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Abstract
This paper employs the spatial econometric approach to undertake a research of labor 

productivity convergence of the industrial sector among sixty provinces in Vietnam in the period 
1998-2011. It is shown that the assumption of the independence among spatial units (provinces 
in this case) is unrealistic, being in contrast to the evidence of the data reflecting the spatial 
interaction and the existence of spatial lag and errors. Therefore, neglecting the spatial nature 
of data can lead to a misspecification of the model. We decompose the sample data into the  sub-
periods 1998-2002 and 2003-2011 for the analysis. Different tests point out that the spatial lag 
model is appropriate for the whole period of the sample data (1998-2011) and the sub-period 
(2003-2011), therefore, we employ the maximum likelihood procedure to estimate the spatial lag 
model. The estimation results allow us to recognize that the convergence model without a spatial 
lag variable and using ordinary least square to estimate has the problem of omitting variables, 
which will have impact on the estimated measure of convergence speed. And this problem 
dominates the positive effect of factors such as mobilizing factors, trade relation, and knowledge 
spillover in the regional scope.
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1. Introduction
One hypothesis already proposed by some 

economic historians, such as Aleksander Ger-
schenkron (1952) and Moses Abramovitz 
(1986), is that “following” countries have a 
tendency to grow more quickly to catch up with 
the richer ones to narrow the gap between these 
two groups. This catch up effect is called con-
vergence. The question of convergence is cen-
tral to a lot of empirical research about growth. 
The neo-classical growth model was built up 
with the assumption of closed economies. It is 
derived from the fact that at the beginning, this 
model is only to explain the progress of growth 
of one economy. Later, they started using this 
model to explain the differences in growth rate 
of per capita income among economies; how-
ever, despite these modifications, the original 
assumption is still kept unchanged, and it is 
used in empirical analyses about international 
convergence. William Baumol (1986) is one of 
the foremost economists providing statistical-
ly empirical evidence about the convergence 
among several countries and the non-existence 
of convergence among others. Barro and Sala-
i-Martin-i-Martin (1991) point out that there is 
unconditional convergence among states of the 
US, regions of France, and districts of Japan as 
we observe in the OECD. The regression meth-
od used by Barro has been widely applied in 
many convergence analyses for different coun-
tries such as Koo (1998) considering conver-
gence among regions in Korea, and by Hoso-
no and Toya (2000) considering convergence 
among provinces in Philippines. 

This result is in line with the predictions 
of the Solow model in the case that provinc-
es within one nation have the same investment 

rate and population growth rate. However, as 
we can see, most researches still apply the 
empirical method for analyzing convergence 
among countries to the analysis of convergence 
among provinces within one country. The re-
searchers who mainly pay attention to growth 
and convergence among regions usually are not 
aware of the fact that regions and nations are 
different concepts which cannot be replaced by 
each other in a simple way.

Although the assumption of a closed econo-
my can be used in an analysis at the internation-
al level, it is inappropriate to be applied when 
analyzing convergence of regions within one 
country because of much lower restrictions in 
trade barriers or factor mobilization. Therefore, 
among many concerns, at least two questions 
must be emphasized and can suggest a new di-
rection for research: (i) how convergence oc-
curs in the case of an open economy and (ii) 
how the spatial dependence among regions af-
fects the convergence?

Firstly, if we consider an open economy, we 
must take the characteristics of factor mobil-
ity into account. Factor mobility implies that 
labor and capital can freely move in response 
to differences in compensation and interest 
rates, and they in turn depend on the factor 
ratios.  The capital tends to flow from the re-
gions which have a high capital-labor ratio to 
the regions which have a lower ratio, and vice 
versa. In reality, if this adjustment process oc-
curs instantaneously, the speed of convergence 
approaches infinity.

By bringing the assumption of an imperfect 
credit market, a finite life-cycle, and the adjust-
ment cost of migration and investment into the 
model, the speed of convergence to the steady 
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state is finite but larger than the case of a closed 
economy (Barro and Sala-i-Martin, 1995). 
Similar results are found when we take trade 
relations rather than factor mobility into con-
sideration in the neo-classical growth model: 
the convergence of labor productivity among 
regions is higher than in the case of a closed 
economy.

Another possibility for poorer countries to 
catch up with the richer ones (or having high-
er labor productivity) is through the spillover 
effects of technology and knowledge: In the 
presence of imbalance of technology among 
regions, the inter-region trade can stimulate a 
spillover effect of technology when the techno-
logical process can be integrated in the tradable 
commodities (Grossman and Helpman, 1991; 
Segerstrom, 1991; Barro and Sala-i- Martin, 
1997). Another way to explain the spillover 
effect of technology and knowledge is related 
to the external effect of knowledge built up by 
enterprises at a certain location on the produc-
tion process of other enterprises located in oth-
er places. So, the technology spillover effect in 
the context of productivity convergence implies 
that the knowledge and technology accumulat-
ed, thanks to the spillover effect, can provide 
opportunities for lagging enterprises (locat-
ed in low-productivity provinces) to catch up 
with leading ones (located in high-productivity 
provinces).

The traditional neoclassical analysis frame-
work can be strengthened by adding the trade 
relations rather than the flow of factor mobil-
ity. Even when there is no factor movement, 
the balance of prices of tradable goods and the 
regional specialization based on the relative 
abundance of factor endowment due to trade 

can lead to the equalization of factor prices. In 
addition, when there exists a difference in the 
level of technology among regions, trade can 
help enhance the spillover of technology and 
create opportunities for poorer regions to catch 
up with richer ones (Nelson and Phelps, 1966; 
Grossman and Helpman, 1991; Segerstrom, 
1991; Barro and Sala-i-Martin, 1995). We 
can analyze the effect of technology spillover 
in more detail. Assuming there is no spillover 
effect of technology, then lagging enterprises 
cannot catch up with leading ones if they do 
not invest in R&D or purchase patents to get 
new technology, however, these are such a 
huge cost for new entrants into the field as well 
as for small and medium enterprises. The same 
argument can be used for differences among 
regions or provinces. When the spillover effect 
of technology is not available, the low-produc-
tivity provinces cannot catch up with high-pro-
ductivity ones unless they can invent or buy 
new technology. However, we should mention 
that if the spillover effect of technology occurs 
quickly, one problem can arise. If this effect 
can occur so easily, then no enterprises have 
motivation to invest in R&D. In practice, the 
spillover effect cannot occur immediately but 
will last for a long period of time. Thereby, the 
advantage of leading enterprises can be main-
tained  for a certain period of time and helps 
them to have more incentives to invest into 
more advanced technology, and convergence 
only occurs after a while.

In summary, we can expect the speed of con-
vergence to reach the steady state predicted in 
the version of the neoclassical growth model 
for an open economy, or in the models with the 
spillover effect of technology, the speed of con-



Journal of Economics and Development Vol. 17,  No.1,  April 20158

vergence would be higher than that in the case 
of a closed economy.

A direct way to empirically test the predic-
tion of higher speed of convergence for an 
open economy is to put all variables such as 
inter-regional movement of capital, labor and 
technology into the model. However, this direct 
method has the restriction of the availability of 
data, especially the data of capital and technol-
ogy flows as well as technological spillover. A 
few attempts have been undertaken to test the 
role of migration flow on convergence. Bar-
ro (1991) and Barro and Sala-i-Martin (1995) 
brought the migration rate as explanatory vari-
ables into the regression model for US states, 
Japanese provinces, and regions of five Asian 
countries. It is expected that by controlling the 
migration rate, the estimated speed of conver-
gence would be smaller, and the size of de-
crease would be a direct measurement of the 
actual role of migration on speed of conver-
gence. However, in contrast to the authors’ ex-
pectation, the speed of convergence was almost 
always not affected by putting this variable into 
the model, even when we use the instrumental 
variable to take the possibly endogenous effect 
on migration rate into account. These results, 
together with the fact that the net migration rate 
tends to positively respond to the initial level of 
per capita income, advocate for the view that 
migration has little effect on speed of conver-
gence, whereas most of the effect on this pro-
cess comes from the change in capital-labor 
ratio, which is determined by saving rate.

In summary, the neoclassical model de-
scribes a tendency of the whole economy sys-
tem. It approaches not only to the equilibrium 
of the market in markets of each region but also 

the general equilibrium in the inter-connection 
between each region and the rest of the whole 
system. These regions build up a system, as 
described by the authors, including residents 
sharing a similar technology system. This im-
plies that these regions would have the same 
steady state. Therefore, in such a framework, 
differences in economic growth of regions are 
mainly due to two causes: (i) growth of capital 
stock per capita is financed by internal resource, 
and (ii) a quick decrease in the initial misallo-
cation of resources among regions thanks to the 
openness of the region. Combining these two 
factors, the speed of convergence to the steady 
state would occur more quickly than in the case 
of a closed economy. After understanding the 
important role of the mobility among regions 
due to their openness in explaining the regional 
convergence, now we can continue to study the 
spatial interaction effect on the convergence 
analysis from the econometric perspective.

In general, two main causes of misspecifica-
tion which have been pointed out in research on 
spatial econometric are: (i) spatial dependence 
and (ii) spatial heterogeneity (Anselin, 1988). 
Spatial dependence (or spatial autocorrelation) 
originates from the dependence of observations 
ranked by the order of space (Cliff and Ord, 
1973). Specifically, Anselin and Rey (1991) 
distinguish between strong and disturbance 
spatial dependence. Strong spatial dependence 
reflects the existence of the spatial interaction 
effect, for instance, the spillover effect of tech-
nology or the mobility of factors, and these are 
the crucial components determining the level 
of income inequality across regions. Distur-
bance spatial dependence can originate from 
troubles in measurement such as the incompat-
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ibility between spatial features in our research 
and the spatial boundary of observation units. 
The second cause of misspecification, i.e. spa-
tial heterogeneity, reflects the uncertainty of the 
behavioral aspects among observation units.

As Rey and Montuori (1999) emphasized, 
researches of spatial econometrics have provid-
ed a series of procedures to test the existence of 
the spatial effect (Anselin, 1988; Anselin, 1995; 
Anselin and Berra, 1998; Anselin and Florax, 
1995; Getis and Ord, 1992). Additionally, in 
the cross-section approach, there are some 
forms of estimation parameters for models ex-
plicitly considering spatial effects. The version 
of strong dependence to study spatial depen-
dence is called as spatial autocorrelation model 
(Anselin and Bera, 1998; Arbia, 2005), or spa-
tial lag model. Some empirical researches have 
used the econometric background to test the 
regional convergence. The most complete re-
searches which can be mentioned include Rey 
and Montouri (1999), Niebuhr (2001), and Le 
Gallo et al. (2003) and Abria and Basile (2005).

This research includes four sections. The 
next section presents the background of meth-
odology including this content: how to con-
struct a weight matrix, spatial lag models, a 
spatial error model, and some important tests. 
The third section briefly describes the data and 
estimation results. Finally, the conclusion is 
given in the fourth section.

2. Theoretical framework
2.1. Method to identify the weight matrix
To study spatial convergence, we have to 

construct the model and test the existence of 
spatial dependence. To develop the model, we 
need to construct the weight matrix and do 
some necessary tests. Hence, in this section, 

we present how to identify a weight matrix w.
The spatial econometric model which we 

will build up will use provinces as the spatial 
units. Normally, in empirical analyses, admin-
istrative units are most popularly used. In the 
context of Vietnam, taking provinces as the 
spatial units is the most appropriate because the 
data at the provincial level are available. The 
method to identify a weight matrix is as fol-
lows: For each province, we identify a central 
point (the city or the town). We can identify the 
latitude and longitude of this central point by 
using a geographical map. Using the Euclidian 
distance in the two-dimension space, we have:

( ) ( ) ( ),   (1)
T

ij i j i j i jd d s s s s s s= = − −

In which dij is the distance between two 
points si and sj. Two provinces would be called 
neighbors if  0 ≤ dij < d*, dij is the distance 
which is computed by using the formula (1), 
d* is called the critical cutting point. We also 
define two provinces i and j to be called as t 
neighbors if ( )min , ,ij ikd d i k= ∀ . Denote 
N(i) as the collection of all neighbors of prov-
ince i. Then, the binomial weight matrix is the 
matrix with elements identified as follows:

( )1
0ij
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w

otherwise
∈= 
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Denote j ij
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ij n n

W w
×

 =    is called a row-standardized binary 
version of a spatial weight matrix. Using this 
methodology, we can construct the weight ma-
trix for the productivity convergence model of 
sixty provinces (sixty spatial units in the empir-
ical research).

2.2. β- convergence 
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So far, the b-convergence approach is still 
considered as the most persuasive theoretical 
approach from the economic theory perspec-
tive. At the aspect of policy making, this is also 
a highly persuasive approach because it can 
identify an important concept relating to speed 
of convergence. It can go beyond the neoclassi-
cal growth model of Solow-Swan, in which it is 
assumed that the economy is closed, the saving 
rate is endogenous, and the production function 
has the features of decreasing returns with re-
spect to capital and a constant return to scale. 
This model predicts that the growth rate of a 
region is positively correlated to the distance 
from the current position of the economy to its 
steady state. Some authors such as Mankiw et 
al. (1992) and Barro and Sala-i-Martin (1992) 
suggested a statistical model using cross-sec-
tion units in the form of a matrix as follows:

( )
0,

0

2

1 ln   (2)

0,

T
T

y
T y

Iε

µ ε

ε s

 
= + 

 
ℵ∼

  
In which yT is the value of labor productivity 

on average at the end point of the period under 
consideration, y0 is the value of the first period 
and ε is the identically and independently dis-
tributed error component  (i.i.d) and it is the 
unsymmetrical component of the model. μ0,T is 
the symmetrical component of the model and is 
identified as follows:

( )'
0, 0

1
ln    (3)

T

T

e
y

T

λ

µ α
−−

= −
  

   
In which, λ is the speed of convergence, 

measuring the speed at which the economy will 
converge to its steady state. From the model (2) 
and (3), we can get this model:

( )'
0

0

11 ln ln   (4)
T

T
ey y

T y T

λ

α ε
−− 

= − + 
 

 
   

The model (4) is normally directly estimated 
by using Non-Linear Least Square (Barro and 
Sala-i-Martin, 1995), or statistical model - pa-
rameterized by letting β= -(1 – e-λT), α=Tα’, λ= 
- ln(1+β)/T, the model (4) becomes:

0
0

ln ln   (5)Ty y
y

α b ε
 

= + + 
 

  
   

Then, β can be estimated by using the ordi-
nary least square method. The absolute conver-
gence exists when the estimation of b takes the 
negative value and is statistically significant. If 
the null hypothesis (β=0) is rejected, then we 
can conclude that not only the regions which 
have lower productivity will grow more quick-
ly, but all of them will converge to the same 
level of labor productivity.

The constant component, α depends on y*, in 
which y* is labor productivity at the steady state. 
In these settings, all provinces are assumed to 
be homogeneous in terms of structure and can 
have access to the same type of technology, so 
they can be characterized by the same steady 
state, and the only difference among these 
economies are the initial conditions.

In the scope of this paper, the concept of 
b conditional convergence will be employed 
when the assumption of the same steady state 
is relaxed.

2.3. Moran index
The s-convergence approach is to compute 

the standard error of per capita income of re-
gions and to analyze the long-term tendency 
of this value. If this value tends to decrease, 
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regions will converge to the same level of in-
come. In this approach, a problem arising is 
that the standard deviation is very difficult to be 
recognized for spatial units, and it does not al-
low to distinguish between very different geo-
graphical conditions (Arbia, 2005). Moreover, 
according to Rey and Montouri (1999), the 
σ-convergence analysis can “veil the unusual 
geographical forms which can vary overtime”. 
Therefore, it is useful to analyze geographical-
ly spatial dimensions of income distribution to-
gether with dynamic behavior of income vari-
ations. This is quite possible by using I-Moran 
statistics to examine different forms of spatial 
autocorrelation (Cliff and Ord, 1973). The 
I-Moran test statistic can be identified as fol-
lows:

1 1

2

1 1 1

   (6)

n n

i j
i j

n n n

iij
i j i

e e
nI

w e

= =

= = =

=
∑∑

∑∑ ∑

� �

�

  
   

In which � �T

i i ie y xb= −  is the residuals of 
OLS estimation, ijw W∈ , W is the binominal 
spatial weight matrix. Written in the form of a 
matrix, the formula (6) then becomes:

( ) ( )1

   (7)
T T

I h e e e W e
−

= � � � �    
  

In which �T
e y Xb= −�  and X are data ma-

trix. If we employ the row-standardized bino-
mial weight matrix, then

( ) 1
*     (8)

T T
I e e e W e

−

= � � � �    
  

Because the residuals follow the normal 
distribution, then the I-statistic approaches the 
normal distribution, in which the expectation 
value is

( ) ( )*1
1

kE I tr MW
n k

−=
− −

and variance is

( )
( ) ( ) ( )

( )( ) ( )
22* * * *

2

1 1

Ttr MW MW tr MW tr MW
V I E I

n k n k

 + +  = −
− − − +

In which, M = I - X(XT X)-1XT. The positive 
and significant value of I-Moran implies spatial 
convergence while the negative value implies 
spatial divergence.

2.4. Spatial dependence in the cross-section 
growth equation

The neoclassical growth model mentioned 
above has been developed on the basis of a 
closed economy. However, this assumption is 
so strong for the analysis of regions within one 
country, in which there exists negligible trade 
and factor mobility barriers (Magrini, 2003). 
To understand implications of bringing the as-
sumption of an open economy into the model 
with respect to convergence, we must consider 
the role of factor mobility, trade relations and 
the spillover effect of technology or knowl-
edge.

After clarifying the important role of mobil-
ity flows across regions due to their openness 
on regional convergence, now we can turn to 
the second question that we have mentioned 
above, and we examine the effects of spatial 
interaction on convergence analysis from the 
econometric perspective.

In general, two main causes of misspecifica-
tion which have been pointed out in researches 
of spatial econometric are (i) spatial depen-
dence and (ii) spatial heterogeneity (Anselin, 
1988). Spatial dependence (or spatial autocor-
relation) originates from the dependence of ob-
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servations ranked by the order of space (Cliff 
and Ord, 1973). Specifically, Anselin and Rey 
(1991) distinguish between strong and distur-
bance spatial dependence. The strong spatial 
dependence reflects the existence of a spatial 
interaction effect, for instance, the spillover ef-
fect of technology or the mobility of factors, 
and they are the crucial components deter-
mining the level of income inequality across 
regions. Disturbance spatial dependence can 
originate from troubles in measurement, such 
as the incompatibility between spatial features 
in our research and the spatial boundary of ob-
servation units. The second cause of misspec-
ification, i.e. spatial heterogeneity, reflects the 
uncertainty of the behavioral aspects among 
observation units.

The first strong dependence form can be 
integrated into the traditional cross-section 
specification by the spatial lag of the depen-
dent variable, or spatial lag model. If W is the 
row-standardized spatial weight matrix which 
describes the structure and intensity of the spa-
tial effect, then the spatial lag model has the 
following form:

, ,
, i,j

0,
0

1 0,

ln w ln    (9)
n

T i T i
ü

j i
i

i

y y
g

y y
üb rα ε

=

   
= = + +   

   
+ ∑

      
  

In which r is the parameter of the spatial lag 
dependent variable, ,

i,j
1 0,

w ln
n

T i

j i

y
y=

 
 
  

∑  captures the in-
teraction impact, showing how the growth rate 
of GDP per capita in one region is determined 
by the growth rate in neighboring regions. The 
error component is assumed to be identically, 
independently and normally distributed (i.i.d) 
and it is assumed that all spatial dependence ef-
fects are consisted in the lag component.

The specification (4) can be written in the 

vector version as follows:

0
0 0

ln w ln    (10)T T
T l ynyyg

y y
b r εα

   
= = ++ +   
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Putting the term rwln(yT/y0) to the left-side, 

we have

0
0

(1 w) ln   (11)T lnyy
y

εαr b
 

− = +  +
 

 
   

The model (11) can be interpreted in differ-
ent ways but the most important is the nature 
of convergence after controlling the effect of 
spatial lag.

The parameters in model (10) can be es-
timated by the maximum likelihood method 
(ML), instrumental variables, or procedures of 
general moment method.

Now, we can specify the spatial lag model.
We can integrate the spatial effects through 

the spatial error model which has been pro-
posed by Anselin and Bera (1998), Arbia 
(2005).  Using vector denotation, the errors can 
be identified as follows:

εt = ψWεt + ut ,
Moving the first term of the right-side to the 

left-side of the equation, we have:
εt = (I -  ψW)-1 + ut

In which ψ is the coefficient of spatial error 
and u ~ N(0,σ2I). In this case, the original er-
ror has the covariance matrix in the form of a 
non-spherical form:

E[εε’] = (I -  ψW)-1σ2I(I -  ψW)-1

So, using the ordinary least square meth-
od (OLS) in the presence of non-sphere error 
would make the estimation of convergence pa-
rameter bias. As a consequence, the OLS ap-
plied for the spatial lag model would provide 
inconsistent estimations, and we should em-
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ploy estimations based on the maximum like-
lihood and instrumental variable method (An-
selin, 1988). From the spatial analysis perspec-
tive, an interesting feature of the disturbance 
dependence model has been clarified in Rey 
and Montuori (1999). In this case, a random 
shock which has effect on a certain region will 
have effect on the growth rate of other regions 
through the spatial variation component. In 
other words, any movements that diverge from 
the growth pattern of the steady state may not 
only depend on the shock characterized by re-
gions, but also depend on the spillover effect of 
shocks from other regions.

2.5. A test of spatial dependence
As Rey and Montuori (1999) emphasize, re-

searches of spatial econometrics have provided 
a series of procedures to test the existence of 
the spatial effect (Anselin, 1988; Anselin, 1995; 
Anselin and Berra, 1998; Anselin and Florax, 
1995; Getis and Ord, 1992).  The tests, based 
on two types of econometric model, namely the 
spatial lag model and the spatial error model, 
can be in the form of the Lagrange multiplier 
test (LM), and  the test suggested by Anselin et 
al. (1996) which uses the Monte Carlo meth-
od to examine a finite sample and a trend test 
to provide the correction method for the LM 
test to test the spatial dependence characteris-
tic. They found that the corrected LM method 
for a finite sample has many attributes. This pa-
per employs the LM test method suggested by 
Anselin (1995) to select the more appropriate 
model. 

A test of the existence of spatial autocorrela-
tion errors

H0: non-existence of spatial dependence 
(spatial autocorrelation) (H0: s=0)

The test statistic: 

( )2
er

'w / w 'w w
'ror

e eLM tr
e e

 = +  
In which tr is the matrix trace; e is the vec-

tor of OLS residuals; W is the row-standardized 
spatial weight matrix.

The LM statistic follows the χ2(1) distribu-
tion.

A test of the existence of spatial lag
H0: non-existence of spatial lag dependence 

(H0: r=0)
The test statistic: 

( ) ( )2
0

'w
w ln / ' w 'w w

'
g

Lag

e
LM y b e e tr

e e
 

= + +  

In which wg is the spatial lag of the depen-
dence variable; b is the least square estimation 
of the parameter b. The LM statistic follows the 
χ2(1) distribution.

3. Empirical results
3.1. Data
The objective of this paper is to analyze the 

convergence of the labor productivity of the 
whole economy and three economic sectors 
including agriculture, industry, and services at 
the provincial level. The data, including output, 
capital, and labor compensation in the period 
1998-2011 are collected from the General Sta-
tistical Office, Ministry of Labor, Invalids and 
Social Affairs. This data set consists of the out-
put computed at constant prices, the net value 
of capital at a constant price, and the labor of 
the whole economy and of three sectors.

However, there exists one problem with this 
data set. Firstly, due to the merging and split-
ting of provinces, some provinces are available 
only in some years in this period. To guarantee 
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the pureness of research units, we decide to ag-
gregate the data of some provinces as follows: 
combining the data of Hanoi and Ha Tay, Dak 
Lak and Dak Nong, Dien Bien and Lai Chau, 
Can Tho and Hau Giang.

In an analysis of convergence, the central is-
sue is the relative value of labor productivity 
because we want to see if the provinces with 
low-productivity can grow more quickly than 
the ones with high-productivity. This data set 
is not biased due to sample selection (because 
all provinces are brought into the analysis), and 
we can expect that the relative growth of prov-
inces are compatible.

At first, we employ cross-section regression 
to estimate the convergence of labor productiv-
ity for the whole economy, and estimate labor 
productivity convergence at the provincial lev-
el of three sectors, namely agriculture, industry 
and service. It is shown that the estimation re-
sults do not support for the hypothesis of con-
vergence of labor productivity in the case of the 
agriculture sector and the whole economy.

We employ the spatial econometric tech-
niques to estimate labor productivity conver-
gence in sixty provinces for two sectors: indus-
try and service. We find out that the economet-
ric model used for the service sector does not 
satisfy some tests, therefore, in the following 
section, only the estimation results of the labor 
productivity convergence for the industry sec-
tor would be provided.

3.2. Empirical results
Table 1 gives the estimation results using the 

ordinary least square method for the case of un-
conditional convergence of labor productivity 
in the industry sector in sixty Vietnamese prov-
inces in the whole period 1998-2011 and two 

sub-periods (1998-2002 and 2003-2011).
In this model, the dependent variable ex-

presses the growth rate of labor productivity on 
average in the whole period and two sub-pe-
riods. The OLS estimation coefficient of the 
initial labor productivity for the whole period 
is highly statistically significant and takes a 
negative value. This confirms the existence of 
the absolute convergence of labor productivity 
in the industry sector in the period 1998-2011. 
When we decompose the whole period into two 
sub-periods, 1998-2002 and 2003-2011, the 
estimation results give us interesting insights. 
There is evidence about the different patterns in 
the growth of labor productivity in the provinc-
es. The coefficients of the initial labor produc-
tivity for the two sub-periods are respectively 
-0.2623 and -0.3969, and both of them are sta-
tistically significant.

Table 1 also provides the results of differ-
ent model specification tests based on the 
cross-section data and the residuals from the 
OLS estimation. The value of the Jarque-Be-
ra test is not significant, implying that the null 
hypothesis, errors following the standard dis-
tribution, is not rejected. So, we can explain 
that the results of the misspecification test (the 
heterogeneity of variance test, spatial depen-
dence test) are meaningful. The value of the 
Breusch-Pagan test statistic shows that there is 
no variance heterogeneity, except the model in 
the period 1998-2002. The result of this test is 
once again affirmed by the White test. Table 1 
also gives the result of the maximum likelihood 
function and value Schwartz and AIC criteri-
on. These criteria imply that the convergence 
model estimated by the OLS technique for the 
whole period and the second sub-period are 
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approximate to each other (AIC in the whole 
period model is 1,4624 whereas its value in the 
second sub-period model is 1,2781).

There are three different tests for the exis-
tence of spatial dependence. They are Moran 
I, and two Lagrange multiplier tests. The first 
test shows that the null hypothesis is rejected at 
the 10% significance level for the whole period 
and at the 5% significance level for the second 
sub-period. This is a powerful test, however it 

does not allow us to identify the cause of mis-
specification as a consequence of spatial lag or 
spatial errors (Anselin and Rey, 1991). Table 1 
also provides the results of the two Lagrange 
multiplier tests (LM), in which the test of spa-
tial error is not significant in any period under 
consideration while the Lagrange multiplier 
test of spatial lag is significant at the 10% level 
for the whole period and 5% for the sub-period 
2003-2011.

Table 1: The estimation results of unconditional convergence of labor productivity in the 
industry sector using OLS

Source: The author’s estimation using the data set of General Statistics Office of Vietnam (GSO) and 
Ministry of Labour - Invalids and Social Affairs (MOLISA). 
Note: The number in parentheses is the probability.

 

 1998-2011 1998-2002 2003-2011 
α 2.418844    

(0.000) 
.8189173   
 (0.000) 

1.890344    
(0.000) 

β -.5596322    
(0.000) 

-.2623358    
(0.000) 

-.3968612    
(0.000) 

Goodness of fit 
Adjusted R2  0.3935 0.2208 0.2210 
Log likelihood -41.87277166 -20.29362622 -36.34453791 
AIC 1.462426 .7431209 1.278151 
Schwartz Criterion -223.2864 -230.5623 -225.6737 
Regression Diagnostic 
Jarque-Bera .0914 

(.9553) 
2.342 
(.3101) 

.5446 
(.7616) 

Breusch-Pagan 2.007446 
(.5709) 

9.721399 
(.0211) 

.8667575 
(.8334) 

White .0406363 
(0.8402) 

12.47832 
(0.0004) 

0.9555399 
(0.3283) 

Moran’s I 1.866       
(0.062) 

-0.950       
(1.658) 

2.300       
(0.021) 

LMe 1.278       
(0.258) 

1.432       
(0.231) 

2.218       
(0.136) 

Robust LMe 1.143       
(0.285) 

0.014       
(0.904) 

1.847        
(0.174) 

LM Lag 3.761         
(0.052) 

1.779       
(0.182) 

4.494       
(0.034) 

Robust LM Lag 3.626        
(0.057) 

0.361       
(0.548) 

4.123       
(0.042) 
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In summary, the least square estimation of 
the convergence model is misspecified due to 
the effect of spatial lag, i.e. the labor productiv-
ity of each province is not independent of the 
other provinces’ labor productivity.

According to the above tests, the spatial lag 
model is suitable for the whole period (1998-
2011) the second sub-period (2003-2011). 
Therefore, we would use the maximum likeli-
hood procedure to estimate the spatial lag mod-
el. The results are given in Table 2.

Table 2 gives the results of the spatial lag 
model estimated by the maximum likelihood 
method (ML). The estimate parameters are 
highly statistically significant. We can compare 
the coefficient of logarithm of the labor pro-
ductivity estimated by OLS and the one esti-
mated in the spatial lag model by the maximum 
likelihood method in the whole period and the 

second sub-period 2003-2011. The coefficient 
estimated by OLS, and not taking the effect of 
spatial lag into consideration in the whole pe-
riod and the sub-period 2003-2011, are respec-
tively -0,5596 and -0,3968. Meanwhile, the co-
efficient in the spatial lag model estimated by 
the maximum likelihood method in these two 
periods are respectively -0,5419 and -0,3719. 
Comparing these results shows that the coef-
ficients of logarithm of the labor productivity 
in the spatial lag model are smaller in absolute 
value in both periods. The decrease in the val-
ue of these coefficients is due to the presence 
of the spatial lag effect in the model. The eco-
nomic reasons for this characteristic can be 
explained as follows. Firstly, it is the effect of 
omitting a variable, i.e. putting the spatial lag 
variable into the model can help correct the 
model in terms of spatial dependence. The rep-
resentative variable for the spatial dependence 

Table 2: Estimation results of labor productivity in Vietnam using the spatial lag model 
and maximum likelihood method

Source: the author’s estimation using the data set of GSO and MOLISA.

 

1998-2011 1998-2002 2003-2011 
α 2.050751   

 (0.000) 
.932069    
(0.000) 

1.509757    
(0.0) 

β -.5419362    
(0.000) 

-.2591993    
(0.000) 

-.3718775   
(0.0000) 

ρ .3143677   
 (0.152) 

-.7400394     
(0.109) 

.378562   
(0.104 ) 

Adjusted R2  0.8374 0.2904 0.7810 
Log-Likelihood -40.923719 -18.96498 -35.170278 
AIC 0.2540 0.1357 0.2193 
Schwartz Criterion 0.2724 0.1455 0.2352 
Spatial Breusch-Pagan heteroschedasticity test 0.0001 

(0.9912) 
0.2107  
(0.6462) 

0.4891 
(0.4843) 

LR test spatial autocorrelation 1.898  
(0.168) 

2.657  
(0.103) 

2.349  
(0.125) 

LM test(error) 3.761  
(0.052) 

1.779  
(0.182) 

4.494  
(0.034) 
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can capture the effects of variable omission 
(the difference comes from migration, trade, 
and spillover effect. The variable omission can 
have a negative effect on the growth of pro-
ductivity. Secondly, it is the positive effect of 
factor mobility (labor mobility across provinc-
es for instance), trade relations, and knowledge 
spillover at the regional level. The technology 
and knowledge spillovers have an important 
role. The technology spillover behind the pro-
ductivity convergence can bring about oppor-
tunities for enterprises in lagging provinces to 
catch up with leading enterprises. Assume that 
there is no technology spillover. Then, lagging 
enterprises cannot catch up with leading ones if 
they do not invest in R&D or purchase patents 
to get new technology, however, these present 
such a huge cost for new entrants into the field 
as well as for small and medium enterprises. 
The same argument can be used for differences 
among regions or provinces. When the spill-
over effects of technology are not available, 
the low-productivity provinces cannot catch 
up with the high-productivity ones unless they 
can invent or buy new technology. However, 
we should mention that if the spillover effect 
of technology occurs quickly, one problem can 
arise. If this effect can occur so easily, then no 
enterprises have motivation to invest in R&D. 
In practice, the spillover effect cannot occur im-

mediately but it lasts for a long period of time. 
Thereby, the advantage of leading enterprises 
can be maintained for a certain period of time 
and helps them to have more incentives to in-
vest into more advanced technology, and con-
vergence only occurs after a while. However, 
the sum of these two effects can be negative or 
positive, depending on which effect dominates. 
Table 3 compares the speed of convergence and 
half-life time estimated in the spatial lag model 
for two periods.

The estimation and test results in Table 1 and 
2 show that there exists a spatial lag effect, i.e. 
if there is no other effect, the positive effect of 
spatial lag effect would make the speed of con-
vergence increase as in the theoretical explana-
tion above. However, looking at the results in 
Table 3 shows that the speeds of convergence 
in the spatial lag model are 6% for the whole 
period and 5,8% for the sub-period 2003-2011, 
while they are 6,3% and 6,32% in the model 
without spatial lag effect. These results are op-
posite to what the theory explains. However, 
this estimation result helps us find out that the 
versions of convergence model suggested by 
Mankiw et al (1992) and Barro and Sala-i-Mar-
tin (1992) have the problem of variable omis-
sion. The omission of the variable has a nega-
tive impact on the speed of convergence. This 

Table 3: Comparing the speed of convergence and half-life time in the two periods

Source: the author’s estimation using the data set of GSO and MOLISA.

 

1998-2011 2003-2011 

Spatial Lag Convergence Rate Estimated 0.060057 0.058128 
Spatial Lag Half-Life 11.54 11.92 
OLS Convergence Rate Estimated 0.063088 0.063201 
OLS Half-Life 10.98 10.96 
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omission effect dominates the positive effect of 
factors such as factor mobility, trade relations, 
and knowledge spillover at the regional level. 
And that explains why the speed of conver-
gence in the spatial lag model is less than that 
in the traditional model.

4. Conclusion
We have studied the convergence of labor 

productivity in the industry sector in sixty prov-
inces in Vietnam in the period 1998-2011 by 
employing the spatial econometric approach. 
Two issues are discussed in this paper:  how 
does the spatial dependence among regions af-
fect the convergence. In general, two causes of 

misspecification have been pointed out in re-
searches of spatial econometric: spatial depen-
dence and spatial heterogeneity. We employ 
the spatial econometric approach to estimate 
the model. We point out that the least square 
estimation of the convergence model causes 
misspecification due to the existence of spatial 
lag in the model, i.e. the labor productivity in 
each province is not independent of the others. 
The estimation results show that there exists a 
spatial lag effect, however the impact of vari-
able omission dominates the positive effect of 
factor mobility, trade relations, and knowledge 
spillover at the regional level.
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