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Abstract
Transport infrastructure plays an important role in promoting the socio-economic
development in most countries. In particular, the development of road infrastructure is the basis for promoting enterprises development through expanding market
access, lowering logistics cost and inputs cost, etc. The focal point of this paper is to
estimate the impact of road infrastructure on firm performance through an empirical
research in Cuu Long delta area, Vietnam. By applying the econometric models, the
results from this study show that the positive relationship between road infrastructure
and firm performance in Cuu Long delta area, and that the level of impact is different
across business sectors.
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Economic growth and development in every region of each country depends on the development of the enterprises. Enterprises competitiveness
is the basis of growth and sustainable development. Competitiveness of
enterprises is governed by two main important factors, i.e. internal factors
and external factors. The internal factors reflect the internal problems of
the business, related to the way of organizing production and business.
External factors form the business environment of the enterprises, including the policy framework regulating the operation of enterprises, energy
infrastructure, telecommunication infrastructure and transport infrastructure. In particular, the development of transport infrastructure plays
an important role with the development of enterprises.
For the enterprises, increasing shipping time leads to an increase in production and business costs due to (1) longer transport process leading to
an increased risks of broken products; (2) increased storage costs due to
accumulated inventory to ensure that the production process is not interrupted by the circulation process; (3) transportation costs, due to fuel
loss and depreciation of vehicles. Therefore, high quality and convenient
transportation infrastructure will ensure the transportation facility more
quickly and above all will help in businesses to reduce transportation
costs.
Investment in the development of road and transport infrastructure is
one of the significant criteria for the growth and smooth running of businesses, which will reduce the transportation costs from raw material areas
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to factory, as well as from factory to market. The developed road and transport infrastructure helps businesses to have access to further markets (Albarran, Carrasco, & Holl, 2011). For businesses, in addition to factors
such as market entry costs and firm size, transportation costs are also an important factor affecting export
activities of domestic enterprises. Reducing domestic road and transport costs is the basis of increasing the
probability of having an additional domestic enterprise involved in export. Research results suggest that developing economies, which are characterized by poor road and transport infrastructure, need to invest in
transport infrastructure if they want to promote trade and access to key international markets.
Watson, Farley, and Williams (2009) have demonstrated the role of road and transport infrastructure in enterprise development, through the impact channel, as transportation costs. Improving the quality of transport infrastructure is like smoothing the flow of the economy, facilitating good circulation of goods. Good
quality road and traffic infrastructure system will minimize transportation costs, as well as losses in the process of importing raw materials (input costs). It also minimizes the risk of product distribution to the market
(affecting output costs). In other words, poor quality transport infrastructure is responsible for underperforming production process, as well as inefficient goods circulation, and thus inhibits economic growth.
In Vietnam, transport infrastructure in general and road and transport infrastructure in particular have improved significantly, meeting partly the development requirements of the economy. Most notable is the improvement and contribution to the development of the economy of road and transport infrastructure (VCCI,
2012; Garcia-Puente, M. Paloma Alonso, 2013).
In addition, the investment in the development of transport infrastructure is uneven across regions, especially in slow-growing regions like Cuu Long delta area. It leads to road infrastructure development in the
Cuu Long delta area still has many shortcomings, such as lack of uniformity in planning, low quality, lack of
connectivity, poor transportation services. In particular, the development of transport infrastructure is the
reason for inhibiting the development of the region.
Cuu Long delta area is characterized by a slow-growing region, with intermittent river systems, the advantage
of developing agricultural sector and waterway, which are the absolute advantages of the region. Therefore,
choosing Cuu Long delta area for a case study that will specify the impact of transport infrastructure on enterprises in general and on enterprises in business sectors in particular. In this study, to estimate the impact
of road infrastructure on firm performance, the authors start with Cobb-Douglas production function, a
conventional model in the previous researches (Escribano et al., 2010; Wan & Zhang, 2017). Then, the authors transfer into translog of Cobb-Douglas function. Ordinary least squares (OLS) model has been used
for eveluating the impact of road infrastructure on firm performance in the region. Besside, the authors use
VAR Granger causality model to investigate the causal impact of road infrastructure on firm performance.
By using this method, the research wants to find the answer whether road infrastructure is the cause of firm
performance or not.
This research will help local, regional policymakers, as well as central government, to have better
understanding on the impacts of road infrastructure development in an undeveloped region with a
maze of rivers, swamps and islands.

1. LITERATURE REVIEW

helped transform the model towards sustainability and green growth (Fay et al., 2010; LozanoThe role and impact of transportation infrastruc- Oyola et al., 2012; Márquez-Ramos, 2015). The
ture is an interesting subject of many scholars development of transport infrastructure has alaround the world, which plays an important role so caused much environmental issues than any
in the economic growth of the country and the economy has to trade off when pursuing the ecoregion such as poverty reduction, trade growth, nomic growth.
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UNDP (1992) pointed out that infrastructure
improvement plays a key role in assisting development and achieving sustainable economic
growth. The study suggested that the development of infrastructure should be synchronized
in both hard and soft infrastructures in order to
enable the economy to achieve the development
goals. Hard infrastructures (e.g. transport, urban,
energy and telecommunications infrastructures)
play a significant role in fostering the industrialization and modernization process. Irrigation
and energy infrastructure facilitate the modernization of rural areas. Synchronous development
of various types of hard infrastructure is considered as the foundation for the success of some
countries in the world such as Japan and Korea.

The results of these studies also indicated that
mobilizing and utilizing investment capital for
development of infrastructure in Vietnam is ineffectiveness. In terms of infrastructure, transport
infrastructure and power (electricity) infrastructure are the two weakest components hindering
the process of industrialization, modernization
and adversely affecting the business environment
(Nguyễn Xuân Thành, 2010).

Although infrastructure for agricultural development in Cuu Long delta area has been invested and contributed to the agricultural sector
of the region, there are still many limitations
(Trần Hữu Hiệp, 2013). The Mekong delta is
a region which is highly blessed with agricultural development, however, the barriers of inIn addition, enhancing the quality of infrastruc- frastructure have hampered the capacity to exture will boost economic growth, eliminate ploit the advantages of the region for economic
poverty and reduce inequality (e.g., Helpman & growth target. For example, rice production is
Krugman, 1985; World Bank, 1994; Escribano et the strength of Cuu Long delta area, but pubal., 2010; Mitra et al., 2016; Wan & Zhang, 2017). lic infrastructures such as poor quality of irYoshio and Nakahigashi (2000), Calderon and rigation systems and underdeveloped logistics
Serven (2004), Kingsley (2004) confirmed the systems have reduced the quality of products,
above positive effects of infrastructure, despite thereby reducing the value of export products,
the scope of these studies was a Southeast Asian which directly leads to a substantial decline in
country or the world’s economies or concen- the competitiveness of products.
trated in the group of emerging economies. In
a different approach, Fay et al. (2010) show that In addition, there are many inadequacies in the
the lack of infrastructure is leading to limiting infrastructure development planning system
economies to take advantage, exploiting the po- (Thanh & Dapice, 2009). The policy-makers often
tential for economic growth and development. preferred road infrastructure (in planning the
Although many countries are well aware of the kind of traffic infrastructure) and prioritize the
role of various infrastructures, they face many development of the North-South transport axis
difficulties, such as huge infrastructural invest- (in the traffic network planning). It leads to lack
ments, budget constraints, and institutional con- of synchronism, lack of connection and not suitstraints. These limits the countries in mobilizing able with the choice of industrial development
external resources for development.
in Vietnam. The lack of transport infrastructure
(especially railways) to link the region, especialFor Vietnam in general and Cuu Long delta area ly the East-West link, has limited the opportuin particular, there are many studies analyzing the nities for spillover from the two growth poles
impact of infrastructure on economic develop- of the country to the less developed regions and
ment. Nguyễn Xuân Thành (2010) and Tran Minh localities. The inadequacies of providing transPhuong (2012) have analyzed the constraints of in- port services, affecting business costs and comfrastructure for socio-economic performance and petitiveness of enterprises, have been pointed out
thus affect growth outcomes. According to the au- in this study. This is one of the many reasons for
thors, although Vietnam has been struggling to limiting the development of enterprises in Cuu
maintain a high level of infrastructural develop- Long delta area.
ment in recent decades, the economy is still facing development challenges from weaknesses both According to Blancas and El-Hifnawi (2014), rivin terms of quantity and quality of infrastructure. er and sea transportation play an essential role in

http://dx.doi.org/10.21511/ppm.17(2).2019.04

53

Problems and Perspectives in Management, Volume 17, Issue 2, 2019

the economic development of Vietnam, in which
the Cuu Long delta area has the advantage of developing these types of transportation. Over the
last many years, the waterway infrastructure has
not received adequate investment as other transportation infrastructure. It leads to a decline in
the economic conditions and environmental sustainability of transportation modes.
Besides, the relationship between the design, construction, operation, exploitation of infrastructure
and economic activities of households, enterprises, socio-economic development through quantitative analysis has been of high research interest
(Van de Walle, 1996, 2003; Van de Walle & Cratty,
2002; Glewwe et al., 2000; Nguyen, 2011). Studies
have measured the impact of infrastructure on different dimensions of household and enterprises
in Vietnam. Specifically, the research shows the
positive impact of infrastructure in general or
each type of infrastructure in particular to the
income of the household, the income of workers,
poverty reduction, and market development. The
impact of infrastructure for households and enterprise is through: (1) improving labor productivity;
(2) expanding development opportunities; (3) access to health and educational services; (4) access
to clean water and energy, etc. However, most of
the quantitative studies in the country focus on
the impact of transport and irrigation infrastructure and not on other infrastructures such as energy, urban and telecommunications that can be
compared with other studies in the world. In particular, there are not many studies that can assess
the impact of road infrastructure on firm performance in general and on enterprises in Cuu Long
delta area in particular.
One of the typical studies which assess the impact of infrastructure quality on firms was done
by Escribano et al. (2010). The research applied
micro-econometric techniques to evaluate the
effect of infrastructure quality (e.g., energy, water, sanitation, transportation, telecommunications, and information and communications
technology (ICT)) on the total factor productivity (TFP) of African manufacturing enterprises. The results of this study indicated that
infrastructure quality had low positive impact
on TFP for high-income countries and the negative impact on low-income countries. Besides,
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Wan and Zhang (2017) also used econometric
method to assess the direct and indirect impact
of infrastructure on firm productivity in China.
It is an empirical method that utilized largescale firm-level survey data. The main findings
of the research indicated that all of infrastructures (road, telecommunications services, and
cable) directly promote China’s firm productivity and they had positive indirect impact on firm
productivity through the agglomeration channel. Furthermore, there are also other empirical
studies assessing the impact of infrastructure on
economic growth and firm such as Reinikka and
Svensson (2002), Bogetić and Olusi (2013), Moyo
(2013), Mitra et al. (2016).

2. METHODOLOGY
AND DATA
2.1. Model
According to Escribano et al. (2010) and Wan and
Zhang (2017), Cobb-Douglas production function
model is used to estimate the impact of road infrastructure on firm performance. Capital and labor,
infrastructure enhancement index, size of firm,
age of firm and business sector are taken into account, because those variables also affect business
performance. Therefore, the regression to analyze
the effect of road infrastructure on firms’ performance in Cuu Long delta area is formulated as
follows:

Yi , j ,k =
Ct ⋅ f ( K i , j ,k ,t , Li , j ,k ,t , X i , j ,k ,t ,
,t
Inf k ,t , Indi , j ,k ,t ) ,

(1)

where i, j , k , t – the firm, industry, province,
and year, respectively, C – constant, Y – performance of enterprise, is proxy by firm’s revenue,
K – the capital of enterprise, L – the total employees of enterprise, X – a vector of firm’s characteristic control variables, including firm size
based on amount of capital ( S ) , firm age ( A )
which is measured by number of operational years
since it was established), Inf – infrastructure enhancement index, proxy for enhancement quality
of road infrastructure at specific province, Ind –
dummy variable reflecting the field of business.
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The abovementioned dummy variable includes

D1 , D2 , D3 , D4 :
D1 – dummy variable for agriculture sector, D1
takes value 1 if the registered field of business of
the firm belongs to agriculture sector and value 0
if elsewhere; D2 – dummy variable for industry
sector, D2 takes value 1 if the registered field of
business of the firm belongs to industry sector and
value 0 if elsewhere; D3 – dummy variable for services sector, D3 takes value 1 if the registered field
of business of the firm belongs to services sector
and value 0 if elsewhere; D4 – dummy variable for
construction sector, D4 takes value 1 if the registered field of business of the firm belongs to construction sector and value 0 if elsewhere.
For empirical analysis, the above model (1) is
transfered into the logarithm form as follows:

This paper uses the sub-dimension on infrastructure of Provincial Competitiveness Index (PCI) as
a proxy for the road infrastructure quality across
provinces of Vietnam. The limitation of these data
is, however, that they are only available from 2009
to 2011.
After cleaning the data, the total number of observations is 24,064.

3. RESEARCH RESULTS
In the models, adjusted R2 of approx. 0.59 with
their corresponding p-value of 0.0000 < .05 implies that the main inputs (K, L), firm’s characteristics (age and firm size) and road infrastructure
could explain less than 59% of the variations of
the firm’s performance.

α 0 + α1 ln ( K i , j ,k ,t ) +
ln (Yi , j ,k ,t ) =

The result shows that capital and labor are the
(2) major determinant factors of firm’s performance.
+α 2 ln Li , j ,k ,t + α 3 ln X i , j ,k ,t +
Among firm’s characteristics, only firm’s age has
a positive impact on firm’s performance. Firm
+α 4 Inf k ,t + α 5 Indi , j ,k ,t + ui , j ,k ,t ,
size has a negative impact on firm’s performance
where u is the random error term.
in Cuu Long delta area. This can be explained in
Cuu Long delta area in that service businesses acIn addition to model (2), the authors use Granger counts for the majority of the number of enterpriscausality model to test whether the road infrastruc- es (accounting for more than 63%). Service enterture is the cause of change in firm’s performance. prises do not need a lot of fixed assets, inventory,
high technology, so they do not need much capital.
2.2. Data
Therefore, their turnover does not depend on the
size of their capital. As a recommendation, this is
In this research, the authors use firm-level data from also a problem that the authors need to study in
Annual Enterprises Survey by General Statistics the near future.
Office of Vietnam (GSO). The data include informations of firm’s performance (revenue), registered The road infrastructure has significant impacts
capital, number of employees, and other firm’s char- on firm’s performance, but the level of impacts is
acteristics (age, fields of business, firm size).
lower for enterprises in construction and industry sectors and higher for group of firms in serFor assessing the impact of transport infrastruc- vice and agriculture sectors. Service enterprises
ture enhancement on firm performance, we con- usually do business in the field of transportation,
struct a road infrastructure indicator. There are logistics, tourism, etc., which often use road infrano official serial statistical data related to the de- structure for business activities. Therefore, service
velopment/enhancement of transport infrastruc- enterprises are the largest beneficiaries of road
ture available. Some researchers used the length infrastructure.
of roads, others use the total investment in infrastructure as a proxy for this indicator. Nevertheless, The results are supported by the characteristics of
the overlaps of these data among provinces may these business sectors. In order to save cost, concause bias in estimating the effect of road infra- struction enterprises often prefer waterway to
structure on firm’s performance.
road infrastructure for moving materials due to

(

)

(

)
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Table 1. Final estimation result of model (2) with different dummy variables
Source: Own edition and calculations (EViews).

Variables
Constant
ln(K)
ln(L)
ln(Age)
S
Inf
D1
D2
D3
D4
N
Adjusted R2
F-statistic

D1

D2

D3

D4

D1, D 2 , D 3

0.773*
[8.94]
0.704*
[59.74]
0.403*
[26.185]
0.317*
[18.800]
–0.075*
[–2.301]
0.401*
[3.5804]
–0.0035*
[–.075]
–
–
–
–
–
–
24,064
0.583
2,497.393

0.769*
[9.005]
0.704*
[60.698]
0.404*
[25.233]
0.3172*
[19.127]
–0.0758*
[–2.309]
0.404*
[3.595]
–
–
–0.008*
[–.315]
–
–
–
–
24,064
0.583
2,497.43

0.536*
[6.301]
0.688*
[59.892]
0.468*
[29.874]
0.313*
[19.161]
–0.091*
[–2.804]
0.479*
[4.334]
–
–
–
–
0.439*
[16.767]
–
–
24,064
0.593
2,609.735

1.006*
[11.888]
0.707*
[61.823]
0.398*
[26.259]
0.296*
[18.107]
–0.116*
[–3.595]
0.296*
[2.680]
–
–
–
–
–
–
–0.525*
[–18.171]
24,064
0.595
2,629.322

0.392*
[4.517]
0.696*
[60.159]
0.444*
[28.0212]
0.297*
[17.921]
–0.117*
[–3.614]
0.376*
[3.411]
.401*
[7.873]
0.391*
[11.884]
0.688*
[20.985]
–
–
24,064
0.599
2,004.71

Note: * is statistically significant at 0.01; explained variable is ln (revenue).

the fact that waterway transportation infrastructure could carry larger volume and the materials
do not require the strict time of transportation.
Therefore, road infrastructure has a small impact
on the performance of these construction firms in
comparison with enterprises in other sectors.
The agriculture sector in this area is specializing
in food processing, including rice, shrimp, fish
processing. In addition, there are some areas specializing in tropical fruits and vegetables. In shipping perishable products to the markets, like tropical fruits and vegetables, enterprises often utilize
air-condition trucks and prefer good quality road
infrastructure. For the other kinds of agricultural
products, they prefer waterway infrastructure for
their quantity is often larger than the road infrastructure could handle. Therefore, road infrastructure has positive impacts on agribusiness enterprises’ performance and the level of impacts is higher
than that of construction enterprises’ performance.

by road infrastructure to the market (in case of
manufacturing sector), the road infrastructure facilitates them to access to customers easily.
The results in Table 1 also imply that capital and
labor are two main factors that contribute to firm’s
performance and that capital has greater impacts
on the performance of firms, compared with that
of labor. Enterprises in Cuu Long delta area are
still relying on the resource-based growth model,
especially capital expansion for growth. Although
government urges enterprises and local economy to restructure since 2011, shifting from resource-based growth model to knowledge and innovation-based growth model. Such results show
that Cuu Long delta area economy still has much
to do to get rid of resource-based growth model. In other words, it is the biggest challenge for
this region in fostering knowledge and innovation-based enterprises in order to achieve more
sustainable economic development.

For industry and service sector, road infrastruc- On the one hand, the experience of the enterpristure plays a significant role, as the result shows that es (firm age) also makes a significant contribution
for these products, which need to be transported to the performance of the firms, with small differ-
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Table 2. Test of road infrastructure in terms of its significant role boosting the firm performance in
Cuu Long delta area by using VAR Granger causality model
Source: Own edition and calculations (EViews).

Granger causality
Infrastructure enhancement
index → firm’s revenue

Lags

Causality test
Infrastructure enhancement
index → firm’s revenue

Firm’s revenue → infrastructure
enhancement index

Test

29.34
(0.0000)*

18.83
(0.0000)*

VAR model

2

Note: By VAR model, the authors present the F-tests of zero restrictions, the p-value is in parentheses; * shows 5% significance
level.

ence across field of business, although the level of
impacts is lower in comparison with that of capital
(K) and labor (L) factors. On the other hand, firm
size has negative impacts on firm’s performance
(statistically significant). In this situation, more
research is needed to examine whether the size of
the firm is approaching its optimal size or not?

causes and results. By using this method, the authors examined whether infrastructure enhancement index is the cause of firm’s revenue.

Based on the result above, we can observe that
the value of Chi-square statistic is 57.4799, and
its corresponding p-value is 0.0000 < 0.05. Since
the p-value is less than 0.05, we can conclude that
Besides, in order to analyze or determine the sig- road infrastructure causes firm performance in
nificance of road infrastructure for boosting the Cuu Long delta area. Therefore, localities in the
firm performance in Cuu Long delta area, the region need to invest and improve the quality of
authors used VAR Granger causality model to road infrastructure to improve the efficiency of
test it. This is the type of model, which indicates enterprises.

CONCLUSION
This paper investigates the effect of road infrastructure on firm performance in Cuu Long delta area.
The results shows that enhancing road infrastructure will effectively help to enhance the performance
of the firms. The impact of road and transportation infrastructure on firm’s performance quite varies,
higher in agriculture and service sectors and lower in industry and construction sectors.
The results also suggest that firm’s performance is much reliant on capital and labor factors, and this
characteristics of firms in Cuu Long delta area lead us to an inference that the economy of this region
is still based on resource-based growth model, and the region needs more efforts to shift into knowledge-based growth model. Besides, to create incentives for firms to exploit an absolute advantage of this
region in agriculture and waterway transportation, infrastructural investment among modes of transportation (e.g., waterway, road, rail-road, and airway) should be reconsidered.
Transport infrastructure has a significant role in the economy, regions, and enterprises. Therefore, evaluating the impact of transport infrastructure for the above objects is a critical research content. In the future,
the scholars can study and assess the effect of transport infrastructure on household, region or economy
level. Besides, scholars can analyze the impact of choosing the transportation mode on firm performance.
The results of these studies will be very useful for the government, policy-makers and enterprises.
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APPENDIX A
Table A1. Descriptive statistics of the data
Variables

Number of
observations

Mean

Standard deviation

Minimum value

Maximum value

24,067
24,067
24,067
24,067
24,067

35125.34
23294.93
54.071
4.95
.35

96827.42
70265.76
103.25
4.308
.106

.000
3.362
11
1
.11

1054147
1301322
1131
54
.547

Revenue
K
L
Age
Inf

Table A2. Estimation result of model (2) with D1, D2 and D3
Dependent variable: ln (revenue)
Method: least squares
Date: 08/08/18 Time: 21:31
Sample (adjusted): 24,067
Included observations: 10,729 after adjustments

Variables
C
ln(K)
ln(L)
ln(Age)
S
Inf
D1
D2
D3
R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob (F-statistic)

Coefficient

Std. error

0.392449
0.695809
0.443588
0.297625
–0.116683
0.376184
0.401068
0.390785
0.687901
0.599367
0.599068
1.227945
16164.14
–17422.40
2004.710
0.000000

t-statistic

0.086884
4.516940
0.011566
60.15926
0.015830
28.02124
0.016608
17.92068
0.032288
–3.613864
0.110281
3.411127
0.050940
7.873341
0.032882
11.88438
0.032780
20.98530
Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat
–

Prob.
0.0000
0.0000
0.0000
0.0000
0.0003
0.0006
0.0000
0.0000
0.0000
8.723860
1.939294
3.249400
3.255507
3.251460
1.218947
–

Table A3. Estimation result of model (2) with D1
Dependent variable: ln (revenue)
Method: least squares
Date: 08/08/18 Time: 21:38
Sample (adjusted): 24,067
Included observations: 10,729 after adjustments

Variables
C
ln(K)
ln(L)
ln(Age)
S
Inf
D1
R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob (F-statistic)

60

Coefficient
0.773149
0.704243
0.403127
0.317892
–0.075649
0.400961
–0.003530
0.582905
0.582671
1.252803
16828.35
–17638.43
2497.393
0.000000

Std. error

t-statistic

0.086517
8.936395
0.011789
59.73760
0.015395
26.18575
0.016909
18.80003
0.032878
–2.300898
0.111987
3.580426
0.047109
–0.074937
Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat
–

Prob.
0.0000
0.0000
0.0000
0.0000
0.0214
0.0003
0.9403
8.723860
1.939294
3.289296
3.294047
3.290899
1.194607
–
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Table A4. Estimation result of model (2) with D2
Dependent variable: ln (revenue)
Method: least squares
Date: 08/08/18 Time: 21:40
Sample (adjusted): 24,067
Included observations: 10,729 after adjustments

Variables

Coefficient

Std. error

t-statistic

Prob.

0.769121

0.085412

9.004878

0.0000

C
ln(K)

0.704427

0.011605

60.69820

0.0000

ln(L)

0.404583

0.016034

25.23319

0.0000

ln(Age)

0.317269

0.016588

19.12687

0.0000

S

–0.075801

0.032815

–2.309962

0.0209

Inf

0.404460

0.112501

3.595177

0.0003

D2

–0.008457

0.026806

–0.315507

0.7524

R-squared

0.582908

Adjusted R-squared

0.582675

S.D. dependent var

1.939294

S.E. of regression

1.252798

Akaike info criterion

3.289288

Sum squared resid

16828.20

Schwarz criterion

3.294038

Log likelihood

–17638.38

Hannan-Quinn criter.

3.290890

F-statistic

2497.430

Durbin-Watson stat

1.194751

Prob (F-statistic)

0.000000

–

–

Mean dependent var

8.723860

Table A5. Estimation result of model (2) with D3
Dependent variable: ln (revenue)
Method: least squares
Date: 08/08/18 Time: 21:42
Sample (adjusted): 24,067
Included observations: 10,729 after adjustments

Variables
C

Coefficient

Std. error

t-statistic

Prob.

0.535792

0.085032

6.301077

0.0000

ln(K)

0.688472

0.011495

59.89222

0.0000

ln(L)

0.468477

0.015682

29.87451

0.0000

ln(Age)

0.313046

0.016337

19.16149

0.0000

S

–0.090881

0.032406

–2.804481

0.0050

Inf

0.479480

0.110640

4.333700

0.0000

D3

0.439883

0.026234

16.76753

R-squared

0.593562

Mean dependent var

8.723860

Adjusted R-squared

0.593335

S.D. dependent var

1.939294

S.E. of regression

1.236694

Akaike info criterion

3.263413

0.0000

Sum squared resid

16398.36

Schwarz criterion

3.268163

Log likelihood

–17499.58

Hannan-Quinn criter.

3.265015

F-statistic

2609.735

Durbin-Watson stat

1.207049

Prob (F-statistic)

0.000000
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Table A6. Estimation result of model (2) with D4
Dependent variable: ln (revenue)
Method: least squares
Date: 08/08/18 Time: 21:46
Sample (adjusted): 24,067
Included observations: 10,729 after adjustments

Coefficient

Variables

1.006445
0.706705
0.398061
0.295911
–0.116487
0.296016
–0.525558
0.595365
0.595138
1.233949
16325.63
–17475.73
2629.322
0.000000

C
ln(K)
ln(L)
ln(Age)
S
Inf
D4
R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob (F-statistic)

Std. error

t-statistic

0.084661
11.88793
0.011431
61.82277
0.015159
26.25929
0.016342
18.10688
0.032399
–3.595449
0.110447
2.680164
0.028924
–18.17053
Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat
–

Prob.
0.0000
0.0000
0.0000
0.0000
0.0003
0.0074
0.0000
8.723860
1.939294
3.258968
3.263718
3.260570
1.212310
–

Table A7. Granger causality tests
Pairwise Granger causality tests
Date: 08/08/18 Time: 21:33
Sample: 24,067
Lags: 2

Null hypothesis
ln (revenue) does not Granger cause Inf
Inf does not Granger cause ln (revenue)
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Obs

F-statistic

Prob.

23,993

18.8324
29.3421

7.E-09
2.E-13

http://dx.doi.org/10.21511/ppm.17(2).2019.04

