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ABSTRACT 

Productivity analysis in the neoclassical growth accounting framework is subject to strong 

institutional and behavioural assumptions that are inappropriate for transition economies. In 

China, while official data are mostly unreliable, agents operate under distortions and frictions 

created by government interventions and institutional deficiencies. We develop an index-

number approach based on Afriat’s methodology to address allocative inefficiency and data 

problems in the Chinese economy. This analytical tool allows us to decompose TFP growth 

into changes in technology, scale economies, and allocative efficiency. We apply it to a 

newly constructed data set. After a test for data consistency in aggregation and a correction 

for changes in efficiency, our TFP estimates appear to be less erratic and volatile than those 

obtained by the traditional method applied to the same data. The decomposition of TFP 

changes suggests that not only is technical progress relatively low in China, but the output 

growth itself occurs under persistent cost-increasing diseconomies.  
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I. INTRODUCTION 

An increasing concern post-crisis by the world’s policy makers and business leaders is 

whether China, now the world’s largest manufacturer and exporter and second largest 

economy, is able to sustain its strong growth especially in the past decade following China’s 

WTO entry in 2001. Indisputably, the key to any sustainable growth is a persistent and 

significant productivity growth. In the course of economic development, a sustainable growth 

also means a successful shift from a mainly input-driven to a more productivity-led growth 

along with the development of pro-market institutions. However, in the case of the Chinese 

economy, this can be highly questionable because its growth strength has to a large extent 

been built up by the government, more precisely, by politically motivated subnational and 

local governments competing for a faster catch up with their peers.  

A large body of the literature on the mechanisms of the Chinese institutions in 

government, corporate governance, and legal and financial systems has convincingly shown 

that although China’s market-oriented reforms initiated under Deng have abandoned the 

central planning system that was firstly imported from the Soviet Union and then evolved 

under Mao, the role of the state in resource allocation has by no means been weakened (Wu 

and Shea, 2008; Xu, 2011; Huang, 2012). As argued by Xu (2011, p. 1078) based on his 

comprehensive and critical literature review, the Chinese government is still deeply involved 

in business in the reform era through what he termed the regionally decentralized 

authoritarian (RDA) regime that significantly affects executives’ incentives and behaviours, 

which in turn substantially impact the economy and the society.  

The RDA regime is characterized as a combination of political centralization and 

regional economic decentralization. On the one hand, regional governments are tightly 

controlled by a highly centralized political and personnel governance structure and, on the 

other hand, regional governments are empowered and enabled to have considerable influence 

or even direct control rights over a substantial amount of resources within their jurisdictions 

(Xu, 2011, pp. 1078-79).
1
 To maximize their career gains (promotion) in limited office terms, 

local officials are intensely involved in designing and engineering investment projects that 

may be able to generate high income growth for local economy. Given that most regions are 

self-contained with similar structures, some central government’s simple, quantitative targets, 

such like GDP and fixed asset investment growth rates, can induce a tournament-like 

competition among regional governments (Maskin, Qian and Xu, 2000). This is theoretically 

considered both growth-promoting and reform-facilitating (Qian and Xu, 1993; Qian, Roland 

and Xu, 1999 and 2006; Xu, 2011).  

On the growth side, Government or the RDA regime in the case of China may be an 

effective solution to a faster growth or catch up by manipulating policy instruments to 

stimulate investment, but government itself could well be the cause of inefficiency hence 

sacrificing productivity. There is no theoretical underpinning to support that the RDA regime 

can also be productivity-enhancing. This is a point that is unreasonably missed in the debate. 

There is empirical evidence showing that local growth performance is closely correlated with 

the promotion of local officials (Chen, Li and Zhou, 2005; Li and Zhou, 2005) and with the 

                                                           
1
 It is understandable why the RDA regime may be the most feasible solution to China’s growth 

problems given the political context of China’s reform as argued by Xu (2011, p. 1141). 
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upgrading of the administrative level of localities (Shi and Zhou, 2007; Li, 2011). To us, this 

has raised a serious question about the efficiency of the growth. 

On the reform side, there has been no clear evidence suggesting that the RDA regime 

has effectively facilitated the development of a genuine market system in China, though 

helped initiate or implement some important reforms through local experiments (Xu, 2011). 

Investigations by Wong (1991) and Cai and Treisman (2004 and 2005) have shown that 

China’s fiscal decentralization, as part of the RDA regime, is not market-preserving at all, 

opposite to some theoretical arguments (Jin, Qian and Weingast, 2005). In fact, a large 

number of studies have found evident regional protectionism throughout China that made 

factors of production immobile, factor markets segmented and regional trade restricted or 

blocked (e.g. Whalley and Zhang, 2004; Gordon and Li, 2003; Bai et al., 2004).  

An increasing number of recent studies advocate that the role of the state in business in 

China has enhanced institutional deficiencies. Consequently, on the one hand, this has caused 

severe distortions in resource allocation (Huang and Tao, 2010) and in income distribution 

among households, enterprises and governments (Yang, 2012), and on the other hand, this 

has delayed or even reversed market-oriented reforms (Huang, 2010; Huang, 2012) as well as 

pro-market institution-building (Wu and Shea, 2008). In their pioneer work, Huang and Tao 

(2010) estimate factor cost distortions in the Chinese economy from capital, labor, land, 

water, energy to environment. They show that the underpaid costs, as what they call producer 

subsidy equivalents (PSEs), are almost 10 percent of China’s GDP. A cross-country study has 

a similar conclusion in the case of capital cost in China (Geng and N’Diaye, 2012). In other 

words, China’s growth has been not only engineered by the state but also subsidized in both 

the current and future costs (Wu, 2013).  

Recent studies have also attempted to consider the linkage between China’s internal 

distortions and external imbalances that are largely responsible for the on-going global 

imbalances. to estimate the distortion of factor costs in the Chinese economy, Huang and Tao 

(2010) find that the change of China’s underpaid factor costs closely resembled the dynamics 

of China’s external imbalance. Wu and Shea (2008) argue that while having effectively 

promoted growth and maintained stability, the increasing state intervention and engagement 

have significantly obstructed the building of pro-market healthy institutions. 

A rising concern is whether the growth of the Chinese economy is sustainable. 

Innovation and high productivity growth are of primary importance for a sustainable 

economic growth. As Schumpeter (1934) strongly emphasized, innovation may take the form 

of the introduction of new and improved processes (process innovation with new and better 

management and technologies) and products (product innovation). With limitation in data, 

where it is not possible to distinguish these two components, innovation can be subsumed in 

terms of change in the production function relating output to inputs of production, which in 

shorted terminology can be called “technological change” or more simply “technology”.  

Economic performance and, more strictly, “total factor productivity” have a wider meaning 

including components such as (non-constant) economies of scale, externalities and efficiency. 

 

In order to assess the direction and sustainability of economic development of a country, 

we need to decompose, both at macro and sectoral level, changes in TFP giving account of the 

relative importance and implications of “technology”, “scale” factors, and efficiency. The 

proposed methodology is based on an index number approach where the strong hypotheses on 
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full efficiency in input allocation generally used in previous studies are relaxed in order to 

take into account of the characteristics of an emerging economy that is still far from being 

fully modernised and efficient. Given the institutional and organizational setting of China, the 

traditional index number approach appears to be unsuitable for a number of reasons. We 

contrast the results obtained by applying the traditional formulas of the aggregating Törnqvist 

and ideal Fisher index numbers with those obtained using Afriat’s revealed preference 

approach to index numbers. The  latter  approach does not adopt a particular index number 

formula, but uses an algorithm to construct the tight bounds of the range of values taken by 

the family of all alternative “true” technology functions that can rationalise the data. Being 

constructed on the concept of “true” technology functions, these index numbers satisfy all 

Fisher tests including those on homogeneity and transitivity Moreover, this approach allows 

us to measure  the inefficiency in input allocation in all cases where the homotheticity 

requirement for input aggregation is violated. The examined industry level data of the overall 

economy are those of the new sectoral Wu Chinese Economy Database referring to the period 

1980-2010.     

The study of productivity growth in China has been one of the economic subject matters 

that have been closely scrutinized in recent times along these lines. One of the reasons for 

this lies in the need to understand China’s growth mechanism and sustainability of prolonged 

periods of high growth rates in the future. The debate on the experience of other countries in 

the comparison between USA and Europe and, more significantly, in the analysis of the type 

of growth in other Asian countries has pointed to the importance of the relative contribution 

to output of changes in factor inputs and total factor productivity. The famous discussion by 

Krugman (1994), Young (1994) and Kim and Lau (1994) raised serious doubts on the 

sustainability of growth in East Asian countries, which they found more inputs intensive and 

returns to scale rather than based on technological progress. This would lead to reduce the 

economic expansion of those countries as the limits in the availability of factor inputs are 

inevitably reached if productivity contribution were not boosted. Their estimations were, 

however, put into question by other authors (Kawai 1994, Oshima 1995, Sarel, 1995) leaving 

the debate to further insights. 

The debate on China’s economic growth is similarly open today. Many studies based on  

growth accounting and other methods have not reached unanimous conclusions, although 

they seem with some variations to recognize a minor role of TFP growth. In a recent review 

of the literature on this subject, Yanrui Wu (2011) of Business School at University of 

Western Australia, has taken into account 151 empirical studies of TFP contribution to 

China’s growth and constructed statistical averaging indicators of the results obtained by 

them. The estimated mean indicates that about one-third of China’s growth can be attributed 

to TFP growth. Wu concludes that, although such a measure is not as high as that found in the 

most advanced economies, it indicates that further growth is in some extent sustainable.  

However, substantial variation can be noted in the results among the studies under review. In 

particular, the results seem to be sensitive to the choice of techniques of analysis, types of 

models, and types of indicators used for productivity assessment. Many of these studies  

exhibit the limitations that we shall try to bypass in the present studies.  

Among the latest studies, that are not taken into account in Yanrui Wu’s, 2011 survey, 

Li and Liu (2009 and 2011) found that the major contributor to economic growth in China is 

input growth, with human capital still remaining inadequate. Productivity growth was of 

minor importance and was due mainly to technical progress, whereas scale effects had 

become visible only in recent years.  Özyurt (2009) and Cao et al. (2009) distinguished 
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quantity and quality components of capital and labour inputs in their computation of TFP 

growth at aggregate and disaggregate industry level.  Özyurt et al (2011) found that, in some 

Chinese provinces, scale effects were even negative and inefficiency was decreased only in 

casesere technical progress took place.   

 

The data used in previous analysis have been put into question by a number of studies. 

Harry Wu (1993, 2000, 2002a, 2002b, 2008, 2011), Wu and Shea, 2001, Shiu and Wu, 2007, 

Wu and Ximing, 2010, Wu et al, 2011), Maddison (1998), Holz (2004)(2006), Sun and Ren 

(2007), Wang and Szirmai (2012) have reconstructed their own economic accounts of China. 

The analytical results on productivity growth seem to lead to substantial differences with 

respect to those based on official statistics.  The main conclusion of these studies is that 

productivity growth has contributed very little to China’s economic development except 

during the recent years, during which however remained still below the inputs’ contribution 

to growth.  The amount of productivity growth to be attributed to technical progress 

(imported or spurred by domestic innovation) remains, however, to be systematically 

explored.          

 

2. Classical views of technical progress as a factor of growth 

The distinctive features of the TFP growth accounting can be brought back to Schumpeter’s 

(1934) theory of economic development. We recall that tThis theory is constructed on three 

basic elements: 

1) Innovation as the essential function of the entrepreneur; 

2) Credit mechanism; 

3) Profit maximization as the main objective driving the entrepreneur’s behaviour.  

 

With some qualifications, these elements are also present in an emerging economy like that 

of China. Schumpeter (1939, Vol. I, p. 84) defined innovation explicitly in terms of a change 

in the form of the production function: 

 

“We will now define innovation more rigorously by means of the production 

function. […] This function describes the way in which quantity of products 

varies if quantity of factors vary. If, instead of quantities of factors we vary 

the form of the function, we have an innovation. […] [W]e will simply define 

innovation as the setting up of new production function. This covers the case 

of a new commodity as well as those of a new form of organization or a 

merger, or the opening up of new markets.” (Italics added.) 

 

As noted by early commentators in the 1950s, Schumpeter’s definition of innovation based 

on the change in the production function resembles the definition of technological change 

used by students of productivity and technical progress. Brozen (1951, p.238) started his 

article as follows: 
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“Investigation of the role of technological change in economic growth is 

made easier if we examine it at three different levels: at the level of 

invention, of innovation, and of imitation. We are led to this approach quite 

naturally through the circumstance that movement in technology has been 

defined as a change in the production function and that this may have any 

one of three different meanings”. 

 

More explicitly, Ruttan (1959, p. 598) noted that the above quotation from Schumpeter 

appears remarkably close to the following definition of technical change given by Solow 

(1957, p. 312): 

 

“If Q represents output and K and L represent capital and labor in “physical” 

units, then the aggregate production function can be written as: 

 

Q = F(K, L; t) 

 

The variable t […] appears in F to allow for technical change. I am using the 

phrase “technical change” as a shorthand expression for any kind of a shift in 

the production function”. (Italics in the original.) 

 

(For a similar definition, see Ruttan, 1956, 1959.)  Fellner (1956a, 1956b) discussed the same 

concept under the heading of technological-organization change. Summing up, Schweitzer 

(1961, p. 153) claimed that [Ruttan’s] “term ‘technological change’ and Schumpeter’s term 

‘innovation’ as well as Fellner’s ‘technological-organizational change’ and Solow’s 

‘technical change’ all refer to the same phenomenon, namely, a shift in the production 

function”. However, he noted that the techniques in production may change also because the 

level of output changes (implying that the returns to scale are not constant). We note that the 

most appropriate term that will encompass the Schumpeterian notion of innovation within the 

production function is “technical progress”, which together other components such as 

inefficiencies, non-constant returns to scale, externalities, make up what we call total factor 

productivity (see also Domar, 1961), that is 

 

TFP RS TC E    

 

where TFP  is total factor productivity change, RS  is the component due to scale 

economies and externalities, TC  is technological change component  due to 

innovation and efficiency gains, and  E   the efficiency change 

. 

 

 

 As Schumpeter himself noted (followed by many others, among whom 

Domar, 1961 and Johnston, 1966), innovation may take the form of the introduction 
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of new and improved processes (process innovation with new and better 

management and technologies) and products (product innovation). Both can be 

captured by the shift in the production function, which is part of “the residual” in the 

growth accounting literature.  

 

3.  Growth accounting methodology: Further refinement 

Our methodology of productivity measurement is built upon a modification of the Solow-

Jorgenson-Griliches growth accounting method by following the Schumpeterian 

interpretation and developing the economic theory of “true” index numbers consistently with 

this interpretation. In his historical account of this method, Zvi Griliches (1996) did not 

mentioned Schumpeter in reporting on the discovery of the “Residual” (the measure of 

technical progress), but he mentioned Ruttan (1956) among the precursors of Solow (1957).  

He attributed to Solow not the method of calculation “which by then was being taught to 

most graduate students”, but the “explicit integration of economic theory into such 

calculations” (p. 1328). Griliches cited Morris Copeland (1937) as the first mention of an 

output-to-input index but, in a footnote, he conceded that “more thorough research may 

unearth even earlier references” (p. 1934).  Schumpeter was certainly one major contributor 

at the centre of economic theory of technical change, but Griliches pointed Solow for having 

explicitly “clarified the meaning of what were heretofore relatively arcane index number 

calculations” by bringing them in direct relation with the theory of economic growth. 

The fundamental index number problem, which is essentially that of aggregation, has 

never be completely solved. Under the influence of Marshall (1887), who doubted that a 

unique and true measure of the price index (needed also to compute the real aggregate output) 

could ever be founded, in his famous paper on index numbers winning the Adam Smith Prize, 

Keynes (1909) reached the following conclusion with reference to Walsh (1901):  

 

“If there was a perfect measure of general exchange value, Mr. Walsh would 

certainly have found it; but the method of exhaustion is barren, if the object of 

search has no real existence”(p. 135).  

 

If individual preferences are not of the same kind, tastes change over time or tastes differ 

across space, then aggregation problems may arise because the object of measure (the 

aggregate price index) does not exist. This conclusion was confirmed in Keynes’ (1930) 

theory of limits for the aggregate price index by stating that such an index can be computed 

only under homothetic conditions. Hicks (1940) had exposed a similar index number problem 

that would invalid any valuation of social income in presence of non-constant returns to scale 

and imperfect competition.  

 

Samuelson (1950), in explicit reference to Hicks (1940), reinforced this presentation and 

pointed to inconsistent comparisons when the consumer has changed tastes or is not in 

equilibrium.  Non-neutral changing tastes produce distortive effects in consumption similarly 
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to those produced by non-neutral technical progress in production. In two other memorable 

articles, Hicks (1956)(1958) reiterated the discussion of the index number problem on 

consumer demand and real income, respectively where non-neutral effects on the 

composition of the bundle of goods may devoid the resulting index numbers of any analytical 

value. We note, in passim, that the non-neutral income effect addressed to by Hicks is 

equivalent to what Samuelson (1974)(1984) called “Engel-Gerschenkron effect” in the 

comparisons of standard of living and to the effect of non-homothetic returns to scale in the 

production activities.  

 This happens when the expected inequality between Laspeyres and Paasche indexes (the 

so-called LP inequality) turns out to be with the “wrong” sign. However, the non-neutral 

income effects may still be present in the case of the right sign of this inequality, but at such 

level that it does not offset the price-induced substitution effects completely. Indeed, in this 

last situation, the apparently “well-behaved” LP inequality could be used as a boundary 

interval of possible values of constructed “true” indexes which rationalize the data.  

The Hicksian theory, on which our own price index theory is built, indicates that the 

right algebraic sign of the LP difference is a necessary and sufficient condition for using the 

observed data on prices and quantities to reconstruct “true” index numbers based on 

hypothetical homothetic preferences. These do not necessarily coincide with the actual 

criteria governing the observed behaviour. Rather, they can be seen as index numbers that are 

“exact” for certain supporting functions (the utility or production functions) that may 

rationalize the observed data. In other words, the LP inequality might be the result of the 

concomitant “non-proportional” effects of real income changes as well as substitution effects 

under non-homothetic preferences (if any). However, the observed data could always be 

rationalized by a hypothetical homothetic preference field if L – P ˃ 0 in the consumer case, 

or L – P < 0 in the producer case. Under this condition we could always reconstruct “true” 

price and quantity index numbers that are consistent with that homothetic preference field 

and, as such, always respect all Fisher’s requirement, including transitivity. This is, in fact, 

(as Keynes, 1930, among others, had recalled) the only condition under which it is possible to 

make such construction. It also corresponds to the Antonelli’s (1886) integrability condition 

under which the data on the observed behavioural choices can be used in order to compare 

economic welfare and productivity.   

 

This approach would allow the decomposion of total factor productivity growth into 

effects from technical change, returns to scale and possible inefficiency and to assess the 

impact of these components on real profits and factor rewards using all possible “true” 

measures while taking into account market imperfections. It is will be carried out with the 

additional qualification that the restrictive hypothesis of well behaved (smooth) technology is 

released by introducing the hypothesis of non-smooth contour of the alternative techniques 

with a given technology.  

 

Using the profit function approach, we generilize other contributions as, for example, 

Kumbhakar (2002), Diewert and Fox (2005, 2008, 2010, 2012), and Fernald and Neiman 

(2011), who have defined a decomposition of the “residual” productivity indexes into effects 

from scale economies, technical progress and imperfect competition
2
. In order to implement 

                                                           
2
 Precursors of this line of refinement of growth accounting are the pioneering methodological papers 

by Lau (1972),  Caves, Christensen and Diewert (1982), Chambers (1988). 
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this decomposition, these authors consider an exogenous estimation of marginal costs and 

construct the markup over average total costs as a simultaneous function of supply and 

demand conditions.  

In the case of Chinese economy, we can instead assume that, in general, private and 

public firms, even state-owned enterprises, are price takers in both input and output markets 

even when these markets are fragmented and non-competitive
3
. Consequently, we can 

assume that the firms’ output is determined at the level where producer prices are equal to 

marginal costs and the ad-valorem markups over average costs signal directly the degree of 

scale economies. This fact allows us to simplify the decomposition of productivity growth 

since scale effects can be measured with index numbers constructed using the same data on 

output and inputs prices and quantities without requiring additional exogenous information or 

econometric estimates.  

The technological frontier is not assumed to be smoothly shaped (as in the traditional 

index number approach), but is made in favour of the hypothesis of a “piece-wise linear” 

contour
4
 of the technical frontier. We consider the index numbers that can be constructed 

using the Afriat’s approach in the version revised by one of us (Milana, 2010). This last 

approach consists in defining chain-consistent (transitive) tight bounds of the numerical 

interval of all possible “true” measures of productivity and technology change
5
. In the 

presence of changes in allocative inefficiency (signalled by the “wrong” algebraic sign of the 

LP inequality), the “true” measures are obtained by correction of the data for this distortion 

using a special algorithm described in the Appendix.  

We start from the accounting of nominal profits as a residual between gross revenues 

and total costs 

                                                    
t t t t t

i ii
p y w x    

where t  is the total nominal profit at period t, p
t
 and y

t 
are, respectively, the output price 

and quantity, and t

iw  and t

ix  are, respectively, the ith input price and quantity. The index 

number defined as ratio of its numerical values at two observation points, may be 

decomposed into price and quantity components
6
: 

                                                      1 0 0,1 0,1/ P Q      

                                                           
3
 In the case of increasing returns to scale, the firm might incur losses as the exogenously given output 

prices equal marginal costs at a lower level of average total costs. These losses are usually covered 

with public subsidies in the case of state-owned enterprises. 

4
 This means that the derived output supply and input demand quantities can be multi-valued 

functions of prices whereas certain other output-input combinations can be associated with multiple 

levels of relative prices. 

5
   On the history of the concept of “true” indexes in the economic theory of aggregation of prices and 

quantities, see Afriat and Milana (2009) and Milana (2010). For discussions of the bias of non-“true” 

economic indexes, see for example, Samuelson and Swamy (1974, p. 567) and Lloyd (1975). 

   
6
 We note that both price and quantity components 

0,1P  and 
0,1Q  can be seen as ratios of aggregate 

levels or aggregation of ratios between pairs of elementary prices or quantities. 
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The indexes of TC and TFP between any pair of observation points can be obtained from 

the absolute change in normalized real profits 0,1TC  

                                

0 1 0
0,1 0,1 0,1

0 0 0 0 0

  real profit 
implicit real index number
profit index
number

/ 1 1TC P Q
p y p y

 

  




 
 

 
   
       
   
   

  
 
 

 

where 0,1P  and 0,1Q  are index numbers of price and quantity components of nominal profit 

index numbers 1 0 0,1 0,1( / ).P Q      Hence,  the index number of technical change is 

obtained as  

                               

1 0
0,1

1 0 0,1

/

/ A M

y y
TC

y y TC 




    (index number of TC) 

 

In the case of input-output separability and aggregability of the changes in the efficiency 

input quantities measured with the index ,X 0 1 , the complete accounting of output growth is 

obtained as  

                                         1 0/xy y  

                           
1

0,1 0,1 0,1 0,1 0,1 0,1 0,1

0 0,1

0,1

1

TFP

y
TC RS X TC RS E X

y E
            .   

 

where 1 0/xy y  is the index number of the contribution of the change in the efficiency relative 

units of inputs to output; the index number of TFP measures the distance between the actual 

output quantity and the input quantities, whereas the index number of TC measures the 

distance between that output quantity and the level that, ceteris paribus, it would have had 

with no technological change. The index number of 0,1RS measures the returns of scale 

component of output of relative output change. The index 0,1E  is equal to or less than 1 and 

measures the relative efficiency in input allocation on the output index. It is equal to 1 in the 

case of constant returns to scale and/or when   the quantity of aggregate inputs do not change 

between the two compared situations, that is 0,1X =1 whatever the degree of returns to scale. 

The index numbers of TC, RS and (under the aggregability conditions) TFP and X can be 

computed using formulas or algorithms (see the Appendix for some explicit index number 

formulas). In particular, to compute our preferred index numbers, we propose the chain-

consistent upper and lower bounds of “true” index numbers of the price and quantity 

components of nominal profit changes. These indexes recently were proposed by one of us 

(Milana, 2010) as a further solution within the well-known Afriat’s approach (see also Afriat 

and Milana, 2009). For comparison, we also complement these indexes with those obtained 

using the traditional bilateral Laspeyres, Paasche, Fisher, and Törnqvist indexes (to save 

space, we will report only the results obtained with the traditional Törnqvist indexes).  
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Finally, aggregation over the industries of TFP and TC is carried out using weighted 

averages of industry level results (with the value-added weights)
7
. This averaging procedure 

subsumes the results obtained at the level of single industries rather than at the level of the 

aggregated industries for which Domar weights should be used. 

  

4. The Required Data 

Sorry, this part is still under writing. What are shown below are mainly for the industrial 

sector.  

Our data construction is based on a series of data work by Wu and his associates that applies 

the standard production function approach covering industry-level output and labor and 

capital input measures (e.g. Wu, 2002a, 2002b, 2007, 2008, 2011a and 2011b; Maddison and 

Wu, 2008; Wu and Yue, 2010). In this study, we further revise and update his data series. The 

new efforts include an adjustment to the official industrial output data, a standardization of 

the numbers employed based on our estimates of hours worked, and revising and updating the 

estimates of net capital stock.  

Coverage and Classification 

This study covers all industrial enterprises in China for the period 1980-2010. In the official 

industry statistics the coverage of data has changed over time without a clear and transparent 

explanation, which has caused confusions and difficulties to empirical research at industry 

level. One of the major difficulties to researchers is that the official criterion for industrial 

enterprises to be covered has been changed from ownership to the level of administration and 

then to the value of annual sales. 

For most of the planning period, the available industry data can only cover the state-

owned enterprises (SOEs). From 1980, the coverage was enlarged to include enterprises as 

independent accounting units at or above the (rural) township administrative level regardless 

of ownership type. However, the coverage was changed in 1998 again by a “designated size” 

approach under which all SOEs plus non-state enterprises with total annual sales of five 

million yuan or more were included.
8
 The differences between these criteria cannot be 

coherently or logically reconciled. Moreover, the sum of the total outputs in value added by 

any of these criteria is not consistent with the sector or national aggregates in the national 

accounts. Worse still, from 2005 onwards the sum of value added by enterprises at or above 

the “designated size” has become illogically larger than the industrial GDP in the national 

accounts (Wu, 2011a). 

In the present study we focus on the total industrial economy for the period 1987-2009. 

Our question is how to ensure a complete coverage for major inputs (capital and labor) and 
                                                           
7
   Domar-weighting procedure usually used to aggregate sectoral TFP changes cannot be applied as 

the data used here do not cover all industries.  

 
8
  Note that in 2007 the “designated size of 5 million yuan” was changed from the annual sales of all 

production or business to the annual sales by major activities only. Since 2011, the value of annual 

sales by major activities has been increased from 5 to 20 million yuan (NBS, 2011), creating further 

difficulties in maintaining data consistency. 



12 

 

outputs and a consistent industrial classification that matches all input and output variables 

over time. We introduce a “formal sector” concept to ensure a “conceptually-consistent” 

coverage of industrial enterprises over time. Industrial enterprises in the “formal sector” refer 

to those legally registered with the authorities as complete business entities with independent 

accounting status regardless of their ownership type, administrative level or “size”. By using 

this “formal sector” umbrella, we can to a large extent “bypass” the inconsistent coverage 

problem in the official industry statistics. We will discuss how this coverage is defined and 

maintained in measuring input and output in the following sub-sections.  

The official industry statistics are available at two-digit level but based on different 

Chinese standards of industrial classification (CSIC) introduced at different time (i.e. 

CSIC/1972, CSIC/1985, CSIC/1994 and CSIC/2002). To make it consistent over time, the 

CSIC/2002 is used as a standard to re-classify all the historical data as well as to adjust the 

coverage. We finally adopt a classification system used in Wu and Yue (2010) that regroup 

(inconsistent) Chinese industries into 24 sectors out of 39 industries as in CSIC/2002, 

basically reconcilable with the EU-KLEMS system of classification (Timmer et al., 2007).  

Value Added and Gross Output
9
 

Studies have shown that conceptual and methodological problems and institutional 

deficiencies in the Chinese statistical system have tended to exaggerate the growth of GDP 

while underestimating the level of GDP (Maddison, 1998; Keidel, 1992). Official industrial 

statistics is one of the areas that have most suffered (Wu, 2000, pp.479-484). There have been 

a number of important empirical studies attempting to provide alternative estimates using 

various approaches such as commodity-based physical output index (Wu, 2002a), alternative 

price indices (Wu, 2000; Woo, 1998; Ren, 1997; Jefferson et al., 1996), and energy 

consumption approximation (Adams and Chen, 1996). Despite their different estimates, all 

appear to strongly support the upward bias hypothesis about the official growth estimates. 

Wu’s work on output index based on commodity data is perhaps the most systematic and 

independent studies of the official estimates (Wu, 2002a and 2011b).  

However, Wu’s approach is more appropriate for assessing the real output (value added) 

growth rate of total industry rather than individual industries. Because Chinese industry 

statistics are based on enterprise rather than establishment (for narrowly defined activities or 

single product production), commodity-based estimates may not closely match labor and 

capital statistics used for multi-activity enterprises that may contain several establishments 

engaged in different industries. For this reason, we adopt Wu’s recent gross value added 

(GVA) estimate for total industry as the “control total” in nominal terms, which has been 

adjusted for the significant inconsistency found in GVA between the sum of the “designated 

size” enterprises and the national accounts aggregate (Wu, 2011a).  

Our main data work for the construction of the nominal GVA and GVO series by 

industry follows a novel “ownership approach”: 1) more systematic and easily available SOE 

data are used as the “hard core” for the entire period 1987-2009, 2) non-SOE data for 

enterprises at or above the “township level” prior to 1998 and the “designated size” since 

                                                           
9
 Although China in principle switched to the System of National Accounts (SNA) in 1992 and has since 

continuously improved its national accounts through surveys and censuses, some of the concepts and practices 

used by the National Bureau of Statistics (NBS) are to some extent still influenced by the old Material Product 

System (MPS) (for details see Xu, 1999 and 2009). 
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1998 are used to define the main industrial activities that have been closely monitored and 

controlled by the planning authorities, and 3) less systematic data for enterprises at the 

“village level” (below the township level) prior to 1998 and below the “designated size” since 

1998 are used to define the border of the “formal sector” and hence to construct the output for 

the outer layer of the economy. We argue that since this “ownership approach” is applied at 

industry level, it gives a more plausible estimate of the industrial structure.  

Regarding data source, the basic GVA and GVO data are from China Industrial 

Economic Statistics Yearbook (DIS, 2009 and earlier issues). However, before China shifted 

to the System of National Accounts (SNA) in 1992, there were no statistics on value added 

but net value of output (NVO) complied under the Material Product System (MPS). We 

adjust NVO to the concept of GVA by adding back an estimated capital consumption 

component. We also make intensive use of the census data from China’s 1985 and 1995 

industrial censuses and statistics for rural township and village enterprises in the construction 

of the outer layer of the “formal sector”. The output value of the “informal sector” is simply 

estimated as the difference (residual) between the national account “control totals” and the 

constructed GVA and GVO for the “formal sector”.  

Finally, the constructed industry GVA in nominal terms is deflated by our adjusted 

industry-specific producer price index (PPI) (see NBS, 2009, Table 8-11 and 8-12, and earlier 

issues for historical data). We choose to use PPI because it suggests much higher changes of 

output prices than the traditional “comparable price index” (CPPI) under MPS (Wu, 2000; 

Woo, 1998; Ren, 1997; Jefferson et al., 1996).
10

 However, due to data limitation we are 

unable to construct input prices for each industry. This means that we have to assume that 

changes in input prices are the same as changes in output prices.  

Numbers of Employees 

Moreover, following China’s 1990 population census, official statistics exhibit a big jump in 

employment by 17 percent or 94.2 million, creating thereafter a huge discrepancy between 

the total employment and the sum of sectoral employment (Maddison and Wu, 2008; Wu, 

2011a). Direct usage of the officially reported numbers employed would be very misleading.  

In our data construction, we first adopt Wu’s (2011a) adjusted total numbers employed 

for the industrial sector as a new “control total”. His adjustment is based on a careful 

examination of the relationship between annual employment statistics and population census 

for 1982, 1987 and 1990. He showed that the structural break could have appeared in 1982 if 

the 1982 census results were incorporated into the national totals without altering the annual 

employment estimates. This break was caused by the fact that the official annual estimates 

did not take into account the activities emerged outside the labor planning and administration 

system as a result of policy change in the early 1970s that encouraged small, collective 

enterprises to employ surplus labor especially in rural areas. His adjustment to China’s total 

employment series is therefore for the period 1970-1990 using a trend-deviation approach 

with 1982 as the mid-point to “anchor” the series (Wu, 2011a).
11

 

                                                           
10

 The practice of CPPI was stopped after 2002, ending with CPPI’s last or 1990 benchmark (see Wu 

2011b). 

11
 The additional workers uncounted in the annual statistics are allocated by weights into agriculture, 

industry, construction and services, excluding the so-called “non-material/non-market services” (banking, 
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Given the “control total” for industry as a whole, the allocation within the industrial 

sector are based on weights given by the structure of labor-intensive, small-sized enterprises 

(village-level or below the “designated size”). With the new control totals for individual 

industries, the rest of the adjustment adopts the approach used in Wu and Yue (2010) which 

contains several steps. First, in line with what we do for the output, we ensure the consistency 

of the coverage by the “formal sector” at industry level. Second, we convert the numbers 

employed to hours worked based on a) institutional working hours, b) industry-specific 

standard working hours according to the nature of each industry and hence different shift 

arrangement, and c) assumptions for extra hours especially in labor-intensive (should 

standardize this throughout the paper) industries.
12

  

Measuring Labor Input 

We follow the same procedures in Wu and Yue (2010) but use new source of data for the 

2005 benchmark, that is, a large sample data from the one-percent population survey in 2005. 

Details will be followed…  

…We first construct marginal employment and compensation matrices for benchmarks 

1987, 1990, 1995, 2000 and 2005. With population censuses and sample surveys for these 

benchmarks, we can have more information than regular time series of numbers and total 

wage bills at industry level. 

To be completed … 

Net Capital Stock 

As discussed in Wu (2008), a significant mistake often made in constructing capital stock is 

the direct use of official statistics on “total investment in fixed assets” (TIFA) as the 

investment variable in the perpetual inventory method (PIM) equation.
13

 By the official 

definition, it refers to the workload of investment activity in money terms including 

construction and purchase of fixed assets  whether or not the investment projects are 

completed and actually transferred to investors or users (NBS, 2001, p.220). As commented 

by Xu (1999, pp. 62-63), this is different from the gross fixed capital formation (GFCF) 

concept in the SNA that capital formation only takes place when a contract-based ownership 

transaction of capital goods from a producer or constructor to a user (investor) is completed 

(CEC et al., 1993).
14

 This is regarded as the key difference between SNA and the Chinese 

system in measuring fixed asset investment (Xu, 1999, pp.62-63). The problem is, as 

                                                                                                                                                                                     
business services, government services etc.) because these workers were most likely engaged in labor-intensive 

manufacturing, construction and services (Wu, 2011a).  

12
 As a long tradition under central planning, non-industrial staff and workers working in child care 

centers, educational and medical units, commercial outlets, and social and political organizations are inherent in 

the official industrial statistics. The separation or commercialization of these auxiliary services began in the late 

1990s, but has not yet been completed in some SOEs. Before 1998, unemployed workers remained on the 

payroll in all enterprises. Strictly speaking these service employees should be re-allocated to service industries. 

This has not yet been done.  

13
 For example, see Young (2000), Huang et al. (2002), Hu and Khan (1997) and Li at el. (1992). 

14
 The general SNA principles governing the time of recording and valuation of gross fixed capital 

formation is “when the ownership of the fixed assets is transferred to the institutional unit that intends to use 

them in production” (CEC, 1993, p. 223). 
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critically noted in Chow (1993, p.816), the work performed as recorded TIFA may not 

produce results that meet standards for fixed assets in the current period. In fact, some of the 

work (investment projects) may take many years to become qualified for production use and 

some may never meet the standards, hence completely wasted. Even if there is no wasteful 

investment, TIFA still tends to exaggerate investment while underestimate inventory, which 

will, more importantly, distort the growth statistics of real investment. 

To bypass the problem, following Wu’s earlier work (2002b) and his later revision (Wu, 

2008), we opt for constructing a new investment series by using official industry statistics on 

year-end “original value of fixed assets” (OVFA). However, OVFA is a well-known “dirty 

indicator” that mixes structures with equipment, assets purchased in different periods, i.e. in 

historical costs, and residential and non-industrial structures in one measure by value.  

The first step is to derive an annual flow of investment by taking the first difference of 

the OVFA adjusted for scrapings.
15

 Compared with Wu’s earlier work, we have allowed 

earlier and shorter scraping process along with the marketization of the economy. Next, based 

on the information on type of fixed assets in investment as surveyed by the Ministry of 

Finance (MoF), we have identified and removed non-industrial assets and residential 

structures from the so-derived investment flow. Third, we construct deflators for individual 

industries based on the MoF detailed (6-digit) asset evaluation data for the period 1984-2000 

(MoF et al., 2002) with an extension back to 1952 and updated to 2008 by PPIs for 

investment goods (building materials and machinery industries).  

In the PIM exercise, we follow Hulten and Wykoff (1981a and 1981b) assuming a 

geometric function of depreciation that reflects changes in economic efficiency of different 

types of fixed assets. As depreciation () of an asset is equal to its declining-balance rate (R) 

divided by its service-live (T), we need to estimate proper R and T for equipment and 

structures of each industry. We adopt the BEA (Bureau of Economic Analysis, Washington 

D.C.) estimates of the declining-balance rates for major industrial equipment and structures 

as given in Kaze and Herman (1997, pp.72-3) based on the seminal empirical work by Hulten 

and Wykoff (1981a and 1981b). To gauge the service lives of assets in China’s 

manufacturing, we rely on scattered information from official documents.
16

  

Measuring Capital Input 

To be completed … 

Descriptive Statistics of the Data 

This part of the data section will show the data work results in terms of the annual growth 

rate of all the variables constructed. The growth rates will be referred in the discussion of the 

empirical results of TFP. 

                                                           
15

 Earlier studies by Chen et al. (1988a and 1988b) conducted a similar exercise to derive an annual 

investment flow from OVFA but ignored the effect of scrapings, which underestimate the investment. However, 

some studies (e.g. Wang and Szirmai, 2011) argue that the scraping effect is likely minor. 

16
 There are three sources of information: a) official depreciation rates (by the straight-line approach) used 

by MoF since 1963, b) a detailed list of the standard service lives for fixed assets issued by the State Council in 

1985 (No. 63 Circular), and c) a new regulation on service lives by MoF in 1992 (No. 574). 
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To be completed… 

List of examined industries 

Our reconstructed list of factor inputs are distinguished in 131 items (2 different types of 

fixed capital services, 70 different characteristics of labour cross-classified by gender (2), age 

(7), and education (5), and 59 different intermediate inputs) for each of the following 37 

sectors:   

TABLE 2 
LIST OF SECTORS 

  1 Agriculture, forestry, animal husbandary & fishery  

2 Coal mining 

3 Oil & gas excavation 

4 Metal mining 

5 Non-metallic minerals mining 

6 Food and kindred products 

7 Tobacco products 

8 Textile mill products 

9 Apparel and other textile products 

10 Leather and leather products 

11 Saw mill products, furniture, fixtures 

12 Paper products, printing & publishing 

13 Petroleum and coal products 

14 Chemicals and allied products 

15 Rubber and plastics products 

16 Stone, clay, and glass products 

17 Primary & fabricated metal industries 

18 Metal products (excl. rolling products) 

19 Industrial machinery and equipment 

20 Electric equipment 

21 Electronic and telecommunication equipment 

22 Instruments and office equipment 

23 Motor vehicles & other transportation equipment 

24 Miscellaneous manufacturing industries 

25 Power, steam, gas and tap water supply 

26 Construction 

27 Wholesale and Retail Trades 

28 Hotels and Restaurants 

29 Transport, Storage & post 

30 Information & computer services 

31 Financial Intermediation 

32 Real estate activities 

33 Leasing, technical, science & business services  

34 Public administration and defense 

35 Education 

36 Health and social security 

37 Other services 

  

 

5. Empirical results 

The application of the methodology developed above allows us to unveil interesting features 

of the growth and productivity performance of the Chinese economy. We summarize the 
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results in Table 2 supported by three figures, while reporting the full sector-level results in 

the Appendix Tables and Figures.  

To reflect TFP dynamics over significant shifts of policy regime in the Chinese economy, the 

results are organized in a specific periodization that divides the entire period into six sub-

periods. The sub-period 1980-84 is defined as the initial reform period that focused on the 

decollectivization in the farm sector and reform experiment to increase industrial autonomy. 

This was followed by the sub-period 1985-91 started with the implementation of the double-

track price reform and ended in 1991 after the economy struggled in the shadow of the 

Tiananmen crisis for two years. The period 1992-96 began with Deng’s southern China trip 

calling for bolder and deeper reforms and ended with a harsh austerity policy in 1996 aiming 

to curb the runaway inflation. The next period was marked by the Asian Financial Crisis 

(1997-98) and an unprecedented long deflationary period post reform in 1998-2001. China 

harvested its initial WTO period from 2002 to 2007. Finally, the last period covered by our 

study is 2008-10 that began with the fall of the Lehman Brothers and then followed by an 

unmatched fiscal injection in history to rescue the economy. 

TABLE 2 
DECOMPOSITION OF AGGREGATE TFP GROWTH COMPUTED USING THE GEOMETRIC MEAN OF THE UPPER AND LOWER BOUNDS OF 

 THE "TRUE" INDEX (% P.A.) 

 
1980-84 1984-91 1991-96 1996-01 2001-07 2007-10 

 
1980-2010 

Potential gains from technical and 
organizational changes 12.1 5.9 8.9 8.9 12.0 9.3 

 
9.4 

Of which: 
           …Technical change 5.5 1.4 5.7 4.9 7.8 5.8 

 
5.0 

   …Potential reallocation effect (within) 6.2 3.8 2.8 3.7 3.9 3.1 
 

3.9 

   …Potential reallocation effect (between) 0.4 0.7 0.4 0.3 0.3 0.4 
 

0.5 

         Actual losses -9.3 -8.2 -7.5 -7.4 -9.8 -8.0 
 

-8.6 

Of which: 
           …Diseconomies of scale -3.6 -4.0 -4.5 -3.0 -5.8 -4.4 

 
-4.3 

   …Misallocation effect (within) -6.1 -3.5 -2.6 -4.1 -3.7 -3.2 
 

-3.8 

   …Misallocation effect (between) 0.4 -0.7 -0.4 -0.3 -0.3 -0.4 
 

-0.5 

         TFP (actually achieved) 2.8 -2.3 1.4 1.5 2.2 1.3  0.8 

Gross Domestic Product (GDP) 7.9 5.2 10.6 8.1 12.8 11.3  9.0 

Gross Value of Output (GVO) 8.2 7.3 12.6 9.9 17.2 12.8  11.2 

Source: Authors’ estimation.  

We find that China’s rapid GDP growth at 9% per annum over the three decades from 1980 

to 2010 was not accompanied by matching TFP growth as suggested by the rate of technical 

change in the same period. As Table 2 shows, for the economy as a whole in 1980-2010, TFP 

increased only by 0.8% per annum, compared with rather respectable 5% annual contribution 

by technology. In other words, China lost 84% of its potential gains from technological 

advancement. Based on Table 2, we can calculate that the total output loss was -9.3% per 

annum due to the misallocation of resources (-3.8 percentage points within sectors and -0.5% 

between sectors) and the diseconomies of scale (-4.3 percentage points). As a result, the 

contribution of TFP growth to GDP growth was only 9%.  

This average pattern of productivity and efficiency performance is more or less repeated or 

followed in each sub-period with the WTO period 2001-07 as the best and 1984-91 was the 
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worst. Such a persistent inefficient performance has never been so clearly observed and 

decomposed, which can be intuitively examined in Figure 1. 

FIGURE 1 
TFP GROWTH OF THE CHINESE ECONOMY DECOMPOSED INTO TECHNICAL CHANGE (TC), ECONOMIES OF SCALE (SE) 

AND ALLOCATIVE EFFECT (AE) 
(% P.A.) 
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In Figure 2, to account the losses due to the misallocation of resources in the Chinese 

economy, we further decompose the allocation effect (AE as in Figure 1) into the effect of 

“within” and “between” sectors, respectively.  

FIGURE 2 
ACCOUNTING FOR TOTAL LOSSES IN THE CHINESE ECONOMY DUE TO MISALLOCATION OF RESOURCES 

(% P.A.) 
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In Figure 3, we present two production indices, one showing the actual output and the other 

showing a hypothetical output if the inefficiency is corrected. It suggests that the accumulated 

production loss due to inefficiency is 13%. 

At sectoral level (Tables A1-A4 and Figures A1-A3), notable differences have been 

registered in both growth rates of productivity and technology. The most dynamic industry 

was the ICT-producing sector, as expected, which has experienced a seven-fold increase in 

productivity and an almost ten-fold improvement in technology. However, some industries 

even decreased productivity as, for example, Coal, Gas, and Oil products. Among services, 

both health care and education experienced a significant decline in both technology and 

productivity, which reflects insufficient investment – a factor behind our observed 

diseconomies of scale throughout the overall period.               

6. Conclusion 

This paper has presented a new way to account for total factor productivity changes in the 

context of the methodology of growth accounting. Using index numbers, changes in TFP 

have been decomposed in technical change and effects of returns to scale  The conditions of a 

heavily administered economic regime like that of China present misallocation problems that 

complicate the theoretical approach, but on the other hand simplify the picture of how  prices 

are determined on the markets. Even large enterprises behave here as price-takers and their 

supply does not affect prices. In this context, the assumption of the equality between sale 

prices and marginal costs allows us to consider the ratio of total costs to total revenues as an 

index of the returns to scale. Appropriate “true” index numbers where therefore constructed 

using a procedure that takes also into account allocative inefficiencies. The results obtained 

from China are astoundingly suggestive and turn out to be much more credible than the 

analyses using the traditional methods for an interpretation of the specific reality such as that 

of China.  

 

…… 
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APPENDIX TABLES 
 

TABLE A1 
SECTORAL TOTAL FACTOR PRODUCTIVITY GROWTH COMPUTED ON THE GEOMETRIC MEAN OF THE UPPER AND LOWER BOUNDS 

OF THE "TRUE" INDEX (% P.A.) 

  
1980-84 1984-91 1991-96 1996-01 2001-07 2007-10 

 
1980-2010 

1 Agriculture 2.2 -1.5 -0.5 -0.1 4.8 1.3 
 

0.9 

2 Coal mining -1.4 0.9 0.5 7.6 -6.6 -3.5 
 

-0.3 

3 Oil & gas excavation -25.6 -10.0 -18.3 -5.1 -13.0 -1.3 
 

-12.4 

4 Metal mining -3.8 -4.0 4.6 14.2 -7.5 0.5 
 

0.2 

5 Non-metallic mining 7.1 -0.6 7.3 3.3 2.2 1.2 
 

3.1 

6 Food & allied products 7.4 -1.0 0.6 2.3 1.2 1.5 
 

1.6 

7 Tobacco -20.1 -0.3 7.1 2.4 0.9 6.8 
 

-0.3 

8 Textiles 2.2 0.7 3.4 2.4 0.9 0.9 
 

1.7 

9 Apparel 2.3 4.3 3.4 0.0 1.6 2.7 
 

2.5 

10 Leather goods -0.1 2.0 0.6 0.6 1.7 2.7 
 

1.3 

11 Saw mill products 0.3 -1.4 6.3 4.1 1.6 2.0 
 

1.9 

12 Paper, printing, publishing 0.7 -0.1 0.8 5.4 0.9 2.1 
 

1.5 

13 Petroleum & coal products -3.0 -8.9 -8.2 -2.6 -1.4 1.2 
 

-4.4 

14 Chemicals 3.1 0.2 3.0 5.1 1.2 2.1 
 

2.3 

15 Rubber & plastics products 7.7 2.5 4.6 4.1 1.1 2.4 
 

3.5 

16 Building materials -5.2 0.0 1.3 1.9 4.2 1.0 
 

0.8 

17 Basic metals -3.6 -2.2 -3.5 4.6 -1.8 0.8 
 

-1.1 

18 Metal products 10.2 1.4 4.3 1.9 3.1 1.5 
 

3.5 

19 Industrial machinery 6.0 1.9 3.3 2.2 1.5 0.7 
 

2.5 

20 Electric equipment 4.2 -0.5 4.3 2.2 -0.8 1.1 
 

1.5 

21 Electronic & telecom. 18.0 8.9 9.2 7.1 5.9 3.1 
 

8.7 

22 Instruments & office equip. 9.7 -2.5 6.3 0.2 3.6 2.7 
 

2.8 

23 Transport equipment 1.5 3.4 3.1 0.3 3.4 2.7 
 

2.5 

24 Miscellaneous manufacturing 2.3 7.1 10.6 7.1 0.9 -3.4 
 

4.8 

25 Power, gas & water 0.6 1.1 -5.1 -3.0 1.6 -0.8 
 

-0.8 

26 Construction -2.7 -0.1 -1.2 -2.5 0.9 -2.1 
 

-1.0 

27 Wholesale & retails -6.6 -8.9 -0.3 -0.2 5.1 2.8 
 

-1.8 

28 Hotels & restaurants -2.8 -3.8 0.3 -3.2 1.5 0.7 
 

-1.4 

29 Transport, storage & post -0.7 -1.8 -2.6 -2.6 0.9 1.0 
 

-1.1 

30 Info. & computer services 1.7 -7.6 11.6 -13.6 3.1 0.3 
 

-1.2 

31 Financial intermediation 12.7 0.6 -2.1 3.5 -2.1 0.9 
 

1.7 

32 Real estate services -0.8 8.4 -1.5 -7.1 -7.5 -10.6 
 

-2.1 

33 Business services  4.7 -6.6 4.4 -3.9 -7.1 -2.6 
 

-2.5 

34 Government services -2.8 2.2 0.7 -0.3 -4.4 -3.8 
 

-1.0 

35 Education -1.7 -4.2 -9.9 -10.3 1.4 -0.1 
 

-4.3 

36 Health care & social security 0.9 -1.2 -14.2 -6.2 -1.2 -4.6 
 

-4.3 

37 Other services -0.9 -8.6 -0.4 -1.2 0.1 0.7 
 

-2.3 

  
            

 
  

 
Total Economy (actual) 2.0 -2.3 1.4 1.5 2.2 1.3 

 
0.8 

 

Total Economy (without 
factor misallocation) 

3.0 
 

-0.9 
 

1.6 
 

1.7 
 

1.8 
 

1.4 
 

 

1.2 
 

 

Total Economy TFP loss (due 
to misallocation) 

-1.0 
 

-1.4 
 

-0.2 
 

-0.2 
 

0.4 
 

-0.1 
 

 

-0.5 
 

Source: Authors’ estimation.  
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TABLE A2-1 
TECHNICAL CHANGE COMPUTED USING THE GEOMETRIC MEAN OF THE UPPER AND LOWER BOUNDS OF THE "TRUE" INDEX  

(% P.A.) 

  
1980-84 1984-91 1991-96 1996-01 2001-07 2007-10 

 
1980-2010 

1 Agriculture 3.7 -1.8 -0.4 1.1 3.7 0.3 
 

1.0 

2 Coal mining -1.1 1.0 0.7 8.6 -4.1 -0.3 
 

0.8 

3 Oil & gas excavation -21.1 -4.7 -14.3 -2.3 -4.8 -0.2 
 

-7.7 

4 Metal mining -2.9 -2.8 6.2 14.7 -3.2 3.0 
 

2.1 

5 Non-metallic mining 8.7 2.7 9.6 3.9 4.2 1.7 
 

5.1 

6 Food & allied products 8.9 0.1 1.7 3.1 3.1 2.8 
 

2.9 

7 Tobacco -6.3 8.3 8.1 2.6 8.3 9.6 
 

5.5 

8 Textiles 2.9 2.0 4.3 2.5 2.3 1.5 
 

2.6 

9 Apparel 4.0 6.5 5.7 0.4 3.1 3.6 
 

4.0 

10 Leather goods 0.5 3.8 2.6 0.9 3.3 3.4 
 

2.5 

11 Saw mill products 2.0 0.0 9.3 5.6 3.6 3.0 
 

3.7 

12 Paper, printing, publishing 2.2 2.0 2.6 6.4 2.7 2.9 
 

3.1 

13 Petroleum & coal products -5.3 -6.7 -6.4 -1.6 0.3 2.2 
 

-3.3 

14 Chemicals 5.3 2.1 5.0 5.6 3.0 3.0 
 

3.9 

15 Rubber & plastics products 10.1 4.3 6.4 5.3 2.5 3.4 
 

5.1 

16 Building materials -2.8 2.4 4.3 1.5 6.1 2.4 
 

2.6 

17 Basic metals -2.6 -0.9 -2.6 5.4 0.2 1.5 
 

0.1 

18 Metal products 11.4 3.3 6.5 2.5 4.5 2.7 
 

5.0 

19 Industrial machinery 8.0 3.3 4.3 3.0 3.7 2.0 
 

4.0 

20 Electric equipment 8.7 1.8 6.5 3.3 1.6 2.9 
 

3.8 

21 Electronic & telecom. 23.5 10.9 11.7 10.0 8.1 4.0 
 

11.3 

22 Instruments & office equip. 13.8 -0.5 7.8 1.1 5.8 4.0 
 

4.8 

23 Transport equipment 3.8 4.9 5.7 1.4 5.7 4.9 
 

4.5 

24 Miscellaneous manufacturing 4.2 10.9 12.6 5.9 3.5 -6.7 
 

6.2 

25 Power, gas & water 1.6 2.1 -4.0 -1.6 3.2 -1.0 
 

0.3 

26 Construction -2.1 0.3 0.5 -1.7 2.1 -0.5 
 

-0.1 

27 Wholesale & retails -4.7 -6.4 1.1 2.3 6.7 8.3 
 

0.6 

28 Hotels & restaurants -1.5 -3.0 1.9 -0.4 4.1 2.5 
 

0.4 

29 Transport, storage & post 2.1 1.5 -0.5 -0.2 3.0 2.3 
 

1.3 

30 Info. & computer services 3.1 -3.8 15.9 -2.0 6.6 2.9 
 

3.5 

31 Financial intermediation 14.8 12.9 4.5 3.0 4.9 6.8 
 

7.9 

32 Real estate services 1.1 11.3 5.5 -0.2 -1.0 -4.2 
 

3.0 

33 Business services  5.8 -6.4 5.5 -0.2 -1.1 -0.2 
 

-0.1 

34 Government services -2.8 2.8 1.3 0.2 -4.2 -3.6 
 

-0.7 

35 Education -1.1 -4.0 -9.4 -10.4 1.9 0.5 
 

-4.0 

36 Health care & social security 1.0 -0.9 -13.6 -6.0 0.1 -3.8 
 

-3.7 

37 Other services 1.3 -6.2 3.4 2.1 1.0 2.3 
 

0.1 

  
            

 
  

 
Total Economy 5.5 1.4 5.7 4.9 7.8 5.8 

 
5.0 

Source: Authors’ estimation.  
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TABLE A2-2 
ORGANIZATIONAL CHANGE COMPUTED USING THE GEOMETRIC MEAN OF THE UPPER AND LOWER BOUNDS OF THE "TRUE" INDEX  

(% P.A.) 

  
1980-84 1984-91 1991-96 1996-01 2001-07 2007-10 

 
1980-2010 

1 Agriculture 18.2 13.5 11.1 13.2 14.1 8.0 
 

13.3 

2 Coal mining 1.3 1.2 1.6 1.9 2.7 2.8 
 

1.9 

3 Oil & gas excavation 1.9 1.6 1.6 1.5 1.3 0.9 
 

1.5 

4 Metal mining 0.7 0.6 1.2 1.2 1.8 2.1 
 

1.2 

5 Non-metallic mining 1.6 1.5 1.6 3.2 3.6 4.4 
 

2.5 

6 Food & allied products 0.3 0.2 0.3 0.3 0.5 0.5 
 

0.3 

7 Tobacco 0.5 0.7 1.0 0.8 0.8 0.8 
 

0.8 

8 Textiles 0.4 0.2 0.4 0.3 0.3 0.3 
 

0.3 

9 Apparel 1.6 1.0 1.2 0.7 1.2 1.4 
 

1.2 

10 Leather goods 0.7 0.8 0.8 0.5 0.5 0.6 
 

0.7 

11 Saw mill products 0.0 0.1 0.3 0.3 0.2 0.3 
 

0.2 

12 Paper, printing, publishing 0.5 0.5 0.7 0.7 0.6 0.5 
 

0.6 

13 Petroleum & coal products 0.9 1.3 1.0 1.6 2.4 2.5 
 

1.6 

14 Chemicals 0.4 0.4 0.5 0.4 0.6 0.5 
 

0.5 

15 Rubber & plastics products 0.5 0.5 0.7 0.8 0.7 0.6 
 

0.6 

16 Building materials 0.4 0.4 0.6 0.5 0.5 0.4 
 

0.5 

17 Basic metals 0.5 0.6 0.7 1.4 1.8 1.7 
 

1.1 

18 Metal products 0.4 0.5 0.8 0.6 0.8 1.3 
 

0.7 

19 Industrial machinery 0.3 0.3 0.5 0.4 0.2 0.3 
 

0.3 

20 Electric equipment 0.3 0.3 0.4 0.3 0.1 0.1 
 

0.3 

21 Electronic & telecom. 0.3 0.3 0.4 0.4 0.2 0.2 
 

0.3 

22 Instruments & office equip. 1.0 0.3 0.8 0.7 0.7 0.2 
 

0.6 

23 Transport equipment 0.0 0.2 0.2 0.1 0.1 0.0 
 

0.1 

24 Miscellaneous manufacturing 2.4 3.3 2.3 2.0 2.5 2.1 
 

2.5 

25 Power, gas & water 0.6 0.6 0.8 0.3 0.6 0.9 
 

0.6 

26 Construction 0.4 0.3 0.4 0.7 0.9 0.3 
 

0.5 

27 Wholesale & retails 5.4 4.2 3.6 5.1 3.9 5.9 
 

4.5 

28 Hotels & restaurants 0.5 0.4 0.3 0.4 0.3 0.4 
 

0.4 

29 Transport, storage & post 1.4 0.8 0.9 0.5 0.8 0.9 
 

0.9 

30 Info. & computer services 2.8 2.9 5.0 6.9 5.5 7.0 
 

4.8 

31 Financial intermediation 8.5 6.3 6.2 5.9 4.3 8.2 
 

6.3 

32 Real estate services 1.4 2.8 2.1 1.3 1.7 1.5 
 

1.9 

33 Business services  0.0 0.1 0.1 0.2 0.3 0.3 
 

0.1 

34 Government services 1.6 1.2 1.2 1.2 1.2 1.3 
 

1.3 

35 Education 1.4 1.7 2.4 3.3 2.8 2.3 
 

2.3 

36 Health care & social security 0.6 0.5 0.4 0.6 0.6 0.6 
 

0.5 

37 Other services 5.1 3.6 4.6 4.9 5.9 5.5 
 

4.8 

  
            

 
  

 
Total Economy 6.2 3.8 2.8 3.7 3.9 3.1 

 
3.9 

Source: Authors’ estimation.  

 



23 

 

 

TABLE A3 
SCALE DISECONOMIES EFFECT COMPUTED USING THE GEOMETRIC MEAN OF THE UPPER AND LOWER BOUNDS OF  

THE "TRUE" INDEX (% P.A.) 

  
1980-84 1984-91 1991-96 1996-01 2001-07 2007-10 

 
1980-2010 

1 Agriculture -1.8 -0.4 -0.4 -0.2 0.1 0.0 
 

-0.4 

2 Coal mining -0.3 -0.1 -0.2 -0.5 -2.6 -2.9 
 

-1.0 

3 Oil & gas excavation -4.8 -5.0 -4.3 -2.6 -8.4 -0.9 
 

-4.7 

4 Metal mining -0.9 -1.2 -1.4 -0.5 -4.2 -2.7 
 

-1.8 

5 Non-metallic mining -1.6 -3.1 -2.6 -0.1 -1.9 -0.5 
 

-1.8 

6 Food & allied products -1.5 -1.1 -1.0 -0.8 -1.9 -1.3 
 

-1.3 

7 Tobacco -13.7 -8.6 -1.0 -0.2 -7.3 -2.9 
 

-5.8 

8 Textiles -0.7 -1.3 -0.8 -0.1 -1.4 -0.6 
 

-0.9 

9 Apparel -1.7 -2.1 -2.4 -0.4 -1.5 -0.6 
 

-1.5 

10 Leather goods -0.8 -1.7 -2.2 -0.3 -1.5 -0.7 
 

-1.3 

11 Saw mill products -1.7 -1.4 -3.0 -1.5 -2.0 -0.9 
 

-1.8 

12 Paper, printing, publishing -1.5 -2.0 -1.9 -1.0 -1.8 -0.8 
 

-1.6 

13 Petroleum & coal products 2.2 -2.2 -1.7 -0.9 -1.6 -1.1 
 

-1.1 

14 Chemicals -2.1 -1.9 -1.9 -0.6 -1.8 -0.9 
 

-1.6 

15 Rubber & plastics products -2.2 -1.8 -1.7 -1.3 -1.3 -0.9 
 

-1.6 

16 Building materials -2.4 -2.2 -3.1 0.4 -1.9 -1.4 
 

-1.8 

17 Basic metals -1.0 -1.3 -0.9 -0.7 -1.9 -0.7 
 

-1.2 

18 Metal products -1.2 -1.9 -2.2 -0.6 -1.4 -0.9 
 

-1.4 

19 Industrial machinery -2.0 -1.4 -1.0 -1.0 -2.1 -1.2 
 

-1.5 

20 Electric equipment -4.5 -2.3 -2.3 -1.0 -2.3 -1.7 
 

-2.3 

21 Electronic & telecom. -5.4 -2.0 -2.5 -2.9 -2.2 -1.0 
 

-2.6 

22 Instruments & office equip. -4.4 -2.0 -1.4 -0.9 -2.3 -1.3 
 

-2.0 

23 Transport equipment -2.3 -1.5 -2.6 -1.1 -2.3 -2.2 
 

-1.9 

24 Miscellaneous manufacturing -1.7 -4.0 -2.1 1.5 -2.8 3.5 
 

-1.5 

25 Power, gas & water -0.9 -1.0 -1.2 -1.3 -1.6 0.3 
 

-1.1 

26 Construction -0.6 -0.4 -1.6 -0.9 -1.3 -1.6 
 

-1.0 

27 Wholesale & retails -1.4 -3.2 -1.3 -2.2 -1.6 -4.1 
 

-2.3 

28 Hotels & restaurants -1.4 -0.8 -1.5 -2.9 -2.5 -1.8 
 

-1.8 

29 Transport, storage & post -2.8 -3.3 -2.3 -2.3 -2.2 -1.3 
 

-2.5 

30 Info. & computer services -1.7 -3.6 -3.8 -11.5 -3.5 -2.6 
 

-4.6 

31 Financial intermediation -2.3 -12.3 -7.1 -0.2 -6.3 -5.9 
 

-6.3 

32 Real estate services -1.8 -2.6 -7.4 -6.9 -6.5 -6.4 
 

-5.2 

33 Business services  -1.1 -0.2 -1.0 -3.7 -6.0 -2.5 
 

-2.4 

34 Government services -0.1 -0.5 -0.7 -0.3 -0.4 0.0 
 

-0.4 

35 Education -0.7 -0.2 -0.2 0.0 -0.5 -0.6 
 

-0.3 

36 Health care & social security -0.2 -0.3 -0.6 -0.3 -1.3 -0.7 
 

-0.6 

37 Other services -2.6 -2.4 -4.0 -2.4 -1.1 -2.3 
 

-2.4 

  
            

 
  

 
Total Economy -3.6 -4.0 -4.5 -3.0 -5.8 -4.4 

 
-4.3 

Source: Authors’ estimation.  
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TABLE A4 
MISALLOCATION EFFECTS WITHIN INDUSTRIES ON TFP LEVEL COMPUTED USING THE GEOMETRIC MEAN OF THE UPPER AND LOWER 

BOUNDS OF THE "TRUE" INDEX (% P.A.) 

  
1980-84 1984-91 1991-96 1996-01 2001-07 2007-10 

 
1980-2010 

1 Agriculture -17.8 -12.9 -10.9 -14.3 -13.1 -7.0 
 

-12.9 

2 Coal mining -1.3 -1.2 -1.6 -2.4 -2.6 -3.0 
 

-1.9 

3 Oil & gas excavation -1.6 -1.8 -1.3 -1.6 -1.1 -1.1 
 

-1.5 

4 Metal mining -0.6 -0.6 -1.4 -1.2 -1.9 -1.9 
 

-1.2 

5 Non-metallic mining -1.6 -1.7 -1.4 -3.7 -3.6 -4.3 
 

-2.6 

6 Food & allied products -0.3 -0.2 -0.4 -0.3 -0.5 -0.5 
 

-0.3 

7 Tobacco -0.6 -0.7 -1.0 -0.8 -0.8 -0.8 
 

-0.8 

8 Textiles -0.5 -0.2 -0.4 -0.3 -0.3 -0.4 
 

-0.3 

9 Apparel -1.5 -1.1 -1.1 -0.7 -1.2 -1.8 
 

-1.2 

10 Leather goods -0.7 -0.9 -0.7 -0.5 -0.5 -0.7 
 

-0.7 

11 Saw mill products 0.0 -0.1 -0.4 -0.3 -0.2 -0.2 
 

-0.2 

12 Paper, printing, publishing -0.5 -0.6 -0.7 -0.7 -0.6 -0.5 
 

-0.6 

13 Petroleum & coal products -0.8 -1.3 -1.1 -1.7 -2.5 -2.4 
 

-1.6 

14 Chemicals -0.5 -0.4 -0.5 -0.4 -0.7 -0.4 
 

-0.5 

15 Rubber & plastics products -0.6 -0.6 -0.7 -0.7 -0.7 -0.7 
 

-0.6 

16 Building materials -0.4 -0.5 -0.5 -0.5 -0.5 -0.5 
 

-0.5 

17 Basic metals -0.6 -0.7 -0.6 -1.5 -1.9 -1.7 
 

-1.1 

18 Metal products -0.5 -0.5 -0.7 -0.6 -0.8 -1.5 
 

-0.7 

19 Industrial machinery -0.4 -0.3 -0.5 -0.3 -0.2 -0.4 
 

-0.3 

20 Electric equipment -0.3 -0.3 -0.3 -0.3 -0.1 -0.1 
 

-0.3 

21 Electronic & telecom. -0.3 -0.3 -0.4 -0.3 -0.2 -0.2 
 

-0.3 

22 Instruments & office equip. -0.8 -0.3 -0.9 -0.7 -0.6 0.0 
 

-0.6 

23 Transport equipment -0.1 -0.2 -0.2 -0.1 0.0 0.0 
 

-0.1 

24 Miscellaneous manufacturing -2.5 -3.1 -2.2 -2.2 -2.4 -2.2 
 

-2.5 

25 Power, gas & water -0.7 -0.6 -0.6 -0.4 -0.7 -0.9 
 

-0.6 

26 Construction -0.4 -0.3 -0.5 -0.7 -0.8 -0.3 
 

-0.5 

27 Wholesale & retails -5.9 -3.5 -3.8 -5.3 -4.0 -7.3 
 

-4.6 

28 Hotels & restaurants -0.4 -0.3 -0.4 -0.4 -0.3 -0.5 
 

-0.4 

29 Transport, storage & post -1.4 -0.8 -0.8 -0.6 -0.8 -0.9 
 

-0.8 

30 Info. & computer services -2.6 -3.2 -5.5 -7.0 -5.5 -7.0 
 

-5.0 

31 Financial intermediation -8.4 -6.3 -5.8 -5.2 -5.0 -8.2 
 

-6.2 

32 Real estate services -1.5 -3.0 -1.7 -1.3 -1.7 -1.5 
 

-1.9 

33 Business services  -0.1 -0.1 -0.1 -0.2 -0.3 -0.2 
 

-0.2 

34 Government services -1.6 -1.3 -1.1 -1.4 -1.1 -1.5 
 

-1.3 

35 Education -1.3 -1.8 -2.6 -3.2 -2.7 -2.3 
 

-2.3 

36 Health care & social security -0.6 -0.5 -0.5 -0.5 -0.6 -0.6 
 

-0.5 

37 Other services -4.7 -3.6 -4.4 -5.7 -5.6 -4.8 
 

-4.8 

  
            

 
  

 
Total Economy -6.1 -3.5 -2.6 -4.1 -3.7 -3.2 

 
-3.8 

Source: Authors’ estimation.  
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APPENDIX FIGURES 
 

FIGURE A1 
TFP GROWTH AGAINST TECHNICAL CHANGE AT THE SECTORAL LEVEL OF THE CHINESE ECONOMY, 1980-2010 

(% P.A.) 
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FIGURE A2 
TFP GROWTH AGAINST OUTPUT LOSSES DUE TO DISECONOMIES OF SCALE AT THE SECTORAL LEVEL OF  

THE CHINESE ECONOMY, 1980-2010 
(% P.A.) 
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FIGURE A3 
TFP GROWTH AGAINST OUTPUT LOSSES DUE TO MISALLOCATION OF RESOURCES AT THE SECTORAL LEVEL OF  

THE CHINESE ECONOMY, 1980-2010 
(% P.A.) 
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APPENDIX 

A reformulation of TFP growth accounting 

(This methodological appendix has over 2000 words. Can we consider indicating some of the 

contents publishable, i.e. not only for the referees?) 

The traditional growth accounting is based on the following hypotheses: 

H1: Firms operate in free and competitive markets in all sectors of the economy. 

H2: The technology of production is characterized by constant returns to scale.  

H3: The firms are technically and allocation efficient.  

H4: Pure profits are always equal to zero (so that the ex-post and ex-ante user costs of capital 

coincide implying that 1) the internal rate of return is equal to the market rate of return of 

competing investments, 2) the average total cost of production is equal to production price 

prevailing on the market. 

The extended growth accounting applied here is based on the following more general 

hypotheses: 

H1*: Firms operate in some sectors in free and competitive markets, whereas many others 

operate in sectors where the markets are subjected directly or indirectly to the State control.  

H2*: The technology of production is locally characterized by non-constant returns to scale 

in many sectors of the economy. 

H3*: Technical and allocative inefficiency may occur in production units.. 

H4*: Non-zero pure profits are registered in the economic accounts at industry level.      

 

A general formulation of TFP growth accounting 

Let us consider that one output y is produced using the technology at period t by N inputs x1, 

x2, ..., xN. Given the respective input prices w1 w2 ... wN, the production price is p = μ· c, where μ 

is the markup of the output producer price over the average total cost c. Therefore (omitting, 

for the moment, the time superscript), 

(1)                                                 i ii

p c y

p y c y w x 



                                                     

If input quantities and prices can be aggregated as functions of only quantities and prices, 

respectively, then 
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(2)                                             ( ) ( )

iii
w x

p y W X



   



w x       

As shown by Shephard (1953), the functions W and X are conjugate in the sense that their 

functional forms are related to each other so that equality (2) holds over the relevant domain 

of w and x. 

Defining the ratio  y/X(x)  as total factor productivity (TFP), we can rewrite (A2) as 

(A3)                                             
1

( ) ( )

y

p

c

p y W TFP X
TFP

   w x      

Thus, from (A3), we have the equivalence between the so-called primal and dual measures of 

TFP 

(A4)                                                  

   Primal Dual
measure measure

( )

( )

y W
TFP

X p
  

x

x
     

  

Accounting for TFP changes 

Absolute changes in output quantity (dy) can be decomposed into two elements: (i) technical 

change and (ii) changes in input quantities, that is 

 

                                             

 Change Change due to
due to changes in inputs

d d d ii
i

TC

y y
y T x

T x

 
   
 

  

 

Dividing through by y, the foregoing equation becomes 

                                

Relative change Relative change in 
of  due to due to changes in inputs

( )

1
d i

ii
i

y
y TC

TC

xy y
y T x

y T x y
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And, assuming that the producer optimizes its factor demand, the real factor rewards are 

equal to the respective factor marginal productivities (that is for each ith factor 

/ / ),i iy x w p    then  

                                           
1 i ii i

i
i

w xxy C

x y py R





    




  

Equation (  ) becomes 

                                 Inverse mark-up
   Weighted average of
relative changes in inputs

j jj i i
ii

j jj

X

w x w x
y TC x

py w x

TC X

   

  





 

Where   i i
ii

j jj

w x
X x

w x
 


, which has a meaning of pure aggregate of input quantity 

changes if it is path-independent from relative input price changes.  

 Since, from (A4) 

                                                           y TFP X   

and setting ( 1)S X  , total factor productivity change can be decomposed into 

technological change and scale effects , that is 

     TFP TC S   

 

The real income distribution of gains from technology and productivity growth 

The dual measures of TC can be also derivable using the profit function defined as 

 ,( , , ) max : ( )  ; y Np t p y f y      
x

w w x x x 0 .  Let us start from its total differentiation 

 

d

d ( , , ) d d dnn
n

fp t
t

p t p w t
p w t

  





  
    
  

w  

Using Hotelling-Shephard’s lemma, this becomes 
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d

d d d d dn
n n nn n

f
p t

t

xy
y p x w p t w t

t t






       

 
   

 

Rearranging terms, after a simple algebraic manipulation, yields 

 

d

d d1 1 1
d d ( ) ( ) d ( ) ( )n n

n n n nn n
n n

fp t
t

w x
py p w x py y w x

p w y x
 






              

The instantaneous relative rate of change of production due to technical change and the 

distribution of the gains are obtained by dividing the foregoing equation through by p y  and 

rearranging, thus obtaining  

Price component Quantity component 
of unit profit change     of unit profit change

Primal measuDual measure of TC

py WX py WX
p W y X

py py

 


   

 
 
    

        
    

 
 

re of TC

 

 

Dual measure of 
Primal measure of 

( ) ( )

TC
TC

C
p W p y k X

R R


        

 

where 
d

,n n n

n
i i ii

w x w
W

w x w


 





  which has a meaning of a pure aggregate of input price 

changes if it is path-independent from relative input quantity changes. 

 

The primal measure of technological change (TC ) component of TFP is represented in the 

right-hand side and the dual measure of TC  in the left-hand side of the foregoing equation.  

We can interpret the left-hand side of the foregoing equation as the rate of change of output 

attributable to technological change only. 

 

Since C W X  , dividing through this identity by y and taking the instantaneous rate 

of changes of all these variables yields 

 

TFP

y X W c W p C R        
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where  
C

c k p
y

     with 
C

k
R

 . 

 

Therefore  

(1 )

d / d
( )

d
(1 )

TFP
TC

RS TFP TC k X

t
W p C R kW p

R

C
k W C

R



   

 
       

 

   

 

 

In equilibrium, in a perfectly competitive economic environment and with constant returns to 

scale,  k =1  since R = C  ( 0),   c = p, and both additive elements of the right-hand side of 

the foregoing equation are null. Under these conditions, it is immediate to see that the general 

derivation of TC  given above collapses the following equality traditional used in TFP 

growth accounting:  

 

Dual measure Primal measure
 of   of 

.

TFP TC TFP TC

W p y X
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Table A1. Formulas of relative TFP changes in instant time and its components (TC and RS)  

 Variable Primal approach Dual approach 

 

 (1)  =  

(2) + (3) 

     

TFP  
 

TC RS   

 

               y X  

        ( )n nn
s y x   

                     

W c  

= R C W p    
( )n nn

R C s w p     

                   

 

(2)  =  

(1) - (3) 

      

   

TC TFP RS   

 

              y k X   
 

           

d C
p W

R R


   

 

 

(3)  = 

(1)-(2) 

      

   RS  
TFP TC   

 

             ( 1)k X   

           

d
1

C C
C W

R R

 
    

 
 

 

Legenda:   

t

n nn
W s w , t

n nn
X s x , 

t t t t
t n n n n
n t t

n nn

w x w x
s

w x W X
 

  

List of variables: 

C W X  :  Nominal  total costs of production 

W  :  Aggregate factor price level   

X :  Aggregate factor input quantity level 

R p y    :   Nominal total revenues  

p  :  producer price level 

y :  output quantity level  

 R C    :  Nominal pure profits 

 

W X
c p k

y


  

 

 

 

W X C
k

p y R
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Traditional bilateral index number index numbers 

Laspeyres-type index numbers 

The Laspeyres measure of incremental output due to TC is the following:   

0 1 0 10 1 1 0
0,1

0 0 0 0 1 0 1 0 0 0 0 0 0

1 0 1 0
Paasche price component of Laspeyres (implicit Paasche) 

/ quantity component of /

/ 1 1
i ii

L

i i i ii i

p y w x
TC

p y p y w x p y p y w x

   

   




  
  
   
    
  
 
 

   


 






 

                                          

0 1 0 1 0 11
0 0

0 0 0 0 0
(1 ) 1 1

i i i ii i

i ii

p y w x w xy

p y y w x
 

    
              

 
  

0 0 0
0 0

0 0 0 0
where    and  (1 ) .

i ii
w x

p y p y


   



 

Hence, the Laspeyres-based index number of technical change is  

1 1 0 1 0 1 0
0,1

1 1 0 1 0 0,1 0 1

0

0 0

/ / /

/ /
1 1

L

Lx Lx L i ii

j jj

y y y y y y y
TC

y y y y y TC w x

w x




   
  

   
 
 




 

1 0
0.1 0,1 0

0 1

0 0

/
where    if  the returns to scale are constant, that is 1.L L

i ii

i ii

y y
TC TFP

w x

w x

  



 

Moreover, it is immediate to note that, irrespective of the value of 
0 ,  the denominator of the 

foregoing 0,1

LTC  formula is equal to unity if the input volume does not change 

0 1

0 0
if 1 .

i ii

j jj

w x

w x

 
 
 
 




 In this case, the entire change in the output quantity is attributed to 

technical change, that is 0,1 1 0/ .LTC y y
  

Finally, the Laspeyres-based index number of scale effects is given by 

0 0

0,1 0,1 0,1 0 0

0 1
/ (1 )

ii
L L L

i ii

w x
RS TFP TC

w x
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0 0

0

0 1
1 1 (1 )

ii

i ii

w x

w x


 
    

 
 




 

 

Paasche-type index numbers 

The Paasche measure of the incremental output due to TC can be derived with the following 

procedure.  

1 0 1 0 1 0 1 0 1 0 1 0 1 1 1 11
0,1

1 0 0 0 0 0 0 1 0 1 0 1 0

 
1 0

Laspeyres price component of Paasche (implicit Laspeyres) 
/ quan

/ 1
i i i i i i i ii i i i

K

i i i ii i

p y w x p y w x p y w x p y w x
TC

p y p y w x p y p y w x

 






 
 
        
   

    
 
 
 

   
 

1 0tity component of /

1

 

 
 
 
 
 
 
 
 

 

1 0 1 0 1 00
1 1

1 1 1 1 1
(1 ) 1 1

i i i ii i

i ii

p y w x w xy

p y y w x
 

    
              

 
  

1 1 1
1 1

1 1 1 1
where    and  (1 ) .

i ii
w x

p y p y


   



 

Hence, the Paasche-based index number of technical change:  

 

1 1 0 1 0 1 0
0,1

11 1 0 0 1 1,0 1
1 0

1

1 1

/ / /

/ [ / ]

1 1

K

Kx Kx K
i ii

j jj

y y y y y y y
TC

y y y y y TC
w x

w x






   

   
    

    




 

1 0
0.1 0,1 1

1 1

1 1

/
where    if  1.K K

i ii

i ii

y y
TC TFP

w x

w x

  



 

It is immediate to note that, irrespective of the value of 
1,  the denominator of the foregoing 

0,1

KTC  formula is equal to unity if the input volume does not change 

1 0

1 1
if 1 .

i ii

j jj

w x

w x

 
 
 
 




 In 

such case, the entire change in the output quantity is attributed to technical change, that is 
0,1 1 0/ .KTC y y  
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Finally, the Paasche-based index number of scale effects is given by 

1
0 1

0,1 0,1 0,1 1

0 0
/ 1 1 (1 )

ii
K K K

i ii

w x
RS TFP TC

w x




  
      

    




 

                                                                      

 

Fisher-type index numbers 

Taking the geometric mean of the Laspeyres- and Paasche-type index numbers yields 

Fisher’type index numbers of TFP and TC, that is 

1

0,1 0,1 0,1 2

1 0

1
0 1 1 0

0 1

0 0 1 1

                            ( )

/

1 1 1 1

F L K

i i i ii i

j j j jj j

TC TC TC

y y

w x w x

w x w x
 



 


      
            

            

 
 

 

 

1

0,1 0,1 0,1 2

1 0

1/2
0 1 1 1

0 0 1 0

( )

/

F L K

i i i ii i

i i i ii i

TFP TFP TFP

y y

w x w x

w x w x

 


 
 
 
 

 
   

 

1

0,1 0,1 0,1 2

1
1 20 0 0 1

0 1

0 1 0 0

                           ( )

1 1 (1 ) 1 1 (1 )

F L K

i ii i

i i i ii i

RS RS RS

w x w x

w x w x
 



 

        
                            

 
 

 

 

Törnqvist-type index numbers 



44 

 

The Törnqvist measure of the incremental output due to TC could be obtained by computing 

the following index numbers of price and quantity components of nominal profit changes, 

respectively given by 

0 0 1 10 0 1 1
0,1 1 0 1 0

0 1 0 1

1 1
exp ( )(ln ln ) ( )(ln ln )

2 2

i i i i
T i ii

w x w xp y p y
P p p w w

   

 
      

 
  

0 0 1 10 0 1 1
0,1 1 0 1 0

0 1 0 1

1 1
exp ( )(ln ln ) ( )(ln ln )

2 2

i i i i
T i ii

w x w xp y p y
Q y y x x

   

 
      

 
  

and, since the Törnqvist price and quantity index numbers are not dual conjugate, the primal 

and dual index numbers of TC do not coincide. By decomposing the Törnqvist-type primal 

measure, we therefore have 

 
0 0 1 1

1, 1 0 0 1 1 01

0 0 1 1

1
ln (ln ln ) ln ln

2

t t i i i
PT i i i ii

j j i ij i

w x w x
TC y y x x

w x w x
 
 
      
 
 


 

 
0 0 1 1

0,1 0 1 1 01

0 0 1 1

1
ln (1 ) (1 ) ln ln

2

i i i
T i i i ii

j j i ij i

w x w x
RS x x

w x w x
 

 
      
  


   

                

 
0 0 1 1

1, 1 0 1 01

0 0 1 1

1
ln (ln ln ) ln ln

2

t t i i i
PT i ii

j j i ij i

w x w x
TFP y y x x

w x w x


 
      
 
 


 

 

An important remark is that the primal and dual measures should be mutually consistent in 

the sense that the Laspeyres-type primal (dual) measure is conjugate (and equal to) the 

Paasche-type dual (primal) measure.  We can also take advantage of the use of both primal 

and dual compatible measures of technical change as they give us complementary 

information of the TFP growth accounting exercise. While the primal measure accounts for 

the sources of productivity growth on the side of factor quantities, the dual measure allows us 

to detect the distribution of the productivity gains between real profits and real factor 

rewards.   

 

Index numbers in the multilateral or intertemporal comparisons:  Afriat’s approach  

It is well known that all index number formulas devised so far in the literature fail to satisfy 

at least one of the economic requirements in the context of multilateral comparisons. The 

approach due to Sydney Afriat
17

 is based on the rejection of the use of one single formula. It 

relies, instead, on a computational method. This can be described as follows.   

                                                           
17

   See Afriat and Milana (2009) and Afriat (2012) for references. 
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 Let us start with the matrices of bilateral Laspeyres (L) and Paasche (K) index 

numbers comparing aggregate prices at the point of observation i relative to those at point j,  

for i,j =1, 2, …, N.  They are respectively 

 

11 12 1

21 22 2

1 2

...

...

... ... ... ...

...

N

N

N N NN

L L L

L L L

L L L

 
 
 
 
 
 

L      and   

11 12 1

21 22 2

1 2

...

...

... ... ... ...

...

N

N

N N NN

K K K

K K K

K K K

 
 
 
 
 
 

K

 
 

where 
i j

ij j j
L 

p q

p q
, and  

i i

ij j i
K 

p q

p q

1

jiL
 . Obviously, 

1
ij

ji

K
L

  and 1ii iiL K  . 

  The Laspeyres and Paasche index numbers are usually considered as two alternative 

measures of the unknown “true” index number ijP  which can be seen as an aggregation of the 

elementary price ratios /i j
r rp p  or, alternatively, as

 
a ratio of aggregate price levels, 

i.e. / ,ij i jP P P  where iP  and jP  are “true” aggregate price levels at the ith and jth points of 

observation.  The price level ratio, always respects, by construction, the “base reversal” test, 

that is 1/ ,ij jiP P and the “circularity” test, that is .it tj ijP P P   By contrast, in the general 

case where the elementary price ratios and the relative quantity weights change, the 

Laspeyres and Paasche indices fail to be “base-“ and “chain-consistent”, that is 

1/ ,ij ji ijL L K 

 
it tj ijL L L   and it tj ijK K K  . Even more unacceptable is well-known failure 

of chained indexes to return on the previous levels if all elementary prices go back to their 

older levels (the so-called “drift effect”): 1.it ti iiL L L  
 
and 1.it ti iiK K K  

 
These failures 

make the two index number formulas, like all the other alternative formulas, unsuitable to 

represent a price index. Nevertheless, as we shall see below, they are useful for testing the 

existence of the “true” price index and constructing its consistent bounds.  

  The so-called LP-inequality condition is that ij ijL K  on the purchaser’s side 

( ij ijL K on the supplier’s side) is necessary and sufficient for the existence of a “true” price 

index number ijP  with a numerical value falling between the Laspeyres and Paasche indices.  

If this condition is not satisfied for all pairs of observation, then a correction of the data for 

possible inefficiency can be devised and/or an alternative more general model using a wider 

or different set of variables could be considered.   
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   If the LP-inequality condition is satisfied for all pairs of points of observation, let us 

define, in the purchaser’s case (following Afriat, 1981, 1984, p. 47, 2005, p. 167, 2008), 

 

(11.1)     ...
min ...ij ik kl mj
kl m

M L L L            (minimum chained Laspeyres price index number) 

(11.2)     ...
max ...ij ik kl mj
kl m

H K K K = 
1

jiM
 (maximum chained Paasche price index number) 

 

so that we have tighter bounds with ij ij ij ij ijL M P H K     for i j  and 

1.ii ii ii ii iiL M P H K      In the case of supplier, the inequality signs and the “min/max” 

problems are reversed. 

 The efficient computation procedure is based on the application of Edmunds’ (1973) 

minimum path and Bainbridge’s (1978) power algorithm to the Laspeyres matrix L for all 

compared years as adapted by Afriat (1979)(1980b)(1981)(1982) for the identification of  the 

optimized chained indexes. It consists in raising the Laspeyres matrix to powers N times, with 

N being the number of the compared observation points (6 years in the case of Fisher’s data), 

in a modified arithmetic where + means min. In this special arithmetic, the resulting matrix M 

(corrected for inefficiency) remains unchanged if multiplied further by L, that is 

N N+1 M  L  = L = M L  .  

  If the LP-inequality condition is not satisfied for some or all pairs of points of 

observation, then we could “correct” the data for inefficiency.  Diagonal elements 1iiM    

and  1iiH    tell the inconsistency of the system.  

A critical efficiency parameter 
*e  can be found for correction of the L matrix.  For any 

element 1iiM  , let id  represent the number of nodes in the path ...i i , then  

 

(11.3)                                                                

1

( ) id
i iie M  

 

                                                    

If 1iiM  , let ie  take the value of 1  and then the critical efficiency parameter is determined 

as  

(11.4)                                                                
* mini ie e  

 

The adjusted Laspeyres matrix is obtained as  
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(11.5)                                                   
* */ij ijL L e         for  i j  

 

 

and the procedure goes on as before with 
*L in place of the original L.   

However, the optimized chained Laspeyres and Paasche indexes (the elements of the 

matrices L and M, respectively) are still intransitive – like any other chained index – since 

they exhibit the triangle inequalities it tj ijM M M
 

and .it tj ijH H H  The matrix of the 

geometric mean elements 1/2( )ij ijM H  proposed by Afriat 2008) and used by Afriat and 

Milana 2009) in practical illustrations may turn out to be only approximately transitive. 

 

Proposed solution of the index number problem in the multilateral context 

The chain-consistent (transitive) tight bounds are “true” index numbers themselves. They can 

be derived by adopting the following new procedure. Let us assume, without loss of 

generality, that all prices are normalized with an arbitrary aggregate price level, say for 

example 1,P and define the maximum and minimum price levels    

(12.1)   ( 1) 1 ( 1) 1(max  / ) = (max  )i t it i t i t it t i ip M M p M H p           for i = 2, 3, ..., N; t = 1, 2, ..., 

N 

 

 (12.2)  ( 1) ( 1)(min / ) (min )i t it i t i t it t i ip H H p H M p               for  i = 2, 3, ..., N; t = 1, 2, ..., 

N 

 

with  1P  and 1P   being equal to 1. 

 The chain-consistent bounds of the “true” index numbers are therefore obtained as  

 

(12.3)                                                
/ij i jP p p     and   /ij i jP p p

 

 

With only to observation points ( 2)N  , the index-number problem of a consumer is solved 

by finding the following bounds: 

 

(12.4)                              

12

21

1

1
ij

K
P

L

 
     

 
P     and  12

21

1

1
ij

L
P

K

 
     

 
P  

 

With 4 observation points, after reordering their sequence of comparison conveniently, we 

might obtain 
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(12.5)                                

12 12 23 12 23 34

21 23 23 34

32 21 32 34

43 32 21 43 32 43

1

1

1

1

K K K K K K

L K K K

L L L K

L L L L L L

 
 
 
 
 
 

P    

 

 

and  

(12.6)                                   

12 12 23 12 23 34

21 23 23 34

32 21 32 34

43 32 21 43 32 43

1

1

1

1

L L L L L L

K L L L

K K K L

K K K K K K

 
 
 
 
 
 

P  

 

Chain-consistent bounds of quantity indices can be obtained by using a similar procedure 

directly or implicitly by deflating the nominal total expenditure by means of the respective 

consistent bounds ijP  and ijP .  In fact, it is well known (see, for example, Prasada Rao and 

Banerjee, 1986) that, if price and quantity index numbers are constructed as ratios between 

levels of aggregate prices and quantities respectively, they satisfy all Fisher’s tests including 

transitivity.  

Finally, if the correction of the data for allocative inefficiency leads to a wide gap 

between the upper and lower bounds, the geometric mean of these two bounds 
0.5( )ij ijP P  could 

still yield sensible solutions satisfying all Fisher’s tests..     
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Table 1. Growth accounting with traditional Tornqvist index numbers and "True" index numbers (unit rates of change) - 

China, 1987-2009 

                                   Tornqvist index numbers                                  

  Year   Output           All              K       L       M              TFP           "True"   "True" TFP      "True" TC 

                         Inputs                                                        Input qty.  index          index 

        (1)=(2)+(6)       (2)             (3)     (4)     (5)             (6)             (7)       (8)            (9) 

        =(7)+(8)      =(3)+(4)+(5)    

  1987 

  1988   0.15988         0.15885         0.03556 0.00431 0.11898         0.00103         0.14023 0.01965         0.04247 

  1989   0.02787         0.30400         0.25435 0.00296 0.04670        -0.27613         0.02366 0.00421         0.00870 

  1990   0.04313        -0.48115        -0.52709 0.00228 0.04366         0.52428         0.11135-0.06822        -0.05229 

  1991   0.06121         0.06971         0.05809 0.00237 0.00925        -0.00850         0.02227 0.03894         0.04152 

  1992   0.19614         0.03277        -0.13916 0.00270 0.16923         0.16337        -0.01675 0.21289         0.20414 

  1993   0.11317         0.90669         0.81784 0.00327 0.08558        -0.79352         0.03927 0.07390         0.08070 

  1994   0.21405         0.05497        -0.01807 0.00062 0.07241         0.15908         0.28092-0.06687        -0.04736 

  1995   0.14317         0.59736         0.55757 0.00072 0.03907        -0.45419         0.00600 0.13717         0.13000 

  1996   0.04392        -0.62303        -0.62545 0.00075 0.00167         0.66695         0.31451-0.27059        -0.24082 

  1997   0.13501        -0.12324        -0.21667 0.00257 0.09085         0.25825         0.21005-0.07504        -0.04772 

  1998   0.08759        -0.00707        -0.06768-0.00601 0.06662         0.09466         0.08003 0.00756         0.01856 

  1999   0.08533         0.08042         0.01297 0.00131 0.06614         0.00491         0.07128 0.01405         0.02622 

  2000   0.14818         0.32575         0.20577-0.01149 0.13148        -0.17757         0.08667 0.06151         0.07373 

  2001   0.09492        -0.05409        -0.10659 0.00055 0.05196         0.14901         0.10411-0.00919        -0.00192 

  2002   0.00694        -0.05011        -0.01154-0.00027-0.03829         0.05705        -0.04008 0.04702         0.03576 

  2003   0.12860         0.18541         0.09320 0.00573 0.08647        -0.05681         0.09135 0.03725         0.04958 

  2004   0.12499         0.21005         0.15689 0.00771 0.04546        -0.08506         0.07380 0.05119         0.05265 

  2005   0.30759         0.19694        -0.07852 0.00548 0.26997         0.11065         0.38587-0.07828        -0.01764 

  2006   0.13456         0.09159        -0.01223 0.00620 0.09761         0.04297         0.13895-0.00439         0.01146 

  2007   0.26292         0.25289         0.02046 0.00676 0.22566         0.01003         0.26265 0.00027         0.03361 

  2008   0.09705         0.27797         0.21449 0.00508 0.05841        -0.18092         0.03417 0.06288         0.06367 

  2009   0.09485        -0.24313        -0.31789 0.00159 0.07316         0.33798         0.15563-0.06078        -0.04323 

 

  87-09  0.12323         0.09834         0.01392 0.00205 0.08237         0.02489         0.11709 0.00614        0.019172 

 

  87-90  0.07696        -0.00610        -0.07906 0.00318 0.06978         0.08306         0.09175-0.01479        -0.00037 

  91-95  0.14555         0.33230         0.25525 0.00194 0.07511        -0.18675         0.06634 0.07921         0.08180 

  96-00  0.10001        -0.06943        -0.13821-0.00257 0.07135         0.16944         0.15251-0.05250        -0.03401 

  01-06  0.13293         0.09663         0.00687 0.00423 0.08553         0.03630         0.12567 0.00727         0.02165 

  07-09  0.15161         0.09591        -0.02765 0.00448 0.11908         0.05570         0.15082 0.00079         0.01802 

 


