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Abstract 
This paper first analyzes the status quo of the port-city relationship of the 
Yangtze River Delta and the Pearl River Delta through the relative concentra-
tion index. It is found that the port-city relationship of the Yangtze River Del-
ta trends to be coordinated, while the port-city relationship of the Pearl River 
Delta is still in a state of uncoordinated. Then it analyzes the specific correla-
tion between urban economy development and port development by gray re-
lational analysis; it is found that the GDP and industrial output have high 
correlation with port cargo throughput, and the average correlation value of 
Yangtze River Delta is higher than that of the Pearl River Delta. Through the 
impulse response analysis, it is found that the urban GDP and industry have a 
significant effect on the development of the port in the short term, and the 
development of the port has no obvious influence on urban GDP and indus-
try. 
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1. Introduction 

Peace and development have become the theme of the world. Economy devel-
opment is the primary task of the development of a country. With the unique 
geographical conditions, the port city has become an important node in the na-
tional and global economic circulation system. In recent years, China’s major 
coastal port cities have developed rapidly. In the future, there are many ports 
needed to be built and the existing ports also need to be optimized. 

Figure 1 and Figure 2 show the changes in GDP and port cargo throughput  
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Figure 1. Changes of GDP and port cargo throughput in Shanghai Data 
Source: Yearbook of Each City. 

 

 
Figure 2. Changes of GDP and port cargo throughput in Guangzhou. Data 
Source: Yearbook of Each City. 

 
(T) of Shanghai and Guangzhou in the period 1995 to 2014 (natural logarithmic 
processing of raw data). It can be seen from both figures, whether it is in Shang-
hai or Guangzhou, the city GDP and port cargo throughput have similar growth 
rate of change. 

It can be inferred that there is a certain link between the urban economy de-
velopment and port development, but how much is the correlation? Which spe-
cific aspects of the urban economy are related to port development? Does the 
urban economy development promote port development or the port develop-
ment promote urban economy development? The purpose of this paper is to 
analyze the interaction between urban economy development and port devel-
opment, the impact of urban economy development on port development, the 
impact of port development on urban economy development, and the specific 
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aspects of the urban economy. 
In this paper, we first use the relative concentration index to quantitatively 

analyze the port-city relationship of the Yangtze River Delta and the Pearl River 
Delta, and then we analyze the specific relationship between the urban economy 
development and the port through the gray relational analysis method. Based on 
the results of the gray relational analysis, we analyze the dynamic relationship of 
GDP and industrial output with the port cargo throughput, and analyze the em-
pirical results. 

2. Relative Concentration Index (RCI) 

Relative concentration index (RCI) is used to measure the relative size of the 
port to the size of the city, Vallega (1979) first used the index to analyze the cities 
in the Mediterranean region to explore how the regional and population areas of 
the region were organized. Vallega found that the RCI of trade cities was higher 
than 1, while The RCI of the densely populated cities is less than 1, and the RCI 
of cities with close port size and city size is close to 1 [1]. Vigarie (1968) also 
used similar index to measure the country’s dependence on the port (the num-
ber of tons of commercial maritime goods owned by each resident) [2]. Kenyon 
(1974) measured the importance of the transshipment function of the US port 
city relative to the size of the city (the tonnage of maritime goods owned by each 
resident) [3]. China’s scholar Chen Hang (2009) first used the index to analyze 
the time series development characteristics of China’s port city [4]. 

In this paper, the RCI is improved as follows: After analyzing the previous re-
search methods. First, we use economy scale (GDP) to reflect the urban concen-
tration instead of population scale, mainly because this study is about the rela-
tionship between urban economy development and the port development. The 
second is that we use port cargo throughput to reflect the port development in-
stead of the container throughput, mainly because the port cargo throughput is 
more generally applicable to facilitate the comparison between different ports, 
and the data can be traced back to earlier. Third, taking into account the Yangtze 
River Delta and the Pearl River Delta port group also includes inland ports, so 
the object will be extended to the river port and harbor. Through the above im-
provements, RCI in this paper is calculated as: 
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In the formulas (1) to (3), Pij represents the port scale of port i (reflected by 
port throughput), Cij represents the city economy scale of the port city (reflected 
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by GDP), PRij is the ratio of the port cargo throughput to the total port cargo 
throughput of the measured time interval, CRij is the ratio of the city economy 
scale to the total economy scale of the measured time interval, RCIij represents 
the RCI of the port city i. According to this formula, the larger the value of PRij, 
the stronger the intermediary of the port city in year j; the larger the CRij, the 
stronger the concentration of the city’s economy. If RCIij is greater than 1, it in-
dicates that the intermediary is higher than the concentration, which means the 
development of the port is faster than the urban economy development; if RCIij 
is less than 1, it means that the intermediary is lower than the concentration, 
which means the port development is slower than the urban economy develop-
ment; if RCIij is the close to 1, it indicates that the development of urban econo-
my and the development of port are coordinating. Based on the data from 2005 
to 2014, the RCI index of the major port cities in the Yangtze River Delta and 
Pearl River Delta are shown in Table 1. Figure 2 and Figure 3 are the graphs of  
 

 
Figure 3. RCI of major ports in the Yangtze River Delta. 

 
Table 1. RCI of major port cities in Yangtze River Delta and the Pearl River Delta. 

RCI 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Guangzhou 1.38 1.41 1.35 1.16 1.07 1.03 0.94 0.87 0.80 0.78 

Shenzhen 1.48 1.44 1.40 1.29 1.11 1.08 0.93 0.84 0.77 0.67 

Zhuhai 1.10 0.94 0.82 0.81 0.83 0.98 1.00 1.01 1.17 1.13 

Dongguan 0.73 0.52 0.44 0.60 0.65 0.92 1.00 1.28 1.41 1.53 

Huizhou 0.78 0.93 0.87 0.83 1.12 1.13 1.03 0.92 1.24 0.90 

Shanghai 1.23 1.30 1.15 1.06 1.01 0.98 0.97 0.93 0.92 0.82 

Nantong 1.26 1.30 1.28 1.14 1.06 0.97 0.95 0.91 0.89 0.86 

Suzhou 0.86 0.92 0.93 0.86 0.95 1.06 1.06 1.06 1.04 1.03 

Zhenjiang 1.27 1.26 1.19 1.12 1.00 1.02 0.98 0.98 0.91 0.83 

Nanjing 1.45 1.21 1.16 1.04 1.02 1.03 1.03 0.96 0.87 0.83 

Ningbo 1.37 1.34 1.26 1.14 1.10 0.99 0.89 0.85 0.86 0.86 

Zhoushan 0.95 0.99 0.91 0.92 1.07 1.02 1.03 1.01 1.00 1.01 

Wenzhou 1.13 1.06 0.98 1.04 1.13 1.09 1.01 0.94 0.91 0.91 
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RCI of major port cities in the Yangtze River Delta and the Pearl River Delta re-
spectively. 

On the whole, the RCI of the major port cities of the Yangtze River Delta in 
the past 10 years trends to 1, which indicates that the port-city relationship of 
these port cities trend to be coordinated, while the RCI of the major port cities of 
the Pearl River Delta has been fluctuating around 1 in recent years ,which means 
port-city relationship of the major port cities in Pearl River Delta is still in a state 
of uncoordinated, but we can see a slight trend of approaching 1 in Figure 4. 

3. Gray Relational Analysis 

Gray relational analysis is based on the microscopic or macroscopic geometric 
approximation of the sequence of behavioral factors to analyze and determine 
the degree of influence between factors or the factors that measure the contribu-
tion of the main behavior. Gray relational analysis is mainly on the development 
of changes in the situation analysis, that is, the dynamic development of the sys-
tem quantitative analysis. The basic idea is to determine the relationship be-
tween the similarity of the sequence curve geometry, the closer the curve, the 
greater the correlation between the corresponding sequence, and vice versa. The 
gray relational analysis method makes up for the shortcomings caused by the 
system analysis of the mathematical statistics method. It does not have the re-
quirement of the sample quantity and the regularity of the sample, and it is very 
easy to calculate. 

Port system and urban economy system are gray systems. First, because the 
factors that reflect port development and urban economy development are too 
many and too complex, only limited indicators can be selected for analysis. 
Second, the statistics of the various indicators are very limited, and the existing 
data mostly are gray, most of the data is not a typical probability distribution. 
Thus, the analysis system has the characteristics of incomplete or “gray” infor-
mation. This paper uses the gray relational analysis method to calculate the spe-
cific correlation between urban economy development and port development. 
 

 
Figure 4. RCI of major ports in the Pearl River Delta. 
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3.1. Calculation of Gray Correlation Degree 

Let Xk be the system factor, and its observation data on the serial number is xki 
( 1, ,i n= � ), then ( )1 2, , ,k k k knX x x x= �  is the behavior sequence of factor Xk, 
which is the index number, xki for the factor Xk on the first k indicators of the 
observed data, 

( )1 1 2 1 1, , ,i i i i in ix x x x x x− − −�  is 1i iX x− , let ( )11
d

n
i i is X x t= −∫ , then 

(i) When Xi is an ascending sequence, 0is ≥ ; 
(ii) when Xi is the descending column, 0is ≤ ; 
(iii) When Xi is the oscillation sequence, the si symbol is indefinite. 
If the length of sequence Xk and the sequence Xm are the same, then  
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 is the gray absolute correlation degree of Xk and  

Xm. 
Let the sequence Xk, Xm the same length, and the initial value is not equal to 
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kX ′  and mX ′  are the values transformed by initialization. The gray correla-
tion between kX ′  and mX ′  is the gray relative correlation degree of Xk and Xm, 
denoted as rkm. 

Let Xk and Xm have the same length and the initial value is different from zero, 
which means Xk1 and Xm1 are not zero, εkm and rkm are gray absolute correlation 
degree and gray relative correlation degree of Xk and Xm respectively, and the 
resolution coefficient [ ]0,1θ ∈ , then 

( )k 1m km kmrρ θε θ= + − , 

kmρ  is the gray comprehensive correlation degree of Xk and Xm. The gray 
comprehensive correlation degree not only reflects the similarity degree of the 
two sequences in the graph, but also reflects the degree of closeness of the two 
sequences relative to the starting point. It is a comprehensive indicator of 
whether the links are closely related. In general, the resolution coefficient is θ = 
0.5, and if we are more concerned with the difference between the absolute 
quantities of the two sequences, θ can be larger; if we pay more attention to the 
difference in the rate of change between the two sequences relative to the start-
ing point, θ can be made smaller. 

In the gray correlation calculation of this paper, the original data is first 
transformed by initialization, and then the comprehensive gray correlation de-
gree between the parent sequence and the subsequence is calculated, and the 
resolution coefficient θ = 0.5 is set. 

3.2. The Selection of Indicators 

Port system and urban economy system are complex systems and lots of indica-
tors can reflect the situation of them. The focus of this paper is to study the inte-
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raction between urban economy development and port development. Therefore, 
the port cargo throughput (Y1), which is the most representative indicator of 
port system, is chosen to represent the port system. The urban economy system 
is more complex. GDP (X1), fixed assets investment (X2), import and export val-
ue (X3), industrial output (X4), freight volume (X5) and premium income (X6) 
are chosen to reflect the degree of development of the urban economy. GDP is 
obviously the most representative indicator of urban economy. Fixed assets in-
vestment mainly includes capital construction, renovation, real estate develop-
ment and other economic activities, in which process the port plays an impor-
tant role. Import and export value can reflect the degree of demand of a city to 
the port. The quality of raw materials and finished products used in the industri-
al production process are mostly transported by ship, and gross industrial output 
is the best indicator of industrial development. Port is an important infrastruc-
ture for urban transport, freight volume (X5) can directly reflect city’s demand 
for the port. The financial industry is at the core of the modern economy and the 
insurance industry is an important branch of the financial industry, the change 
of the premium income (X6) can indirectly reflect the development of the finan-
cial industry. 

3.3. Calculation Results 

Major cities of the Yangtze River Delta and the Pearl River Delta are selected for 
empirical analysis, Shanghai, Nantong, Suzhou, Zhenjiang, Nanjing, Ningbo, 
Zhoushan and Wenzhou are selected for the Yangtze River Delta; Guangzhou, 
Shenzhen, Zhuhai, Huizhou and Dongguan are selected for the Pearl River Del-
ta. The port cargo throughput (Y1) is set to be the parent sequence, GDP (X1), 
fixed asset investment(X2), import and export value (X3), industrial output (X4), 
freight volume (X5) and premium income (X6) are sub-sequences, then we can 
obtain the gray correlation coefficients of the two sequences. The correlation 
coefficients of parent sequence and sub-sequences are shown in Table 2. 

In Table 2, it can be seen that in the urban economy system, the average gray 
correlation coefficient of GDP (X1) and port cargo throughput (Y1) is 0.750,and 
the average gray correlation coefficient of industrial output (X4) and port cargo 
throughput (Y1) is 0.764, while the other average gray correlation coefficients are 
small, all around 0.70. This shows that the port city’s GDP is highly related to its 
port development, so port development should be referred to port city’s GDP 
growth. The correlation coefficient between port cargo throughput (Y1) and in-
dustrial output (X4) is 0.764, which is the largest correlation coefficient between 
port index and urban economy index correlation coefficient. This is mainly be-
cause the industrial production needs to use coal, oil, steel and other raw mate-
rials which are big and heavy, and water transport is the best mode of transport; 
Second, the industrial production is mostly large quality and volume of prod-
ucts, water transport costs less. Therefore, in the process the port city’s devel-
opment of industry, we should pay more attention to the construction of port 
facilities. 
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Table 2. Gray correlation coefficients of the two port groups. 

 X1 X2 X3 X4 X5 X6 Average value 

Guangzhou 0.617 0.634 0.742 0.716 0.672 0.630 0.668 

Shenzhen 0.678 0.790 0.673 0.752 0.649 0.611 0.692 

Zhuhai 0.781 0.744 0.609 0.697 0.710 0.677 0.703 

Dongguan 0.629 0.610 0.601 0.616 0.612 0.749 0.636 

Huizhou 0.733 0.720 0.644 0.785 0.715 0.767 0.727 

Shanghai 0.685 0.703 0.641 0.822 0.757 0.645 0.709 

Nantong 0.689 0.682 0.719 0.603 0.640 0.619 0.659 

Suzhou 0.861 0.866 0.682 0.819 0.606 0.956 0.798 

Zhenjiang 0.828 0.648 0.870 0.665 0.737 0.765 0.752 

Nanjing 0.704 0.636 0.718 0.821 0.730 0.663 0.712 

Ningbo 0.687 0.640 0.685 0.734 0.941 0.565 0.709 

Zhoushan 0.920 0.746 0.614 0.929 0.855 0.701 0.794 

Wenzhou 0.939 0.598 0.920 0.977 0.605 0.797 0.806 

Average value 0.750 0.694 0.701 0.764 0.710 0.703 0.720 

Source: Yearbook of Each City. 

 
In order to analyze the differences of gray correlation coefficients between the 

Yangtze River Delta and the Pearl River Delta, the gray correlation coefficients 
of the two port groups are shown in Table 3 and Table 4 respectively. 

It can be seen from Table 3, in the Yangtze River Delta, the average correla-
tion coefficient between GDP (X1) and cargo port throughput (Y1) is 0.789, the 
average correlation coefficient between industrial output (X4) and port cargo 
throughput (Y1) is 0.796, both of them are still high compared to other correla-
tion coefficients, and the average port-city correlation coefficient is 0.742. In the 
Pearl River Delta, it can be seen in Table 4, only the average correlation coeffi-
cient of industrial output (X4) and port cargo throughput (Y1) exceeded 0.7, up 
to 0.713, the remaining correlation coefficient are below 0.7, the average 
port-city correlation coefficient is 0.685. Compared with the gray correlation 
coefficient between the Yangtze River Delta and the Pearl River Delta, it can be 
seen that the port-city correlation of the Yangtze River Delta is relatively high, 
while the port-city relationship of the Pearl River Delta is lower, indicating that 
compared with the Pearl River Delta, the port-city relationship of the Yangtze 
River Delta is more coordinated. 

4. Impulse Response Analysis 

In this section, the vector autoregressive (VAR) model is used to determine the 
extent of the impact of port development on port cities. Vector autoregressive 
(VAR) is a model based on statistical properties of data that can be used to cor-
relate time series data [5]. It is predicted that this method has been widely used 
in unstructured models in macroeconomic analysis in recent years. We have al-
ready found that GDP and industrial output have high correlation to the port  
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Table 3. Gray correlation coefficients of the Yangtze River Delta. 

 X1 X2 X3 X4 X5 X6 Average value 

Shanghai 0.685 0.703 0.641 0.822 0.757 0.645 0.709 

Nantong 0.689 0.682 0.719 0.603 0.640 0.619 0.659 

Suzhou 0.861 0.866 0.682 0.819 0.606 0.956 0.798 

Zhenjiang 0.828 0.648 0.870 0.665 0.737 0.765 0.752 

Nanjing 0.704 0.636 0.718 0.821 0.730 0.663 0.712 

Ningbo 0.687 0.640 0.685 0.734 0.941 0.565 0.709 

Zhoushan 0.920 0.746 0.614 0.929 0.855 0.701 0.794 

Wenzhou 0.939 0.598 0.920 0.977 0.605 0.797 0.806 

Average value 0.789 0.690 0.731 0.796 0.734 0.714 0.742 

Source: Yearbook of Each City. 

 
Table 4. Gray correlation coefficients of the Pearl River Delta. 

 X1 X2 X3 X4 X5 X6 Average value 

Guangzhou 0.617 0.634 0.742 0.716 0.672 0.630 0.668 

Shenzhen 0.678 0.790 0.673 0.752 0.649 0.611 0.692 

Zhuhai 0.781 0.744 0.609 0.697 0.710 0.677 0.703 

Dongguan 0.629 0.610 0.601 0.616 0.612 0.749 0.636 

Huizhou 0.733 0.720 0.644 0.785 0.715 0.767 0.727 

Shanghai 0.685 0.703 0.641 0.822 0.757 0.645 0.709 

Average value 0.688 0.699 0.654 0.713 0.671 0.687 0.685 

Source: Yearbook of Each City. 

 
cargo throughput both in the Yangtze River Delta and the Pearl River Delta, ac-
cording to the measurement of the gray relational analysis. Therefore, in this 
section, we choose GDP and industrial output to represent the development of 
urban economy, which were recorded as GDP and I, the port development level 
is still measured by the port cargo throughput, recorded as T. The impulse re-
sponse analysis of these three indexes is carried out, and the dynamic characte-
ristics of the port-city relationship are obtained. 

4.1. Vector Autoregressive (VAR) Model 

In order to compare the impulse response analysis of the Pearl River Delta and 
the Yangtze River Delta, the GDP, industrial output and port cargo throughput 
of major port cities in the Yangtze River Delta and Pearl River Delta ports were 
summarized. The data ranges from 1998 to 2014. And then the analysis is shown 
in Table 5. 

In order to eliminate the existence of collinearity and autocorrelation between 
indicators, the indicators are changed by natural logarithmic processing; the new 
sequences are recorded as lnGDP, lnI and lnT, and the timing diagram of them 
are shown in Figure 5 and Figure 6, respectively. It is easy to see, whether in the  
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Table 5. Data of the Yangtze River Delta and Pearl River Delta. 

 
The Yangtze River Delta The Pearl River Delta 

Year 
GDP 

(100 million Yuan) 
I 

(100 million Yuan) 
T 

(10 thousand tons) 
GDP 

(100 million Yuan) 
I 

(100 million Yuan) 
T 

(10 thousand tons) 

1998 8608 13294 42027 4605 5948 14548 

1999 9387 14655 49868 5288 6671 18761 

2000 10619 17078 56915 6270 7959 21493 

2001 11783 18928 60353 7163 9100 23897 

2002 13246 21946 70559 8297 10793 30446 

2003 15903 28475 86412 9861 14395 36340 

2004 19227 35524 107208 11777 17847 44769 

2005 22524 45697 125568 13728 21162 49986 

2006 26122 55518 237048 16199 25622 58008 

2007 31090 68027 163725 19115 30559 65100 

2008 35911 78033 175203 22079 34721 67957 

2009 38953 54878 188964 23668 35411 68662 

2010 45724 67644 215380 27741 42377 80973 

2011 52707 78719 242463 32217 48505 86282 

2012 57711 83163 256126 35451 50457 90155 

2013 62946 89248 274379 39894 55019 99921 

2014 67983 93933 284286 43458 58668 102510 

Source: Yearbook of Each City. 

 

 
Figure 5. Timing diagram of the Yangtze River Delta. 

 
Yangtze River Delta or the Pearl River Delta, sequences have generally consistent 
trends. 

The maximum hysteresis order is required before vector autoregressive of the 
sequence. Table 6 and Table 7 are the results of the hysteresis order of the 
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Figure 6. Timing diagram of the Pearl River Delta. 

 
Table 6. Hysteresis results of the Yangtze River Delta. 

Lag LogL LR FPE AIC SC HQ 

0 3.547845 NA 0.000186 −0.078264 0.058677 −0.090940 

1 55.03418 73.55190* 4.51e−07 −6.147739 −5.599976 −6.198445 

2 68.99631 13.96214 2.84e−07 −6.856616 −5.898030 −6.945351 

3 98.45278 16.83227 3.38e−08* −9.778968* −8.409560* −9.905732* 

 
Table 7. Hysteresis results of the Pearl River Delta. 

Lag LogL LR FPE AIC SC HQ 

0 33.62678 NA, 2.53e−06 −4.375254 −4.238314 −4.387931 

1 101.7690 97.34604 5.68e−10 −12.82414 −12.27638 −12.87485 

2 119.2086 17.43959* 2.18e−10 −14.02980 −13.07121 −14.11853 

3 137.5347 10.47209 1.27e−10* −15.36211* −13.99270* −15.48887* 

 
Yangtze River Delta and the Pearl River Delta respectively, which are obtained 
by Eviews 8.0. 

According to the information criterion, the values of AIC, SC and HQ are the 
smallest in the lagged phase 3, so both the maximum hysteresis order of the 
Yangtze River Delta and the Pearl River Delta are 3. Then we can obtain the re-
sults of the VAR parameter estimation, which are shown in Table 8 and Table 9 
respectively, the table consists of three parts: the parameter estimation results of 
the model, the estimated standard deviation of the coefficients (in the parenthe-
sis below the coefficient estimates), and the t-test statistic values (in the square 
brackets below the coefficient estimates). 

From Table 7 and Table 8, the vector autoregressive equations of the Yangtze 
River Delta and the Pearl River Delta can be obtained respectively. The parame-
ters are in matrix form. The specific equations are as follows: 
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Table 8. Estimates of VAR model parameters for the Yangtze River Delta. 

 LNGDP LNI LNT 

LNGDP(−1) 1.448412 0.232997 −3.735995 

 (0.66896) (1.68009) (1.71782) 

 [2.16517] [0.13868] [−2.17485] 

LNGDP(−2) −0.765668 0.388199 7.027951 

 (1.02920) (2.58484) (2.64287) 

 [−0.74394] [0.15018] [2.65921] 

LNGDP(−3) 0.265389 −0.186889 −2.173504 

 (0.69600) (1.74802) (1.78726) 

 [ 0.38130] [−0.10692] [−1.21611] 

LNI(−1) 0.012649 0.997229 2.958860 

 (0.28489) (0.71549) (0.73155) 

 [0.04440] [1.39377] [4.04462] 

LNI(−2) 0.172250 0.202490 −0.193589 

 (0.20544) (0.51597) (0.52756) 

 [0.83843] [0.39244] [−0.36695] 

LNI(−3) 0.082345 0.340394 1.172043 

 (0.13195) (0.33140) (0.33884) 

 [0.62404] [1.02713] [3.45894] 

LNT(−1) 0.027433 0.092985 −0.941460 

 (0.12489) (0.31366) (0.32070) 

 [0.21966] [0.29645] [−2.93560] 

LNT(−2) −0.094159 −0.105637 −1.364083 

 (0.15726) (0.39497) (0.40384) 

 [−0.59873] [−0.26746] [−3.37781] 

LNT(−3) −0.176624 −1.079947 −2.053766 

 (0.18287) (0.45928) (0.46959) 

 [−0.96584] [−2.35139] [−4.37351] 

C 0.633445 2.679898 9.935453 

 (0.64779) (1.62692) (1.66345) 

 [0.97786] [1.64722] [5.97280] 

 
The Yangtze River Delta: 
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3

1.45 0.01 0.03 0.77 0.17 0.09
0.23 1.00 0.09 * 0.39 0.20 0.11 *
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0.27 0.08 0.17 0.63
0.19 0.34 1.07 * 2.68
2.17 1.17 2.05 9.94
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L L L
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The Pearl River Delta: 
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Table 9. Estimates of VAR model parameters for the Pearl River Delta. 

 LNGDP LNI LNT 

LNGDP(−1) −1.476399 −4.421308 −3.927422 

 (1.01176) (1.07694) (1.70000) 

 [−1.45924] [−4.10544] [−2.31024] 

LNGDP(−2) 2.843193 5.617380 5.219405 

 (1.92608) (2.05015) (3.23627) 

 [1.47616] [2.73998] [1.61278] 

LNGDP(−3) −1.021080 −2.133103 −1.398470 

 (1.44292) (1.53587) (2.42446) 

 [−0.70765] [−1.38885] [−0.57682] 

LNI(−1) 1.004061 2.221333 1.742518 

 (0.66945) (0.71257) (1.12484) 

 [1.49983] [3.11733] [1.54913] 

LNI(−2) −0.494877 −1.044228 −1.529833 

 (0.60205) (0.64084) (1.01159) 

 [−0.82198] [−1.62947] [−1.51230] 

LNI(−3) 0.526880 1.064426 0.238066 

 (0.57283) (0.60973) (0.96249) 

 [0.91979] [1.74574] [0.24734] 

LNT(−1) 0.648023 1.617039 1.151234 

 (0.37119) (0.39510) (0.62369) 

 [1.74580] [4.09272] [1.84585] 

LNT(−2) −0.921883 −1.692525 −0.801260 

 (0.71905) (0.76537) (1.20817) 

 [−1.28209] [−2.21139] [−0.66320] 

LNT(−3) −0.271492 −0.417835 0.128999 

 (0.27920) (0.29719) (0.46912) 

 [−0.97239] [−1.40597] [0.27498] 

C 1.993856 2.135474 2.391222 

 (1.71462) (1.82508) (2.88098) 

 [1.16285] [1.17007] [0.83000] 

 

1 2

3

1.47 1.00 0.65 2.84 0.49 0.92
4.42 2.22 1.62 * 5.62 1.04 1.69 *
3.93 1.74 1.15 5.22 1.53 0.80

1.02 0.53 0.27 1.99
2.13 1.06 0.42 * 2.14
1.40 0.24 0.13 2.39

t t

t

L L L

L

− −
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− − −   
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   + − − +   
   −   
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where L = [LNGDP LNI LNT]’, R2 and the adjustment R2 of the regression equa-
tion are more than 0.99, so the model of high degree of fit, indicating that the 
model is reasonable and stable. 

The stationarity of the VAR model can be checked by the inverse roots of AR 
characteristic polynomial, in Figure 7, we can find that the reciprocal of the AR 
feature polynomial roots are all in the unit circle, which means the reciprocal 
absolute value of the eigenvalue is less than 1, indicating that the VAR satisfies 
the stationary condition. 
 

 

 
          Figure 7. The inverse roots of AR characteristic polynomial. 
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4.2. Impulse Response Function 

The most important role of the VAR model is to reflect the dynamic characteris-
tics of the system, that is because the change of each endogenous variable not 
only affects itself, but also affects all other endogenous variables by increasing 
the standard deviation of the error term in the impulse response function (IRF) . 
A change in the i-th endogenous variable not only directly affects the i-th varia-
ble, but also affects other endogenous variables through the dynamic structural 
features of the VAR model. The impulse response graph can visually reflect the 
trajectories of these effects; it can show how the variation of a variable affects all 
other variables through the model, and ultimately feedback to itself. In this pa-
per, the lnGDP, lnI and lnT variables of the Yangtze River Delta and the Pearl 
River Delta are analyzed by Eviews 8.0 respectively. The impulse response 
graphs are shown in Figure 8 and Figure 9, respectively. 

In the Yangtze River Delta, It can be seen from Figure 8(a) that the impact of 
the change of urban GDP on the port cargo throughput has shown a significant 
positive effect in the first four periods and has gradually increased, it begins to 
decline and gradually approaching zero from the fifth period. It can be seen 
from Figure 8(b), that the impact of the change of urban industrial output on 
the port cargo throughput in the Yangtze River Delta has shown a positive effect 
and gradually increased in the first two periods, and the effect begins to decrease 
from the third period and gradually approaches zero. From Figure 8(c) and 
Figure 8(d), it can be seen that the GDP and industrial output of port cities in 
the Yangtze River Delta have weaker positive impacts on the port cargo 
throughput in the short term, but then there is a negative effect, in the long term, 
the negative effect gradually approaches zero. 

In the Pearl River Delta, it can be seen from Figure 9(a) that the impact of the 
change of urban GDP on the port cargo throughput is obvious in the first two 
periods, but the positive effect gradually decreases and approaches zero, then the 
positive effects are gradually strengthened and stabilized around zero. It can be 
seen from Figure 9(b) that the impact of the change of urban industrial output 
on the port cargo throughput has shown a significant increasing positive impact 
in the first two periods, but the positive impact begins to weaken and gradually 
approaches zero from the third period. As can be seen from Figure 9(c), the 
impact of the port cargo throughput change on port cities has shown an in-
creasing positive impact on GDP in the first two periods, then the impact trends 
to be stabilized. It can be seen from Figure 9(d) that the impact of the change of 
urban industrial output on the port cargo throughput has shown a positive effect 
in the first two periods, and it tends to be stabilized from the third period. 

Compared with impulse response maps of the Yangtze River Delta and the 
Pearl River Delta, it can be found that in both areas, the growth of GDP and in-
dustrial output can aggregate the development of port in the short term, and the 
impact approaches zero in the long term. However, the impacts of the develop-
ment of the urban GDP and industrial output in the Yangtze River Delta are 
greater than that in the Pearl River Delta. At the same time, the development of  
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 8. Impulse response graphs of the Yangtze River Delta. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 9. Impulse response graphs of the Pearl River Delta. 
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port has little effect on the development of the urban GDP and industrial output 
in the Yangtze River Delta, but the development of port in the Pearl River Delta 
has a positive impact on the urban GDP and industrial output. 

4.3. Variance Decomposition 

The impulse response function reflects the dynamic influence of an endogenous 
variable on other endogenous variables. The variance decomposition divides the 
variance of a variable in the VAR model system into the perturbation terms [6]. 
The main idea is that the variation of each endogenous variable in the system is 
decomposed according to its origin, so that the degree of influence of other en-
dogenous variables can be visually observed [7]. 

4.3.1. The Impact of Urban Economy Development on Port Development 
The results of variance decomposition of LNT of the Yangtze River Delta and 

the Pearl River Delta are shown in Figure 10 and Figure 11 respectively. 
From Figure 10, it can be seen that the contribution of GDP to port cargo 

throughput (T) in the Yangtze River Delta decreased from 35% to 21% in the 
first two periods, but begins to rise sharply from the third period, and it finally 
stabilized around 75%, while the contribution of industrial output(I) to port  
 

 
Figure 10. Variance decomposition of LNT of the Yangtze River Delta. 

0

20

40

60

80

1 2 3 4 5 6 7 8 9 10

Percent LNT variance due to LNGDP

0

20

40

60

80

1 2 3 4 5 6 7 8 9 10

Percent LNT variance due to LNI

Variance Decomposition



W. Chen 
 

234 

 
Figure 11. Variance decomposition of LNT of the Pearl River Delta. 

 
cargo throughput (T) increased from 12% to 53% in the first two periods, but 
declined sharply from the third period and finally stabilized around 16%. As can 
be seen from Figure 11, the contribution of GDP to port cargo throughput (T) 
in the Pearl River Delta decreased from 80% to 43% in the first two periods, but 
it began to increase from the third period, and finally it is close to 60%, while the 
contribution of industrial output (I) to port cargo throughput increased from 6% 
to 38% in the first two periods, but it decreased weakly from the third period and 
finally stabilized around 26%. 

4.3.2. The Impact of Port Development on Urban Economy Development 
The results of variance decomposition of LNGDP and LNI of the Yangtze River 
Delta and the Pearl River Delta are shown in Figure 12 and Figure 13 respec-
tively. 

As can be seen from Figure 12, port cargo throughput (T) has maintained a 
low contribution (less than 7%) to GDP and industrial output over the study pe-
riod for the Yangtze River Delta. In contrast, in the Pearl River Delta, the con-
tribution of port cargo throughput (T) to port city GDP increased from 0 to 8% 
in the first two periods, and gradually stabilized around 10% from the third pe-
riod. And the contribution of port cargo throughput (T) to industrial output (I)  

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10

Percent LNT variance due to LNGDP

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10

Percent LNT variance due to LNI

Variance Decomposition



W. Chen 
 

235 

 

 
Figure 12. Variance decomposition of LNGDP and LNI of the Yangtze River Delta. 

 
increased from 0 to 19% in the first two periods, and gradually stabilized at 
around 19% of the contribution. 

Overall, both in the Yangtze River Delta and the Pearl River Delta, GDP and 
industrial output have high contribution to the port cargo throughput, and the 
contribution of GDP is slightly higher than the contribution of industrial output. 
The port cargo throughput in the Yangtze River Delta has little contribution to 
the growth of GDP and industrial output, while in the Pearl River Delta, and 
port cargo throughput has a certain contribution to GDP and industrial output. 
This result is consistent with the result of the impulse response graph. 

5. Concluding Remarks 

In this paper, we measure the relative size of port to the size of urban economy 
through improved relative concentration index (RCI), and the results show that 
the port-city relationship of the Yangtze River Delta is approaching coordination 
in the past ten years, while the port-city relationship of the Pearl River Delta is 
still in a state of incoordination, but it has begun to show the trend of coordina-
tion. In general, due to the favorable geographical conditions of the Yangtze 
River Delta, the economy is more developed, and the port system is more perfect,  
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Figure 13. Variance decomposition of LNGDP and LNI of the Pearl River Delta. 

 
and the economy hinterland is also more open, and the port-city relationship of 
the Yangtze River Delta is more coordinated than the Pearl River Delta. 

In order to analyze the specific relevance between the port system and the ur-
ban economy system, we measure the port-city relationship of major port cities 
of the two major port groups by the gray relational analysis method. We found 
that GDP and industrial output have high relationship with the port cargo 
throughput, which indicates that port development is highly related to the city’s 
GDP and industry. Therefore, the port needs to determine its speed of develop-
ment according to the scale of its urban economy and industry. Whereas, the fi-
nancial industry, fixed asset investment and foreign trade do not have high rela-
tionship with port development. The correlation coefficient in the Yangtze River 
Delta is higher than that of the Pearl River Delta, which indicates that the 
port-city connection of the Yangtze River Delta is closer. 

Based on the gray relational analysis, the dynamic influence mechanism of 
GDP and industrial output with port cargo throughput is studied by impulse re-
sponse analysis. The results show that GDP and industrial output have obvious 
positive effects on the development of the port development in the short term. 
Therefore, the port construction needs to cooperate with the development of 
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urban economy so as to fully absorb the demand created by urban economy. The 
effect in the Yangtze River Delta is higher than that in the Pearl River Delta, so 
port city in the Yangtze River Delta needs to pay more attention to the construc-
tion of port facilities. On the other hand, the development of the port has small 
effect on GDP and industrial output, indicating that the current port-city inte-
raction mechanism is mainly unilateral. 

Although the port development has small effect on GDP and industrial out-
put, we found that in the Pearl River Delta port development has a certain role 
in promoting urban economy and industry by variance diagram, that is mainly 
because the Pearl River Delta has higher dependence on foreign trade, then the 
development of the port can effectively promote the development of foreign 
trade of the city, which finally affects urban economy and industry. Therefore, 
port development needs to consider the economic type of its city, for city with 
more foreign trade; it needs to pay more attention to port development. 

We have studied the port-city relationship of the port cities in the Yangtze 
River Delta and the Pearl River Delta, but China has many port cities, so the 
sample needs to be expanded in the future research. What’s more, the specific 
impact mechanism is not studied in this paper, which is worth to be studied in 
the future. 
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