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Abstracts 

 

Title of Research paper: Freight Forecasting of Dry Bulk 

Market Based on the BP Neural 

Network 

Degree M.Sc. 

 

The research paper is focus on the volatility factors of dry bulk market with a 

short-term prediction of BDI in 2012. Along the globalization is forming rapidly, the 

classifications of different industries is becoming more and more clear, relatively, 

more and more activities are bumping out. Shipping is no more than other kinds of 

transportation; it has been developing along the development of economy and worked 

for world economic activities. It has a strong relative with world economy changes, 

and it always changed periodically. As one of the most important part of world 

shipping industry, the dry bulk market is well known for its large risk and turbulence. 

To achieve the mentioned goal, the paper will first analyze the dry bulk shipping 

market based on the grey relation analysis. Started with the relationship of elements of 

fluctuation of dry bulk market, and then, using the Gray Relational Analysis to 

discuss the relevance of them. The thesis will analyze their relationship with four 

elements: world economic, capacity supply, freight (BDI) and shipping cost (fuel 

prices). Secondly, to forecast the dry bulk market base on the BP Neural Network. 

Finally, based on the above result, make a short-term prediction of dry bulk market.  

 

KEYWORDS: Dry Bulk Market, World Economic Market, BDI, Seaborne Trade, 

Capacity Supply, Grey Relational Analysis, BP Neural Network 
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Chapter 1 Introduction 

1.1 Background 

Along the globalization is forming rapidly, the classifications of different industries is 

becoming more and more clear, relatively, more and more activities are bumping out. 

Shipping is no more than other kinds of transportation; it has been developing along 

the development of economy and worked for world economic activities. It has a 

strong relative with world economy changes, and it always changed periodically.  

 

As one of the most important part of world shipping industry, the dry bulk market is 

well known for its large risk and turbulence. It is characterized with diversities and 

complications. The year of 2008 is the best argument. Since December, 2008, the 

financial crisis and economic recession dominated the international community, 

which put strong pressure on maritime sector. Specifically, from May 20
th

, 2008 the 

BDI of 11793 points jump to 663 points on December 5
th

, 2008, which the decline 

rate of 94%.  

 

Before the 1980s, the developed countries import raw materials from developing 

countries, while, export manufactured goods to them, while, now is just the opposite. 

This change makes it rely on China's oil; coal importing countries such as South 

Korea and Japan have to turn to the Middle East, Australia, Africa to import the 

needed energy and resources, which leads to the change of the structure of cargo flow 

and maritime demand. Shipping same as other modes of transport is a derived demand. 

It derivative from the national economic development and services for the 

international trade, so that shipping development has high relevance with the 

development of world economy, and presents certain periodicity. 
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As an important part of the shipping market, international dry bulk shipping market 

due to its many types of goods, variety of goods production cycle, transport means 

each are not identical, and suffering from the world economic and political 

environment, economic geography, development level of economic and industrial 

structure characteristics and other factors. Dry bulk market is a fully competitive 

market, which is recognized as one of the most volatile of transport market. To 

analysis the volatility and cyclical change of dry bulk market, must start with the 

two-way analysis of economic market and shipping market. Market analysis is 

necessary, because all of the market is rapidly changing.  

 

Because all of the market is vary from minute to minute. Only to raise not only not 

rise or drop down of the market will inevitably does not exist. Just in the rising and 

falling market, adventurer receive stimulation, speculators find opportunities, the 

operator of the ship get exercise, which lead the whole shipping industry make 

optimization and development. To the owner of the ship, in the changing market, a 

decision may help them to be nouveaux riches overnight, may also make it instantly 

go bankrupt. Therefore, the most popular topic of the shipping industry is" When and 

why did the dry bulk shipping market change?" 

1.2 Objectives of the Study 

All the markets are changeable; one decision could make a great difference. Therefore, 

the first objective of the paper is to investigate the volatility of the dry bulk market. 

The second objective is to find the impact factor of the fluctuate market through the 

market periodical theory. It will be very helpful for analyze the market nowadays. The 

third objective of the paper is to predict the dry bulk market in a short-term through 

the above study. 
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1.3 Methodology 

The purpose of the paper is to analyze the fluctuation of dry bulk market and predict 

the market in a short term. To achieve the mentioned goal, the paper will first analyze 

the dry bulk shipping market based on the grey relation analysis. Started with the 

relationship of elements of fluctuation of dry bulk market, and then, using the Gray 

Relation Analysis to discuss the relevance of them. The thesis will analyze their 

relationship with four elements: world economic, capacity supply, freight (BDI) and 

shipping cost (fuel prices). Secondly, to forecast the dry bulk market base on the BP 

Neural Network with the tool called Matlab. We choose the BDI to reflect the 

situation of dry bulk market to make the prediction. Finally, based on the above result, 

make a prediction of dry bulk market in short-term. 

1.4 Outline of the Paper 

Chapter 2, literature review, intends to overview relevant research papers on the dry 

bulk market and the application of theory of Wavelet Analysis. Chapter 3, analysis 

of the volatility of dry bulk market. In this chapter, four elements will be presented 

and analyzed for the fluctuation of dry bulk market. Chapter 4, analysis and 

prediction of the dry bulk market based on the BP theory of wavelet analysis. 

Use the BDI data from 2011/01/04 to 2012/04/25, totally 327 group data to do the BP 

neural network. According to this result, analyze the periodical changing rule and 

frequency of historical dry bulk market and make the prediction in short term. 

Chapter 5, conclusions. The summary of findings and limitations of this study. 
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Chapter 2 Literature Review 

2.1 Researches on Dry Bulk Market 

Seaborne trade is an essential component of world economic activities. As the dry 

bulk market is the main market of seaborne trade, dry bulk market has some relevance 

with world economic. Lundgren (1996, p. 5), ‘in many of the efforts made to explain 

economic growth, revolutionary improvements in transport technology have often 

been pointed out as a key factor’. In addition, he reviewed the relationship between 

bulk trade and maritime transport costs and pointed that improved shipping 

technology and reduced transport costs have encouraged world bulk trade.   

 

Along the globalization is forming rapidly, the classifications of different industries is 

becoming more and more clear, relatively, more and more activities are bumping out. 

Shipping is no more than other kinds of transportation, it has been developing along 

the development of economy and worked for world economic activities. In certain 

extent, the shipping’s periodicity reflects the cycle of world economic. Stopford (2009) 

investigated the market in last three decades. The result showed that the ups and 

downs of the market interact to the demand and supply. Demand for shipping directly 

affected by the economic and trade development, while, the supply of shipping has its 

own characteristics, such as ship price elasticity of supply is weak, and it increases 

and decreases have the significant hysteresis quality.   

 

Among all the shipping market, the dry bulk is the most volatile one for its risky 

time-varying freight. Discussions on the freight and other time-vary behaviors of dry 

bulk market have been studied by plentiful researches. Köhn and Thanopoulou (2011) 

made an assessment of a quality segmented charter market with dry bulk time–charter 

rates (Panamax) from 2003-2007, which is the shipping boom period, through 

generalized additive models. The results pointed that freight differentiation has 

become visible in booming markets with high freight rates. They also quantified 
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quality in many places such as place of delivery, charter length and days from forward 

to delivery, as well as for vessel size and consumption. Xu, Yip and Marlow (2011) 

through two steps, which are measuring freight rate volatility and analyzing the 

relationship between freight volatility and fleet size growth, to emphasize the 

relationship between the time-varying volatility of dry bulk freight rates and the 

change of the supply of fleet trading in dry bulk markets. Kavussanos and Alizadeh 

(2002a) investigated the expectations hypothesis of the term structure in the formation 

of period rates, which requires long-term charter rates to be a function of a series of 

short-term contracts within the life of a long-term contract and used a battery of tests 

to examine the validity of the expectations hypothesis for a variety of size categories 

and different length charter rates. Kavussanos, Visvikis and Batchelor (2004) 

investigated the impact of the introduction of Forward Freight Agreement (FFA) 

trading on spot market price volatility in two panamax Atlantic and two panamax 

Pacific trading routes of the dry-bulk shipping industry and found that only in voyage 

routes may the reduction in volatility be a direct consequence of FFA trading. 

 

Besides, the market has other variables called ‘noise’ such as seasonality.  

Kavussanos and Alizadeh-M (2001) investigated the nature of seasonality in dry bulk 

freight rates, and measures and compares it across freight rates of different vessel 

sizes, contract duration and market conditions. The result indicated that the larger 

vessels suffering the higher seasonal fluctuations than smaller vessels in spot rates 

section. Besides, for each vessel size, the seasonality declines or ups depend on the 

contract duration and different market conditions. 

2.2 Difference Forecasting of Dry Bulk Market 

The dry bulk market is the most challengeable market for its risky freight rate, which 

is a big issue to understand or control, so the forecasting of dry bulk market is much 

important for investors who own or operate vessels. To a lesser extent, some 

researches tend to lack mathematic method to analyze the historical data, relying 
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instead on describing situation only. For example, Wei (2010) described that from the 

demand of dry bulk shipping, the growth in the second half of the year will be less 

than the first half. While, the changes in the structure of trade lead to the growth of 

maritime mileage will extend the vessel’s turnaround time, and the excess capacity is 

the most negative impact on the market. In addition, Wang and Liu (2010) got the 

conclusion that the situation in 2010 will be better than 2009 after summing the data 

from situation of world and China economic, the demand of steel and iron ore, and the 

supply of capacity in the market. 

 

More researches focus on the prediction with using the mathematic model in earlier 

time. Article by Veenstra and Franses (1997) developing a vector autoregressive 

model to a sample of ocean dry bulk freight rates. Evidence provided by cointegration 

tests points to the existence of stable long-term relationships between the series even 

though they are found to be non-stationary and an assessment of the forecasts derived 

from the model suggests that the specification of these long-term relationships does 

not improve the accuracy of short- or long-term forecasts. Glen and Martin (2004) did 

the similar but more entirely research on modelling the behaviour of demand, trying 

to test assumptions about expectations, testing for conditional heteroscedasticity, 

examining seasonality, and trying to model the behaviour of ship prices. Jiang (2009) 

applied the BP filter method chosen to decompose BDI into cycle and tendency. The 

result showed that in the dry bulk cargo shipping market long term periodical 

fluctuation stay with the short term periodical fluctuation.  Latterly, the fuzzy time 

series method is widely applied. Duru (2012) developed an improved fuzzy time 

series method via adjustment of the latest value factor and previous error patterns. He 

applied fuzzy integrated logical forecasting (FILF) and extended FILF (E-FILF) 

algorithms for short term forecasting purposes. The empirical result of the Baltic Dry 

Index (BDI) indicated the superiority of the proposed approach compared to 

conventional benchmark methods. Similarly, Duru, Bulut and Yoshida (2012) did the 

research to improve the fuzzy logical forecasting model (FILF) by utilizing 

multivariate inference and the partitioning problem for an exponentially distributed 
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time series by using a multiplicative clustering approach. Besides, fuzzy time series 

(FTS) shows its superiority more frequently with a growing study field in computer 

science. 

2.3 The Application of BP Neural Network 

After decades of development, has formed hundreds of artificial neural network. In 

1974, P. Werbos in his doctoral thesis presented a first for multilayer network 

learning algorithm, but the algorithm does not receive enough attention and wide 

application. Until the 1980s, David Runelhart, Geoffrey Hinton and Ronald Williams, 

David Parkr, and Yannn Le Cun were discovered BP algorithm independently. In 

1986, the United States of California PDP (parallel distributed procession) group has 

published a book called Parallel Distributed Processing, which used the algorithm in 

neural network research, to make the multilayer neural network learning algorithm BP 

algorithm famous. The algorithm to train the neural network, called the BP neural 

network. 

 

According to experts in the relevant research written by Jin (2001), BP the research 

current situation of the network can be divided into three categories: parameter 

improvement research; merged with other optimization algorithm; topology 

optimization. 

 

Improvement of the parameters of mainly includes adding momentum item, improved 

error function, parameter self-adjusting, the selection of original weight and improved 

activation function. 

 

Have been some researches, obvious effect with wide application is the" adding 

momentum item", increase the momentum can play a damping role in the adjustment 

of the time t. Pearlmutter (1992) said that when the error surface appear suddenly ups 

and downs, we can reduce the oscillation trend to improve the training speed. On the 
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basis of adding momentum, he introduced quadratic momentum into the BP network. 

While, we can see there is another way to improve BP network called improved error 

function. The error function of the standard BP algorithm is the absolute value in the 

form of this absolute form of the error function is difficult to effectively describe the 

sample precision, leading to poor network convergence speed. The major 

improvements: Veenstra and Franses (1997) presents a new type of relative 

errorfunction, and Gibb (1996) putted the absolute accuracy and relative accuracy to 

describe the training error. The learning rate is a key factor to affect the convergence 

rate, has a major impact on the success or failure of the BP algorithm. The learning 

rate is actually a step along the negative gradient direction. The learning rate is too 

small to make training an increase in the number of flat areas, so that have to increase 

the value of learning rate. Better idea of the learning rate is increase or decrease at the 

right time. Now proposed view about method gradually smaller learning rate 

adjustment method from Liu (2005), and the use of linear adaptive variable step size 

from Deng and Sun (1993). Dong (2000) and Yan (2000) both of them study the 

initialization of the weights. Initialization of the weights has a great influence on the 

pros and cons of the BP neural network training results. If the initial weight value is 

too large, the Sigmoid function will be saturated at the beginning of the training, the 

network into local minima near the initial point of priority. Generally, the connection 

weights initialized to random numbers within the range of [0,1].  In the BP network 

hidden layer neurons often uses the Sigmoid function as the activation function. Use 

the Sigmoid function is easy to appear the" saturation" phenomenon, thus affecting 

the network convergence speed. Many experts introduce the improved methods: using 

derivative promotion approach, using a new activation function: the case of the 

hyperbolic tangent function, Gauss function, wavelet function from Wu (1996). Many 

researches studied put the other optimization ideas into BP neural network include: 

Genetic Algorithm from Holland (1997), Simulated Annealing from Kirkpatrick 

(1983), and Chaos Optimization Algorithm from Lin and Jiang (1997).  
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Li (1999) and Zhai (2003) introduced genetic algorithm in the BP neural network 

mainly used to optimize the initial weights, the BP neural network weights were 

randomly initialized and the error metric function to minimize the fitness value 

criteria genetic algorithm to optimize the search operation, after excellent individual 

(optimized weights) after evolutionary iteration. In Wang and Zhang (1998), they 

thought that important reason to improve BP neural network effectively is that 

simulated annealing algorithm, changed increase the capacity of "climbing" instead of 

original way to pursuit of error decreases blindly, which make the BP network can 

escape from the local excellent and the globally optimal. In the field of neural 

networks, chaotic optimization has been successfully used to solve the BP network 

weights optimization written by Tang and Zhang (1998). 

2.4 Summary 

From all the above researches, we can get several findings. First, dry bulk market is 

an essential component of shipping market and it is the most challengeable one for its 

risky freight. Second, there are plenty method to forecast the dry bulk market prospect. 

Third, the BP Neural Network has the obvious superiority on time series data.  

 

However, we can find the deficiencies easily. There were some researches studied on 

the cycling volatility relationship of dry bulk market and world economic market, 

while, the studies more focus on the qualitative research with lack of quantitative 

research. This Paper will use the Grey Relation Analysis to study this relationship，to 

find out the most important factor of fluctuation. After all, this Paper will apply BP 

neural network model into the prediction of BDI in the short-term from 2012. 
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Chapter3 Analysis of Correlation between the Dry bulk Market and 

World Economic Market 

3.1 Methodology 

3.1.1 The Method of the Grey Relational Analysis 

The Gray Relation Analysis scales the relevant degree of factors according to the 

similar or alien degree of the expansibility among factors, which points out the 

character and degree of dynamic relevancy. If the two elements have the similar 

expansibility, they have high degree of relevancy; otherwise, they have low relevancy. 

Therefore, the grey relational analysis provides quantitative measurement for the 

development trend of the changes of system, which, very suitable for dynamic 

analysis of the course. 

3.1.2 The Initial Factors Considered 

There are many factors affect the dry bulk market volatility, generally, it must be a 

positive factor make the dry bulk market rising, while, the weakness of the market 

caused by negative factors. Finally, under the force of various factors, dry bulk market 

suffering the volatility of the market. 

 

Based on this view, the paper initiate the study of the factors that affect the dry bulk 

market volatility with the discussion of the correlation between the factors. Mainly 

through the study of four areas: economic factors (unexpected events), capacity 

supply, capacity demand (seaborne trade) and policies (shipping costs). We can see 

the factors visually from Figure 1.  
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Figure 1 Factor of dry bulk market volatility 

Source: Own presentation 

These factors are determined by the following key indicators respectively. It is 

important to note that the paper used the Baltic Dry Index (BDI) to represent the 

situation of dry bulk market. While, the political factor is cannot be quantified easily, 

so this factor will be discuss in the later section. 

 

(1) BDI 

This paper, use the Baltic Dry Index to reflect the freight rate. In the international dry 

bulk shipping market, BDI published by the Baltic Exchange, can reflect the world 

dry bulk shipping market's general tariff level objectively with highly authoritative 

and representative. Therefore, BDI is known as the "barometer" of international dry 

bulk shipping market. 
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February 1st, 2012, BDI Index closed at 662 points to new lowest since December 5th, 

2008. BDI index hit a new lowest, mainly because the calculation has been adjusted. 

Began with July 1st, 2009, in order to promote derivatives trading, the Baltic 

Exchange used rent data calculation to the Baltic Dry Bulk Freight Index (BDI). BDI 

calculated the index of Baltic Capesize ship, Panamax, super Handymax and 

Handysize vessel charter market, each ship each accounted for 25% of the BDI. 

Specific calculation formula is: BDI = ((CapesizeTCavg + PanamaxTCavg + 

SupramaxTCavg + HandysizeTCavg) / 4) * 0.113473601. Previously, the calculation 

formula used by the BDI index is BDI = (BCI + BPI + BSI + BHSI) / 4 * 

1.1926213627. According to this formula, the BDI index of February 1st, 2012 should 

be 946 points. While, due to the limitations on the calculation and model, the paper 

ignored the calculation method of changes on the BDI. 

 

(2) Supply factor (fleet capacity) of the market:  

In this paper, deadweight (DWT) of world fleet to is used to reflect the capacity 

supply. The capacity of the dry bulk shipping market is in a certain period of time, all 

the carrier, in variety of freight rate, are able and willing to provide the amount of 

tonnage, that is, net dead weight of world fleet in a certain period of time. A period of 

international dry bulk ship supply is equal to the period of international dry bulk 

shipping market ship’s in possession minus the period of storage quantity. The 

indicators reflect the whole market capacity; the changes are affected by the amount 

of newbuildings and dismantling old boat. The increase of ship supply means that 

there is more intensive competition in the international dry bulk shipping market 

competition, which will have pressure on trend of market. 

 

(3) Demand of shipping：  

This paper adopts the dry bulk seaborne trade to reflect the demand of shipping. 

International dry bulk seaborne trade mainly include iron ore, coal, grain some big 

deal volume bulk cargoes and steel, cement, some parcel dry bulk cargoes. The 

indicator is the main driving force of development of the market, because there is a 
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demand to supply, ultimately, supply changes in the final analysis is by demand. 

Therefore, the change of index adumbrative the trend of market demands in certain 

degree. 

 

(4) Shipping cost： 

Factors affecting the dry bulk shipping costs, including fuel costs, port charges, crew 

labor costs. Among them, marine fuel consumption account for more than 25% of the 

fleet's operating costs has become the biggest factor constraining the profit of fleet 

operators and ship owners. Currently, in today's ship fleet the trend of large-scale is 

more and more obvious, with the increasing of the ship deadweight tonnage, the 

increase of large bulk carriers’ fuel consumption is quite huge. Therefore, the paper 

selected fuel prices to reflect the relative cost of shipping. 

3.2 Analysis of Relevance among the Fluctuations of Dry Bulk Market  

The paper evaluated international dry bulk shipping market volatility factor which 

mentioned above as the analysis of indicators, the sample for these indicators use 

1999-2011 annual growth ratio
1
. Growth of global GDP is used as world economic 

indicators; specifically indicator variable in Table 1.  

Table 1 Factors in the Grey relational analyze model 

Index Value  

BDI X0 

All Bulk World Fleet (10
6
 DWT) X1 

World GDP (year growth %) X2 

Dry Bulk Seaborne Trade (10
6
t) X3 

Worldwide Bunker Price ($/t) X4 

Note: Considering the port of Singapore is international famous supply port, so use the Singapore 

harbor 380CST price as a marine fuel prices. 

                                                 

1 Annual growth ratio of BDI in 1999 equals the value of BDI in 1999 minus the value of BDI in 1998. The same 

situation of all the data (X0, X1, X2, X3, X4). 
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Table 2 Index's value 

Year X0 X1 X2 X3 X4 

1999 335.00 -2.70 2.20 73.00 49.51 

2000 282.00 2.10 -0.20 258.00 56.90 

2001 -430.00 7.40 0.30 66.00 -25.60 

2002 -5.00 11.00 0.60 194.00 15.80 

2003 1552.00 6.30 0.70 185.00 23.10 

2004 1749.00 6.90 1.30 286.00 8.30 

2005 -1230.00 8.80 -0.30 217.00 81.60 

2006 -14.00 31.80 0.60 256.00 51.30 

2007 4013.00 12.60 0.20 263.00 59.60 

2008 -1182.00 33.40 -2.50 198.00 132.80 

2009 -3429.00 25.30 -3.60 -271.00 -133.70 

2010 116.00 40.40 5.90 607.00 92.20 

2011 -1235.00 79.20 -1.40 322.00 182.80 

Source: Clarkson SIN 2005 

 

Analysis steps: 

(1) Standardized (dimensionless): because of the different unit of the factors in the 

system of column data may affect the result of the calculation, it is not easy to 

compare or in comparison to get the correct conclusion, so in the grey correlation 

degree analysis generally have a standardized data processing based on the reference 

sequence as the reference point, the series standardization shown in table 3. 

Table 3 Standardization of data 

Year X0 X1 X2 X3 X4 

1999 1.00 1.00 1.00 1.00 1.00 

2000 0.84 -0.78 -0.09 3.53 1.15 

2001 -1.28 -2.74 0.14 0.90 -0.52 
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2002 -0.01 -4.07 0.27 2.66 0.32 

2003 4.63 -2.33 0.32 2.53 0.47 

2004 5.22 -2.56 0.59 3.92 0.17 

2005 -3.67 -3.26 -0.14 2.97 1.65 

2006 -0.04 -11.78 0.27 3.51 1.04 

2007 11.98 -4.67 0.09 3.60 1.20 

2008 -3.53 -12.37 -1.14 2.71 2.68 

2009 -10.24 -9.37 -1.64 -3.71 -2.70 

2010 0.35 -14.96 2.68 8.32 1.86 

2011 -3.69 -29.33 -0.64 4.41 3.69 

 

 (2) Series calculation including |X0(K)-Xi(K)|, max value, min value, and resolution 

ratio β(0<β<1, assumed β=0.5), shown in table 4。 

Table 4 Series of difference 

Year |X0(K)-X1(K)| |X0(K)-X2(K)| |X0(K)-X3(K)| |X0(K)-X4(K)| 

1999 0.00 0.00 0.00 0.00 

2000 1.62 0.93 2.69 0.31 

2001 1.46 1.42 2.19 0.77 

2002 4.06 0.29 2.67 0.33 

2003 6.97 4.31 2.10 4.17 

2004 7.78 4.63 1.30 5.05 

2005 0.41 3.54 6.64 5.32 

2006 11.74 0.31 3.55 1.08 

2007 16.65 11.89 8.38 10.78 

2008 8.84 2.39 6.24 6.21 

2009 0.87 8.60 6.52 7.54 

2010 15.31 2.34 7.97 1.52 

2011 25.65 3.05 8.10 7.38 

min 0.00 0.00 0.00 0.00 
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max 25.65 11.89 8.38 10.78 

 

The                       is 0,                       is 25.65.  

 

(3) Correlation coefficient ξi(k) calculation：a reference sequence of X0 with a 

plurality of comparison of the sequence X0，X1，...，Xn. The correlation coefficient of 

each reference sequence and comparative sequence in each time has the formula as 

follows, 

ξi(k)=
                                               

                                       
 

 

In the formula                       is the min value of the absolute 

difference;                       is the max value of the absolute difference. 

The results shows in the following table 5. 

 

Table 5 Calculation of correlation coefficient 

Year ξ1(k) ξ2(k) ξ3(k) ξ4(k) 

1999 1.00 1.00 1.00 1.00 

2000 0.82 0.85 0.86 0.54 

2001 0.84 0.85 0.85 0.77 

2002 0.88 0.99 0.99 0.64 

2003 0.89 0.90 0.89 0.63 

2004 0.98 0.98 0.98 0.56 

2005 0.90 0.94 0.96 0.45 

2006 0.93 0.93 0.90 0.58 

2007 0.89 0.89 0.91 0.46 

2008 0.93 0.94 0.90 0.71 

2009 0.94 0.86 0.87 0.69 

2010 0.93 0.89 0.89 0.84 
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2011 0.89 0.88 0.92 0.75 

 

(4) Calculation of correlation degree: because the correlation coefficient is the 

Relevance value of the reference sequence and comparative sequence in each time, so 

its number more than1, and the information is too scattered to conduct an overall 

comparison. Therefore, it is necessary to calculate the average value, as the 

correlation degree quantity of the reference sequence and comparative sequence. The 

correlation coefficient degrees ri of average value of Xi associated with X0 has the 

formula as:  ri=
 

 
∑       

   . 

 

(5)The results of the calculation： r1=0.90，r2=0.91，r3=0.93，r4=0.67, comparing with 

each value, the lager the value is, the higher the correlation degree is.  

 

The results show that the correlation degree r2 of variable X3 and X0, reached 0.93, 

descripting of the high correlation degree between the international dry bulk shipping 

trade volume and BDI. BDI is known as the "barometer" of the international dry bulk 

market, while the dry bulk seaborne trade is also a main index reflect the dry bulk 

market situation, so these two factors have a most closely correlation. The correlation 

degree of the BDI with the world economy and the shipping supply, reached 0.91 and 

0.90, respectively, a description of the world economy and shipping supply and BDI 

are highly related. In these four indexes, the correlation of the bunker price and BDI is 

slightly lower is 0.67.  

 

3.3 Analysis of the Factor of Dry Bulk Market Volatility 

3.3.1 Factor of Demand  

As mentioned previously, the international dry bulk shipping market demand is 

mainly derived from the composed of international trade, especially in China or other 
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developing countries has a large-scale production of raw materials and infrastructure 

needs. These demands account for very large proportion in the dry bulk market total 

demand. Therefore, the nature of dry bulk market demand determines it will be 

directly influenced by the international trade situation.  

 

Dry bulk market demand is derived. If a commodity or labor demand is caused by 

other goods or services demand, then the goods or services is a derived demand. 

International dry bulk trade led to the needs for long distance flows of goods, and in 

order to meet this demand, dry bulk shipping market emerge as the times require. The 

development of international trade depends on the world economy entirely, so the 

primary factor to influence of dry bulk market is the changes of world economy. The 

comparison of growth rate of dry bulk seaborne trade the global GDP also fully 

permitted the conclusion, shown in the figure 2. 

 

Figure 2 The relationship of growth rate of GDP and dry bulk seaborne trade 

Source: Arrangement according to Appendix I 

From figure 2, we can see that, when the world economic has strong incentive, 

international trade corresponding to rise rapidly, along with huge demand for shipping; 

when the world economy into recession, international trade shrinked, the shortage of 

cargo will depress the shipping market eventually. 
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3.3.2 Factor of Capacity Supply 

The products provided by the shipping supply is service, the production activities of 

the shipping companies are changes of shipping object’s space position, with no new 

substance is produced. Same as the service industry, production and consumption of 

dry bulk market supply are performed at the same time, transport the products cannot 

be separated from the production process and independent existence, this is the 

non-storage transport product, which determines the transport equipment can adapt to 

the dry bulk market demand changes through capacity increase or reduce. However, 

transport capacity growth due to the longtime of manufacturing ship lead to the 

growth of transport capacity has certain lag, cannot immediate reaction to the market. 

Therefore, many market participants will reserve a certain capacity to adapt to 

changes in market demand, it may probably adapted to the dry bulk shipping market 

demand growth opportunities, while, also may lead to the dry bulk market supply and 

demand imbalance, especially the risk of oversupply increases. 

 

From 2005 to 2007, global economy antibiosis’s in the round, international trade 

quantity rise steady. The world dry bulk demand gross achieves 29.93 billion tons, 

among them, grain transport capacity is relatively stable, which had little effect on the 

changes of market demand, the main factor leading to changes in market demand are 

iron ore and coal. In 2007, the global demand for coal transport about 7.7 billion tons, 

growing 4% by compared with 2006; global steel output exceeds 13 billion tons, 

growing 7.7%, resulting in increment of iron ore and steel dry bulk cargo transport 

demand about 0.75 billion tons, is the important factor of international dry bulk 

shipping market demand increasing. In this three years, the global dry bulk shipping 

market continued to brush new historical high, also continuously presents the ups and 

downs of change, high vibration amplitude is increased ceaselessly, in May, 2008 

reached the new highest, 11793 point. Under this positive environment influence, 

most shipping companies have strong confidence in the shipping market for next few 

years, leading a substantial increase in newbuildings orders. 
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Figure 3 Demand and supply of 2007 and 2011 

Source: Arrangement of Appendix I and Appendix II 

However, due to the American Subprime Mortgage Crisis eruption and then evolved 

into a global financial crisis, the global economic setback, coupled with the Chinese 

economy soft landing, shipping market also dropped into the" winter" period. In the 

past two years, there are a number of shipping companies unable to afford the high 

cost of newbuilding and giving up the order. However, with the shipyard has 

completed the new shipbuilding orders in 2010, 2011, there is still a large capacity 

swarm into the shipping market in 2010, 2011, and 2012. Coupled with the reduction 

of seaborne trade, the dry bulk market supply capacity is much greater than demand, 

specific conditions are visible in figure 3. Therefore, after a slight rebound in 2009, 

and then the BDI into a sustained downturn in 2010, reaching the record lowest at 647 

in February 2012. 
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Figure 4 Growth ratio of capacity and seaborne trade 

Source: Arrangement of Appendix II. 

The figure 4 showed that with the time flow, the trend of dry bulk capacity became 

linear growth, the capacity of the change trend and the shipping volume changes 

toward roughly the same tendency. Due to the shipbuilding cycle effects, capacity 

changes will lag behind the changes of seaborne trade. In 1998The financial crisis 

erupted, trade volume decreased, but the reductions of supply capacity reacted in the 

beginning of 2000. Nowadays, on the period of depression, the world trade and 

economic development to reach a peak in 2007, but the new ship order will shows 

effects in the shipping market supply until 2009. So the growth rate of fleet capacity 

has a periodic fluctuation, and the fluctuation is about two years lag behind growth of 

dry bulk market demand. This is related to need a longer production time in building a 

new ship. 

3.3.3 Factor of Economic 

As mentioned above, the derivative of dry bulk market determines the prosperity of 

the market is closely bound up with world economy even with region economy, so, 

economic development is one of the important factors of the international dry bulk 

shipping market. Since 2000, along with the recovery of global economy, dry bulk 

trade volume continued to show steady growth (from the above figure 2 can also be 
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seen). Especially since 2003, the United States of America Iraq war had driven the 

rapid growth of the United States’ economy. Under this situation, dry bulk market 

also produced positive change. In addition, China has always strong demand of dry 

bulk cargo, dry bulk cargo market gradually rise with shocks. However, with the 

outbreak of the Subprime Mortgage Crisis in the second half of 2007 of the United 

States, and then evolved became a worldwide financial crisis, which led to a 

significant drop of the growth of global economy, also makes the dry bulk market 

slump, entered "the cold winter". The contrast of growth rate of the world economy 

and the growth rate of dry bulk seaborne trade is shown in figure 5 specifically.  

 

Figure 5 World economic growth and dry bulk shipping growth changes 

Source: Arrangement of Appendix I and Appendix II. 

According to the figure 5, the world economy influence dry bulk market fluctuations 

mainly reflect in two aspects. One aspect is the internal mechanism, from world 

economic cycle fluctuation. The research shows that, in normal circumstances, the 

world economy in four to five years for a cycle. The periodic wave motion of 

economy leads to the development of shipping demand showing a periodic variation. 

In recent years, China’s economic development for dry bulk market impact is also 

growing, as a new global economy manufacturing center; China has become the main 

drive force of dry bulk market. China is still in the middle stage of industrialization, 

vigorously develop urban construction and the equipment manufacturing industry 
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makes China become the first importer for the iron ore and coal. The upgrading of 

consumption structure and upgrade of industrial structure are the key driving force of 

rising phase for China's current stage of economic periodic, which maintain the 

economic growth rate of around 10%, peaked at 14.2% in 2007. The contribution of 

world economy reached 27%, so China has become the key factor to drive the dry 

bulk market grow. However, with the beginning of the 2008, China's economic 

growth is slowing down; it made more disaster on the "winter" of the dry bulk market. 

 

Another influence aspect is reflected on the external economic impact or sudden 

events, such as the financial crisis, war and so on, which can be seen in figure 6. 

 

Figure 6 Historical data of BDI/BFI 

Source: Liu, Z.J. (2009) Research On the Fluctuation and Forecasting of International Dry Bulk 

Shipping Market Cycle Based On Wavelet Theory. And Own Presentation. 

On the other hand, the economic shock, with varying of periodic of economy, 

economic impact is sudden, which has more severely effect on shipping market. 
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Figure 6 shows the BDI fluctuations obviously, and the key point is given to describe. 

We can see that, every incident has a very strong influence on the dry bulk shipping 

market. From 1990 to 1994, there appeared 2 depressions. The background of these 

two depressed market is the situation in the Middle East instability leads to regional 

economic outlook instability caused the decline in demand. The two depressed have 

some features in common, such as the fluctuation of freight is mild, short cycle, 

coverage of regional. 

 

From 1997 to 1999, is the severe recession of shipping market. In this recession, the 

market has a dramatic fluctuation. The downside is under the background of the 

global economic growth slowdown, including the developing countries' economy to a 

soft landing, while, Southeast Asian financial crisis spread to the world caused this 

recession radically. The steel output of developed countries fell, and the grain import 

country bumper harvest, the volume of grain trade reduced, as well as the coal 

transport distance shortened and the delivery of new vessels caused large amount of 

unbalance of supply and demand, resulting the international dry bulk shipping 

demand in the lowest point in 2008 in the recent 5 years, from 1995 to 1999.  

 

At present, although it has been 4 years from the financial crisis outbreak in 2008, 

shipping market are still in a slump, and this sluggish market has an unprecedented 

volatility. The BDI index such as roller coaster in 2008 were completed from the 

highest, 11793 point tumbled to 663 points within one year; the dry bulk market 

amplitude nearly more than ten thousand points a short cycle. After 2008, the dry bulk 

market entered a continuous period of decline. The reason is that the American 

Subprime Mortgage Crisis evolved into a global financial crisis, almost all entities in 

the industry have been greatly affected, the global trade volume decreased especially 

changes of Chinese industrialization pattern leads the declined of dry bulk market 

demand. In 2010, abundant capacity inburst into the market would make this 

recession sustained extension. Besides, the new lowest in the 2012 the paper will 

discuss in the next section, so the Figure 6 did not reflect this situation. 
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Figure 6 shows that a sudden event always broke the whole market periodic 

fluctuations and then make a new cycle. 

 

Nevertheless, economic market for shipping markets has hysteresis effect. Take the 

financial crisis as an example shown in figure 7. 

 

Figure 7 Hysteresis influence of financial crisis to dry bulk market 

Source: Own presentation 

Due to the impact of the financial crisis on the real economy is gradually conduction. 

Firstly, the impact will reflect on macroeconomic and financial industry, and then 

have a negative impact on the real economy, leading to international trade decline, the 

indirect effects of the shipping market, and finally reflected in the shipping industry. 

Orders of vessels will interaction with the shipping market eventually, which leading 

to oversupply, the details will be mentioned in later chapters. Development or 

recession of world economy, usually have six-month time to reflect on the trade, 

while, international trade changes in demand for dry bulk market usually requires a 

year's time. In other words, demand of dry bulk market is lagging behind the world 

economic recovery or recession for about 1-2 years. Like the Subprime Mortgage 

Crisis erupted in the second half of 2007, but the BDI index hit a new highest record 

in May 2008, while, July began a rapid decline. The changes of dry bulk market 

Financial Crisis 

The Real Economy 

Seaborne Trade 

Macro-economy 

Dry Bulk Market 

The Order of Vessel 



26 

 

demand lagged less than a year. We should note that with the flattening of the world
2
, 

the rapid development of global industrial chain formation and communication 

technology, the lag of the international dry bulk market demand has shorter trend. 

3.3.4 Factor of Policy 

The development of world economy and trade, make shipping becomes an 

independent material production sector, at the same time the shipping industry is 

connected with different type of economy, different development level and the 

geographic location. It is extremely complex and the fierce competition of the 

international environment, each country and area government tried various protection 

policy in order to protect and develop the local shipping industry from the 

competition of international shipping market. England in the Falklands War also 

reflect the merchant is a part of the national military strength, so the development of 

shipping industry and supply influenced by national polity, government policy and 

military needs at the beginning. Therefore, shipping market development is not 

entirely a market behavior, for example, the revitalization plan of Chinese shipping 

industry, the government put the Warranty Policy. In fact, when the shipping market 

cannot fully digest the capacity of the case, promote the supply for the shipping 

market in long-term it may have a negative impact. 

3.4 Summary 

After the calculation of the correlation of various factors and international dry bulk 

market, world economy has a high correlation with the dry bulk market, so the world 

economic development is the primary impact of the international dry bulk shipping 

market demand. When the world economic has strong incentive, international trade 

corresponding to rise, along with huge demand for shipping; when the world economy 

into recession, international trade shrinked, the shortage of cargo will depress the 

                                                 

2 “Flattening of the world” this opinion is proposed by Thomas Friedman, in a book called “the World is Flat” 

which content is to analyze globalization, primarily about the early twenty-first century.  
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shipping market eventually. Analysis of this issue cannot be considered the cycle of 

dry bulk market is equal to the cycle of economic market simply, dry bulk shipping 

market ups and downs is determined by the interaction of demand and supply. In 

addition, it is necessary to note that the change of structure of commodity in 

post-industrial era, the economic incident, and the national policy factors should also 

be in account. Therefore, shipping market cycle is different from and economic cycle, 

there is certain uniqueness. 
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Chapter 4 Prediction of the Dry Bulk Market Based on the BP 

Neural Network 

4.1 Methodology 

4.1.1 Introduction of Data 

The paper uses BDI to make a short-term prediction based on BP neural network. 

From the previous discussion about, BDI called "barometer" of the international dry 

bulk shipping market, by which it reflects the world dry bulk shipping market's 

general tariff level, with highly authoritative and representative. So far, BDI has 

significant guiding in three aspects: reaction extent of shipping freight fluctuation; as 

the tools of futures trading; as the measure of transaction price. Therefore, the BDI 

always has been the key indicators of dry bulk market analysis and forecasting, to 

investment and risk aversion.  

4.1.2 Introduction of the Adaptive Neural Network 

On this matter, Smith (2003) stated that: 

Neural networks are a form of multiprocessor computer system, with simple 

processing elements, a high degree of interconnection, simple scalar messages 

and adaptive interaction between elements. 

 

A biological neuron may have as many as 10,000 different inputs, and may send its 

output (the presence or absence of a short-duration spike) to many other neurons. 

Neurons are wired up in a 3-dimensional pattern. Real brains, however, are orders of 
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magnitude more complex than any artificial neural network so far considered. Later, 

we will use a simple single unit adaptive network as an example.
3
  

 

The network has to 2 inputs, and one output. 

All are binary the output is  

1 if W0*I0 + W1* I1 + Wb > 0 

0 if W0*I0 + W1* I1 + Wb <= 0 

We want it to learn simple OR: output a 1 if 

either I0 or I1 is 1. 

 

Figure 8 A simple single unit adaptive network 

Source: Smith, L. (1996) An Introduction to Neural Networks 

Back-propagated Neural Network is well-known developments of the Delta rule for 

single layer networks.  

Smith (1996) also researched that:  

BP neural network is a development from the simple Delta rule in which extra 

hidden layers (layers additional to the input and output layers, not connected 

externally) are added. The network topology is constrained to be feed forward: 

i.e. loop-free - generally connections are allowed from the input layer to the first 

(and possibly only) hidden layer; from the first hidden layer to the second,..., and 

from the last hidden layer to the output layer.  

The basic idea of the BP neural network is using the LMS (least means squares) to 

learn algorithm; using the gradient search technology in the learning process of the 

network; amendment right to use the error back propagation in order to achieve the 

minimize mean square error of network's actual output and expected output. 

                                                 

3 The example from the website: http://www.cs.stir.ac.uk/~lss/NNIntro/InvSlides.html  

http://www.cs.stir.ac.uk/~lss/NNIntro/InvSlides.html
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Figure 9 BP net of 3 layers 

Source: Crochat, P. & Franklin, D. Back-Progagation Neural Network Tutorial 

X = (X1, X2, …, Xi,…, Xn)T is the input vector; Y= (Y1, Y2,…, Yi,…, Yn )T is the 

hidden layer input vector; O=(O1,O2,…,Oi,…,On)T is output layer output vector; the 

weight matrix between hidden layer to output layer is use W= (W1,W2,...,Wk,…,Wi )T, 

which the column vector Wk is K-th output layer neuron corresponding weight vector.  

 

In Smith (1996), he has written that:  

The hidden layer learns to recode (or to provide a representation for) the inputs. 

More than one hidden layer can be used. The architecture is more powerful than 

single-layer networks: it can be shown that any mapping can be learned, given 

two hidden layers (of units). The units are a little more complex than those in the 

original perceptron: their input/output graph is. 
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 As a function: 

Y = 1 / (1+ exp(-k.(Σ 

Win * Xin))  

The graph shows the 

output for k=0.5, 1, and 

10, as the activation 

varies from -10 to 10. 

 

Running the network consists of: forward pass (the outputs are calculated and the 

error at the output units calculated), and backward pass which is the output unit error 

is used to alter weights on the output units. Then the error at the hidden nodes is 

calculated (by back-propagating the error at the output units through the weights), and 

the weights on the hidden nodes altered using these values. 

 

4.2 Establish BP Neural Network model 

4.2.1 Selection of Data 

In this paper, a collection of every trading day of the BDI index from 2011.01.04 to 

2012.04.25, a total of 327 data. Use of these data based on BDI index of short-term 

prediction and analysis. In the short term, the BDI index has been relatively stable, 

more coherence. In this paper, the BDI prediction is the prediction of time series, the 

input sample is divided into k groups, each group of the first m values as inputs, the 

m+ 1data as output data, based on preliminary findings of input data in7-12 between 

most can reflect a small shipping market characteristics, after many times experiment, 

found that when the input data is 10, the network error significantly reduced, so that 

the optimum input data is l0, choose 1 to 307 groups as sample data ( P ), to construct 

 

Figure 10 The graph of output 

Source: Smith, L. (2003) An Introduction to Neural Networks 
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a neural network and the training of the network. From 308 to 317 were test group 

(P1), to test the trained network. Based on this principle, for the 10 consecutive 

trading day of index to predict the next trading day of index, data can be obtained in 

317 groups of data, as shown below (figure 11). 

 

Figure 11 Treatment of data 

Because the amplitude of different sizes of the raw data, sometimes there is a large 

difference between the data. Directly put into use, the measurement value fluctuations 

on the monopoly of the neural network learning process, it does not reflect the small 

change of the measured value. And practical incentive function tangent of the 

Sigmoid the output range [0, 1]. Therefore, before the network training, the input data 

and the target vector to go through the processing of normalization on the 327-group 

data normalized, rounded to the [0, 1], use the following formula: 

  
        

         
        ，   

Finally, the data obtained from an anti-normalized real value, use the following 

formula: 
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4.2.2 Selection of Network Parameter 

(1) Selection of weight and threshold 

The initial value of neural network weights and threshold for network training have a 

great relationship between whether the model can reach a local minimum, or the 

convergence of the data and the length of the training time. So, always hope that 

initial weights after each neuron's output value is close to zero, it can ensure that each 

neuron weights can be adjusted in their incentive function change of maximum point. 

In general, the weights and threshold of initial values are chosen between [-1, 1] 

random number. 

 

(2) Learning rate selection 

Learning rate determines each cycle generated by the weight variation. The large 

learning rate can lead to system instability; small learning rate will lead to a long 

learning time, the convergence speed  may be very slow, but can guarantee the 

network error value tends to be the minimum error value. So in the general case, 

should choose a smaller learning rate to ensure the stability of the system. Learning 

rate range is selected between 0.01～ 0.7. For each specific network has a proper 

learning rate. This paper based on test of the model the learning rate selecting 0.05 

after adaptive adjustment. 

 

(3) Incentive function selection 

Incentive function is a nonlinear, continuous differentiable non decreasing function, 

can be strictly using the gradient method to calculate its right, learning analytic 

formula is also very clear. For the multilayer neural network, incentive function on 

the division of the region is composed of a nonlinear plane consisting of regions, it is 

relatively soft, smooth any interface. Therefore, this classification is better than linear 

partition in accurate, reasonable, and fault tolerance. In this paper, after many of the 

experimental results, the sample data of Sigmoid function to predict the results of 

optimal tangent. 
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Sigmoid Function：     
      

       

 

(4) Expected error choice 

In the design process of the network training, error should also be compared after 

training to determine an appropriate value is relative to the needs of hidden layer node 

number to determine, for relatively small error is to rely on to increase the node of the 

implicit layer, and longen the training time to get. In the network training process 

should be based on the actual situation of predetermined error bound. Error bounds of 

selected solely on the basis of network convergence speed size and specific sample 

learning accuracy to determine. When expected error Value selection is small, the 

learning effect is good, but it slows down convergence speed, increasing the number 

of training. Usually the selected neural network error bounds for 0.0001-0.01, namely 

in the iterative calculation error value is less than the expected error, is that learning is 

complete, output the results. Based on the experiment, the expected error finally 

selected for 0.01. 

4.3 Prediction of BDI based on BP Neural Network 

4.3.1 The Determination of Network Layer 

BP algorithm is very sensitive to network structure; network structure is different 

between each other. In general, two hidden layer is complex than the network with a 

hidden layer of network, the more hidden layers the more complex the error back 

propagation calculation process is, therefore, with one hidden layer in three layer BP 

network is appropriate choice. This paper's number of implicit layers only to select 

one layer, then the BP neural network layer includes input layer, hidden layer and 

output layer. 

 

Hidden layer neuron number can improve mapping precision, but leads to a long 

learning time, too much the number of hidden layer nodes also reduce the network 
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generalization ability and training is easy to fall into local minima but not the optimal 

solution, and also may lead to the weak network fault tolerance and generalization 

ability. So must be integrated factors in many aspects in the design, to find an optimal 

number of hidden layer nodes. Generally determine the number of hidden layer nodes 

of the basic principle is: meet precision down as far as possible, compact structure, 

namely as little as possible the number of hidden layer nodes. Common hidden layer 

nodes determine method: 

1. n1= sqrt（n+m）+a 

2. n1=log2n 

3. n1= sqrt（mn） 

4. n1=2*n+1 

Of which, n1 is the node of hidden layer，m is the output number，n is the input 

number，a is a constant between [0,10]. Finally, the hidden layer node select as 4. 

Main code of the model can be seen from Appendix IV. 

4.3.2 Predicting Outcomes 

 

Figure 12 Traning performance 
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Training have reached the expected error is less than 0.01, 0.00464289. 

 

Figure 13 BP forecasting 

All the data are shown in the following table. 

Table 6 Training result 

 

Actual value Predicted value Error 

2012/4/12 960 1003 4.500% 

2012/4/13 972 971 -0.100% 

2012/4/16 975 990 1.560% 

2012/4/17 989 1032 4.300% 

2012/4/18 1006 1038 3.210% 

2012/4/19 1028 1025 -0.300% 

2012/4/20 1067 1023 -4.100% 

2012/4/23 1090 1141 4.650% 

2012/4/24 1116 1057 -5.300% 

2012/4/25 1137 1160 1.990% 

Visibly, predictive value and the real worth of error in [-5.3%, 4.65%], the average 

error is 3%, the trained network forecasting effect is good. 
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For the next ten days BDI index prediction using the trained network, with 318~327 

data to forecast the 328th data, and then from 319 to 328 data to forecast the 329th 

data, and so on to the next ten trading days of BDI index (figure 14).  

 

Figure 14 Predicting outcomes 

Red data is the prediction data, while the data above the thick line is detective number. 

The obtained data were after the decimal point, as shown in the figure above, and the 

next ten trading days of the BDI index: 1188, 1143, 1185, 1202, 1124, 1154, 1213, 

1210, 1085, and 1172. 

 

We can make a bold assumption, if there is no impact of the new external 

emergencies, BDI trend there will be no severe fluctuations in the second half of 2012. 

With the gradual recovery of the world economy, the weakening of the negative 

impact of the debt crisis in Europe, the BDI future trend will steadily between 1100 

and 1500 with slight concussion. 

4.4 Summary 

Comprehensive evaluation of the value of international dry bulk shipping market, a 

comprehensive market factors including freight index, a certain degree of correlation 

between various indicators in the system, reflect the information to a certain extent 
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overlap, so it is necessary to identify one or a few less comprehensive index 

information without overlap, while the amount of information contained in more. In 

the revision process of BDI index has been covered some indicators of the market 

evaluation system, which, known as the dry bulk market "barometer", so select the 

BDI as a forecast index of dry bulk market is reasonable. This section is selected 

2011.01.04-2012.04.25 day during the BDI, a total of 327 values to do the prediction 

of BP Neural Network, get 2012.04.25 after the next 10 days, that is, 

2012.04.26-2012.05.05 BDI value.   
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Chapter 5 Conclusions 

5.1 Main Findings 

Firstly, this paper recognized that the development of world economy and 

international dry bulk market most associated. Therefore, the world economic 

development is the most important factor on the impact of the international dry bulk 

shipping market demand. When the world economic growth, international trade 

presents growth trend, along with tremendous demand for shipping; when the world 

economy into recession, generate the atrophy of the international trade, which lead to 

the drop of the demand in bulk cargo shipping volume , shipping market downturn.  

 

Secondly, dry bulk shipping market ups and downs is determined by the interaction of 

demand and supply. As text mentioned before, due to the shipping market is a trading 

derivative market, and the trade development level depends on the demands of the 

world economy, therefore, the shipping market cycle is closely connected with the 

economic cycle, or we can say that it is actually the economic cycle in the shipping 

market reflected. The demand of shipping is directly affected by the economic and 

trade development, while, shipping supply has many characteristics, such as price 

elasticity of supply is very weak, it increases and decreases obviously hysteresis etc. 

All these features make the shipping market cycle is different from and economic 

cycle, there is certain uniqueness. 

 

Thirdly, we made a bold hypothesis, in the second half of 2012, the trend of BDI will 

tend smooth, if there is no new external contingencies impact. With the gradual 

recovery of the world economy, and the weakening of negative effects of the debt 

crisis in Europe, the rising trend of BDI getting stronger. However, from the whole 

situation to see, autumn winter season is still the main BDI decline season, so index 

will be steadily between 1100 points to 1500 points with oscillation. 
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5.2 Limitations of Research 

Firstly, when assessing the factor of dry bulk market, the paper simply set the bunker 

price as the cost of shipping However, these two aspect vary regarding to different 

scenarios. For bunker price, considering the port of Singapore is international famous 

supply port, so the use of Singapore harbor 380CST price as a marine fuel prices. 

Among all the factors, marine fuel consumption occupies the fleet operating costs by 

more than 25%, has become the constraints of fleet management and owner of profit 

the biggest factor, thus we use bunker price represent the shipping cost. While, the 

paper just analyzes which factor has the high relevance with the dry bulk market. 

Therefore, bunker price can represent the trend of shipping cost relatively.  

 

Backing to question at the very beginning of the paper, “when and why did dry bulk 

market begin to change?” It much depends on a large amount of data and the model 

support. Limitation of the resources and ability of math, the paper can just use the 

grey relational analysis and BP neural network with some qualitative analysis. The 

result of prediction will have some error, while, the error is less than 3%, is an 

acceptable answer.  

 

Based on major conclusion we have, we can see that the vicissitude of the dry bulk 

market is determined by the interaction of supply and demand primarily, with under 

many related factors.  
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Appendix I- Initial Data for Grey Relational Analysis  

World Seaborne Trade (million tonnes) 

Year Iron 

ore 

Coal Grain* Baux/ 

Alum 

Phos. 

Rock 

Minor 

Bulk 

Cont- 

ainer 

Other 

Dry 

Total 

Dry 

Growth 

ratio  Coking Steam 

1999 402 160 298 245 54 33 766 534 910 3402 2.19% 

2000 454 171 337 262 54 30 825 598 932 3660 7.58% 

2001 483 170 376 260 52 31 845 621 917 3726 1.80% 

2002 517 165 394 269 55 30 861 688 975 3920 5.21% 

2003 594 166 435 265 60 29 906 773 953 4105 4.72% 

2004 664 171 470 273 65 31 973 878 935 4391 6.97% 

2005 716 180 492 273 69 31 1011 969 920 4608 4.94% 

2006 779 176 527 290 75 30 1084 1076 890 4864 5.56% 

2007 841 194 558 302 89 31 1149 1193 832 5127 5.41% 

2008 898 199 577 323 94 31 1134 1249 877 5325 3.86% 

2009 992 188 590 317 72 20 1035 1127 807 5054 -5.09% 

2010 1053 236 662 338 84 23 1159 1275 891 5661 12.01% 

2011 1093 223 715 344 98 26 1227 1385 913 5983 5.69% 

Bulk and oil trades as per "Dry Bulk Trade Outlook" and "Oil & Tanker Trade Outlook", respectively. LPG trade covers OECD only. 1985-1988 have been omitted 

* Includes soyabeans  
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Worldwide Bunker Price trends ($/tonne) 

Average Rotterdam Singapore Japan L.Angeles Houston 

380cst MIDO 380cst MIDO 380cst MIDO 380cst MIDO 380cst MIDO 

1999 93.4 133.0 101.8 141.8 120.2 179.0 96.6 157.8 93.3 143.9 

2000 138.4 231.6 158.7 248.5 183.4 287.1 152.1 270.5 136.0 255.7 

2001 117.4 192.4 133.1 205.8 160.7 296.0 126.1 256.6 112.8 227.5 

2002 133.7 188.2 148.9 197.9 170.6 257.7 142.4 233.6 134.0 196.0 

2003 152.9 230.4 172.0 242.5 195.1 276.0 162.1 306.9 160.2 265.1 

2004 155.3 313.4 180.3 334.3 214.0 346.6 186.4 398.0 167.3 328.7 

2005 234.0 458.4 261.9 481.4 298.4 504.2 263.3 574.4 248.3 508.5 

2006 293.0 524.1 313.2 580.6 352.4 591.8 321.0 651.6 303.0 562.3 

2007 345.1 571.3 372.8 621.8 418.4 606.0 381.7 709.3 351.8 608.6 

2008 471.9 850.7 505.6 907.0 581.0 932.5 524.5 951.5 496.8 933.2 

2009 353.8 490.6 371.9 517.9 409.2 557.2 375.1 565.0 360.7 525.0 

2010 450.2 667.1 464.1 664.2 518.1 714.8 468.8 721.4 449.3 683.2 

2011 617.9 939.6 646.9 932.9 697.0 982.7 655.9 982.4 625.7 969.7 
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World GDP (% yoy) 

Country/Region 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

China 7.3 8.2 8.3 9.1 10.0 10.1 11.3 12.7 14.2 9.6 9.2 10.4 9.2 

WORLD 2.2 2.0 2.3 2.9 3.6 4.9 4.6 5.2 5.4 2.9 -0.7 5.2 3.8 

 

World Fleet (million dwt) 

 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Bulkers 264.1 266.9 274.9 286.9 294.6 301.8 322.1 344.5 357.6 391.7 417.3 458.5 536.1 

Combos 15.5 14.8 14.2 13.2 11.8 11.5 10. 2 9.4 8.9 8.2 7.9 7.1 8.7 

All bulk 279.6 281.7 289.1 300.1 306.4 313.3 322.1 353.9 366.5 399.9 425.2 465.6 544.8 

 

BDI (year) 

 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

BDI 1335 1617 1187 1182 2734 4483 3253 3239 7252 6070 2641 2757 1522 

 

Source：All the data of Appendix I are from the Clarkson SIN 2005. 

  



4 

 

Appendix II-1985-2011 Dry Bulk Shipping Capacity and its Growth Ratio 

 
1985 1986 1987 1988 1989 

Capacity 196.9 196.3 195.9 197.6 203.3 

Growth ratio NONE -0.30% -0.36% 1.03% 2.88% 

 
1990 1991 1992 1993 1994 

Capacity 211.1 214.4 214.4 218.8 227.5 

Growth ratio 3.84% 1.56% 0.00% 2.05% 3.98% 

 
1995 1996 1997 1998 1999 

Capacity 243.1 253.7 263.7 267.9 279.6 

Growth ratio 6.86% 4.36% 3.94% 1.59% 4.37% 

 
2000 2001 2002 2003 2004 

Capacity 281.7 289.1 300.1 306.4 313.3 

Growth ratio 0.75% 2.63% 3.80% 2.10% 2.25% 

 
2005 2006 2007 2008 2009 

Capacity 322.1 353.9 366.5 399.9 425.2 

Growth ratio 2.81% 9.87% 3.56% 9.11% 6.33% 

 
2010 2011 

 Capacity 465.6 544.8 

Growth ratio 9.50% 17.01% 

 

Source：All the data of Appendix II are from Drewry Shipping Consultants Ltd. 
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Appendix III-The main code of BP neural network model  

Load p p1 t t1； 

BP_net=newff(minmax(p),[4 1],{'tansig', 'purelin'}, 'traingdx'); 

inputWeights=bpnet.IW{1,1}; 

inputbias=bpnet.b{1}; 

layerWeights=bpnet.LW{2,1}; 

layerbias=bpnet.b{2}; 

net_1.trainParam.show = 100;  

net_1.trainParam.lr = 0.05;  

net_1.trainParam.mc = 0.9;  

net_1.trainParam.epochs = 10000;  

net_1.trainParam.goal = 0.01;  

BP_net=train(BP_net,p,t); 

p1=(p1'-n)/(m-n); 

r=sim(BP_net,p1); 

r=n1+r*(m1-n1)  

display(r)  
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