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Abstract. As a transportation hub, the port is not only a gateway to participate in global trade, but also 
can drive the development of regional economy. Therefore, it has become an important resource for a 
country or region. Since the financial crisis in 2008, the shipping market has experienced many 
fluctuations. In order to cope with the new changes and development trend of international ports, how 
to improve the production efficiency of our ports and thus enhance the competitiveness has become a 
very worthy research issue. This paper uses DEA-Malmquist model, selects cargo throughput, 
operating income and net profit as output indicators, berth length, berth number, fixed assets and 
operating expenses as input indicators, calculates and studies the changes in total factor productivity 
of ten ports from 2007 to 2018, and analyzes the impact of efficiency changes and technological 
changes on total factor productivity. The results show that: (1) Total factor productivity of the ten ports 
as a whole has shown a downward trend in the past 11 years, mainly due to technological changes. (2) 
The market volatility caused by the financial crisis reduced the overall total factor productivity in a 
short time. (3) The adoption of active economic policies and management system reform can 
significantly promote the improvement of efficiency changes and technological changes. Finally, 
combined with the results of empirical analysis, some suggestions are put forward, such as increasing 
investment in scientific research, rational planning of scale, deepening system reform, etc. 

1 INTRODUCTION 

The globalization of world trade is increasing day by day, and the dependence of trade on the 
transportation industry has gradually manifested itself . As an important hub connecting ocean 
transportation with land transportation, ports play an important role. The development of national 
economy must be integrated into the world, and the construction of a developed logistics system is the 
basis for participating in international trade and coping with global integration. The increasingly fierce 
and complicated international trade situation has put forward higher requirements for the construction 
level of ports. Up to the end of 2019, the national ports have completed a cargo throughput of 13.95 
million tons. Although the port has been the world's leader for many years in a row, its huge throughput 
does not represent first-class competitiveness. Transportation power is an important part of 
modernization. In the "Outline of Building a Transportation Power" and "Guidance on Building a 
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World-class Port" published in 2019, it was pointed out that a new evaluation system should be added 
as soon as possible to avoid excessive pursuit of throughput, construction investment and port 
efficiency, and to provide a guiding ideology for high-quality development of ports. Therefore, under 
the premise of certain development of port scale, improving the comprehensive production efficiency 
of ports has become an important means to obtain market competitiveness. Based on the evaluation of 
total factor productivity of ports, this paper summarizes and analyzes the main factors that affect the 
productivity, and puts forward specific suggestions to promote the high-quality development of ports. 

2 LITERATURE REVIEW 

Domestic and foreign scholars mainly use the production frontier analysis method to study the port 
efficiency problem, and the production frontier analysis method can be divided into two categories: 
stochastic frontier analysis (SFA) and data envelopment analysis (DEA). Among them, DEA is more 
suitable for ports with many input and output elements and complicated relationship. Roll and 
Hayuth(1993) first tried to use DEA model to evaluate port efficiency. Notteboom T, Coeek C, Van 
Drn Broeek J (2000) measured and analyzed the relative efficiency of container terminals using 
Bayesian stochastic frontier model, and found that the port efficiency at the transportation hubs was 
higher. Tang zon(2001) uses DEA-CCR model and DEA additivity model to analyze the efficiency of 
16 coastal container ports. The results show that a few ports are inefficient, but the sample size is small. 
The researchers believe that the sample size should be expanded. Haibo Wang and others(2015) used 
the DEA model to analyze the productivity of 11 listed port companies, and found that the government 
policy is the main factor that affects the port efficiency.  

In our country, Pang Ruizhi (2006) uses DEA model to analyze the operating efficiency of 50 
ports in our country from 1999 to 2002. It is found that the technical efficiency of many coastal ports 
continues to decline, resulting in problems such as over-expansion of scale and imbalance of resources 
input. Yang Mian (2010) uses the DEA-CCR model to measure the relevant indexes of the efficiency 
of four ports in Fujian Province. The conclusion is that giving play to the advantages of scale is the 
main reason for improving the efficiency of most ports. Li Lanbing, Liu Jun and Li Chunhui (2011) 
used the DEA—Malmquist model to measure and study the dynamic efficiency of the major ports 
across the Taiwan Strait and three places, and found that the overall efficiency of the ports is not high, 
which is mainly due to the low scale efficiency. Luo Junhao, Cui Eying and Ji Jianhua (2012) used 
stochastic frontier analysis to evaluate the operating efficiency of 9 listed companies. The results 
showed that the operating efficiency of 9 companies decreased to varying degrees from 2001 to 2009. 
Meanwhile, the continuous expansion of the port scale caused repeated fluctuations in operating 
efficiency. Cao Wei and Yu Qingbo (2013) measured the relative efficiency of Fujian's coastal ports 
from 2006 to 2011 by using the CCR model and BCC model of super-efficient DEA, and found that 
the productivity of the ports as a whole increased slightly, but the increase was smaller due to the 
influence of lower technical level. Hu Xiaoyu (2014) used the Spatial Lag Model (SLM) to analyze 
the total factor productivity of 21 coastal ports, and found that technological progress is an important 
factor to promote production capacity, and technological progress is related to spatial dependence. Ai 
Yazhao (2015) used the stochastic frontier method to measure the efficiency of six container ports in 
the Pearl River Delta, comparing the efficiency of foreign-owned ports with that of state-owned ports, 
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but did not reach a definite conclusion, and it is uncertain which port is more efficient. Guo Peng, Wen 
Yanping (2019) used the DEA-TOBIT two-stage method to measure the operating efficiency of 17 
listed companies in China's port industry from 2011 to 2016, and used the Malmquist index to 
dynamically analyze the changes in operating efficiency of listed companies in China's port industry. 
It was found that the decrease in scale efficiency and technical efficiency resulted in a decrease in total 
factor productivity of 17 enterprises as a whole.  

Through the reference of previous literature, it can be found that foreign scholars focus on the 
analysis of influencing factors, while domestic scholars mainly focus on the measurement of efficiency 
change based on a large sample size, and the analysis of influencing factors mainly focuses on the 
policy and management model. This is due to different systems and management. The development 
direction of China's ports is guided by government policies and is subject to national regulation. It is 
greatly influenced by regional economic policies.  

In terms of research methods, most scholars have chosen the non-parametric method represented 
by DEA model to analyze productivity. The characteristic of DEA model is that it does not need to 
consider the relationship between multiple input and output elements, that is, it does not need to give 
a weight to one element, and it is suitable for systems with complex input-output relationship, which 
is exactly in line with the characteristics of ports.  

This paper summarizes and studies the research theories of previous scholars, and adds its own 
understanding. In most literatures, input and output elements can be roughly divided into two 
categories, one is monetary funds, such as operating costs, operating income, total assets, profit per 
share and other indicators. The other type is equipment, such as yard area, crane quantity, wharf 
quantity, berth length and other data. The port belongs to the transportation industry in the basic 
industry, and is a typical capital-intensive industry, which needs a large amount of technical equipment 
and capital support. This paper comprehensively considers the two types of elements, and selects some 
indicators from each of the two types as input and output elements for analysis, hoping to obtain a 
more comprehensive and comprehensive conclusion. In addition, the analysis of production efficiency 
using the latest data is time-sensitive. The environment of the port industry will change with the 
international situation, and the main factors affecting production efficiency will also change. Some of 
the data used in this paper are from the latest official annual data, such as China Port Yearbook 2019, 
in order to be able to get more specific and comprehensive conclusions. 
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3 THE DEVELOPMENT STATUS OF PORTS IN CHINA  

3.1 National Port Production Level 

 

Fig 1: National port throughput changes 

Note: Figure 2.1 Data are from China Traffic Yearbook 

According to the data, the total cargo throughput of ports nationwide in 2018 was 13.451 billion 
tons, up 2.5% over the previous year. As can be seen from the analysis in Figure 2.1, since 2009, the 
cargo throughput has increased year by year, but the annual growth rate has decreased slightly. Until 
2015, when the implementation of the "the belt and road initiative" plan brought about the recovery of 
the port industry, the throughput growth rate gradually picked up. 

3.2 National Port Construction Trends 

 

Fig 2: Change in number of new berths 
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Fig 3: Change of new or expanded quantity 

Note: Figures 2.2 and 2.3 are from China Port Yearbook 2010-2019. 

As shown in fig.2.2 and fig.2.3, the number of new berths and docks both increased first and then 
decreased. With the fluctuation of the shipping market, the growth rate of demand has decreased, while 
the expansion rate of the port terminals in the early stage has not slowed down. This has resulted in 
the scale is redundant, resources are idle, the operating efficiency has declined, and the port urgently 
needs structural adjustment. Starting from 2012, each port reduced the number of newly built or 
expanded ports, and all localities suspended the development plan of the new port area. Then, the 
supply-side reform, the deepening reform of state-owned enterprises, and the re-planning of the 
expansion of port terminals began. The port scale construction showed a downward trend year by year. 
Until 2018, the investment scale for the construction of China's coastal ports decreased for six 
consecutive years. 

4 EMPIRICAL ANALYSIS 

4.1 The concept of total factor productivity 

At first, people's concept of productivity only stayed on the concept of labor productivity, and only 
took the amount of labor as the input factor, that is, single factor productivity. The concept of total 
factor productivity was first put forward by economist Tinbergen in 1942. He advocated adding two 
input factors: labor and capital, but did not consider intangible input factors. Since then, many scholars 
have put intangible factors of production, such as scientific and technological progress, education, 
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economies of scale, etc.into it one after another, but labor and capital are the main factors. Hillary 
Davis discussed the connotation of total factor productivity in her research on productivity, and 
proposed that total factor productivity should include all production factors such as labor, capital, land 
and raw materials. Solo, a Nobel laureate in economics, put forward the famous Solo model, which 
links the growth rate of total factor productivity, the growth rate of output and the benefits of the 
growth rate of input factors. He proposed ΔE=Δc+αΔF+(1-α)ΔG where ΔF is the growth rate of capital, 
ΔG is the growth rate of labor input, parameter α is the share of capital in total output, (1-α) indicates 
the share of labor in total output, and Δc is the output surplus brought by the growth rate of total factor 
productivity. After transformation, Δc=ΔE-αΔF-(1-α)ΔG  is obtained, and Solow refers to the obtained 
growth residual value Δc(later called Solow residual value) as technological progress rate. 

Therefore, it is generally believed that total factor productivity is an unexplained part of 
productivity growth, that is, total factor productivity is the part of productivity growth value that cannot 
be explained by labor and capital productivity. When studying production efficiency, total factor 
productivity integrates the input and output factors in the production system, and can comprehensively 
and macroscopically reflect productivity growth. 

4.2 DEA model and Malmquist index 

Data Envelopment Analysis (DEA) is a systematic analysis method obtained by extending the 
evaluation of relative efficiency based on the idea of frontier function by American strategists Charnes, 
Rhodes and Cooper. It is suitable for evaluating the effectiveness of systems with the same type and 
multiple inputs and outputs. The basic idea is to regard a system that carries out production activities 
within a certain range as a Decision Making Units (DMU), and call several DMUs as evaluated groups. 
By processing the ratio of input and output, the effective production frontier is determined, and then 
the distance between DMU and effective production frontier is used to determine whether each DMU 
is effective. DEA model is widely used in many fields because of its simple method and wide 
applicability, especially in port, an industry with many input factors and complex relationships. 

Malmquist index was put forward by Malmquist(1953). Since then, people have gradually used 
this method in the calculation of productivity change. RolfFare and others(1994) combined a 
nonparametric linear programming method of this theory with data envelopment analysis (DEA) 
theory. Malmquist index can analyze the change of total factor productivity by combining with 
distance function, and divide total factor productivity into technological progress, scale efficiency and 
pure technical efficiency growth. Its basic principle is as follows: 

Firstly, the distance function of output is defined： 

D(𝑥, 𝑦) = 𝑖𝑛𝑓{𝜃: (𝑥, 𝑦 𝜃⁄ ) ∈ 𝑃(𝑥)}                                                  (1) 

Where X and Y represent input variables and matrix of input variables,θ representing efficiency 
indicators of outputs, P(x) which are sets of outputs. 

 In the S period, the Malmquist index can be expressed as: 
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𝑚3(𝑥345, 𝑦345, 𝑥3, 𝑦3) =
67(879:,;79:)
67(8<,;7)

                                                (2) 

In the s+1 period, Malmquist index can be expressed as: 

𝑚=45 =
67(879:,;79:)
679:(87,;7)

                                                            (3) 

So Malmquist index of total factor productivity growth from s to s+1 can be expressed as: 

𝑚(𝑥345, 𝑦345, 𝑥3, 𝑦3) = >67(879:,;79:)
67(8<,;7)

× 67(879:,;79:)
679:(87,;7)

@
:
A                             (4) 

When the calculation result is greater than 1, it means that the total factor productivity increases 
and the production efficiency increases from s to s+1; When the result is equal to 1, it means that the 
total factor productivity and production efficiency are unchanged from s to s+1; When the calculation 
result is less than 1, it means that the total factor productivity decreases and the production efficiency 
decreases from s to s+1. 

The technical efficiency change index (EC) and technical progress index (TP) can be obtained by 
decomposing the above formula. 

𝑚(𝑥345, 𝑦345, 𝑥3, 𝑦3) =
67(879:,;79:)
67(8<,;7)

× > 67(879:,;79:)
679:(879:,;79:)

× 67(87,;787,;7,;7)
679:(87,;7)

@
:
A                    (5) 

𝐸𝐶 = 67(879:,;79:)
67(8<,;7)

                                                              (6) 

𝑇𝑃 = > 67(879:,;79:)
679:(879:,;79:)

× 67(87,;787,;7,;7)
679:(87,;7)

@
:
A                                                (7) 

4.3 Selection of input and output indicators    

The selection of input and output indicators is very important for measuring port efficiency by DEA 
method. This is because even if the measurement unit is the same, the efficiency level values obtained 
by selecting different input and output indicators are different. The rationality of input-output index 
selection directly affects the meaning of the measured efficiency value. At present, the classification 
of elements can be roughly divided into two types: one is to take capital as the measurement standard, 
and to take total assets, fixed assets, operating expenses, management expenses, etc. as input elements; 
Take operating income, profit rate and net profit, etc. as output factors. The second is to take equipment 
as the measurement standard, mainly taking throughput as the output factor; The number of berths, 
wharf length and yard area are taken as input factors. 

In this paper, Ningbo-Zhoushan Port, Shanghai Port, Tianjin Port, Guangzhou Port, Qingdao Port, 
Dalian Port, Yingkou Port, Rizhao Port, Qinhuangdao Port and Lianyungang Port are selected as 
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analysis samples, and the port data are mainly taken from China Port Yearbook (2007-2019). On the 
choice of input-output indicators, this paper analyzes from two aspects: 

In terms of equipment, this paper chooses port throughput as the output index. Throughput is the 
direct embodiment of the port's production capacity, and the data sources are extensive. Detailed data 
can be found in the portals of major ports. There is no detailed record on the data of input index in 
each website. In China Port Yearbook, we can find the data of berth length and berth number over the 
years, while the records of other data such as yard area are not detailed, and some ports have no records 
or some years are missing. Therefore, this paper chooses berth length and berth number as input 
indicators. 

In terms of capital, referring to relevant literature, operating income and net profit are taken as 
output indicators. Operating income can intuitively reflect production results, while net profit can 
reflect profitability; Operating expenses and fixed assets are taken as input indicators. Operating 
expenses can reflect the scale of investment, and fixed assets are the basic conditions for the operation 
of listed companies, providing power for the port's production activities. These data can be found in 
the annual reports of listed companies in various ports. 

4.4 Total Factor Productivity Measurement Results 

4.4.1 Malmquist index of ten ports 

Using DEA model, this paper calculates and decomposes Malmquist index of total factor productivity 
of ten ports from 2007 to 2018. The related calculation and decomposition results are shown in Table 
4.1. 

Tab 1: Malmquist index changes of ten ports 

Port name Effch Techch Pech Sech Tfpch 

Ningbo-Zhoushan Port 0.991 0.935 1.000 0.991 0.927 

Port of shanghai 1.000 0.979 1.000 1.000 0.979 

Port of Tianjin 1.000 0.937 1.000 1.000 0.937 

Guangzhou Port 1.000 0.963 1.000 1.000 0.963 

Qingdao Port 1.000 1.019 1.000 1.000 1.019 

Dalian port 0.982 0.984 0.994 0.988 0.966 

Port of YinKou 1.000 1.015 1.000 1.000 1.015 

Rizhao port 1.000 1.015 1.000 1.000 1.015 

Qinhuangdao Port 1.000 1.008 1.000 1.000 1.008 

Lianyungang 1.000 1.003 1.000 1.000 1.003 
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Average value 0.997 0.985 0.999 0.998 0.983 

Note: efffch indicates the change of efficiency; techch stands for technological change; pech represents 
the change of pure efficiency; sech represents the change of scale efficiency; tfpch represents 
Malmquist index 

First of all, on the whole, Malmquist index of all ten ports in the sample from 2007 to 2018 was 
0.983, indicating that their overall total factor productivity decreased slightly by 1.7% during the 
eleven years (see the lower right corner of Table 4.1). During the sample analysis, the average value 
of efficiency change was 0.997, indicating that the efficiency change decreased by 0.3% (including 
pure efficiency change decreased by 0.1% and scale efficiency change decreased by 0.2%), and the 
average value of technical change was 0.985, indicating that it decreased by 1.5%. This shows that the 
main reason for the decline of total factor productivity is technological change. 

Then, from the perspective of various ports, the total factor productivity of Ningbo-Zhoushan 
Port, Shanghai Port, Tianjin Port, Guangzhou Port and Dalian Port has declined to varying degrees in 
the past nine years, among which the largest drop was in the Malmquist index of Ningbo-Zhoushan 
Port and Tianjin Port, which were 0.927 (down 7.3%)and0.937(down6.3%)respectively;Guang 
zhou Port and Dalian Port are next, and Malmquist index is 0.963 (down 3.7%) and 0.966 (down 3.4
%); The smallest decrease was in Shanghai Port, with Malmquist index of 0.979 (a slight decrease of
 2.1%). The total factor productivity of Qingdao Port, Yingkou Port, Rizhao Port, Qinhuangdao Port 
and Lianyungang has increased, with Malmquist indices of 1.019, 1.015, 1.015, 1.008 and 1.003, res
pectively, among which Qingdao Port has the highest growth level and the total factor productivity h
as increased by 1.9%; Yingkou Port and Rizhao Port increased by 1.5%; Qinhuangdao Port and Lian
yungang increased slightly by 0.8% and 0.3%. 

 Among them, the main reason for the decline of total factor productivity in Ningbo-
Zhoushan Port is technological change. Malmquist index is 0.935 (down 6.5%), which is the highest 
decline among 10 ports, and the efficiency change also drops slightly by 0.1%, which all comes from
 the scale efficiency change; The technical change and efficiency change of Dalian Port decreased by
 1.6% and 1.8% respectively (including pure efficiency change decreased by 0.6% and scale efficien
cy change decreased by 1.2%); The decrease of total factor productivity in Tianjin Port, Guangzhou 
Port and Shanghai Port all comes from the change of technical efficiency, with the decrease of 6.3%, 
3.7% and 2.1% respectively. The increase of total factor productivity in Qingdao Port, Yingkou Port,
 Rizhao Port, Qinhuangdao Port and Lianyungang also benefited from the change of technical efficie
ncy, which increased by 1.9%, 1.5%, 1.5%, 0.8% and 0.3% respectively.  

The automated wharf built in Qingdao Port has significantly improved production efficiency by 
using intelligent and information management system, which is one of the important reasons why Qi
ngdao Port has become the port with the highest growth rate of total factor productivity and technolo
gical change index. However, the index of Shanghai Port, which also has an automated wharf, does n
ot increase, but falls instead. This paper speculates that it may be because the throughput growth rate 
has decreased , even negative growth in recent years, that is to say, Shanghai Port has invested more 
resources for technological progress, but has not obtained efficient returns.  
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4.4.1 Annual Change Table of Total Factor Productivity   

Tab 2: Malmquist Index Change of Ten Ports in 2007-2018 

Year Effch Techch Pech Sech Tfpch 

2007-2008 0.992 0.916 0.992 1.000 0.909 

2008-2009 0.998 0.896 1.000 0.998 0.894 

2009-2010 1.011 1.081 1.008 1.002 1.092 

2010-2011 0.991 1.039 0.992 0.999 1.029 

2011-2012 0.995 0.983 0.997 0.999 0.979 

2012-2013 0.987 1.016 0.993 0.984 1.003 

2013-2014 0.994 0.990 1.000 0.995 0.994 

2014-2015 1.004 0.918 1.001 1.003 0.922 

2015-2016 1.016 0.936 1.018 0.998 0.951 

2016-2017 0.981 1.024 0.980 1.001 1.004 

2017-2018 1.002 1.047 1.014 0.989 1.050 

average value 0.997 0.985 0.999 0.998 0.983 

First of all, from the changes in each year, in the eleven years from 2007 to 2018, the rise and fall 
of the overall total factor productivity of ten ports occurred alternately (see Table 4.2 and Table 4.3). 
Malmquist index decreased successively from 2007 to 2009, which were 0.909 and 0.894 respectively, 
mainly due to technological changes. During 2009-2010, Malmquist index was 1.092 (up 9.2%), the 
main source of improvement was technological change (up 8.1%), and efficiency change also 
increased correspondingly (up 1.1%); There was a slight increase or decrease between 2010 and 2014; 
Malmquist index was 0.922 during 2014-2015, which decreased significantly (decreased by 7.8%), 
and also decreased during 2015-2016. Malmquist index was 0.951 (decreased by 4.9%), mainly due 
to technological changes; During 2016-2017, the Malmquist index was 1.004 (up 0.4%), mainly 
relying on the improvement of technological changes; During 2017-2018, Malmquist index continued 
to rise to 1.050, which was also due to the improvement of technological change and the slight increase 
of efficiency change, but the scale efficiency decreased by 1.1%. 

Then, from the composition of Malmquist index, the efficiency change and technology change i
n the eleven years from 2007 to 2018 were 0.997 and 0.985, which indicated that both of them showe
d a downward trend, and the pure efficiency change and scale change also declined slightly. From th
e perspective of the degree of technological change, the decline was the most significant in 2008-
2009, with a technological change of 0.896 (down 10.4%), followed by 2014-
2015, with a technological change of 0.918 (down 8.2%); The highest value was from 2009 to 2010, 
and the technical change was 1.081 (up 8.1%).  
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Since 2002, China has implemented the reform of port management system and localized port 
management. Local governments regard ports as a window to promote regional economic developme
nt, and have invested a lot of resources to build them. However, the market demand has not increased
 significantly, and then it was impacted by the financial crisis in 2008, and the efficiency of ports dec
lined, which was affected to varying degrees in 2007-2008 and 2008-
2009 respectively. After that, the state introduced a number of measures to stimulate foreign trade, su
ch as raising the export tax rebate rate and investing 10 billion yuan in transportation infrastructure c
onstruction, etc., and various ports began to explore coping strategies and adjust production structure
, so the productivity was greatly improved between 2009-2010 and 2010-
2011. However, due to the aftermath of the financial crisis, the world trade recovered slowly, and the
 market demand decreased again, resulting in the overflow of port scale, but the throughput did not in
crease significantly, and several indexes continued to decrease for several years.With the deepening 
of the reform of port management system, the internal management system of port enterprises has be
en continuously improved, which may be the reason for the steady increase of pure efficiency in 201
3-2014, 2014-2015, 2015-2016 and 2017-
2018. It can be seen that the system reform has a positive effect on the improvement of total factor pr
oductivity. And in recent years, the continuous development of information technology will become t
he main driving force for productivity improvement. The sharp increase in technological changes in 
2016-2018 and 2017-2018 largely benefited from the construction of intelligent and information-
based ports. 

5 CONCLUSION AND SUGGESTION  

5.1 Conclusion  

This paper studies the change of total factor productivity of ten ports from 2007 to 2018 by Malmqui
st total factor productivity index model, and finds that the overall total factor productivity of ten port
s shows a downward trend. From the perspective of annual change, the degree of decline is the most 
obvious in 2007-2008 and 2008-2009, and there is a small "fluctuation" in the next few years, with a 
slight increase in 2016-2017 and a significant improvement in 2017-2018. 

 From the decomposition of index, technological change is the most important factor affecting t
he change of total factor productivity. During the sample period, the technical efficiency improved a
nd its corresponding total factor productivity also increased; As the technical efficiency declines, so 
does the corresponding total factor productivity. That is to say, technical level is the main factor restr
icting the development of most ports.  

 Affected by the financial crisis in 2008, the growth of time trade declined, and the change of th
e overall scale efficiency of all ports decreased. After a series of national control measures and polici
es, the economy was stimulated, the export recovered, and the scale efficiency was improved. This s
hows that policies, markets and other external factors have a certain impact on total factor productivit
y.  
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 In the period of deepening the reform of port management system, the changes of pure efficien
cy and scale of all ports have been improved in different degrees. This shows that the reform of mana
gement system is conducive to the improvement of port internal management level and reasonable co
ntrol of scale, and is of positive significance to the improvement of total factor productivity.  

5.2 Suggestions 

Accordingto the results of case analysis, this paper puts forward the following suggestions: 

 Increase technical input. Through the discussion in this paper, technological change is the prim
ary factor restricting the improvement of total factor productivity. Therefore, according to their own 
situation, each port should increase investment in scientific research, research and develop or introdu
ce advanced facilities and equipment, improve the level of mechanization and automation of equipm
ent, eliminate backward technology, and build an intelligent and information-based modern port.  

At the same time, train and introduce port talents. Talent is the core element of development, an
d high-
tech talents can bring double progress in technical level and management ability, and improve the op
eration efficiency of the whole system. 

(2) Planning before construction. Scientific planning of port construction, rational guidance of r
esources for technological upgrading and scale construction, can not unilaterally pursue port scale an
d blindly expand, resulting in waste of resources and vicious competition. It is necessary to make eff
ective use of existing port resources, integrate resources, optimize the overall layout of China's coast
al ports and promote the intensive transformation of port groups.  

(3) Deepen the system reform. Previously, the central government transferred the port managem
ent rights to local governments, which formed a wave of port construction in a short time. However, 
due to the drawbacks of state-
owned enterprises, their production efficiency did not make great progress. Therefore, the local gove
rnment can open more power to port enterprises and stimulate their enthusiasm on the premise of reta
ining ownership. At the same time, enterprises should actively adjust their structure and innovate thei
r management methods, so as to improve their competitiveness.  
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