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Abstract 
In order to study the relationship between inland shipping development and regional 
economic growth, this paper selects the data of Jiangsu Province from 2000 to 2019 as 
the research object, uses cointegration theory to verify the equilibrium relationship 
between inland shipping and regional economy and uses the extended C-D production 
function to calculate the contribution of inland freight volume to GDP. The results show 
that there is one-way causal relationship between inland shipping and regional economy. 
The development of inland shipping can drive the growth of regional economy. The 
elasticity of shipping to economic output in Jiangsu Province is 16.1%; In terms of 
economic contribution, the average contribution of shipping in Jiangsu Province to the 
economy from 2000 to 2019 was about 13.2%, and the contribution in 2019 was 11.6%. 
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1. Introduction 

Since ancient times, human beings have lived by water. The civilization of the human world 
originated in the two river basins. Inland river transportation has always played an important 
role in human economic life. Inland river shipping refers to the means of cargo transportation 
through inland rivers, which is transformed through the inherent river water to transport 
goods. Compared with other transportation modes, inland water transportation has great 
advantages in energy consumption, accident rate, noise and greenhouse gas emission. 
According to the survey data of the US Environmental Protection Agency in 2018, the carbon 
dioxide emission per unit turnover of barges is only 8% of road transportation, 4% of nitrogen 
oxides (NOx) and 25% of particulate matter. As a low-carbon mode of passenger and freight 
transportation, inland water transportation has economic, environmental and social benefits. 
China's inland waterway shipping has a long history. The freight volume of inland waterway 
transportation increased from less than 150 million tons in 1978 to 3.74 billion tons in 2018. It 
has the busiest inland waterway transportation system in the world. The outline for the 
development of inland waterway shipping proposes that by 2035, the comparative advantages 
of inland waterway shipping in comprehensive transportation should be brought into full play, 
the guarantee ability to serve the national strategy should be significantly enhanced, and the 
turnover of inland waterway goods will account for 9% of the whole society. At present, based 
on the vigorous expansion of inland water transport infrastructure, China pays attention to the 
improvement of industry capacity and technology. The inland water transport system is also 
constantly improving and improving to promote the economic development of coastal areas. 
At present, many scholars have studied the relationship between different transportation 
modes and regional economy. Alotaibi s (2021) studied transportation investment, railway 
accessibility and its dynamic impact on regional economic growth, and verified the impact of 
railway accessibility on GDP lag. He d (2019) studied the relationship between transportation 
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and regional economic integration and believed that understanding effective transportation 
investment and liquidity is very important to promote regional development. Some scholars 
have also studied the relationship between inland shipping and regional economy. Based on the 
comprehensive benefits of the construction of inland waterway shipping project on 
comprehensive transportation, regional economic development and ecological environment 
protection, Malkus (2020) took kleipeda port as an example to study the applicability of inland 
waterway transportation in the sustainable development of port hinterland infrastructure. By 
combing the relevant literature, it is found that scholars' research on the relationship between 
inland shipping and regional economy is mainly carried out from the following two aspects: 
First, the role of inland shipping in regional economic development; Second, the impact of 
inland shipping on regional economic development, including their correlation and 
contribution. Taking the development of inland shipping in Jiangsu Province as the research 
object, this paper uses cointegration theory to verify the equilibrium relationship between 
regional economy and inland shipping, and uses the extended C-D production function model 
to calculate the contribution of shipping to regional economy. 

2. Economic Overview of Shipping in Jiangsu Province 

Jiangsu Province is a large province of water transportation. There are three major water 
systems in Jiangsu Province, namely the Yangtze River, the Huai River and the Yishu river. It 
has very superior conditions for the development of inland water transportation. The mileage 
of inland waterway accounts for 20% of the mileage of inland navigation in China. The cargo 
transportation volume derived from inland river can be used as an important indicator to 
measure the development degree of inland river transportation and the role of regional 
economy, and the regional GDP can be used as an indicator to measure regional economic 
growth. Therefore, this paper selects the data of GDP and inland waterway freight volume of 
Jiangsu Province from 2000 to 2019. As can be seen from Figure 1, since 2000, the economy 
and shipping of Jiangsu Province have grown steadily, and the GDP has increased from 855.369 
billion yuan in 2000 to 9963.152 billion yuan in 2019. The actual growth rate in 2019 is 6.1%. 
During 2000-2019, the inland river freight volume and GDP of Jiangsu Province generally 
showed an upward trend, and the regional GDP has been in an upward trend. Except for the 
decline in individual years, the inland river freight volume has decreased, The overall trend also 
shows an upward trend, especially after 2008, the growth rate of inland river freight volume 
and regional GDP has accelerated significantly. 
 

 
Figure 1. GDP and waterway freight volume of Jiangsu Province 

0

10000

20000

30000

40000

50000

60000

70000

0

20000

40000

60000

80000

100000

120000

w
at

er
w

ay
 fr

ei
gh

t

G
DP



Volume 2 Issue 12, 2021 

DOI: 10.6981/FEM.202112_2(12).0015 

123 

Frontiers in Economics and Management 

ISSN: 2692-7608 

3. Analysis of Regional Economic Cointegration 

Using traditional regression analysis methods to process time series data will lead to the 
phenomenon of "pseudo regression" due to the non-stationarity of the data itself [10]. It can be 
seen from the analysis above that the data itself has an obvious upward trend and belongs to 
non-stationary series. Therefore, cointegration theory is used for analysis. Cointegration theory 
holds that if the single integration order of two non-stationary time series is the same, there 
may be a combination of stationary linear relations between the two series, that is, there is a 
cointegration relationship between the two series. This paper selects the GDP and waterway 
freight volume of Jiangsu Province from 2000 to 2019 as the economic and shipping 
development indicators, in which the GDP is expressed by Y and the inland freight volume is 
expressed by H. in order to truly reflect the economic situation, the GDP over the years is 
converted into the constant price GDP Based on 2000. At the same time, take logarithm of 
Adjusted GDP and waterway freight volume, eliminate heteroscedasticity, and obtain LNY and 
lnH, as shown in Table 1. 
 

Table 1. input and output data of Jiangsu Province from 2000 to 2019 

Year GDP  
GDP index (last 

year=100) 
Real GDP 

Inland water freight 

volume(H) 
LnY LnH 

2000 8553.69 110.6 8553.69  24275 9.0541  10.0972  

2001 9456.84 110.2 9426.166 21030 9.1512  9.9537  

2002 10606.85 111.7 10529.03 20681 9.2619  9.9370  

2003 12442.87 113.6 11960.98 20845 9.3894  9.9449  

2004 14823.13 114.1 13647.47 21239 9.5213  9.9636  

2005 18121.33 114.5 15626.36 25061 9.6567  10.1291  

2006 21240.79 114.9 17954.68 25779 9.7956  10.1573  

2007 25988.36 114.9 20629.93 29567 9.9345  10.2944  

2008 30945.45 112.7 23249.93 27154 10.0541  10.2093  

2009 34471.67 112.4 26132.92 30221 10.1710  10.3163  

2010 41383.87 112.7 29451.81 35713 10.2905  10.4833  

2011 48839.21 111 32691.51 37783 10.3949  10.5396  

2012 53701.92 110.2 36026.04 41007 10.4920  10.6215  

2013 59349.41 109.7 39520.56 47559 10.5846  10.7697  

2014 64830.51 108.6 42919.33 51603 10.6671  10.8513  

2015 71255.93 108.6 46610.4 58065 10.7496  10.9693  

2016 77350.85 107.8 50246.01 56656 10.8247  10.9448  

2017 85869.76 107.2 53863.72 61514 10.8942  11.0270  

2018 93207.55 106.7 57472.59 62805 10.9591  11.0478  

2019 99631.52 106.1 60978.42 64373 11.0183  11.0724  

Data source: National Bureau of Statistics, "Statistical Yearbook of Jiangsu Province". 
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3.1. ADF Inspection 
This paper uses Eviews software to check ADF. In the inspection form, the lag period K is 
determined by the minimum value of AIC and SC. The inspection results are shown in Table 2. 
At the 5% significance level, the critical values of lnY and lnH are less than the ADF value, and 
the probability value P is greater than 0.05; at the 5% significance level, the critical values of 
ΔlnY and ΔlnH are both greater than the ADF value and the P value is less than 0.05. It can be 
seen that lnY and lnH should accept the original hypothesis and are non-stationary series, and 
ΔlnY and ΔlnH should reject the original hypothesis as a stationary series, and the cointegration 
test can be carried out. 
 

Table 2. ADF inspection results 

variable 
Inspection 

form(C,T,K) 
ADF test 

Test value at 5% 

significance level 
P  

Inspection 

results 

lnY (C,T,0) -2.764797 -3.673616 0.2251 nonstationary 

lnH (C,T,0) -3.104664 -3.677364 0.1332 nonstationary 

ΔlnY (C,T,0) -3.230809 -3.029970 0.0482 stationary 

ΔlnH (C,T,0) -4.293007 -3.673616 0.0158 stationary 

3.2. Cointegration Test 
This article uses EG (Engle-Granger) two-step method for cointegration analysis. First, perform 
OLS regression on two variables of the same order single integer, and then perform unit root 
test on the obtained residual sequence e. If the residual sequence passes the unit root test, the 
sequence is stable, that is, the two variables are considered cointegrated. The test results show 
that at a significant level of 5%, the critical value of the unbalanced error is greater than the 
ADF value. The remaining terms of lnY and lnH pass the ADF test and are a stationary sequence, 
indicating that lnY and lnH have a co-integration relationship, that is, the economy of Jiangsu 
Province There is a long-term equilibrium relationship between development and inland 
shipping. 

3.3. Granger Causality Test 
The co-integration relationship between lnY and lnH indicates that there is an inevitable 
connection between the two, but the causal relationship between the two is not clear. In this 
paper, Granger causality test is used to judge the causal relationship between the two. Taking 
into account the lag in the role of economic variables, the lag period 1a, 2a, and 3a are tested in 
turn. The test results are shown in Table 3. 
 

Table 3 lnY and lnH Granger causality test results 
Lag period /a Causality hypothesis F  Probability value Inspection results 

1 
LnH is not a Granger reason for lnY  

LNY is not the Granger reason for lnH 

4.6471 

2.4233 

0.0226 

0.0675 

Refuse 

Accept 

2 
LnH is not a Granger reason for lnY 

LNY is not the Granger reason for lnH 

7.13143 

1.56198 

0.0081 

0.2466 

Refuse 

Accept 

3 
LnH is not a Granger reason for lnY 

LNY is not the Granger reason for lnH 

3.36475 

0.35026 

0.0525 

0.7899 

Accept 

Accept 
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It can be seen from the above table that under the probability of 5%, there is a one-way Granger 
causality between LNY and lnH when the lag period is 1a and 2a, that is, lnH is the Granger 
cause of LNY. Through Granger causality test, it can be found that Jiangsu inland shipping has 
an obvious role in promoting the growth of regional economy, but the role of regional economic 
growth in the development of inland shipping is not obvious, indicating that economic growth 
does not necessarily bring the development of inland shipping. 

4. Quantitative Calculation of the Contribution of Shipping to Regional 
Economy 

4.1. Model Setting  
Through the cointegration analysis of regional economy, it is found that the development of 
inland shipping plays an obvious role in promoting the growth of regional economy. In order to 
further study the impact of inland shipping on regional economy in Jiangsu Province, this paper 
first extends the Cobb Douglas (C-D) production function model (assuming that the marginal 
output of all input factors in the model is non negative and the return to scale of the model 
remains unchanged): 

𝑌 = 𝐴𝐿 𝐾 𝐻                                                                          (1) 

Where, a is the comprehensive technical level; L is labor input; K is capital investment; α,β,γ Are 
the output elasticity coefficients of L, K and h, respectively, and α+β+γ=1. 
Take logarithms at both ends of the function to obtain: 

𝐿𝑛𝑌 = 𝐿𝑛𝐴 + 𝛼𝐿𝑛𝐿 + 𝛽𝐿𝑛𝐾 + 𝛾𝐿𝑛𝐻                                               (2) 

Then the contribution of labor input, capital input and shipping to output are respectively: 

𝜇 = 𝛼
∆ /

∆ /
                                                                            (3) 

𝜇 = 𝛽
∆ /

∆ /
                                                                           (4) 

𝜇 = 𝛾
∆ /

∆ /
                                                                           (5) 

References are cited in the text just by square brackets [1]. (If square brackets are not available, 
slashes may be used instead, e.g. /2/.). 

4.2. Model Solution  
Among the four indicators selected for the production function, y is expressed by the constant 
price GDP of Jiangsu Province converted to 2000 as the base year, l is expressed by the number 
of employees in Jiangsu Province, K is expressed by the stock of social fixed assets, h is 
expressed by the inland freight volume of Jiangsu Province, and the input and output indicators 
of Jiangsu Province from 2000 to 2019 are shown in Table 5. Perform least square regression 
on equation (2) with Eviews software to obtain the regression equation: 

𝐿𝑛𝑌 = −5.3385 + 0.6848𝐿𝑛𝐿 + 0.7370𝐿𝑛𝐾 + 0.2729𝐿𝑛𝐻 

The determination coefficient of the modified equation is r = 0.995 and the statistic is F= 
3596.254, which shows that the model has good fitting effect and can better explain the model. 
Because the sum of the coefficients of each index in the regression equation is greater than 
1( α+β+γ> 1) , while the constant return to scale is a universal assumption, and the results need 
to be regularized, then: 

𝛼∗ = 𝛼/(𝛼 + 𝛽 + 𝛾) 
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𝛽∗ = 𝛽/(𝛼 + 𝛽 + 𝛾) 

𝛾∗ = 𝛾/(𝛼 + 𝛽 + 𝛾) 
Output elasticity coefficient after regularization α^*= 0.4041, β^*= 0.4349, γ^*= 0.1610, which 
means that for every 1% increase in labor input, the total economic output will increase by 
0.4%, for every 1% increase in capital investment, the total economic output will increase by 
0.43%, and for every 1% increase in inland freight volume, the total economic output will 
increase by 0.16%. The specific results of the contribution of each index are shown in Table 4. 
The average contribution of inland shipping in Jiangsu Province to the regional economy is 
13.2%. 
 

Table 4.calculation results of contribution 

Year contribution Year contribution 

2001 -0.2569 2011 0.1509  

2002 -0.0441 2012 0.2318  

2003 0.01790 2013 0.4252  

2004 0.0410  2014 0.2701  

2005 0.3288  2015 0.3835  

2006 0.0583  2016 -0.0938  

2007 0.2696  2017 0.3209  

2008 -0.2152  2018 0.0893  

2009 0.2510  2019 0.1156  

2010 0.3724    

5. Conclusion and Recommendations 

5.1. Conclusion 
The long-term stable relationship between inland waterway shipping and regional economy is 
verified through cointegration analysis. The overall long-term stable equilibrium relationship 
between inland waterway shipping and economic development in Jiangsu Province is relatively 
stable, the growth rate of regional economy is relatively stable, and the growth rate of inland 
waterway freight volume fluctuates. Granger causality test found that inland shipping is the 
Granger cause of regional economic growth, and regional economic growth is not the Granger 
cause of inland shipping, that is, the development of inland shipping in Jiangsu province 
promotes the development of regional economy, but the driving effect of regional economic 
growth on inland shipping is not obvious. Through the calculation of the contribution of inland 
waterway shipping by the extended Cobb Douglas function, it is obtained that the average 
contribution of inland waterway shipping to the regional economy is 13.4%. The economic 
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contribution showed a negative value from 2001 to 2002, which may be due to the excess 
capacity of the shipping industry and the rapid development of the domestic economy. 

5.2. Recommendations 
(1) Strengthen the construction of inland shipping infrastructure, build a mutually coordinated 
and ecological green inland shipping system, adapt the development needs of inland shipping 
to the development of regional economy, promote the adjustment of transportation structure, 
improve the quality and efficiency of transportation, and support the high-quality development 
of modern economic system. 
(2) Give play to the leading role of relevant industries, further optimize the industrial structure, 
promote the high-quality development of inland shipping, strengthen multimodal transport, 
accelerate technological innovation, promote interconnection, and improve the proportion of 
inland shipping in comprehensive transportation. 
(3) We should meet the requirements of the new era and cultivate talents in all aspects needed 
to revitalize inland water transportation. The modernization of inland water transport industry, 
the upgrading of ships and equipment, the adoption of new technologies such as information 
and communication and the handling of dangerous goods all need to constantly improve the 
skills of employees and crew of inland water transport companies. 
(4) Develop green inland waterway transportation and promote the intelligent development of 
inland waterway transportation. Actively promote the use of clean energy to make inland water 
transportation more environmentally friendly. 
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