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Abstract 
This paper estimates the efficiency and technological gap between 43 largest seaports of three 
regions in Vietnam. The results show that Vietnamese ports can improve outputs by 17 to 33 
percent using the same amount of inputs. The technological gap between regional and 
national frontiers ranges from 12 to 28 percent. Equipment and personal computers are the 
most significant factors in the operations of Vietnamese seaports. Majority of Vietnamese 
ports are operating with increasing return to scale. Scale expansion for ports in all the three 
regions is necessary in the future in order for the ports to improve operational efficiency. 
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1.0 Introduction 
Sea-ports play critical part in making trade around the globe with more than 90 

percent of the world’s trade volume carried by sea. This is especially true for Vietnam that 
currently has its trade value nearly twice larger than its GDP. The country is located in 
Southeast Asia and has a long coastal line of more than 3260 km with important shipping 
lanes.  

There are totally 166 of terminals belonging to 49 sea-ports in Vietnam 
(Vinashipping, 2008). The total port throughput was 157 million tonnes in 2011, of which 84 
percent was contributed by the ten largest sea-ports. The total amount of containerised cargo 
throughput was 6.9 million TEUs in 2011, of which 86 percent was handled by the ten largest 
sea-ports. The remaining sea-ports handle only a small amount of cargo. Efficiency is critical 
to the ports themselves as well as export competitiveness of the local manufacturers and 
exporters.  

The current paper investigates address the efficiency of Vietnamese sea-ports and 
identify factors affecting their efficiency. Although this issue has been studied in Nguyen, 
Nguyen and Chin (2011), little attention was given to the analysis of port efficiency by region 
within the entire sample. This paper employs the meta-frontier analysis method to examine 
the efficiency of ports within their region and with reference to the whole sector. This method 
allows us to identify technological gap between ports across different regions. The study also 
examines factors affecting the operational efficiency of Vietnamese sea ports.  

To the best of our knowledge, this is the first study examining the regional differences 
in the efficiency of Vietnamese seas ports. We are also the first study in the transport 
literature that compares metafrontier estimated based on stochastic frontier analysis (SFA) 
and that based on data envelopment analysis (DEA).  
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The paper is organised as follows. The next section reviews the relevant studies on 

port efficiency and the Vietnamese port sector. Section 3 explains the analytical method and 
data set. Section 4 presents the result of data analysis and Section 5 concludes. 

 

2.0 Literature review 
Since the number of metafrontier study in the transport literature is limited, this 

section reviews relevant studies on efficiency analysis of the sector. One of the earliest 
studies in this literature is Martinez-Budria, Diaz-Armas, Navarro-Ibanez, & Ravelo-
Mesa(1999), who applied DEA to evaluate the performance of 26 Spanish ports over the 
1993-1997 period. The ports are divided into 3 groups according to the level of “complexity”, 
namely high, medium and low. The authors found the efficiency of the ports of the high 
complexity improves over time, but the same does not apply to the medium and low 
complexity groups. The main reason was the relatively smaller size of ports with medium or 
low complexities, which prohibited them from moving towards the frontier by exploiting 
scale economies.  

Barros(2006) applied DEA to panel data to observe the evolvement of port efficiency 
over time. However, Barros (2006) included only two years of data (2002, 2003), and the 
author argued that scale economy is the paramount important factor in sea port management. 
We agree that in the short run managers have little control over operational scale but it is 
possible in the long run. 

Cullinane, Wang, Song, & Ji(2006) applied both SFA and DEA to benchmark the 
operational efficiency of the world’s busiest sea ports. They found strong correlation between 
SFA and DEA results, suggesting a robust finding. We believe that, ports of developed 
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countries such as Tokyo (Japan), New York (the USA) and Busan (Korea) may operate with 
higher technology than thoses in developing countries such as Manila (the Philippines) and 
Colombo (Sri Lanka) and Port Klang (Malaysia). Thus, a metafrontier approach would be 
more appropriate in this case.  

Bang, Kang, Martin, & Woo(2012), Yuen, Zhang, & Cheung(2013), and Wan, Yuen, 
& Zhang(2014), applied Tobit regression in the second stage analyse the effects of various 
factors on efficiency. In particular, Bang et al.(2012) found that company size, ship size, the 
ratio of chartered vessels, the use of new vessels, and alliance membership have positive 
impacts on the performance of liner shipping companies. However, ship age and ship type do 
not have a significant impact on financial performance and the effect of any of these 
determinant factors on operational performance is not significant. Yuen et al.(2013) found 
that the some Chinese ownership of ports was associated with improvement of efficiency but 
port with major Chinese ownership were less efficient. Wan et al.(2014) found that the use of 
on-dock rail facility at container terminals has a negative impact on efficiency due to input 
congestion.  

Schøyen & Odeck(2013) evaluated technical efficiency of Norwegian container ports 
relative to a frontier composed of the best performing among themselves and other 
comparable Nordic and UK ports. The data set covered the 2002-2008 period and comprises 
24 container ports from Norway, all the Nordic countries and the United Kingdom. The 
authors find that the technical efficiency improved during the period studied by 18 percent 
and scale efficiency improved by 13 percent. The authors argued that economies of scale are 
important for improving port efficiency as the ports are too small for the tasks they perform. 
It’s was interesting that the authors complained about the accuracy the data set but they 
applied DEA, which was not taken into account errors-in-variables.  
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The number of SFA studies in transport sector is relatively smaller than that of DEA 
(Odeck & Bråthen, 2012) with the average technical efficiency of 75 percent for the former 
approach and 65 percent for the latter. A pioneer SFA in the transport literature was, 
Liu(1995),  which examined the effect of ownership on port performance using panel data of 
28 UK ports covering the period 1983–1990. The author also tested for the dynamic 
production relationship by controlling for lags of inputs. Ownership of ports was found 
insignificant determinant of efficiency. We argue that the use of second stage regression in 
SFA estimate was not necessary and may bias the finding. Effects of environment variables 
can be estimated in a single step using SFA models such as Battese & Coelli(1995). 

Notteboom, Coeck, & Van Den Broeck(2000) applied a Bayesian stochastic frontier 
approach to estimate the efficiency of 36 European and four Asian container terminals. The 
analysis result indicates slightly superior performance of north European container terminals 
compared with southern ones. Furthermore, terminals in hub ports on average are found to be 
more efficient than those in feeder ports. 

Coto-Millan, Banos-Pino, & Rodriguez-Alvarez(2000) examined the efficiency of 
Spanish ports using panel data of 27 Spanish ports covering the 1985-1989 period. They used 
the translog cost function with three inputs, including labour, capital and intermediate 
consumptions. The authors found that larger ports are more efficient; showing that economy 
of scale was an important component of port operation. However, they found insignificant 
evidence of technological progress in the study period.  Again, their use of second stage 
regression is not necessary for SFA and may lead to biased estimates.  

Cullinane & Song(2003) applied SFA to estimate technical efficiency of Korean ports 
and effects of private sector ownership on efficiency. The authors found that private 
participation and deregulations in the port sector have a positive effect on technical 
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efficiency. The authors found consistent finding in a panel data model but they did not 
estimate components of interests such as scale change and technological progress. 

Pagano, Wang, Sánchez, & Ungo(2013) used SFA to assess financial performance of 
ports and evaluate the effect of port privatizations in Panama by comparing the effectiveness 
of Panama ports and US ports with different levels of privatization. They found that 
privatization created positive effects on operational efficiency. In the second stage regression, 
the authors revealed that proxies for scale economies such as the number of terminals, docks 
and shipyards were negatively associated with efficiency. They also found that demand for 
port services were unresponsive for price changes. 

The review of the literature found that, although many studies have compared port 
performance across different time periods or regions, no attempt has been made to studies 
technical efficiency of ports in different groups that may not have the same technologies. 
This paper fills the gap in the literature by examining the technological gaps between ports 
across regions using the non-parametric metafrontier models proposed by Battese, Rao, & 
O’Donnell(2004) and O’Donnell, Rao, & Battese(2008). We also apply the stochastic 
metafrontier approach by Huang, Huang, & Liu(2014) check the sensitivity of results when 
random noise is taken into account.  

 

3.0 Methodology 
One of the key assumptions in benchmarking the efficiency of firms is that they are 

homogenous. Therefore, the comparison of the efficiency of firms operating in different 
regions is problematic. One way to overcome this issue is to construct a metafrontier that 
envelops individual frontiers of all regions.  
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The metafrontier can be constructed using the concept of distance function. In 
particular, distance functions measure the distance from an actual observation to the 
technological frontier in an input-output space. To define the distance functions one must first 
define the production technology, which is the set of all feasible input-output combinations. 
A meta production technology T is defined as: 

 yxyxT  producecan  :),(     (1) 

where Kx R is a vector of inputs, My R  represents a vector of outputs. A metafrontier is 
defined as the boundary of the outputs (or inputs) set in the meta technology T. For example, 
the output set for an input vector x can be represented as:  

 TyxyxP  ),(:)(      (2) 
O’Donnell et al. (2008) refer to the boundary of this output set as the output 

“metafrontier”. A meta output distance function (DO) is defined as1: 

 )(),(,1),( xPyxMaxyxDO      (3) 
Equation (3) is interpreted as the maximum amount of outputs that a firm can produce 

from a given set of inputs. A firm is fully efficient if Do(x,y)=1.  
Similarly, this concept can be applied to construct “group frontiers”. In particular, 

group k (k=1, 2, ..., K) technology, output sets, and distance functions are defined, 
respectively, as: 

 kyxyxT k  groupin  firms allby  producecan  :),(    (4) 

 kk TyxyxP  ),(:)(    (5) 

                                                             
1 The meta input distance functions are defined analogously.  
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 )(),(,1),( xPyxMaxyxD kOk        (6) 
As mentioned previously, a firm is technically efficient if it has a distance function 

equals to unity. Thus, technical efficiency of a firm at the metafrontier and group frontier can 
be represented, respectively, by the distance functions as 

),()( yxDxTE O   (7) 

),()( yxDxTE Okk    (8) 
The gap in technology between metafrontier and group frontier, is simply defined as 

the ratio of technical efficiency between the two frontiers. This measure is referred to in the 
literature as meta-technology ratio (MTR): 

),(
),(

),(
),(),( yxTE

yxTE
yxD
yxDyxMTR kOk

Ok 
  (9) 

Since the metafrontier envelops all group frontiers, the technical efficiency scores 
measured based on the group frontiers are generally higher than those from metafrontier. This 
ratio is interpreted as the extent to which a firm can further improve its production by moving 
from being efficient at the group frontier (a.k.a., ‘the best’) to being efficient at the 
metafrontier (a.k.a., ‘best-of-the-best’). If a firm achieves MTR=1, it is fully efficient in both 
frontier, whilst an MTR=0.8, implies that the firm can further increase its outputs by 20 
percent by moving from group frontier to the metafrontier.  

The metafrontier and technological gap can be estimated using non-parametric 
approach (Battese et al., 2004), semi-parametric approach (O’Donnell et al., 2008) or 
parametric approach (Huang et al., 2014). In this study, we select both approaches to measure 
the regional differences in operational efficiency of sea ports in Vietnam. Each of these 
approaches is briefly presented below. 
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3.1 Non-parametric metafrontier 
A non-parametric metafrontier approach exploit the piece-wise nature of DEA that 

guarantees the metafrontier always envelops the group frontiers. Thus, the technological gap 
is estimated simply as the ratio of technical efficiency scores estimated under metafrontier 
and those estimated under group frontier.  

In particular, the calculation of the technical efficiency (TE) for any ith firm requires 
the solving of a linear programming problem to measure the distance from its input-output 
structure to the frontier: 

  NiXxyYMaxyxD iiiiO ...,,2,1  1,0    ,},{    (10) 

where   is a scalar,  is a vector of constants, representing the weights used to construct 
weighted outputs/inputs achievable for the firm to be fully efficient, X and Y are matrix of 
inputs and outputs of all firms under investigation, respectively, xi and yi are the vectors of 
inputs and outputs, respectively, of the ith firm. The TE score is defined as 1/ which varies 
from zero to one.  
 The non-parametric technological gaps is defined as the ratio of technical efficiency 
score estimated using Equation (10) for all ports, divided by those estimated using sub-
sample of ports within a regions.  
 

3.2 Semi-parametric metafrontier 
The semi-parametric approach to estimate metafrontier and its component involve two 

steps. In the first step, the SFA is applied to estimate the parameters of a stochastic 
production function for each region. The second steps construct a piece-wise frontier that 
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envelops all regional frontiers by linear programing. In the first step, a SFA for firm i of 
group k frontier model is represented by 

kiki UVk
niiii exxxfy  );,...,,( 21    (11) 

where yi and x1i, x2i, … xni represents respectively, the output and inputs; Vki is random noise 
and Uki is the non-negative inefficiency component. Similarly, the deterministic metafrontier 
for all countries in the sample is represented as 

);,...,,( 21
* niiii xxxfy    (12) 

where y* is the metafrontier output and  is the set of metafrontier parameter that satisfies the 
following constraint 

i
k

i xx     (13) 
In the second step, the metafrontier is constructed by solving the following linear-

programming problem 

);();(:.
)];();([

1min
k

N

i
k

xfxftS
xfxf







   (14) 

Since the estimated group-coefficients k are fixed and the functional form are log-
linear, the above problem can be expressed equivalently as 

k
ii

N

i
xxtS

x








:..
'

1min      (15) 

We select the Cobb-Douglas production function for the estimation of group and 
metafrontier for the parsimonious reason. We have only eight observations for the North 
whilst having 5 inputs, thus, the estimation of the frontier for this region is not possible if we 
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select more flexible functional form such as translog (i.e., in this case the number of 
parameters to be estimated is larger than the number of observations). 

 

3.3 Parametric metafrontier 
The main drawback of the metafrontier approach by O’Donnell et al.(2008) is that 

random noise is not taken into account for in the second stage. Huang et al.(2014) addressed 
this issue by the main drawback of the these drawbacks by proposing a stochastic meta 
frontier by estimating and SFA with dependent variable as the predicted output from group 
frontier and independent variables observed output and standard composite error term. The 
non-negative component of the error term in this second-stage SFA is defined as the 
technology gap ratio.  

In particular, the predicted output from the group frontier k is defined as 

iii
k

i
k XfXf  ˆ)()(ˆ    (16) 

where iii UV   and Xi is the vectors of all inputs. 
The relationship between group frontier and metafrontier M is defined as 

iM
i

M
i

k UXfXf  )()(    (17) 

Define iiiV  ˆ  as a random noise, and replace (17) into (16) the technological gap 
MU  is estimated by applying standard SFA to the following equation 

iM
ii

M
i

k UVXfXf  )()(    (18) 
The metafrontier efficiency remains as the product of group-frontier efficiency and 

technological gap. 
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4.0 Data 
Data were collected from the database of the Vietnam Seaports Association(2012) and 

cover port throughput as the output variable measured in thousand tonnes and five input 
variables, namely berth length in metres, total port land area and warehouse area in thousand 
square metres, designed capacity of cargo handling equipment in tonnes, and the number of 
computers.  

The sea-ports under study are located in three regions, the North, Central and South. 
The main reasons for grouping the ports into three regions are that these are official 
administrative regions of Vietnam each with distinctive economic characteristics and trade 
pattern that are expected to affect port operation and efficiency. 

The descriptive statistics show that there are substantial differences among ports in all 
inputs and outputs (see Table 1). One port have does not use warehouse due to its 
specialisation in handling bulk cargo such as coal. This violates the “no free lunch” 
assumption in a production function. We mitigate this issue by assigning an arbitrarily small 
number so that the value of ware house for this port is technically non-zero. The t-test for 
mean differences in inputs and outputs among regions show no significant difference in 
inputs but output among regions differs at 5 percent significant level. The average output of 
ports in the north is the largest, followed by the South and the Central. With no statistically 
significant different in inputs, this different in outputs suggest that the North appears to be 
most technically efficient whilst the Central consists of the least technically efficient ports, on 
average. 

---Table 1--- 
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5. Results and discussions 
The SFA results show that equipment and personal computers are the most important 

inputs when the metafrontier technology is used (i.e., compared all ports). In particular, one 
percent increase in equipment lead to 0.68 percent increase in the total tonnage of 
Vietnamese ports (see Table 2). The elasticity of PCs is 0.45 but it is only significant at 10 
percent level. However, but the roles inputs varies considerably among regions.  For 
example, berth and area are only significant for the North with the elasticity of 0.1 and 0.6, 
respectively. The role of warehouse and equipment in this region seems odd as it contribute 
negatively to output. One reason for this abnormal behaviour is due to the dominance of coal-
export ports in this region (i.e., warehouse and even equipment can be unnecessary to operate 
coal exporting seaports). Thus, it is possible that if ports in this region that build warehouse 
(i.e., move from transit coal to other commodity) their throughput can decrease because coal 
is relatively heavy and have large export volume. The role of equipment is significant to the 
production of all regions. The magnitude of equipment is also highest, suggesting that it is the 
most important factors contributing to the improvement of outputs.  

The standard deviation of non-negative components (δu) and that of random noise 
component (δv) suggests that the “signals” of efficiency is stronger in the metafrontier (i.e., 
all ports) and the North regions. The signal-to-noise ratio (δu/δv) is strongest in the North, 
followed by metafrontier model where signal is almost similar to noise. In the Central and the 
South regions, the signal to noise rate is only about 3 percent (i.e. .02/.6). 

---Table 2--- 
The estimation of technical efficiency and technological gaps shows that DEA (non-

parametric) results reveal lower average technical efficiency compare with SFA (semi-
parametric and parametric). When all ports are used to construct the frontier, the DEA results 
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suggest that ports in Vietnam can improve outputs by 17 (i.e., 1-.83) percent by learning from 
best practices while the respective figure for SFA is only 2 percent (see Table 3). Ports in the 
North region has the most room to improve, they can expanding output by 33 percent 
according to DEA estimates and 10 percent according to SFA estimates. However, ports in 
the North operate very close to the national frontiers. The technology gap ratio for the North 
regions, estimated by non-parametric, semi-parametric and parametric are .88, .57 and .73, 
respectively. In other words, by moving from regional frontier to national frontiers, ports in 
the North can improve outputs from 12 percent (according to non-parametric estimates) to 43 
percent (according to semi-parametric estimates). 

---Table 3--- 
The story is reverse in the North and South regions: most ports are close to the 

regional frontier (i.e., high average regional technical efficiency scores) but their frontier is 
behind the metafrontier by lager distance. The Central regions show the furthest distance 
from the common frontier. On average, ports in the Central regions can improve outputs by 
57 percent by switching from regional technology to best technology used in the country (i.e., 
moving from regional frontier to metafrontier) according to non-parametric estimates. The 
respective figures of semi-parametric and non-parametric are 59 percent and 44 percent 
respectively.  

The results of different estimation approaches, however, do not show strong 
correlation. The correlation coefficient of technology gap ratio produced by semi-parametric 
and non-parametric approach is 0.35. But, the correlation between result of semi-parametric 
and parametric approach is only 0.2. 

Table 4 presents a basic decomposition of overall efficiency into technical efficiency 
and scale efficiency; and a summary of input slacks and returns to scale. The results also 
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show that majority (75 percent) of Vietnamese ports are operating in the increasing return to 
scale stage (i.e., they can increase productivity by expanding their operational scale). 
Nevertheless, the most important factor accounting for the North efficiency is their optimal 
operational scale whilst in the South, technical efficiency is the dominant factor. One notable 
result is that there is no input slack in equipment in the South when group frontier technology 
is used (i.e., no redundant equipment capacity when ports are benchmarked using regional 
frontier). However, all other four inputs can be reduced substantially while achieving higher 
level of outputs. For example, ports in the North, the most efficient region, can reduce the 
berth areas by as much as 517 thousand square metres while their outputs can be increased by 
33 percent, on average, as indicated in Table 3.  

---Table 4--- 
DEA results also produce valuable information for inter-regional exchange of 

experience: peers, peer counts and peer weights. Peer refers to efficient ports that can play the 
role of a model for inefficient ports to improve their operational efficiency. Peer counts refer 
to the number of times that a port is referred to as the ‘model’ for other ports to study in order 
to improve their efficiency. Peer weights refer to the relative importance of the ports among 
peers (i.e., peer weight equal one means that there is only a single ‘peer’ while a set peer 
weights of .5, .3 and .2 refers to three peers with the first peer has the highest weight). We use 
this information to construct peer networks in Figure 1 using peer counts and peer weights 
from DEA and Gephi graphic tool (Bastian, Heymann, Jacomy, & others, 2009). The 
direction of arrows shows the peer ports that an inefficient port can learn from to improve the 
efficiency; the thickness of arrows represent the weight of peer (i.e., thicker arrow show 
higher weight); and text size and colour represent peer counts (ports with higher peer counts 
are printed in larger font size with darker colour).  
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It can be seen that at the national level the most influential ports are Cam Pha in the 
North, Quang Binh in the Central, and Cac Cui and Thuong Cang Vung Tau in the South (see 
Figure 1a). For example, Cam Pha was referred to as the peer for 28 other inefficient ports in 
the country, the relative figures of Cac Cui, Thuong Cang Vung Tau and Quang Binh are 18, 
15 and 9. The possible reason for Cam Pha to be so efficient is that it is specialised in 
handling bulk cargo (i.e., coal export), and thus, the throughputs measured in tonnage is very 
high whilst it does not need large warehouse. Cac Cui is located in Can Tho province, which 
is the centre of the Mekong Delta region. It is expected that the main reason for this port to be 
effective is also its specialisation in handing another type of bulk cargo (i.e., rice export). 
This is also the reason that Tra Noc-Can Tho, another port in Can Tho province, is quite 
influential at the national peer network. Meanwhile, the efficiency of Thuong Cang Vung Tau 
would be due to its specialisation in handling crude oil. Quang Binh port is the entry to 
several central provinces, its strategic location may play a role in improving its efficiency. 
The metafrontier also show strong level of connections with only three stand-alone ports: 
Binh Minh, Vinh Long and Dong Thap. The DEA results show that all these ports are 
technically efficient (i.e., they’re on the production frontier); thus, one possible explanation is 
that the input-output structure of these ports are unique, making other ports difficult to apply 
their model of operation.   

The regional peer networks for the North and the Central regions show a similar 
picture with Cam Pha and Quang Binh are the relative influential ports. The two regions are 
also highly connected where input-output structure of most efficient ports can be applied to 
inefficient ports in their regions. One noticeable difference is that Quy Nhon is inefficient at 
the national level and need to learn from experience of Cam Pha and Cac Cui to improve its 
operation. But at the regional level, Quy Nhon is efficient and plays the role of a peer for 
three inefficient ports: Da Nang, Nghe Tinh, Ky Ha and Thuan An despite its weight for the 
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last two ports are minimal. The regional peer network for the South show substantially 
different picture: ports in this region are much less inter-connected with more than 50 percent 
are efficient-by-default (i.e., play the peer for only themselves). But Cac Cui and Tra Noc-
Can Tho remain influential ports in the region. 

---Figure 1--- 

6. Conclusions 
The port sector is particularly important to economic development and international 

trade of Vietnam, yet little research has been done to examine its performance especially in 
terms of technological efficiency. The paper examines the technical efficiency of seas ports in 
the three regions of Vietnam and evaluates the technology gap between regions.  

The results of different approaches show weak positive correlation. For example, the 
average technical efficiency score of all ports ranges from .83 (DEA) to .98 (SFA), 
suggesting that Vietnamese ports can increase outputs by at least two percent. The 
technological gaps between regions varies from .49 (semi-parametric) to .62 (non-parametric 
and parametric), showing that ports can improve outputs by at least 38 percent by switching 
from regional technology to best technology at the national level. 

The stochastic frontier analysis results show equipment and personal computers are 
the most important inputs. Land area is only significant for the north with the elasticity of 0.6, 
while the effect of warehouse input on the performance of ports in this region is negatively.  
This suggests that future development of the ports in this region should focus more on factors 
other than warehouse. Majority of Vietnamese ports are operating with increasing return to 
scale. This suggests that expansion of ports will allow them to meet growing demand and 
improve their efficiency hence competitiveness.  
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Tables and Figures 
Table 1. Descriptive statistics 

 
 

  
Means by regions 

Variable 
name 

Mean Min Max 
North Central South 

Outputs  
Tonnes 3020 30 25232 6613 940 3261 
Inputs  

     Berth 623 76 2975 900 514 599 
Area 257 12 4527 186 169 362 
Warehouse 19 0 195 26 8 24 
Equipment 766 10 5534 933 508 912 
PCs 67 4 650 83 29 90 

 
Table2.Stochastic frontier estimates 
      

 All ports North Central South 
Log of berth 
 

0.05 
(0.25) 

***0.10 
(0.00) 

0.16 
(0.4) 

0.28 
(0.23) 

Log of area 
 

0.02 
(0.17) 

***0.64 
(0.00) 

-0.04 
(0.22) 

-0.19 
(0.24) 

Log of warehouse 
 

-0.11 
(0.09) 

***-0.22 
(0.00) 

**0.63 
(0.28) 

-0.02 
(0.15) 

Log of equipment 
 

***0.68 
(0.18) 

***-0.37 
(0.00) 

**0.54 
(0.27) 

***0.65 
(0.17) 

Log of PCs 
 

*0.45 
(0.23) 

***0.66 
(0.00) 

-0.28 
(0.29) 

*0.41 
(0.22) 

Constant 
 

**0.65 
(0.28) 

***0.96 
(0.00) 

-0.49 
(0.82) 

0.14 
(0.92) 

δu 0.65 0.14 0.02 0.02 
δv 0.62 0.00 0.60 0.67 
Note: standard errors are in parentheses; significant levels are ***=1% and **=5% , *=10%. 
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Table 3.Technical efficiency and technological gaps 
 Non-parametric Semi-parametric Parametric 
Criteria Mean Std.  Mean Std.  Mean Std. 
All ports       
  Technical efficiency 0.83 0.27 0.98 0.10 0.98 0.10 
  Metafrontier efficiency 0.54 0.36 0.51 0.17 0.60 0.20 
  Meta-technology ratio 0.62 0.35 0.49 0.17 0.62 0.20 
The North region       
  Technical efficiency 0.67 0.30 0.90 0.22 0.90 0.22 
  Metafrontier efficiency 0.59 0.29 0.51 0.10 0.65 0.15 
  Meta-technology ratio 0.88 0.17 0.57 0.17 0.73 0.10 
The Central region       
  Technical efficiency 0.81 0.31 0.99 0.00 0.99 0.00 
  Metafrontier efficiency 0.39 0.35 0.42 0.18 0.56 0.20 
  Meta-technology ratio 0.43 0.32 0.41 0.17 0.56 0.20 
The South region       
  Technical efficiency 0.92 0.20 0.99 0.00 0.99 0.00 
  Metafrontier efficiency 0.65 0.38 0.54 0.15 0.62 0.22 
  Meta-technology ratio 0.67 0.35 0.53 0.15 0.62 0.22 
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Table 4.Determinants of inter-regional technology disparities 
Metafrontier technology Group frontier technology 

Criteria North Central South North Central South 
Overall efficiency 0.41 0.19 0.34 0.41 0.68 0.67 
Technical efficiency 0.59 0.39 0.65 0.67 0.81 0.92 
Scale efficiency 0.73 0.66 0.62 0.65 0.84 0.74 
Slack of berth 517.03 257.32 272.39 469.73 117.63 24.63 
Slack of areas 91.56 111.74 275.99 92.36 2.65 3.81 
Slack of warehouse 21.97 3.98 16.67 15.96 1.35 0.44 
Slack of equipment 533.71 133.72 488.32 608.22 130.41 0.00 
Slack of PCs 26.25 1.79 45.24 26.54 4.77 0.92 
Decreasing returns to scale 0.13 0.00 0.11 0.13 0.06 0.26 
Most efficient scale 0.13 0.00 0.11 0.13 0.38 0.32 
Increasing returns to scale 0.75 1.00 0.79 0.75 0.56 0.42 
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