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ABSTRACT

Freight revenues are a fundamental objective of the maritime industry, and provide a baseline for 
stakeholders to plan their current strategies and future investments. Reduction of uncertainty-
induced risk is therefore essential for predicting market prospects and for achieving sustainable 
growth for sector participants. This can be achieved by conceiving the formation of freight rates as 
well as the macro variables that have the greatest impact on rates. This study aims to contribute 
to the existing freight rate formation literature by empirically testing the supply–demand balance 
of China, one of the world’s largest economies. The Baltic Dry Index (BDI) has been selected as a 
measure of freight rates, trade volume of China has been selected as a demand-side indicator and 
the dry bulk fleet has been selected as a supply-side indicator in the model. It has been hypothesized 
that a larger trade volume has the effect of increasing freight rates, while an increasing fleet capacity 
has the effect of reducing freight rates. Correlation and regression analyses have been applied to 
test the econometric relationships between variables. The results of the study have confirmed the 
hypotheses, and it has been found that freight rates reacted more vigorously to changes in the dry 
bulk fleet, which forms the supply side. 

1 Introduction

The borders are disappearing in a globalized world, 
and countries are pursuing their own welfare-enhancing 
policies. Since each country cannot be superior in every 
area, the need for trade among countries arises. This in 
turn leads to the need for trade logistics, for which the 
most economical method, in terms of cost per unit, is ship-
ment by sea. Maritime transport facilitates world trade. 
For instance, the strong economic growth experienced by 
China after the integration into the world trade could not 
have been achieved without efficient maritime transport 
[16]. However, sea transport has an economic structure in 
itself. This economic structure is affected by global trade, 
and also affects global trade. This interaction originates 
from the position of the supply–demand balance. 

Stopford [15] has explained the supply and demand 
sides in shipping by separating each of them into five fac-
tors. Variables affecting the demand side are world econ-

omy, seaborne commodity trades, average haul, random 
shocks and transport costs. On the other hand, supply side 
variables are world fleet, fleet productivity, shipbuilding 
production, scrapping and losses, and freight revenue. The 
interaction between these variables determines freight 
rates, and these rates are at the heart of the shipping 
market. 

Freight rates are fundamentally dependent on economic 
activity and fluctuations in the economy are felt strongly in 
the maritime market [16]. Thus, understanding the dynam-
ics and trends in freight rates is very beneficial in terms of 
risk management and resource allocation [21]. In this re-
spect, the impact of the Chinese economy, which accounted 
for about 12% of world trade volume in recent years, on the 
maritime market is certain. In order to present econometric 
explanations of this effect, this study has designed a simple 
model inspired by the variables of [15]. 

This study seeks to contribute to the existing mari-
time economics literature by empirically testing the sup-
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ply–demand balance based of China, one of the world’s 
largest economies. The fact that freight rates are mainly 
formed by the intersection of supply and demand is com-
mon in the literature, however, an empirically tested study 
has not been spotted. It is also considered that determin-
ing whether the supply side or the demand side are more 
determinant in the formation of freight rates is important 
for developing sustainable maritime strategies. Thus, both 
transport companies and transportation customers may 
contribute to the welfare-increasing impact of world trade 
by allocating resources in a sustainable manner. The re-
sults have shown that an increase in demand leads to a 
higher level of price equilibrium, while an increase in sup-
ply leads to lower price equilibrium. It has also been found 
that the freight rates are more affected by changes in the 
supply side of maritime transport.

The rest of this paper has been organized as follows. 
In section 2, the formation of the supply–demand balance 
and freight rates in the maritime market has been ex-
plained. In section 3, China’s place in world trade has been 
briefly discussed. In section 4, the methodology of the re-
search has been introduced. Section 5 has presented the 
model of the research and lastly, in section 6, findings have 
been presented and results discussed.

2 The Supply and Demand Mechanism in 
Maritime Transport

Sea transport is composed of different segments ac-
cording to diverse cargo types. Demand for these seg-
ments also varies according to world economic activity 
and trade. These sections are interlinked to each other, but 
also have different characteristic features [16]. Whether 
dry, wet, or container markets, all maritime markets are 
comprised of five variables: demand for sea transport, 
net fleet volume, freight rates, new construction prices, 
and second-hand prices. Each variable is shaped in one 
or more markets, but all the markets are interacting with 
each other [10].

Dry bulk trade, which is the area of interest in this 
study, supported by maritime transport, is a key element 
in the supply chain for metallurgical producers, steel 
plants, aluminum industries, and agro-food businesses. It 
seems that the role of bulk transport in the global econom-
ic process will never diminish [6]. 

Bulk cargo transport consists of four different struc-
tures. First, some plants carry their cargo with their own 
vessels, while others carry out transportation activities 
through time charter, where the shipowner has control over 
the ship, but the route is determined by the charterer. The 
third structure is a contract of affreightment or a trip char-
ter. The shipowner agrees to deliver the determined cargo 
of the charterer between the specified dates. The fourth 
structure is a bareboat charter and, in this structure, the 
charterer has a long-term lease for the chartered ship [6].

Bulk trade operations, whether dry or wet, are gener-
ally carried out on board relatively simple and standard-

ized vessels. Bulk operations also do not require large and 
complex organizational structures. Moreover, commercial, 
technical, and managerial issues can be provided by third 
parties. This facilitates entry into and exit from the mar-
ket, but service providers are unable to differentiate their 
services. It can be said that the market is showing almost 
perfect competitive features [16].

As for all maritime, markets, the dry bulk market is 
divided into four sub-markets: the freight market where 
transport transactions are made; the sale and purchase 
market where second-hand vessels are bought and sold; 
the new construction market where new ships are built; 
and the demolition market where old ships are scrapped 
[15]. The freight market is also defined as a market where 
shipowners earn revenues from their operations in the 
maritime industry [16]. However, understanding and 
absorbing how freight rates are shaped in the existing 
market conditions have vital prospects for achieving sus-
tainable revenues for maritime companies.

As the economy expands, maritime transport also in-
creases and freight rates are directly affected by this situ-
ation. However, the growth of the economy is the first 
requirement for freight rates to be influenced in a positive 
direction [13]. The dependence of shipping on the devel-
opments in world trade causes fluctuations in the demand 
for maritime transport [16]. In other words, bulk cargo 
transport is a derived demand; the level of transportation 
supply in the transportation chain is therefore unpredict-
able [6]. The variations of demand for maritime transport 
follow the cycles in the world economic activity and in 
global trade. Therefore, it can be said that the changes in 
demand can have a significant effect even in the short run, 
considering that the response of the supply side is rela-
tively slow [16]. 

In the traditional model, the freight rates are a function 
of shipping demand and supply [10]. The demand side of 
the market is represented by the need for freight trans-
port, while the supply side of the market consists of ships 
delivering commodities [12]. Freight rates are determined 
by the demand for maritime transport by charterers and 
the supply of maritime transport by shipowners. The 
amount of cargo transported is affected by this interaction 
[10]. The change in these rates is a result of the supply–de-
mand balance. However, the freight rates are not only re-
lated to the demand for transport; the supply side is also 
directly influential in the formation of these rates. This 
shift in favour of freight may be due to several events on 
the supply side: slow growth of the fleet, rapid increase in 
international trade, port congestion, weather conditions, 
and strikes [5]. Because of all these reasons, freight rates 
are very volatile and can fluctuate greatly in a very short 
time, which makes it difficult for shipowners to calculate 
their revenues [16]. The freight rates affect the other three 
markets, taking place as a trigger for the market cycle.

According to maritime economics theory, the freight 
rates direct the supply decisions of the market, which in-
clude new ship building, utilization of the existing fleet, 
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and scrapping of ships [1]. Therefore, freight rates have a 
direct impact on the decision to increase the fleet capacity 
of transport operators [13]. 

The boom in the world economy also stimulates world 
trade and indirectly increases the demand for maritime 
transportation services. Due to the fixed net fleet, the 
amount of cargo transported increases and freight rates 
rise. The only way to increase supply in the short run is 
to increase the speed of the fleet, because new shipbuild-
ing activity takes a long time and varies between one and 
three years [10]. 

Koopmans [11] has described this as a consequence 
of the shape of the tanker transport capacity supply 
curve, which shows a transition from an elastic state to 
an inelastic state according to the situation of freight 
rates. As shown in Figure 1, the supply curve takes the 
shape of an inverted ‘L’ in the short run. Freight rates in 
zone I are elastic, and freight rates are not significantly 
affected even if there are relatively large increases in de-
mand. However, when the demand reaches zone II, small 
changes in demand will cause significant changes in the 
freight rates, as the transport capacity in the market is 
fixed in the short run [8]. In the short run, the only means 
of increasing the transport capacity is increasing speed, 
because the new construction process lasts between two 
and three years. This inelastic condition also holds true 
for the reverse scenario, when the equilibrium is pro-
vided in zone II. Even a small increase in supply causes 
large reductions in freight rates. In the maritime indus-
try, freight rates sometimes increase and sometimes fall 
into a loop, causing the industry to be volatile. This forms 
shipping cycles that are derived from the movements of 
the inelastic demand curve over the supply curve [15]. 
Thus, freight rates, ship prices, and fleet size are dynami-
cally interdependent [2]. 

Modern views have emerged that explain the mecha-
nism of freight rates, as well as the traditional supply–
demand equilibrium model. In this model, freight rates 
are the equilibrium rates in the bargaining game, and 
players represent rational expectations about economic 

conditions. In other words, when the shipowner and the 
charterer start negotiating, the rate they negotiate can 
be below or above the current price according to the bar-
gaining power of each party. If the charterer’s bargaining 
power is higher than that of the shipowner, the rate will be 
formed at less than the current rate; that is, the deviation 
from the current rate will be negative. If the bargaining 
power of the shipowner is higher than that of the charter-
er, the new rate will deviate from the current rate in the 
positive direction, and will be formed above the current 
rate. When market conditions are good, the shipowner’s 
bargaining power is higher, whereas the charterer’s bar-
gaining power is higher under poor market conditions 
[10]. In this modern view, the supply–demand balance still 
plays an important role, but it also includes bargaining 
power and economic expectations in maritime business 
transactions. 

Freight rates throughout history have been moving in 
cycles due to these imbalances between supply and de-
mand, and due to the differentiation in bargaining power. 
Between 1971 and 2007, 22 cycles were discovered, with 
an average duration of 10.4 years. The shortest of these 
cycles lasted for three years and the longest for 15 years 
[15]. The market is highly volatile, capital intensive, and 
open to shock, and it is therefore vital for the market to 
read the cycle well [5]. Thus, earnings can be maximized 
and uncertainty-associated risks can be minimized. Timely 
purchasing and selling decisions are of vital importance 
for stakeholders, and a bad decision can have irreversible 
consequences [1]. At this point, only those who can read 
the market well can be regarded as good maritime stake-
holders [14]. 

Periods during which the highest level of income is ob-
tained in these cycles are called boom periods; these can 
often be characterized by easy earned capital, high freight 
rates, and high share returns. For this reason, shipowners 
can easily order new ships [5]. After the boom periods of 
the past, the market has constantly recovered to normal 
levels. Nevertheless, maritime investors have repeated 
their mistakes and have continued to make false invest-
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Figure 1 Short-run Supply Curve for Tanker Shipping Services
Source: [8]
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ment decisions throughout history. This can be defined 
as the ‘zero memory’ characteristics of shipowners [20]. 
Investors’ decisions to focus on their own intuition and 
on the movements of their competitors rather than follow 
market trends has led to repetition of mistakes made in 
the market cycle [14]. 

When considering the near-time cycles in the bulk 
market, it can be seen that the demand for dry bulk ship-
ping at the beginning of the new millennium was quite sta-
ble and was mostly based on coal trade. This has changed 
with China returning as the biggest steel producer and 
increasingly demanding iron ore at a pace that market 
players could not predict. Between 2003 and 2008, bursts 
in freight and time charter rates were mainly due to the 
extraordinary increase in China’s iron ore imports. As a 
result, investments in new vessels have accelerated since 
2003. Nevertheless, the increase in demand for China’s 
raw material continued to exceed expectations and con-
tinued to heat up the market, causing port congestion. The 
latter reduced the productivity of the fleet and caused the 
freight market to be affected positively. It was followed by 
suppliers at longer distances that entered the market to 
export raw materials to China, thus influencing the global 
freight market positively [12].

In recent years, the patterns of trade in the freight mar-
ket are dominated by east–west trade. The increase of the 
importance of Asian trade in the world also strengthens 
this pattern. Shifting production activities from the west 
to the Asian region and outsourcing from this region have 
led to raw material transport to the Asian region. Thus, 
the Asian region has become one of the most important 
actors in the bulk cargo market [16]. In terms of freight 
rates, supply–demand balance in the dry bulk market in 
recent years has been shaped in favour of the shippers by 
pushing shipowners to poor earnings [12]. In other words, 
the bargaining power of the shipper is higher than that of 
shipowners in the freight market [10]. 

It is relatively difficult to monitor the bulk freight mar-
ket, because it is close to the perfect competition market. 
Therefore, an index named the Baltic Dry Index was estab-
lished in 1985 as a follow-up to the prices in the bulk mar-
ket, and has gained importance as a demonstration of the 
maritime industry. The BDI reflects changes in dry bulk 
freight transport in different segments as a component 
indicator [1]. It covers dry bulk shipping rates and pro-
vides an assessment of the price of moving the major raw 
materials by sea. The index consists of 26 shipping routes 
measured on a time charter and voyage basis [7]. In addi-
tion, the maritime markets, and especially the dry cargo 
market, have an extremely volatile structure because they 
are highly influenced by global developments. Therefore, 
BDI is accepted by many analysts as an early sign of global 
trade and economic activities [5]. 

In the above section, we have briefly evaluated the for-
mation of market and freight rates. In the section below, 
we shall provide a brief review of China’s position in the 
world trade. 

3 China in International Trade

China has been the most dynamic trading nation in 
the world since 1978, when it initiated economic reforms 
[22]. Since opening its doors in 1978, it has not only been 
the fastest growing economy, it has also been a very large 
exporter and the center of a large part of Foreign Direct 
Investment (FDI). It has become the world’s workshop 
[18]. China entered the World Trade Organization (WTO) 
in 2001 to capture more opportunities in the international 
market. These new opportunities emerged mainly in the 
field of labor-intensive production of high-tech products. 
The reason for China’s export boom after entering the 
WTO is that it offers competitive prices in the internation-
al market due to cheap labour. Additionally, factors such as 
rapid participation in the production process and strong 
demand from the world have also been leading to an ex-
port boom [22]. With all these developments, the Chinese 
economy has taken its place among the top economies by 
steadily increasing its share in world trade, and it has be-
come one of the main demanders of maritime transport 
services.  China’s share of the world trade volume rose 
from 2% in 1985 to 12% by the year 2015 [19]. 

 When the countries ranked in the top 10 in 2016 by 
export value, import value and total value are examined, 
it can be seen that China is in the forefront of exporting 
countries with the highest export of 2097 billion dollars in 
2016, followed by the USA with 1451 billion dollars. The 
difference between the two countries is about $ 600 billion 
dollars, indicating how China has become a production 
factory for the world economy. When import values are ex-
amined, the US tops the list with 2250 billion dollars, fol-
lowed by China with about 1588 million dollars. The two 
countries are close in terms of total trade volumes. The US 
reached 3701 billion dollars, passing China with a slight 
difference of $ 16 billion dollars. China, on the other hand, 
reflected its strong position in the world economy by hav-
ing a difference of nearly 1300 billion dollars to Germany, 
the closest country on the list [19]. The data assist us to 
understand China’s position in the world economy, and as 
Stradenes [16] has stated, demand for maritime logistics 
is directly affected by world economic activity. Therefore, 
the impact of the Chinese economy on the maritime mar-
ket is inevitable when considering trade volumes. 

In the next sections, the methods used in this study 
have been briefly introduced and a research model 
presented.

4 Methodology

Correlation and regression analyses have been applied, 
in line with the objectives of the study. The directions and 
powers of relations have been determined by correlation 
analysis, and the econometric relationship has been mod-
eled by regression analysis. Correlation analysis is impor-
tant to understand how the variables move in relation to 
each other. The direction and strength of these relations 
allow, theoretically, to make inferences. However, they are 
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insufficient to understand whether or not a variable af-
fects the other variable or how it affects it. At this point, 
regression modeling is one of the most widely used simple 
econometric methods. They have been used to model rela-
tionships and to define the coefficients of relationships to 
develop policies. In this section, these two methods have 
been briefly mentioned.

4.1 Correlation analysis

A number of correlation analysis techniques are avail-
able in econometrics. The fields of use vary according to 
the distributions of the data. One of the most common 
methods used in normal distribution data is the Pearson 
technique. Pearson’s correlation coefficient R is a meas-
ure of the strength and direction of the linear relationship 
between two variables. It is defined as the covariance of 
the variables divided by the product of their standard de-
viations. The absolute value of Pearson’s correlation coef-
ficients is not larger than 1. Correlations equal to 1 or -1 
correspond to data points lying exactly on a straight line 
[4]. The formula for the Pearson correlation has been pre-
sented below.

  

 

(1)

After Pearson’s correlation coefficient is obtained by 
(1), the t statistics of the coefficient should be calculated 
to determine whether the coefficient is significant or not. 
The calculated t value by (2) is compared with the table 
values of the t-distribution. If it is larger than the critical 
value, the coefficient is significant. 

 
(2)

4.2 Regression analysis

Regression analysis is concerned with the study of the 
dependence of one variable on one or more independent 
variables. The explanatory variables attempt to explain 
the dependent variable. The results gained after analysis 
have been used for estimating and/or predicting the mean 
or average value of the former in terms of the known or 
fixed values of the latter [9]. A simple model of the re-
gression equation is presented in (3). Yi is the dependent 
variable of the equation; β̂1 is the predicted constant of the 
equation; and β̂2  is the predicted coefficient of the inde-
pendent variable Xi. Lastly, ûi is the residual that cannot be 
explained by the existing model. Equation (4) presents the 
calculation of the coefficient of the independent variable, 
and (5) presents calculations of the constant coefficient. 
Significances of the coefficients are calculated by (6). 

Yi = β̂1 + β̂2Xi + ûi (3)

 
(4)

β̂1 = Y
_
 – β̂2 X

_
 (5)

tstat(β̂2) = β̂2 /se(β̂2) (6)

lnYi = ln β1 + β2lnXi + ui (7)

The log-log regression model (7) has been used for our 
study. One attractive feature of the log-log model, which 
has made it popular in applied work, is that the slope co-
efficient β̂2 measures the elasticity of Y with respect to 
X, that is, the percentage change in Y for a given (small) 
percentage change in X [9]. In addition, using logarithmic 
values in data makes them a continuous series. The theo-
retical model of the study has been explained in the next 
section.

5 Research Model

The research model is based on the supply–demand 
relationship developed by Koopmans [11]. It examines 
the effects of China on the maritime market, assuming 
that China, which is one of the world’s largest economies, 
forms the demand side of this relationship. The world’s 
fleet is considered as the supply side, while the sum of 
China’s total export and import values is considered as 
the demand side. As mentioned in the literature, the sup-
ply and demand sides are in a continuous interaction, and 
this interaction derives freight rates. As shown in Figure 
2, an increase on the demand side has a positive effect on 
the freight rates, while an increase on the supply side has 
a negative effect.

The theoretical basis of the research has been present-
ed in the form of curves as shown in Figure 3. The supply 
side cannot respond quickly to the increase in demand in 
the short run. Therefore, when there is a sudden increase 
in demand, the curve shifts to the right (D1 to D2) and 
freight rates increase (P1 to P2). However, in the long run, 
the supply side increases, shifting the supply curve to the 
right (S1 to S2) and bringing the freight rates to a lower 
level (P2 to P3). This has led to shipping cycles of different 
lengths and characteristics. It is very important for mari-
time stakeholders to position themselves in the market ac-
cording to these cycles. For this reason, it is necessary to 
understand the effects of macroeconomic variables on the 
market well.

The hypothesis of this study in this framework consists 
of two assumptions. First, it is assumed that the increase 
in China’s trade volume will have a positive impact on the 
BDI. Second, it is assumed that the increase in the world 
dry bulk fleet will have a negative impact on BDI. 
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As a result, the econometric model of the study has 
been established with these variables in this framework.

6 Results and Discussion

Descriptive statistics of the data set to be used in the 
analysis have been presented in Table 1. BDI has been cal-
culated by taking the annual average of daily data of the 
variable. The highest value was 7,070 in 2007, and the 
lowest value was 673 in 2016. The FLEET variable rep-
resents the total dry bulk fleet in the world. The highest 
value of the dry bulk fleet was 778,889 thousand dwt in 
2016, and the lowest value was 218,518 thousand dwt 
in 1985. CHINA, the third and last variable, represents 
China’s total value of commodity exports and imports. The 
highest value of trade volume was $4,300,000 million in 
2014, and the lowest value was $69,600 million in 1985. 
All the series have been converted to logarithmic series 
in order to make them continuous, and to calculate their 

elasticity as mentioned in the methodology section. In the 
next step, the unit root test has been applied to the series. 
The following table also contains descriptive statistics for 
the stationary series that have been obtained after the unit 
root test. 

Unit root testing before commencing econometric 
analysis with time series is crucial for the reliability of the 
results. This follows because, if the series contains the unit 
root, the end results will be inevitably spurious in regres-
sion equations. The results of the correlation analysis will 
also induce misleading inferences. For this reason, the se-
ries should be stationary by removing the unit root from 
them. Therefore, the ADF (Augmented Dickey-Fuller) test, 
which is one of the most common methods used in the 
unit root test, has been applied to the data to be used in 
our analysis. 

When the values in the level have been checked, it 
has been determined that the t values of all the series are 
smaller than the critical values, and thus the series con-
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tain unit roots. In order to remove the unit root, the dif-
ference-taking process has been applied to the series. As a 
result, the BDI and CHINA variables have become station-
ary when the first differences have been taken. The FLEET 
variable has become stationary when the second differ-
ence has been taken. Thus, the series have been purified 
and prepared before the econometric analysis. 

Visualizations of the stationary situations of the se-
ries to the BDI variable, which is the dependent variable 
in the analysis, have also provided the idea of the relation-
ship between them. When Figure 4 has been examined, 
the negative relationship between BDI and FLEET, and the 
positive relationship between BDI and GDP, can be easily 
determined. At this point, the correlation analysis for the 
direction, intensity, and econometric significance of the 
relationship between them will be appropriate. Therefore, 
the correlations between the variables have been exam-
ined in the next step.

One of the most important points to note when per-
forming the correlation analysis is the distribution of the 
series. As can be seen from the Jarque-Bera statistics in 
Table 1 and the distributions at the edges of the graphi-
cal representations, all the series have shown normal 
distribution characteristics. Pearson correlation analysis 
has been applied for this reason and according to these 
results there is a significant medium degree of positive 
correlation (0.633) between the BDI and CHINA variables. 
However, there has been a weak insignificant correlation 
(-0.201) between BDI and FLEET. Nevertheless, it has sug-
gested that the relationship is negative and supports our 
research model. In the next step, the regression analysis 
has been applied to determine the significance and power 
of the econometric relationship between variables.

The equation for the regression analysis is set as fol-
lows. In the model, BDI is considered as a dependent 
variable and CHINA and FLEET as independent variables. 
After the research model has been established, the analy-
sis of the data by regression analysis has been introduced.

Table 1 Descriptive Statistics of the Variables

 Observations
BDI FLEET CHINA DlnBDI DlnFLEET DlnCHINA
32 32 32 31 30 31

 Mean 1933.734  359708.9 t 1350000 m -0.009596 -0.000610  0.128045
 Median 1369.998  280189.3 t 492000 m -0.058493  0.001543  0.161738

 Maximum 7070.256  778889.5 t 4300000 m  0.833368  0.093415  0.315444
 Minimum 673.1200  218518.1 t 69600 m -0.892940 -0.049625 -0.149403
 Std. Dev. 1530.540  174400.4 t 1490000 m  0.386240  0.032084  0.114744

 Skewness 2.135771  1.370588 0,874200  0.150969  0.559959 -0.460558
 Kurtosis 7.014042  3.494231 2,179345  3.054525  3.701244  2.769704

 Jarque-Bera 45.81147  10.34441 4,973833  0.121596  2.182449  1.164424
 Probability 0.000000  0.005672 0,083166  0.941013  0.335805  0.558661

*t refers to thousand deadweight tons, m refers to billion dollars

Source: [3], [17], [19]
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Figure 4 Graphical Display of the Relationship between the Dependent 
and Independent Variables 

Source: Authors

∆LnBDIi = Lnβ1 + β2∆LnCHINAi + β3 ∆LnFLEETiui

The output of the regression analysis has been pre-
sented in Table 2. When the results of analysis are inter-
preted, the model is significant as a whole according to the 
probability of the F statistic. In addition, two independent 
variables, including the constant variable, are significant 
according to their probabilities. In addition, changes in 
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the independent variables account for about 53% of the 
changes in the dependent variable. When the regression 
coefficients are interpreted, it has been determined that 
the 1% change in China’s trade volume causes a 2.54% 
change in the Baltic Dry Index. Moreover, a 1% change in 
the total dry bulk fleet volume causes a -5.66% change 
in the Baltic Dry Index. However, in econometric models, 
some tests have to be applied to residuals of the model to 
test the robustness of the results. To test these robustness 
assumptions, several tests, including autocorrelation, se-
rial correlation, heteroscedasticity and a normal distribu-
tion, have usually been applied.

The first test to be applied to residuals is the autocor-
relation test. For the autocorrelation test, 16 lags have 
been selected; the null hypothesis of this test assumes 
that residuals do not indicate autocorrelation problems. 
According to the test results, the null hypothesis cannot 
be rejected at all lags. Another test applied to residuals 
is the LM test, which is a serial correlation test. The null 

hypothesis of this test has assumed that residuals do not 
contain serial correlation problems. While large samples 
have been evaluated according to Chi-Square probability, 
small samples, such as ours, have been interpreted accord-
ing to the F probability. According to the results obtained, 
the null hypothesis cannot be rejected (p=0.772) as it is in 
the autocorrelation test. Heteroscedasticity test has been 
used to test the assumption that there has been no chang-
ing variance. The null hypothesis of this test has assumed 
that there has been no heteroscedasticity in the residuals. 
As mentioned above, we have a model with small sam-
ple characteristics, and an evaluation should therefore be 
made according to the F statistic. According to the prob-
ability value of the F statistic the null hypothesis cannot be 
rejected (p=0.84).

The final test applied to residuals is the Jarque-Bera 
test, which has tested whether the variables have nor-
mal distribution characteristics. The null hypothesis of 
this test has assumed that the residuals show normal dis-

Table 2 Regression Model Equation Results

Dependent Variable: DlnBDI
Variable Coefficient Std. Error t-Statistic Prob.

C -0.336827 0.076598 -4.397343 0.0002*
DlnCHINA 2.544393 0.449676 5.658276 0.0000*
DlnFLEET -5.187433 1.625497 -3.191290 0.0036*
R-squared 0.561045 F-statistic 17.25488
Adjusted R-squared 0.528530 Prob (F-statistic) 0.000015*
S.E. of regression 0.268131 Sum squared resid 1.941143

Significance levels = * 1%

Source: Authors
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tribution properties. According to the results the prob-
ability of Jarque-Bera (0.818) is greater than the critical 
value of 0.05, and in this case the null hypothesis cannot 
be rejected.

According to the results of the robustness tests, the 
residuals of the model have met all the necessary as-
sumptions. There have been no autocorrelation, serial cor-
relation, heteroscedasticity, and residuals that have shown 
normal distribution characteristics. As a result, the model 
is suitable for economic interpretations in the direction of 
the objectives of the study.

It has been determined that a 1% change in China’s 
trade volume has caused a 2.54% change in the Baltic Dry 
Index, and a 1% change in the total dry bulk fleet volume 
has caused a -5.66% change in the Baltic Dry Index. These 
coefficients have indicated that freight rates are more sen-
sitive to changes in the supply side. It is possible to un-
derstand why the dry bulk market has collapsed after the 
global economic crisis in 2008, when it has been examined 
in Figure 5 beside the obtained coefficients. Until 2008, 
the trend of variables, which generally follow a parallel 
course, has been differentiated from this year. As the slope 
of the fleet variable has become even steeper, the rate of 
increase of the demand variable declined and then fell. 
Considering that the change in demand would increase 
the freight rates by 2.54%, while the change in supply 
would decrease by 5.66%, it is not difficult to understand 
why the market has collapsed after 2008. 

The dry bulk freight market has characteristics similar 
to a perfect competition market. There are many buyers 
(shippers) and sellers (shipowners) in the market, and 
no participant alone has the power to influence the price 
(freight rate). The freight rate is formed by the balance 
between supply and demand and the bargaining power 
of the parties over each other, according to market condi-
tions. The classical supply and demand model has been 
adapted and used in line with the objectives of this study. 
China’s trade volume has been regarded as the demand 
side of the model. It has been one of the biggest economies 
in the world, and has recently caused a boom in the freight 
market. As for the supply side of the model, dry bulk fleet 
has been selected because China has been considered a 
production center for the labor-intensive phase of high-
tech products hence the import of raw materials would be 
high for this kind of activity. The BDI has been accepted as 
the indicator for the price formed by the equilibrium be-
tween supply and demand. The hypothesis of the model 
has been developed as follows: China’s trade volume has a 
positive impact on freight rates, and dry bulk fleet size has 
a negative effect on freight rates. The results of the imple-
mented regression analysis have shown that a 1% change 
in China’s trade volume has caused a 2.54% change in the 
BDI. Moreover, a 1% change in the total dry bulk fleet vol-
ume has caused a -5.66% change in the BDI. The directions 
of these coefficients have been found to be appropriate to 
maritime theory. In addition, it has been found that freight 
rates are much more sensitive to changes on the supply 
side (5.66>2.54).

At this point, shipowners cannot be very influential 
on the demand side, but the supply side is partly under 
their control. Of course, it is necessary to offer extra car-
rying capacity to the growing trade volume requirement, 
but the desire to earn too much in the short run with new 
investments is eliminating the long-term gains. Apart from 
trying to gain more by increasing the carrying capacity im-
mediately when gains are increased, investors should aim 
to achieve sustainable gains in the long run by cooperating 
with maritime economists, policy makers, and other mari-
time stakeholders.

7 Conclusions

This research aims to contribute to current maritime 
economics literature by assuming China as one of the 
main demand sources of maritime transport. Thus, freight 
rates have been modeled on the Chinese situation, prov-
ing how macro variables are influential in the maritime 
market. In this regard, maritime stakeholders should 
position themselves according to these developments, 
reducing risks from uncertainty and providing sustain-
able growth. Although the validity of the classical freight 
model has been questioned by many researchers, the re-
sults obtained in this research through Chinese economy 
can clearly reveal the reasons of supply-side market fluc-
tuations. In addition, it has been thought that the fact that 
there is no empirically similar study in the literature has 
increased the originality and contribution of this research.

In future researches, other major economies of the 
world can also be included in the model. Alternatively, the 
supply–demand balance can be examined in terms of the 
tanker market, which can be also regarded as an indicator 
of global economic activities. 
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