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The more usual production function approach usually implies:
• i - specifying a production function (e.g. of a Cobb-Douglas variety);
• ii - estimating or calibrating the production function parameters;
• iii - obtaining total factor productivity (TFP) as a Solow residual, the change in 
production that is not explained by changes in production factors.

We use an alternative production possibility frontier (PPF) approach:
• Efficiency scores show how far a country is from the frontier, given 
the inputs it is using in production;
• TFP changes are computed as the composite effect of efficiency score 
and PPF changes;
• PPF is estimated using i) a non-parametric method and  ii) a 
parametric method:

•Non-parametric: Data Envelopment Analysis (DEA)
•Parametric: Stochastic Frontier Analysis (SFA)
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This paper

Production and growth in industrialised countries (1970-2000)
GDP per employee depends on:

• Private capital per employee;
• Public capital per employee;
• Human capital per employee;
• Governance.

Human capital: 
• average years of schooling of the working age population.

Governance:
• quality of institutions and economic policies;
• is measured by an index (World Bank).



15/04/2015

9

17

L
it

e
ra

tu
re

 (
1
)

DEA has been used recently to assess cross-country  efficiency:

- In education and health (Afonso and St. Aubyn, 2005, 2006);
- For overall public sector efficiency (Afonso et al., 2005).

Malmquist TFP computations to GDP and GDP growth:

- Kumar and Russell (2002) and Krüger (2003), output and physical 

capital per worker;

- Henderson and Russell (2005) added human capital as an input;

- Delgado-Rodríguez and Álvarez-Ayuso (2008) private and public 

capital;

- Additional aplications/discussions of Malmquist index: Färe et al. 

(1994), Ray and Desli (1997), and  Färe, Grosskopf and Norris 

(1997).
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Applications of stochastic frontier analysis (SFA) to infer efficiency changes in
aggregate production across countries

• Mastromarco and Ghosh (2008), 57 developing countries, 1960-2000.
Efficiency or total factor productivity is driven by technology diffusion interacting
with human capital.

• Osiewalski and Steel (2000) for Western economies, Poland and Yugoslavia.
Stochastic frontier for aggregate production, considering capital and labour as
production factors and decompose growth between 1980 and 1990 into input
growth, technical growth and efficiency growth.
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Data Envelopment Analysis

A, B and C are efficient units. Scores are equal to 1.
D is not efficient. (output) Score [= d2/(d1+d2)] is smaller than 1.
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Data Envelopment Analysis
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Output-oriented specification.

y - column vector of outputs,

x - column vector of inputs, 

X - input matrix,

Y - output matrix. 

1/ - efficiency score (1/<=1).

Note:  is the measure of efficiency, given by the ratio between the weighted average of the outputs (y) produced 
and the weighted average of the inputs (x) used. See Coelli et al. (1998) for more details.
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Stochastic Frontier Analysis

ln ( , )it it it ity F X     

it itz 

i – country, t – time period;  

yit – output, GDP per worker;

Xit – vector of inputs, private and public capital per worker and human 

capital; 

β – set of production function parameters to be estimated; 

it – normally distributed random error; 

it – non-negative efficiency effect, assumed to have a truncated normal 

distribution;  

zit – non-discretionary factors (the governance indicators) that explain 

inefficiency;  

 – set of efficiency parameters to be estimated. 

2

2 2



 




 




a likelihood ratio statistic tests if =0, i.e., that there are no

random inefficiency effects.
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Malmquist Productivity Index (constant returns to scale example)

Efficiency change index

Technology change index



15/04/2015

12

23

E
m

p
ir

ic
a
l 
a
n

a
ly

s
is

 (
1
)

Data

Original series Ameco codes

Gross Domestic Product at 2000 prices, thousands national currency 1/ 1.1.0.0.OVGD

Net capital stock at 2000 prices: total economy 1/ 1.0.0.0.OKND

Employment, persons: all domestic industries (National accounts) 1/ 1.0.0.0.NETD

GDP purchasing power parities, Units of national currency per PPS 
(purchasing power standard) 1/       1.0.212.0.KPN

Human capital (average years of schooling of the working age
population) 2/

Government net capital stock, volume 3/

Private total net capital stock, volume Our computation

Government effectiveness 4/

1/ Series from the European Commission AMECO database.
2/ Cohen and Soto (2007).
3/ Kamps (2006).
4/ Kaufmann et al. (2008), World Bank.
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Data on governance

• Kaufmann, Kraay, and Mastruzzi (2008) provide six indicators for six different
dimensions of governance:

• voice and accountability,
• political stability and absence of violence,
• government effectiveness,
• regulatory quality,
• rule of law,
• control of corruption.

• We use the indicator “government effectiveness” taking the average from 1996 to
2000.
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DEA/Malmquist
VRS technical efficiency scores
(output: GDP per employee; inputs: private and public capital, human capital)
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Output TFP Input   
Change in output is decomposed into the change 

TFP and the quantitative change in the inputs
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Decomposing the increase in the inputs into the 3 types of capital, imposing the 
restriction

1 2 1 2(1 )i i i iInput a PrivK a PubK a a HK     
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SFA
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Main empirical findings:

i) Both private capital and human capital are important for

growth, and they contribute in a significant manner to output

accumulation;

ii) Public capital contribution is as positive, and significant from

a statistical point a view;

iii) A governance indicator, a non-discretionary input, helps

explaining inefficiency.
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Remarks on methodology:

i) Deterministic and stochastic estimation methods provided

similar results and conclusions;

ii) Non-parametric and parametric results coincide rather closely

on the countries movements vis-à-vis the possibility frontier

and on their relative distances to the frontier;

iii) The number of countries that can be nominated as efficient

was rather stable throughout the period, with six or seven

countries usually on the frontier (Belgium, Canada, Spain,

Italy, Japan, Portugal, and the USA).
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Policy implications, policy may matter for growth by three 

different channels:

i) Public investment (but macroeconomic analysis can be no

substitute for the careful evaluation of each public project on

its own merits);

ii) Governance (government effectiveness);

iii) Human capital formation (some countries, e. g. Portugal and

Spain), are probably limited in their growth prospects by their

relative human capital scarcity.


