
World Productivity Database: 

a technical description

UNITED NATIONS 
INDUSTRIAL DEVELOPMENT ORGANIZATION

R e s e a r c h  a n d  Sta t i s t i c s  B r a n c h

s ta f f  w o r k i n g  p a p e r   1 0 / 2 0 0 7



UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna, 2008

World Productivity Database:

a technical description

Anders Isaksson

December 2007

RESEARCH AND STATISTICS BRANCH
STAFF WORKING PAPER 10/2007



 

 ii   

Abstract 

This paper introduces a new unique database, the World Productivity Database 

(WPD), which contains information on levels and growth of aggregate total factor 

productivity (TFP) for as many as 112 countries, covering 1960 to 2000. At its core 

are numerous measurement methods, variations in functional forms and 

specifications—including schooling and health—of the production function, constant 

and variable returns to scale, as well as measures of technical progress and change in 

technical efficiency. Yet further variation emanates from five labour and four capital 

stock measures. Another significant feature is TFP forecasts for the period of 2001-

2010.  

 

Keywords: total factor productivity; labour productivity; technical progress; technical 

efficiency; production function; productivity measurement. 

 

 

 

Acknowledgements 

I should like to thank Tim Coelli for his advice on DEA. Without his generosity, 

WPD would not have contained any LMDEA results. My thanks also go to Chuck 

Hulten for excellent discussions and insights on productivity measurement, as well as 

for providing a first, brief review of WPD. Finally, I am grateful to Helmut Forstner 

and Thiam Hee Ng for their help “along the way”. 

 

 

 

 

 

Disclaimer 

This document represents work in progress and is intended to generate comment and 

discussion. It is not a fully polished publication. The views expressed herein are those 

of the author(s) and do not necessarily reflect the views of the United Nations 

Industrial Development Organization. 

 

This publication has not been formally edited



 

1 

 

1. Introduction 

The purpose of this paper is to describe a new, unique database—the World Productivity 

Database (WPD)—which contains information on aggregate productivity performance, level 

and growth, across a large number of countries (112) over a 40-year period (1960-2000).1 

Although it mainly focuses on measures of total factor productivity (TFP), it also includes 

simpler (partial) measures, such as labour productivity (income per worker) and basic 

statistics, such as growth of labour productivity and capital deepening.  

The interest in productivity performance stems from the fact that it is the ultimate 

determinant of welfare improvement. It also has a strong bearing on issues and variables, 

such as competitiveness, interest rates, inflation, profit and wage setting. In the context of 

developing countries, sustained poverty reduction does not occur without economic growth, 

in particular, that based on TFP growth. It is productivity growth that allows for sustained 

expansion of the economy, increased demand for labour and higher real wages.  

While many international and national organizations in industrialized countries 

regularly publish various productivity figures, this is generally not the case in developing 

countries. WPD bridges this gap by making such data available to policymakers in the latter 

group of countries. This allows them to keep track of productivity performance and prospects 

for increased living standards. Naturally, with productivity growth being at the heart of 

industrial development, UNIDO itself benefits from WPD—both for its programmatic 

development and its role as source of information on industrial development for the global 

public. Multilateral institutions, such as the World Bank and other parts of the United 

Nations, as well as bilateral institutions and non-governmental organizations (NGOs) may, 

too, find WPD useful. 

A third readership is academia—in both developing and industrialized countries—to 

which WPD provides data for analysis. In particular, WPD caters to the many existing 

preferences and views among researchers regarding productivity measurement. For example, 

TFP measures are provided based on more than ten different measurement methods, several 

approaches to measuring capital and labour input, measures of technical change2, change in 

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

                                                 
1 See Table 1 for a list of countries included in WPD. These are sorted based on political and geographical 
considerations. 
2 Technological change and technical change are related but distinct concepts. The former refers to a change in 
the set of feasible production possibilities, while the latter describes a change in the amount of output produced 
from the same amount of inputs. The latter can occur due to several reasons, such as a regulatory change or 
improved organization, without any technological change. In this paper, the concept mainly referred to is 
technical change. 
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production function, including that accounting for schooling and health. Furthermore, many 

researchers—some of them not experts on productivity measurement—want to link 

information on productivity to other issues, such as poverty reduction, effects of 

environmental regulation and wage determination. WPD may considerably shorten the 

research time needed for data collection and measurement.  

Because of the many difficulties involved in the measurement of productivity growth, a 

wealth of methods and views has developed over the years. Some of these have gained more 

popularity than others. For example, while standard growth accounting is arguably the most 

popular measurement method—partly because of its deceptive simplicity—one has to be 

aware of the implicitly restrictive assumptions involved. Over time, these restrictions have 

gradually been relaxed and the path to alternative methods laid open, thus providing nearly a 

plethora of approaches to productivity measurement. The decision as to which of these 

methods to choose may depend on a host of factors, such as conventions, preferences and 

suitability. The aim of WPD is to provide as many of these alternatives as possible.  

Another debated issue is the measurement of capital stock. It seems that accurate 

measurement of capital services—and of those of labour as well—requires data of such 

quality and detail that comparison across a wide set of countries is rendered impermissible. 

The goal of WPD is to provide as high-quality measures of capital and labour for as many 

countries and length of time as possible.     

The paper is organized into three substantive sections: In Section 2, data sources and 

data availability are provided, as well as a description of how the input data for productivity 

measurement were compiled and constructed. Some strengths and weaknesses involved in the 

choices made are discussed as well. Measurement of TFP level and growth is the focus of 

Section 3, with a few comments the on merits and disadvantages of different approaches. The 

approach used for forecasting TFP is also discussed. Although WPD at the moment covers 

aggregate data only, the aim is to expand it to include manufacturing TFP performance, more 

countries and longer time series in the near future. Section 4 is devoted to such expansion and 

other improvements, along with concluding remarks.  

 

2. Data 

In this Section, sources, availability and construction of data used in WPD for TFP 

measurement are discussed. The maximum number of countries covered is 112, which is 

attained in the simplest specification of production function—one that only includes the 

primary production factors, labour force and capital. As more refined measures of labour 
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inputs and more elaborate specifications (e.g. those including schooling and health) are 

employed, the number of available countries decreases, in some cases significantly.  

 

2.1 Data sources 

The principal data source is Penn World Tables version 6.1 (PWT, Heston, Summers and 

Aten, 2002), from which GDP (chain weighted) and investment, both in power purchasing 

parity 1996 US dollars, are obtained.3 Real investment is used to compute capital stock in 

international prices. Albeit with a few considerable changes to the series as described below, 

labour force has been retrieved from the same source. The combination of output, investment 

and labour force data from PWT maximizes the number of countries and years covered.  

Refined labour measures and more intricate specifications require additional data. From 

the Groningen Growth and Development Centre (GGDC, 2005) and Asian Development 

Bank (ADB, various issues), data on employment and hours worked (only GGDC) have been 

obtained, while unemployment rates have been collected from the International Labour 

Organization (ILO) Yearbook 2003 (ILO, 2003a), KILM (ILO, 2003b) and ADB (various 

issues). Barro and Lee (2000) is the source for schooling data, while the health indicators 

used here—life expectancy and adult mortality rates—come from World Development 

Indicators (World Bank, 2004). Finally, in some cases data have been checked against 

national sources and, occasionally, adjusted.  

 

2.2 Data availability and construction 

The main intention here is to report on adjustments that have been made to original data. In 

addition, the different fashions with which input variables are allowed to enter the production 

function are discussed. While output (GDP) and, in particular, capital, represent general 

limitations to data availability, in that data for a maximum of 112 countries from 1960 to 

2000 are available, indicators of labour, schooling and health define data availability for 

production functions going beyond the most basic specification, i.e., one based on labour and 

capital.  

There are two underlying datasets used for TFP measurement. First, an unbalanced, 

which is the main input data and secondly, a balanced (meaning that all countries included 

are observed for the same years) because some measurement methods, such as data 

                                                 
3 PWT version 6.1 has data running from 1950 to 2000, which should, thus, be understood as the limiting factor 
of WPD in terms of time coverage. 
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envelopment analysis (DEA) require data to be balanced. The decisive advantage of the 

former is that of superior country coverage. On the other hand, the main disadvantage is that 

some countries carry less weight than others since they are observed for fewer years. This 

disadvantage is, for example, relevant for parametric estimation of TFP. Table 2, which is 

sorted by various categories of labour input, summarizes for which countries data are 

available. All countries marked with at least one dot have data, while countries marked with 

two dots are only available in the unbalanced dataset.  

An example is the comparison of Rwanda, Taiwan, Province of China (hereinafter, 

Taiwan) and United Republic of Tanzania (hereinafter, Tanzania). Common to Rwanda and 

Tanzania is that only TFP estimates based on labour force can be obtained. But, whereas 

Tanzania appears in both the balanced and unbalanced datasets—and, hence, for all 

measurement methods—when health is included in the production function, TFP data on 

Rwanda are only available for measurement methods that do not require balanced data, 

because data for health are unavailable for all years. In the case of Taiwan, more versions of 

labour data are available. Hence, TFP growth estimates can be obtained for all specifications 

based on labour force, employment, derived employment and hours worked for those two 

employment categories, as well as for specifications including schooling in addition to labour 

indicators. However, when health is involved in measuring TFP, for Taiwan such measures 

are no longer available.   

 

2.2.1 Output 

Output is measured as chain-weighted real GDP in constant 1996 prices adjusted for 

purchasing power parity. Tables 3 and 4 list the countries that did not have full coverage of 

output data, the missing-years problem and how this was resolved. The most common 

problem is that, for some countries, one or a few of the end years are missing. The general 

solution is to use information on the growth of real GDP, as obtained from the World 

Development Indicators (World Bank, 2004). To enable the capital stock series to start in 

1960, both GDP and investment are “back cast”. The next Section describes how this was 

done, with pre-1960 missing years referring to this exercise. When GDP is missing for the 

middle of the series (for example, Haiti in 1966), it is interpolated by taking the average 

between two years.  
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2.2.2 Investment 

Tables 3 and 4 list cases where investment data are either missing or data series are shorter 

than needed and, as in the case of output, describe how these issues are treated. If investment, 

but not output, data are missing, backward extrapolation based on a moving-average 

mechanism is applied. For example, if the average investment rate of a country between 1960 

and 1964 is 20 per cent, this is assumed to be the value for 1959 as well. Thereafter, a new 

average investment rate for 1959 to 1963 is calculated and applied to 1958 and so on until 

sufficient data has been derived to allow for calculation of initial capital stock.4 The 

consequence is that business cycles are “smoothed away” for the missing years. But this does 

not necessarily have a profound negative impact on K0 and subsequent TFP measurement. In 

case output data, too, are missing, a similar moving-average mechanism is first used to 

extrapolate output before repeating the above procedure as for investment.  

At this stage, it is possible to rank the capital stocks based on the extent and way output 

and investment series are extrapolated. The most reliable capital stocks are those based on 

time series dating sufficiently back so as to avoid manipulation. This generally includes 

capital stocks for industrialized countries. Next are capital stocks that require extrapolation of 

the investment series. Fairly advanced developing countries belong to this category, for 

example, those from Latin America and East Asia. The third best cases are those where both 

output and investment data have to be extrapolated, typically low-income countries. Although 

the impact of such data manipulation is only detectable early in the output and capital series, 

the user should be aware of this. For qualitative purposes, the impact nonetheless appears 

quite insignificant.5 For international comparison of TFP levels, it might, therefore, be 

advisable to avoid using the first decade of TFP data, where the impact of initial capital is the 

largest; over time, this impact dwindles.  

 

2.2.3 Capital 

Capital is arguably the most difficult production factor to measure.6 For that reason, WPD 

includes TFP estimates based on four approaches to capital stock measurement (K06, K13, 

                                                 
4 This implies that data are extrapolated back to 1946, 1950 and 1954 for K0 based on 15, 10 and 5 years, 
respectively. 
5 An example here is the comparison of poor and rich countries. The described data manipulation does not affect 
country rankings but may have an impact on whether the gap between two countries is 15 or 16 per cent. 
Isaksson, Ng and Robyn (2005) provide country rankings based on TFP. 
6 Flow of capital services is actually what needs to be measured. As this cannot be easily carried out for many of 
the countries in the WPD sample, it is conventional to assume that capital services are proportional to the stock 
of capital. 



 

6 

 

Ks and Keff).7 These differ in how the initial capital stock is computed, the rate at which 

capital is assumed to depreciate, whether that rate is constant or varies over time and whether 

the lifetime of an asset should be explicitly accounted for.8     

The perpetual inventory method provides a standard way of formulating how capital 

evolves: 

 

,)1(1 IKK ttt +−=+ δ             (1) 

 

where It is the investment undertaken year t, Kt is the capital stock at the end of year t and δ is 

the depreciation rate. Substituting back in time to some initial period leads to equation (2): 
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where K0 represents the initial capital stock. In (2), δ and K0 are unknowns and have to be 

estimated or assumed. Since the correct values of these two unknowns can be debated, WPD 

offers capital measures based on alternative estimates or assumptions of these, leading to 

three different capital stocks (K06, K13 and Ks). Common for the three is that capital is 

assumed to depreciate at a constant rate over time.  

For two of these, K06 and K13, it is assumed that ten years of investment serve as an 

adequate proxy for the initial capital stock K0. For example, for investment data starting in 

1950, investments from 1950 to 1959 are used to construct K0 for 1960. Underlying the 39 

versions of each capital stock measure, among several other considerations, is 

experimentation using three different initialization lengths, namely five, ten and 15 years.9  

The two capital stocks only differ in terms of their assumed depreciation rates, which 

are six and 13.3 percent, respectively (hence, K06 and K13). The latter measure is based on 

Leamer (1988) and assumes an unusually rapid depreciation rate, implying an emphasis on 

relatively recent investments and less impact of K0. It should be noted that the chosen δ is a 

number matching the double-declining balance method, implicitly assuming a lifetime of 15 

years for K13. By contrast, K06 places relatively less emphasis on recent investments and the 

                                                 
7 There are 39 alternative assumptions for each of the four capital stock versions, implying a total of 156 capital 
stocks. Variations in assumptions include parameters, such as number of years back cast, numbers of years used 
for the moving-average mechanism and numbers of years used for computing K0. 
8 The effect of different ways of calculating capital is most readily seen when comparing TFP levels, while for 
comparison of TFP growth it is much less discernible. 
9 However, note the exception of capital based on the efficiency method (Keff). 
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effect of initial capital lingers longer.10 The implied lifetime for K06 goes beyond the end of 

the sample period. 

Another common way of computing the initial capital stock is to assume that the 

country is at its steady state capital-output ratio, leading to what is called here steady-state 

capital stock (Ks). The major advantage compared to K06 and K13 is that ten years of data do 

not have to be lost in the calculation of K0. The key equation is: 

 

),/( δ+= gik              (3) 

 

where k, g, i and  δ are the capital-output ratio (K/Y), growth rate of real GDP (Y), 

investment rate (I/Y) and depreciation rate, respectively. Hence, (3) requires estimates of 

steady-state values of i, g and δ.  

The depreciation rate is set at six per cent. Following Easterly and Levine (2002), g is a 

weighted average of all countries’ average growth rate and world growth rate of output (for 

the first ten years, the time period here equals 1960-1969). The weights are set to 0.75 and 

0.25 for the world and country growth rates, respectively, leading to country-specific 

estimates of the steady state growth rate. The average investment rate for the first ten years 

(1960-1969) serves as a proxy for the investment rate i. Inserting these numbers into equation 

(3) leads to a solution for k. Finally, the initial capital stock is computed as initial Y (i.e., the 

1960 value) times k. 

A drastically different way of measuring capital introduces the concept of asset lifetime, 

which implies the use of a time-varying depreciation rate. The physical efficiency method 

(leading to Keff) starts from the notion that an asset’s productivity is a function of the 

depreciation rate δ, which, in turn, depends on the age of the asset. At year one, the 

productivity of the asset is unity (i.e., 100 per cent). As the asset ages, its productivity 

declines at an increasing rate. After some time, the asset’s lifetime L is considered over or, at 

least, the asset’s productivity is too low, so the asset is scrapped. Following Crego et al. 

(1998), the relative productivity of an asset S at age j, Sj, can be expressed as: 

 

                                                 
10 Individual countries may have different depreciation rates due to different compositions of capital. For 
example, more developed countries tend to have a larger share of IT-related assets, which have relatively high 
depreciation rates, while developing countries’ capital stocks contain a relatively large share of buildings and 
machines, which have a slower rate of depreciation 
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In (4), β is the curvature parameter and crucially determines the rate of deprecation as 

the asset ages. If β is positive but less than unity, depreciation accelerates over time leading to 

a concave asset productivity curve. Figure 1 illustrates this idea for two fictitious assets, A 

and B, with different lifetime and decay parameters. 

In addition to β, the lifetime of the asset also affects the depreciation path. According to 

Crego et al. (1998), when the different assets—which have different lifetimes—are translated 

into aggregate investment, the aggregate service life turns out to be 20 years with a decay 

parameter of 0.70 (β). WPD adopts 20 years of service life for each year’s investment. As a 

consequence, it also uses 20 years for the calculation of initial capital stock for this particular 

capital stock. The implication is that the capital stock and TFP series based on this method 

starts in 1969, as compared to the standard of 1960, used in WPD.  

 

2.2.4 Labour11 

Standard in empirical literature of cross-country nature is to measure labour input by labour 

force. The advantage of this labour measure is its superior availability and, possibly, quality 

compared to alternative labour measures. The main disadvantage is that it leads to 

underestimation of measured productivity level because of under-utilization, or 

unemployment. The effect on productivity growth is uncertain, since it depends on the 

behaviour of growth in both the labour force and its components.  

WPD offers productivity estimates based on five labour input measures: labour force, 

employment, derived employment, hours worked based on employment and hours worked 

based on derived employment. There are two kinds of labour utilization rates for which 

labour force should be adjusted: variations in numbers employed and in hours worked. The 

first two alternatives to labour force (LF) are employment (EMP), which is obtained either as 

a direct measure of employment or derived by applying unemployment rates to LF data, 

leading to derived employment (DEMP). Both of these labour measures are then adjusted to 

account for variation in hours worked, giving rise to two additional labour measures (HEMP 

and HDEMP). While productivity measures based on HEMP and HDEMP are considered 

                                                 
11 Here, labour is understood as raw labour. This distinguishes it from cases when adjustments for its quality are 
made (see the discussions on schooling and health).  




