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FACTOR PRODUCTIVITY AND EFFICIENCY OF THE
VIETNAMESE ECONOMY IN TRANSITION

Nguyen Khac Minh and Giang Thanh Long*

The purpose of this paper is to estimate changes in productivity,
technical efficiency and technology across the economic sectors during
the period 1985-2006.  We also seek to identify the turning points for
productivity growth to see whether it was accompanied by technological
change and/or technical efficiency.  For estimating economic growth,
aggregate production function is used.  We find that, during the study
period, technical progress contributed about 19.7 per cent to the
country’s economic growth.  We also estimate total factor productivity
for the whole economy as well as for individual economic sectors, and
the results show that the economy’s productivity growth was largely
driven by the industrial sector.

I.  INTRODUCTION

Since the initiation of doi moi (renovation) programmes in 1986, the
Vietnamese economy has recorded remarkable growth, in which real per capita
gross domestic product (GDP) increased by 2.2 times during 1992-2005 (Phan and
Ramstetter 2006).  The different growth rates of economic sectors have led to
a rapid transformation in the production structure of the economy.  The overall
high growth rate resulted mainly from the development of the industrial and service
sectors, as the contribution of the agricultural sector dropped from 35 per cent of
GDP in 1985 down to about 20 per cent in 2006 (Nguyen 2007).

It would be interesting to find out what parts factor inputs and technical
changes played in generating such remarkable growth and how economic sectors
contributed to the country’s economic growth.  Many challenges, such as poor
infrastructure, lack of information and the large number of labourers who are
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unskilled, could have negatively affected the productive efficiency.  Due to these
hurdles, total factor productivity (TFP) and the technical efficiency level, particularly
in terms of labour, were still low (Nguyen and Giang 2007; Nguyen, Giang and
Bach 2007).

Many factors determine the size of economic growth or output at different
levels (country, industry or firm), and changes in these factors cause the output to
change.  An analysis based on the concept of production function can explain the
relationship between factor inputs and outputs.  Of the factors that have potential
impacts on the supply side, TFP is widely regarded as one of the most crucial.
The contribution of TFP is always estimated as residual, and is usually interpreted
as contributions of technical progress and/or efficiency improvement.  TFP growth
can be analysed and estimated through a production function (see, for example,
Nadiri 1970; Jorgenson, Gollop and Fraumeni 1987; and Jorgenson 1988).  Such
a technical change presents a shift in the production function over time, reflecting
a greater level of efficiency in combining factor inputs.

In the growth accounting approach, which uses the assumption of profit
maximization, the growth of output is explained without any assumption of
production function form.  In this approach, the output elasticity with respect to
each input is not observable and must be estimated from production function
using the share of observable factor income.  As such, the output growth in
a given period can be explained by the growth of each input weighted by its
income share.  The remaining residual is known as TFP.  This approach is quite
popular, and has been used in many countries at different levels (see, for instance,
Tinakorn and Sussangkarn 1998 for Thailand; Tran, Nguyen and Chu 2005 for Viet
Nam).

Nguyen (2004) also pursued similar research objectives, using the aggregate
production functions for the whole Vietnamese economy during the period
1985-2004.  The paper showed that the productivity growth was largely driven by
the industrial sector, and that technical progress was one of the most critical factors
contributing to the economic growth.  In the study period, the TFP of the country
increased by about 1.5 per cent.  The average GDP growth rate was 6.7 per cent,
in which about 0.7 per cent (or 10.4 per cent of the growth rate) was attributable
to technological progress, and 0.9 per cent (or about 13.4 per cent of the growth
rate) was attributable to efficiency change.  The contributions of the factor inputs
(capital and labour) to the average annual GDP growth of 6.7 per cent during the
study period were about 50.4 per cent and 29.2 per cent, respectively.

A problem common to the previous studies on the Vietnamese economy is
that they implicitly consider the economy and its sectors to operate at efficient
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levels.  In practice, however, such levels cannot be achieved due to various reasons,
such as the inability of labourers to adapt to new technology.  Therefore, in this
paper, we will overcome such a problem by providing a more detailed analysis on
economic growth, production efficiency and TFP growth for the Vietnamese economy
and its sectors, using macroeconomic data from the period 1985-2006 under the
framework of stochastic frontier production function.  We will also provide some
policy suggestions for improving growth and efficiency performances.

Our paper is organized as follows.  Section II provides an overview about
growth performance and policy reforms in Viet Nam since doi moi.  The theoretical
framework will be discussed in section III, while the data are delineated in section
IV.  In section V we discuss our analysis of the estimated results.  Finally, concluding
remarks with a few policy implications are presented in section VI.

II.  GROWTH PERFORMANCE AND POLICY
REFORMS SINCE DOI MOI

In this section, we review the growth performance of the economy of
Viet Nam at different times during the period 1985-2006.  In addition, we will
discuss some major indicators of factor productivity, including labour productivity
and investment efficiency.

Growth performance, 1985-2006

In the early 1980s, the Vietnamese economy faced many hardships, resulting
from changes in international conditions and rising weaknesses inside the economy.
Particularly, Viet Nam no longer received external aid from the former socialist
countries.  The hybrid economic model (a combination of a centrally planned
economy and a market economy), and the failures due to hyperinflation caused by
price, wage and money reforms forced the Government to launch doi moi policy
programmes in 1986 in order to move further towards a market economy.  Since
then, the economy has demonstrated impressive growth performance (figure 1).

The trends (figure 2) and growth rates (figure 3) for real GDP, real GDP per
capita income, population, employment and labour productivity are illustrated below.
Since 1998, the growth rates of real GDP, real GDP per capita and employment
have accelerated.1  Therefore, real GDP per capita grew more rapidly than labour

1 The annual average growth rates between 1988 and 2005, represented by the five lines in
figure 3, are as follows:  real GDP (6.8 per cent); population (1.6 per cent); employment (2.9 per
cent); real GDP per capita (3.8 per cent); and labour productivity (2.5 per cent).
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Figure 1.  Gross domestic product growth of Viet Nam (1985-2005)

Figure 2.  Long-term trends of selected economic indicators (1985-2005)

Source: Authors’ estimates based on data compiled from Viet Nam (1990-2007).
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productivity (real GDP per worker); this reflects employment growth during the last
two decades.

While long-term growth rates are important to our understanding of
economic growth in the post-doi moi period, we also need to evaluate these growth
rates within the study period.  In our analysis, we will review policy changes and
other important factors that created fluctuations (upward and downward trends)
in economic growth over four subperiods in Viet Nam, as presented in figure 1.
The four subperiods are as follows:  1985-1988; 1989-1996; 1997-1999; and
2000-2006.

Policy reforms, 1985-2006*

1985-1988:  Initial adjustments towards a market economy

In this period, the initial adjustments created new economic incentives for
the economy in general and the household economy in particular.  Some of the
major reforms included abolishment of internal checkpoints for free movements of

Figure 3.  Five-year moving average of growth rates of selected
economic indicators:  1985-2006

Source: Authors’ estimates based on data compiled from Viet Nam (1990-2007).

Abbreviations: GGDP, gross domestic product growth; Gpopulation, population growth;
GGDP/N, per capita gross domestic product growth; Glabor, employment
growth; Gproductivity, productivity growth.
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(2005).
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goods; adjustment of prices towards unofficial levels and reduction of rationing, in
which the Vietnamese dong was evaluated in line with parallel market rates; the
approval of the Land Law and recognition of long-term land-use rights; and the
establishment of a two-tier banking system.

The launch of the economic renovation helped boost the economy’s growth
rate, which had steadily increased to 6 per cent by 1988, up from 2.8 per cent in
1986.  In 1988, the growth rate of the economy reached 6 per cent.  Implementation
of the renovation policy clearly promoted the economy, helping end a persistent
economic crisis.  The positive trend of GDP growth also strengthened the willingness
of the Government to engage in further reforms.

1989-1996:  Early transformation to the market mechanism

This subperiod started with liberalization and stabilization packages,
including the elimination of most price controls; the unification of the exchange
rate system; the imposition of positive real interest rates; the issuance of the
Ordinance on Economic Contracts; and the removal of subsidies to State-owned
enterprises.

The radical changes in 1989 marked the turning point towards a market
economy.  The initial drop in the 1989 growth rate reflected the contraction of the
State sector, which was due to the restructuring of State-owned enterprises.
However, this drop was compensated for by strong growth in the non-State sector,
which resulted from liberalization policies.  The share and growth rates of the State
sector in 1989 were 41 per cent and 1.8 per cent, respectively, while those of the
non-State sector were 69 per cent and 9.8 per cent (Viet Nam 2003).

After 1989, the economy was on a high growth track that peaked in 1995.
Fast growth in this phase could be attributable to the effects of past and ongoing
reforms.  Major reforms included, among others, the issuance and amendment of
laws relating to Government budgets, State and non-State enterprises, credit and
banking, and domestic and foreign investments; and the expansion of trade and
financial relations with the international community through negotiations and further
liberalization.  Of particular note, Viet Nam joined the Association of South-East
Asian Nations (ASEAN) and the ASEAN Free Trade Area in 1995.  In addition, since
the donor conference held within the Paris Club framework in 1993, the official
development assistance resources associated with conditionality have helped
promote structural adjustments.

In summary, this early phase of transformation laid out a fundamental
framework for a market economy in Viet Nam.
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1997-1999:  Transformation in the context of the Asian crisis

The third subperiod brought the first major challenge to the new market
economy in Viet Nam.  The Asian financial crisis, which originated in Thailand and
expanded to other East Asian countries, led to trade and investment disruptions.
The Vietnamese economy was not directly hit by this crisis, thanks to strong capital
controls.  However, the reduction in foreign direct investment and the intensified
competition in export markets were real blows to the economy.  The growth rate
declined sharply in this phase, from 8.2 per cent in 1997 down to 5.8 per cent and
4.8 per cent in 1998 and 1999, respectively (CIEM 2001).

Faced with the negative impacts of the crisis, major investors affected in
Viet Nam had to solve problems in their own countries.  As a result, foreign direct
investment in Viet Nam decreased dramatically in terms of the number of projects
and total value.  Many projects were dissolved and new ones were seriously affected
by foreign trade.  The major importers of Viet Nam goods in East Asia had to
reduce the volume of imports.  The devaluation of currencies in the region further
eroded the competitiveness of Viet Nam.  Consequently, there was a significant fall
in the export growth rate, from 28.8 per cent in 1996 down to 11.4 per cent in
1997, and to only 7.8 per cent in 1998 (CIEM 2001).

Facing such an unfavourable situation, the Government of Viet Nam
devalued the currency by four times and carried out other structural reforms during
the period 1997-1999.  However, the external conditions affected the economy
significantly through both direct and indirect channels, and thus the downward
trend in GDP was observed.

2000-2006:  Resumed and further growth

With the financial crisis over, the economy resumed growth momentum in
2000.  After laying out the fundamental framework in the previous subperiod, the
reform agenda had been turning to structural reforms, including the promotion of
the non-State sector, and equitization of State-owned enterprises.

The new Enterprise Law, which was enacted in 2000 to facilitate business
activities and create a more level playing field for private enterprises, helped promote
the private sector.  The number of newly established enterprises, mostly private,
increased rapidly.

Although the equitization of State-owned enterprises began in the first
subperiod, the process was extremely slow.  Major frictions included the
unwillingness of management boards to support equitization, difficulties in evaluating
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firm value, and unequal treatments in the marketplace.  The high profile of
equitization in the period 2000-2006 was a positive sign of radical change in the
production structure.

In short, in the period 1985-2006, Viet Nam presented an impressive
average growth path, with several spurts of high growth resulting from the radical
economic reforms.  Strong growth in GDP brought about important conditions for
raising the standard of living of the Vietnamese people.  However, the high growth
path can be maintained in the long run only if growth is based on increased
productivity rather than on accumulation of resources.  The quality of economic
growth, including structural evolution and input productivity, is a key to further
successes.

III.  THEORETICAL FRAMEWORK

Growth and factor decomposition of growth

In the present paper, we will examine the process of growth with the
aggregate production function.  The aggregate production function can be used to
determine the contributions of labour, capital, and technical change to economic
growth.  Disembodied technical change, or simply technical change, is a shift in
the production function over time, which reflects greater efficiency in combining
inputs.  Such technical change can be estimated from the following production
function:

Y = f(K, L, t) or y(t) = f(K(t), L(t), t), (1)

where t indicates time.

The change in output over time is given as follows:

        . (2)

The first two terms on the right-hand side of equation (2) indicate that
output change is due to increases in capital (K) and labour (L), respectively.  In
other words, it shows a movement along the production function.  The last term on
the right-hand side of equation (2) indicates that output change (or a shift in
production function) is due to technical change.  This type of technical change is
called “disembodied” as it is not embodied in the factor inputs; rather, it involves
a reorganization of inputs.  It can occur with or without increases in inputs.  By
dividing both sides of equation (2) by output y, we can convert to proportionate
rates of change and yield:
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where all terms are expressed as proportionate rates of changes.  The first two
terms on the right-hand side of equation (3) are the proportionate rates of change
of two inputs (K and L, respectively), and are weighted by the elasticities of output
with respect to input.  The third term of equation (3) represents the proportionate
rate of technical change.

If we assume that the proportionate rate of change of technical change is
constant at the rate m, equation (3) implies that:
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where m is the rate of neutral technical change.

The assumption of constant elasticities shows a Cobb-Douglas-type
production function, and thus equation (4) can be derived from such a production
function with the scale parameter A that increases exponentially over time, i.e.
y = (Aemt)Lα Kβ.

Taking logarithms and rearranging the equations, we yield:
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In the case of a constant elasticity of substitution (CES) production function,
we have:

y = (Ae mt)[δL-ρ + (1 – δ ) K-ρ ]-h/ρ . (6)

Expanding Lny in Taylor’s series approximation of the CES around ρ = 0,
we have:

Lny = a + hδLnL + h(1 – δ ) LnK +             (LnL – Lnk)2 + mt. (7)

The elasticities of output with respect to labour (β
L
) and capital (β

K
) are

presented as follows:

β α

ρhρ(1–δ)
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The Malmquist productivity indices

In the present paper, we estimate productivity change as the geometric
mean of two Malmquist productivity indices.  Our Malmquist index is consequently
a primal index of productivity change.  To define the output-based Malmquist index
of productivity change, we assume that for each time period t (t=1,...,T), the
production technology H is presented as follows:

H = [(x, y):  x can produce y].  (10)

We also assume that H satisfies certain axioms, which are to define
meaningful output distance functions.  Following Shephard (1970) or Färe (1988),
the output distance function is defined at period t as:

inf {γ (x, y/γ )∈ H} = (sup {γ (x, γy) ∈ H})-1 . (11)

This function is defined as the reciprocal of the maximum proportional
expansion of the output vector y, given inputs x.  It characterizes the technology
fully, if and only if (x, y) ∈ H.  In Farell’s (1957) terminology, this is known as
technical efficiency.

Also note that, under the assumption of constant returns to scale, the
feasible maximum level of output is achieved when the productivity average value,
y/x, is maximized.  For simplicity, in the case of one output and one input, this
level is also the maximum observed total factor average product (or productivity).
In empirical studies, the maximum values represent the best practice or the highest
observable productivity in the sample of countries.  This best practice can be
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estimated using programming techniques, which will be explained further in the
next section.

By definition, the distance function is homogeneous of degree one in output.
Additionally, it is the reciprocal of Farrell’s (1957) measurement of output technical
efficiency, which calculates how far an observation is from the frontier.  To define
the Malmquist index, we must describe the distance functions with respect to two
different time periods, as follows:

inf {γ (xt+1, yt+1/γ )∈ H}. (12)

This distance function measures the maximal proportional change in outputs
required to make (xt+1, yt+1) feasible in relation to the technology at period t.  Note
that production (xt+1, yt+1) occurs outside the set of feasible production in period t.
The value of distance function evaluates (xt+1, yt+1) relative to technology in period t
can be greater or smaller than unity.  Similarly, one may define a distance function
as one that measures the maximal proportional change in output required to make
(xt, yt) feasible in relation to the technology at period (t +1).

The Malmquist productivity index can be defined as follows:

M t
 
=      .  (13)

In this formula, technology in period t is the reference technology.
Alternatively, one could define a period, for example (t + 1), based on the Malmquist
index as follows:

M t
 
=        .  (14)

In order to avoid choosing an arbitrary benchmark, we specify the output-
based Malmquist productivity change index as the geometric mean of two-type
Malmquist productivity indexes, as follows:

M
0
 (xt+1, yt+1, xt, yt )

=              .  (15)

The output-based Malmquist productivity change index is considered as
the geometric mean of (13) and (14), and it is decomposed as follows:
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M
0
 (xt+1, yt+1, xt, yt )

=
           

, (16)

where the ratio outside the square bracket measures the change in relative efficiency
between years t and (t+1).  The geometric mean of two ratios inside the square
bracket captures the shift in technology between the two periods evaluated at xt

and xt+1, that is:

efficiency change =                 . (17)

technical change =           . (18)

Note that if x = xt+1 and y = yt+1, the sign of the productivity index in (16)
does not change, i.e. M

0
 (.) = 1.  In this case, the components measuring efficiency

change and technical change are reciprocals, but not necessarily equal to unity.

Improvement in productivity is associated with Malmquist indices greater
than unity, while deterioration in performance over time yields a Malmquist index
less than unity.  Even though the components of product of efficiency change and
technical change, by definition, must be equal to the Malmquist index, those
components may be moving in opposite directions.

To sum up, we define productivity growth as the product of efficiency
change and technical change.  We interpret our components of productivity growth
as follows:  improvements in the efficiency change component are considered as
evidence of catching up (to the frontier), while improvements in the technical change
component are considered as evidence of innovation.

We believe that these approaches complement each other for productivity
measurement.  They also provide a natural way to measure the phenomenon of
catching up.  The technological progress component of TFP growth captures the
shifts in the frontier of technology, or innovation.  The decomposition of TFP growth
into catching-up and technical change is therefore useful in distinguishing between
diffusion of technology and innovation, respectively.
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Stochastic frontier production function

A stochastic production frontier can be written as follows:

y
it 

= f(X
it 

;β
i 
) + ε

t
, (19)

where t indicates time; y
it 

is output for the ith economic sector at time t; X
it
 is

a vector of inputs at time t; β
i
 is a vector of respective parameters for inputs; and

ε
it 

is the composite error term.

Aigner, Lovell and Schmidt (1977) and Meeusen and van den Broeck (1977)
defined ε

it
 as follows:

ε
it 

=
 
v

it
 – u

it
, (20)

where ν
it
 is assumed to be independently and identically distributed N(0, σ 2 )

random error and independent of the µ
it
, and µ

it
 is a non-negative random variable

which is assumed to be independently and identically distributed and truncated (at
zero) of the normal distribution with mean µ and variance σ 2 (|N(µ, σ 2 |).  In this
equation, µ

it
 represents technical inefficiency in production.

In the case of panel data, following Battese and Coelli (1992), the technical
inefficiency (u

it
) is defined as u

it
 = η

t
 u

i 
exp[–µ(t–T)],t ∈ τ (i), where the unknown

parameter η represents the rate of change in technical inefficiency over time, and
tells us whether technical inefficiency is time-varying or time-invariant.  For instance,
a value of η that is significantly different from zero indicates time-varying inefficiency.
The parameter µ determines whether the distribution of the inefficiency effects, will
be either a half-normal distribution or a truncated normal distribution.  For example,
if µ = 0, the inefficiency effects follow half-normal distribution.

The maximum likelihood estimation of equation (19) provides estimators
for β and variance parameters σ 2 = σ 2 + σ 2.  In addition, the variance parameter
γ = σ 2 / σ 2 shows how technical inefficiency influences the production variances of
the whole economy as well as individual sectors.

From equation (19) and (20), we get:
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, (21)

where y
it
 is the observed output of the ith sector at time t, and adjusted for the

stochastic noise captured by v
it
.

In our empirical analysis, we will choose one of the two following production
functions.
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In Cobb-Douglas form, we have:

LnGDP
t
 = α

0
 + α

1
 LnL

t
 + α

2
 LnK

t
 + v

t
 – u

t
, (22)

while in the CES form, we have:

LnGDP
t
 = α

0
 + α

1
 LnL

t
 + α

2
 LnK

t
 + β (LnK

t
 – LnL

t
)2 + v

t
 – u

t
,  (23)

where subscript t denotes time, GDP is output; K is capital; L is number of labourers;
αs and β are parameters to be estimated; and v and u are error terms defined
previously.

If β = 0, equation (23) converts to equation (22), meaning that production
function will follow Cobb-Douglas form.  Otherwise, production function will follow
CES form.  We will examine β to choose the most appropriate production function
from these two forms.

IV.  DATA DESCRIPTIONS

In our paper, we will use aggregate data for the whole Vietnamese economy,
as well as for individual sectors in the period 1985-2006.  All the data were compiled
from volumes of the Statistical Yearbook published by the General Statistics Office
of Viet Nam (1990-2007).

Table 1 presents growth estimates for GDP, capital (K), labour (L), and
capital-labour ratio (K/L) over the aforementioned subperiods.  On average, the
growth rate of capital was relatively stable and high, at about 8 to 16 per cent,
while that of labour was low, at about 2 to 4 per cent.  In addition, the estimates
for K/L, which indicates the extent to which labour was equipped in the production

Table 1.  Growth rates of gross domestic product,
capital and labour, 1985-2006

Gross domestic Capital Labour
Capital-labour

Period product growth growth growth
 ratio (K/L)

(percentage) (percentage) (percentage)

1985-1988 4.2 10.9 2.5 0.63

1989-1996 7.5 16.0 2.4 1.05

1997-1999 6.2 8.1 2.1 1.93

2000-2006 7.5 10.9 4.0 2.61

1985-2006 6.8 12.5 2.9 1.55

Source: Authors’ estimates based on data compiled from Viet Nam (1990-2007).
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process, show that the labour-intensive production characteristic of the 1980s slowly
moved towards the more capital-intensive production observed in the 2000s.

V.  ANALYSIS OF FINDINGS

Economic growth and factor decomposition of growth

To choose an appropriate production function for Viet Nam during the
study period, which in turn helps us to estimate economic growth and factor growth,
we tested the hypothesis that the CES and Cobb-Douglas production functions are
the same.  Our estimates (details are not shown here) showed that the statistic of
the likelihood ratio test for equations (22) and (23) is 4.91, which is larger than the
critical value (3.84).  Therefore, we rejected the hypothesis that CES is the same as
the Cobb-Douglas production function, and chose CES production function for our
estimation.

The estimated results for the CES production function are shown in
table 2.  They indicate that the output elasticity of labour for the economy (0.906)
is higher than the output elasticity of capital (0.240).  In other words, during the
past two decades, the Vietnamese economy relied more heavily on labour than
capital in production processes.  The estimated coefficients for the CES production
function for the whole study period are shown in table 3.

Table 2.  Estimated constant elasticity of substitution
production function

Variable Coefficient Standard error t-statistic Probability

LnK 0.240 0.058 4.129 0.0007

LnL 0.906 0.053 16.961 0.0000

(LnK – LnL)2 0.067 0.035 1.942 0.0689

t 0.013 0.006 2.074 0.0536

R-squared 0.999

Adjusted 0.998
R-squared

Durbin-Watson 1.577
statistic

Source: Authors’ estimates based on data compiled from Viet Nam (1990-2007).

Note: The dependent variable is the natural logarithm of real gross domestic product.  All coefficients
are significant at the 5 per cent significance level, except the coefficient of (LnK – LnL)2.
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Table 4 provides further estimates of GDP growth rate, output elasticity of
labour, output elasticity of capital, and return to scale of the whole economy under
CES production function.  It is again shown that the output elasticity of labour (β

L
)

was substantially higher than the output elasticity of capital (β
K
) in all subperiods,

meaning that the Vietnamese economy was heavily dependent on labour in
production.  In the study period, the average return to scale for the economy was
1.237.

Table 3.  Estimated coefficients for constant
elasticity of substitution production function

GDP = A[[[[[δ δ δ δ δ L-p + (1–) K-p ]]]]]-h/p

Coefficient Value

Efficiency (A) 1.0000

Distribution (δ) 0.7908

Substitution (ρ) 0.7118

Elasticity of substitution (η) 0.5842

Degree of homogeneity (H) 1.1462

Source: Authors’ estimates based on data compiled from Viet Nam
(1990-2007).

Table 4.  Sources of growth of the Vietnamese economy, by subperiod

Year GDP K/L β
K

β
L

Return to scale

1986-1988 4.2 0.6273 0.1828 0.8370 1.020

1989-1996 7.5 1.0475 0.2407 0.8997 1.140

1997-1999 6.2 1.9280 0.3402 0.9830 1.323

2000-2006 7.5 2.6082 0.3929 1.0101 1.403

1985-2006 6.8 1.5527 0.2974 0.9394 1.237

Source: Authors’ estimates using data compiled from Viet Nam (1990-2007).

Note: GDP is GDP growth rate (percentage); K/L is capital-labour ratio; and β
L 

and β
K 

are elasticities of
output with respect to labour and capital, respectively.

Table 5 shows our estimates for the growth-factor decomposition, in which
all entries are expressed as a percentage of GDP growth.  Factors leading to
output changes in the Vietnamese economy are identified using the estimated CES
production function for the whole study period (1985-2006).  The aggregated
production function method provides a quantitative explanation for the sources of
output changes from the supply side in a certain period.  The contributions of
capital, labour and TFP (technical change) to economic growth in Viet Nam during

•

•
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1985-2006 were 45.8 per cent, 34.5 per cent and 19.7 per cent, respectively.
Therefore, the increase in capital stock was the biggest contributor, while TFP was
the smallest.

Estimates of the whole economy and individual sectors

To estimate the efficiency of the whole economy and individual sectors,
we had to determine whether the Cobb-Douglas or the CES production function
form was the most appropriate, given the available data.  The maximum-likelihood
estimates of the parameters for the production function were obtained by using
the FRONTIER Version 4.1 computer programme (Coelli 1996).

Table 6 presents the test results of various null hypotheses.  The null
hypotheses are tested using likelihood ratio tests.  The likelihood-ratio statistic is,
λ = –2[L(H

0
) – L(H

1
)], where L(H

0
) and L(H

1
) are the values of the log-likelihood

function under the specifications of the null hypothesis (H
0
) and the alternative

hypothesis (H
1
), respectively.  If the null hypothesis is true, then λ is approximately

a chi-square (or a mixed chi-square) distribution with degrees of freedom equal to
the number of restrictions.  If the null hypothesis includes γ = 0, then the asymptotic
distribution is a mixed chi-square distribution.

Table 5.  Sources of economic growth, 1985-2006

Gross domestic
Contributions of capital, labour, and total factor productivity

product growth
to gross domestic product growth (percentage)

Capital Labour Total factor productivity

100 45.8 34.5 19.7

Source: Authors’ estimates based on data collected from Viet Nam (1990-2007).

Table 6.  Hypothesis tests

Null hypothesis
Log-likelihood Test statistic Critical value

Decision
function ( λ ) ( λ 

c
)

1.  H
0
 : β = 0 4.818 5.202 3.84 Reject H

0

2.  H
0
 : µ = 0 7.416 1.532 3.84 Do not reject H

0

3.  H
0
 : η = 0 7.416 134.628 3.84 Reject H

0

4.  H
0
 : µ = η  = γ = 0 -13.223 175.906 10.50 Reject H

0

Source:  Authors’ estimates based on data compiled from Viet Nam (1990-2007).

Note: The critical value for the test involving γ = 0 is obtained from table 1 in Kodde and Palm (1986).



Asia-Pacific Development Journal Vol. 15, No. 1, June 2008

110

The first null hypothesis—that the production function followed the
Cobb-Douglas form (or H

0
:  β = 0)—is rejected.  Thus, the Cobb-Douglas form was

not an adequate specification for the production function with the available data.
In contrast, the CES form was appropriate to evaluate efficiency and productivity
for the whole Vietnamese economy and its economic sectors in the study period.

The second null hypothesis, that is, that there were no technical inefficiency
effects (or H

0
: µ = 0), is not rejected.  Thus, the CES production function with

µ = 0 could be used for analysis.

The third null hypothesis, that is, that technical inefficiency was
time-invariant (or H

0
: η = 0), is also rejected at the 1 per cent significance level.

This implies that technical inefficiency was not time-invariant.

The fourth null hypothesis—that there were no technical inefficiencies (or
H

0
: γ = µ = η = 0)—is rejected at the 1 per cent significance level.  This means

there were technical inefficiencies during the study period.

In addition, all the estimates of γ are statistically significant at the 5 per
cent significance level, and the estimates of η are all positive and statistically
significant.  This means technical inefficiencies were reduced during the study
period.  In other words, technical efficiency was improved.

Table 7 presents the estimated coefficients for the CES production function.
Two indices indicate whether the economy had high production efficiency:  a random
error term (σ 2) and a technical inefficiency term (σ 2).  Their total (σ 2) represents
the total variance of output.  In table 7, we can see that σ 2 (0.0552) is not particularly
large, meaning that there were only small changes in total production in Viet Nam
during the past decade.

The estimated technical efficiency of the whole economy under the CES
production function and the frequency distributions are summarized in table 8.
The mean technical efficiency for the whole country during the study period was
72.0 per cent.  There were two years in which technical efficiency values were
within a range of 50 to 60 per cent, with a mean of 58 per cent.  There were five
years in which technical efficiency values were between 80 and 90 per cent, with
a mean of 82.5 per cent.

The frequency distributions of technical efficiency for three sectors are
summarized in table 9.  The results in table 9 are striking, as the mean technical
efficiency for the services sector (97.8 per cent) was much higher than that of the
agricultural sector and the industrial sector (67.9 per cent and 50.4 per cent,
respectively).

v u
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Table 7.  Estimated constant elasticity of substitution frontier
production function

LnGDP = ααααα
0
 +ααααα

1
LnL + ααααα

2
 LnK + β β β β β (LnK – LnL)2 + V – U

Coefficient Value Standard error t-statistic

α
0

7.2458 0.2732 26.5200

α
1

0.3122 0.0155 20.1874

α
2

0.1309 0.0246 5.3114

β 0.0504 0.0126 4.0017

σ 2 0.0552 0.0378 1.4590

γ 0.9156 0.0613 14.9466

µ 0

η 0.0642 0.0060 10.7582

Log likelihood function 74.7389

Source: Authors’ estimates based on data compiled from Viet Nam (1990-2007).

Notes: The dependent variable is the natural logarithm of real gross domestic product.  All coefficients
for capital, labour and the square of (lnK-lnL) are statistically significant at the 1 per cent
significance level.

Table 8.  Technical efficiency of the whole economy, 1985-2006

Efficiency range Mean Standard
Observations

(percentage) (percentage) deviation

[50, 60) 58.0 1.1 2

[60, 70) 64.9 3.3 7

[70, 80) 75.3 3.0 8

[80, 90) 82.5 1.5 5

All 72.0 8.5 22

Source: Authors’ estimates based on data compiled from Viet Nam (1990-2007).

Table 9.  Efficiency distribution of the three sectors, 1985-2006

Agriculture Industry Services

Mean (percentage) 67.9 50.4 97.8

Highest (percentage) 82.9 71.1 99.0

Lowest (percentage) 48.6 26.9 96.1

Number of observations 22 22 22

Source: Authors’ estimates based on data compiled from Viet Nam (1990-2007).
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The efficiency distribution also shows that the agricultural sector and the
industrial sector both had a wider efficiency range than did the services sector.
Specifically, the lowest technical efficiency levels for the agricultural sector and the
industrial sector were 48.6 per cent and 26.9 per cent, while the highest values
were 82.9 per cent and 71.2 per cent, respectively.

Decomposition of total factor productivity growth into four subperiods

The economy’s TFP growth can be decomposed into four subperiods.  In
table 10, we present the average changes of the Malmquist productivity indices,
their components, and the level of technical efficiency for each sector over the
study period.

Two TFP components, namely, technical efficiency and technological
progress, are analytically distinct, and they may have quite different policy
implications.  Therefore, there is a need to investigate the relationship between
these terms for the purpose of policymaking.  TFP growth should be divided into
technical efficiency improvement (or the catching-up process) and technological
change in order to identify the sources of productivity variation.

Technical efficiency can be defined as the ability of an industry to produce
as much output as possible, given a certain level of inputs and certain technology.
The three sectors considered in the present paper demonstrate purely technical
efficiency and scale efficiency.  High rates of technological progress could coexist
with low technical efficiency performance.  The fact that there was growth in
technical change and decline in technical efficiency suggests that increased TFP in
all economic sectors in Viet Nam during the study period might be derived from
technological innovation rather than from improvements in technical efficiency.
Decline in technical efficiency was partially due to decline in purely technical
efficiency.  Furthermore, technological change in the form of innovation (which
raised productivity) obviously led to a shift of the production frontier.  Therefore,
the high technological change component of TFP growth associated with the low
rate of technical efficiency in Viet Nam might be due to the fact that new technology
could not be utilized in the best way as a result of inadaptability, low-skilled workers
or mismanagement.

There are several ways to explain the deterioration in technical efficiency
in the agricultural sector during the periods 1985-1988, 1989-1996 and 2000-2006.
For example, the rapid growth of the industrial sector attracted more labourers,
particularly those who were young, dynamic and educated.  A movement of the
labour force to more attractive industries caused a downward shift of supply in the
labour market for the less attractive industries, which in turn made it difficult for
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these industries to improve performance efficiency within given factor inputs.  The
deterioration might also be partly due to the various strategies of each firm or
group of firms in each sector.  Moreover, high technical change associated with
low technical efficiency could be attributable to mismanagement, the unfamiliarity
of workers with new technology or other reasons.

TFP growth:  a comparison of Viet Nam and regional economies

Over the last two decades, economists have seen sparks of interest in
studies on TFP in many economies, including in the four “Asian Tigers” (Hong
Kong, China; Republic of Korea; Singapore; and Taiwan Province of China), and

Table 10.  Summary of mean Malmquist index of the three sectors
and the whole economy

effch techch pech sech tfpch

1985-1988

Agriculture 1.259 0.834 1.026 1.227 1.049

Industry 1.040 1.035 1.000 1.040 1.077

Service 1.000 0.928 1.000 1.000 0.928

1989-1996

Agriculture 1.000 0.978 1.000 1.000 0.978

Industry 1.07 1.034 1.000 1.07 1.106

Service 1.000 0.946 1.000 1.000 0.946

1997-1999

Agriculture 1.000 1.045 1.000 1.000 1.045

Industry 1.000 1.041 1.000 1.000 1.041

Service 1.000 0.964 1.000 1.000 0.964

2000-2006

Agriculture 1.000 0.998 1.000 1.000 0.998

Industry 1.000 1.012 1.000 1.000 1.012

Service 1.000 0.958 1.000 1.000 0.958

1985-2006

Agriculture 1.033 0.981 1.004 1.030 1.014

Industry 1.028 1.030 1.000 1.028 1.059

Service 1.000 0.951 1.000 1.000 0.951

Country 1.020 0.987 1.001 1.019 1.007

Source: Authors’ estimates based on data compiled from Viet Nam (1990-2007).

Abbreviations: effch, efficiency change; techch, technological change; pech, pure technical efficiency
change; sech, scale efficiency change; tfpch, total factor productivity change.
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the newly industrialized economies in Asia (Indonesia, Malaysia and Thailand).  This
interest in TFP is a product of attempts to understand what lies behind the
spectacular growth of those economies in their miracle era.

Table 11.  Studies on total factor productivity growth of Viet Nam
and regional economies

Period of TFPG
Contribution

Methodology
Author(s) Economy

estimation (percentage)
to growth

and data set
(percentage)

Young (1995) Hong Kong, 1966-1990 2.3 .. Growth accounting
China

Sarel (1997) Indonesia 1978-1996 1.16 .. Growth accounting

Sarel (1997) Malaysia 1978-1996 2.00 .. Growth accounting

Sarel (1997) Philippines 1978-1996 -0.78 .. Growth accounting

Young (1995) Singapore 1966-1990 0.2 .. Growth accounting

Young (1995) Republic of 1966-1990 1.7 .. Growth accounting
Korea

Young (1995) Taiwan 1966-1990 2.6 .. Growth accounting
Province of
China

Ikemoto (1986) Thailand 1970-1980 1.4 19.7 Non-parametric;

growth accounting;

time series

Martin (1996) Thailand 1970-1990 1.6 42.5 Parametric; panel
data

Collins and Thailand 1960-1994 1.8 36.0 Parametric; panel
Bosworth (1997) data

Sarel (1997) Thailand 1978-1996 2.03 39.0 Elasticity estimation;

1991-1996 growth accounting;
panel data

Nguyen (2004)a Viet Nam 1985-2004 1.56 23.39 CES production
function

Nguyen (2005)a Viet Nam 1986-2002 2.38 34.99 CES production
function

Nguyen (2007)a Viet Nam 1986-2002 0.2 Malmquist index

Sources: Studies summarized in Tinakorn and Sussangkarn (1998), unless otherwise indicated.

Abbreviations: TFPG, total factor productivity growth; CES, constant elasticity of substitution.
a Authors’ summary.
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Table 11 presents a summary of methodologies, data sets, and study
periods for TFP growth (TFPG) in different countries.  It is obvious that these
studies find different rates of TFPG for the countries in their studies due to various
reasons.  An important conclusion is that different data sets, methodologies and
sizes of elasticities of output to inputs may result in significantly different estimates
of TFPG.  Chen (1997) correctly pointed out that technical change as a residual
was quite sensitive to the ways that data were measured and the time period that
was chosen.  In the case of Viet Nam, we find that TFPG, which is measured by
different approaches, was positive during the study period (1985-2006).  This is an
encouraging result in comparison with the negative numbers found in some other
countries.  However, from the annual TFPG figures, we also could observe declines
in the rate of TFPG in some subperiods in comparison with other subperiods.  This
occurred despite the high growth of GDP during the same period, and indicates
that we should explore more factors that could influence TFPG.

VI.  CONCLUDING REMARKS

The paper examined the sources of growth in Viet Nam during the period
1985-2006 using various approaches.  We found that the economy’s TFP growth
was largely driven by capital (45.8 per cent) and labour (34.5 per cent), and partly
driven by technological progress (19.7 per cent).  Furthermore, using the Malmquist
index at the sectoral level, we found that the productivity growth rates of the
industrial sector, the agricultural sector, and the services sector were 6.3 per cent,
1.6 per cent, and -4.7 per cent, respectively.  These diverse rates of productivity
growth might be explained by a variety of factors, including quality of labour,
namely, the composition of labourers by educational level in each sector.  That the
services sector had lower productivity growth than the industrial and agricultural
sectors was confirmed by other methodologies used in the paper.  In analyses at
both the national and sectoral levels, the estimated results showed that the industrial
sector contributed significantly more to the output growth and TFP growth than
did the other sectors during the study period.

Low technical efficiency could be attributable to various sources, such as
the inability of workers to adapt to new technology, or mismanagement in business
activities.  Based on our findings, it is suggested that Viet Nam improve quality of
education and training, factors that are always important in improving the quality
of the labour force.
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