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Abstract 

In recent years, with the rapid development of China's economy, China has received 
extensive attention from all over the world. As a major importer of the dry bulk market, 
China's development status and policy measures affect market demand. First, this article 
analyzes the demand for dry bulk shipping and its impact on freight rates. Secondly, this 
article conducts a detailed analysis of the dry bulk market demand and finds that the 
overall market demand shows an increasing trend, and the seaborne import of three 
main dry bulks still accounts for a large proportion. Aiming at the three main dry bulk, 
namely iron ore, coal (coking coal, thermal coal), and grain, this paper uses an improved 
grey correlation model to calculate the degree of influence of the world's major 
importing countries on the total shipping demand of each cargo. The calculation results 
show that China's influence on the total demand for iron ore, coking coal, and grain by 
sea ranks first in the world. It can be said that the trend of China's dry bulk imports will 
have a significant impact on the international dry bulk market demand. Finally, this 
article predicts the import trend of China's three major dry bulk cargoes and analyzes 
their impact on the future international dry bulk market demand. Unified, this article 
also provides reference for relevant market participants and their decision-making. 
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1. Introduction 

After 2011, the entire dry bulk shipping market has been in a weak state. At the beginning of 
2016, the BDI index fell to 295 points, the lowest point in history. Compared with the 11771 
points set in 2008, the BDI index dropped as high as 98%. BDI fluctuated in the three years from 
2017 to 2020. Due to the epidemic, the dry bulk market, which was thought to be weak, rose 
again in May 2020. When the dry bulk shipping market can usher in a proper recovery is still a 
matter of general concern in the industry. As mentioned earlier, freight development history, 
the volume of dry bulk shipping in international trade, is an essential factor affecting market 
development from the market perspective. Therefore, in the critical period of the dry bulk 
shipping market's initial recovery, an in-depth analysis of market demand is essential. 

Since the beginning of the 21st century, China's economy has developed rapidly. Its 
comprehensive national strength and international influence have increased significantly. Its 
exchanges and cooperation with other countries have also been deepened, becoming vital in 
promoting the global economy and trade development. According to data from the General 
Administration of Customs, China's monthly import and export trade volume has maintained a 
double-digit growth rate of more than 10% throughout the year, and 90% of China's foreign 
trade is done by sea transportation. Therefore, China's significant influence on the world 
shipping industry has attracted complete attention from all walks of life. Since China joined the 
World Trade Organization (WTO) in 2001, the demand for energy and industrial raw materials 
has grown stronger. In 2019, China's iron ore imports exceeded 1.047 billion tons, accounting 
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for about 70% of global iron ore imports. Although China is the world's largest coal producer, 
it is still the world's major coal importer due to various factors. At the same time, China is 
currently the world's largest food importer due to its large population. It can be seen that, for 
the three main dry bulks, namely iron ore, coal, and grain, China plays an essential role as an 
importer in the dry bulk shipping market, and the central dry bulks occupy the vast majority of 
the international dry bulk seaborne volume. Imports can drive the prosperity of international 
trade. China's strong import demand for dry bulk cargo has driven the increase in dry bulk 
shipping volume and even the demand in the dry bulk shipping market. In recent years, the 
construction of Chinese ports, the development of dry bulk fleets, the construction of 
international shipping centers, and the establishment of free trade pilot zones have contributed 
to the development of the dry bulk shipping market. 

The shipping market's development has always been an issue of general concern from all walks 
of life. Focusing on the dry bulk shipping market theme, scholars have researched the market 
influencing factors analysis, cyclical research, and BDI index fluctuation rules and forecasts. 
Few scholars have conducted detailed studies on demand for the dry bulk shipping market. 

Leonov and Nikolov (2012) constructed a microwave neural network model, which can 
decompose the original sequence into trends and local behaviors and approximate a series of 
predicted volatility and is suitable for predicting the dry bulk freight index shipping market [1]. 
Jing et al. (2008) established a GARCH model and studied the daily freight index rate of return 
of different dry bulk carriers during the sampling period. The results show that different ship 
types and flexibility are different, and the degree of influence of external shocks will be different 
[2]. Chistè and Vuuren (2014) used Fourier analysis to conduct an in-depth study on the dry 
bulk shipping market's cyclical behavior and better understand that the shipping cycle will 
promote investment [3]. Kavussanos and Alizadeh (2001) constructed a single-variable 
seasonal autoregressive moving average model and a multivariate cointegrating vector 
autoregressive model of the BDI index, thereby in-depth analysis of the seasonal fluctuation law 
of the BDI index [4]. Tsolakis et al. (2003) used a Vector autoregressive VAR model and balance 
formula model to conduct in-depth research on the prices of various types of second-hand bulk 
carriers [5]. Kavussanos and Visvikis (2004) used a multivariate vector error correction GARCH 
model to study FFA's interaction effect and spot freight market in the dry bulk shipping market. 
The results showed that the information transmission in the spot freight market is slower than 
the FFA market. The volatility of the spot freight market lags behind that of the FFA market [6]. 
Batchelor et al. (2007) used the vector autoregressive VAR model, the differential 
autoregressive moving average ARIMA model, and the vector error correction VEC model to 
study the forward freight and spot freight. The data interval is selected from July 1995 to July 
2002 and found that FFA can help improve spot freight forecasts' accuracy [7]. Yang et al. (2019) 
used the ARMA model to predict the future trend of the BDI index statically and studied the BDI 
index's volatility, including cyclical fluctuations, seasonal fluctuations, and random fluctuations. 
They also pointed out that the transportation cost from a long-term perspective Will cause the 
freight rate to rise, but the transportation cost does not cause the freight rate's short-term 
fluctuation [8]. Han et al. (2014) and Batrinca and Cojanu (2014) conducted an in-depth 
analysis of the factors affecting the dry bulk shipping market fluctuation and analyzed and 
predicted the market development law and future development trends [9,10]. Pourkermani 
(2012) takes the daily return rate sequence of the freight index of two representative ship types, 
namely Cape and Handy as the research object, constructs an ARCH model to study the volatility 
of freight rates in the dry bulk shipping market. The results show an information asymmetry 
leverage effect in the freight rate return sequence in the dry bulk shipping market [11].  

With the economic growth and the increase in foreign trade, China's influence on world 
shipping has become greater and greater, and its position in the shipping industry has become 
more and more critical. Hyung-geun (2011) studied the impact of China's economy on the BDI 
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index and pointed out that with the development of urbanization in China, steel production has 
soared, and its demand for iron ore and coal has extensively promoted the development of the 
dry bulk shipping market [12]. Geman and Smith (2012) established a constant variance 
elasticity model to study the BDI index's volatility [13]. The data was selected from 1988 to 
2010. The study found a discontinuity in the BDI index in August 2003, so they took this as 
Divide the BDI index into two intervals for research. The results show that before July 2003, the 
length of the cyclical change of the BDI index was about 4.52 years, which is about the delivery 
cycle of new buildings; after August 2003, the fluctuation cycle of the BDI index was shortened 
to 2.04 years. There are two reasons for this phenomenon: First, the rapid development of the 
shipbuilding industry in Asia, especially China and South Korea, has led to the rapid growth of 
market capacity; second, the rapid economic development of developing countries led by China 
has stimulated maritime trade. The rapid increase in volume has eventually reduced the 
fluctuation cycle of the BDI index by half, which fully reflects the significant influence of the 
"Chinese factor" on the market. Zhang and Tong (2017) constructed a GARCH model from the 
perspective of attractiveness to study China's GDP's attractiveness to the BDI index. The results 
show that China's economic development does have particular attractiveness to the BDI index 
[14]. Tsioumas and Papadimitriou (2015) used the Granger causality test and cointegration 
analysis based on VAR to study the correlation between China's steel production and 
international dry bulk freight prices. The results show that, at present, China's steel market 
price, There is still no long-term equilibrium relationship between freight rates in the dry bulk 
shipping market [15]. Gu et al. (2020) used an autoregressive model to study the correlation 
between the BDI index and China's dry bulk trade. The results showed that after the financial 
crisis, the impact of China's dry bulk trade volume on the BDI index was weaker than before, 
and BDI can indeed predict changes in China's dry bulk trade volume to a certain extent [16]. 

It can be observed from the literature review that most of the current scholars' research on the 
dry bulk shipping market focuses on the analysis of market influencing factors and the 
exploration and prediction of the fluctuation law of market freight rates. Econometric methods 
are commonly used for model construction, and related theories are relatively perfect. At the 
same time, scholars' research on China's dry bulk shipping market generally focuses on the 
relationship between GDP and the BDI index, which has laid an excellent theoretical foundation 
for subsequent research. However, few scholars have conducted in-depth research on the 
demand for dry bulk shipping, and market demand influences freight rates. As China is an 
essential importer in the dry bulk shipping market, the impact of China's dry bulk imports on 
market demand urgently requires further in-depth and detailed research. 

2. Modelling 

Grey's analysis is called Grey System Theory (Grey System Theory), proposed by Prof. Deng 
(1985) of Huazhong University of Science and Technology and gradually developed and 
improved [17]. In the early stage, the gray theory was widely used in the fields of economy, 
agriculture, transportation, transportation, engineering, etc., and then gradually applied in 
electronics, electrical machinery, commerce, aviation, etc. Grey relational analysis is a 
fundamental research method in grey theory that can measure the degree of correlation 
between discrete sequences. Compared with traditional statistical analysis, gray correlation 
analysis has the following advantages: it does not require many data samples, nor does it 
require data samples to have a good distribution law. In general, grey relational analysis can 
analyze the development trend of various factors and effectively measure the degree of 
correlation between discrete sequences. If the two factors have a high degree of simultaneous 
change, the correlation between the two factors is high, and when the two factors have a low 
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degree of consistency in the trend of change, the correlation between the two factors is low. The 
method of measuring the degree of gray correlation is as follows: 

Let X0 be the reference sequence, Xi is the sequence to be compared (factor sequence), where 
Xo={x0(k),k=1,2.…n},X=(xi(k),k=1,2…n},(i=1.2.…m). Then the gray correlation coefficient γ(X0, Xi) 
of X0 and Xi can be defined as: 
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In the formula: Δmin and Δmax respectively refer to the minimum and maximum values in the 
absolute value at each time. 

Generally, the average value of the gray correlation coefficient is taken as the gray correlation 
degree, but it must be said that the gray correlation analysis method of transmission has the 
following shortcomings: 

First, the correlation coefficient obtained is not unique, symmetrical, and comparable. Second, 
the value of the resolution coefficient ρ has a more significant impact on the correlation 
coefficient, while the value of ρ is determined by humans and is greatly affected by subjective 
factors. Therefore, the calculation result of the correlation degree is not unique and uncertain. 
Third, the result can only reflect the positive correlation, but not the negative correlation. The 
actual situation between the two sequences may be a positive correlation or a negative 
correlation. 

In order to make up for the lack of Deng's correlation degree, Wang et al. (2018) successively 
summarized absolute correlation degree (Mei, 1992), T-type correlation degree (Tang, 1995), 
slope correlation degree (Dang et al., 2004), Improved methods such as B-type correlation 
(Wang, 1989) and C-type correlation (Wang and Zhao, 1999), which all enriched and improved 
the correlation model [18-23]. After comparison, this paper applies the grey correlation model 
improved by Cui et al. (2010) to quantitatively analyze the impact of China's economic 
development on the dry bulk shipping market [24]. Taking the law of development of things as 
the starting point, a model is constructed based on the degree of slope difference between the 
comparison sequence and the reference sequence, as follows: 

Let X0 be the characteristic sequence of the system and X1, X2, ..., Xm are the sequence of related 
factors. 
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γ0i(k) is the gray correlation coefficient. 

The final correlation between X0 and Xi is: 
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It has been verified that the improved gray correlation model has the following obvious 
advantages compared with the traditional model: First, the improved model meets the 
requirements of symmetry, uniqueness, and comparability; Second, the improved model omits 
the resolution coefficient ρ, that is, the entire calculation process is not affected by human 
subjective value factors, but is wholly calculated based on the original sequence, and the result 
is more convincing; Third, the correlation degree γ belongs to (-1, 1), which can not only reflect 
the positive correlation between the sequences, but also reflect the negative correlation 
between the sequences, and solve the problem of the Deng's correlation between any reference 
sequence and the compared sequence. The degree of correlation between them is at least 
greater than 0.3333, and the calculation results can better reflect the real situation. Besides, Cui 
et al. (2010) have verified that the above improved gray correlation model's correlation is also 
superior to the T-type correlation, B-type correlation, slope correlation, and absolute 
correlation. It more accurately reflects the degree of correlation between the reference 
sequence and the sequence being compared. In summary, this article applies the above 
improved grey correlation model to measure the impact of China's economic and trade 
development on demand for dry bulk shipping. 

3. Empirical Analysis 

3.1. Data 

Since the reform and opening-up, China's economy has developed rapidly, vigorously 
promoting the integration of urban and rural areas, and the process of industrialization has 
gradually accelerated. As one of the raw materials for manufacturing steel, the demand for iron 
ore has increased sharply. However, China's iron ore quality is challenging to meet the demand, 
and its reserves are insufficient, so China has to import high-quality iron ore from countries 
such as Australia, Brazil, and India. According to Clarksons, this article sorts out the iron ore 
seaborne import volume of the world's principal iron ore importing regions (including Europe, 
China, and Asia (except China)) from 2000 to 2019, as shown in Table 1. 

It can be seen from Table 1 that China's iron ore imports have proliferated since 2000. In 2003, 
China surpassed the European total for the first time. In 2005, China surpassed other parts of 
Asia for the first time and became the world's largest iron ore importer. In 2019, China's iron 
ore imports amounted to 1047.42 million tons, ranking first globally. 

Since 2004, the world's major coking coal importing countries have imported coking coal by 
sea, as shown in Table 2. 

This paper selects the world's major thermal coal importing countries' thermal coal imports 
from 2009 to 2017 as the grey correlation model's raw data to analyze the impact of China's 
economic development (Table 3). 
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Table 1: Iron Ore seaborne trade volumes of primary import countries/Million Tonnes 

Year 
World Seaborne Iron 

Ore Imports 
Europe Seaborne Iron 

Ore Imports 
China Seaborne Iron 

Ore Imports 
Asia (except China) Seaborne Iron 

Ore Imports 
2000 448.00 139.22 69.26 196.47413 
2001 451.00 123.59 91.40 196.81207 
2002 481.00 129.23 110.68 195.18865 
2003 519.00 124.13 146.76 199.37494 
2004 589.00 133.07 204.67 205.85688 
2005 645.00 135.88 270.56 200.93291 
2006 713.00 138.50 318.94 204.30970 
2007 777.00 136.62 377.07 213.36903 
2008 841.00 131.27 435.87 217.33761 
2009 897.00 76.75 614.61 166.92306 
2010 990.00 113.56 602.56 220.75816 
2011 1050.00 109.54 665.40 223.54162 
2012 1107.00 104.37 723.93 225.75320 
2013 1188.00 110.83 794.94 230.14730 
2014 1340.00 113.74 913.79 254.79495 
2015 1364.00 109.13 939.72 253.03790 
2016 1418.00 104.87 1,007.89 250.53282 
2017 1473.00 106.59 1,057.91 248.22142 
2018 1476.00 105.79 1,047.70 258.87060 
2019 1516.00 98.49 1,047.42 244.31553 

Source: Clarkson Research Services Limited 2020 

 

Table 2: Coking Coal seaborne volumes of primary import countries/Million Tonnes 

Year 

World 
Seaborne 

Coking Coal 
Trade 

South Korea 
Seaborne 

Coking Coal 
Imports 

India 
Seaborne 

Coking Coal 
Imports 

China 
Seaborne 

Coking Coal 
Imports 

Europe 
Seaborne 

Coking Coal 
Imports 

Brazil 
Seaborne 

Coking Coal 
Imports 

2004 171.63 18.51 15.59 5.22 44.00 6.20 

2005 179.75 16.10 18.63 4.89 46.16 11.00 

2006 177.21 15.50 18.76 2.51 50.00 12.00 

2007 189.47 17.27 22.42 3.41 55.72 10.76 

2008 196.24 19.67 26.18 3.22 58.73 12.10 

2009 185.29 16.01 28.44 30.52 38.32 11.51 

2010 228.29 18.94 34.57 32.22 52.86 12.84 

2011 218.28 21.96 32.09 24.62 54.63 12.72 

2012 225.17 20.89 35.31 34.55 50.89 12.36 

2013 258.87 21.40 37.83 58.76 50.42 12.83 

2014 256.16 24.36 45.70 47.20 50.45 14.50 

2015 245.34 25.21 49.96 35.17 50.63 13.95 

2016 245.77 24.65 49.28 35.41 46.08 14.44 

2017 255.99 24.72 50.30 43.17 48.30 14.29 

2018 267.27 24.72 56.32 39.09 49.63 14.58 

2019 270.88 22.62 55.15 41.87 47.91 11.60 

Source: Clarkson Research Services Limited 2020 

 

For a large developing country like China, with a population of more than 1.3 billion, the food 
issue can be regarded as a top priority. For a long time, the Chinese government has 
implemented the basic policy of "self-sufficiency in food, supplemented by import and export 
adjustment." However, as the population increases, China's food imports are gradually 
increasing. The import shipping volume of the world's primary food-importing countries is 
shown in Table 4. 
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Table 3: Thermal Coal seaborne volumes of primary import countries/Million Tonnes 

Year 

World 
Seaborne 
Thermal 

Coal 
Trade 

EU 
Seaborne 
Thermal 

Coal 
Imports 

Turkey 
Seaborne 
Thermal 

Coal 
Imports 

China 
Seaborne 
Thermal 

Coal 
Imports 

(including 
Lignite) 

India 
Seaborne 
Thermal 

Coal 
Imports 

South 
Korea 

Seaborne 
Thermal 

Coal 
Imports 

Malaysia 
Seaborne 
Thermal 

Coal 
Imports 

Thailand 
Seaborne 
Thermal 

Coal 
Imports 

Philippines 
Seaborne 
Thermal 

Coal 
Imports 

2004 469.30 142.95 5.43 9.33 13.26 53.59 9.12 5.51 7.01 

2005 491.44 141.00 6.22 6.00 21.16 56.13 10.02 5.84 6.11 

2006 535.04 156.90 3.00 10.86 24.40 60.55 12.03 9.59 6.11 

2007 572.85 150.58 4.94 16.78 34.82 66.57 11.60 14.39 6.01 

2008 593.96 148.75 5.80 16.89 35.50 74.79 16.05 14.89 6.51 

2009 619.21 129.09 5.50 61.19 60.09 81.00 13.60 15.89 8.40 

2010 698.20 112.74 6.20 109.13 75.55 92.67 20.70 16.40 11.12 

2011 780.52 135.06 8.50 141.02 93.62 98.20 23.30 16.50 11.00 

2012 886.52 147.55 13.50 194.11 123.06 96.58 21.95 18.36 11.65 

2013 924.30 145.14 11.84 204.94 141.59 96.62 22.66 17.87 14.66 

2014 960.96 142.57 13.97 191.39 174.48 98.38 21.17 20.75 15.35 

2015 892.34 129.20 17.15 128.37 166.59 100.93 19.95 21.73 16.70 

2016 894.87 105.99 18.64 164.85 139.51 100.39 24.19 21.83 19.84 

2017 946.45 106.07 19.61 173.96 144.37 116.50 30.00 22.94 21.49 

2018 996.12 97.27 20.23 197.69 162.29 115.88 33.51 25.35 25.16 

2019 1,020.72 76.19 19.62 215.98 176.56 111.91 32.00 22.10 26.30 

Source: Clarkson Research Services Limited 2020 

 

Table 4: Grain seaborne volumes of primary import countries/Million Tonnes 

Year 
World Seaborne 

Grain Imports 
Europe Seaborne 

Grain Imports 
China Seaborne 
Grain Imports 

Japan Seaborne 
Grain Imports 

Indonesia Seaborne 
Grain Imports 

2009 298 32.26 45.23 27.72 6.32 
2010 318 32.22 59.95 28.38 8.09 
2011 316 36.56 57.39 27.25 10.94 
2012 345 37.71 69.65 26.64 9.9 
2013 363 40.84 75.4 26.69 11.75 
2014 408 48.28 87.81 25.88 12.69 
2015 429 47.31 110.31 25.56 12.99 
2016 450 46.96 100.71 25.78 14 
2017 478 52.07 115.97 26.09 14.7 
2018 471 61.32 103.48 26.67 13.5 

Year 
Vietnam Seaborne 

Grain Imports 
Mexico Seaborne 

Grain Imports 
Brazil Seaborne 
Grain Imports 

Egypt Seaborne 
Grain Imports 

Iran Seaborne Grain 
Imports 

2009 3.17 7.54 7.14 14.32 14.65 
2010 4.22 7.66 7.2 18.47 9.79 
2011 4.29 8.78 6.76 17.48 7.67 
2012 5.28 10 7.91 17.04 15.86 
2013 5.94 8.87 8.84 15.48 12.76 
2014 8.28 9.12 7.55 19.35 20.17 
2015 11.48 10.21 6.32 17.9 16.47 
2016 14.03 11.39 10.81 19.5 15.74 
2017 14.55 11.33 8.2 22.43 15.19 
2018 16.58 12.57 8.16 23.52 17.89 

Source: Clarkson Research Services Limited 2020 
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3.2. China's position in demand side of iron ore market 

Calculate the specific degree of influence based on the improved grey correlation model. First, 
suppose the total iron ore seaborne demand is the system characteristic sequence X0, and the 
seaborne iron ore imports from Europe, China, and Asia (except China) are the related factor 
sequences X1, X2, X3, respectively. According to formula 3 and formula 4, calculate the 
accumulative subtracting sequence to obtain Table 5. 

 

Table 5: Cumulated differences of Iron Ore importing seaborne volume (2000-2019) 
K World Europe China Asia (except China) 
2 3.00 -15.6288 22.14472 0.33794 
3 30.00 5.64 19.27 -1.62342 
4 38.00 -5.10 36.08 4.18629 
5 70.00 8.94 57.91 6.48194 
6 56.00 2.82 65.89 -4.92397 
7 68.00 2.62 48.38 3.37679 
8 64.00 -1.88 58.13 9.05933 
9 64.00 -5.35 58.80 3.96858 

10 56.00 -54.52 178.73 -50.41455 
11 93.00 36.82 -12.04 53.83510 
12 60.00 -4.02 62.84 2.78346 
13 57.00 -5.17 58.52 2.21158 
14 81.00 6.46 71.01 4.39410 
15 152.00 2.91 118.85 24.64765 
16 24.00 -4.61 25.93 -1.75705 
17 54.00 -4.26 68.17 -2.50508 
18 55.00 1.72 50.02 -2.31140 
19 3.00 -0.80 -10.20 10.64918 
20 40.00 -7.30 -0.29 -14.5550 
K World Europe China Asia (except China) 

Source: The author's calculation 

 

According to formula 5 and formula 6, the average value and standard deviation of the world's 
total iron ore imports from 2000 to 2019 and the iron ore imports of major importing countries 
are shown in Table 6. 

 

Table 6: Average and standard deviation of Iron Ore importing seaborne volume (2000-2019) 
 World Europe China Asia (except China) 

average 964.15 117.2584225 572.0539135 220.327624 
standard deviation 369.65 15.94 349.17 24.58682 

Source: The author's calculation 

 

Finally, according to formula 7 and formula 8, calculate the correlation between the iron ore 
import seaborne import volume of each country and the world iron ore seaborne import 
volume. The greater the correlation, the more significant the country's iron ore imports on the 
total amount of iron ore shipped by sea. The results are shown in Table 7. 

According to the degree of correlation, the principal iron ore importing countries are sorted, 
and we get China (0.669796) > Asia (except China) (0.272063) > Europe (-0.04518 negative 
correlation). From the calculation results of the model, it can be seen that China occupies a 
pivotal position in the iron ore import market, and it has a tremendous impact on the total 
amount of iron ore shipped by sea, which will play an essential role in importing the iron ore in 
the future. 
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Table 7: The influence of major importing countries on Iron Ore seaborne volume 

K γ01 γ02 γ03 

2 -0.50292 0.947594 0.994403 

3 0.78586 0.974694 -0.8717 

4 -0.70279 0.999462 0.936798 

5 0.729176 0.977028 0.930867 

6 0.975458 0.96412 -0.73977 

7 0.980778 0.956571 0.95546 

8 -0.77442 0.993385 0.836592 

9 -0.66284 0.995277 0.98841 

10 -0.21875 0.735086 -0.31231 

11 0.327063 -0.77755 0.340367 

12 -0.70689 0.982648 0.953193 

13 -0.6763 0.986768 0.939629 

14 0.84297 0.984486 0.961161 

15 0.813793 0.933853 0.628427 

16 -0.73844 0.990751 -0.87998 

17 -0.70767 0.953153 -0.8013 

18 0.960901 0.994499 -0.80464 

19 -0.94473 -0.96401 0.70175 

20 -0.6386 -0.90169 -0.58817 

Correlation -0.04518 0.669796 0.272063 

Source: The author's calculation 

 

3.3. China's position in demand side of coal market  

As another critical raw material and primary energy source for the steel industry, coal has been 
increasing in demand in recent years. Although China is a large coal producer, imported coal 
has flooded into the Chinese market in recent years by its price advantage, which has caused a 
severe impact on Chinese coal companies. After 2009, China's net coal imports have shown a 
positive value. Coking coal and thermal coal are two significant types of coal, among which 
coking coal can be used as a raw material for coke production and then used in the production 
of steel. Thermal coal refers to coal used as a raw material for power and generally refers to 
coal used for thermal power generation in a narrow sense. 

3.3.1. Coking coal 

Suppose the total coking coal seaborne volume is the system characteristic sequence X0, and 
the import seaborne coking coal volume of South Korea, India, China, Europe, and Brazil are the 
related factor sequences X1, X2, X3, X4, X5, respectively. 

First, calculate the cumulative-decrement sequence, according to formula 3 and formula 4, to 
obtain Table 8. 

According to formula 5 and formula 6, the average and standard deviation of the coking coal 
imported by major importing countries in the world from 2004 to 2019 are shown in Table 9. 

Finally, according to formula 7 and formula 8, calculate the correlation between the import 
volume of coking coal and the total volume of coking coal in each country, as shown in Table 10. 

The major coking coal importing countries are ranked according to the degree of correlation, 
and we get China (0.405407) > Brazil (0.205812) > India (0.196086) > South Korea (0.106151) > 
Europe (-0.03654 negative correlation). The ranking results are clear. China's coking coal 
import market has the greatest impact on the total amount of coking coal seaborne, which also 
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means that China's future coking coal import trends will also have an important impact on the 
seaborne demand coking coal in the dry bulk shipping market. 

 

Table 8: Cumulated differences of Coking Coal importing seaborne volume 
K World South Korea India China Europe Brazil 
2 8.12 -2.42 3.05 -0.33 2.16 4.80 
3 -2.54 -0.60 0.12 -2.39 3.85 1.00 
4 12.26 1.77 3.66 0.90 5.72 -1.24 
5 6.77 2.40 3.76 -0.19 3.01 1.34 
6 -10.96 -3.66 2.26 27.30 -20.41 -0.59 
7 43.01 2.93 6.13 1.70 14.54 1.33 
8 -10.02 3.02 -2.48 -7.61 1.77 -0.12 
9 6.89 -1.07 3.23 9.93 -3.73 -0.36 

10 33.70 0.51 2.52 24.21 -0.47 0.47 
11 -2.71 2.96 7.86 -11.56 0.02 1.67 
12 -10.82 0.85 4.26 -12.04 0.19 -0.55 
13 0.44 -0.56 -0.68 0.24 -4.55 0.49 
14 10.21 0.07 1.02 7.76 2.22 -0.15 
15 11.29 0.00 6.02 -4.09 1.33 0.29 
16 3.60 -2.10 -1.17 2.79 -1.72 -2.98 

Source: The author's calculation 

 

Table 9: Average and standard deviation of Coking Coal importing seaborne volume 
 World South Korea India China Europe Brazil 

average 223.22 20.78 36.03 27.61 49.67 12.35 
standard deviation 34.16 3.34 13.29 17.61 4.67 2.01 

Source: The author's calculation 

 

Table 10: The influence of major importing countries on Coking Coal seaborne volume 
K γ01 γ02 γ03 γ04 γ05 
2 -0.51 0.99 -0.80 0.82 0.32 
3 0.91 -0.92 0.94 -0.53 -0.64 
4 0.85 0.92 0.76 0.54 -0.51 
5 0.66 0.92 -0.83 0.69 0.68 
6 0.56 -0.67 -0.35 0.20 0.97 
7 0.72 0.56 0.46 0.35 0.63 
8 -0.45 0.90 0.88 -0.60 0.81 
9 -0.66 0.96 0.73 -0.50 -0.72 

10 0.55 0.56 0.72 -0.48 0.57 
11 -0.51 -0.60 0.63 -0.92 -0.52 
12 -0.64 -0.61 0.73 -0.74 0.96 
13 -0.85 -0.94 1.00 -0.50 0.81 
14 0.78 0.82 0.88 0.85 -0.73 
15 0.75 0.89 -0.64 0.96 0.84 
16 -0.58 -0.84 0.95 -0.68 -0.39 

Correlation 0.106151 0.196086 0.405407 -0.03654 0.205812 

Source: The author's calculation 

3.3.2. Thermal coal 

Assuming that the total shipping volume of thermal coal is the system characteristic sequence 
X0, the volume of thermal coal imports from the European Union, Turkey, China, India, South 
Korea, Malaysia, Qin, and the Philippines are the related factor sequences X1, X2, X3, X4, X5, X6, 
X7, X8. First, calculate the cumulative subtraction sequence according to formula 3 and formula 
4, and get Table 11. 
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Table 11: Cumulated differences of Thermal Coal importing seaborne volume 

K World EU Turkey China India South Korea Malaysia Thailand Philippines 

2 22.13 -1.95 0.79 -3.33 7.90 2.54 0.90 0.33 -0.90 

3 43.61 15.90 -3.22 4.87 3.25 4.42 2.02 3.75 0.00 

4 37.81 -6.32 1.94 5.91 10.42 6.01 -0.43 4.80 -0.10 

5 21.11 -1.83 0.87 0.12 0.68 8.22 4.45 0.50 0.50 

6 25.25 -19.66 -0.30 44.30 24.59 6.21 -2.45 1.00 1.90 

7 78.99 -16.35 0.70 47.94 15.46 11.67 7.10 0.51 2.72 

8 82.32 22.32 2.30 31.89 18.08 5.53 2.60 0.10 -0.12 

9 106.00 12.49 5.00 53.09 29.44 -1.62 -1.35 1.86 0.65 

10 37.78 -2.42 -1.66 10.83 18.52 0.04 0.71 -0.49 3.01 

11 36.66 -2.57 2.13 -13.55 32.90 1.76 -1.49 2.88 0.69 

12 -68.61 -13.37 3.18 -63.02 -7.89 2.56 -1.22 0.98 1.35 

13 2.52 -23.21 1.49 36.47 -27.08 -0.55 4.24 0.10 3.14 

14 51.58 0.08 0.97 9.12 4.86 16.11 5.81 1.11 1.64 

15 49.68 -8.80 0.61 23.73 17.92 -0.62 3.51 2.42 3.68 

16 24.60 -21.08 -0.61 18.28 14.26 -3.96 -1.51 -3.25 1.14 

Source: The author's calculation 

 

According to formula 5 and formula 6, the average value and standard deviation of imported 
thermal coal shipments from major importing countries in the world from 2009 to 2017 are 
shown in Table 12. 

 

Table 12: Average and standard deviation of Thermal Coal importing seaborne volume 
 World EU Turkey China India 

average 12,282.79 2,067.04 180.15 1,842.49 1,586.85 
standard deviation 188.83424 22.23927 6.051054 79.10872 58.94797 

 South Korea Malaysia Thailand Philippines  

average 1,420.69 321.85 269.96 213.39  

standard deviation 20.13935 7.39905 5.687096 6.691706  

Source: The author's calculation 

 

Table 13: The influence of major importing countries on Thermal Coal seaborne volume 
K γ01 γ02 γ03 γ04 γ05 γ06 γ07 γ08 

2 -0.82991 0.986678 -0.86258 0.983469 0.991127 0.995601 0.944272 -0.7989 

3 0.673883 -0.56725 0.855145 0.850465 0.988771 0.959894 0.700054 0.812396 

4 -0.67361 0.893215 0.888491 0.97707 0.910459 -0.79454 0.608351 -0.82293 

5 -0.83762 0.969773 0.900641 0.908874 0.771267 0.671181 0.976693 0.964262 

6 -0.49556 -0.84511 0.701122 0.779184 0.851462 -0.68255 0.959569 0.869955 

7 -0.46439 0.767673 0.841949 0.864972 0.861074 0.64899 0.752349 0.988246 

8 0.637891 0.947118 0.968224 0.885525 0.861069 0.922052 0.705045 -0.68771 

9 0.999544 0.790532 0.901127 0.941671 -0.60918 -0.57351 0.810494 0.683071 

10 -0.76405 -0.67858 0.94059 0.897544 0.834553 0.905298 -0.77757 0.8003 

11 -0.7636 0.864104 -0.73239 0.733188 0.903393 -0.71652 0.762325 0.916935 

12 0.807805 -0.5294 0.697717 0.813341 -0.67097 0.834231 -0.65119 -0.63902 

13 -0.48615 0.810828 0.690766 -0.67902 -0.96094 0.640933 0.996286 0.686548 

14 0.787766 0.898538 0.863635 0.839833 0.654876 0.661461 0.927266 0.972882 

15 -0.6029 0.860713 0.964418 0.960633 -0.77282 0.825884 0.860656 0.777429 

16 -0.48116 -0.81266 0.908381 0.899516 -0.75353 -0.74971 -0.58752 0.961695 

Correlation -0.16614 0.357079 0.635149 0.777085 0.324041 0.303246 0.532472 0.432344 

Source: The author's calculation 
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Finally, according to formula 7 and formula 8, calculate the correlation between the seaborne 
import volume of thermal coal and the total seaborne volume of thermal coal in various 
countries, as shown in Table 13. 

From the model results, it can be concluded that the degree of influence of the world’s major 
importing countries on the total amount of thermal coal shipped by sea is in order: India 
(0.777085) > China (0.635149) > Thailand (0.532472) > Philippines (0.432344) > Turkey 
(0.357079) >South Korea (0.324041) > Malaysia (0.303246) > European Union (-0.16614 
negative correlation). It can be seen that India has the largest impact on the total amount of 
seaborne thermal coal in the world, followed by China, which also shows that China's imports 
of thermal coal will greatly affect the development of the total amount of seaborne thermal coal. 
Besides, China's influence on the total amount of coking coal by sea is the largest globally. 
Therefore, it can be said that China plays an important role in the dry bulk shipping market and 
has a tremendous impact on the demand for coal by sea. 

3.4. China's position in demand side of grain market 

Suppose the total amount of grain shipping is the system characteristic sequence X0, and the 
grain import shipping volumes of Europe, China, Japan, Indonesia, Vietnam, Mexico, Brazil, 
Egypt, and Iran are the related factor sequences X1, X2, X3, X4, X5, X6, X7, X8, X9. First, calculate the 
cumulative subtraction sequence according to formula 3 and formula 4, and get Table 14. 

 
Table 14: Cumulated differences of grain importing seaborne volume 

K World Europe China  Japan Indonesia Vietnam Mexico Brazil Egypt Iran 

2 20.00 -0.04 14.73 0.66 1.77 1.05 0.12 0.06 4.15 -4.86 

3 -2.00 4.34 -2.57 -1.13 2.85 0.07 1.12 -0.44 -0.99 -2.12 

4 29.00 1.15 12.26 -0.62 -1.05 0.99 1.23 1.15 -0.43 8.19 

5 18.00 3.13 5.75 0.05 1.85 0.67 -1.14 0.93 -1.56 -3.11 

6 45.00 7.44 12.41 -0.81 0.95 2.34 0.25 -1.28 3.88 7.41 

7 21.00 -0.97 22.50 -0.32 0.30 3.20 1.10 -1.23 -1.45 -3.69 

8 21.00 -0.35 -9.60 0.22 1.01 2.55 1.18 4.49 1.60 -0.73 

9 28.00 5.11 15.27 0.31 0.70 0.52 -0.07 -2.61 2.93 -0.56 

10 -7.00 9.25 -12.49 0.59 -1.20 2.02 1.24 -0.05 1.09 2.70 

Source: The author's calculation 

 

According to formula 5 and formula 6, the average and standard deviation of the world's major 
importing countries' food imports from 2009 to 2018 are shown in Table 15. 

 

Table 15: Average and standard deviation of grain importing seaborne volume 
 World Europe China Japan Indonesia 

average 387.6 43.55 82.59 26.66 11.49 

standard deviation 64.47511 8.847367 23.31913 0.857898 2.558723 
 Vietnam Mexico Brazil Egypt Iran 

average 8.78 9.75 7.89 18.55 14.62 

standard deviation 4.712019 1.574011 1.203407 2.693304 3.507573 

Source: The author's calculation 

 

Finally, according to formula 7 and formula 8, calculate the correlation between each country's 
grain import shipping volume and total grain shipping volume, as shown in Table 16. 
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Table 16: The influence of major importing countries on Grain seaborne volume 
K γ01 γ02 γ03 γ04 γ05 
2 -0.76065 0.756801 0.683573 0.723366 0.919662 
3 -0.65709 0.926782 0.43842 -0.466 -0.95668 
4 0.757629 0.929479 -0.46085 -0.53774 0.806488 
5 0.930271 0.96852 0.818469 0.692712 0.878974 
6 0.875075 0.85781 -0.37912 0.752754 0.832424 
7 -0.69653 0.610018 -0.58767 0.827204 0.738966 
8 -0.73271 -0.57551 0.936558 0.936407 0.823058 
9 0.874928 0.819331 0.930684 0.861858 0.755821 

10 -0.46418 0.700656 -0.55802 0.734555 -0.65014 
Correlation 0.014082 0.665987 0.20245 0.50279 0.460952 

K γ06 γ07 γ08 γ09  
2 0.811829 0.793129 0.448553 -0.37112  
3 -0.57446 0.748193 0.748009 0.635437  
4 0.752592 0.663893 -0.62067 0.34655  
5 -0.49929 0.670428 -0.53766 -0.46184  
6 0.650466 -0.36195 0.574309 0.41413  
7 0.729782 -0.42573 -0.53632 -0.42035  
8 0.702463 0.227094 0.789254 -0.65233  
9 -0.67684 -0.27767 0.604322 -0.62747  

10 -0.52684 0.934359 -0.66044 -0.53232  
Correlation 0.152188 0.330194 0.089929 -0.18548  

Source: The author's calculation 

 

From the calculation results of the model, it can be seen that the degree of influence of the 
world’s major food-importing countries on the grain shipping volume is in order: China 
(0.665987) > Indonesia (0.50279) > Vietnam (0.460952) > Brazil (0.330194) > Japan 
(0.20245) > Mexico (0.152188) > Egypt (0.089929) > Europe (0.014082) > Iran (-0.18548 
negative correlation). The results show that China ranks first in the world in terms of seaborne 
grain volume. As the most populous country globally, China's grain imports will have an 
important impact on the demand for grain shipping in the dry bulk shipping market. 

4. Discussions 

4.1. China's iron ore imports forecast 

Affected by factors such as limited domestic iron ore reserves, relatively low quality, 
insufficient mining efforts, and large iron ore demand, China has to import large amounts of 
iron ore from other countries. It can be seen from Table 1 that China's iron ore imports have 
shown a rapid growth trend in recent years. In 2019, 69% of the total iron ore shipped by sea 
was shipped to China. This phenomenon is inseparable from China's economic development, 
urbanization, and the acceleration of industrial progress. 

(1) China's economic development is prosperous. Since 1990, China has been in a period of 
deepening economic reforms, its economy has developed rapidly, its overall national strength 
has also been significantly improved, and its status on the international stage has become 
increasingly important. With the rapid economic development, Chinese residents' living and 
consumption levels continue to improve, and the prosperity of foreign trade has boosted 
China's demand for iron ore. Therefore, this article uses GDP to measure the prosperity of 
China's economy. 

(2) Accelerating the pace of urbanization. With the continuous increase of China's population 
and the continuous improvement of residents' living standards and needs, many rural 
populations have moved into cities, and the urbanization rate has continued to increase. There 
is a massive demand for steel. As one of the essential raw materials for steel, iron ore demand 
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has also increased. Therefore, this article uses the urban population to measure the degree of 
urbanization in China. 

(3) Accelerating the process of industrialization. Since the 21st century, China's infrastructure 
construction has accelerated, railways, highways, docks, and other transportation facilities 
have been continuously improved, and the machinery industry and automobile industry have 
also accelerated development. This has also led to strong demand for steel and other raw 
materials in China, thus driving China's demand for iron ore. This article uses the added value 
of the secondary industry, fixed asset investment in manufacturing, and fixed asset investment 
in construction to measure the process of industrialization. 

To study the influence of the above factors on China's iron ore imports, this paper chooses to 
establish a multiple linear regression model. Compared with the gray prediction and ARMA 
model commonly used in other articles, the multiple linear regression model can fully consider 
the changes in current conditions, rather than just predict based on the historical value of the 
dependent variable. When applying a multiple linear regression model to fit, the problem of 
multicollinearity between independent variables will occur, so methods such as stepwise 
regression, backward elimination, and ridge regression are usually used. Among them, the 
more commonly used method is the stepwise regression method. The principle is to introduce 
the independent variable with the largest correlation coefficient with the dependent variable 
into the equation and then introduce other variables into the equation one by one. After each 
variable is introduced, all equation variables are performed a significance test and then 
eliminate insignificant variables. Stepwise regression is a process of "introduction-removal-
reintroduction" until all variables other than the equation are insignificant, thereby obtaining 
the optimal regression equation. The multiple linear regression analysis in this paper is realized 
by Eviews software, a tool specializing in data analysis, regression analysis, and prediction. 

This article takes China's iron ore imports as the dependent variable Y (million tons) and selects 
the independent variables as follows: X1 is China's gross national product (10 billion yuan), X2 
is China's urban population (million people), X3 is the added value of the secondary industry 
(10 billion yuan), X4 is the investment in fixed assets in the manufacturing industry (10 billion 
yuan), and X5 is the investment in fixed assets in the construction industry (10 billion yuan). 
The original data from 2000 to 2018 are selected according to the China Statistical Yearbook, 
as shown in Table 17. 

 

Table 17: The importing volume of Iron Ore and influencing factors in China 
Year Y X1 X2 X3 X4 X5 
2000 69.26 1002.8 459 456.6 11.8 2 
2001 91.40 1108.6 481 496.6 15.1 1.9 
2002 110.68 1217.2 502 541.1 21 2.7 
2003 146.76 1374.2 524 627 107.4 5.3 
2004 204.67 1618.4 543 742.9 146.6 5.3 
2005 270.56 1873.2 562 880.8 204.1 6.6 
2006 318.94 2194.4 583 1043.6 263.4 8 
2007 377.07 2702.3 606 1266.3 354.8 9.9 
2008 435.87 3195.2 524 1499.6 463.7 12 
2009 614.61 3490.8 645 1601.7 587.1 15.7 
2010 602.56 4130.3 670 1916.3 744.9 22.4 
2011 665.40 4893 691 2270.4 1025.7 32.4 
2012 723.93 5403.7 712 2446.4 1244 36.9 
2013 794.94 5952.4 731 2619.6 1475.8 35.3 
2014 913.79 6439.7 749 2775.7 1669 40.3 
2015 939.72 6890.5 771 2820.4 1802.3 49 
2016 1,007.89 7441.3 793 2962.4 1878.4 45.8 
2017 1,057.91 8271.2 813 3346.2 1936.2 36.5 
2018 1,047.70 8969.2 831 3325.8 2120.1 31.4 

Source: China Statistical Yearbook (2000-2019) 
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By analyzing the correlation between the variables, it is found that the correlation coefficient 
between the variables is relatively high. Therefore, the stepwise regression method is used for 
fitting. According to the basic idea of "introduction-removal-reintroduction," the optimal 
equation is obtained after the variable screening. Only X2 and X3 are included in, and the 
regression results are shown in Table 18. 

 

Table 18: The result of multiple linear regression 
Regression 

statistics 
   Variance 

analysis 
df SS MS F 

Significa
nce F 

Multiple R 
0.9940

459 
Standard 

error 

40.4
0933

8 

regression 
analysis 

2 
21744

45.3 
1087222.6 

665.817
22 

3.95E-16 

R Square 
0.9881

273 
Observa

tions 
19 Residual 16 

26126.
633 

1632.9146   

Adjusted R 
Square 

0.9866
433 

  Total 18 
22005

71.9 
   

 Coeffici
ents 

Standar
d error 

t Stat P-value 
Lower 
95% 

Upper 
95% 

Lower limit 
95.0% 

Upper 
limit% 

 

Intercept 
-

372.02
01 

160.962
27 

-
2.3112

25 
0.0344756 

-
713.24

48 

-
30.795

3 
-713.2448 

-
30.7953 

 

X Variable 1 
0.7244

036 
0.36462

34 
1.9867

174 
0.0643554 

-
0.0485

63 

1.4973
707 

-0.048563 
1.49737

07 
 

X Variable 2 
0.2565

908 
0.04287

3 
5.9849

07 
1.91E-05 

0.1657
042 

0.3474
775 

0.1657042 
0.34747

75 
 

Source: calculated by Eviews 

 

It can be seen from Table 18 that the coefficient of determination R2 for the adjustment of the 
equation is 0.9866433, and the fitting effect is excellent. The Significance F is 3.95E-16, 
indicating that the overall linear relationship of the equation is significant. The independent 
variables X2 and X3 and the constant term's coefficient are significant at the 95% confidence 
level. Therefore, the final equation for China's iron ore imports (Y) is as follows: 

2 30.7244036 0.2565908 372.0201Y X X+ +=                                          (9) 

This paper has obtained the equation for calculating China's iron ore imports through the 
multiple linear regression method. The equation will be used to predict China's iron ore imports 
in the next three years (2020-2022). 

At the end of 2016, the State Council of China issued the National Population Development Plan 
(2016-2030). The plan expects that the total fertility rate will gradually increase and stabilize 
at an appropriate level during this period. The country's total population will reach 1.42 billion 
in 2020, and the total population will reach About 1.45 billion people. On the other hand, the 
permanent population's urbanization rate has steadily increased, and the urbanization rate of 
the registered population has accelerated. It is expected that the urbanization rate of China's 
population will reach 60% in 2020 and 70% in 2030. According to the national population plan, 
China's urban population will reach 852 million in 2020, and it will reach 1.015 billion in 2030. 
According to data from the National Bureau of Statistics, China's urban population was 813 
million at the end of 2018. Assuming that China's annual urban population increase is the same, 
and China's annual urban population increase from 2020 to 2030 is the same, then China's 
urban population in 2020-2022 is predicted accordingly. Then, this article predicts the added 
value of the secondary industry from 2020 to 2022. After fitting analysis, it is found that the 
added value of China's secondary industry meets a linear growth in time series (fitting equation 
Y=179.7923X-359432). Y represents the added value of the secondary industry, x represents 
the time series, and the R2 value is as high as 0.979771, indicating that the equation fitting effect 
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is excellent, so this article predicts the added value of the secondary industry based on this. In 
the end, the predicted value of the urban population and secondary industry added value from 
2020 to 2022 is shown in Table 19: 

 

Table 19: The prediction of urban population and secondary industry's added value 

Year 2020 2021 2022 

Urban population/million people 852 868 885 

Added-value of secondary industry/10 billion yuan 3748.2098 3928.0021 4107.7944 

Source: The author's calculation 

 

According to formula 9, this article predicts China's iron ore imports from 2018 to 2022, as 
shown in Table 20: 

 

Table 20: The prediction of Iron Ore importing volume from 2020 to 2022 in China 

Year 2020 2021 2022 

Iron ore imports/million tons 1206.9281 1264.6516 1323.0995 

Source: The author's calculation 

 

It can be seen from the forecast results that in the next 2-3 years, China's iron ore imports will 
continue to grow, which will have a substantial impact on the iron ore shipping volume and will 
significantly stimulate the demand for dry bulk shipping effect. 

4.2. China's coal imports forecast 

Coking coal and thermal coal are two significant types of coal, among which coking coal can be 
used as a raw material for coke production and then used in the production of steel. Thermal 
coal refers to coal used as a raw material for power and generally refers to coal used for thermal 
power generation in a narrow sense. From Table 2 and Table 3, it can be seen that from 2004 
to the present, China's coking coal and thermal coal imports have fluctuated significantly in 
seaborne shipments, and there is no rule to follow because coal imports are greatly affected by 
uncertain factors such as national policies. The impact of coal seaborne volume ranks first in 
the world. China's coal import trend will have a substantial impact on the demand for dry bulk 
shipping. Therefore, this article analyzes the factors affecting China's coal import volume and 
forecasts future trends. Many factors affect coal imports. The main factors can be divided into 
two aspects: China's coal demand and coal import dependence: 

From the perspective of China's coal consumption, the main factors are: 

(1) China's economic development status. In recent years, due to China's rapid development, 
the increase in population, the acceleration of industrialization and urbanization, and the 
continuous increase in demand for steelmaking, cement production, and power generation, 
China's coal consumption continue to increase. The International Energy Agency IEA has 
predicted that unless China's economic growth rate slows, seaborne coal volume will continue 
to rise, which shows that China's impact on seaborne coal volume is significant. In 2014, China 
entered the "new normal" stage of the economy, which means that China's economic growth 
rate will slow down, from high-speed growth to medium-to-high speed growth, which will also 
have a specific impact on industries such as steel. 

(2) Energy consumption structure. With the intensification of environmental pollution, 
people's awareness of environmental protection and sustainable development has become 
more robust, and energy consumption and environmental protection issues have received 
more and more attention. At the Copenhagen Conference, the Chinese government solemnly 
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promised that by 2020 the national carbon dioxide emissions per unit of GDP would be reduced 
by 40%-50% compared with 2005. China's energy consumption structure is also developing in 
a clean and renewable direction. 

From the perspective of China's coal import dependence, the main factors are: 

(1) Advantages of imported coal. As we all know, China is the world's largest coal producer, and 
coal resources are not scarce. However, in recent years, with changes in the domestic and 
international coal market situation, China's coal imports have gradually increased. The main 
reason is that the price of imported coal is lower than that of domestic coal. China's coal imports 
mainly come from five countries: Indonesia, Australia, Russia, Mongolia, and Vietnam. The five 
countries together account for 85% of China's total coal imports. Coal production costs in these 
countries are relatively low. Moreover, it is not convenient for China's port cities to buy 
domestic coal. For example, Guangdong is closer to Indonesia. Therefore, much-imported coal 
has poured into China, severely impacting the domestic coal market. 

(2) China's coal import and export policy. Coal imports are greatly affected by national policies. 
In the late 1990s, China implemented an export tax rebate policy for coal to encourage exports. 
After that, the national policy generally changed from encouraging exports to restricting 
exports, encouraging imports, and recently restricting imports. At present, China controls 
imported coal mainly through corresponding quality standards and adjustment of import 
tariffs, and domestic coal companies have greater expectations for the country to restrict coal 
imports. In May 2017, relevant departments held a meeting to emphasize the need to resolutely 
boycott the import of low-quality coal, demonstrating the government's attitude towards 
controlling imported coal. In April 2018, China decided to implement coal import restrictions 
in some ports, including suspending the loading and unloading of imported coal ships in some 
ports and tightening customs clearance to control the number of coal imports. 

In general, China is currently in a period of economic "new normal," and economic growth will 
slow down, but it will still grow at a medium-to-high speed. Affected by environmental 
protection and sustainable development, China's energy structure is transforming. In the future, 
the proportion of clean energy consumption such as natural gas, hydropower, nuclear power, 
and wind power will further increase, and coal consumption will decrease. However, the 
adjustment of the energy structure is a long-term process. In the short term, coal is still China's 
top energy consumption product. In terms of coal import dependence, it should be in a 
downward trend under the control of the current national import and export policy. Therefore, 
this article believes that the future trend of China's coal imports will show a downward trend 
from a long-term perspective. 

4.3. China's grain imports forecast 

China is a traditional agricultural country. Before the reform and opening-up, China's food 
imports have been kept at a low level. However, with the development of the economy, the 
acceleration of industrialization and urbanization, the increase in population, the improvement 
of people's living standards and disposable income, China's grain imports are also gradually 
increasing. It can be seen from Table 4 that in the nearly ten years from 2009 to the present, 
China's grain import seaborne volume has shown an overall upward trend, except for a slight 
decrease in 2011, 2016, and 2018. The four wide varieties of food imported by China are wheat, 
rice, corn, and soybeans. It is worth noting that soybeans account for the vast majority of China's 
total grain imports. 

Many factors affect food imports. The main factors are population, per capita income, domestic 
food production, and national policies. 

On the one hand, grain imports are affected by China's total grain demand. China is the most 
populous country in the world with a large population base. In 2018, China's total population 
was approximately 1.3900.8 billion, which is approaching 1.4 billion, accounting for 
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approximately 18.67% of the world's total population. For such a populous country, the food 
issue is the top priority. China's full liberalization of the second child policy has been officially 
implemented. According to the amendments to the Population and Family Planning Law, 
couples who have one or two children can be rewarded with extended maternity leave. This 
also means that China's population growth may become faster and faster. Also, China's 
economic development is prosperous, the per capita income of residents has continued to rise, 
the living standards in China have continued to rise, and living needs in China have gradually 
increased. The increase in per capita income has led to a change in people's dietary structure. 
With the increase in per capita income, people's ration consumption has decreased. Conversely, 
consumption of meat, eggs, milk, and animal and vegetable oils has increased. The above two 
points also mean that China's grain consumption will continue to show an increasing trend in 
the future. 

On the other hand, food imports are also affected by China's national policies and domestic food 
production. First, specialty wheat is the main imported variety for wheat imports, but China's 
high-quality wheat planting area will gradually expand. In the future, China's special wheat gap 
will shrink, which also means a slight decline in wheat imports. Second, concerning rice imports, 
national statistics show that China's rice planting area, unit output, and total output are all 
showing an increasing trend, and the gradual increase in the output of high-quality rice also 
means that China's rice imports will decrease in the future. Third, regarding corn imports, the 
Ministry of Agriculture of China has adjusted and optimized the corn planting structure in non-
dominant areas since 2016 and canceled the minimum corn purchase subsidy policy. With the 
growth in demand for grain and industrial grain, China's corn imports will increase in the long 
run. Fourth, for soybean imports, in 2017, Beijing proposed to expand the soybean planting 
area and grant subsidies to producers and subsidies for crop rotation and fallow. Under the 
guidance of relevant policies, China's soybean production will further increase in the future. 
Soybean import production is also affected by world politics and the economy. In 2017, China 
imported 32.86 million tons of soybeans from the United States. Since the Sino-US trade friction 
in 2019, soybeans have become a critical China project to counter the United States. During the 
negotiations between China and the United States, the amount of soybean imports is still 
uncertain. This article believes that China's soybean imports will show a slow downward trend 
from a long-term perspective. 

4.4. Suggestions for shipping companies 

Based on the above research, this article provides individual reference opinions for dry bulk 
shipping companies, aiming to enable companies to make more reasonable decisions, reduce 
risks, and obtain more generous benefits. 

First, shipping companies should fully realize that China's influence on the three significant dry 
bulk trade volumes of iron ore, coal, and grain is the first in the world. In international trade, 
only imports can have exported. Imports drive the growth of trade volume, which in turn can 
generate corresponding shipping demand. Therefore, in the complex and changeable dry bulk 
shipping market, shipping companies should pay attention to critical issues and pay attention 
to the changes in China's dry bulk import trends in time to make more reasonable decisions. 

Second, shipping companies can adjust capacity allocation based on the forecast of China's dry 
bulk import trends in this article, effectively utilize existing capacity, and make reasonable 
investment decisions. According to forecasts, China's iron ore imports will continue to grow in 
the next few years, driving demand for iron ore by sea. From a long-term perspective, China's 
imports of coal, wheat, rice, and soybeans will show a downward trend, and shipping 
companies should respond to market changes as soon as possible. 
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5. Conclusions 

This paper uses an improved grey correlation model to estimate the degree of influence of the 
world's major importing countries on the three's total shipping volume and predicts China's 
future import trends for the three major dry bulk cargo types. The main conclusions are as 
follows: 

First, this paper uses an improved grey correlation model to separately measure the degree of 
influence of the world's major importing countries on the total demand for iron ore, coking coal, 
thermal coal, and grain by sea and obtain exact calculation results. 

Second, due to China's economy and trade development, China has become a significant 
importer in the dry bulk shipping market, and its impact on the total demand for iron ore, 
coking coal, thermal coal, and grain by sea is the largest in the world. China's dry bulk import 
trend would significantly impact the international dry bulk market demand. 

Third, this article has carried out a forecast analysis of China's three main dry bulks' import 
trends and has carried out a specific analysis of its influence on future market demand. 

Besides, this paper establishes a multiple regression model of China's iron ore imports. The 
urban population and the secondary industry's added value are the main influencing factors, 
and it is predicted that China's iron ore imports will maintain a growth trend from 2020 to 2022. 

From a long-term perspective, China's coal imports will show a downward trend due to the 
slowdown in China's economic development and the adjustment of its energy structure to clean 
energy. 

As China's population increases and residents' per capita income increases, China's food 
demand will show an upward trend. However, according to China's agricultural supply-side 
reforms, various policy documents and planning outlines, the output of high-quality wheat and 
rice in China will gradually increase in the future, so the gap between wheat and rice will be 
reduced; China adjusts and optimizes the corn planting structure in non-dominant areas. With 
the increase in demand for industrial grains and grains, China's corn imports will increase in 
the future; As the country expands soybean planting area and grants producer subsidies and 
crop rotation and fallow subsidies, in the long run, China's soybean imports will gradually 
decrease. 

In general, this article has conducted an in-depth analysis of the world's major importing 
countries' driving effect on the demand for dry bulk shipping. Due to China's important position 
in the dry bulk shipping market, this article has conducted an in-depth analysis of China's future 
dry bulk import trends. The detailed analysis provides reference opinions for relevant market 
participants and their decision-making and helps them effectively leverage China's economic 
and trade development and obtain more significant development space. 

All in all, the factors affecting the international market will become more and more complex, 
and it is indispensable to study market demand in-depth. This article only focuses on the impact 
of China's economic and trade development on demand for dry bulk shipping and has obtained 
preliminary results. However, future research can focus on the following aspects: 

1. Research on the contribution of China's economic and trade development to the recovery of 
the dry bulk shipping market; 

2. The enlightenment of changes in the dry bulk shipping market before and after the epidemic. 
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