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allocation is at the very centre of contemporary debates. The issue becomes even more 

relevant when directed to service activities, due to their cardinal role in modern 
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Introduction 

Efficiency may be evaluated from different perspectives, as identified in the pioneer 

work by Farell (1957). But, essentially, it reflects the ability of any organisational unit 

to benefit from proper resource allocation. Few times in recent history experimented a 

greater stress on this concept than the past five years.Owing to the still-present 

economic crisis in developed economies, the (in)efficiency of markets and countries has 

become a central issue in contemporary debates. From this, a strong need for 

measurements of efficiency at sectoral and national level arises. Measuring efficiency at 

national level allows producing benchmark figures which are a necessary tool for cross 

country comparison as well as for policy analysis and evaluation.   

This need is even more important in the case of service markets. At present, developed 

economies are service-based economies (Rubalcaba, 2007)1. Service activities represent 

around 70% of employment and GDP in developed countries. During the past three 

decades, important political and structural changes have transformed services markets 

functioning. Deregulation, privatisation and liberalisation modified services production 

and consumption. Frontiers had been opened to international competition (e.g. the 

GATS framework and all PTA agreements in services activities). Services have grown 

not at the expense of, but in close interrelation with, industrial activities within a type of 

servindustrial society (Maroto-Sánchez, 2012). Therefore, these activities have 

increasingly accounted for greater proportions of intermediate inputs (Melvin, 1989; 

PilatandWölf, 2005) with relevant effects on total productivity (Francois, 1990; 

HoekmanandMatoo, 2008). The sector has made a substantial contribution to both 

productivity and employment growth during the past decade in OECD economies 
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(OECD, 2005). While recognising substantial heterogeneity among the different service 

sub-sectors, Jorgenson and Timmer (2010) note that since the 1990s market services 

productivity growth has outweighed productivity growth in goods production in the 

United States and Japan2. It is straightforward that the monitor of services efficiency in 

production is a matter of great interest in its own right and also due to the influence that 

these activities have upon the rest of the economy. Increasing the efficiency of tertiary 

activities may lead to boosting the growth of the whole economy. 

The bulk of efficiency research has traditionally focused on firm level analyses. 

Commercial banks (Gardener et al, 2011; Abdul-Majid et al, 2011), hotels (De Jorge 

andSuárez, 2013), and retail firms (Sena, 2011; Suárezand De Jorge, 2012) have 

received a great deal of attention3.  A high number of studies have also developed cross-

country efficiency analysis for particular service sectors. This is the case of the work by 

Gupta et al. (1997) and Evans et al. (2000) on the efficiency of the health sector, which 

used a panel of 85 economies and of 191 WHO member countries, respectively. Afonso 

and St Aubyn (2005) investigated health and education efficiency in OECD countries 

using measures of expenditure and quantity inputs. Moreover, Clements (2002) 

performed an empirical study on the efficiency of education in European countries with 

a particular emphasis on transition economies. In a similar line, Sutherland and Price 

(2007) analysed educational efficiency and policy and institutional settings in OECD 

economies. However,few attempts to measure services efficiency at aggregate and 

cross-country level can be found in literature. This shortcoming may be explained by 

the lack of available aggregate data (mainly on inputs, e.g. labour and capital) allowing 

for adequately large cross sections of countries. These data limitations have only 

recently started to be overcome. One of the first estimations of efficiency by the means 

of an aggregate frontier production function was performed by Färe et al. (1994). This 
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pioneering work used non-parametric techniques to decompose productivity growth in 

17 industrialized countries into technical progress and efficiency change. More recently, 

Kumar and Russell (2002) analysed economic growth convergence taking as reference a 

production frontier function at world level estimated by non-parametric techniques. 

Both Kneller and Stevens (2003) and Kumbhakar and Wang (2005) have used a 

parametric approach for estimating a stochastic world production frontier. While the 

former considered the impact of the specification of the functional form (Cobb-Douglas 

versus Translog), the latter found evidence in favour of taking into account country 

heterogeneity when measuring technical inefficiency. To the knowledge of the authors, 

the only work performing a cross-country efficiency comparison of aggregate services 

sectors is represented by Navarro and Martín (2011). This research applied non- 

parametric techniques to calculate technical efficiency of total sectors, total services and 

16 categories (of which 10 correspond to services activities) in OECD countries in 

2006. It is found that the average efficiency level reached in the aggregated service 

sector by the countries included in the sample is around 57% being Estonia, 

Luxembourg, United States and Mexico the leading countries in the total services 

efficiency rankings.  

In this context, this papers aims to overcome an important gap in macro-level studies of 

efficiency embedded in aggregate tertiary activities production by means of a 

parametric study on the whole services sector. The present work measures the efficiency 

of 16 national aggregate services sectors markets4 for a period of 27 years, from 1980 

until 2007. Three main research questions are addressed: (i) Which is the average 

efficiency embodied in services production? (ii) What are the relatively most efficient 

countries in services production? (iii) How did their efficiency develop over time? In 

order to give an answer to these questions, the paper aims at comparing efficiency 
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scores across countries and across time. The econometric analysis will allow 

benchmarking of efficiency in tertiary activities across countries during the observed 

period. 

The study is performed over two services aggregate: total services and the market 

services. The former is composed by all tertiary activities referred as sectors G to P of 

the NACE Rev 1.1 classification, in other words, by all tertiary activities, e.g. transport, 

retail or education5. The latter is composed by sectors G to K, namely all service 

activities but the ones mainly produced by the public sector, such as health or public 

administration. The choice of the total services aggregate is motivated by the need for a 

macroeconomic efficiency measure of the most important sector of advanced 

economies. The choice of the second aggregate reflects the need for a control aggregate 

given the high heterogeneity encountered in services production and especially in 

services data collection. In particular, the measurement of the output in non-market 

services still faces serious problems in national accounts. So far, their output has been 

approximated by a sum of the inputs involved in the production. The abandonment of 

the so-called input approach in favour of more direct output volume quantification is 

still an ongoing debate (DjellalandGallouj, 2008, p. 68). Some initiatives on the 

measurement of non-market output indicators have been developed (OECD, 1999; 

Eurostat, 2001; and more recently Atkinson, 2005). However, until these advances are 

not fully implemented the measures of non-market services outputs and inputs should 

be interpreted with care (Jorgenson andTimmer, 2010, p. 10).  

The 16 economies included in the analysis account for two thirds of world GDP and for 

almost 70% of all services produced worldwide6, due to their high specialisation in 

services. In order to allow for cross-country comparison as well as giving an insight on 

the evolution of efficiency over time we perform two different analyses: a study for the 
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whole period as well as a breakdown for two specific years: 1996 and 2006. Results 

show three groups of economies as regards the behavior of relative efficiency scores: 

high performers (mainly North European economies); average performers (including 

Anglo-Saxon, Continental Europe and Mediterranean economies) and a set of nations 

which are comparatively the low performers (Eastern European countries and Japan). 

Also, according to the dynamics of efficiency scores in the last decade of analysis a 

winner and a looser group of countries are identified.  

The paper is structured as follows. Section 2 discusses definitional and methodological 

issues as regards efficiency measurement and presents the models and estimation 

methods in detail. It analyses how a Cobb-Douglas and Translog production functions 

estimated by panel data and corrected ordinary least squares had been the chosen 

modelling strategy. Section 3 describes the data on which the analysis is implemented. 

Particular attention is given to the transformation needed in order to deal with 

differences in prices across countries and with differences in prices across periods. 

Then, the results attained are exposed and discussed in Section 4 while Section 5 

concludes with some final remarks.  

 

Methodology 

Some definitional Issues 

The efficiency of a group of agents (firms, organisations or countries) may be evaluated 

from different perspectives. In his seminal work, Farrell (1957) identifies three different 

types of efficiency measures7. Technical efficiency denotes the extent to which the units 

of analysis are able to produce the highest quantity of output with a given set of inputs, 

or, alternatively, of producing a given output with a minimum quantity of inputs. 
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Allocative efficiency takes into account the relative prices of inputs and thus refers to the 

capability of producing the maximum output given inputs costs, or, alternatively, of 

minimizing input costs given a quantity of output. Economic (or overall) efficiency 

comprises both concepts: it denotes the maximization of output given the least costly 

combination of inputs.  

In the economic literature, empirical estimations of efficiency are commonly based on 

frontier techniques. This approach estimates a frontier production function, which 

represents the maximum attainable output for a firm/organisation/country given the 

available technology. Deviations of observed output from this optimal benchmark 

measure technical in(efficiency). Therefore, the higher the distance to the frontier, the 

more inefficient a firm/organisation/country is (Farell, 1957). Frontier techniques can be 

broadly classified into parametric or non-parametric8. The latter estimates a frontier 

production function directly from the sample observations on the basis of linear 

programming methods without establishing any specific technology transformation 

form ex ante. Data envelop analysis (DEA) (Charnes et al., 1978; 1981) has become a 

widely used technique within this approach. On the other hand, parametric techniques 

compute the frontier by means of econometric analysis and establish a functional form 

of the technology and of the inefficiency error term a priori. They may be categorised 

into deterministic (Richmond, 1974; Greene, 1980) or stochastic models (Aigner et al., 

1977; Meeusenand van den Broeck, 1977; Batteseand Cora, 1977). While the 

deterministic approach assumes that all deviations from the frontier are under control of 

the agent, stochastic models also capture the impacts of exogenous shocks (e.g. 

institutional, social or demographic factors or simply “luck”). In both parametric 

approaches, (in)efficiency is therefore associated with the disturbances estimated in the 

regression model. All along the paper we refer to efficiency as well as to inefficiency 
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indistinctively. Both concepts can be considered as two sides of the same coin when 

inefficiency is intended as the measure at which a subject fails to reach the highest 

attainable efficiency. 

This paper implements a deterministic approach in order to measure the technical 

efficiency of a group of countries as regards services provision. The choice of the 

approach is driven by the properties of the deterministic strategy. It makes only minimal 

assumption on the distribution of the inefficiency term and is suitable for a comparative 

analysis, such as the one pursued in this research (Green, 2007). Within this framework, 

the paper estimates the frontier production function for the 16 countries included in the 

sample using panel and cross-sectional data. In both cases, the focus is set on analysing 

the disturbances obtained from the regressions as they contain the information about 

inefficiency. 

In our macro-analysis, we consider the gross output at country level for the total 

services sector (TS) and for market services (MS), as output and the labour and capital 

compensation as inputs. All variables are adjusted for inflation and purchasing power 

parity9.  

 

Models Specification and Estimation Methods 

Panel Data  

As a first step of the analysis, we estimate the frontier production function on the basis 

of a panel data set available for 16 countries for the period 1980-2007. As in Evans et 

al. (2000), in this phase we assume that efficiency is time invariant and that it is related 

to some characteristics of the observed country (that did not change during the period 

under study). These strong assumptions will be released later. Nonetheless they are 

motivated by the need to identify the relative effect of the “core” characteristics of each 
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single economy for comparison purposes. This modelling strategy implies the choice of 

fixed effects estimators. This approach also has the additional advantage of not having 

to assume the independence of inefficiencies with respect to input levels. Moreover, it 

does not need any distributional assumptions on the inefficiency term included in the 

model. Finally, this approach yields consistent estimations of the residuals (Greene, 

2007, page 87). In this framework, the production function to be estimated is 

represented as:   

cctct TExfy ),(                                                                                                  (I)        

where c indexes countries (c = 1,….,N), and t indexes time (t = 1,….,T). y is the gross 

output expressed as a function of the matrix of inputs (X) and the technical efficiency 

term (TE)10.  The vector of parameters of the production function β has marginal 

relevance in our analysis. In logarithmic terms, equation (I) may be written as:  

cctctcctct uvxTExfy  lnln),(lnln       (II) 

The error term is composed by two elements: vct and uc.vctis theindependent and 

identically distributed random error with mean zero, and uc accounts for time invariant 

country-specific technical inefficiency (uc). This is a non-negative random variable, 

which is obtained by: 

ccc TETEu  1ln .  

We assume the uc to be independent of the vct. Equation (II) may therefore be rewritten 

as: 

ctctcct vxy  lnln                                                                                              (III)  

where the constant term )( cc u  is country-specific and the country with the 

maximum c  is assumed to be fully efficient. Estimation proceeds by means of least 

squares and we define the estimated relative inefficiencies as in Schmidt and Sickles 

(1984): 
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Technical efficiency is estimated via )exp( cc uTE  , where the lower the value, the 

more inefficient the corresponding country is.   

Departing from this model, we fit two specifications of the production function: the full 

Translog model and a nested version such as the Cobb-Douglas log-linear formulation. 

Nowadays, both models dominate the applications literature in econometric efficiency 

estimation (Greene, 2007). Assuming that the national gross output (y) is obtained by 

labour (l) and capital (k) expenditures, we estimate the following models for both total 

services (TS) and market services (MS):  

ctctctctctctctcct vklklkly  2
5

2
4321 )(ln)(ln)ln(lnlnlnln   (IV) 

and, 

ctctctcct vkly  lnlnln 21                     (V) 

Notwithstanding the similarities with the stochastic frontier specification, this is 

essentially a deterministic approach in the context of fixed effects models. Namely, we 

estimate individual intercepts for each country, deem the maximum as fully efficient 

and the rest of the countries are compared to it instead to an absolute benchmark. It 

follows that we are not measuring absolute inefficiency but inefficiency of one country 

relative to the others in the sample.  

 

COLS (Corrected Ordinary Least Squares) 

In a second step of the analysis, we release the efficiency time invariance assumption. It 

is reasonable to expect that the factors influencing services markets functioning, and 

therefore efficiency in their production, can change over time. For this reason we 

assume that efficiency can evolve and measure it in two moments, 1996 and 2006, in 
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order to get some insights on the change in relative positions across countries over time. 

To this end, we define a production function and perform estimations using corrected 

ordinary least squares (COLS) estimators for cross-sectional data.  

The time span chosen allow us to make consideration on recent market reforms that 

took place in the observed countries before the current economic downturn. This is 

especially the case of European Union (EU) New Member States (NMS)11, where 

important political, institutional and market reforms were implemented during that 

period.  

In this context, the production function to be estimated is represented as:  

ccc TEfy )β,x(  

wherec indexes countries (c = 1,….,N), or, when expressed in logs: 

ccccc uxTExfy  lnln),(lnln   

Following Richmond (1974), the COLS methodology to measure efficiency works as 

follows: after estimating the production function with ordinary least squares (OLS) 

estimators, the intercept is shifted up by the maximum residual value in order to obtain 

the estimated production frontier. This method gives a consistent estimator of the 

frontier value (Greene, 1980). The corrected constant term is: 

 

and the resulting inefficiency measures are provided by the corrected residuals:  

 

In the COLS context, we fit a Cobb-Douglas production function for the years 1996 and 

2006. In fact, we estimate the following model for both TS and MS:  

96,96,296,196, lnlnln cccc ukly         (VI) 

06,06,206,106, lnlnln cccc ukly         (VII) 
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Under this approach, the frontier is a parallel shift up of the OLS production function 

and all countries, except one, remain below it. As in the panel data model previously 

presented, this deterministic approach captures relative rather than absolute inefficiency 

and it is especially suitable for comparison purposes. 

 

Data 

This paper aims at comparing efficiency across countries and across time. 

Consequently, current data on inputs and output have to be corrected, first, for 

differences in prices across countries and, second, for differences in prices across 

periods. In this section we explain the reasons for these choices and the strategy 

implemented. The arguments expose hold for total services as well as for market 

services aggregates indistinctively. 

Ideally, efficiency analysis comparisons should make use of physical measures of inputs 

and output, such as, for example, number of hours worked or volumes of services 

produced. However, “in services, the use of physical units is often not at all possible. In 

practice, one is more likely to have only access to figures on the total values rather than 

quantities of output and inputs.” (InklaarandTimmer, 2008, page 6).Since, in the case of 

the service sector, aggregate physical units of outputs make little sense due to the 

intangibility of several tertiary activities and to the high heterogeneity of products 

produced, we implement our analysis making use of values figures rather than 

quantities.  

Current values figures on gross output, labour compensation and capital compensation 

are extracted from the EU KLEMS growth and productivity database 

(www.euklems.net) presented in O’Mahony and Timmer (2009)12. Nonetheless, current 

 12

http://www.euklems.net/


values data in national currency fall short when an inter-countries and inter-temporal 

comparison is carried on. Efficiency measurement based on these figures could be 

biased by both, differences in national prices and the effect of different inflation rates 

over time.  

Therefore, for what relates the cross country comparison, value measures need to be 

corrected for differences in relative prices between countries13. This correction is here 

made by the means of real exchange rates built on the purchasing power parity indexes 

(PPPs) provided by Inklaar and Timmer (2008). PPPs use the world technology and 

productivity leader, the Unites States (US), as the base-country, and are provided 

exclusively for the year 1997. When two countries share a common currency, the real 

exchange rates correspond to the relative price ratio. When the two countries make use 

of different currencies, the real exchange rates correspond to the relative price ratio 

times the nominal exchange rate. With this transformation we obtain deflated values, in 

US 1997 dollars. Accordingly, the services output produced in country c in 1997 is 

given by  

97
,

97
,

97
, YccurrcPPPc PPPyy 

 

Where represents the current output value for the year 1997 and is the real 

exchange rate based on relative prices of the services aggregate output. Conversely, the 

deflated value of labour and capital are constructed as 

97
,currcy 97

,YcPPP

97
,

97
,

97
, LccurrcPPPc PPPll   

97
,

97
,

97
, KccurrcPPPc PPPkk 

 

Where and are the current values of labour and capital 

compensation, and are the real exchange rates constructed on the relative 

97
,currcl

97
,currck

PPP97
,LcPPP 97

,Kc
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prices of the service aggregate labour compensation and capital compensation 

respectively. 

In order avoid inflation driven distortions, we need to take into consideration the 

different evolutions of prices across countries over the observed period. Deflated figures 

are therefore corrected by an index relating the evolution of country prices with respect 

to the evolution of the base-country, the US. With this further transformation we obtain 

double deflated values, in US 1997 dollars, to which we refer as constant values. 

Services output in constant terms in each year is therefore defined as 

year
US

year
c

Yc
year

currc
year

PPPc PY

PY
PPPyy

,97

,97
97
,,, _

_





 

where and represent the growth rate of output prices between 

each year and 1997, for the considered country  c and the US, respectively. The output 

price indexes are provided by the above mentioned EU KLEMS database.  

year
cPY ,97_ year

USPY ,97_

Unfortunately, no indexes are available for price evolution of labour and capital 

compensation. Proxies for these indexes are constructed for each country by the ratio of 

the growth rates of current values ( and ) and the growth rates of volume 

figures (  and ). All growth rates are calculated with respect to 

the base year 1997. Therefore the value of labour and capital compensation in constant 

term for the aggregate services sector in each considered year is defined as: 

year
currcl
,97

,

year,

year
currck ,97

,

year
cQl ,97_ cQk 97_

year
US

year
currUS

year
c

year
currc

Lc
year

currc
year

PPPc

Ql

l

Ql

l

PPPll

,97

,97
,

,97

,97
,

97
,,,

_

_







  

and 
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year
US

year
currUS

year
c

year
currc

Kc
year

currc
year

PPPc

Qk

k

Qk

k

PPPkk

,97

,97
,

,97

,97
,

97
,,,

_

_










 

It is worth noticing some features about the data after the implemented transformation 

in order to obtain constant values. As shown in the Annex (Figure A1) the production of 

both, market services (MS) and total services (TS), has experienced an upward trend 

during 1980-2007. Annual growth has been relatively fast in the United States and 

Australia; and more moderate in Italy and Sweden. Moreover, it is worth noticing the 

high relevance of MS activities within TS during the period under analysis: MS 

accounts for three quarters of TS output (Table 3 of the Annex). We could expect that 

MS capital and labour compensation account for similar percentages of the TS 

aggregate. Contrariwise, the role played by labour and capital inputs results 

significantly different. The weight of MS capital compensation accounts for 87% of TS 

capital compensation, while labour compensation in MS does not go beyond 68% of TS 

labour compensation. This first exploratory analysis indicates that MS activities are 

more capital intensive, and that the presence of public services within the TS aggregates 

r accounts for labour intensive activities. 

 

Results 

Panel Data Analysis 

Output and input data in constant values are used to estimate the frontier production 

functions presented in Section 2.3 by means of the software LIMDEP. Table 1 

summarises the estimation results of equations IV and V (cross country time invariant 

efficiency analysis) for the case of TS and MS aggregates. At first glance, it appears 

clear how the Cobb-Douglas specification fits better the dataset than the Translogmodel, 
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in which most of the parameters are not statistically significant, for both service 

aggregates. Under the Cobb-Douglas production technology, the TS and MS output 

elasticities with respect to labour are consistently larger than that with respect to capital, 

confirming the labour oriented characteristic of the tertiary activities. However, output 

elasticity with respect to labour in TS is 8% larger than the corresponding value in MS; 

while elasticity with respect to capital is 33% smaller. These differences could be 

imputed to the higher labour intensity of the public services included within TS.  

 

Table 1. Coefficients estimates for the frontier of total services and market services 

production function, 16 countries, 1980-2007  

 

 
Total services (TS) 

 
Market services (MS) 

 

 
Cobb-Douglas 

(V) 
Translog 

(IV) 
Cobb-Douglas 

(V) 
Translog 

(IV) 

lnl 0.98399*** 1.12651***      0.91083*** 0.89497*** 

 (0.01729) (0.18440) (0.01849) (0.17887) 

lnc 0.07301***  -0.18557      0.10828***  -0.0734 

 (0.01716) (0.15865) (0.01837) (0.15778) 

(lnl)2  -0.00647  -0.01666 

  (0.02120)  (0.02088) 

(lnc)2  0.01107  -0.01067 

  (0.01604)  (0.01563)  

(lnl* lnc)   0.00079  0.03582 

   (0.03495)  (0.03402) 

R2    0.99879     0.99883   0.99843 0.99849 
Mean of 

 0.447163       0.462213 0.516739 0.51937 

StdDev  0.230358       0.244583 0.278596 0.283006        

N 357 357 357 357 
 

Notes: ***, **, * means significance at 1%, 5%, 10% level. Standard deviations in brackets. 

 

 

As discussed in Section 2, the residuals ( ) account for time invariant technical 

inefficiency and, thus, are our main focus of our attention. The mean of  can be 

interpreted as the measure of the average technical inefficiency in the entire sample, e.g. 
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the mean deviation from the frontier. According to Table 1, under the Cobb-Douglas 

production technology, the technical inefficiency embedded in MS production is larger 

(51.6%) than that of the aggregated services sector (44.7%)14. It is worth noticing that 

the latter result is rather similar  to the one estimated by non-parametric techniques by 

Navarro and Martín (2011). The fact that TS appear to be more efficient than MS seems 

counterintuitive. To a certain extent, this result is the reflection of the measurement 

problems experienced by non-market services presented in Section 1. Most countries 

have only recently begun to directly quantify the volume of outputs for health, 

education and other public services that will eventually provide information on more 

appropriate measurements of non-market services productivity15. However, since these 

initiatives are not yet fully implemented, difficulties in quantifying output influences the 

degree of technical efficiency measured in TS. This result also calls for further and 

deeper analysis by services sub-sectors, in order to uncover the diverse behaviour of 

efficiency across service branches.       

The number of economies included in our sample is relatively small (N=16) but, on the 

other hand, we consider a reasonable long time period (T= 27). According to Schmidt 

and Sickles (1984), under these preconditions, the estimation results are more reliable 

for comparison than for determining levels. In other words, higher trust can be put on 

the country comparisons inferred within each aggregate, than on the inefficiency values. 

This could also be at the basis of the efficiency discrepancies across service aggregates 

observed above.  

 

Figure 1 displays the technical efficiency scores for each country in our sample. First 

thing noting is that country rankings are similar regardless the specification of the 

production function. In fact, ranking correlation for the Cobb-Douglas and 
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Translogspecification is 0.996 and 0.978 in TS and MS, respectively. This suggests that 

the country rankings found are relative robust. While Belgium emerges as the most 

efficient nation in the provision of TS and MS, Japan displays the lower efficiency 

scores in both cases.     

 

Figure 1. Technical efficiency country rankings  
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Three groups of countries, as regards the pattern of efficiency scores, can be recognised. 

Some Central-Nordic European economies (Belgium, Denmark, Netherlands, Sweden 

and Finland) are relatively more efficient in both TS and MS provision, displaying 

efficiency scores between 60 and 100%16. On the other hand, some countries from 

Continental Europe (Germany, Austria), the Mediterranean economies included in the 

sample (Italy and Spain) and Anglo-Saxon nations (Australia, United States, United 

Kingdom) behave around the average efficiency (scores between 40 and 60%). Eastern 

European countries (Hungary, Czech Republic and Slovenia) and Japan are 
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comparatively the least efficient in total and market services production presenting 

efficiency scores below 40%.    

The clusters of countries found show a strong geographic and socio-economic 

determination.  To a certain extent, the configuration of efficiency across countries 

relate to the varieties of service economies models already identified by Gadrey (2007 

and 2009). Based on three main criteria, such as the employment structure of the service 

sector, job quality and skill levels in services, as well as the relative importance of 

market and non-market services, Gadrey (2009) recognised four service models17 or 

“worlds” across OECD economies: liberal (or Anglo-Saxon); Nordic; European 

Continental; and familialist18. Burger and Stare (2010) and Daniels et al. (2011) have 

recently stressed that there are more varied service models in the enlarged Europe. 

Varieties of service economies across Europe have also been recently identified by Di 

Meglio et al. (2012). Different national conventions on equality, solidarity, gender and 

family;as well as differences in the institutional organization of production underlie this 

diversity of worlds in developed economies and may also play a role in explaining 

patterns of efficiency in services across countries.  

 

COLS Analysis 

Releasing the time invariance assumption, we can explore the behaviour of 

efficiencyacross countries over time by the means of the corrected ordinary least 

squares approach presented in Section 2.3. We estimated the models presented making 

use of data relative to two time periods: 1996 and 2006. In this second phase of the 

analysis, our attention is therefore focused on the trends obtained by the comparison of 

the (countries specific) residuals over time. Table 2 displays the results of the 

estimations of equations VI and VII in both sectors, TS and MS.  
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As the table shows, the mean inefficiency (mean of ) is, once more, higher for MS 

than for TS. The same justifications presented above hold. Nevertheless, it can also be 

noted how the average technical inefficiencies obtained by the panel data estimation are 

nearly twice the values found here. This outcome supports the caution with which the 

panel data estimations levels have to be interpreted. The mean inefficiency can also be 

interpreted as a measure of the unexploited potentials of the countries included in the 

sample. Indeed it measures the average distance between each country and the most 

efficient one. Therefore it can be interpreted as an index of the potential efficiency gains 

attained if all countries converged to the leaders’ efficiency levels. In this sense, it can 

be stated that during the period under analysis a slow convergence process is in act in 

TS, while a minor divergence over time takes place in MS. 

 

Table 2 Coefficients estimates for the frontier of total services and market services 

production function, 16 countries, 1996 and 2006 

 

  
Total services (TS) 

 
Marketservices (MS) 

 

  
1996 
VI 

2006 
VII 

1996 
VI 

2006 
VII 

lnl 0.57047*** 0.74818***  0.49774***    0.68082***  

 (0.08622) (0.07080) (0.08690) (0.7504) 

Lnk 0.37048*** 0.23181***   0.41427***     0.26841*** 

 (0.07523) (0.06543) (0.06906) (0.6758) 

Constant 1.89240*** 1.29850** 2.28971*** 1.74969** 

  (0.43496) (0.49003) (0.54478) (0.65072) 

R2 0.98618 0.98418 0.97998 0.96787 

Mean of  0.227859 0.225739 0.260177    0.275753 

StdDev  0.175110 0.184375 0.211386 0.243801 

N 16 16 16 16 
 

Notes: ***, **, * means significance at 1%, 5%, 10% level. Standard deviations in brackets. 
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In Figure 2, the dynamics of country efficiency scores between 1996 and 2006 are 

shown. Since most countries in our sample follow the same pattern (e.g. a decrease or 

increase of efficiency scores) for both, TS and MS sectors, we are able to identify two 

large groups of economies. The first one is composed by those nations experiencing an 

improvement in relative efficiency in both sectors between 1996 and 2006. It is the case 

of Denmark, Hungary, Finland, Austria, Sweden and Germany. The other group 

consists of countries undergoing a relatively decline in TS and MS technical efficiency: 

Slovenia, Spain, Italy, United Kingdom and Australia. Other economies do not behave 

homogeneously across sectors as they gain relative efficiency in TS while losing it in 

MS (The Netherlands) or vice versa (United States).  

 

Figure 2.Technical efficiency country rakings: 1996 and 2006 comparison 
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Conclusions 

This paper adds a contribution to efficiency research on services at aggregate level by 

means of a parametric approach. It does so by measuring and comparing the efficiency 

in services production at aggregate level in 16 developed countries over a period of 

approximately 30 years. The paper applies two different econometric approaches, which 

can be defined as deterministic frontier models, on two different services aggregates, 

total services and market services.  

The research also represents a step forward towards providing benchmark figures which 

are useful for cross country and time comparison; and, ultimately, for policy analysis 

and policy evaluation. The quantified inefficiency can be interpreted as a measure of the 

potential gains in production that could be attained if all the countries converged to the 

efficiency levels exhibited by the best performing economies. Our results reveal 

potential gains between 23% and 28%, when analysing cross-country data for the last 

decade. The level of potential gains is larger for the case of panel data; however, these 

values should be interpreted with caution, as we have explained in previous sections. 

Instead, panel data analysis is more useful for comparing cross-country patterns of 

efficiency scores. According to our results, three clusters of countries are found on the 

basis of the behavior of efficiency scores: high performers, average performers and low 

performers. The former is composed by Central-Nordic European countries, namely 

Belgium, Denmark, Netherlands, Sweden and Finland, which can be identified as the 

most efficient services markets, displaying efficiency scores between 60 and 100%. As 

average performers, we found countries from Continental Europe (Germany, Austria), 

Mediterranean economies (Italy and Spain) and Anglo-Saxon nations (Australia, United 

States, and United Kingdom). Finally, Eastern European countries, (Hungary, Czech 

Republic and Slovenia) and Japan are included in the group of low performers, since 
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they show efficiency scores below 40%. To a certain extent, the configuration of 

efficiency across countries show a strong geographic and socio-economic pattern and 

relates to the varieties of service economies models already identified in the literature. 

The study of the evolution of efficiency scores can serve for benchmarking countries 

across time. This can be useful when evaluating and comparing the effectiveness of 

economic policies adopted during the time span analysed.When time trends are 

observed between 1996 and 2006, we are able to identify a winner and a looser group. 

The first one is composed by those nations experiencing an improvement in relative 

efficiency: it is the case of Denmark, Hungary, Finland, Austria, Sweden and Germany. 

The other group consists of countries undergoing a relatively decline: Slovenia, Spain, 

Italy, United Kingdom and Australia. 

Further analyses are needed in order to push forward the results achieved in this 

paper.In particular, the heterogeneity of services sector calls for sub-sector specific 

efficiency studies. Theymay serve to deepen our understanding of the results found at 

aggregate level and may also provide useful data in order to evaluate the impact of 

policies at sectoral level. Additionally, an econometric analysis of the determinants of 

efficiency scores may be useful to assess the influence of diverse factors (economic, 

institutional or social) on the potential unexploited gains in services production. Lastly, 

another interesting avenue of future research is application of non-parametric techniques 

to our data set in order to be able to compare the estimations of services efficiency 

scores and, eventually, provide further robustness to the results of our study.      
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Notes 

1 Some scholars argue that the growing importance of services is a myth supported by 

the definition of this sector in national accounts statistics, in which sectoral 

classification of activities is based on the nature of work rather than on output use 

(Jansson, 2006 and 2009). 

2 This has not been the case of Europe. See Timmer et al. (2010) for a detailed analysis 

of EU services productivity patterns.  

3 Efficiency research at firm level is extensive and comprehensive reviews on this 

argument can be found in the Fried et al (2007). 

4 Australia (Au), Austria (At), Belgium (Be), Czech Republic (Cz), Denmark (Dk), 

Finland (Fi), Germany (De), Hungary (Hu), Italy (It), Japan (Jp), the Netherlands (Nl), 

Slovenia (Si), Spain (Es), Sweden (Se), United Kingdom (Uk) and the United States 

(Us). 

5 See Table A1 in the Appendix for a detailed description of the sectors covered.  

6 Figures based on World Development Indicators, World Bank.  

7 Earlier studies in this line are represented by Debreu (1951) and Koopmans (1951).  

8 Murillo-Zamorano (2004) provides a comprehensive review of this literature and 

remarks that ‘no approach is strictly preferable to any other’ (page 31).  

9 See section 3 for an exhaustive description of the dataset employed. 

10 Note that 
),( ct

ct
c xf

yTE   and thus 1),(0  ctctc xyTE . 

11 For these countries methodological consistent data at industry level are available 

since 1995.  
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12 See Table A2 in the Annex for a detailed description of data availability. 

13 One could think that this correction could be made by using nominal exchange rates. 

Nevertheless, nominal rates fall short in comparing economies or sector where low level 

of international integration are attained, such as several service activities.   

14 Estimations are similar for the Translog model.  

15 See Atkinson (2005) and Djellal and Gallouj (2008) for recent extensive discussions 

on measurement problems in public services.  

16 In the case of market services, Finland shows efficiency scores slightly below 60%.  

17Esping-Andersen (1990) and Sapir (2006) constructed an international typology like 

this but based on social models and welfare state characteristics.  

18 Liberal grouping comprises the United States, Canada, United Kingdom and 

Australia. Nordic model comprises Sweden, Norway, Denmark and Finland. European 

Continental includes France, Germany, Belgium and the Netherlands, while familialist 

includes Italy, Portugal, Spain, Greece and Japan. Belgium and the Netherlands can be 

grouped together with the Nordic depending on the criteria used.  

 

References 

Abdul-Majida M, Saalb D, Battisti, G. Efficiency and total factor productivity change of 

Malaysian commercial banks. The Service Industries Journal2011;31(13);2117-2143. 

Afonso A, St Aubyn M. Non-parametric approaches to education and health 

expenditure efficiency in OECD economies. Journal of Applied Economics2005;8(2); 

227-246. 

Aigner D, LovellCAK, Schmidt PJ. Formulation and estimation of stochastic frontier 

production function models. Journal of Econometrics1977;6;21–37. 

 25



Atkinson AB. Measurement of Government Output and Productivity for the National 

Accounts.HMSO, UK: London; 2005. 

Battese G, Corra G.Estimation of a Production Frontier Model with Application to the 

Pastoral Zone of Easter Australia.Australian Journal of Agricultural 

Economics1977;21(3);167–179. 

Burger A, Stare M. Public and Private Services Transformation in the CEECs.The 

Service Industries Journal 2010; 30(4);479-496. 

CharnesA, Cooper WW, Rhodes E. Measuring the Efficiency of Decision-Making 

Units.  European Journal of Operational Research 1978;2;429–444. 

Charnes A, Cooper WW, Rhodes E. Evaluating Program and Managerial Efficiency: An 

Application of Data Envelopment Analysis to Program Follow Through.  Management 

Science1981; 27(6); 668–697. 

Clements B. How efficient is education spending in Europe?.European Review of 

Economics  and Finance2002;1(1); January. 

Daniels P, Rubalcaba L, Stare M, Bryson J. How many Europes? Varieties of 

transformation of the European services landscape.TijdschriftvoorEconomische en 

SocialeGeografie 2011;10(2);146-61. 

Debreu G. The Coefficient of Resource Utilization.Econometrica1951;19(3); 273–292. 

De Jorge J, Suárez C. Productivity, efficiency and its determinant factors in hotels, The 

Service Industries Journal 2013, forthcoming. 

Di Meglio G,Pyka A, Rubalcaba L. Varieties of service economies in Europe. FZID 

Discussion Papers 2012; 44-2012. University of Hohenheim, Center for Research on 

Innovation and Services).http://nbn-resolving.de/urn:nbn:de:bsz:100-opus-7031 

 26

http://nbn-resolving.de/urn:nbn:de:bsz:100-opus-7031


 

Djellal F, Gallouj F. Measuring and improving productivity in services: Issues, 

strategies and challenges. Edward Elgar: London; 2008. 

Esping-Anderson G. The Three Worlds of Welfare Capitalism.Princeton University 

Press: New Jersey; 1990. 

Eurostat.Handbook on Price and Volume Measures on National Accounts.Office for 

Official Publications of the European Communities: Luxembourg; 2001. 

Evans D, Tandon A, Murray CJL, Lauer JA.The competitive efficiency of national 

health systems in producing health: an analysis of 191 countries. GPE Discussion Paper 

2000; 29; EIP/GPE/EQC; World Health Organisation; 

Geneva.www.who.int/healthinfo/paper29.pdf 

Färe R, Grosskopf S, Norris M, Zhang Z. Productivity Growth, Technical Progress, and 

Efficiency Change in Industrialized Countries. The American Economic Review 1994; 

84(1); 66-83. 

Farrell MJ. The Measurement of Productive Efficiency.Journal of the Royal Statistical 

Society (A, general)1957; 120; 253–281. 

Francois J. Producer Services, Scale and the Division of Labor.Oxford Economic 

Papers1990; 42;715-29. 

Fried H, Lovell K, Schmidt S. The measurement of productive efficiency and 

productivity.Oxford University Press: Oxford; 2007. 

Gadrey J. National Economies and the Service Society: the Diversity of Models. 

In:Bryson J, Daniels P (Eds),The Handbook of Service Industries.Edward 

Elgar:Cheltenham; 2007; p. 45-60. 

 27

http://www.who.int/healthinfo/paper29.pdf


Gadrey J. The four worlds of developed service economies: social inequalities make the 

difference. ServPPIN project deliverable2009. www.servppin.com 

Gardener E, Molyneux P, Nguyen-Linh N. Determinants ofefficiency in South East 

Asian banking. The Service Industries Journal 2011; 31(16); 2693-2719. 

Green W.The econometric approach to efficiency analysis. In: FriedH, Lovell K, 

Schmidt S (Eds),The measurement of productive efficiency and productivity. Oxford 

University Press; 2007. 

Greene WM. Maximum likelihood Estimation of Econometric Frontier Functions. 

Journal of Econometrics1980;13(1);27–56. 

Gupta S,Honjo K, Verhoeven M. The Efficiency of Government Expenditure: 

Experiences form Africa. Washington International Monetary Fund, IMP Working 

Paper1997; WP/97/153.www.imf.org/external/pubs/ft/wp/wp97153.pdf 

Hoekman B, Mattoo A.Services Trade and Growth.World Bank Policy Research 

Paper2008;4461.  

Jansson JO. The economics of services: Development and policy. EdwardElgar: 

Cheltenham; 2006. 

Jansson JO. The myth of the service economy.An update. Futures2009;41(3); 182–189. 

Jorgenson D, Timmer M. Structural Change in Advanced Nations: A New Set of 

Stylised Facts. Research Memorandum 2010; GD-115; University of Groningen. 

Kneller R, Stevens A.The specification of the aggregate production function in the 

presence of inefficiency. Economics Letters2003;81; 223–226. 

 28

http://www.servppin.com/
http://www.imf.org/external/pubs/ft/wp/wp97153.pdf


Kumar S, Russell RR. Technological change, technological catch-up, and capital 

deepening: relative contributions to growth and convergence. The American Economic 

Review2002;92; 527–548. 

Kumbhakar S; Wang H. Estimation of growth convergence using a stochastic 

production frontier approach. Economics Letters2005; 88; 300–305. 

Maroto-Sánchez, A. Productivity in the services sector: conventional and 

currentexplanations. The Service Industries Journal2012; 32(5);719-746.  

Meeusen W, van den Broeck J. Efficiency Estimation from Cobb-Douglas production 

functions with composed error. International Economic Review1977;18;435–444. 

Melvin J.Trade in Producer Services: A Heckscher-Ohlin Approach. Journal of Political 

Economy1989;97;1180-96. 

Murillo-Zamorano, L. Economic efficiency and frontier techniques.Journal of 

Economic Surveys2004;18(1);33-77. 

Navarro Espigares JL, Martín Segura JA. Technical efficiency of service industries in 

the OECD. Paper presented at the XXI International RESER Conference: Productivity 

of Services Next Gen - Beyond Output / Input, Hamburg, Germany; 2011; September 5-

7. Retrieved form: http://www.reser.net/2011-RESER-Conference-papers_a478.html 

OECD.Productivity Measurement in the General Government Sector.Expert 

meeting1999; 18-19 March; Paris; PUMA/HRM/M(99)1. 

OECD. Growth in services. Fostering employment, productivity and innovation.OECD 

Publishing: Paris; 2005. 

O'Mahony M, Timmer MP. Output, Input and Productivity Measures at the Industry 

Level: The EU KLEMS Database. The Economic Journal2009;119;374–403. 

 29

http://www.reser.net/2011-RESER-Conference-papers_a478.html


 30

Pilat D, Wölfl A. Measuring the Interaction Between Manufacturing and Services. 

OECD Science, Technology and Industry Working Papers 2005;05; OECD Publishing. 

http://dx.doi.org/10.1787/882376471514 

Richmond J. Estimating the Efficiency of Production.International Economic 

Review1974; 15;515–521. 

Rubalcaba L. The new service economy.Challenges and Policy Implications for Europe.  

Edward Elgar: Cheltenham; 2007. 

Sapir, A. Globalization and the Reform of European Social Models.Journal of Common 

Market Studies2006;44(2);369-90. 

Sena, V. Technical efficiency and human capital in the retail sector.The Service 

Industries Journal2011;31(16);2661-2676.  

Suárez C, De Jorge J. Growth and evolution of technical efficiency among entrant 

versus incumbent firms: the Spanish retail sector. The Service Industries Journal 

2012;32(14);2265-2285. 

Timmer M, Inklaar R, O’Mahony M, van Ark B. Economic Growth in Europe. A 

Comparative Industry Perspective.Cambridge University Press; 2010. 

http://dx.doi.org/10.1787/882376471514

	Doc.1419.pdf
	The question if countries are achieving their maximum production given resource allocation is at the very centre of contemporary debates. The issue becomes even more relevant when directed to service activities, due to their cardinal role in modern societies. However, hardly any studies perform cross-country efficiency comparison of service sectors at aggregated level. The paper aims at measuring and comparing technical efficiency of (total and market) services across 16 developed economies during the past three decades. The empirical estimations are performed by means of frontier parametric techniques applied to both panel data and cross-sectional data. Benchmark figures, useful for cross-country comparison and policy analysis, are provided for efficiency scores and for their evolution across time.

	Di Meglio_Visintin_2014
	Efficiency of theServices Sector: a Parametric Approach
	Gisela Di Meglioa and Stefano Visintinb
	Abstract
	The question if countries are achieving their maximum production given resource allocation is at the very centre of contemporary debates. The issue becomes even more relevant when directed to service activities, due to their cardinal role in modern societies. However, hardly any studies perform cross-country efficiency comparison of service sectors at aggregated level. The paper aims at measuring and comparing technical efficiency of (total and market) services across 16 developed economies during the past three decades. The empirical estimations are performedby means of frontier parametric techniques applied to both panel data and cross-sectional data. Benchmark figures, useful for cross-country comparison and policy analysis, are provided for efficiency scores and for their evolution across time.
	Introduction
	Methodology
	Some definitional Issues
	Models Specification and Estimation Methods
	Panel Data 
	COLS (Corrected Ordinary Least Squares)

	Data
	Results
	Panel Data Analysis
	COLS Analysis

	Conclusions
	References


