooling differ
according to the development stage of countries) at, in less advanced countries returns
to education are higher. Countries are divided thtee groups, and labour is adjusted for
quality according to (5):

h=e!GL 5)

wherel is raw labours average years of schooling and the functis) is piecewise linear
with the following slopesp(s) = 0.134*sif s< 4, ¢(s) = 0.134*4 + 0.101*(s-4)f s<4<8
ande(s) = 0.134*4 + 0.101*4 + 0.068*(s-8)f 8 < s’ The three numbers—0.134, 0.101 and
0.068—reflect Mincerian (Mincer, 1974) educationg@aprofiles for sub-Saharan Africa,
world average and OECD, respectively. The idea5)fig thate(s) reflects the relative
efficiency of a unit of labour witts years of education compared with a unit with no
schooling. Another year of schooling is assumedntyease a worker’s efficiency in a
proportional fashion. Equation (5) is thereafteseiried in the production function instead of

simply labour..

2.2.6 Health

Another quality characteristic of labour to considehealth (see Table 2 for data coverage).
Following the work of Weil (2001), it is hypothesit that differing levels of nutrition and
health status impact significantly on energy andac#ty to work across countries. WPD
employs two measures of health, both from World édepment Indicators (World Bank,

'® It may be noted that schooling is always statistjcalgnificant in non-log form, thus lending support to
Jones’s assertion.

" These are, of course, country-specific measures; countigaiors have been omitted for expository
purposes.
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2004). Life expectancy (H1) is used when healtlesnthe production function as a separate
input, because it has very good country coveragaveier, adult mortality rate (H2)—the
fraction of current 15 year-olds expected to didotee the age of 60—is the preferred
measure when labour is adjusted for health. Thgaisly owing to how Weil accounts for
health, but further explanation is provided beldnvthe case of H2, it is implicitly assumed
that, in the future, age-specific death rates rantainstant at current levels. It should be
noted that the correlation between H1 and H2 ig hagh.

Health is only included together with schoolingclusion of health in WPD reflects
recent empirical literature, which has only nowi@esly started accounting for it (see, for
example, Shastry and Weil, 2002). As in the casesabiooling, when health enters the
production function as an additional regressadpis so in absolute values (years) instead of
in logarithmic form. Again, an exception is madettwe translog production function.

When labour is adjusted for health, in additiorsttooling, an extension of equation
(5) is employed. For this to work, we need an ideahat the return to health is. Weil (2001)
reports one for H2 but not for H1, which explaingywH2 is used in this case. Equation (6)

describes the labour adjustment for schooling aadth:

h:e¢(s)+/\(H2)L_ (6)

wherel < 0, which implies that workers become less energetiti2 increases. Following
Weil (2001), the value of A+ (*100) has been set to 1.88.

Finally, a special experimental case is reporte@nkiwv, Romer and Weil (1992)
estimate the output elasticity to human capitalin@asured with schooling, to be one-third.
This value becomes useful when attempting to adcéamhealth in growth accounting
calculations, for which otherwise no obvious incosimare is available. In WPD, an income
share of a third is assumed for the composite bbaling and health’ The, admittedly ad
hoc experimental formula used in WPD to make heaftbrational in growth accounting—

while maintaining that it can only enter togetheéthvgchooling—is:

18 caselli (2003) calculates that a reduction of AMR by sicgetage points has the same impact on wages as
one extra year of schooling, which seems excessive. Heeftie, suggests 1.68 as an upper limit. However,
since no other value is available, 1.68 is used througimoM{PD, as this is currently the best information
available.

' The income share of raw labour is reduced by the samerst.
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h= eV(S+H3) L (7)
where H3=H1/( IE’1+ 2* 1232* s). The parameters,,f?, are estimated from the simple

regressionH1=a + 3,s+ 3,5+ &, wheree¢ is the error term. The reason for undertaking

this operation is that schooling, in terms of scédeonly some tenth of life expectancy in
terms of years (for example, eight years of scimgolind 80 years life expectancy). To
simply add schooling and health would not do j&stio schooling, since variation in the
composite would almost entirely be due to variaionhealth. Therefore, a relation first had
to be established by way of statistical estimatibnis relation turned out to be non-linear,
which explains the first derivative in (7.

3. Measurement methods

The main purpose of this section is to presentnteasurement methods used in WPD for,
successively, TFP level, TFP growth and TFP foriscahe section is divided into three

major parts: levels, growth and forecasting of picitvity. The discussion on measuring TFP
levels is short, as it involves relatively few cdiogtions. By contrast, the second part
constitutes the bulk of the section and is faidghnical, although an attempt is made to
discuss only the key equations involved. The fpeit concerns how forecasting of TFP was
carried out. This was done based on TFP growtresemather than components of the
production function and, therefore, the difficuitimormally involved in forecasting were

drastically reduced. In turn, this leads to a re¢dy short third part.

Before proceeding, some general guidelines may d&full First, it is advisable to
analyze TFP growth together with TFP levé&l&or example, rapid growth tends to occur at
relatively low levels, while at high levels, growtbnds to be slower. Secondly, one should
try to understand the underlying assumptions—iniplior explicit—behind different
measurement methods. For example, is it reasorabdssume perfect competition in the
case one is examining? Thirdly, because differegthiods are based on different restrictions
and assumptions, and have different strengths &adknesses, employment of more than one
measurement method may uncover information otheraiscealed. Fourthly, one may also
want to consider the extent to which countriescamaparablé?

20 Details of the estimations can be obtained from thiecautpon request.

2L The discussion in this section draws from Isaksson (2006b).

22 Hulten and Isaksson (2007) is an example of such an analysi

% For example, analysis of relatively homogenous induigteidl countries appears less demanding than
comparisons of heterogenous countries, such as Burundi, Ejjygiemala and Japan.
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3.1 Measuring TFP levels?*

Productivity measurement at the total economy levelplicitly or explicitly—starts from
the notion of an aggregate production function.HSan assumption is almost unavoidable
when measuring TFP, but it should be borne in ntivad it is only a metaphor, since it is
unlikely that the true shape and properties of suétinction can be accurately deciphefed.
However, the use of it is justified as a useful net organize the data in a way that makes
economic sense, and as a framework for interpretingirical results.

An alternative is to disregard the production fimct restricting the analysis to partial
productivity measures, such as labour and capitadiyctivity. Labour productivity is an
interesting statistic in that it provides an overéw of productivity performance based on
both TFP and capital deepening. However, for popayposes, it is less useful, since it is
silent on the relative importance of its compongnés, should policy concentrate on inputs
or TFP and with what weights?

WPD, therefore, makes of the notion of the aggeegabduction function. For the
levels measurement, the following standard Cobbglisy in logarithmic form, with Hick-

neutral technical change is assumed:

Iny,=InA+a* InK,+B*In,, (8)
whereY is outputK andL are capital and labour, respectively, #nid a measure of the level
of technology, i.e. TFP. Parameterandp are the capital’'s and labour’s shares in output,
which, when perfect competition in factor marketevails, equal the respective marginal
products. As is standard at the aggregate levaktaat returns to scale (that és;4=1) are

assumed®

The level of TFP is, then, measured as

InA=Iny,—a*InK,-B*InL,, ©)

24 Al level measures discussed are PPP-adjusted.

% The technical conditions for consistent aggregation areestiative as to be intuitively implausible. See,
however, Jones (2005).

%6 More is said about and alternatives provided to thistfanal form in the discussion on TFP growth.
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and, then, computed relative to the TFP level eftmited States. Note that equation (9) is
only permissible because it is assumed éandp are country- and time-invariant. Although
Gollin (2002) strongly argues for this indeed totbe case, Hulten and Isaksson (2007), for
example, are less convinced of the validity of thssumption. Ifa and f vary across
countries, TFP ranking based on (9) is no longenume to the choice of base-country, so the
formula provided by Caves, Christensen and Diew€&D, 1982) is preferable. With
common income shares, CCD produces the same remilthose obtained by applying
equation (9).

As the concept of TFP or TFP level estimates ateunwersally accepted, WPD also
offers simple income, relative to the United Statesd capital per worker measufés.
Although they serve as reasonable starting poartprioductivity analysis, they should not be
seen as equivalent alternatives to TFP. Ten-yaac#ésts of TFP levels are provided, but

discussion of that is deferred to Section 3.3.

3.2 Measuring TFP growth?®

WPD offers numerous alternatives to TFP growth memamsent, including relaxations of
assumptions, as, for example, constant and varralens to scale. To those not favouring
measures of TFP growth, data on growth of incont capital per worker are available as
well. Before turning to the rather lengthy discosson measurement methods, some general
features applicable to most methods are presented.

Begin by reproducing (9), but this time in discrgtewth form:

Adin A =4Iny,—a* AinkK, - £* 4In, (10)

where4 symbolizes change between two years. The manyureasnt methods for TFP

growth are variants of each other. In trying to suga TFP growth, they relax restrictions or
estimate what another method might simply assumeonhe shares, for example, are
estimated by parametric methods but assumed intgrascounting. Three major groups of
measurement methods can be discerned: growth atoguregression analysis and frontier

methods.

2" These cover all labour and capital measures availablePiD.W
2 All growth measures are PPP-adjusted. Note that fat measurement methods, however, this is actually
unnecessary.
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Equation (10) is characteristic of growth accoumti@ommon for such analysis is the
assumption of constant—both in time and space—irceharesy andp. That constancy is
relaxed, i.e.gi#a; andfi#p;, wherei andj could, for example, denote different countries, by
way of parametric estimation. This is the main iémeought about by regression compared
to growth accounting analysis. Also DEA and LMDEA&hich are non-parametric frontier
methods, let the question of income shares be argwa the process of computing TFP
growth.

Although at the aggregate economy level constaaotns to scale, that is + f =1, is
conventionally assumed, one can easily imaginaigistances when it is not applicable. For
example, the astonishingly rapid growth of the afbed Asian Tigers most likely had periods
characterized by increasing returns to scale,d.¢.f >1. To allow for maximum flexibility,
in WPD all parametric and frontier-based measurémethods estimate TFP growth under
constant and variable returns to scale. When Mariedturns to scale are allowed, WPD
offers an estimate of the scale effect. Growth antiag, on the other hand, assumes constant
returns to scale.

Technical change and TFP growth are different cpiscavith analysts tending to pay
attention to both. Therefore, in WPD all methodsept growth accounting also provide
estimates of technical change. One advantage ofiéromethods is that change in technical
efficiency is measured as well. Such change ismasduaway in growth accounting and
regression analysis.

Although (10) is a very convenient functional forih,is also quite restrictive. For
example, it assumes perfect substitutability betwieputs and assumes away the possibility
of quadratic growth or non-neutral technical changeflexible functional form of the
production function is the transcendental logarithfarm or, in short, the translog. For every
parametric estimation measurement method, WPD sotieth Cobb-Douglas and translog
functional forms, where the former can be undeistas a restricted version of the laftér.

TFP growth based on the translog, in logs, is casgpas follows:

4ln A =A|nYt_:8KAIn Kt_IBLAIn Lt_ﬁKKAant _IBLLAIn Lt2

(11)
-2, 4InK.4In,

29 According to statistical tests undertaken, the tranislamyariably favoured over Cobb-Douglas.
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All measurement methods can include schooling agadtin, in addition to labour and
capital. Whereas this appears fairly uncomplicatden a production function is estimated,
with the respective factor shares simply estimaiiets less straightforward in the case of
growth accounting, since the relevant factor sharesunknown. As stated earlier, following
Mankiw, Romer and Weil (1992), a factor share oé-timrd is assumed for both schooling
and schooling combined with health. It is worthaating that in WPD it is also possible to
include schooling, or schooling and health, asstdjents to labour. In that case, there is no
change with respect to the income shares assuntbdwnly primary inputs, i.e., labour has

the same income share as labour augmented witlhlsatp@nd schooling and health.

3.2.1 Measurement based on growth accounting
This group of measurement methods contains thra@anta of the standard growth
accounting approach. These methods differ in tlassumptions regarding the type of
technical change and whether endogeneity of capitaumulation with respect to TFP
growth is allowed for? The basic notion is that TFP growth is the renmjnGDP growth
after factor growth has been accounted for, ités,derived as residual growth.

Equation (10) is the standard Hicksian growth aatiog equation, repeated here for

convenience:

Aln At :AInYt—O'* Aln Kt_,B* Aln L¢-

For simplicity, cases including schooling and/oaltie are not shown, as equation (10)
suffices for the demonstrative purposes of thisepajt assumes that technical change is
Hicks-neutra) which means that the shift of the production fiow from A to B in Figure 2,
due to TFP growth occurs along a constant camtaddir ratio, in other words, the shift is
proportional. Output growth is decomposed into dglowf the capital-labour ratio and TFP
growth.

The standard approach is extended to allow fordaloigmenting, or labour-saving,
technical change, implying a disproportionate stiifthe production function (again, from A

to B). In this case, technical change is said téHagod-neutral as illustrated by Figure 3,

%0 Such endogeneity can be said to be similar to that occurripgrametric estimation of production functions,
in which case capital is endogenously determined in adaygstem of equations (Hulten and Isaksson, 2007).
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with the production function shifting along a canst capital-output ratio, instead of a
constant capital-labour ratio.

Thus, Harrodian technical change not only involeeshift, but also a tilt of the
production function, implying an alteration of therginal product of capitaf. Equation (10)
is replaced by (12)

a
Ain A = 4Iny; —E*( AIn g =AIN k9) (12)

where ¢ = K/Y. This means that output growth is decomposedTi® growth and change

in the capital-output ratio.

Although it is, in principle, possible to includeerm to represent increasing returns to
scale, this is seldom dore.ln WPD, only growth accounting under the assunmpiid
constant returns to scale is provided. Anotheressith growth accounting, as well as several
other methods, is that it neglects induced capitaumulation due to TFP growth. In other
words, there may be important dynamic effects tant for and failing to do so could lead
to understatement (overstatement) of the role & gfowth (capital accumulation).

Hulten (1979) has taken issue with this matter@dadloped a method that accounts for
such effects, termed dynamic growth accountingVifD >3 The method derives a dynamic
residual, which is a weighted sum of the standaoevth accounting residual over a period of
T consecutive years and an expansion of the int@aesth production possibilities frontier.
This frontier defines efficient combinations of somption—within a growth accounting
framework production and consumption are indistisigable—and terminal capital
obtainable from endowments of initial capital aatdur (and other inputs if they appear in
the production function), as well as levels of inefficiency.

The interpretation of the dynamic residual différsm that obtained from standard
(atemporal) growth accounting. While the standdadics residual relates to the shift in the

aggregate production function, the dynamic coumterpnvolves an expansion of the

31 Although technical change is normally assumed to be pesttie change in marginal product of capital could
go either way depending on whether technical change is ositinegative.

32 See, for example, Hall (1989) for a case where thisie.

33 Dynamic growth accounting does not lend itself well to y@asgear comparisons, since each annual figure is
an average of yedrand all previous years. The implication, then, is thabmparison between TFP growth
obtained from dynamic growth accounting is best compared tpehed average TFP growth obtained from,
for example, standard static growth accounting.
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intertemporal consumption possibility set due tohtécal progresd’ TFP growth from

dynamic growth accounting is, then, a linear coratiom of these two residuals

Apo(0,T)=3 PV a0 (13)
t W

T

wherepY; is nominal output/A; the standard residual from equation (Ap the dynamic

residual and\rthe accumulated wealth over the relevant peidgdis measured as
T
WT:tZ_:lptCt"'pTKT_poKo- (14)

wherepC; is nominal consumption and the remaining parhésdifference between terminal
and initial nominal capital. Equation (13) can,ghbe interpreted as an average rate for the
relevant period as a whole.

To underscore the difference, the standard residuahderstood as the average rate at
which the production function shifts, while the dymic residual measures the importance of
productivity change for output growth. WPD offergndmic growth accounting for both

Hicks- and Harrod-neutral technical change.

3.2.2 Measurement based on regression analysis
Regression analysis involves parametric estimatiotihe income shares andp, instead of
assuming them. In addition, the assumption of nsttio scale can be relaxed and an estimate
of technical change obtained. Those being the na@ivantages, on the negative side,
parametric estimation introduces such thorny issagschoice of functional form and
uncertainties about statistical properties. Basedegression analysis, WPD provides TFP
growth based on two functional forms, constant @adable returns to scale and estimation
with and without trend.

The unconstrained pooled Cobb-Douglas, with andhaut an explicit measure of

technical change, takes the following log-lineadiferm

34 See Hulten (1979) or Isaksson (2006b) for a more thybrexplanation and derivation.
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Iny,=In A+&In K.+ BIn L+ &, (15)

where the “*” indicates that they have been esgohaands; is the residual assumed to be

i.i.d. Equation (16) changes to

~ - M ~
Iny;=In A+ain K +BIn L+ Xy, Tm+ &
m+1 ] (16)

m=1, 2,.... M

with technical change representedTgnd measured by. In (16), to obtain annual values

instead of an average for the entire time perioge tdummy variables replace the trend. For
the case when the functional form is translog, ahnariation derives from interaction
between inputs and the time trend. Time dummy b&gmwould make the functional form
unnecessarily complicated and the production fonotiver-parameterizea.

With constant returns to scale imposed, (15) a6yl ¢an be expressed as:

Iny,=InL=In A+a(n K, =In 1)+ &, (15)

~ M ~
InYy=InL=In A+a(n K= L)+ 2§, Tmt & ;
m+1 . (16)

m=1, 2,..., M

TFP growth, for all cases, is measured as:

AA =&~ &a- (17)

Tests for constant returns to scale nearly alwayur variable returns to scale.
However, it is well known that, as the sample simgeases, statistical tests have a tendency
to over-reject the null hypothesis of constant metuto scale. Generally, the sum of the
estimated parameters,andg, is close to unity. In any case, with variablaures to scale, a

measure of the scale component can be obtained.

% Technical change in the case of the translog (and umaorest returns to scale) is calculated as follows:

alny
a7 =BkTINK+B TInL+p1+2[17T .

TC=4A=
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Based on these equations, the next topic is thmasbn procedures. With only 41
observations per country, it does not seem fruiifukstimate country-specific production
functions®® In their stead, pooling of the country data praguenuch better statistical
properties (for example, 41 years*112 countries8d,50bservations). The main
disadvantage, however, is the masking of poteptialportant country-specific differences.

To remedy partially such masking, “regional” regies analyses are undertaken.
Subsets of countries, primarily based on geograpit) stage of development, are formed.
There are three development groups: industrialidedeloping and least developed countries
(LDCs). For the geographical subsets, the industeid country grouping is retained, while
the remaining countries are divided into Asia, M&d&ast and North Africa, Latin America
and sub-Saharan Africa. In cases where a countvypgcontains too few countries for
meaningful estimation, the group is simply droppe@ihe country table, Table 1, lists these
groups and their constituent countries.

Equation (18) illustrates the case of pooled regliaegression analysis, where, as
opposed to pooling of the entire sample, regioaaameters add more country-characteristic

information to the TFP calculation

Ir‘Yirt = In Airt +a|n Kirt +lé|n Lirt +2irt ’ (18)

wherei andr denote countries and regions, respectively.

If cross-sectional heterogeneity is omitted, thimested parameter might be rendered
biased, and hence TFP growth will be biased. WR&egffore, supplies TFP growth measures
based on the fixed-effects estimator. Panel-datemaors allow the analyst to account
directly for country-specific effects, while maiirieng the degrees-of-freedom advantage.
Country-specific effects imply that each countryllwhave its own intercept, while
maintaining the assumption that the slope paraseterthe same for all countries.

There are two ways to account for country-spedafiects. One is to include country
dummy variables, while the other is to transforra tlata (so-called within transformation).
Although the former consumes many degrees of freednd, thus, may reduce efficiency

and produce larger standard errors, thanks toatige Idataset this is the solution chosen. The

% This has actually been tried, but the estimated paranstdrtheir significant levels were too affected by the
incidence of small sample size.

37 This occurs when a labour measure other than labour i®mused. For example, LDCs are dropped for all
cases in which analysis is based on employment.
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main reason for choosing country dummies is they ttan be used to obtain country-specific
technical change by way of interaction terms betwsech dummies and a trend variable.
Equation (19) shows the fixed-effects productiomction

InY, =4 +aln Kit"',éln Lic + & » (19)
where /i, are the unobserved country-specific effects anél iowth is calculated as before.

3.2.3 Measurement based on frontier methods

So far it has been assumed that countries are itatlynefficient and that TFP growth
primarily is driven by technical change. Perhapsae realistic picture is that of allowing
for technical inefficiency, defined as falling shaf best practice. This benchmark of best
practice can be seen as a technology frontier aad as a world technology frontier if all
industrialized countries are part of the sample.

The implication of frontier analysis is that TFPogth may source from technical
change as well as change in technical efficiennycdse returns to scale is unrestricted,
change in technical efficiency further decomposds change in scale efficiency and pure
technical efficiency, respectively. However, chaimgecale efficiency does not impact on the
measurement of TFP growth. Yet, it is importanknow whether there is scope in trying to
become more (technically) efficient or whether fieééncy simply stems from missed scale
opportunities.

Frontier analysis does not directly deliver measueTFP growth but primarily exists
to measure technical efficiency. However, with pageta, frontier analysis produces the
necessary components for computing TFP growth.hdnge in technical efficiency and
technical change can be derived, these entitiesbeatombined to an index that measures
TFP growth. The Malmquist TFP index, due to Malnst|(1953), is such an index and used
in WPD.

The Malmquist TFP index can be defined using digafianctions. Let the technology

for each production unit (country) be represented technology sef, defined as

S :{y . y canbe producedby x}, (20)
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wherey is a vector of outputs anda vector of inputs. It is assumed t&d$s bounded, closed
and convex, and has strong disposability of outmurtd inputs. At the moment, assume

constant returns to scafe.

The output distance function on the outputSist
do (xy)=mir{s: (y/3)0s}. (21)

The distance function is smaller or equal thanibiyas an element o8, including if it
is onS but will be greater than oneyifis outsideS.

The Malmquist TFP index measures TFP growth betviwerdata points. It does so by
calculating the ratio of the distances of each gatat relative to a technology frontier. Note
that there is an index number problem involvedceaimutput and input vectors can be
evaluated in period against the technology in periodr in periodt relative to period. The
inherent dilemma of this arbitrary base period fgobis that the results are dependent on the
choice of the two. The solution proposed is to cotaghe geometric average of the two.
Hence, the (output-oriented) Malmquist TFP growétween periods and periodt can be

written as

da(Yix) o, do(Yex) TZ (22)

ITb s!XSl » X = s
(Yerxe: Yo ) Lo(ys.xs) d4(Yorx)

where d;(y,,x ) denotes the distance of the observation of peribdm the technology

frontier of periods. Re-writing (22) yields

t s s 1/2
rno(ys: Xs» yt , Xt) - do(yt ’ Xt) |: do(yuXt) xdo(yst)} (23)

ds (Vs Xs) | do(Yaxs) do(YeXs)

where the ratio outside the brackets is the chamdjee output-oriented measure of (Farrell)

technical efficiency between periogdaindt. The expression within the brackets is a measure

% This assumption is not arbitrarily chosen, as it is neededrbper measurement of TFP growth when using
the Malmquist index (Grifell-Tatjé and C.A. Knox Lovell995).
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of technical change. More precisely, it is the getiia mean of the shifts of the technology
frontier betweers andt, evaluated at; and atxs, respectively. lim, is greater (smaller) than
one, TFP change from perisdo periodt has been positive (negative). Under the assumption
of constant returns to scale, there are four digtaneasures that need to be calculated for
each country and pair of adjacent time periods.

This is where frontier methods enter the picturealise these are used to measure those
distances. Popular methods for frontier analysifuohe both parametric and non-parametric
tools. On the parametric side, WPD offers the ram@dfects Stochastic Frontier Analysis
(SFA) estimator due to Battese and Coelli (1992)jlevin the case of non-parametric
estimation, Data Envelopment Analysis (DEA) and d-diemory DEA (LMDEA) are
provided. The former entails parametric estimatiba production function where the error
term has certain properties that allow for measergnof technical efficiency. DEA and
LMDEA, on the other hand, are non-parametric meshioased on linear programming (LP)
to measure a best practice frontier. The differebesveen DEA and LMDEA is that the
latter is constrained not to accept technical regre

Although it is useful to be able to account forheical inefficiency, frontier analysis
has its own problems. In the case of SFA, previssises discussed under regression analysis
apply. In addition, distributional assumptions lo¢ terror term are crucial, as they can have
profound effects on the outcome. Non-parametrichodt are freed from these problems,
but, because they are deterministic in nature, #reysensitive to outliers and measurement
problems of output and inputs. Because SFA is sistid) it does not share these problems.
Coupled with the fact that standard errors can liteined and hypotheses tested, these are
SFA’s main advantages over non-parametric frontiehe advantage of DEA and LMDEA
is that no distributional assumptions or functiof@m have to be assumed regarding the
“production function” and, generally, compared targmetric methods, they are very

flexible.

3.2.3.1 Stochastic Frontier AnalySis
Therandom-effectStochastic Frontier Analysis (SFA) model is a dizdinear regression
model but with non-normal asymmetric error termeTontier, which has to be estimated,

determines the maximum amount of output that caprbduced at different levels of capital

39 Currently, only random-effects SFA is available. i¥eti-effects version was tried but proved unsuccessful.
Work will continue to provide alternatives.
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intensity (K/L). Units inside the frontier are deedntechnically inefficient, while those on
the frontier are fully efficient. A time trend isdluded in the production function to allow for
composition of the Malmquist TFP index. If variableturns to scale are assumed, scale
becomes yet another component in the index.

That some units can be inside the frontier imples the error has a negative expected
value. The best that can be achieved in this réspeero—the unit is on the frontier—while
the worst is unity. The error term of the produetfanction, therefore, has two components,
namely, the usual normal distributed error terntljvpositive and negative error terms) and
the above-mentioned technical efficiency compon&né former reflects measurement errors
and factors out of control of the production umidathus, brings the stochastic element,

while the latter reflects the extent to which atuminside the (stochastic) frontier.

In the Battese-Coelli specification, the techneddiciency effects are defined as

H ={exp[-n(t-T} 4,
i=1,2,.N1=1212,.T

(24)

The uis are assumed to héd., have a generalized truncated-normal distribuéod
are time-variant, whilg is an unknown scalar to be estimated. Ifittfe unit is observed in
the last period in the pang) thenu T = u;. This is simply a mathematical consequence of the
exponential function, which takes the value of ymwhent = T. Hence, the random variable
U can be seen to be thh unit’s technical inefficiency effect in the lasénod. For earlier
periods in the panel, technical efficiency is theduct of technical inefficiency effects for
the i-th unit in the last period and the value of the exgial function, where the latter
depends on and the number of periods in the panel minusadkeperiod. If; is positive,ui
> -u;, while if  is negativeyy; <-u;.

A useful feature of this method is that if techhichange is appropriately specified in
Xt, it can be distinguished from change in technicefficiency. However, a crucial
drawback of the model is the inability to accouat & situation where some units are,
initially, relatively inefficient but become relatly more efficient in subsequent periods. In
other words, units can improve relative to othdtaubut not surpass other units that initially

were more efficient.
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In WPD, a simple testing procedure to make surethéerred specification provides an
adequate representation of the data is followed. tRis procedure, the following three
parameters are of particular interest:

1, which governs whether the distribution is halfmal (« = 0) or not (i.e., non-negative
truncations)
n, which concerns whether the technical efficienaiestime-invariant{ = 0) or not

y, which indicates whether an SFA approach is neededtay = 0).

The test procedure is sequential as follows:

1. Ho: y = =5 = 0 ==> countries are technically efficient, ithere are nai:s in the model.
This implies that a standard production functioffiseis, with no need for SFA. Rejection of

Ho leads to test 2.

2. Ho: 1 =n = 0 ==> SFA is appropriate, but tbgs are time-invariant and distribution half-

normal. Rejection of Klleads to tests 3 and 4.

3. Hi: n = 0 ==> SFA is appropriate ang:s are time-invariant, but the distribution is non-

negatively truncated.

4. Hy: u =0 ==>uy:s are distributed half-normal.

Unfortunately, serious convergence problems ireitenations were encountered in the
case of translog. Furthermore, for those casesavbenvergence did occur, TFP growth
turned out almost flat, suggesting the productiancfion might be over-parameterized.
Therefore, WPD is currently unable to provide meeswf TFP growth based on the translog
functional form. Table 6 lists a few additional eagor Cobb-Douglas where no TFP growth

could be derived.
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3.2.3.2 Non-parametric frontier analySis

Two versions of data envelopment analysis (DEA)eamployed in WPD. First, the standard
version that many practitioners use and, secordipodified version, dubbed long-memory
DEA (LMDEA) by Forstner and Isaksson (2002), whielstricts technical change to be non-
negative. The justification for the use of LMDEAtt difficulty of accepting the notion of
technical regress, in particular, at country leaedl if the frontier is given the interpretation
of a world technology frontiet: All other methods previously discussed allow fectnical
regress.

Measurement of TFP growth using DEA and LMDEA staitom cross-sectional
measurement of technical efficiency (Farrell, 193¥9sed on an output-distance function
(“maximal proportional expansion of output givemputs”). Efficiency of a production unit,
in this case a country, is measured relative toetifieiency of all other production units,
subject to the restriction that all units are onbalow the best-practice frontier. Under
constant returns to scale, two events can occwdaet this and an arbitrary subsequent
period. First, a given production unit changegeétative position to the frontier, i.e., change
in technical efficiency or “catching up”). Secondihe frontier itself moves, i.e., technical
change or “innovation”. Together, these two eveygrerate TFP growtl.Under variable
returns to scale, change in technical efficiency ba further decomposed into change in
scale efficiency and change in pure technical iefficy.

As shown in Coelli, Rao and Battese (1998), andrdgaly using their notation, on the

assumption of constant returns to scale, the fatigiour LP problems are to be solved

[db(Vx ] =max,V

st -Vy,+Y:A20
Xit _Xt/] =20
A=0

(25)

%1t is important to note that these measurement methoeient TFP growth in index form. In this case it
means that 1.00 implies no TFP growth, 1.01 approximatelypenecent TFP growth and 0.99 a negative
growth of approximately one per cent. Hence, a compans@EA/LMDEA results with those obtained from,
say, growth accounting is enhanced by first transfornfiegdrmer into percentage form.

! The first to question technical regress in a DEA fraor were Tulkens and Vanden Eeckaut (1995). Other
empirical applications using macro data include Tanand Los (2005).

42 See also Cavest al. (1982), Nishimizu and Page (1982), and Fetral. (1994). Coelliet al. (1998) provide

an excellent introduction to the Malmquist TFP index.

27



[dS(Ysrxs] ™ =maxV

st VY AYAZ0 (26)
Xis — XSA =20
A=0

[db(Yerxs] ™ =max Vv

st -Vyis+YtA20 , (27)
Xs~ XA 20
A=0

[dS(Yox ] =max.,V

st VY VA0 (28)
Xit — Xs/] 20
A=0

whereY and X represent the output and input data, respectivelythe entire sample of
countriesy; andx; the i-th country’s output and input, anéndA are unknown parameters to
be estimated.

By adding another two LPs to the above, scale ¢sm lze accommodated, allowing
change in technical efficiency to be decomposeal ¢itange in scale efficiency and in pure
technical efficiency. These two additional distam@ee calculated relative to a variable
returns technology by adding a convexity restrictio (25) and (26). The scale efficiency
component falls out as a residual by computing diféerence between the technical

efficiency values coming from constant and variablerrns to scale technologies

[db( Y% ] =max.V

st -Vy,+Y;A20
xg~ X420 (29)
N1'A=1
A=0
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[d3(Verxs] " =max. v

st -Vy +YsA20
Xs= XA 20 (30)
N1'A=1
A=20

whereN is the number of countries in the sample.

The final measurement method discussed consideré®IDEA. It is calculated the
same way as DEA, but with the crucial exceptiorapnfadditional restriction, namely, that
technical change must be non-negative. Practictlig, entails comparison of yearwith
cumulated past data instead of with data for yenly. The principle is illustrated in Figure
4.

Quadrant | shows the technology frontier when thsrenly one country (B) on the
frontier. For expository purposes, only one couii&y out of the many positioned inside the
frontier is shown. Country B on the frontier is haally efficient, while country A is
technically inefficient. The degree of inefficienafycountry A can be measured by drawing a
vertical line through point A up to the frontierhd ratio between ED and EA is a measure of
the technical inefficiency of country A.

Now consider two arbitrary time periods. With theldline showing the frontier of
year 1 and the broken one representing the froimigrear 2, quadrant Il shows how the
frontier country B has moved to the right due taiatng a higher K/L ratio. The movement
of country B is such that a certain segment ofnte world-technology frontier is positioned
inside the previous year’s frontier. For the likefscountry A, this would entail technical
regress, despite the assumption that it is supposti have moved at all between the two
time periods. A further consequence turns out tawerestimation of change in technical
efficiency.

Quadrant Il shows how the problems of technicabress and consequent
overestimation of change in technical efficiencyh dae rectified. That part of Figure 4
reflects the assumptions that the frontier countoves linearly from point B to B’ and that,
in order to prevent loss of knowledge, B is retdires a potential frontier point in all
subsequent periods of the analysis. Hence, anfi¢ati frontier country (B) has been
created in period 2. Country A is now at the sanséadce from the frontier in the second

time period as it was in the first. Furthermore, kmowledge of production techniques that A
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had in the first period is retained in the secordaga. Quadrant IV shows the new world-
technology frontier after points B and B’ have beennected.

This leads to certain observations. First, accgrtéinsome of the applications, it seems
that measures of TFP growth using DEA or LMDEA asgarly identical, with numerical
differences being negligible. Hence, if only TFPowth is of interest and not its
decomposition, DEA can be used without serious lprab. Secondly, since point B in the
second period is an artificial frontier country,ciénnot play the role of a so-called peer
country, i.e., a reference country from which tarteon policy issues. However, country B
can still be used for policy discussions relatioghte first period.

Thirdly, in terms of production techniques, theaaceitlined by B, C and B’ represents
unknown territory. For countries located betweear®l B, it can be argued that there is a
risk of underestimating technical-efficiency change conversely, of overestimating
technical progress. The line can, however, notraevd from B to C and further to B’, as that
would violate the concavity assumption needed figryang the DEA method. As only those
data points that are actually observed are ofestethe frontier country’s move from B to B’
through C is irrelevant in this context. Since kiag the movement from B to B’ has more to
do with the dynamic path measured in smaller time&rvals than that of a year,
approximating the (possibly non-linear) move frontoB3’ with a straight line seems as good
as any other approximation.

In short, change in technical efficiency is upwabissed because in one segment the
frontier has been allowed to recede. Similarlgait be argued that technical change has been
measured with a downward bias. These biases, hawdwenot significantly affect TFP
growth, because the downward bias of technical ghas more or less compensated for by
the upward bias of change in technical efficierfeyr that reason, if interest centres on TFP
growth alone, the analysis can still produce useédults. However, if the sources of
productivity change are to be identified and quadj problems arise, as country A would
erroneously be seen as improving its technicatiefficy, while, in fact, nothing has changed
for A.

3.3 Forecasting TFP

WPD has endeavoured to tackle the complicated exingdl of forecasting TFP levels
and growth, which can be approached in two broagswaither the individual components
of TFP—outputs and inputs—are forecast separatelyT&P is calculated based on those, or

forecasts are derived directly from the TFP seri®scause the TFP growth series are
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stationary, i.e., there is a tendency for the setdereturn to their mean values (innovations
are only temporary) and it is simpler to forecast series than three or more (for example,
output, capital and labour), WPD forecasts are ddgectly on the TFP growth series.

WPD offers ten-year forecasts (2001-2010) for TF&®wh based on K06 and labour
force, LMDEA and constant returns to scale forfikie specifications discussed above (i.e.,
labour and capital, labour, capital and schooliagour, capital, schooling and health, capital
and labour adjusted for schooling, and capital labdur adjusted for schooling and health).
These are, in turn, extended to measures of TFRtlgrdbased on the other capital stock
calculations (Keff, K13 and Ks). Forecasts of THewgh are, then, used to forecast TFP
levels, based on labour force and the four capitaiks®®

The starting point for forecasting is an autoregitas integrated, moving-average
(ARIMA) model. Through a testing procedure this mbdas quickly reduced to the general
case of AR(2), i.e., an autoregressive model with lags sufficient to ensure white noise
errors. Country by country, the AR(2) specificatiwas then applied to LMDEA TFP growth
time series. In the few cases where initial valwese not feasible, a higher order AR
specification was employéd.Another issue dealt with was the effect of sangiepoints
that had too large an impact on the forecasts, slgpup as excessive peaks and troughs. For
these cases, endpoints were smoothed beyond thal isinoothing exercise to avoid

excessive effects.

4. Conclusions and next steps

This paper has reported on a new productivity detabthe World Productivity Database
(WPD). Its main focus is total factor productivifyFP), level and growth. It also features
information on partial measures, such as laboudymtivity, as well as on primary inputs to
production. The database contains annual TFP mesm$or as many as 112 countries from
1960 to 2000, based on four capital stocks, fib®la input measures, such secondary inputs
as schooling and health, two functional forms, glodind regional income shares, measures
of technical progress and change in technical iefity and more than ten measurement

methods. In addition, ten-years forecasts of TREl&eand growth up to 2010 are provided.

43 As explained above, LMDEA presents TFP growth in index formfaEilitate use of these forecasts, they
have been transformed into percentage form. Also notehéia &ire no forecasts of technical change or change
in technical efficiency.

44 These four cases uses AR(4) or AR(5): Angola, EquatGtiitiea, Nicaragua and Thailand.

5 This pertains to Burkina Faso, Burundi, Fiji, Hong KoB&R of China), Indonesia, Malaysia, Mauritius and
Sierra Leone.
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WPD is useful to many different user groups. Onepdrtant target group is
policymakers round the globe. While productivityncerns often take centre stage in policy
discussions, figures more complicated than laboodyrctivity are difficult to obtain. This is
no longer the case. With the primacy of industnydeerall development and the significant
role played by productivity, WPD could prove crddiar multilateral organizations, such as
UNIDO and the World Bank. Academia constitutes &dthgroup of potential users.
Researchers not specialized in productivity somegimncounter problems when measuring
TFP with the purpose of, for example, analyzing tiedation between environmental
regulation and productivity performance. With WRERIs is no longer the case.

Although WPD is the first of its kind, much workmains. First, to date only total
economy productivity measures have been calculaté@. next step is to proceed to
manufacturing TFP for a large number of countries.this end, a database for aggregate
manufacturing has been developed and will shordlyuploaded to the WPD website for
general access. Secondly, the next version of WiHDcentain TFP measures to at least
2005, with forecasts to at least 2015. Thirdlydéabe, only countries with data spanning long
time periods have been included. The plan is tdude more countries, in particular,
Germany and all of Eastern Europe, as well as dthasition economies.

Fourthly, whereas land as input has largely becoatetively unimportant for most
industrialized countries, with Japan being an obsi@xception, the contrary is true for
developing countries. The next edition of WPD weilpand specifications to include land.
Fifthly, in the current version, labour has beewampanied with two quality measures,
schooling and health. For a subset of countrielast also been corrected for utilization, in
terms of unemployment of both people and hours eariowever, no such correction has
been made to capital. Ideally, in future, WPD walctify some of these shortcomings.
Sixthly, besides Cobb-Douglas and translog, the @iastion is popular and will be added to
the database. Finally, since only one SFA versatuirently provided, more alternatives will
be implemented in the next version of WPD.

Data from WPD are a public good. As such they canfreely downloaded from

www.unido.org When data are used, please include the followafgrence:

Isaksson, Anders (2007), “World Productivity DatsdaA Technical DescriptionRST Staff
Working Paper 12007 Vienna: UNIDO.

Views and comments on WPD are gratefully solicited.
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Figure 1.Physical efficiency and the effects of depreciation
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Figure 2. Hicks-neutral technical change
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Figure 3. Harrod-neutral technical change
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Figure 4. lllustration of LMDEA
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Table 1.List of countries and country groups

Industrialized
(23 countries)
Australia
Austria

Belgium
Canada

Cyprus
Denmark
Finland

France

Greece

Iceland

Israel

Italy

Japan
Luxembourg
Netherlands
New Zealand
Norway
Portugal

Spain

Sweden
Switzerland
United Kingdom
USA

Developing
(45 countries)
Algeria
Argentina
Barbados
Botswana
Brazil
Cape Verde
Chile
China
Colombia
Costa Rica
Dominican Republic
Ecuador
Egypt
El Salvador
Equatorial Guinea
Gabon
Guatemala
Honduras
Hong Kong, SAR of China
India
Indonesia
Iran
Jamaica
Jordan
Korea, Republic of
Malaysia
Mauritius
Mexico
Morocco
Namibia
Nigeria
Pakistan
Panama
Paraguay
Philippines
Singapore
South Africa
Syria
Taiwan, Province of China
Thailand
Trinidad and Tobago
Tunisia
Turkey
Uruguay
Venezuela

40

LDCs (43 countries)
Angola
Bangladesh

Benin
Bolivia

Burkina Faso
Burundi

Cameroon
Central African Republic
Chad
Comoros
Congo

Cote d'Ivoire
DR Congo
Ethiopia

Fiji

Gambia
Ghana
Guinea
Guinea-Bissau
Guyana
Haiti

Kenya
Lesotho

Madagascar
Malawi

Mali

Mauritania
Mozambique
Nepal
Nicaragua
Niger
Papua New Guinea
Peru
Rwanda
Senegal
Seychelles
Sierra Leone
Sri Lanka

Tanzania, United Repuiiic

Togo

Uganda
Zambia

Zimbabwe



Asia (17 countries)

Bangladesh

China

Fiji

Hong Kong, SAR of China
India

Indonesia

Iran

Korea, Republic of
Malaysia

Nepal

Pakistan

Papua New Guinea
Philippines

South Africa

Singapore

Taiwan, Province of China
Thailand

Mid. East and N. Africa (7 countries)

Algeria
Egypt
Jordan
Morocco
Syria
Tunisia

Turkey

Latin America
(23 countries)

Argentina
Barbados
Bolivia
Brazil
Chile
Colombia
Costa Rica
Dominican Republic
Ecuador
El Salvador
Guatemala
Guyana
Haiti
Honduras
Jamaica
Mexico
Nicaragua
Panama
Paraguay
Peru
Trinidad and Tobago
Uruguay
Venezuela

Sub-Saharan Africa

(40 countries)
Angola
Benin
Botswana
Burkina Faso
Burundi
Cameroon
Cape Verde
Central Afid@epublic
Chad
Comoros
Congo
Cote d’lvoire
DR Congo
Ethiopia
Equatorial Guinea
Gabon
Gambia
Ghana
@ain
Guinea-Bissau
Kenya
Lesotho
Madagascar
Malawi
Mali
Mauritania
Mauritius
Mozambique
Namibia
Nigeria
Rwanda
Senegal
Seychelles
Sierra Leone
Sri Lanka
Tanzania, United Republic of
Togo
Uganda
Zambia

Zimbabwe
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