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I. Introduction 
Trade between nations has been the cornerstone of increasing wealth for the world 

population (Smith, 1776), as the time since the fall of the Iron Curtain and lowering of 

trade barriers proved. The economic performance and impressive growth rates of 

countries such as China, India, and the former communist bloc, contributes to an 

increasing demand for resources and goods, not only by the west, but also by these 

emerging economies, and even African and Latin American nations. 

The flow of commodities and merchandise has to be handled in an efficient manner in 

order to ensure the affordability of these goods. This affordability is the basis for 

increasing consumption, which by itself again is a motor for economic growth and 

increasing overall wealth, according to economic theory since the times of Adam Smith. 

Due to the fact that “…by means of water carriage a more extensive market is opened…” 

(Smith, 1776), Smith suggested that industries would first develop at coastal lines and 

rivers. 

Cheap and efficient transportation is being achieved by utilising the oldest form of 

transportation: Sea faring. Still nowadays, 90% of all goods traded are being shipped by 

sea (UNCTAD, 2007; Stopford, 2007; Heideloff, 2005), emphasizing the importance of 

merchant shipping for the world economy. The accession of China to the WTO and the 

resulting increase in overall world trade due to China being the world’s factory would be 

impossible without the ability to move products from one side of the world to markets on 

the other side for a relatively low amount of money.   

Numerous different kinds of cargo are being transported on ships. The largest share 

measured in volume take commodities, such as oil and iron ore, fuelling industries all 

over the world. Containerised goods, mainly manufactures and semi-manufactures, have 

a mere share of 25% in volume of seaborne trade (UNCTAD, 2008). However, they 

account for approximately 70% of value traded (WTO, 2008), emphasising the 

importance of the container shipping industry for the world economy. 

However, even though the interactions of the state of the global economy and the 

shipping industry are well-known and reported, forecasting models specifically for 

container shipping freight rates do not exist.  
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II. Problem Statement 
History has proven that forecasting shipping freight rates in order to anticipate market 

movements has been flawed despite attempts to develop forecasting models for several 

segments of the shipping industry, specifically for bulk shipping segments such as oil or 

other trades. The existence of market slumps, as could be witnessed in the wake of the 

sub-prime crisis and the resulting recession, and the fact that most ship owners seem to be 

taken by surprise or at least unprepared, shows that virtually no player is always able to 

forecast movements in the freight rate level sufficiently, and some maritime economists 

actually believe that reliable forecasting is impossible due to the complexity of the 

industry (e.g. Stopford, 1997).  

The ability to forecast freight rates reliably, however, would provide an invaluable tool 

for professionals within the industry in order to forego the negative effects that 

unanticipated changes in the level of freight rates can have on players. In order to develop 

a functioning forecasting model, it is necessary to investigate the behaviour of container 

freight rate time series. Therefore, this paper attempts to answer following questions: 

 

1. How do freight rate time series for both one-way and the consolidated average for 

a roundtrip behave from an economic point of view? 

2. How do univariate models and the Random Walk perform when it comes to 

forecasting freight rates? 

3. What do these findings imply for modelling future freight rates, when we link the 

econometric and economic concepts? 

 

III. Relevance of the Study  

III.1 Purpose 
The purpose of this study is to analyse the behaviour of container freight rate time series 

with  econometric tools in order to attempt an accurate forecast, as well as to justifyi our 

numerical findings based on maritime economic theory . 

There is a gap when it comes to forecasting container freight rates, as existing literature 

mainly looks into the dry bulk sector or oil shipping. This is most likely attributable to the 
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homogeneity of the cargo of the dry bulk and oil segments, which makes the economic 

reasoning for the models more substantial, as the industry segment in question trades a 

widely available commodity, or comparable good. This makes assumptions about 

perfectly competitive markets more convenient instead of looking at a shipping segment 

that transports many different kinds of goods, as is the case within container shipping\. 

However, as container shipping companies provide comparable services, this should not 

pose problems, especially when using macroeconomic modelling.  

This paper attempts to contribute to the development of a forecasting model for container 

freight rates by conducting an econometric analysis of average container freight rates 

which are easily accessible to professionals, in order to pave a path for further research 

within this field. 

 

III.2 Relevance 
The ability to forecast movements in freight rates is crucial to a number of stakeholders 

for various reasons. As this paper attempts to contribute in the development of a 

forecasting methodology, the very same stakeholders will benefit from this research. 

It is obvious that the revenue generated by a shipping company depends on the positive 

cash flow their assets which are able to produce, i.e. their vessels. This clearly depends on 

several factors such as navigated routes, strategy, reputation among customers and 

competition, yet the major factor is the level of freight rates. As the bottom line of 

shipping companies is affected to such a large extent by the freight rate, it is not 

surprising that other players with a stake in the shipping industry, such as shareholders, 

banks, machinery suppliers, the shipbuilding industry, analysts and brokers, are also 

highly affected by changes in the rates. Therefore, the importance of the study can be 

clarified analysing how freight rates influence the various stakeholders. 

 

a) Shipping Companies 

 Shipping companies need to forecast freight rates in order to estimate cash flows and 

profits, to develop budgets and to make decisions about the strategic direction of the 

company. The immediate bottom line result depends on the revenue the company 

generates throughout the financial year, and is therefore dependent on the level of freight 
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rates. As most decisions and actions taken by companies depend on earning prospects, 

precise forecasting of freight rate development is crucial for a shipping company’s 

performance and decision-making process, as their whole financial performance and 

strategy stands and falls with it. 

Decisions about the purchase or lay-up of vessels depend on earning prospects of these 

assets. As long as a ship can generate a positive cash flow, it will not be taken out of 

service. In case of below-average freight rates and if lay-up costs are high, but freight 

rates are expected to recover soon, the company might choose to wait and see if rates will 

increase enough for the vessel in question to generate a profit. Accordingly, if the freight 

market is strong and is expected to continue growth, the company is more likely to invest 

in new ships as free cash flow is available and future outlooks are positive (e.g. 

Koopmans, 1939; Zannetos, 1966; Adland, Cullinane, 2004). 

Clearly, financing decisions are also influenced to a large extent by the level of freight 

rates, as the revenue generated determines the level of cash flow and therewith the 

amount of own free capital available for investing as well as the amount of cash available 

for servicing debt. Furthermore, large changes in the freight rate level can influence the 

leverage ratio as revenue and market value of assets are being affected. Therefore, a 

reliable forecast of freight rates would lead to more balanced financing decisions.  

Routing decisions depend on the state of the market and earning prospects regarding a 

certain route served. Reliable freight rate forecast can give an impression of future 

developments on certain routes and can therefore support decision making regarding this 

issue. Not only that, but freight rate development can influence a company’s strategic 

focus regarding services offered and markets served. It can be assumed that these issues 

are of particular interest in times of declining freight rates and no clear sign of recovery, 

as is the case in times of deep global recession.  

It comes as no surprise that shipping companies do have a strong interest in reliable 

forecast of freight rate developments, as its level in the end influences all aspects of the 

company’s operations as well as the owner’s (shareholders) income. 
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b) Banks 

As assets in the shipping industry are rather capital-intensive, many companies finance 

their purchase with a large share of debt. The purchase of big vessels requires a well-

founded financing scheme, as modern, 8000 TEU container ships can cost as much as 

$160 million (UNCTAD, 2008), depending on the demand for newly-built vessels.  

Banks, be it commercial, merchant or mortgage banks or finance houses, provide capital 

for large investments to shipping companies. Therefore, it is crucial for them to be able to 

evaluate the risk of a loan based on the revenue potential of the investment. This, in turn, 

means that banks providing loans for container shipping companies have to be able to 

predict movements in the freight market and in the level of freight rates in order to assess 

cash flow and profit outlooks. This is important to value the risk connected to the loan 

and to set the interest rate accordingly, to set the terms and payback period and to agree 

on suitable collaterals, as well as making decisions on extensions of existing loans. 

 

c) Research Hubs- The Analysts 

Research hubs can include those in the private sector, for example, investment banks, 

equity analysis, and private consulting houses which sell reports on the industry, or those 

in the public sector, which can include IMO or UNCTAD analysts.- Not surprisingly, 

equity analysts covering the shipping industry do have a high interest in the development 

of freight rates, as the level of shipping stocks rises and falls with them. Therefore, 

freight rate developments are crucial for analysing the future development of shipping 

stocks, even though factors such as strategic direction, management, and liquidity also 

play major roles when evaluating individual companies. Regardless of the motivation for 

the analysis, market and stock analysts covering the shipping industry have to have a 

reliable method in order to predict movements in the level of freight rates. 

 

d) Shipbuilders 

The shipbuilding industry is highly dependent on the state of the shipping industry. The 

big wharfs in Korea and China have full order books if the shipping industry is doing 

well, as shipping companies have sufficient free cash flow in order to make large 

investments. Furthermore, the second-hand ship market is likely to dry up quickly as high 
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freight rates ensure that less cost-efficient vessels can still make a profit in periods of 

high demand. On the other hand, prolonged periods of low freight rates result in fewer 

orders, leaving capacities unused and forcing shipbuilders to grant discounts in order to 

attract customers (Koekkebakker, Ådland, Sødal, 2006).  

It comes as no surprise that the shipbuilding industry is highly dependent on the state and 

future outlook of the freight rate level (i.e. the shipping market), as shipping companies 

will only order new vessels if they assume that seaborne trade within their segment will 

increase. Building a merchant ship takes at least a year or longer (Stopford, 1997), which 

results in a delayed supply adjustment or even over-supply if shipping companies 

forecasted the market development wrong. The shipbuilding industry thrives and suffers 

with the shipping industry with a delay.  

Reliable forecasting of freight rates will enable shipbuilding companies to adjust 

expectations about new orders and accordingly about expected financial performance, 

supporting decision making about financing and leveraging. 

It is evident that suppliers to the shipbuilding industry, such as producers of machinery 

and steel plants, are also affected by fluctuating demand for new vessels. 

 

e) Port Operators 

The revenue for port operators are highly dependent on the throughput they can obtain. 

As the port business is highly competitive due to the fact that direct geographical vicinity 

to target markets are not important anymore because of a wide availability of land 

transportation, port charges have to stay on a level that is attractive for customers. As 

falling freight rates are an indicator of downward shifts in demand or supply, port 

operators can assume that in such a case, throughput will decrease as well and vice versa. 

As a result, port charges might have to be altered, or planned extension projects might 

have to be delayed.  

 

Implications 

The reliable forecast of freight rates is obviously crucial for players involved in the 

shipping industry, as the stakeholder analysis above shows. The development of a model 

that allows determining future changes in freight rates would clearly benefit the industry 
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and its stakeholders as bottom line results and therefore share performance, debt service 

and new orders are dependent on the freight rate level. A good forecasting methodology 

will be an invaluable tool for decision makers in order to set an overall strategy and short-

term tactics. This paper will contribute by paving the way for further model development 

through a thorough analysis of freight rate data. 

 

IV. Structure, Methodology and Limitations 

IV.1 Structure  
This Section IV provides a brief overview of the structure of the paper, as well as a 

description of our data sources, key concepts of the econometric methodology and the 

limitations of our project.  

Section V then begins with a short industry overview, introducing the historical 

development of the deep-sea container shipping industry, followed by a presentation of 

the basic concepts of maritime economics. Concepts which are central to the 

understanding of the industry such as the supply- and demand-driven industry, cyclicality 

and mean reversion will be elaborated upon highlighting their importance in the 

development of our forecast. With the concepts of this research in place, we will clarify 

the interactions between external factors and the freight rates in order to justify the 

observations of our analysis later on in the paper.  The section finishes up with an 

explanation for the movements in historical freight rates and the macroeconomic and 

industry-specific  reasons behind them. 

Section VI presents the literature review of the existing work on the topic of freight rate 

forecasting in the maritime sector in a chronological and thematic order. The literature 

review starts off with a short review of the classic supply- and demand-model as 

suggested by Koopmans (1939) and Zannettos (1966). Thereafter, we present the 

development and findings of mainly closed-form stochastic forecasting models and 

partial equilibrium models The findings on the applicability of these models as well as 

findings on stationarity and mean reversion of freight rates will be summarised in order to 

make the results of this part easily accessible for the reader. 
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Section VII presents the econometric analysis of the six container freight rates of our 

study according to the Box-Jenkins methodology. This part will clarify whether 

univariate models or the random walk are a better fit to the time series, and which 

approach is more promising in forecasting the freight rates, drawing on concepts 

introduced in previous sections in order to give the findings economic meaning. 

These findings will be used to attempt further econometric forecasting of freight rates 

based on a Triangulation Method that we have developed in order to take our specified 

models a bit further. Section VIII of the paper wraps up our study with the conclusions 

and suggestions for further research. 

IV.2 Data Sources 
The data used in order to verify the model is obtained from several data sources. The 

industry-specific data, i.e. the supply side data, is unfortunately not widely available, and 

suppliers of such specific data are rare. However, most industry professionals use the data 

sets compiled by Containerization International (CI-Online, 2009), an online 

subscription-based data warehouse specialising in the container sector. The freight rates 

are averages of several shipping lines on the routes in question, CI-Online emphasises 

that the prices are not list prices, but actual rates asked for by the shipping companies. 

Therefore, and due to CI-Online’s independence, the data should be as close to reality as 

possible, and any findings of the econometrical analysis should be valid.  

The data on fleet size, order book, and bunker prices are also generated by CI-Online. 

Again, the raw data is obtained through industry networks. Checking the validity of order 

book and fleet size would be time consuming and out of the scope of this project. 

Therefore, the data is taken as external input. This does, in our eyes, not pose a problem, 

as this is the data used by the majority of industry insiders as well as UNCTAD.  

Due to the fact that the freight rate data is only available quarterly for the period looked 

at, the analysis is carried out with a time unit of three months, as the freight rates are the 

dependent variables. 

Demand data consists of the variables GDP including the broken-up GDP variables 

consumption, gross investments, government spending and exports and imports, as well 

as interest rates and exchange rates. Demand-side data is mainly obtained from the 

OECD Statistical Database as an excellent and complete source of macroeconomic data. 
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Again, the lack of comparably complete data sources omits an exhaustive data validation. 

However, the good reputation and wide usage of OECD data implies that it is sound to 

use this source.  

 

IV.2 Methodology 

The purpose of the methodology is to the present basic concepts and procedure of the 

econometric analysis which is the central topic of this paper 

IV.2.1 Concepts 

IV.2.1.1 Stochastic Process 

A stochastic process is randomly determined; that follows some random probability 

distribution or pattern, so that its behaviour may be analyzed statistically but not 

predicted precisely; stochastic process = random process. (Oxford English Dictionary 

Online I, 2009). 

A stochastic process is completely random if its mean is equal to zero and its variance is 

equal to σ2 and it is not correlated in time (Guajarati, 2003). Guajarati also defines such a 

process as purely random or white noise.  

 

IV.2.1.2 Mean Reversion 

Mean reversion refers to the attribute of a time series that it will always after some time 

tend back towards the mean, i.e. revert back to some average value inherent in the time 

series. Values, however, will ‘hover’ above and under this mean and only occasionally be 

equal to it. It is clear that mean reversion requires stationarity. 

 

IV.2.1.3 Stationarity 

A stationary time series is one whose statistical properties such as mean and variance are 

constant over time. On the other hand, non-stationary time series have either the mean or 

the variance, or both, change over time.  

Granger and Newbold (1974) introduced the notion of a spurious regression which they 

argued “produces a statistically significant result between series that contain a trend and 



 15 

are otherwise random.” This finding led to considerable work on how to determine what 

properties a time series must possess if econometric techniques are to be used. One basic 

conclusion was that any time series used in econometric applications must be stationary 

(Granger and Newbold, 1974). A standardized series is then easily predicted based on the 

same properties that should be constant in the future as it is in the past. Behavior of non-

stationary time series varies in time, weakening the efficiency of the forecast for the 

complete stochastic process. Therefore, the model for freight rate forecasting has to test 

each of our six routes for stationarity.   

One way to check for stationarity is through a visual inspection of the autocorrelation 

function, which at a lag n is the relation between the covariance at lag n and the variance 

of the time series (i.e. ρn=(Covariance at lag n/ variance)). Several values of ρ can be 

plotted against lag n, resulting in a figure called a correlogram. Although this method 

gives a good idea of stationarity, a more accurate alternative is the testing of unit roots, 

which we will describe in subsection IV.2.2.4.  

 

IV.2.1.4 Autoregressive Integrated Moving-Average (ARIMA) model 

As Gujarati (2001) explains, “The emphasis of these methods is not on constructing 

single-equation or simultaneous-equation models but on analyzing the probabilistic, or 

stochastic, properties of economic time series on their own under the philosophy let data 

speak for itself.” (Guajarati, 2001 p840). 

The Box-Jenkin’s (1976) ARIMA modelling procedure considers the time-dependent 

nature of data to produce efficient estimation of a statistical model which can be 

interpreted as having generated the sample data. ARIMA specifically models dependent 

variables as a function of itself lagged from previous periods, i.e. autoregression, and 

random errors lagged from previous periods, i.e. moving-average. 

It is also important to note that ARIMA models consist of unit-root (to be explained in 

section 2.2.4) non-stationary time series which can be rendered stationary by the 

difference operation.  
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IV.2.1.5. Difference Operator 

The first difference series ΔZt of a time series {Zt} is defined by 

ΔZt = Zt - Zt-1 = (1 – B)Zt 

 

Since (1 – B)(Zt – μ) = (1 – B)Zt – (1 - B)μ = (1 – B)Zt, the mean value (μ) vanishes after 

the first difference. Thus, from the differenced series ΔZt, no information on the mean 

level of Zt is available. ΔZt is the increment process of Zt. (Patterson, 2000). 

If a series is stationary without any differencing it is designated as I(0), or integrated of 

order zero. On the other hand, a series that has stationary first differences it is designated 

I(1), or integrated of order one. First difference is sufficient in our study to transform our 

freight rates into stationary time series.  

If the first difference of Zt is stationary and also completely random (not autocorrelated1

random walk

), 

then ΔZt is described by a  model2

 

: each value is a random step away from 

the previous value. If the first difference of Zt is stationary but not completely random--

i.e., if its value at period t is autocorrelated with its value at earlier periods--then a more 

sophisticated forecasting model such as exponential smoothing or ARIMA may be 

appropriate. 

IV.2.1.6 The ARIMA(p,d,q) Model – General Notation 

A nonseasonal ARIMA model is classified as an ARIMA(p,d,q) model, where; 

• p is the number of autoregressive terms 

• d is the number of nonseasonal differences, and 

• q is the number of lagged forecast errors in the prediction equation 

A time series Zt follows an ARIMA(p,d,q) model if ΔdZt is an ARMA(p,q) process. Then 

the general notion for the model of Zt is as follows; 

Φ(B)(1 - B)dZt = c + θ(B)εt 

                                                 
1 See Section IV.2.2.6 for an explanation of the concept of autocorrelation and its implications to this study. 
2 Please refer to –sub-section IV.2.3.3 for a through introduction to the random walk process. 

http://www.duke.edu/~rnau/411rand.htm�
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or 

ΔdZt = c + (θ(B)/ Φ(B))εt 

Where c is a constant, or mean term, Φ(B) and θ(B) are the autoregressive and moving-

average operators, respectively, t refers to the indexes of time, (1 - B)dZt is the d-order 

difference of the response series, B is the backshift operator (i.e. BZt = Zt-1) and εt is the 

independent disturbance, also called random error.  

For simple (non-seasonal) differencing ΔdZt = (1 – B)dZt. For seasonal differencing ΔdZt 

= (1 – B)d(1 – Bs)DZt, where d is the degree of non-seasonal differencing, D is the degree 

of seasonal differencing, and s is the length of the seasonal cycle.  

 

IV.2.1.6.1 The random walk model or ARIMA(0,1,0) 

A time series Zt follows a random walk if 

Zt = Zt-1 + εt. 

That is, the first difference series of ΔZt = εt is a white noise series.  

As Patterson (2000) describes, “The idea of a random walk is an important one in several 

areas of economics, especially where the concept of fully efficient markets rules out the 

possibility of profitable speculation on the course of, for example, the prices of financial 

assets.” (Patterson 2000, p209) The random walk model implies that the best guess of 

Yt+1, given information at time t, is Yt; this is because there is no predictive structure in 

the autoregressive process or the εt process as the latter has, by assumption, zero mean, 

constant variance and zero autocorrelations at all lags. Therefore, the random walk model 

is often taken as a baseline model for financial and foreign exchange markets. 

In a seminal paper by Meese and Rogoff (1983) the random walk model is used as a 

baseline in a comparison of several structural models. The authors compare mean errors, 

mean absolute errors, and mean square forecast errors of multi-step-ahead forecasts of 

nominal exchange rates (in logs), they find that “a random walk model performs as well 

as any estimated [structural] model at one to twelve month horizons for the dollar/pound, 

dollar/mark, dollar/yen and trade-weighted dollar exchange rates” (Meese and Rogoff 

1983,). Although there is much critique on the limitations of comparing mean forecast 
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errors (Clements and Hendry, 1993), the random walk model will be used as a benchmark 

of forecasting accuracy in comparison to the ARIMA models that best fit our freight 

rates. 

It worth stating that a random walk process is non-stationary, since variance of the time 

series increases as the time increases; and that the process is the sum of the current and 

past innovations, or random errors (i.e. Zt = (1 – B)-1εt = εt + εt-1 + εt-2 + …etc.). The 

effect of any past innovation on Zt is persistent; in fact, the effect never decays or 

disappears (Patterson, 2000). 

 

IV.2.1.6.2  Random Walk with Drift 

A more general unit-root non-stationary time series is the random walk process with drift. 

The model is 

Zt – Zt-1 = c + εt, 

where c is a non-zero constant. The constant “c” can be thought of as the slope of a time 

trend of Zt. This highlights an important difference between stationary and unit-root non-

stationary time series. For stationary time series, the constant term c is related to the 

mean. On the other hand, for the first differenced series of a unit-root non-stationary 

process the constant term represents the slope of a time trend in the original series 

(Patterson, 2000). 

 

IV.2.1.6.3 ARIMA(0,1,1) Model 

The general form of this model is 

(1 – B)(Zt –c) = (1 – θB)εt 

or 

Zt – Zt-1 = c + εt, - θ εt-1,     with |θ| < 1. 

where θ is the moving average coefficient, c is a nonzero constant and εt-1 is the lagged 

random error term. According to this model, also referred to as the exponential smoothing 
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model, the current value of Zt is a weighted average of the past values plus an innovation. 

The weights decay exponentially at the rate θ. (Maddala, 2001) 

In terms of forecasting, such a weighted average makes sense as the most recent past 

values are more relevant than the remote past in determining the current value. 

 

IV.2.1.6.4 ARIMA(1,1,0) Model 

The general formula of this model is 

(1 - ΦB)(ΔZt – c) = εt 

or 

Zt = -c + Φ c + Zt-1 + Φ(Zt-1 - Zt-2)+ εt,     with |Φ| < 1  

where Φ is the autoregressive coefficient, c is a nonzero constant, Zt-1 and Zt-2 are the first 

and second lagged value of the time series, respectively, and εt is the random error term. 

This is the simple AR(1) model, also referred to as ARIMA(1,1,0) if the series is 

integrated in order one. Constraints, as on the MA(1) model above, must be put on the 

values of the parameters in order for the model to remain stationary. If the process is |Φ| 

≥1, then the AR(1) model is non-stationary (Patterson, 2000). 

 

IV.2.1.6.5 ARIMA(1,1,1) – The Mixed Model 

The general formula of this model is 

(1 - ΦB)(ΔZt – c) = (1 – θB)εt 

or 

Zt = c + Φ c + Zt-1 + Φ(Zt-1 - Zt-2) + εt - θεt-1,     with |Φ| < 1  

where Φ is the autoregressive coefficient, θ is the moving average coefficient, c is a 

nonzero constant, Zt-1 and Zt-2 are the first and second lagged value of the time series, 

respectively, εt-1 is the lagged random error term and εt is the random error term. As is 

apparent from the equation, the model adds features of the autoregressive and moving 

average models together. In practice we will investigate the simpler models, AR(1) and 
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MA(1), before attempting the mixed model as including both kinds of terms in the same 

model leads to overfitting of the data and non-uniqueness of the coefficients(Maddala, 

2001). 

 

IV.2.1.7 Unit root process 

Since we now have a good grasp of the random walk process, we can now introduce the 

concept of the unit root and its applications in our study.  

Taking the equation for the random walk as in the previous sub-section, the unit root can 

be thought of as a factor ρ. Whenever ρ is one (a unit root), the process is random and 

non-stationary. Yet for values of ρ different then one, the process is stationary.  

Zt = ρZt-1 + εt,   where -1≤ρ≤1. 

In order to test for the presence of the unit root and hence the stationarity of the freight 

rates we will use the Augmented Dickey-Fuller (ADF) technique (Dickey and Fuller, 

1981), which is a generalized auto-regression model formulated in time. 

ADF Statistics are compared to critical values to draw conclusions about stationarity 

(Dickey and Fuller, 1979 and Fuller, 1996). The critical values for the equation with a 

trend will have the following range: 

Empirical cumulative distribution of τ for p=1: 

1% Level τ -Statistics for, 25 >= n <= 50, is -3.75 >= t-value <= -3.58, 

5% Level τ -Statistics for, 25 >= n <= 50, is -3.00 >= τ -value <= -2.93, 

10% Level τ -Statistics for, 25 >= n <= 50, is -2.63 >= τ -value <= -2.60, 

Since the number of observation in our study is n=42, if the τ -value of the α1 in ADF test 

is larger than the range of critical value (CV) at the 1%, 5%, and 10% significant level, 

then we would fail to reject the null hypothesis and conclude that the freight rate series is 

a non-stationary process when tested at level. The next step is to take the 1st differences 

and perform the ADF procedure again.  
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One advantage of testing non-stationarity via the unit root is automatically identifying the 

degree that the time series is not stationary, enabling the immediate transformation into 

stationarity by applying the difference at the same degree.  

 

IV.2.1.8 Log Transformation and the Geometric random walk model 

If Xt is a time series which we wish to log transform, than log transformed series, Zt, is 

obtained as follows,  

Zt = ln(Xt). 

Log transformation refers to the changing of the all observations, say a vector Xt, to 

ln(Xt). This is the natural logarithm with base e, where e is an irrational constant 

approximately equal to 2.718281828. Logging tends to convert multiplicative 

relationships to additive relationships, and it tends to convert exponential (compound 

growth) trends to linear trends. Hence we can often explain the behavior of variables 

which are multiplicatively related and/or growing exponentially over time with linear 

models by transforming them to logarithms. (Patterson, 2000) 

According to Robert Nau of Duke University, “…logging a series often has an effect very 

similar to deflating: it dampens exponential growth patterns and reduces 

heteroscedasticity (i.e., stabilizes variance). Logging is therefore a "poor man's deflator" 

which does not require any external data (or any confusion on which price index to use). 

Logging is not exactly the same as deflating, as it does not eliminate an upward trend in 

the data, but it can straighten the trend out so that it can be better fitted by a linear model 

(Nau, Duke Online, 2000)”. 

When logging is used to fit a model that uses differencing, as we shall do in out ARIMA 

modeling, then it is usually redundant to deflate by a price index, as long as the inflation 

rate changes slowly. Logging the time series before a fitting a random walk model yields 

a so-called geometric random walk, which is usually used in stock price analysis (Nau, 

Duke Online, 2000).  
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IV.2.1.9 Autocorrelation 

Autocorrelation is a very important concept in the identification of the model the best fits 

our time series. Let us distinguish between autocorrelation between 1) the values of a 

time series with its past values (e.g. a series Yt on Yt-1 ) and 2) the error terms on past 

error terms (e.g. μt on μt-1).  

In the case of our study, autocorrelation in the between our series and up to a given lag is 

useful to identify whether the time series is stationary (e.g. with use of a correlogram 

which is explained in subsection 2.2.2), and whether the ARIMA model is at all 

necessary for the series.  

The study generates an autocorrelation check for white noise, which is an approximate 

statistical test of the hypothesis that none of the autocorrelations of the series up to a 

given lag are significantly different from zero (SAS/ETS 9.1 User’s Guide, 2004). If this 

is true for all lags, then there is no information in the series to model, and no ARIMA 

model is needed to proceed. If the series is white noise (a purely random process), then 

there is no need to fit a model. 

Autocorrelation in the residuals is a violation of the ordinary least square (OLS) 

assumption that the error terms are uncorrelated. While it does not bias the OLS 

coefficient estimates, the standard errors tend to be underestimated, and the t-scores 

overestimated, when autocorrelation of the errors at low lag are positive.(Maddala, 2001 

p.241)  

SAS also produces an autocorrelation check of residuals. The χ2 test statistics for the 

residual series indicates whether the residuals are uncorrelated (white noise) or contain 

additional information that might be utilized in a more complex model (SAS/ETS 9.1 

User’s Guide, 2004). The Lagrange multiplier (LM) test is also use as a test for 

heteroscadasticity and shall be used in our study. 

 

IV.2.2 Box-Jenkins-Process: Identification of the model 

The analysis performed in this section corresponds with the stages described by Box and 

Jenkins (1976). The stages of this methodology are briefly described below, for a more 

thourough description please refer to SAS/ETS 9.1 User’s Guide (2004) or Gujarati 

(2003).  
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1. Identification Stage – Here we specify the response series and identify the 

candidate ARIMA models for it. The statistical program, SAS Enterprise Guide 

4.2, is used to produce reports of each of the 6 routes we intend to forecast. We 

use the augmented Dickey Fuller (ADF) test to check for stationarity in each 

route. Once we are satisfied that the time series is stationary we proceed to use the 

computed autocorrelation and partial autocorrelation to identify one or more 

ARIMA models that could be fit our time series data.  

2. Estimation and diagnostic checking – Significance tests for parameter estimates 

indicate whether some terms in the model may be unnecessary. Goodness-of-fit 

statistics aid in comparing this model to others. Tests for white noise residuals 

indicate whether the residual series contain additional information that might be 

utilized by a more complex model. If the diagnostics tests indicate problems in 

with the model, then we repeat the estimation and diagnostic checking stage.  

3. Forecasting – Here we forecast future values of the time series and generate 

confidence levels for these forecasts from the ARIMA model produced.  

 

IV.3 Limitations 
For the purpose of this paper, we had to rely on data provided by CI-Online on average 

container freight rates on major trade routes, as well as on the WTO, the World Bank 

Statistical Database and the UNCTAD Review of Maritime Transport. Therefore, the data 

used is exogenous, i.e. non-experimental, and withdrawn from the control of the authors. 

Observational errors cannot be ruled out completely. However, in order to forego 

sampling errors, data on one type of factor (e.g. GDP) are being taken from one source. 

 The data on container freight rates as well as the data on several of the macroeconomic 

factors is only available quarterly and only from 1993 and onwards, limiting the sample 

size, which has a large effect on our study. According to the SAS/ETS 9.1User’s Guide, 

the time series should be at least 30 observation, or the parameter estimates may be poor. 

(SAS/ETS 9.1 User’s Guide 2004, p393) Since our study uses 43 observations for the 

estimated models we are close to this borderline minimum. Hence the estimated 

parameters can be affected.  
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In addition, literature on modelling container freight rates is scarce to non-existent. 

Hence, the research on this field is still in a developing stage, meaning that no generally 

accepted model for forecasting freight rates exists, not even for dry bulk sectors that 

could be adapted to the container shipping industry. Therefore, existing literature can 

provide guidelines yet not a ready-made solution. 

 

V. Background 

V.1 Shipping Lines definition 

A shipping line is a shipping company that offers regular shipping services for almost any 

cargo that can be packed into containers to predestined ports. The advantage of a liner 

service is that customers know the schedule in advance, and the freight rate usually lacks 

the extreme swings that the bulk shipping market often displays. Therefore, liner services 

can be seen as being reliable, with predictable freight rate levels. Thus, a manufacturer of 

computer chips in Malaysia who just received an order for a container load of their 

product from a manufacturer in China knows that the service is available, that the journey 

takes around 10 days from Singapore to Shanghai (Maerskline, 2009) and that he is 

quoted a through rate for the container (Stopford, 1997). It becomes clear that liner 

services are an important contributor to international trade, not only due to the high value 

of the goods being transported by containers, but also due to their reliability and the fact 

that almost everything can be shipped to almost anywhere by means of liner services. 

On minor routes with smaller trade volumes, liner companies often operate general cargo 

ships or multi-purpose vessels that enable the transportation of general cargo, break and 

minor bulk and containers. However, on the major routes, the focus of this paper, liner 

companies operate large container vessels in order to transport general cargo, due to the 

large trade volume on these routes. Therefore, throughout the remainder of the paper a 

liner service will be defined as a shipping company operating container vessels on fixed 

routes at a fixed schedule. 
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V.2 The History of Liner Shipping 

Liner services are a recent addition to the shipping market, however they ensure an 

efficient flow of goods between producing countries and target markets. The unreliability 

of sailing ships made efforts to operate shipping lines before the development of the 

steam ship in 1783 few and more or less unsuccessful. However, after the first steam ship 

had crossed the Atlantic in 1819, the operation of scheduled shipping services, up to that 

point generally common port-to-port tramp service, became a realistic and feasible 

option. 

These technological innovations lead to a decline in freight rates, making shipping of 

goods more feasible than before (Harlaftis, 2002). Also, the formation of large industrial 

enterprises beginning in the USA after the Civil War (Chandler, 1990) and continuing in 

the UK and continental Europe lead to further economies of scale that had begun with the 

industrial revolution in the 1700’s, and to an increase in global trade.  

In the period from the mid-19th century up to the 1910’s, liner companies sought close 

collaboration in form of price-setting liner conferences that were organised according to 

the geographic regions they operated in (Ryoo; Thanapolou, 1999) in order to forego a 

gruelling competitive struggle. But declining freight rates and intensifying competition in 

1910 resulted in a merger wave in the attempt to stay competitive, creating liner 

companies of up to that point unseen size in the years before WWI (Harlaftis; Theotokas, 

2002). However, conferences and close cooperation remained typical for the liner market.  

The inter-war period was characterised by a downward trend in freight rates as a result of 

an oversupply of ships due to increased war time outputs. During the war, most liners 

were busy supporting the war efforts of their countries, with the result that only shipping 

companies from neutral states such as Norway or Greece could profit from high freight 

rates due to increased demand. Therefore, consolidation continued during the interwar 

period, and first the economic upswing following WWII put the liner industry in a better 

situation. 

 

The ships of these early days were ‘general cargo liners’, ships with several decks 

designed to accommodate a large variety of different kinds of loose cargo, e.g. bags of 

sugar, banana bushels, or barrels of rum. In these early days, liner ships were literally 
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transporting everything including passengers, as the main objective of the shipping 

company was to fill up the cargo area (Stopford, 1997).  

Even though liner shipping allowed for the timely and regular shipping of goods, the 

loading process remained very labour-intensive and inefficient, resulting in the situation 

that many manufactures were still being produced locally due to high shipping costs 

relative to the value of the goods shipped (Levinson, 2006). Additionally, the vast supply 

of labour required to load and unload a vessel also meant that general cargo carriers spent 

more time in port than at sea, costing the companies money but not earning any.  

The gains in efficiency of the early years were made futile by the economic upswing 

coupled with labour shortage following WWII, increasing costs for all labour-intensive 

industries. Furthermore, the emergence of specialised bulk carriers meant that cargo 

liners often had to travel with empty space on the backhaul. In addition, the development 

towards ever-more flexible cargo liners resulted in increasing ship prices, as specialised 

compartments for liquids, refrigerated (reefer) compartments and minor bulk 

compartments as well as the occasional crane were integrated in the vessels. The 

changing global economy demanded efficiency rather than flexibility, and the liner 

industry had to come up with a solution in order to reap the benefits of economies of 

scale and increased efficiency. However, the existence of liner conferences and set 

shipping rates meant also that the international shipping industry felt no urgent need for 

renewal.  

The idea of transporting goods in containers in order to increase efficiency was not new 

at that time. More or less successful attempts to introduce containers had been made by 

railroads already in the late 19th century, and the U.S. Army started utilising containers 

during the Second World War to ease the dispatching of a diverse selection of items to a 

certain location. However, the lack of a common standard, specialised vessels and 

loading terminals as well as resistance of longshoremen’s unions to all technological 

innovation that would lead to a decrease in labour demand meant that the benefits 

inherent in containerisation could not be reaped. In fact, studies in the late 1940’s showed 

that transporting a container overseas was more cost intensive than shipping break bulks 

as they had to be stowed with other cargo and wasted precious space due to the 

characteristic shape of a ship body (Levinson, 2006).  
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In 1955, Malcolm McLean, the founder and owner of McLean trucking company, was 

looking for ways to avoid increasingly congested coastal highways and stringent ICC 

(Interstate Committee of Commerce) regulations. His initial idea was to develop roll-on 

roll-off carriers that would ship the entire truck from one port to another in order to avoid 

the busiest parts of the coastal highways. However, being a person always trying to 

increase efficiency of operations in order to earn an extra buck, McLean decided that it 

would be more profitable and efficient to just move the truck body instead of the whole 

vehicle, as this would allow for stacking and thus transporting a larger quantity.  

In short, McLean suggested a fully integrated system designed to lower transportation 

costs of manufactured and semi-manufactured goods. Instead of concentrating on the 

maritime aspect, he started off concentrating on the land-bound part of the shipping 

process, thereby developing an integral system.  

In the beginning of containerisation, many different container sizes existed and as not 

only the shipping companies, but also truck- and railroad companies had a stake in the 

issue, the process of agreeing on a standard size was long and cumbersome, beginning in 

1958. The benefits of a common standard were obvious to all, but the different needs 

being served by different companies demanded different containers. Also, changing from 

one size to another would incur substantial costs. 

In 1959, the National Defence Transportation Association, consisting of companies that 

had interests in moving goods for the US military, suggested containers of 10, 20, 30 and 

40 feet in length, 8 foot high and 8 foot wide.  None of the container shipping companies 

owned containers of these dimensions, but had to change to these measures, as in 1961, 

the Federal Maritime Board decided that only ships suited for these container types would 

receive subsidies, even though the standards were “voluntary” (Levinson, 2006). In 1964, 

the ISO (International standards organisation) agreed on using these dimensions.  

Now, customers could use any container with any shipping company, leasing companies 

could build up a fleet of container ships and containers, and shipping companies could 

carry any container aboard their vessels.  

As the USA engaged in Vietnam in 1965, they saw themselves facing a country with 

underdeveloped infrastructural means. The construction of an American-run port in 

Vietnam and the usage of container carriers from 1967 on in the attempt to overcome the 
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supply backlog problem increased the speed of handling, thereby reducing bottlenecks 

and increasing the flow of supplies.  

By 1970, half of the US military cargo going overseas was containerised in such a 

manner that the system’s potential could be used fully, meaning that the practice of just 

stuffing several break bulks into one container was abandoned for the practice of using 

one container for one customer and one commodity, called the 3C’s. The army realised 

that the standard container was not only a mean of transporting general cargo, but a fully 

integrated logistical system.  

As empty containers started flowing back from Vietnam to the USA, McLean had the 

idea to stop over in Japan, the fastest-growing economy of those days, in order to find 

eastbound cargo. Containerised cargo flows started off sluggishly, but picked up soon as 

Japanese manufacturers attempted to feed the hunger of America for cheap goods Made 

in Japan.  

Until the late 1970’s, early 1980’s, the industry was still characterised by conferences, i.e. 

shipping cartels. It took opportunism evolving in the 70’s and 80’s, periods of 

conference-fixed, commodity-based rates and new entrants in the container industry such 

as Evergreen Marine of Taiwan and Mærsk of Denmark. These new entrants saw 

opportunities offering flat rates for their services, which proved to be a success after the 

deregulation of national transportation markets starting in the 1980’s, enabling shippers 

to assess transportation costs easier and to develop global supply chains based on low 

freight costs. This development meant that shipping conferences could no longer dictate 

freight rates (Levinson, 2006). 

The efficiency and cost savings of a fully integrated container system, the benefits of 

economies of scale and fierce price wars in an industry characterised by tough 

competition enabled manufacturers to enter new markets, as transportation costs plunged, 

thereby increasing international trade which in turn stimulated the container shipping 

industry again.  

Nowadays, containerised goods, i.e. manufactures and semi-manufactures, account for 

70% of the value of all goods shipped by sea (WTO, 2006), indicating the impact that the 

introduction of the container and the development of a cost-efficient transportation 

system had on world economy. 
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V.3  The Container Industry Today – Theory and Reality 

In order to understand the economic explanations behind the findings of an econometric 

analysis of container freight rates, it is crucial to have an understanding of maritime 

economic theory and of how the freight rate is generally thought to be set. Even though 

the analysis carried out in this paper lets “the data speak for itself”, knowledge of the 

industry and the market is crucial in order to be able to follow the interpretation of the 

results. 

This section attempts to put the actual situation into an economic framework, in order to 

give an overall and easy understanding of the workings of the shipping industry. 

 

V.3.1 Demand 
The demand for shipping services is highly determined by the state of the world 

economy, due to the nature of goods shipped. Whereas dry bulk carriers and oil tankers 

provide the inputs for industrial production, container ships do mainly carry manufactures 

and semi-manufactures from the production sites to the consumer markets. Figure 1 

shows that the share of manufactures in the total value of world exports grew from about 

50% in 1980 to around 70% in 2007, indicating an increased global trade activity during 

that period and especially during the boom years of the new millennium (WTO Statistic 

Database, 2009). As approximately 90% of all goods traded are being shipped by sea at 

some point (Stopford, 1997; Heideloff, 2004), it is reasonable to assume that seaborne 

containerised trade developed accordingly, displaying similar growth patterns as demand 

for shipping services increased. Clearly, this increase in demand can be attributed to the 

decrease in trade barriers that occurred during the 1990’s and the attractiveness of low-

cost countries such as China and Vietnam for the production of consumer goods, as well 

as the availability of cheap and efficient means of transportation.  

As consumption, and therefore the demand for transportation services, is dependent on 

income, a look at the development of world GDP is worthwhile. As GDP is defined as the 

sum of consumer spending, government investments and savings (Mankiw, 1999), there 

is bound to be a relationship between the actual demand for consumer goods and the 
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change in income. If government spending increases for projects such as improving 

infrastructure, labourers will have more money available, and hence will consume more. 

If savings increase, capital will become cheaper to borrow and investments will 

eventually increase. The opposite is true for a decrease in these factors. Therefore, GDP 

clearly affects consumption, and accordingly the import of consumer goods and scale of 

seaborne trade.  

Figure 1. Share of manufactures in World exports as of value 

 
Source: WTO Statistic Database 

 

As world exports and world GDP are highly interrelated, containerised trade should move 

in a somewhat similar fashion. Figure 2 shows the development of containerised cargo 

flow in TEU (twenty foot equivalent unit) between 1995 and 2007. Compared with GDP 

development for the same period (Figure 4), it can be seen that the general trend is 

similar, however, containerised trade declined in 2007 as compared to the exceptional 

year of 2006, due to the effects of the credit crunch on consumption in the US and the 

beginnings of the recession (UNCTAD, 2008).  
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Looking at this, one can assume that containerised trade reacts much more sensitive to 

changes in world GDP. As GDP is comprised of savings, government spending and 

consumption, it is not very surprising that containerised trade has higher swings into 

generally the same direction than world GDP as consumption changes, indicating the 

high degree of dependence of container shipping on consumption. 

Since mostly manufactures and semi-manufactures are being shipped in containers, a 

look at industrial production is worthwhile in order to look for common movements. As 

the only data available on industrial production is for the OECD area, the predictive 

power is somewhat limited, which might be mainly due to the limited focus of the data, 

i.e. the fact that only OECD economies are included.  

Figure 2. Container trade flow in millions of twenty-foot equivalent units 

 
Source: UNCTAD 

However, looking at the direct comparison of the indexed data with base year 1995 

(Figure 4), it becomes clear that up to 2003, industrial production was clearly moving the 

same direction as the other indicators. The fact that the other indicators outgrew OECD 

industrial production thereafter shows the impact that the increased movement of 

production of consumer goods had from the traditional industrialised countries of the 

west to locations in Asia, which was boosted by China’s accession to the WTO, had, not 

only on OECD industrial production, but also on world merchandise exports, GDP, as 
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once poor nations increased their wealth, and containerised trade due to shipments from 

all corners of the world.  

Figure 3. World GDP in millions of US$ 1995 - 2008 

 
Source: OECD 

 

The level of international trade and consumption is not only determined by GDP, but also 

by factors such as exchange rates and interest rates. Exchange rates determine the “price” 

of a currency compared to another currency, depending on demand and supply. If an 

economy is thriving, goods are being traded internationally and the economy is attractive 

for investors buying government bonds and company stocks, the demand for the currency 

increases and the currency becomes more valuable compared to other currencies, all else 

being equal (Mankiw, 1999). Also, a decrease in real interest rates results theoretically in 

increased borrowing in the currency in question, decreasing savings, increasing demand 

and economic activity as cheap loans are available, making the currency more valuable 

compared to others. An increase in the real interest rate will result in the opposite, 

increasing savings and thereby the supply of money.  

The level of international trade and consumption is not only determined by GDP, but also 

by factors such as exchange rates and interest rates. Exchange rates determine the “price” 

of a currency compared to another currency, depending on demand and supply. If an 
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economy is thriving, goods are being traded internationally and the economy is attractive 

for investors buying government bonds and company stocks, the demand for the currency 

increases and the currency becomes more valuable compared to other currencies, all else 

being equal (Mankiw, 1999). 

Figure 4. Comparison of World GDP, OECD industrial production and container trade 

 
Sources: OECD, UNCTAD, WTO, UN Statistical Division. 

 

Also, a decrease in real interest rates results theoretically in increased borrowing in the 

currency in question, decreasing savings, increasing demand and economic activity as 

cheap loans are available, making the currency more valuable compared to others. An 

increase in the real interest rate will result in the opposite, increasing savings and thereby 

the supply of money. However, the easiest way to influence money supply is to print or 

burn money. Uncontrolled money manufacturing without real economic performance to 

back up an increase in supply can result in hyperinflation, as could be seen in Germany 

after WWI, and which until recently could be observed in Zimbabwe. Therefore, central 
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bank decisions have an impact on exchange rates and economic performance as well as 

on the attractiveness of foreign goods.  

Intuitially, the level of GDP and trade should move opposite to the interest rate. Figure 7 

shows the indexed change in the long-term interest rates for the USA and the Euro area in 

comparison with changes in GDP and container flow. It seems that a generally low level 

of interest rate is sufficient in order to boost economic activity, all else being equal. It is 

no secret that readily available money helped fuelling the growth of the world economy 

that could be witnessed during the last couple of years. Therefore, a relationship between 

the level of major interest rates and container flow can be assumed to hold true.  

Figure 5. Long-term interest rates and container flow 

 
Source: OECD; UNCTAD RMT; WTO Statistic Database 

 

A long-lasting dispute between the USA and China was about China keeping their 

currency artificially cheap to the Dollar in order to increase the attractiveness of Chinese 

goods and the production site China to American consumers and companies, which was 

deemed unfair competition by the USA, as this in turn decreased the competitiveness of 

US-produced goods on the Chinese market. As can be seen in Figure 7, the Remninbi did 

indeed appreciate to the US dollar after 2001. This, however, does not seem to have 

influenced the competitiveness of Chinese or Asian goods, as despite the appreciation 
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relative to the US dollar and the Euro, containerised trade did increase. Therefore, it can 

be assumed that the exchange rate does only have an impact if the currency of the trading 

partner is already strong relative to one’s own currency. 

Figure 6. Exchange rates, GDP and container flow 

 
Source: OECD 

 

V.3.1.1Other Factors 
It is obvious that according to economic theory and actual observations, tangible factors 

measuring the state of the world economy, such as trade, GDP and exchange and interest 

rates, have an impact on the demand for container shipping services. However, factors 

such as political events and legislation also impact, at least locally, the demand for 

container freight. A good example is the accession of China to the WTO in 2001, which 

resulted in a boost in world trade and GDP, as countries lowered their trade barriers for 

Chinese goods and vice versa (See Figure 1) (Rumbaugh, Blancher, 2004). It can be 

expected that this trend will continue with an increasing involvement of formerly 

forgotten continents such as Africa and Latin America in world trade, if tariffs are not 

being revived. 
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The history of the container also showed that shocks such as a major war can have 

impacts not only on trade, but also on the technologies employed (see section IV.2). 

However, the impact of such shocks is not predictable, and often the shocks are 

unanticipated. 

 

V.3.1.2Routes 
The major trade routes for container shipping are, not surprisingly, via the east-west axis 

between Asia and Europe, Asia and North America, and Europe and Asia. A look at the 

origins and destinations of world merchandise trade shows that the economic 

powerhouses in Asia and the West are both major buyers and distributors of merchandise 

(Figure 9, Figure 10) as indicated by economic theory (Mankiw, 1999) and common 

sense, as countries will consume more the more they are able to sell, and the more their 

GDP increases as a result. Furthermore, trade is expected to be balanced in the long run, 

hence the expression trade balance (Mankiw, 1999).   

Figure 7. World exports 

 
Source: WTO Statistic Database 
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It shows that Europe and Asia are the major importers and exporters, respectively, of 

merchandise, with North America following up close. Also, emerging economies in Latin 

America and Africa are still behind despite increasing North-South trade (UNCTAD, 

2008), powered by a growth in commodity exports, as the major economies and 

particularly China attempt to feed their ever resource-hungry economies. 

Figure 8. World imports 

 
Source: WTO Statistic Database 

 

Table 1 shows the share of each major trade route into one direction of the total container 

trade flow on the three major routes between 1995 and 2007. Trade flows between Asia 

and Europe doubled their share in this period as a result of China becoming a member of 

the WTO, whereas the share of container flows from the USA to Asia declined by over 

50% and to a somewhat lower degree to Europe. Shares remained somewhat constant on 

the other routes. 

Total container flows in TEU on these routes increased in the period 1995 to 2007 by 

11.2% every year on average. The highest growth in this period displayed the Asia – 

Europe route, where volumes grew by 18.8% every year on average, and 12% in the 

West-East direction (See App. 1). This indicates a clear upwards trend, however, the 
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impacts of the credit crunch are to be seen in the slump in volumes from the 

exceptionally good year 2006 to 2007 (Figure 9). 

Table 1. Share of trade routes of total containerised trade 
Year Asia-USA USA-Asia Asia-Europe Europe-Asia USA-Europe Europe-USA 

1995 26,2% 22,7% 15,1% 18,5% 7,9% 9,5% 
1996 25,7% 22,0% 19,6% 16,1% 7,6% 8,9% 
1997 27,2% 21,1% 19,2% 15,9% 7,5% 9,1% 
1998 29,4% 18,7% 19,6% 15,2% 7,5% 9,6% 
1999 30,6% 17,7% 20,7% 15,0% 7,0% 9,0% 
2000 25,3% 14,7% 20,5% 16,3% 9,9% 13,3% 
2001 26,3% 14,1% 21,7% 14,7% 9,9% 13,2% 
2002 27,4% 13,7% 21,6% 14,6% 9,5% 13,3% 
2003 32,8% 13,0% 23,4% 15,9% 5,5% 9,3% 
2004 33,9% 12,1% 24,2% 16,1% 5,2% 8,6% 
2005 35,8% 11,1% 25,5% 14,4% 4,6% 8,5% 
2006 27,9% 8,9% 32,1% 18,1% 4,9% 8,2% 
2007 29,4% 9,2% 30,0% 17,8% 4,9% 8,6% 

Source: Own creation. Data obtained from UNCTAD RMT 

 

The trade flows in both directions follow a similar trend, indicating that the exchange of 

goods between Asia and Europe is to some extent mutual. 

The container traffic between Asia and the USA displays a similar development in the 

eastbound direction towards the USA, however with a lesser decrease from 2006 to 2007, 

which shows the bigger dependency of US consumers and manufacturers on supplies 

from Asia and the somewhat bigger flexibility of European manufacturers when it comes 

to sourcing supplies due to the vicinity to lower-cost countries in Eastern Europe.  

The container flows from Asia to the US increased by 12.1% and 2.8% respectively on 

average per year, resulting in a huge imbalance between the two directions and the need 

for the relocation of empty containers in the westbound direction. This imbalance should 

show in a difference between the freight rates on this route.  
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Figure 9. Container flow between Asia and Europe 

 
Source: UNCTAD RMT 2008 

 

Figure 10. Container flow between Asia and the USA 

 
Source: UNCTAD RMT 2008 
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The route with the smallest volumes, USA-Europe, also displays a common trend. Again, 

US imports are far larger than trade towards Europe, but the container flows behave in a 

similar manner, as can be seen in Figure 13. Volumes on this route increased between 

1995 and 2007 by 9% on average from year to year in the eastbound direction, and by 

11.8% in the westbound direction. However, an imbalance in container traffic exists even 

on this route, as volumes are almost twice as large on the westbound route.  

Figure 11. Container flow between the USA and Europe 

 
Source: UNCTAD Maritime Review 2008 

 

The big slump that could be observed on the Asia-Europe route between 2006 and 2007 

is not as articulated on the USA-Europe route, however, a further and substantial decrease 

can be expected for the volumes between 2007 and 2008 due to the global recession. 

 

V.3.2Supply 
As demand for shipping services is generally ruled by the state of the world economy and 

the consumption of manufactures and semi-manufactures, so is supply influenced by the 

shipping companies decisions on ship employment, the ability to employ or de-employ 

additional TEU capacity, the accessibility of container ports as well as operating costs 
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and specifically the cost for fuel, i.e. the price of bunker. As the shipping industry is, like 

every other industry, assumed to be profit-maximising (Mankiw, 1999; Stopford, 1997), 

the decisions affecting supply of TEU capacity are generally ruled by expectations about 

revenue. 

V.3.2.1Assumption of Perfect Competition 
Maritime Economics assumes perfect competition in the shipping markets. However, the 

theoretical framework is based on observations from the bulk markets, which are much 

different from the liner industry. Bulk ships are tramps, i.e. they go to where cargo is, and 

are often chartered by shippers. Furthermore, bulk shipping companies are often 

registered as single-ship companies due to risk management, insurance- and financing 

reasons (Stopford, 1997). The discussion of the history of container shipping showed that 

liner industries are bound to have a large capital base and financing options in order to 

provide an on-time liner service as well as to have the ability to purchase a fleet of a 

certain size in order to stay competitive. Furthermore, the benefits of economies of scale 

within container shipping means that larger vessels provide lower per-container costs, but 

are only feasible on the major routes. It is no secret that for a long period, conferences 

were able to somewhat dictate prices in order to ensure their members an adequate return. 

The times of such powerful conferences are over, however, the liner industry is 

characterised by the dominance of a small number of large companies. 

As can be seen from table 2, Mærsk, the largest container company, owns 12,9% of total 

TEU capacity, the top three companies 28%.  

That might seem like a lot at first sight, however, applying the Herfindahl-Hirschman 

Index (HHI), a measure used by the US antitrust authorities to calculate industry 

concentration (Taub, Weisman, 1989), shows that even taking the top 20 liner companies 

as the whole industry gives a HHI value of 844,82 (see App. 2 for formula and 

calculation). According to the general definition, a HHI below 1000 indicates an 

unconcentrated industry. As not all liner companies are included, but only about 70% of 

TEU capacity, it can be assumed that the whole industry is even less concentrated. 

Therefore, the assumption prevalent in maritime economics of perfect competition in 

freight markets can be accepted for the liner industry and this paper will take on this 

assumption. 
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V.3.2.2Fleet size 
The most obvious factor affecting the supply of container shipping services is the size of 

the container-carrying fleet. The larger the fleet, the fiercer competition and vice versa, 

assuming that demand does not change.  

Looking at the development of the number of vessels and the actual TEU capacity for 

fully containerised ships (It is reasonable to assume that MPP’s and general cargo ships 

are mainly used for routes with small container volumes and for coastal and feeder 

services due to larger flexibility but smaller efficiency and the prevailing economies of 

scale within container shipping), the trend towards increasing vessel size becomes clear, 

as TEU capacity increased to a larger degree than the number of vessels (See Figure 12). 

Larger vessels have the advantage of lower overheads and bigger fuel efficiency, thereby 

decreasing the transportation costs for a single container, resulting in increased 

competitiveness on certain, suitable routes for post-panamax vessels. Furthermore, the 

generally relatively slow containerships do not need a streamlined hull design and can 

therefore be wider and carry a large amount of containers relative to their size.  

However, bigger vessels demand a bigger initial investment and are dependent on the 

deployment on one of the main routes in order to attract enough cargo and to find 

passages and harbours big enough to accommodate them (post-panamax vessels cannot 

pass through the Panama Canal (Levinson, 2006)). Since the liner industry is 

characterised by ownership through large companies as opposed to the dry bulk market 

(UNCTAD RMT 2008), the financing of ever larger vessels for servicing the busiest 

routes (mainly Asia-Europe) does not pose a huge obstacle for the players. 
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Table 2. Market shares within the liner industry 

Ranking Operator country/territory 
TEU Capacity 
01.01.2008 

Share of  TEU 
Capacity 

Share of total TEU 
capacity 

1 Mærsk Line Denmark 
                                  
1.638.898  18,6% 12,9% 

2 MSC Switzerland 
                                  
1.201.121  13,6% 9,5% 

3 
CMA-CGM 
Group France 

                                     
701.223  8,0% 5,5% 

Total Top 3  
                                  
3.541.242  40,2% 28,0% 

4 Evergreen Taiwan 
                                     
620.610  7,1% 4,9% 

5 Hapag-Lloyd Germany 
                                     
491.954  5,6% 3,9% 

6 Coscon China 
                                     
426.814  4,8% 3,4% 

7 CSCL CHina 
                                     
418.818  4,8% 3,3% 

8 APL Singapore 
                                     
394.804  4,5% 3,1% 

9 OOCL Hong Kong 
                                     
351.542  4,0% 2,8% 

10 NYK Japan 
                                     
331.083  3,8% 2,6% 

Total Top 10  
                                  
6.576.867  74,7% 52,0% 

11 MOL Japan 
                                     
325.030  3,7% 2,6% 

12 Hanjin Republic of Korea 
                                     
321.917  3,7% 2,5% 

13 K Line Japan 
                                     
293.321  3,3% 2,3% 

14 Yang Ming Taiwan 
                                     
276.016  3,1% 2,2% 

15 Zim Israel 
                                     
243.069  2,8% 1,9% 

16 
Hamburg 
Sud Germany 

                                     
196.632  2,2% 1,6% 

17 HMM Republic of Korea 
                                     
194.350  2,2% 1,5% 

18 PIL Singapore 
                                     
140.135  1,6% 1,1% 

19 Wan Hai Taiwan 
                                     
125.393  1,4% 1,0% 

20 CSAV Chile 
                                     
108.927  1,2% 0,9% 

Total Top20  
                                  
8.801.657  100,0% 69,5% 

Total industry  
                               
12.657.725    

HHI Top 
20    

                                    
844,82   

Source: UNCTAD RMT (Data) 
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It is interesting to observe that the development of actual container flow is very close to 

the (indexed) development of fully containerised TEU capacity, indicating that industry 

players are able to somewhat adjust supply to increasing demand for container services. 

However, the development in 2006 and the slump in 2007 shows also that in unusually 

good or bad years, the supply of TEU capacity is hard to adjust in the short run, this being 

in line with maritime economics (Zannettos, 1966; Stopford, 1997;Koekebakker, Ådland, 

Sødal, 2006). 

Figure 12. Comparison of the development in TEU and number of vessels 

 
Source: UNCTAD RMT 

 

Even so, the general trend shows that industry expectations about container flow 

developments and the adjustment of supply of TEU capacity seem to be close to actual 

developments.  

It is common sense that in an industry that is so dependent on capital and work intensive 

assets, the supply of these assets is only adjustable in the long run and only to some 

degree in the short run. The construction of a container vessel takes usually from one up 

to several years, depending on the size of the order books of the shipyards, which, in turn, 
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depends on the investment decision of the container ship companies. The investment 

decisions are dependent on the future expectations of the state of the industry and 

expected earnings for the asset in question, and are hence dependent on expectations 

regarding the development of demand, supply and therefore the freight rates. Therefore, 

in a period of increasing demand and hence increasing revenues with further outlooks for 

continuing growth, players will look to acquire new TEU capacity in order to be able to 

meet increasing demand. As the construction of vessels takes such a long time, the 

increase in TEU capacity might occur when demand is slowing down or even declining. 

A good example for that is the order book for the period 1996 to 2007 and the container 

flow and shipping rates for the same period (see Figure 13). As can be seen, the order 

book moves somewhat countercyclical to the freight rates, however not so much to the 

container flow. The increase in both order book and freight rates in 2003 can be 

explained with a strong increase in world merchandise trade (17% in 2003, 22% in 2004, 

respectively; see App. 3). Hence, the low increase in actual container flow can be 

attributed to a lack of capacity, the increase in orders to the attempt of the industry to 

adjust supply of capacity to demand. The adjustment lead to a decline in orders and 

freight rates already in 2004 despite continuing growth of world exports, even though 

growth in TEU capacity was with 11.3% not unusually high (see App. 5). 

Downward  adjustment of the fleet happens through laying up  ships, i.e. dry-docking 

them with the option to put them back into service after the period of low returns is over, 

or scrapping old, uneconomical vessels. However, the decision to lay up or scrap a vessel 

is dependent on the long-term outlooks for the shipping market, as shipping companies 

will be reluctant to put such capital-intensive assets out of order. In fact, the theoretical 

layup point is below the operating cost of the vessel, i.e. at the point where revenues from 

freight rates are below the point where they cover operating costs less lay-up costs and 

discounted in-and-out costs (Mossin, 1968). The shipping company has to be positively 

convinced that the asset in question will not generate any positive returns for some time 

(lay-up) or at all (scrapping). Therefore, a decision like that will, according to maritime 

economics, only happen if the actual state of the industry is in decline and future outlooks 

are also pointing downwards (Ådland, 2002; Stopford, 1997). The threshold for laying off 

a ship is in fact considerably lower than its operating cost due to the costs combined with 
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dry-docking and maintenance (Mossin, 1968) as well as opportunity costs, meaning that 

such a decision will only occur during prolonged bear markets. 

Figure 13. Container flow, order book and sample rates YoY 

 
Source: Own creation. Data:UNCTAD RMT; CI-Online, 2009 

 

 As there is the possibility of laying up as well as selling the ship, only the least efficient 

ships will be scrapped, as the price that can be obtained from scrap yards for the material 

value is higher than the price on the second-hand ship market. Therefore, during periods 

of full fleet employment, scrapping and laying-off will be low, whereas in times of low 

demand, scrapping and laying-off will increase. The opposite is true for new orders.  

New-builts and scrapping are the most obvious ways of adjusting shipping supply to 

changing demand, however, specifically the supply of new vessels is dependent on the 

capacity of shipyards to fulfil the orders in a timely manner. After a period of increasing 

demand and accordingly good revenues, shipping companies usually file orders for new 

vessels in order to be able to meet their customers’ demand for shipping services. 

However, the delivery time will increase as shipyards will face increasing demand from 

all shipping companies, as they need to adjust their carrying capacity in order to satisfy 

customers and keep their market position. Therefore, the more filled the order books, the 
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longer the waiting time and the actual price for a new vessel, as the shipbuilding industry 

is, like the shipping industry, mainly ruled by supply and demand (see Figure 14). As can 

be seen in the Figure, prices and order book data are generally moving in the same 

direction. The fact that order book data moves much stronger and sometimes in the 

opposite direction is due to the fact that wharfs do generally not specialise on one type of 

vessel, but use their assets in order to manufacture any kind of ship imaginable. This is 

not surprising considering the capital and labour that the building of a large vessel 

requires. Shipyards have to be flexible in order to survive, especially when looking at the 

cyclicality inherent in all shipping markets. 

Figure 14. YoY comparison new price and order book data 

 
Source: CI-Online, 2009 

 

Other factors influence the supply of shipping capacity that are not as obvious as the 

actual number of vessels in the fleet, but that nevertheless have an impact on TEU 

capacity. The number of slots, i.e. the ability of ports to handle a certain number and size 

of container ships, influences supply in the way that a congested port will increase 

handling time for vessels, increase the voyage time for those ships and decrease the real 

supply of TEU capacity, as the ship will manage less voyages within a certain period due 

to port congestion.  



 48 

Figure 15 compares the (indexed) container flow on the main routes and the throughput 

of containers in the major 20 ports in TEU. Not surprisingly, both display a similar trend. 

However, as there are numerous possibilities for shipping companies to unload their 

containers and as competition is fierce among ports, this trend can be seen as ongoing 

capacity increase by the most frequented ports in order not to lose out on business.  

 

Figure 15. Port throughput and container flow 

 
Source: UNCTAD RMT, CI-Online, 2009 

 

In fact, in the period from 1995 to 2007, six of the top 20 ports changed, as e.g. 

Yokohama and Kobe left the ranking, Bremen was in and out, and formerly secondary 

ports such as Tanjun Pelepas in Malaysia at the vicinity of Singapore entered the ranking 

due to attractive locations and increased investments. The port industry is as competitive 

as shipping due to the fact that shipping companies willingly abandon ports for the sake 

of others in order to achieve cost savings. Due to the overall low transportation costs of 

containers, geoFigureic location is not as important as to the times of Adam Smith and 

break bulk shipping (Levinson, 2006). Therefore, port operators are forced to constantly 

adjust to increasing demand of customers in order to ensure quick handling, as “time is 
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money”, and the delay of a 10,000 TEU vessel means less trips and therefore less time to 

break even with operating costs and debt service.  

The price of oil has as much an impact on the container shipping industry as on any other 

industry. Prices for bunker fuel and the inability of shipping companies to completely roll 

the extra costs over on the customer (UNCTAD RMT 2008), results in higher operating 

costs and attempts to decrease them through slow-steaming, i.e. slower speed of the 

vessels in order to burn less fuel. This decreases the actual supply of TEU capacity, as 

port congestion does, as frequency of the liner services decrease and fewer containers are 

being carried in the same amount of time (Figure 16). Falling bunker prices, on the other 

hand, do have the opposite effect. Again, high bunker prices foster the trend towards 

larger vessels, as shipping companies attempt to decrease the share of fuel costs per 

container transported.  

Figure 16. Comparison of Bunker prices and freight rates Asia-EU 

 
Source: CI-Online, 2009. 

 

Other factors influencing the supply of TEU capacity are canal fees and external shocks. 

Unreasonably high canal fees could induce shipping companies to chose the longer routes 

through the open seas, e.g. around the horn of Africa in case of high Suez canal charges. 
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However, as canal operators are aware of the cost-focus of shipping companies in general 

and container shipping companies in particular, such a scenario is rather unlikely. 

More likely is the decrease of TEU capacity due to external shocks. The Suez crisis in 

1956 (even though before the dawn of container shipping a good example for external 

shocks) and the closure of the canal forced vessels around the horn, increasing voyage 

time despite higher speeds (which were feasible due to low bunker prices). Supply 

decreased and freight rates went up, new vessels were being ordered in response resulting 

in a massive over-supply after the canal had been re-opened (Volk, 2002). Nowadays, if 

international response to piracy in major shipping hotspots is ineffective and ships will be 

forced to choose another, longer route, a similar effect might be observed if TEU supply 

at the time of the shift is inflexible, i.e. if the fleet is almost fully employed. However, 

outside shocks like these are generally unpredictable and hard or impossible to implement 

in any forecasting model until they happen. 

 
 
V.3.3 The Freight Rate Function 

As discussed in the previous section, demand for shipping services is highly dependent 

on world demand for consumption goods, as mainly manufactures and semi-manufactures 

are being shipped in containers. In our world of just-in-time delivery and global sourcing, 

manufacturers can adjust quickly for changing demand for their products. As a result, 

shipping companies should feel the impact of overall changes in consumption as the next 

link in the chain, as shippers decrease volumes and less cargo has to be transported or 

vice versa, and their actions should be heavily influenced by the state of the world 

economy. 

In order to attract cargo, shipping companies will decrease freight rates in the presence of 

fierce competition. Perfect competition is an economic term, however even though the 

container shipping industry is characterised by the presence of large, capital-heavy 

players and liner conferences, fierce competition exists on all routes.  

As the container shipping industry is ruled by the interaction of supply and demand, if 

freight rates drop too far, inefficient vessels will be laid up as the rates will be well too 

low in order to cover their operating costs (Mossin, 1968), and eventually in case of a 

prolonged period, will be scrapped. However, in the short run, shipping companies are 
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hesitant to put a vessel out of service due to the costs connected to it. A vessel out of 

service does not only make no revenue, but in container shipping, continuously incurs 

interest payments to financers, as most vessels are at least partly being debt financed due 

to high capital requirements (Ådland, Strandenes, 2007). Therefore, shipping supply does 

not change when demand is low in the short run, however, if freight rates are sufficiently 

low, inefficient vessels will be put out of service. This means that, in the short run, freight 

rates have a natural lower limit, as shipping companies are not willing to provide service 

that does not cover the operating costs of their most efficient vessels, or the “marginal 

cost of the marginal Vessel (Ådland, Strandenes, 2007)”. This implies that the freight rate 

will be observed to sustain a lower limit, which it never undercuts, at least not in the long 

run. 

On the other hand, if demand for shipping services is increasing, freight rates will at first 

increase modestly as the container fleet is gradually employed. But when the whole fleet 

is about to be employed and less efficient vessels are being put to service, and as delivery 

times increase with increasing order books for shipyards, freight rates increase to a larger 

degree as shipping companies are looking to cover the operating costs of the less efficient 

and to cut a profit with the newer and larger vessels. This means that the supply side 

cannot react fast enough to shocks in demand in order to eliminate the impact of these 

shocks. This also means that movements in the freight rates are to be expected, as supply 

cannot adjust in a fast manner. Therefore, the shape of the short-run supply curve is the 

characteristic “hockey stick shape” as suggested by Koopmans and confirmed by 

Zannettos and others (Koopmans, 1939; Zannettos, 1968) (See Figure 17). 

The demand curve for container shipping, as any demand curve, can be assumed to be 

downward sloping up to a certain point when demand is saturated and even extreme price 

cuts will only attract a low number of additional customers. It can be assumed that in 

reality, this point has a high threshold, as low container rates can attract traditional bulk 

cargo like grain in case bunker rates are high at the same time, as happened in 2007 

(UNCTAD RMT 2008). 
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Figure 17. The supply-and-demand curves for shipping industries 

 
Sources: Stopford; Koekebakker, Ådland, Sødal 

 

The demand curve has a similar shape as the supply curve, i.e. like supply, demand for 

shipping services is very elastic and becomes increasingly inelastic with increasing 

demand, as shippers have a variety of carrier choices when only parts of the fleet is 

employed, but have to compromise in case of a high level of fleet employment. 

 In the medium and long run and if freight rates remain above an economically feasible 

level, companies using shipping services would look for alternatives such as bulk 

shipping for some commodities, air freight for high-value ones, and simply local or 

regional sourcing for semi-manufactures or manufactures, as was the case in the times of 

break bulk shipping (see section IV.2). In short, shippers would not be willing to pay a 

price that would eat up their profits and look for alternatives. As shippers would seek 

alternatives, shipping companies would start undercutting each other’s prices in order to 

attract the customers that abandoned containers for other alternatives, and freight rates 

would return back to normal. The success of the shipping container is after all attributable 
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to the cost savings that it enables. Therefore, as there is a lower limit, there also has to 

exist an upper limit for container freight rates.  

 

V.3.4 Cyclicality and Mean Reversion 

Due to its dependence on demand for commodities and manufactured goods, the liner 

industry always had to encounter the storms the world economy was facing. A slowdown 

in demand for goods in one of the major markets or even worldwide as during the Great 

Depression or the sub-prime crisis and its aftermaths forces shipping companies to adjust 

the TEU supply, i.e. to scrap inefficient vessels in order to cover operating costs and to 

prevail.  

The opposite is true, as mentioned in the above section, for times of high demand and 

soaring freight rates. Vessels will be ordered and shipyards will have plenty to do. 

However, due to the time lag between the impact of either up- or downswings in world 

economy and TEU supply, the cycles that affect most businesses regularly hit the 

shipping industry harder. It is an industry characterised by cyclicality, with generally 

short upswings and longer troughs (Stopford, 1997; Scarsi, 2007).  

Shocks are usually unforeseen and many believe that the actual turning points are 

impossible to predict. As an example, Barry Williams, then a director at P&O Nedloyd’s, 

told The Independent in August 2000 that “For the foreseeable future, there is control 

over new container capacity. There are signs that the industry is becoming less 

cyclical."(The Independent, 2000).  He might have been right about the container 

capacity, however, not about cyclicality as demand is a volatile part of the equation. The 

aftermaths of the dot.com bubble and 9/11 led to a drop in trade and therefore freight 

rates (Figure 18, Figure 19), of which the bottom was reached in 2002. Figure 18 shows 

that container trade experienced a slowed growth in 2001 compared to 2000, but TEU 

supply increased until 2001. Even though the observation period is rather short, the figure 

gives an idea about counter-cyclical behaviour of TEU supply, i.e. growth is increasing 

when container flow slows down and vice versa. This observation is in line with maritime 

economic theory, where the reluctance to scrap capital-intensive vessels and the delayed 

delivery of new ships as well as the unpredictability of movements in the market is 

regarded as the main reason for the characteristic cyclical nature of the industry.  
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Figure 18. Comparison of container flow and TEU supply 

 
Source: UNCTAD RMT  

This development is enforced by the availability and the price of money. In rough times, 

banks will be more prudent with their loaning policies, whereas money is easily available 

in times of good economic performance and an increase in overall wealth. This makes it 

easier for shipping companies to finance the acquisition of new vessels, which is one of 

the reasons why order books are filled up when freight rates are high. Furthermore, the 

necessity to remain competitive, i.e. to be able to deliver the liner service expected by 

customers, might lead to some sort of herd behaviour, as companies are almost forced to 

invest because their peers are doing the same and threaten market positions. Availability 

of financing and unpredictability of market cycles generally forbids for foreseeing 

investments in the fleet, leading to generally “wrong” expansion decisions that increase 

TEU supply in times of low freight rates, leading to further decreases and price cuts in the 

attempt to remain and gain market share.  

In the bulk shipping sector, investment decisions are often the matter of the main owner 

of the vessel or company, as this industry is characterised by a number of small players, 

leading to intuitive rather than analytical expansion and contraction of the fleet (Scarsi, 

2007). In the liner industry, reasons for “illogical” investment behaviour must be sought 

in availability of financing and competition as such, as the expansion of a company’s 
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fleet will not occur unnoticed, enticing competitors to follow suit in order to benefit from 

low building costs as well as to stay competitive, which could lead to an extension of the 

trough as TEU supply slowly increases. Situations like that have been observed in the 

past in the tanker market as a result of ship owners attempts to benefit from low building 

costs and to outsmart the market, resulting in a prolonged depression of tanker rates 

(Stopford, 1997). This shows that ship owners and shipping companies are well aware of 

the notion of anti-cyclical behaviour, which is well known in financial as well as 

maritime literature, i.e. to “buy low and sell high”. However, the irregularity of cycles as 

well as the possibility of herding behaviour, coupled with a traditionally high degree of 

competition within container shipping since the end of conference dominance and the 

financial issues somewhat decreases the chances of anti-cyclical investment behaviour to 

be successful. Even Scarsi acknowledges that the long lead time for the delivery of new 

vessels makes it hard to predict the market situation, despite excellent information on 

world fleet and the possibility for good supply-side analysis (Scarsi, 2007). 

In the long run, however, supply is assumed to adjust to demand as ships are either being 

ordered or scrapped. Extremely high or extremely low freight rates are not sustainable in 

a market with fierce competition, as shipping companies will eventually order new 

vessels or scrap old ones, and weaker competitors are being driven out. As a result, 

freight rates are generally assumed to revert towards a mean, i.e. they are mean-reverting. 

Not surprisingly, there has been much discussion and research in order to prove or 

disprove this assumption, which had first been expressed by Koopmans in 1939 

(Koopmans, 1939; Zannettos, 1966; Ådland, Cullinane, 2004). Theoretical maritime 

economists argue that there has to be mean reversion in the long run as supply adjusts to 

demand and the industry is supposed to be perfectly competitive. However, researchers 

have doubted the mean-reverting properties of freight rates, and several articles using 

data from bulk markets dispute the existence of stationarity, and therewith of mean 

reverting probabilities, in the freight rate function based on statistical methods, mainly by 

applying the Augmented Dickey-Fuller (ADF) Test ( e.g. Berg-Andreassen, 1996; 

Kavussanos and Alizadeh, 2001). However, some researchers found empirical evidence 

of non-linearity in bulk markets (Tvedt, 1997; Ådland, Culinane, 2005), indicating that 

applying standard unit root tests such as the ADF  against mean reversion in freight 
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markets are not adding a lot of value (Koekebakker, Ådland, Sødal, 2006).  As the ADF 

test is the most commonly used in maritime economic literature, it makes sense that in 

case of a non-linear process, this test can lack power and result in the conclusion that 

freight rates are non-stationary and hence not mean-reverting. Koekebakker, Ådland and 

Sødal found that the application of traditional unit root tests implies indeed non-

stationarity, however the application of the exponential smooth transition autoregressive 

model (ESTAR) (Kapeitanios et al. 2003) found stationarity among several bulk shipping 

sectors. This is in line with theory, as mean-reversion and the existence of upper and 

lower bounds for freight rates mean that the “[...]explosive behaviour implied by non-

stationarity[...]” (Kokebakker, Ådland, Sødal, 2006) cannot be exhibited.  

However, Ådland’s and Cullinane’s paper on spot freight rates on tanker markets found 

that the spot rate is locally non-stationary but that there is a non-linear mean-reverting 

drift at the edges of the range of the process enough to pull the series back into its middle 

region and to determine global stationarity (Ådland, Cullinane, 2004).  

It is clear that from a theoretical point of view, mean reversion is indeed a property of 

freight rates. Some empirical research supports this notion (see above), whereas some 

writers found that mean reversion is only to be observed in the extremes and hence in the 

long run, i.e. freight rates are locally non-stationary and globally mean-reverting. Others 

argue that freight rates are overall non-stationary (e.g. Kavussanos and Alizadeh, 2001). 

However, these empirical papers apply data from bulk markets, which are by definition 

much different from the liner business. Therefore, clear conclusions cannot be drawn 

from existing literature about mean reversion of container freight rates, but maritime 

economic theory and, to some extent, the distribution shape of the rates tend to support 

the notion of mean reversion. Nevertheless, the freight rate data used in this paper will 

have to be tested for stationarity. 

 

V.3.5 Freight Rate Time Series – Economic Observations 

As established above, movements in freight rates depend on macroeconomic and industry 

specific factors. In this paper, we look at two freight rate time series: the freight rates for 

the six most important routes as well as the consolidated freight rates, i.e. at freight rates 

for three roundtrips. The economic reasoning behind looking at these two series is that 
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even though the major routes can be looked at as individual routes, especially when 

taking a shipper’s point of view, it is the liner industry we are dealing with, meaning that 

ships are usually employed for a longer period on a certain roundtrip, e.g. Asia – Europe 

– Asia (see section IV.1 for definition). Therefore, considering that shipping companies 

will want to cover at least operating costs of their vessels, it can be assumed that the 

imbalance in cargo on the routes looked at is taken into consideration. Therefore, two-

way freight rates should give a more precise picture of the development of the rates, as 

the cargo imbalance must be accounted for in the level of freight rates and has to be offset 

by the rate asked for on the haul with a lot of demand for shipping capacity. Furthermore, 

it is reasonable to assume that in presence of perfect competition, shipping companies 

will supply as much capacity as demanded for the rate covering operating costs (see 

discussion above). However, since we are dealing with liners, this freight rate has to be 

high enough to cover the losses that are incurred on the backhaul, where less cargo can be 

attracted and a clear oversupply of TEU’s exists, hence low freight rates are prevalent. If 

this holds true has to be investigated, however, economic reasoning supports this 

assumption, which, if evidence for its truth can be found, would indicate that forecasting 

container freight rates should take a starting point in consolidated freight rates. 

However, it is necessary to look at both time series in order to come to a clear conclusion.  

Looking at the figures for freight rates, one way and consolidated, for the six major 

routes, certain patterns can be observed. The graphical representation of the one-way 

freight rates (1Q 1994 – 1Q 2008) for the six major routes (one-way) actually shows that 

we can identify two clusters: Asia – US, Asia – Europe and Europe -US, henceforth 

CLUSTER 1, and US – Asia, US – Europe and Europe – Asia, henceforth CLUSTER 2. 

One look at figure 21 shows that CLUSTER 1 freight rates are depicting a general 

upward trend, CLUSTER 2 freight rates a general downward trend for the period 

analysed. Furthermore, CLUSTER 1 routes show a clear peak-and-trough pattern, as 

would be expected from maritime economic theory, however, CLUSTER 2 routes show a 

general downward trend. Now the general trend does not come as a big surprise 

considering the fact that generally more and more production has been outsourced to 

Asian countries. The fact that the route Europe-US can be identified as a CLUSTER 1 

route is due to the fact that still a lot of machinery and mechanical parts are being 
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produced in Europe. The trade deficit that the USA has been running for the last two 

decades adds to the downward movement of the routes starting in the US, a similar 

situation showing in the freight rates from Europe to Asia, attributable to an increasing 

trade imbalance between the two regions, a lower demand for European products in Asia 

than for Asian products in Europe, and a steady increase in TEU supply (Figure 14). 

A somewhat sluggish increase in world GDP and, as a result, world imports (Figure 12) 

up to 2001, the year China became a WTO member, and after that a steep increase in 

world GDP certainly helped cementing trends between the clusters. 

Figure 19. Average freight rates on major routes 

Single-route Freight Rates
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The fact that CLUSTER 2 rates do not display such large swings as the CLUSTER 1 

rates is attributable to the fact that the cargo imbalance between the routes increased to 

such a large extend from 1999 on that rates remain on such a low level that does not give 

much space on the downward side if ships are to remain profitable, and demand has been 

constantly too low for large upward swings. However, a close look reveals that although 
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the long-term trend of CLUSTER 2 routes is downward sloping, short term trends tend to 

move with the CLUSTER 1 routes, but with a much lower impact (see figures 22 to 24). 

Seasonal spikes in both CLUSTER 1 seem to be consistently in the 3rd quarters of the 

periods when the series is moving upward. This is not mystical as it is when goods are 

being shipped for the holiday season, enforcing an upward trend, as supply remains stable 

in the short run. To some extend, but with lower impact, this is also true for the other 

direction, due to the same fact. Furthermore, an increase in quarter 4 can also be expected 

as less pressure on retailers in securing their merchandise for the holiday season exists, 

due to cargo imbalances. Yet this conclusion is not so clear, in the first 2 periods the 

peaks are in the 3rd Quarters, while in later periods they are located in the 4th quarters. 

The US-Asia route is a good example of the pattern change, as it has 3 clear peaks from 

1995 to 1997 in the 3rd quarters. However, later we can see that peaks in 2004 through 

2006 in the 4th quarters.  

One can clearly see that the Asia-US and later the Asia-EUR routes maintained higher 

prices due to their share and flow of finished goods to these regions from Asia, with the 

Asia-EUR becoming the most expensive at the end of the time series. The return trips of 

these routes, US-Asia and EUR-Asia, bring up the rear in terms of cost, with again the 

price of EUR-Asia growing the fastest, reflecting the rise of its counter-destination. Yet 

one can see that the US-EUR route which was important in the first 2 periods described 

above fell behind the EUR-US which overtook the price of the US-EUR route in the 3rd 

Quarter of 1999.  

Logically, the consolidated routes follow the trends of the CLUSTER 1 routes closely, 

which is attributable to the larger weight of the higher level of freight rates in the 

consolidated time series. Hence, the consolidated freight rate generally follows clearly the 

trend of the single-route freight rate that generates the revenue. 

 Also, the graphical representation of the single-route rates show that mean reversion is 

rather unlikely, however, it cannot per se be ruled out for the consolidated data. Cargo 

imbalances on the major trade routes are the main reason for the one-way rates to move 

in an opposite direction than the consolidated rates. Therefore, from an economic point of 

view, the rather level long-term development of the consolidated freight rates does not 
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surprise, as clearly shipping companies will try to set break-even prices on the routes in 

presence of fierce competition. 

The period observed can be split into four periods where CLUSTER 1 and CLUSTER 2 

freight rates move in opposite directions, as well as one period where freight rates move 

in the same direction.  

Furthermore, two general trends are observable for the whole period observed: An 

increasing trade imbalance lead to a bigger and bigger gap between freight rates for 

CLUSTER 1 and 2 routes due to empty TEU capacity on the way back to origin markets. 

Furthermore, the consolidated average freight rates seem to have a level trend. If this 

holds, the assumption that looking at the consolidated freight rates instead of the single 

rates is more promising for forecasting purposes will be confirmed, backed by general 

maritime economic concepts.   

After having established the general trends of CLUSTER 1 and 2 as well as consolidated 

freight rates, the underlying macroeconomic and industry-specific reasons for movements 

in freight rates should be investigated for the single and consolidated routes. This will be 

done looking at the transpacific route and the Asia-Europe route, as economic trends that 

happen in the US can be felt in Europe and vice versa, and at the transatlantic route due to 

the fact that trade between Europe and the US follows different patterns than trade 

between the western markets and Asia. 

 

V.3.5.1 The transpacific and Asia-Europe Routes 
On the transpacific and Europe-Asia routes, the last phase of one and two complete 

cycles can be identified with the typical stages of trough, recovery, peak and decline 

(Stopford, 1997), for Asia-Europe even the indication of the beginning of a new cycle 

from 4th quarter 2006 to the 2nd quarter 2007, even though the economic reality of the 

following period gives reason to assume that this upswing never made it.  
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Cycle 1: 3rd quarter 1996 to 1st quarter 1998 

This period is marked by freight rates for both directions still being close together, an 

indicator of similar demand and supply on both Asia-bound and US/EU-bound routes and 

Asia not being the factory of the world yet at this point in time.  

Figure 20. Freight Rates on the transpacific routes, one-way and consolidated 

 
Source: Own creation; Data source: CI-Online, 2009 

The general downward movement on these routes is attributable to a sluggish recovery of 

world economy after the recession in the eighties as well as economic turmoils after the 

fall of the Iron Curtain. An oversupply of TEU capacity on these routes due to increased 

investements of Asian shipping companies as well as an increase in average ship size 

contributed to the fall in freight rates.  

 

Cycle 2: 2nd quarter 1998 to 4th quarter 2001 

The second cycle is characterised by numerous outside shocks and events that contributed 

to the characteristic shape of this cycle. In the recovery phase, the Asian crisis ensured 
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decline due to declining cargo volumes on these routes with the effect that the single-
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route rates started to shear away from each other. As a result, the consolidated freight 

rates display a much lower growth than the one-way routes originating in Asia.  

Figure 21. Freight Rates on the Asia-Europe  routes, one-way and consolidated 

Source: Own creation; Data source: CI-Online, 2009 

 

Even though TEU capacity continued to grow in this period, freight rates originating in 
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borrowing and a general distrust of the population, resulting in a decline in consumption 

and a slowdown of the American economy, also affecting the at this time sluggish 

European economy. 

The decline in freight rates also has an effect at the Asia-bound rates, as a decrease in 

demand for Asian goods results in less spending power of Asian companies and 

consumers. 

The downward trend starting in the 3rd quarter 2000 had been enforced by the effects of 

the 9/11 terrorist attack, which resulted in a downward trend of the stock markets as well 

as a decline in the US$, decreasing purchasing power of US consumers, and, with a slight 

delay, also of Europe.  

 

Cycle 3: 1st quarter 2002 to 2nd quarter 2006/ 1st quarter 2007 

This cycle is marked by the westbound freight rate on the transpacific route being 

levelling around 800 almost for the whole period, indicating that a lower bound freight 

rate, as suggested by theory, exists (see section V.3.3). It is discussable whether this is an 

indicator of a lower bound of freight rates, as the eastbound rates on Asia-Europe also 

seem to hover around 800, however with bigger swings, or if this is an indicator of 

conference power in the transpacific trade. Both explanations are acceptable, however as 

access to inner-industry agreements is as good as impossible, only the lower-bound limit 

will be elaborated on in the literature review (section VII). 

This cycle is furthermore marked by an increase in world GDP growth (Figure 2), 

boosted by an unseen increase in trade activity in the wake of China’s accession to the 

WTO in 2001 and the resulting increase in East-West trade attributable to access to cheap 

goods from China as well as increasing wealth in Asia.  

The route Asia-Europe as well as the consolidated freigt rate reach their peak in the 4th 

quarter 2004, whereas Asia-US reaches a peak in 3rd quarter 2003 and thereafter 

somewhat levels out on between 1800 and 2000. A drop in freight rates cannot be 

observed until the 1st quarter of 2005 on both routes, which can be attributed to an 

increase in TEU capacity due to new deliveries of container carriers in 2005 and 2006. 

Freight rates towards Asia remain almost level in this period, even though US-Asia and 
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Europe-Asia show signs of decline from 3rd quarter 2006 on, as the effects of oversupply 

kick in on the backhaul. 

The reason for Europe-Asia and US-Asia developing in different directions from about 

the 3rd quarter 2006 on is attributable to the economic development in the US preceding 

the Sub-Prime crisis, marked by an increase in defaulting consumer credits and a 

decrease in consumption, the effect of which was only felt later in Europe after Lehmann 

Brothers went bankrupt. Therefore, Freight rates towards Europe display an upwards 

trend due to increasing consumption in this period, however, the trend was only 

temporarily and never made it all the way up. It is interesting to observe that rates from 

Europe to Asia decline in the same period, as the US imports less Asian goods, therefore 

Asian manufacturers generate less revenues. 

 

V.3.5.2The Transatlantic Route 
The transatlantic route displays another pattern than the routes originating in Asia, due to 

a different interrelation between the US and European economies. Therefore, even though 

the general direction of the freight rates moves with the other routes, only two cycles can 

be clearly identified on this route, as the cycle between 1998 and 2001 can on this route 

not clearly be identified.  

 

Cycle 1: 3rd quarter 1996 to 1st quarter 2003 

This period, which is merely the collapse stage of a cycle, is marked by an increasing 

trade imbalance of the USA, economic recovery in Europe following hard times due to 

restructuring and modernisation efforts in the eastern countries after the collapse of the 

Soviet Union, and a strong Dollar.  

The recovery of East-European industries as well as relocation of production facilities to 

Asia can explain the decrease in the US-Europe route and the increase in the Europe-US 

route, as advantageous exchange rates made European-produced goods more attractive to 

American buyers.  

The drop in freight rates for most of this period is attributable to a level development in 

container trade flow until 1999, when rates Europe-USA somewhat improved, and a 

steady increase in TEU supply (see Figure 11). The economic turmoils of this period (see 
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previous discussion on US-Asia and Europe-Asia) did theirs to keep freight rates down in 

this period. 

 

Cycle 2: 1st quarter 2003 to 1st quarter 2007 

This period is marked by an overall increase in GDP as well as trade activity. The in the 

beginning of the period rather low € made European goods attractive for American 

buyers, but not so much the other way around. However, the comparably low volumes on 

the transatlantic route mean that even though imbalances exist, they are not as 

pronounced as on the other routes, which explains the tendency of the single-route rates 

to move in the same direction even in the long run. 

Figure 22. Freight Rates on the transatlantic  routes, one-way and consolidated 

 
Source: Own creation; Data source: Drewry Shipping Consultants 

 

Clearly the higher price sensitivity for goods traded on this route means that shocks, such 

as the subprime crisis, as well as existing alternatives in home markets as well as in Asia, 

do generally affect volumes and therefore freight rates quickly, as is clearly observable in 

the 1st quarter 2007, when US consumption was already declining. 
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V.3.6 Implications 
As has been pointed out, the demand for container shipping services depends on world 

trade in mainly manufactured and semi-manufactured goods, as the majority of goods 

shipped in containers fall into this category.  

The liner industry is very unconcentrated, as the calculated HHI showed. This suggests 

that the notion of a highly competitive market can be accepted, meaning that a classic 

supply- and demand-approach for explaining the workings of the industry is adequate, as 

no price setting behaviour can prevail after the industry entry of independent competitors 

(see section V.2). 

The level of freight rates is dependent on the demand and supply for deep-sea container 

liner services. Therefore, indicators for developments in world GDP or consumption are 

bound to have some correlation with freight rates, such as interest rates, exchange rates, 

and oil prices.  

On the supply side, freight rate movements are dependent on combined TEU capacity of 

all carriers. Furthermore, increases in production factors such as bunker prices can, in the 

short run, lead to increases in freight rates, but will, in the long run, lead to more efficient 

vessels. 

The container shipping industry is highly cyclical due to lags between investment 

decisions and supply adjustments. However, in the long run, the freight rate is assumed to 

be mean-reverting according to theory.  

The look at historical freight rates showed that they are indeed highly dependent on 

consumption within the target region, and therewith on how well the economy is doing. 

In times of globalisation and increasing interdependencies, shocks in one of the major 

markets affect the world economy as a whole, which is mirrored in freight rate 

development. 

Supply of TEU capacity also has a large influence on freight rates, as specifically 

CLUSTER 2 routes are moving somewhat countercyclical to CLUSTER 1 routes, as in 

these time cargo imbalances tend to decrease. 

Maritime economic theory does not explain the movement of one-way freight rates, as 

cargo imbalance seems to have a large influence on freight rates. However, consolidated 

freight rates showed a more level trend without clear up-or downwards trends in the long 
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run, and without the massive swings that can be observed in the dry-bulk market, this in 

line with theory. Furthermore, the freight rates on the leg with less cargo generally seems 

to hover around a minimum value of US$ 800, which is most pronounced on the US-Asia 

route. This can be due to either the existence of a lower limit of freight rates, supporting 

the notion of using consolidated freight rates for forecasting purposes, or due to cartel 

agreements. 

All in all, findings indicate that using consolidated freight rates for forecasting purposes 

is economically more sound, as their movements are in line with economic theory. 

However, maritime economic theory indicates that freight rates, or rather the supply- and 

demand sides of it, depend on complex interrelations between macroeconomic and 

industry specific factors. As this is the case, it has to be questioned whether or not it is 

possible to forecast movements in freight rates with a structural model. It becomes clear 

that if this is possible, the model will have to take into account numerous factors, 

therefore it will be very extensive. Furthermore, as the forecasting horizon increases, the 

variables, even when lagged as interrelations will most likely not be instantaneous, will 

have to be forecasted themselves, increasing error. Therefore, especially if the 

assumptions on a highly competitive industry and mean reversion hold, the Random 

Walk might be the best bet when trying to forecast container freight rates. This, however, 

needs to be investigated further.  

 

VI. Literature Review 

When talking about the forecasting of shipping freight rates, it is a good idea to look at 

existing literature and attempts to the issue. As forecasting is generally thought to be 

impossible, none of the models presented in this section were considered as a major 

break-through.  

Since the beginnings of maritime economics with Koopmans’ book on oil tanker shipping 

and continuing with Zannettos in 1966, the workings of freight- and forward rates have 

been a focus of interest for researchers and professionals. Forecasting spot and time 

charter rates has been deemed to be close to impossible by Stopford (Stopford, 1997) and 

other academics and professionals involved in shipping due to the volatile nature of the 
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shipping industry, big swings in freight rates and cyclicality without a specific pattern. 

Nevertheless, attempts have been made to develop models that allow for forecasting 

freight rates developments. Interestingly, existing literature on the topic is mainly 

concerned with bulk markets such as the oil tanker segment, as well as several dry bulk 

markets, most likely because of the similar nature of the commodities being shipped, and 

the easier determination of demand and flows of these commodities. However, the tramp-

like behaviour of bulk ships, the dominance of time charter in some segments, as well as 

lower entry barriers also make the bulk markets much more volatile than the liner 

industry, with the result of much higher swings in freight rates, making it a very 

interesting industry to look at. Furthermore, the dominance of liner shipping conferences 

until the late 1970’s as well as the young history and rapid development of container 

shipping might have prevented some scholars to take an economically founded look at the 

liner industry.   

Some literature exists on the forecasting of spot freight rates, however, most literature is 

concerned with time charter rates in bulk markets, this being an indicator of the 

perception of the possibility to develop a spot rate forecasting model. Time charter rates 

are assumed to depend to some extend on the level of spot rates, and the most important 

input is therefore given. However, when it comes to forecasting future spot rates, tools 

reach from supply- and demand-models to stochastic models and hybrids, all geared 

towards a bulk segment or adapted from the financial industry. But all in all, the amount 

of literature on the general topic of determining shipping spot rates is rather low, 

indicating the unforeseeable nature of the shipping markets. 

 

VI.1 Classic Supply-and-Demand Models 

The dawn of maritime economics began with Tjalling C. Koopmans’ book “Tanker 

Freight Rates and Tankship Building: An Analysis of Cyclical Fluctuations” (1939). The 

title states clearly the purpose of Koopmans’ work, the attempt to investigate and explain 

fluctuations within the tanker industry. The cyclical character of shipping industries was a 

known fact even back then, as the book title proves. Koopmans, trained as a practical 

physicist, aimed to explain the workings of the industry in his book and developed 

concepts that are still seen as basic truths of maritime economics, such as cyclicality and 
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the characteristic hockey-stick shaped short-term supply curve. As an economist of the 

1930’s, Koopmans also suggested the shipping industry to be completely demand- and 

supply driven, therewith explaining the cyclicality inherent in the tanker business. His 

attempt was to explain why supply within the oil tanker industry was cyclical, but, 

paradoxically, not demand. His reasoning was the supply of ships and the time it takes to 

build a new vessel (Koopmans, 1939). However, even though he allocated some space to 

spot freight rates, Koopmans failed to develop a model in order to determine them, even 

though he laid out the basics by determining the factors on the demand- and supply sides 

that influence freight rates (Veenstra, La Fosse, 2006). Even though Koopmans’ 

reasoning was an important insight into the workings of the shipping cycle, the flaw was 

the lack of including future expectations of returns for investment decisions within the 

tanker industry. This explains why Koopmans did not allocate a whole lot of space on 

developing a forecasting model for spot rates, as he focussed on the tonnage supply as a 

driver of cyclicality.  

Interestingly, maritime economics and specifically the workings of spot freight rates 

seem not to have received a lot of attention until Zannetos published “The Theory of Oil 

Tankship Rates” in 1966, which he described as an extension of Koopmans’ work and the 

attempt to include future expectations of revenues into the cyclicality of the business. 

Besides contributions on the market structure of the oil tanker market and reasoning for 

the industry being perfectly competitive, his empirical observations on freight rates 

confirmed the hockey-stick shape of the supply- and demand function as suggested by 

Koopmans. Despite a large number of partial analyses on factors influencing freight rates, 

such as tonnage supply (scrapping, deliveries etc.), and the prediction that rates within the 

tanker industry have long troughs and sudden peaks, he did not develop a full empirical 

model for spot freight rates (Veenstra, de la Fosse, 2006) but came to the partial 

conclusion that spot rates were solely a function of lay ups at a given point (Hawdon, 

1978) of the function  
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Where = Spot Rate,  = inverse of tonnage or proportions of total tonnage laid up, 

which “[...]was included to allow for the observation that rates never fell below a certain 

levels[...]” (Hawdon, 1978), therewith clearly building on Koopmans’ assumptions that 

cyclicality is mainly driven by changes in the supply of tonnage.  

However, Zannetos presented an extensive analysis of time charter rates. Even though 

this is not the focus of the paper, some of the insights identified by Zannetos are also 

valuable for spot rate analysis, as time charter rates are thought to depend heavily on spot 

rates (Zannetos, 1968; Andreasen, 1997; Stopford, 1997). So did he find out that long-

term rates in the short run depend, not surprisingly, heavily on the spot rate, future 

expectations, layup, order book, vessel size, propulsion system of the ship, type of cargo, 

and contract currency, among other variables specific for time charter. He dropped 

currency, propulsion and cargo during his analysis. For spot rate analysis, all these factors 

do indeed play a role, as the supply of tonnage and future expectations do influence 

industry behaviour. As spot rates for the container industry are generally cited in US$, 

flat rates apply, and schedules are geared towards the capability of the company’s fleet, 

the factors he dropped in his analysis can well be disregarded. The spot rate, however, 

might be an indicator for future developments of freight rates if the notion of mean-

reverting freight rates as well as upper and lower limits within the container shipping 

industry hold true (see section V).  

David Hawdon built on Zannetos’ work in 1978 in order to develop a full spot- and long-

run rate function. As he saw a shift in the supply pattern of the tanker industry, he found 

that Koopmans’simple assumption, as proved by Zannetos, of the spot freight rate in the 

tanker market being a function of existing lay ups did not hold anymore due to an 

increase in the number of combined carriers, an increase in the size of vessels and the 

inherent bigger reluctance of laying up such a capital-intensive asset (see section V.3.2), 

as well as accompanying economies of scale and therefore lower unit costs. Interestingly, 

a similar development can be observed in the container shipping industry over the years 

(see section V.3.2).  

Hawdon’s model takes into account demand as well as supply, following closely 

theoretical assumptions about the drivers of the shipping markets. In his model, demand 

is determined by world demand for oil, employing parts of the world tanker fleet. In 
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accordance with the hockey-stick shaped supply curve as established by Koopmans 

(1939), freight rates remain low until some critical point when the world’s tanker fleet is 

close to full employment (Hawdon, 1978). A linear relation carried out by Hawdon 

showed that the demand for tanker services was, not surprisingly, almost completely 

dependent on world oil trade, an adequate finding for an industry assumed to be supply- 

and demand-driven. The freight rate function was found to be dependent on the 

proportion of the fleet employed rather than with the actual employment, this being in 

line with Zannetos’ findings.  Furthermore, Hawdon did take into account other factors 

affecting supply and demand such as economies of scale, crises, labour costs and capital 

costs. He found that multicollinearity between the explanatory variables lacked, 

indicating stable coefficients for forecasting. The actual model Hawdon developed is 

non-linear, supporting Ådland’s and Cullinane’s assumption that tests for mean reversion 

geared towards linear processes might not yield sufficient explanatory power (see section 

V). The reduced-form equation for spot freight rates in the tanker market is, according to 

Hawdon, 

 

 
 

“[...]where α, B and γ are consolidated constants and A is the sum of exogenous variables 

times reduced form coefficients[...]” (Hawdon, 1978).  He argued that applying 

exogenous predictions for forecasting purposes was a possibility, however would dilute 

the power, as all predictions are bound to be erroneous to some extent. Therefore, he 

suggests that the model should be used in order to conduct scenario- or Monte-Carlo-

simulations to achieve a tool supportive of decision making within the tanker industry.  

Hawdon’s findings are of high value for the development of supply- and demand models. 

However, the reliance on real-time factors, i.e. the development of a simulation not based 

on actual values for explanatory variables gives a tool that can support the decision 

making of industry players, however, does not predict a freight rate level with a certain 

confidence. Rather, it is meant to be a simulation based on assumptions about future 

developments in exogenous factors. For the purpose of developing a reliable forecast, 
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methods have to be based on real-world inputs working with a lag in order to reduce 

result dilution and to ensure ease of application.  

Michael Beenstock and Andreas Vergottis developed “an econometric model of the world 

market for dry cargo freight and shipping (1989)”. As all other papers that have been 

looked at, the article is concerned with dry bulk markets and attempts to develop a model 

for the complete market, i.e. to determine spot- and forward rates movements as well as 

changes in the supply of tonnage by changing dependent variables like demand and 

bunker prices in order to account for “shocks”, i.e. movements in these exogenous 

factors. They determine the relationship between fleet size, freight rates, stock demand 

for vessels, and ship prices, which are all dynamically interdependent according to 

maritime economic theory. The relationships determining the spot rate are 

 

 
 

where  is ton-miles supply,  is fleet trading in dry cargo routes, F is freight rate, PB 

(port + bunker charges) is an index of unit voyage costs and  is a vector of exogenous 

variables affecting the supply, such as ship prices and cost of capital (interest rate) 

(Beenstock, Vergottis, 1989).  The partial derivatives of the variables  and  are 

positive.  

Furthermore,  

 
 

where  is the proportion of the dry cargo fleet laid up, COM is the combined carriers 

employed in the dry market, and K is the dry cargo fleet. Hence, the fleet trading in the 

dry cargo market consist of the part of the fleet not laid up and the combined carriers 

employed in the dry markets.  

The lay-up decision depends on the freight rate, the lay-up costs and operating costs of 

the vessel (See Mossin, 1968). Vergottis and Beenstock found the functional form for  

to be logistical as it is naturally bounded between zero and one, so 
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Where RC = running costs and LC = lay-up costs. The partial derivatives for the variables 

F and LC are negative, for PB and RC positive.  

 represents the demand for freight services, hence being heavily influenced by 

seaborne trade, therefore the state of the world economy and, of course, the kind of 

commodities traded (See section V). As regional sourcing will only occur if freight rates 

are extremely high, Beenstock and Vergottis simply determined , where  is 

seaborne trade in ton miles obtained from exogenous sources. Being a supply-and 

demand model with the assumption of a market clearing equilibrium, , and 

freight rates move accordingly in order to clear the market. The shown equations 

determine the equilibrium levels of F, M,  and  given , PB, , COM, RC and LC. 

Fleet size K is determined in a similar way in the paper, as a function of the fleet size at 

the end of last period, new deliveries, scrapping level, and ships lost, where scrapping 

level depends on the age of the individual ships of which the fleet is comprised and 

deliveries depend logically on the size of the order book. As is appropriate for a model 

based on supply- and demand assumptions, basic insights of maritime economics were 

honoured such as perfect competition, rational expectations and efficient markets as well 

as given supply in the short run due to lagged delivery times.  

Interestingly, Beenstock’s and Vergottis’ model does take demand as an exogenous input, 

as Hawdon did. The model has a clear focus on supply and changes of the fleet, which 

explains the somewhat careful determination of demand as seaborne trade in 

commodities. The effect of changes in macroeconomic factors on demand is not taken 

into account, despite the general notion of close correlation of seaborne trade with world 

economy due to its nature as being the major mean of transportation for goods and 

commodities. Freight rates are indeed again a function of industry-specific factors, in 

particular changes in the fleet. Even though demand is taken into account, the close 

proximity to Koopmans’ and Zannetos’ models can be seen and could be regarded as the 

main source of weakness when it comes to forecasting power. However, the reliance on 

external inputs in order to determine demand is of course a good method in order to avoid 

dilution due to a number of predicted variables, which would inevitably lead to less 

confident forecasts. However, since macroeconomic factors are not included, direct 

effects of changes in e.g. GDP or exchange rates cannot be measured, only by taking the 
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“long road” over demand for seaborne trade, which complicates the analysis of the effect 

of these factors. As earlier models, Beenstock and Vergottis’ econometric approach has 

to be regarded as an analysis tool for changes in endogenous, or rather industry-specific, 

factors. 

Niels-Henrik Bjørn of Benderly Economics suggests a different approach to forecasting 

demand (Bjørn, 2008). He advocates that demand should be looked at as a result of 

monetary policy decisions as well as the state of the world economy. In order to avoid 

faultiness, real numbers are being employed in order to determine the impact that events 

now have on the freight rate in the short-run future. As forecasts for demand based on 

analytical insights are not robust, other variables are employed. On the demand side, 

variables such as US monetary policy (as the US$ is still the major currency), US 

consumer demand and US dollar rates are being looked at. As it is difficult to find good 

data on global dry bulk demand, this variable was excluded. Therefore, US monetary 

policy is seen as a more reliable predictor, as it is thought to influence industrial 

production, consumption and the dollar-denoted freight rates (see section V).  

On the supply side, simply growth in fleet tonnage is being used instead of tonnage miles 

due to the “high degree of certainty (Bjørn, 2008)” when it comes to predicting the 

change in fleet size over the time horizon of one year. 

Bjørn mentions an “overshooting mechanism” that adjusts for the fact that freight rates 

tend to go to extreme values in the short run when demand changes, but revert back 

towards “the original freight rate level (Bjørn, 2008)”. According to Benderly 

Economics, half of this reversion takes place within 6 months without supply side 

adjustments. Bjørn explains this with gains in efficiency of handling cargo etc. Therefore, 

following his argumentation, part of the mean reverting properties of (dry bulk) freight 

rates are due to gains in efficiency as opposed to be solely based on adjustments of fleet 

supply in the long run. 

According to Bjørn, the Benderly supply-and-demand model outperformed the forward 

market by 30% to 40% a year, a seemingly impressive number assuming that other 

industry professionals employ classic variables on the demand side of their models. This 

implies that the market is either by no means based on rational expectations, or that a 

number of unexpected shocks characterise the industry. As this model has been employed 
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by Benderly for several years, it is reasonable to assume that behaviour in the dry bulk 

future market is not necessarily purely rational, this also being in line with the 

impressions of other authors (e.g. Scarsi, 2007). However, as a forward market for 

container shipping does to date not exist, this insight can be ignored for the purpose of 

this paper. 

Unfortunately, the underlying functions are not being presented in the article, not 

surprising considering that Benderly Economics revenues come, to some part, from the 

forecasts based on the model. Therefore, the underlying mathematical assumptions 

cannot be presented or questioned. However, Bjørn mentions that the model is simply 

linear, and the “overshooting mechanism” implies that mean reversion of freight rates is 

accepted, as is the case with all supply-and-demand models.  

The model seems to be performing well, however, the increasing importance of emerging 

economies, and the increasing demand of Asia for commodities for world trade is not 

taken into account. Even though the USA is the biggest economy and the most important 

single market, its relative importance for world economy is decreasing. Therefore, the 

reliance on US-specific variables on the demand side seems somewhat biased and could 

lead to not catching developments within other regions of the world. Even though the 

world economy is highly interrelated, the times when China was merely the factory and 

the USA the markets seem to come to an end.  

Furthermore, the presentation of the model as a simple linear function can be questioned. 

Even though this increases the ease of use, other research questions the linear 

probabilities of freight rates in the bulk market (see section V.3.4).  

VI.1.1 Implications 
All supply-and-demand models are based on theoretical assumptions about the properties 

of the shipping markets, namely perfect competition, efficient markets and inherently 

mean reversion. The approach towards modelling demand is very different, taking it as an 

endogenous input in the “early” days of econometric modelling to looking at 

macroeconomic factors influencing world trade in the attempt to develop a forecasting 

model based on “real” variables rather than estimates. As Bjørn claims in his 2008 paper, 

a supply-and-demand approach might have the ability of forecasting freight rates with 

some success over the short run. 
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VI.2  Asset Pricing Models 
Asset pricing models are a rather recent addition to maritime literature that has obtained 

more and more attention from the 1990’s up until now. The basic framework is taken 

from financial economics in the attempt to model the spot freight rate as a stochastic 

process, such as the Ornstein-Uhlenbeck Process. As with the other models, the amount 

of literature that could be found on the specific focus of this paper is not impressive, and 

existing articles focus on the dry bulk and tanker sectors.  

In their 1995 article “Contingent Claims Evaluation of Mean-Reverting Cash Flows in 

Shipping”, Bjerksund and Ekern take a starting point in option valuation in order to apply 

findings from the financial field to the shipping industry. Their focus is the valuation of a 

European option on a time charter contract within a not defined shipping sector. The cash 

flow generated by a ship in operation is given by  

 

 
 

where a represents the size of cargo, b the operating cost-flow rate and the spot 

freight rate and is rather straight-forward.  

The spot freight rate is determined by an Ornstein-Uhlenbeck process with mean-

reverting capabilities of the form 

 
 

where k is the drift term,  the long-term mean and  the increment of a Brownian 

Motion. Hence, Bjerksund and Ekern acknowledge mean reversion towards a long-term 

mean as a fundamental characteristic of shipping freight rates. 

The expected value of the stochastic process X(T) is written as 

 

 
 

indicating that X(T) is based on the current value of the freight rate X(0) and the long-

term mean α, with weights obtained from the drift factor k. Therefore, the starting point 

for freight rate forecasts is the current freight rate and a mean around which all freight 
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rates are “hovering”, driven by the drift factor k. However, the drift factor is exogenous, 

or assumed to be given, as Bjerksund and Ekern do not suggest a formula for k. This 

indicates that even though the model is based on basic assumptions of shipping 

economics, i.e. mean reversion, k has to be determined statistically and seems dependent 

on the shipping segment looked at. Therefore, Bjerksund and Ekern do not suggest a full 

solution to forecasting future spot rates, but focus instead of the value of options on time 

charter contracts and the like within shipping. The strength of the approach is its closed-

form nature and ease of use if k is given. However, determining the drift factor k might 

well involve an in-depth analysis of the interrelations of the shipping sector looked at 

with the state of the world economy. 

Jostein Tvedt chooses a similar closed-form approach in his 1997 article on the 

“Valuation of VLCCs under income uncertainty (Tvedt, 1997)”. As freight rate 

uncertainty is a major factor within the VLCC market, a good stochastic evaluation of the 

freight rate properties would enhance asset valuation (Tvedt, 1997), as income streams 

would be known to some extent.  Assumptions are consistent with maritime economic 

theory. However, as opposed to liner shipping, tanker freight rates have (theoretically) no 

upper limit in the short run, as demand for transportation is assumed to be very inelastic 

in the oil sector.  

Tvedt abandons the Black-Scholes approach for options valuation, as “[...]there is no 

reason to believe that freight rate should follow a geometric Brownian motion[...]”(Tvedt, 

1997). In order to account for the mean-reverting properties of freight rates (see section 

V), Tvedt suggests to build upon Bjerksund’s and Ekern’s work and to model an 

Ornstein-Uhlenbeck process, which the time-charter equivalent spot rate, i.e. spot rate 

income less bunker costs and daily charges, is assumed to follow.  The process is given 

by 

 

¨ 
 

where  is the drift term that determines the degree of mean reversion (it follows that the 

Ornstein-Uhlenbeck process is stationary), α is the mean level towards which the process 

is assumed to revert, σ is the standard deviation of the change in freight rates, and  is a 
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one-dimensional Brownian motion. It is obvious that Tvedt follows closely Bjerksund’s 

and Ekern’s model.  

The freight rate level at time τ, if the freight rate at time t,  is known, is given by 

 
 

and is normally distributed. Again, the roots in Bjerksund’s and Ekern’s work can be 

seen. As the Ornstein-Uhlenbeck process is not downwards restricted (though spot rates 

will never be negative), it does not account for a freight rate bottom, i.e. the lay-up point 

below which the freight rate will never fall (see section V). Therefore, Tvedt suggests 

that the freight rate can be described by a Geometric Mean reversion (GMR) process with 

the properties 

 

 
 

Where  and α have the same properties as with the Ornstein-Uhlenbeck process, hence 

the GMR process has mean-reverting properties with strong reversion at high levels and 

weak reversion at low levels, and is downwards restricted, as zero is an absorbing level 

(Tvedt, 1997). Because time-charter equivalent spot rates are being used, this does not 

pose a problem. The freight rate is given by 

 
 

given that the rate level at time t, , t < ô, and is lognormally distributed, as adapted 

from Brennan and Schwarz.  

Using quarterly data covering the period from 1969 to 1995 in order to estimate 

parameter values, the freight rate simulations for both periods with both models show that 

the Ornstein-Uhlenbeck process indeed churns out the occasional negative value and 

seems to somewhat underestimate large upward swings in the freight rate. In general, the 

Ornstein-Uhlenbeck process overestimates lower swings in the freight rate, somewhat 

diluting the value of the process in order to accurately forecast spot rates. However, the 

process seems to point in the right direction, i.e. the simulated freight rates seem to move 

as the actual historical data does. 
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The GMR process exhibits generally lower swings but for one exception in the late 70’s, 

early 80’s where the model is overestimating freight rates, which can be explained with 

the 2nd oil shock, as the stochastic models do not account for exogenous shocks and 

changes in demands. Tvedt concludes that the GMR process seems to be more 

appropriate to describe the stochastic nature of freight rates supported by his findings. It 

seems that the model captures movements in the freight rate appropriately apart from 

times of endogenous shocks. Furthermore, the utilisation of a parametric, closed-form 

model can lead to misspecifications, decreasing the value of the model in question 

(Ådland, Cullinane, 2004). However, for the purpose of valuating assets with a long life 

span, such as VLCC’s, the impacts of such shocks might well be of secondary importance 

regarding the long-term horizon of such investments.  

 Ådland and Cullinane investigated the “non-linear dynamics of spot freight rates in 

tanker markets (Ådland, Cullinane, 2004)” with the attempt to develop a fully functional 

non-parametric model in order to avoid misspecification by “[…]let(ting) the data speak 

for itself[…]” (Adland, Cullinane, 2004).  

The spot freight rate process is being modelled as a general Markov stochastic differential 

equation of the form 

 
 

where  is a one-dimensional Brownian motion and μ is the drift function. Both σ and μ 

are known functions of the current value of the spot rate . The distribution of the 

process are characterised by the drift μ and the diffusion function σ. It is worth noticing 

that the function captures changes in the level of   rather than the actual level of , as 

in Tvedt’s paper, i.e. the starting point is a flexible framework that allows for changes in 

the level of the freight rate. In order to achieve an open model, the drift function that 

determines the strength of mean-reversion, or the drift towards the freight rate mean, has 

to have a function that can be determined non-parametrically. Ådland and Cullinane 

employ an integrated Kolmogorov forward equation adapted from Stanton (1997) of the 

properties 
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However, the diffusion function σ has to be known and a non-parametric estimate of the 

stationary density π has to be given for this purpose. Since σ has a lower order than μ for 

infinitesimal changes in time (dZ rather than dt), the “[...]local time dynamics reflect 

more of the properties of the diffusion function than those of the drift term (Ådland, 

Cullinane, 2004)”, allowing for the possibility to identify the diffusion function σ, then to 

derive the non-parametric drift-term μ.  

The data used are time-charter equivalent spot rates, as in Tvedt, for several classes of 

vessels, i.e. VLCC’s, Suezmax and Aframax size vessels. The utilisation of time-charter 

equivalent spot rates allows for the exclusion of operating costs, i.e. looks at the actual, 

“pure” freight rate.  

The analysis carried out concludes that tanker rates are stationary, in line with maritime 

economic theory and Tvedt’s assumptions. Furthermore, the statistic insignificance of the 

drift term is being rejected, however, the speed of mean reversion is highest at the 

extreme levels of freight rates, consistent with Tvedt’s lognormal approach as well as 

maritime economic theory (see section V). Over most of the sample size, Ådland and 

Cullinane could not reject Martingale behaviour, or the statistical insignificance of the 

drift over the observed sample size. This non-linear behaviour is in their opinion the main 

reason why non-stationarity has been accepted by several authors utilising short samples 

(Ådland, Cullinane, 2004; See section V).  They conclude that freight rates are globally 

mean reverting, i.e. they drift towards some mean freight rate at extreme values, which is 

enough to keep the freight rate in the middle region. However, as samples are somewhat 

rare for the extreme values of freight rates, they cannot clearly support their finding 

empirically, but find support within theory and general industry knowledge.  

Ådland, Jia and Lu investigate the “Price dynamics in the market for Liquid Petroleum 

Gas transport” in their 2006 article (Ådland, Jia, Lu, 2006).  Their work is based on 

Ådland’s and Cullinane’s fully-functional model for the oil tanker market displaying the 

same Markov stochastic differential equation for the dynamism of the spot freight rate of 

the LPG market (see above).  Furthermore, the same integrated Kolmogorov forward 

equation is being used in order to obtain an estimate of μ non-parametrically.  

However, the findings differ from the investigation of oil tanker market properties. 

Ådland et al. find that the speed of mean reversion within the LPG market is near 
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constant, and Martingale behaviour can be rejected. Furthermore, the LPG market can be 

characterised by a simple linear model as opposed to the oil tanker market. LPG freight 

rates are found to be homoskedastic, i.e. the conditional standard deviation is constant 

over time, as compared to heteroskedasticity of the volatility in the oil market as a sign of 

sudden shocks and long periods of prices close to marginal cost. This is being explained 

with the structure of the LPG market, a sign of “[...] pricing power by agents in the LPG 

freight market [...] (Ådland et al, 2008)”, or the ability to set prices to some extent above 

the level of the marginal cost of the service, or the fact that the LPG spot market is erratic 

due to its limited size.  

For the analysis of container shipping freight rates, this could mean that 

homoskedasticity, combined with short and sudden peaks in freight rates, would mean 

that the price-setting power of conferences is still alive and kicking. However, if maritime 

economic theory and general industry trends hold to be true, this should not be observed 

in the analysis.  

VI.2.2 Implications 
Closed-form stochastic models, as in the 1997 paper of Tvedt, seem to be a poor choice 

for freight rate analysis due to the lack of exogenous inputs and therefore the lack of 

actual macroeconomic developments, i.e. closed-form models have the inherent danger of 

not capturing trends and shocks affecting seaborne trade. This could lead to a substantial 

misinterpretation of freight-rate developments over the short and medium term, 

decreasing the value of a closed-form approach for the purpose of freight-rate analysis. 

On the other hand, no structural model has been found to outperform stochastic models, 

implying that stochastic approaches might be more precise due to the complications 

involved in developing a supply- and demand-model for shipping industries.  

Ådland’s and Cullinane’s approach allows for exogenous inputs for the diffusion function 

as well as the stationary density. The advantage is that constant inputs from real-world 

data is necessary, and therefore the model adjusts to changes in these inputs. However, 

even so the inputs are solely based on moves in the freight rate and adjusted accordingly. 

Hence, the model “lags behind” as it uses real-time inputs in order to forecast movements 

in the freight rate level. Furthermore, nuances in changes in macroeconomic factors 

might not be fully captured with this approach, posing a similar problem as the closed-
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form approach when it comes to capturing demand movements not clearly anticipated by 

the market and therefore not reflected in freight rates. However, in presence of efficient 

markets due to availability of information as well as perfect competition, this 

disadvantage will be offset in the long run, assuming that the notion of mean reversion 

holds true. Nevertheless, stochastic models do not require a specification of the supply-

and-demand processes that are inherent in the maritime transportation industries, which 

might make it intuitively prone to mistakes attributable to events and developments not 

captured by the stochastic processes.  

 

VI.3 Partial Equilibrium Models 

Partial equilibrium models are the youngest class of models within maritime economic 

literature. The idea is to bridge the gap that exists between the classic supply-and-demand 

models and the more recent asset pricing models adapted from financial economics. As 

with all models concerned with spot rate forecasting, literature is not exactly abundant on 

the topic. The fact that it is the youngest addition to the family of freight rate models does 

not help. 

The term “partial equilibrium model” refers to the fact that the models have to be 

individually adjusted for each shipping sector in question, hence “partial” (Ådland, 

Strandenes, 2007).  

 

Tvedt attempts to make this connection in his 2003 paper “Shipping market models and 

the specification of freight rate processes (Tvedt, 2003)”. He makes basic assumptions 

about perfect competition and mean reversion in line with maritime economic theory.  

Demand is specified as a constant freight rate elasticity function of the form 

 

 
 

where is the time-charter equivalent spot rate, ε the freight rate elasticity of demand, 

and  the dynamic of demand.  follows a geometric Brownian motion. The 

incremental change in  is given by 
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where μ is the expected growth rate, σ the standard deviation of the incremental relative 

change in  and  is the increment of a Brownian motion and is therefore 

~N[0,dt].  

Supply is modelled in the tradition of Koopmans, i.e. supply depends on capacity   and 

utilisation of it, determined by the utilisation indicator . Supply is given by 

 
 

and the short-term variable costs are given by 

 
Where υ =1/ε and w are constants. The actual supply and demand functions are then 

given by 

 
Where e =1/ε. The freight rate is given by 

 
i.e. the freight rate depends on the ratio of demand dynamics over total tonnage.  

Introducing ship construction into the model, Tvedt obtains 

 

 

 

For the change in the level of the freight rate, where  is the level of delivery at a given 

time, δ the level of depreciation of the capital stock (i.e. the vessels), and  

 
if  κ = ς, α = , = , where α is the drift term. If α is above 

, the drift is negative and vice versa, leading to mean reversion. It follows that 
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, 

 

a stochastic process with supply-and-demand model inputs. Tvedt extends the model to a 

two-level dynamic equilibrium model, based on changes in supply determined by 

shipyard capacity, delivery time, bunker costs (i.e. capacity, see section V) and an 

“investment trigger”, i.e. a level at which shipyards decide to either invest or divest 

building capacity. The freight rate then follows a stochastic process  

 
and 

 
 

Meaning that when the freight rate is below the investment trigger and is at the low 

level, the trend of the freight rate is positive, and vice versa for . Tvedt argues that an 

optimal switching between the two Brownian motions creates mean reversion, hence the 

time lag of deliveries contribute to a mean freight rate. Interestingly, the form seems 

similar to Mossin’s approach to lay-up decisions, even though Mossin concentrates on 

shipping companies instead of the actual shipbuilding industry.  

Tvedt uses data from the oil tanker market to calibrate his model, however, model fit with 

historical data is not being presented. Demand elasticity is taken from Strandenes and 

Wergeland (1981), potentially a source of error if market conditions have changed.  Even 

so, the models strength is the modest data input required, and therefore the avoidance of 

cumbersome supply-and-demand side modelling. However, as the inputs are dependent 

on “[…]rigidities in supply[…]” (Tvedt, 2003), such as the cost of changing the shipyard 

output, the question arises whether the data in question is easily obtainable, a crucial 

factor when it comes to applicability. 

Ådland and Strandenes aim to develop a partial equilibrium model based on stochastic 

demand and supply in order to simulate the probability distribution of future spot rates 

and the scrapping/contracting activity, conditional on current market conditions (Ådland, 

Strandenes, 2007).  They look at the tanker segment, in particular the VLCC market as an 

independent market.  
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The supply side is being modelled by treating the short-term supply function (time 

horizon one month) as the sum of all functions of the individual vessels of the fleet. The 

generated supply and demand, conditional on the freight rate from last period, are then 

being used to derive the new equilibrium and freight rate for the next period, a straight-

forward approasection  

The supply side includes factors such as fuel consumption and speed, which had to be 

estimated based on comparable vessels. Here the problem is evident: Due to the change in 

the composition of the fleet, a continuous tracking of average speed and fuel consumption 

seems cumbersome, even though the fact that only one class of vessel (VLCC’s) are 

being looked at might ease the task. Nevertheless, if looking at a complete sector (such as 

the container shipping sector) with applicability of the model in mind, such a work-

intensive approach forbids itself. 

Furthermore, a lower bound is being introduced in order to account for the notion that 

freight rates will not fall below the marginal cost of the marginal vessel, as maritime 

economic theory suggests.  

The scrapping function is driven by a Poisson process, as the alternatives, the Geometric 

and Uniform distribution, overestimate the probability of large values for the number of 

vessels scrapped. The function is given by 

 
For k=0,1,2,3... 

And λ is a linear function of key fundamental variables: 

 

 
 

Where  is the spot freight rate level, representing the short-term nature of scrapping 

decisions in markets where a substantial return is being generated through asset play, i.e. 

many bulk sectors.  is the level of deliveries, as new deliveries can induce 

scrapping, and a high level of deliveries indicates lower future freight rates (see section 

V). Therefore, a higher level of deliveries leads to a higher level of scrapping.  
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The decisions underlying the level of deliveries are similar to those of scrapping and are 

being presented in length in section V. Ådland and Strandenes adapt the general views of 

maritime economics on the matter. The process for deliveries with the time lag between 

the time of ordering and delivery taken into account is assumed to be Markovian, i.e. the 

current state is independent of past or future states. In order to complexity related to a 

modelling of the world shipbuilding industry, Ådland and Strandenes assume constant 

yard capacity and homogeneity among the yards. This approach is practicable, however, 

changing yard capacity should be taken into account by simply adjusting delivery lags to 

real-world data, thereby accounting for increases or decreases in yard capacity.  

Ådland and Strandenes model demand using the equation 

 

 
 

Where  is a stochastic scalar that determines the dynamics of demand shocks, and 

 a functional relationship that incorporates elasticity with respect to the spot 

freight rate X, and elasticity is assumed to be linear, choosing a different approach as 

Tvedt without losing the focus of applicability.  is given by  

 
 

Where  is the off-market base transport demand, Y(j) is a time-dependent linear trend 

in spot demand in order to increase efficiency of simulations and to keep the model open 

for including ‘expert opinions’ about demand,  and  is an error term ~N(0, σ).  

The simulations carried out utilising a Monte Carlo approach show a large variation of 

the area covered by the 95% confidence band, making the model somewhat unclear when 

it comes to short-term forecasting of the spot freight rate. However, as the model also has 

the ability to forecast fleet size and demolition activity, it is specifically useful for asset 

valuation over the long run, assuming that mean reversion holds to be true. 

VI.3.1 Implications 
The partial equilibrium models presented here seem to be specifically useful for long-

term asset valuation, however, not so much for short- to medium-term freight rate 

forecasting. The approach as such is certainly reasonable, as stochastic processes are 
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being combined with data inputs in order to establish open-form models as opposed to the 

closed-form models of the 1990’s and early years of the new millennium. A point of 

criticism is certainly the demand input, as it is solely the demand for oil modelled after 

the actual demand data. However, the supply side is extensively looked at. This poses the 

question if a more extensive modelling of the demand side, without jeopardising supply 

side accuracy, will increase the ability of a (partial) supply- and demand model to 

forecast freight rates with a shorter time horizon. 

All in all, however, literature lacks the proof that supply- and demand models, or partial 

equilibrium models will fare better than stochastic approaches. 

 

 

VII. Container Freight Rate Behaviour 
As we have described in the literature review of the previous section, there is an 

extensive amount of quantitative studies done for forecasting freight and ship prices 

(Kavussanos and Nomikos (2002), Veensta and Franses (1997), Alizadeh and Nomikos 

(2002), etc.) in the tanker and bulk sectors of the shipping industry, yet to our knowledge 

there has been none in the container market3

At this point, intuition, as formed by common maritime economics (section V) indicates 

that supply- and demand-models will yield the best results, however, the discussion of 

existing models (section VI) shows that one single best method cannot be identified. 

Three main reasons for this lack of predictability are given amongst the scholars in 

maritime literature: 1) the stochastic trend of freight rates (Veenstra and Franses, 1997), 

2) the exogenous characteristic of variables affecting the freight rates (Alizadeh and 

Nomikos (2002), and Kavussanos and Nomikos (2002)), and 3) supply side decisions of 

managers are not predictable due to its behavioural nature (Stopford, 1997).Therefore, the 

application of several methods in order to obtain the best possible is most suitable for the 

situation. 

. 

                                                 
3 The one exception is a recent paper by Chen and Zhang (2008), which use a vector autoregression model 
to forecast a sample of container carrier time charter rates. Although there is stable long-term relationship, 
there is no improvement in the accuracy in the long-term forecasts. The results are interpreted as a 
corroboration of the efficient market hypothesis. (Chen and Zhang, 2008) 
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Fields of main interests are linearity (see discussion in section VI), stationarity,  , 

homoscedasticity, mean reversion, and of course goodness of fit. Findings will help to 

understand relationships and will be built upon the influence variables have on container 

freight rates to obtain a forecasting model.  

 

VII.1 Introduction 

The following section develops the econometric model for forecasting which consolidates 

the concepts and methodology described in section IV. Hence steps in the model 

development are briefly commented upon. 

Results of the Box-Jenkin’s methodology described in Section IV.2.2, which in brief is; 

stationarity test, transformation of data series, identification of ARIMA model, equation 

estimation and checking of model approach, are presented in chronological order. 

Forecasting is carried out in Section VII.4. We utilize the computer software tools of SAS 

Enterprise Guide 4.2TM which supports model development in all the steps described and 

is the source of the print outs and tests run for the development of our models. 

However, before we immerse ourselves in the intricacies of model development, let us 

take a look at the data series and its qualitative features. 

 

VII.2 Time Series Data Description and Analysis 

In order to choose the right model we must have a clear picture of the features of our 

historical data which we wish to make inferences from. In section V.3.5 we have 

described our time series data and the historical impacts supply and demand factors have 

had on them. The following section we will describe the seasonal patterns and other 

properties related to our time series, so that we may judge which details we must correct 

for in the in sections to come.  

 

VII.2.1 The six routes 

As established earlier, our freight rate time series data consists of the following six 

container freight rate routes, 

1) Asia → United States of America          (Asia-US) 
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2) United States of America → Asia          (US-Asia) 

3) Asia →Europe                                        (Asia-EUR) 

4) Europe → Asia                                       (EUR-Asia) 

5) United States of America → Europe      (US-EUR) 

6) Europe → United States of America      (EUR-US). 

.These time series are seasonally unadjusted quarterly arithmetic averages of the 

container freight rate collected by Containerization International (CI-online, 2009). The 

unit of measurement of this data is U.S. dollar per TEU4

The qualitative features of our time series are 

 ($/TEU).  

• Asia-US, Asia-EUR and EUR-US tend to follow an upward trend (CLUSTER 1), 

while 

• US-Asia, EUR-Asia and US-EUR tend to follow a downward trend, with a 

bottoming out in 2003, and then an upward trend thereafter (CLUSTER 2). 

• Evidence of a business cycle is apparent (see section V.3.5). 

o Also notice that within these cycles, CLUSTER 1 and CLUSTER 2 move 

in opposite directions simultaneously 

o The opposite movement of the CLUSTERs can be split in 4 periods plus 1 

where they move together:  

 Period 1 – 4th Quarter of 1993 to the 4th Quarter of 1996 

• CLUSTERing is not apparent in this period. 

• CLUSTER 1 starts out in decline, except for the EUR-US 

route which really only follows CLUSTER 1 movements 

after the year 2000. In 1995 the US-Asia route rises 

seasonally, together with the Asia-US route from 

CLUSTER 2, hence one cannot really speak in clustering 

terms for this period.  

                                                 
4 TEU stands for twenty-foot equivalent unit, which is an inexact unit of cargo capacity often used to 
describe the capacity of containerships and container terminals. Hence the $/TEU represents the average 
cost of shipping a twenty-foot equivalent container in each of the routes described above. 
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• We can see how important the Asia-US route had 

consistently been since this period. In comparison we can 

see that US-EUR route that was beginning to overtake the 

Asia-US route and peak at the end of 1996, yet it fell 

significantly in later periods. The US-Asia seems to tell a 

similar story but at lower prices. 

 Period 2 – 4th Quarter of 1996 to the 4th Quarter of 1997 

• CLUSTER 2 routes have a clear seasonal spike in this 

period, while CLUSTER 1 have the opposite tendency.  

 Period 3 – 1st Quarter of 1998 to the 1st Quarter of 2002 

• CLUSTER 1 jumps to record highs, with the EUR-US 

lagging behind, only to have a similar decent which 

continues until the 3rd Quarter of 2001.  

• CLUSTER 2 begins to fall until it to correct in the 3rd 

quarter of 2000, and finally levels out in the 4th quarter of 

2002.  

 Period 4  - 4th Quarter of 2001 to 2nd Quarter of 2007 

• We overlap a bit from the previous period for CLUSTER 1 

as the next cycle begins in the 4th quarter of 2001 reaching 

its first peak at the 3rd quarter of 2003 and its second zenith 

in the 3rd quarter of 2004, marked clearly by the Asia-US 

route. The EUR-US route, although following the lead of 

the other two routes in CLUSTER 1, it begins to increase as 

the others fall at the 3rd Quarter of 2004 and overtakes them 

briefly in the 3rd Quarter of 2006 before declining to the 

same level at the 2nd quarter of 2007. 

• CLUSTER 2 begins to level out and are close to each other 

in value around the 4th quarter of 2004. The US-EUR route 

grows while the other 2 routes (i.e. US-Asia and EUR-

Asia) decline until the 2nd quarter of 2007. 

 Period 5 – 2nd Quarter of 2007 to 1st Quarter of 2008 
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• All routes begin to increase, most notably the Asia-EUR 

and EUR-Asia have higher rates of growth then the rest.  

• A seasonal pattern is apparent in both CLUSTERs.  

o Seasonal spikes in CLUSTER 1 seem to be consistently in the 3rd quarters 

of when the series is trending upward, or it seems to break the fall when 

these rates are adjusting downwards. This seasonal pattern is to be 

expected as it is the period when finished goods are being shipped for the 

holiday season. Adding these periods as factors to our ARIMA models 

will perhaps help to adjust for this seasonality.  

o In accordance to this finding we can also expect seasonal peaks for 

CLUSTER 2, yet these seem to be concentrated in 4th quarters which 

perhaps are explained by a piggy back effect from the more lucrative 

routes in CLUSTER 1. Yet this conclusion is not so clear, in the first 2 

business cycle periods described above the peaks are in the 3rd Quarters, 

while in later periods they are located in the 4th quarters. The US-Asia 

route is a good example of the pattern change, as it has 3 clear peaks from 

1995 to 1997 in the 3rd quarters. However, later we can see that peaks in 

2004 through 2006 in the 4th quarters.  

One can clearly see that the Asia-US and later the Asia-EUR routes maintained higher 

prices due to their share and flow of finished goods to these regions from Asia, with the 

Asia-EUR becoming the most expensive at the end of the time series (see section V.5 for 

economic discussion). The return trips of these routes, US-Asia and EUR-Asia, bring up 

the rear in terms of cost, with again the price of EUR-Asia growing the fastest, perhaps 

reflecting the rise of its counter-destination. Yet one can see that the US-EUR route 

which was important in the first 2 periods described above fell behind the EUR-US which 

overtook the price of the US-EUR route in the 3rd Quarter of 1999.  

 

VII.2.1.1 Implications 

The qualitative features of our data series not only tell a story of how the importance of 

routes changed during the period we wish to analyze, but also that we have to correct the 
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time series for positive trending of CLUSTER 1, the negative trending of CLUSTER 2, 

the seasonal peaks of each series usually in the 3rd or 4th quarters, while keeping in mind 

the cyclical relationship between the routes.  

VII.2.2 Descriptive Statistics 

Table 1 shows the descriptive statistics of the each route in absolute terms and its log 

transformation5

Table 3.  Descriptive Statistics of the 6 container freight rates, No. of Observations = 43  

 from the period of the 3rd Quarter of 1996 to the 1st Quarter of 2007. This 

represents 43 observations per route, i.e. a space of 10.5 years.  

n=43
$/TEU LN $/TEU LN $/TEU LN $/TEU LN $/TEU LN $/TEU LN

Mean 1730.53 7.448 1469.19 7.281 1364.28 7.206 904.88 6.789 810.02 6.685 1058.14 6.938
Maximum 2203.00 7.698 1842.00 7.519 1854.00 7.525 1508.00 7.319 1167.00 7.062 1621.00 7.391
Minimum 1345.00 7.204 1073.00 6.978 1045.00 6.952 720.00 6.579 601.00 6.399 771.00 6.648
Std Deviation 229.21 0.133 224.45 0.157 229.07 0.160 196.79 0.188 131.32 0.151 259.80 0.228
Skewness 0.16 -0.057 -0.17 -0.368 0.89 0.670 1.86 1.621 1.25 0.903 0.99 0.723
Kurtosis -0.80 -0.897 -1.10 -1.045 -0.29 -0.544 2.50 1.619 1.09 0.572 -0.30 -0.641

US-EUREUR-US
CLUSTER 1 CLUSTER 2

Asia-US US-Asia EUR-AsiaAsia-EUR

 
 

If we look at the descriptive statistics in absolute terms, we can see that the routes in 

CLUSTER 1, i.e. Asia-US, Asia-EUR & EUR-US, have higher means, but of more 

interest is that the 2nd, 3rd and 4th moments show that they are also less volatile then their 

counterparts in CLUSTER 2, which means that their observations tend to cluster closer to 

the mean. The notable exception is the EUR-US route which clearly has higher 3rd and 4th 

moments in CLUSTER 1.  

Large, but not excessive, skewness and kurtosis is reported in CLUSTER 2. All are 

positively skewed, pointing to a mass of concentration to the left of a normal distribution, 

which is visible in the normal probability plots of each route in Appendix 8. 

 

A violation to the normality assumption can comprise the estimation of coefficients and 

the calculations of confidence intervals(Madalla, 2001). The error distribution can be 

skewed by the presence of a few large outliers, it is worth while to see if deletion of these 

errors is justified. But as we shall conclude in the following section, these are not unique 

enough to delete. 

                                                 
5 Please refer to section IV.2.1.8 for a clarification of the effects logging has on a time series. 
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This data is log transformed, due to the benefits of 1) the normalizing effects of the log 

transformation and 2) these statistics are unit-free in this form as they are approximately 

in percentage terms and thus comparable across each route and the other variables in our 

study.    

Although there may be considerable loss of forecasting accuracy from the use of this 3-

month averages compared to point-sample data (Working, 1960), we will have to drawn 

conclusions from this data due to lack of availability of any other similar data sets.  

Implications: The descriptive statistics described above show that there are general 

differences in the moments for CLUSTER 1 and CLUSTER 2, which will affect our 

investigation into the stationarity of each time series. However the log transformed data 

for our routes seems to be more standardized.  

 

VII.2.3 Model Development 

In order to test for stationarity in each of the routes, we ran an augmented Dickey-Fuller 

(ADF) test. As section IV.2.1.7, explains, we identify if the τ -value of the first lagged 

coefficient, α1, in ADF test is larger than the range of critical value (CV) at the 1%, 5%, 

and 10% significant level for models with a trend, by comparing it to the reported p-

value. At levels, the freight rates are all non-stationary. The next step is to take the 1st 

differences and perform the ADF procedure again. The table below shows the results τ-

values and the respective p-value of the α1 in ADF tests for the 1st differences of each 

route.   

The τ –values and their respective p-values of the ADF test indicate that the routes reject 

the H0 hypothesis of a unit-root, and we can hence treat the data series as stationary. The 

first 5 routes are comfortably greater than the critical value. 
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Table 4.  ADF Test shows all our routes can be considered Stationary 
Route n = number of 

observations 

τ –value p value   (Pr 

> Tau) 

Result 

Asia-US  42 -3.85 0.0051 Less than CV, H0 is 

rejected (Stationary) 

US-Asia 42 -5.19 0.0002 Less than CV, H0 is 

rejected (Stationary) 

EUR-Asia 42 -4.53 0.0007 Less than CV, H0 is 

rejected (Stationary) 

Asia-EUR 42 -3.96 0.0036 Less than CV, H0 is 

rejected (Stationary) 

US-EUR 42 -3.90 0.0044 Less than CV, H0 is 

rejected (Stationary) 

EUR-US 42 -2.86 0.0554 These values are quite 

borderline at the 5% level , 

but not at a 10% level, H0 

is rejected (Stationary) 

 

However, the EUR-US route is borderline at a 5% level, but not at the 10% level, hence 

we shall treat it as stationary in our further analysis.  In addition, the a visual inspection 

of the autocorrelation function (ACF) plotted against the lagged periods for each route, 

located in Appendix 8-10 , also confirms these findings, as the ACF does not decay very 

slowly in any of the routes; a sign that the time series is stationary.   

Interestingly we note that there are differences in the reported τ –values for these routes. 

The Asia-US, Asia-EUR and EUR-US (i.e. CLUSTER 1) report lower τ –values routes 

compared their reciprocal counterparts (i.e. CLUSTER 2). If we return to the descriptive 

statistics section this result should not be so surprising, since this CLUSTER 1 has lower 

volatility and tends to fluctuate only close to the mean value. The Asia-US and Asia-EUR 

routes represent the most important routes by volume and value, and therefore have 

different characteristics then their counterpart routes. A good reason is that although there 

may be queues of containerships during the holiday season, with goods waiting to be 
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unload in ports of Europe and the USA, it is not a similar picture when the containers 

return to Asia, as it is not uncommon that they return without cargo (see section V). One 

can conclude that there may still be some memory to the price mechanism of these freight 

rates which allows for a slow adjustments in CLUSTER 2, compared to CLUSTER 1. 

The higher τ –values perhaps capture this mechanism, which points to a weak unit root 

process that has a longer effect and hence does not decay as it would under a stricter 

definition of stationarity. 

According to the autocorrelation test for white noise6

A visual inspection of the autocorrelation function (ACF) and the partial autocorrelation 

function (PACF) plots helps us to tentatively identify the autoregressive (AR) and/or 

moving average (MA) terms that are required. A fine tuning consists of adding lags of 

differenced series and/or lags of the forecast errors to the prediction equation, as needed 

to remove any last traces of autocorrelation from the forecast errors. Table 3 below, 

which is adapted from Guajarti’s (2003) generalized method for inspecting the ACF and 

PACF Figures, shows the routes that fit these criteria. 

 test none of our outputs reject the 

white noise hypothesis we can continue with our model identification procedure.  

As the table shows, a visual inspection of the ACF and PACF plots, show that the Asia-

US, Asia-EUR and EUR-US routes have competing models of AR(1), MA(1) and 

ARMA(1,1) for best fit. While the US-EUR route has AR(3), MA(3), and ARMA(3,3) 

and US-Asia route has MA(4), AR(4) and ARMA(4,4). The only one not mentioned in 

the table above is the EUR-Asia route as the ACF and PACF Figures show no significant 

lags after differencing the series. Hence it is a random walk, or ARIMA(0,1,0), model 

that fits this route’s freight rate series the best.  

 

 

 

 

                                                 
6 This is an approximate statistical test of the hypothesis that none of the autocorrelations of the series up to 
a given lag are significant from zero. If this is true for all lags, then there is no information in the series to 
model, and no ARIMA model is needed for the series. 
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Table 5. Auto Correlation Function (ACF) and Partial Auto Correlation Function 
(PACF) description of each route 
 ACF PACF Routes that fit this 

description 
MA(q) Spike up to lag q Exponential 

decrease or 
decrease in waves 

MA(1) - Asia-US, 

              Asia-EUR,  

              EUR-US 

MA(3) – US-EUR 

MA(4) – US-Asia 
AR(p) Exponential 

decrease or 
decrease in waves 

Spikes up to lag p 
or then zeros 

AR(1) - Asia-US, 

              Asia-EUR,  

              EUR-US 

AR(3) – US-EUR 

AR(4) – US-Asia 
ARMA(p,q) All values non-

zero, decreasing 

All values non-

zero, decreasing 

All routes, except 

EUR-Asia are 

tested for the mixed 

model 

 

The reader should recall that since the series has been integrated in the first order, I(1), 

the notations of the competing models above shall be written in ARIMA(p,d,q) notation 

in the remainder of the analysis as follows:  

• Asia-US, Asia-EUR and EUR-US have competing models in the form 

ARIMA(1,1,0), ARIMA(0,1,1) and ARIMA(1,1,1), 

• US-EUR has competing models in the form ARIMA(3,1,0), ARIMA(0,1,3) and 

ARIMA(3,1,3), 
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• US-Asia has competing models in the form of ARIMA(4,1,0), ARIMA(0,1,4) and 

ARIMA(4,1,4), 

• Finally, EUR-Asia is a random walk, or ARIMA(0,1,0). 

When looking at trade characteristics of the CLUSTER 1-routes (section V.3), we would 

expect an ARIMA(1,1,0) model, as it can be assumed that freight rates today are to some 

extent dependent on freight rates in the period before, as supply cannot be adjusted to 

changes in demand in the short run. Furthermore, as macroeconomic developments take 

time to affect demand and therewith the container freight market, a lag is expected. 

Furthermore, as CLUSTER 1-routes are the ones with the highest trade volumes, 

meaning that seasonal effects due to an increase in e.g. the Christmas trade and the 

following slump are not felt as they only constitute a small fraction of the total volume 

shipped on these routes. However, the two routes originating in the US can be expected to 

display a clear seasonal pattern, therefore, the ARIMA(0,1,3) and ARIMA(0,1,4) should 

be most fitting. As supply is only adjustable in the long run (see section V.3), the 

seasonality has to be the effect of an increase in demand. Now, as the volumes originating 

in the US are only a fraction of the volumes heading towards the US, an increase in cargo 

due to Christmas trade on the US-EUR and the Chinese New Year, which happens to be 

held within the first two months of the new (Gregorian) year, trade on the routes 

originating in the US display a clear seasonal spike, however one quarter apart. 

The fact that EUR-ASIA is displaying random walk (RW) characteristics can be 

attributed to the changing behaviour of trade on this route in the time series observed, 

which does not display a clear trend towards seasonality or stable volumes, as this trade is 

thought to be dependent on the exchange rate towards the €, in itself a RW. This is 

supported by the fact that either capital-intensive goods like machinery or low-price, 

highly price-sensitive goods like paper pulp are being shipped on this route. 

We choose the best fitting competing model by comparing the significance of the 

estimated parameters, the Akaike information criterion (AIC)7

                                                 
7 Developed and proposed by Hirotsugu Akaike in 1974 as a measure of goodness of  fit of an estimated 
statistical model. (Akaike, 1974)  AIC= 2k – 2ln(L), where k is the number of parameters in the model, and 
L is the maximized value of the likelihood function for the estimated model. SAS Enterprise Guide 9.2 
computes this statistic and is reported with the rest of the statistics in the outputs in Appendix ??? 

 and a check of the 

autocorrelation of residuals. Tables 5 and 6 on the following pages, illustrate the 
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estimates and descriptive tests for each of the competing models. Table 5 shows the 

models with a constant, or average trend, and Table 6 shows the same routes and 

estimates without the constant term. The reason for this separate reporting is due to the 

less than significant values for the constant estimates in all routes in table 5. In addition, a 

quick glance at the AIC values of the routes without a constant term in Table 6 are lower.  

The color coating scheme in Table 5 and 6 highlight the models that have the lowest AIC 

values. In Table 5, this is represented by a light blue color, while a bright green is used in 

Table 6 to signify the same. These models are hence the best fitting to the first difference 

of our freight rates. 
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Table 6. AIC and Parameter Estimates by route and competing model, with a constant 

With Constant
AIC Parameter Est. t-value (p-value) AIC Parameter Est. t-value (p-value) AIC Parameter Est. t-value (p-value)

Asia-US -115.94 -116.4 -114.4
MU -0.00062 -0.05 (0.9633) -0.00022 -0.02 (0.9860) -0.00023 -0.02 (0.9857)
Yt-1 0.33784 2.28 (0.0227) 0.0087 0.02 (0.9838)
εt-1 -0.37487 -2.25 (0.0108) -0.36713 -0.92 (0.3592)

Asia-EUR -126.11 -129.12 -127.136
MU 0.0022 0.13 (0.8993) 0.00412 0.31 (0.7568) 0.00416 0.30 (0.7619)
Yt-1 0.54998 4.23 (<.0001) 0.03341 0.15 (0.8801)

εt-1 -0.74702 -6.03 (<.0001) -0.72168 -4.14 (<.0001)

EUR-US -156.17 -154.84 -154.68
MU 0.00495 0.58 (0.5627) 0.00539 0.74 (0.4586) 0.00433 0.44 (0.6570)
Yt-1 0.34595 2.30 (0.0217) 0.56158 1.51 (0.1314)

εt-1 -0.26701 -1.75 (0.0807) 0.23829 0.55 (0.5808)

US-EUR -132.91 -133.33 -131.33
MU -0.01063 -0.98 (0.3276) -0.01104 -1.11 (0.2670) -0.01104 -1.10 (0.2719)
Yt-3 0.3392 2.27 (0.0233) -0.00772 -0.02 (0.9861)

εt-3 -0.37302 -2.46 (0.0140) -0.37998 -0.91 (0.3609)

US-Asia -110.16 -108.94 -110.33
MU -0.01733 -1.11 (0.2674) -0.01678 -1.25 (0.2109) -0.01947 -0.96 (0.3371)

Yt-4 0.42181 2.96 (0.0030) 0.83642 5.36 (<.0001)

εt-4 -0.40479 -2.62 (0.0089) 0.53922 2.04 (0.0410)

ARIMA(3,1,0) ARIMA(0,1,3) ARIMA(3,1,3)

ARIMA(4,1,0) ARIMA(0,1,4) ARIMA(4,1,4)

ARIMA(1,1,0) ARIMA(0,1,1) ARIMA(1,1,1)

 

The light blue color coating highlights the models with the lowest AIC values, and their respective parameter estimates. This indicates 
that these highlighted models fit the time series data the best and will be used to forecast the freight rates for our study.  

As we can see from the t-value(p-value) of the parameter estimates in each model, the constant (MU) is not add much in terms of 
explanatory power. 
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Table 7.  AIC and Parameter Estimates by route and competing model, without a constant 

Without Constant
AIC Parameter Est. t-value (p-value) AIC Parameter Est. t-value (p-value) AIC Parameter Est. t-value (p-value)

Asia-US -117.94 -118.4 -116.4

Yt-1 0.33765 2.30 (0.0212) 0.0084 0.02 (0.9842)

εt-1 -0.37486 -2.58 (0.0099) -0.36738 -0.93 (0.3527)

Asia-EUR -128.09 -131.02 -129.04

Yt-1 0.55113 4.29 (<.0001) 0.03571 0.16 (0.8703)

εt-1 -0.74802 -6.12 (<0.001) -0.72075 -4.19 (<.0001)

EUR-US -157.84 -156.28 -156.48

Yt-1 0.3603 2.45 (0.0143) 0.58986 1.75 (0.0793)

εt-1 -0.27461 -1.82 (0.0682) 0.25881 0.65 (0.5173)

US-EUR -152.69 -134.08 -132.12

Yt-3 0.13057 0.81 (0.4156) 0.11032 0.26 (0.7953)

εt-3 -0.38486 -2.57 (0.0101) -0.28205 -0.68 (0.4994)

US-Asia -110.97 -109.38 -111.42

Yt-4 0.45488 3.29 (0.0010) 0.86889 7.37 (<.0001)

εt-4 -0.42735 -2.80 (0.0050) 0.56802 2.51 (0.0121)

ARIMA(1,1,0) ARIMA(0,1,1) ARIMA(1,1,1)

ARIMA(3,1,0) ARIMA(0,1,3) ARIMA(3,1,3)

ARIMA(4,1,0) ARIMA(0,1,4) ARIMA(4,1,4)

 

The bright green color coating highlights the models with the lowest AIC values, and their respective parameter estimates. This 
indicates that these highlighted models fit the time series data the best and will be used to forecast the freight rates for our study.  

The special case highlighted in Red is the US-EUR route, ARIMA(3,1,0), which seems to have a large AIC value, but on closer 
inspection the autocorrelation of the residuals shows large correlations and the parameter estimate is not statistically significant.   
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The models chosen per route and their equations are presented in Table 8 below. 

Table 8.  Best-fitting ARIMA models and their linear equation by route, with or without a 
constant. 

 

The residual series is white noise hence there is no autocorrelation to violate the OLS 

assumptions. The LM-test reported in Appendix 8 for each route also rules out heteroscedasticity 

in these specified models. 

 

VII.2.4 Comparison of Forecasting Models 

The methodology for comparing our specified models out-of-sample is drawn from Meese and 

Rogoff (1983). Out-of-sample accuracy is measured by three statistics: mean error (ME), mean 

absolute error (MAE), and root mean square error (RMSE). As in the Meese and Rogoff (1983) 

paper, our primary criterion for forecast comparison is the RMSE, while the other two values add 

a measure of robustness. Table 8 reports our findings of forecast accuracy of the specified 

ARIMA models for each route, with and without a constant term. These are then compared to the 

random walk, with and without a drift term.  

The blue coating in Table 9 signifies the lowest RMSE during each time interval and model type. 

We can clearly see that Asia-US and Asia-EUR have a consistently low RMSE with the random 

walk with drift model. The positive drift term for each route, 0.0002 for Asia-US and 0.0035 for 

Asia-EUR, have significant explanatory value in forecasting the following movements. These 

routes have been trending upwards in the space of our study and is due to increasing trade flows 

from Asia, as it continued to gain momentum in the manufacturing of consumer products.  

† Please note that  Yt is the difference operator, i.e. Yt = Δ Zt = (Zt – Zt-1). 
In the same token, Yt-1 is the lagged differenced term, Yt-1 = ΔZt-1 = (Zt-1 – Zt-2),
and Yt-4 = ΔZt-4 = (Zt-4 – Zt-5).

ARIMA Model Linear Equation ARIMA Model Linear Equation
Asia-US ARIMA(0,1,1) Yt = -0.00022 + 0.37487εt-1  + εt ARIMA(0,1,1) Yt = 0.37486εt-1  + εt

Asia-EUR ARIMA(0,1,1) Yt = 0.00412 + 0.74702εt-1  + εt ARIMA(0,1,1) Yt = 0.74802εt-1  + εt

EUR-US ARIMA(1,1,0) Yt = -0.00324 + 0.34595Yt-1 + εt ARIMA(1,1,0) Yt = 0.3603Yt-1 + εt

US-EUR ARIMA(0,1,3) Yt = -0.01104 + 0.37302εt-3  + εt ARIMA(0,1,3) Yt = 0.38486εt-3  + εt

US-Asia ARIMA(4,1,4) Yt = -0.00318 + 0.83642Yt-4 + εt - 0.53922εt-4 ARIMA(4,1,4) Yt = 0.86889Yt-4 + εt - 0.56802εt-4 

With Constant Without Constant

† Please note that  Yt is the difference operator, i.e. Yt = Δ Zt = (Zt – Zt-1). 
In the same token, Yt-1 is the lagged differenced term, Yt-1 = ΔZt-1 = (Zt-1 – Zt-2),
and Yt-4 = ΔZt-4 = (Zt-4 – Zt-5).

ARIMA Model Linear Equation ARIMA Model Linear Equation
Asia-US ARIMA(0,1,1) Yt = -0.00022 + 0.37487εt-1  + εt ARIMA(0,1,1) Yt = 0.37486εt-1  + εt

Asia-EUR ARIMA(0,1,1) Yt = 0.00412 + 0.74702εt-1  + εt ARIMA(0,1,1) Yt = 0.74802εt-1  + εt

EUR-US ARIMA(1,1,0) Yt = -0.00324 + 0.34595Yt-1 + εt ARIMA(1,1,0) Yt = 0.3603Yt-1 + εt

US-EUR ARIMA(0,1,3) Yt = -0.01104 + 0.37302εt-3  + εt ARIMA(0,1,3) Yt = 0.38486εt-3  + εt

US-Asia ARIMA(4,1,4) Yt = -0.00318 + 0.83642Yt-4 + εt - 0.53922εt-4 ARIMA(4,1,4) Yt = 0.86889Yt-4 + εt - 0.56802εt-4 

With Constant Without Constant
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Table 9. Root Mean Square Error comparison of each specified model and the Random walk, 
with and without drift, for each of the routes. 

 

,  

 

 

 

 

Model RW no Drift RW with Drift ARIMA no Constant ARIMA with Constant
Route

Horizon
Asia-US 3 Months 0.0193 0.0191 0.0223 0.0225

6 Months 0.0406 0.0402 0.0449 0.0453
9 Months 0.0552 0.0546 0.0604 0.0611
12 Months 0.0722 0.0713 0.0782 0.0792

Asia-EUR 3 Months 0.0680 0.0645 0.0823 0.0798
6 Months 0.2116 0.2041 0.2318 0.2253
9 Months 0.3356 0.3235 0.3604 0.3490
12 Months 0.4478 0.4303 0.4764 0.4590

EUR-US 3 Months 0.0234 0.0289 0.0088 0.0126
6 Months 0.0029 0.0146 0.0215 0.0127
9 Months 0.0223 0.0031 0.0548 0.0398
12 Months 0.0217 0.0061 0.0611 0.0388

US-EUR* 3 Months 0.0333 0.0438 0.0318 0.0397
6 Months 0.0782 0.1004 0.0678 0.0850
9 Months 0.1248 0.1611 0.1168 0.1446
12 Months 0.1806 0.2329 0.1740 0.2156

US-Asia** 3 Months 0.0373 0.0544 0.0342 0.0415
6 Months 0.0664 0.1027 0.0520 0.0679
9 Months 0.0973 0.1564 0.0945 0.1186
12 Months 0.1620 0.2473 0.1746 0.2089

EUR-Asia 3 Months 0.0147 0.0043 N/A N/A
6 Months 0.0100 0.0319 N/A N/A
9 Months 0.1128 0.1487 N/A N/A
12 Months 0.2219 0.2738 N/A N/A

Root Mean Square Error

† As in Meese and Rogoff (1983), figures are approximately in percentage terms. 
*     US-EUR model is an ARIMA(0,1,3)
**   US-Asia model is an ARIMA (4,1,4)
*** The blue coating in each route represents the lowest error (RMSE) in that time horizon in comparison

to the competing models.   

†

Model RW no Drift RW with Drift ARIMA no Constant ARIMA with Constant
Route

Horizon
Asia-US 3 Months 0.0193 0.0191 0.0223 0.0225

6 Months 0.0406 0.0402 0.0449 0.0453
9 Months 0.0552 0.0546 0.0604 0.0611
12 Months 0.0722 0.0713 0.0782 0.0792

Asia-EUR 3 Months 0.0680 0.0645 0.0823 0.0798
6 Months 0.2116 0.2041 0.2318 0.2253
9 Months 0.3356 0.3235 0.3604 0.3490
12 Months 0.4478 0.4303 0.4764 0.4590

EUR-US 3 Months 0.0234 0.0289 0.0088 0.0126
6 Months 0.0029 0.0146 0.0215 0.0127
9 Months 0.0223 0.0031 0.0548 0.0398
12 Months 0.0217 0.0061 0.0611 0.0388

US-EUR* 3 Months 0.0333 0.0438 0.0318 0.0397
6 Months 0.0782 0.1004 0.0678 0.0850
9 Months 0.1248 0.1611 0.1168 0.1446
12 Months 0.1806 0.2329 0.1740 0.2156

US-Asia** 3 Months 0.0373 0.0544 0.0342 0.0415
6 Months 0.0664 0.1027 0.0520 0.0679
9 Months 0.0973 0.1564 0.0945 0.1186
12 Months 0.1620 0.2473 0.1746 0.2089

EUR-Asia 3 Months 0.0147 0.0043 N/A N/A
6 Months 0.0100 0.0319 N/A N/A
9 Months 0.1128 0.1487 N/A N/A
12 Months 0.2219 0.2738 N/A N/A

Root Mean Square Error

† As in Meese and Rogoff (1983), figures are approximately in percentage terms. 
*     US-EUR model is an ARIMA(0,1,3)
**   US-Asia model is an ARIMA (4,1,4)
*** The blue coating in each route represents the lowest error (RMSE) in that time horizon in comparison

to the competing models.   

†
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Another interesting finding is the routes that originate from the US, i.e. US-EUR and US-Asia 

are consistently more accurate with the ARIMA(0,1,3) and ARIMA(4,1,4) with no constant, 

respectively, than the random walk models. This seasonal relationship is most likely explained 

by an increase in demand for consumer goods in these periods. In the 3rd quarter of each year the 

US-EUR routes would be busy shipping products for the Christmas season, while the US-Asia 

4th quarter seasonality would mostly likely be affected by preparations for Chinese New Year. 

On the supply side, oil prices usually peak in the 3rd quarter of the year as a result of preparations 

in the Northern hemisphere for the winter months. Since  bunker costs, represent 50% of the cost 

of shipping according to Stopford (1997), an increase in this cost usually makes ships decrease 

their speeds to conserve bunker. This phenomenon can have a dual effect, where the ship-owner 

transfers some of the extra cost to the customer, raising the prices, and also reducing speed in 

order to increase fuel efficiency, which effectively reduces TEU capacity (see section V.3.2). 

This, coupled with increasing demand, could also be a contributing factor to seasonality. 

According to figures from Containerization International, bunker prices in the US, in this case 

the port of Los Angeles, California, is consistently higher than Singapore  or Rotterdam . 

The routes that originate from Europe however, EUR-US and EUR-Asia, paint a very mixed 

picture. There is no surprise that the Random Walk model suits the EUR- Asia route. Yet the 

first period, 3 months ahead, is forecasted best with a random walk with drift, and after this the 

random walk model without drift is consistently more accurate. The EUR-US route is all over the 

place, yet as a business person interested in the near future, the ARIMA(1,1,0) model without a 

constant would be the most interesting. However it seems that some longer term trend in the 

random walk with a constant forecasts better than the other models.  

 

VII.3 Container Freight Rate Triangulation. 

As we argued in Section V.3.5 the round-trip freight rates seem to be quite stable in comparison 

to the one-way freight rates. The arguments presented earlier on these round trip rates lead us 

believe that we can perhaps use them for forecasting purposes.  

If in addition to these arguments and the diverging pattern of the routes and their return routes in 

the graphical analysis in Section V.3.5 , we can construct a different way of modelling future 

freight rates. 
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Let us assume that you are a ship-owner. Your ship sails the open seas from Asia to the United 

States, and then returns via the same route, in approximately the same time span without 

meteorological or other complications. You notice that your ship leaves the Asian harbours 

completely packed with consumer goods bound for the US, which your shipping customers 

consider highly lucrative. Yet on its return voyage, your ship often returns at half its total 

capacity. In order for you to make a profit from the cost of the return voyage, you must make up 

the difference on the first route, or you may be forced to change route all together or even lay-up 

your vessel.  

The point of this narrative is to put forward the assumption that ship-owners will attempt to 

stabilize the volatility of their returns for each ship on aggregate, i.e. on the consolidated average 

of the roundtrip, instead of optimizing the individual routes. Figure 23 illustrates this idea. As we 

have argued in Section V.3.5, the return routes with less cargo that generally seems to hover 

around a minimum value of $800 per TEU. If these values are to be maintained, as we speculate, 

due to the maintenance of a profitable margin, then the ship-owner will try to maintain the 

average. 

Figure 23. Illustration of the triangulation method with a lower bound. 
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In order to test this theory we have modelled the average freight rate of the consolidated routes 

according to the ARIMA modelling procedure as we did in the previous section. The specified 

models with the lowest AIC values were the ARIMA(0,1,1) with no constant for EUR-Asia ↔ 

EUR-Asia and ARIMA(0,1,3) with no constant for the US-EUR ↔ EUR-US route, while the 

Asia-US ↔ US-Asia fit the random walk model ARIMA(0,1,0) with no constant best. As before 

we compare the out-of-sample accuracy of these estimated values compared to a random walk, 

with and without a constant term, this yields the following root mean square error results in 

Table 10. For details of these model specifications please refer to the SAS Enterprise Guide 

outputs in Appendix 9.  

Table 10. RMSE for the Consolidated Routes, comparison of ARIMA and Random walk 
 

   

 

 

 

 

 

 

 

 

 

 

 

As we can see from Table 10, the Random Walk model with no drift term is clearly the most 

accurate of the compared models, with the exception of the first period of the EUR-US ↔ US-

EUR route. However, for the purpose of our study we shall assume that the random walk with no 

drift best fits these routes.  

Now the idea is that this random walk with no drift offers a baseline, since the forecast of this 

model is a flat line which reflects the last known value of the consolidated average freight rate 

Model RW no Drift RW with Drift ARIMA no Constant ARIMA with Constant
Route

Horizon
Asia-US ↔ US-Asia 3 Months 0.3419 0.3485

6 Months 0.4969 0.5109
9 Months 0.6140 0.6368
12 Months 0.7174 0.7503

Asia-EUR ↔ EUR-Asia 3 Months 0.0416 0.0436 0.0486 0.0499
6 Months 0.1491 0.1533 0.1590 0.1621
9 Months 0.2662 0.2731 0.2783 0.2837
12 Months 0.3771 0.3871 0.3911 0.3992

EUR-US ↔ US-EUR 3 Months 0.0015 0.0003 0.0006 0.0017
6 Months 0.0285 0.0323 0.0344 0.0393
9 Months 0.0620 0.0682 0.0806 0.0886
12 Months 0.0838 0.0928 0.1119 0.1240

Root Mean Square Error

† Please note that the ARIMA models with the lowest AIC vslues presented here were as follows:
Asia-US ↔ US-Asia:       ARIMA(0,1,1),
Asia-EUR ↔ EUR-Asia: ARIMA(0,1,1) and
EUR-US ↔ US-EUR:     ARIMA(0,1,3).

Model RW no Drift RW with Drift ARIMA no Constant ARIMA with Constant
Route

Horizon
Asia-US ↔ US-Asia 3 Months 0.3419 0.3485

6 Months 0.4969 0.5109
9 Months 0.6140 0.6368
12 Months 0.7174 0.7503

Asia-EUR ↔ EUR-Asia 3 Months 0.0416 0.0436 0.0486 0.0499
6 Months 0.1491 0.1533 0.1590 0.1621
9 Months 0.2662 0.2731 0.2783 0.2837
12 Months 0.3771 0.3871 0.3911 0.3992

EUR-US ↔ US-EUR 3 Months 0.0015 0.0003 0.0006 0.0017
6 Months 0.0285 0.0323 0.0344 0.0393
9 Months 0.0620 0.0682 0.0806 0.0886
12 Months 0.0838 0.0928 0.1119 0.1240

Root Mean Square Error

† Please note that the ARIMA models with the lowest AIC vslues presented here were as follows:
Asia-US ↔ US-Asia:       ARIMA(0,1,1),
Asia-EUR ↔ EUR-Asia: ARIMA(0,1,1) and
EUR-US ↔ US-EUR:     ARIMA(0,1,3).
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for each route. We think it is possible to forecast the individual routes by using this baseline in 

short-term. Now let us describe the idea mathematically. 

 

Let the consolidated average of the Asia-US ↔ US-Asia route (at time t) = Zt, 

the value of the individual Asia-US route (at time t) = Xt and the value of the individual US-Asia 

route (at time t) = Yt. 

Since Zt is best specifed by a random walk model with no drift, as we can see in table 10, this 

route is determined by,   

Zt = Zt-1 + εt 

where Zt-1 = (Xt-1 + Yt-1) / 2, that is the average of the  lagged values of Xt and Yt. 

To prove this let us compare the out-of-sample test and the latest value of Zt, by plugging on the 

lagged observed values of Xt-1 and Yt-1. 

 

If Xt-1(Actual) = 1643 and Yt-1(Actual) = 737,  

Then  Zt-1(Predicted) = (Xt-1(Actual) + Yt-1(Actual)) / 2 = (1643 + 737) / 2 = 1190. 

 

Since Zt = Zt-1 + εt,   then Zt(Predicted) ≈ 1190 

 

The actual observed value is Zt(Actual) = 1220.   So our value is off only by 2.46%, a huge 

difference from the RMSE values predicted by the random walk with no drift, which is ~34%, as 

we can see from Table 10 above. So there is indeed information we can use in the average 

consolidated value of the routes for improving the forecasts.  

Yet the previous calculation is just an example of a prediction of the baseline average, not a 

prediction that we would like to make of the individual routes. Since one of the routes, US-Asia, 

is slightly more predictable by the ARIMA(4,1,4) model calculated before. The question we wish 

to answer is: Can we predict the random value of Xt (Asia-US) based on the values of Zt 

(Consolidated route, baseline) and Yt (US-Asia, ARIMA(4,1,4))?  

 

As before                                             Zt = (Xt + Yt)/2   ↔   

Isolating for Xt,                                2*Zt = Xt + Yt        ↔ 

                                                            Xt = 2*Zt – Yt 
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If the random walk predicts Zt as Zt = Zt-1 + ε,  then as we have shown above Zt(Predicted) ≈ 1190,  

and Yt is expressed as Yt = 0.86889Yt-4 + εt  - 0.56802εt-4, as in Table 10 above, where 

Yt = 739.297. 

 

Then our predicted value for Xt = Xt(predicted) = 2*Zt – Yt = 2*(1190) – (739.297) = 1640.703. 

 

The actual observed value of Xt in the second quarter of 2007 is Xt(Actual) = 1675. 

Although our Xt(predicted) value understates the actual value, it is not far off from the random walk, 

Xt=Xt-1 + ε ≈ 1643. 

 

Although this example does not improve upon the random walk model, the idea is to show that 

this method, just as the random walk model, assumes all the information necessary to predict the 

preceding value in the time series is in the last known values and a white noise term. However, 

the method above attempts to add another source of information related by a common baseline, 

the average value of the consolidated freight rate for the Asia-US ↔ US-Asia route and the 

lower limit of the leg with less cargo that generally seems to hover around a minimum value of 

$800 per TEU (see section V.3.5). If these values are to be maintained, as we speculate, due to 

the maintenance of a profitable margin, then the information should give us additional insight 

compared to the random walk.  

We can see from Table 11, that our Triangular method (TRM) does improve the forecasts for all 

routes, with some varying success. A general observation of the table is that even though the first 

quarter is not improved upon by the TRM method compared to the specified models developed 

in the previous section, there is however a huge improvement in long-run forecasting. Most 

notably the individual routes of Asia-US, US-Asia, Asia-EUR and EUR-Asia all improve with 

quite stable long-term percentage differences in the forecast when compared to the actuals. There 

are two important reasons for this improvement, 1)there is added information specified by the 

ARIMA models, US-Asia with an ARIMA(4,1,4) model and US-EUR with an ARIMA(0,1,3), 

that account for seasonal effects and 2) the baseline average of the consolidated routes also 

provides a steady point of reference for the relationship between the individual routes.  
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Table 11. Forecasting Improvements of the Triangulation Method vs the specified models for the 
single routes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In contrast to the routes mentioned, the EUR-Asia and Asia-EUR seems to have gained little 

information from the triangulation. The Asia-EUR route does improve in the long-run, but is not 

as significant as the other routes. While the EUR-Asia route is the only one to out-predict the 

models in the first quarter of the out-of-sample comparison, it does progressively worse in the 

following periods. This can be explained by taking the contrary position to the argumentation to 

the routes we just explained, i.e. there was no significant information to improve the forecast in 

these routes. This is due to all three triangulated routes being random walks. The drift term in the 

Asia-EUR route had a negative effect on the forecast of the EUR-Asia route, but the random 

Predicting
Quarter RMSE(TRM) RMSE(RW) % Difference(TRM vs Actual) % Difference (RW vs Actual)

Asia-US Q2 07 34.297 31.637 2.048 1.889
Q3 07 36.181 67.137 2.120 3.933
Q4 07 1.866 91.273 0.109 5.347
Q1 08 32.002 119.452 1.855 6.925

Quarter RMSE(TRM) RMSE(ARIMA) % Difference(TRM vs Actual) % Difference (ARIMA vs Actual)
US-Asia Q2 07 28.363 25.703 3.708 3.360

Q3 07 8.524 39.480 1.093 5.061
Q4 07 21.414 71.725 2.697 9.033
Q1 08 16.452 135.002 1.911 15.680

Predicting
Quarter RMSE(TRM) RMSE(RW) % Difference(TRM vs Actual) % Difference (RW vs Actual)

Asia-EUR Q2 07 108.987 103.514 6.573 6.243
Q3 07 292.723 350.427 14.996 17.952
Q4 07 285.188 568.213 13.885 27.664
Q1 08 205.473 767.140 9.688 36.169

Predicting
Quarter RMSE(TRM) RMSE(RW) % Difference(TRM vs Actual) % Difference (RW vs Actual)

EUR-Asia Q2 07 5.514 10.987 0.741 1.477
Q3 07 49.907 7.797 6.423 1.003
Q4 07 190.048 92.977 21.000 10.274
Q1 08 374.640 187.027 38.702 19.321

Predicting
Quarter RMSE(TRM) RMSE(RW) % Difference(TRM vs Actual) % Difference (RW vs Actual)

EUR-US Q2 07 37.403 34.057 2.263 2.060
Q3 07 9.445 159.726 0.548 9.259
Q4 07 16.986 339.384 0.962 19.218
Q1 08 105.599 508.387 6.212 29.905

Predicting
Quarter RMSE(TRM) RMSE(ARIMA) % Difference(TRM vs Actual) % Difference (ARIMA vs Actual)

US-EUR Q2 07 35.057 33.403 3.286 3.131
Q3 07 86.347 72.579 7.744 6.509
Q4 07 69.957 126.105 6.099 10.994
Q1 08 46.613 190.099 3.907 15.935

Predicting Asia-EUR (Xt)

Predicting EUR_Asia (Yt)

Predicting Asia-US (Xt)

Predicting US-Asia (Yt)

Predicting Asia-EUR (Xt)

Predicting EUR_Asia (Yt)

† Please note that the TRM means Triangular method, which is defined as Zt=(Xt+Yt)/2, and manipulated to 
isolate the route we wish to predict. RMSE is Root Mean Square Error and it is in absolute values. RW is 
Random walk with or without drift depending on the route, just as ARIMA is with or without constant.

Stable 
long-term 
difference

Stable 
long-term 
difference

Consistently 
lower 
difference

Also lower 
differences 
than ARIMA

Improves 
only Q2 2007

Long-term 
improvement

Predicting
Quarter RMSE(TRM) RMSE(RW) % Difference(TRM vs Actual) % Difference (RW vs Actual)

Asia-US Q2 07 34.297 31.637 2.048 1.889
Q3 07 36.181 67.137 2.120 3.933
Q4 07 1.866 91.273 0.109 5.347
Q1 08 32.002 119.452 1.855 6.925

Quarter RMSE(TRM) RMSE(ARIMA) % Difference(TRM vs Actual) % Difference (ARIMA vs Actual)
US-Asia Q2 07 28.363 25.703 3.708 3.360

Q3 07 8.524 39.480 1.093 5.061
Q4 07 21.414 71.725 2.697 9.033
Q1 08 16.452 135.002 1.911 15.680

Predicting
Quarter RMSE(TRM) RMSE(RW) % Difference(TRM vs Actual) % Difference (RW vs Actual)

Asia-EUR Q2 07 108.987 103.514 6.573 6.243
Q3 07 292.723 350.427 14.996 17.952
Q4 07 285.188 568.213 13.885 27.664
Q1 08 205.473 767.140 9.688 36.169

Predicting
Quarter RMSE(TRM) RMSE(RW) % Difference(TRM vs Actual) % Difference (RW vs Actual)

EUR-Asia Q2 07 5.514 10.987 0.741 1.477
Q3 07 49.907 7.797 6.423 1.003
Q4 07 190.048 92.977 21.000 10.274
Q1 08 374.640 187.027 38.702 19.321

Predicting
Quarter RMSE(TRM) RMSE(RW) % Difference(TRM vs Actual) % Difference (RW vs Actual)

EUR-US Q2 07 37.403 34.057 2.263 2.060
Q3 07 9.445 159.726 0.548 9.259
Q4 07 16.986 339.384 0.962 19.218
Q1 08 105.599 508.387 6.212 29.905

Predicting
Quarter RMSE(TRM) RMSE(ARIMA) % Difference(TRM vs Actual) % Difference (ARIMA vs Actual)

US-EUR Q2 07 35.057 33.403 3.286 3.131
Q3 07 86.347 72.579 7.744 6.509
Q4 07 69.957 126.105 6.099 10.994
Q1 08 46.613 190.099 3.907 15.935

Predicting Asia-EUR (Xt)

Predicting EUR_Asia (Yt)

Predicting Asia-US (Xt)

Predicting US-Asia (Yt)

Predicting Asia-EUR (Xt)

Predicting EUR_Asia (Yt)

† Please note that the TRM means Triangular method, which is defined as Zt=(Xt+Yt)/2, and manipulated to 
isolate the route we wish to predict. RMSE is Root Mean Square Error and it is in absolute values. RW is 
Random walk with or without drift depending on the route, just as ARIMA is with or without constant.

Stable 
long-term 
difference

Stable 
long-term 
difference

Consistently 
lower 
difference

Also lower 
differences 
than ARIMA

Improves 
only Q2 2007

Long-term 
improvement
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walk without a drift term of the EUR-Asia route did better in attempting to forecast the Asia-

EUR route. However, the assumption that these routes diverge is less apparent in this Asia-EUR 

↔ EUR-Asia route, hence we expected the results to be less significant.  

 

VIII. Conclusion 
This paper was concerned with the econometric investigation of container freight rates due to a 

lack of literature concerned with the topic in order to pave the way for the development of a 

forecasting methodology. Therefore, the focus was to investigate the characteristics of freight 

rate time series, both for the six major single routes as well as for the three major roundtrips in 

order to analyse which approach would yield forecasts that could be justified by the economics 

of the maritime industry. 

The economic discussion showed that the liner industry is highly supply- and demand-driven, 

and therefore highly dependent on the state of macroeconomic factors such as GDP. 

Furthermore, it could be established that the container shipping industry can be regarded as 

highly competitive due to a low degree of consolidation.  

The literature review of maritime economic theory highlights that freight rates are mean 

reverting. However, when we analyzed the plots of the time series, it was not straightforward that 

the single routes mean reverted, whereas it cannot be excluded for the consolidated freight rates. 

Cyclicality, another basic notion of maritime economics, could be observed in all time series.  

Routes with high volumes, in this paper called CLUSTER 1 routes (Asia-US, Asia-EUR, EUR-

US) were found to display an upward trend, routes with low volumes, or CLUSTER2 routes, 

were found to display a general downward trend. However, the consolidated freight rates were 

found to trend almost level, a hint that they might give better results when attempting to forecast 

freight rate developments. However, the discussion of the demand- and supply side variables 

made it clear that an attempt to develop a structural forecasting model will, most likely, be 

without success due to the numerous inputs required for an exact representation of the freight 

rate mechanism. In addition, forecasting freight rates with a structural model would require 

forecasts for the input variables, therewith increasing the likelihood of error.  

Routes with low volumes were also found to hover around a level of US$800, which was most 

strongly pronounced on the US-Asia route, an indicator for the existence of a lower bound, in 

accordance with theory. 
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The analysis of the time series showed that the best fit for the single routes Asia-EUR and Asia-

US are the random walk with a drift, confirming their upward trend. However, the random walk 

is in line with many economist’s opinion that freight rates are not possible to forecast. However, 

it turned out that the routes US-EUR and US-Asia were best explained with an ARIMA(3,1,0) 

and ARIMA(4,1,0) model. The reasoning behind this behaviour are lower cargo flows with equal 

supply as the routes originating in Asia, meaning that a seasonal increase in cargo volume, 

strengthened by seasonal hikes in fuel prices around the 3rd and the 4th quarter every year will be 

felt more than a volume increase on the routes originating in Asia. In addition, a lower bound for 

freight rates would add to predictability of rates already scratching the low level, as is the case 

with CLUSTER 2 routes. The route EUR-US seems best explained with a random walk, which 

can be attributed to large changes in demand for cargo carrying capacities over time. 

The consolidated routes were found to be best explained with a random walk. This did not come 

as a surprise, as according to maritime economic theory all information is inherent in the freight 

rate, it is also supposed to be mean reverting and with a level trend.  

As single-route rates are most interesting for shippers and shipping companies alike in order to 

decide on a strategy, these findings allowed for the ‘triangulation’ of the CLUSTER 1 freight 

rate on the roundtrip, utilising the behaviour of the freight rate on the corresponding 

CLUSTER2-route as well as the forecast for the consolidated route, assuming mean reversion to 

hold true for the consolidated, and the lower bound holding true for the corresponding 

CLUSTER2 freight rate.  

It could be found that through triangulation, the forecast for Asia-US and EUR-US could be 

improved significantly as compared to the random walk. On the route Asia-EUR, long-term 

forecast improved somewhat, however not as pronounced as for the other routes, which is due to 

the fact that the freight rates for both legs on this route are determined by a random walk. 

Therefore, it could be concluded that triangulation with the consolidated freight rate can improve 

forecasting significantly on routes where the leg with the lower volume is hovering around the 

lower bound and therefore displaying a certain degree of predictability. 
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Future Research 
This paper’s purpose was not to develop a full-fledge forecasting model, but rather to conduct 

basic analysis of freight rate time series in order to identify certain patterns and to clear the path 

for future research on forecasting of container freight rates.  

Even though the findings made have to be analysed further with the availability of more data 

points, the notion of utilising consolidated freight rates in liner shipping should certainly be a 

starting point. The fact that assumptions of maritime economics fit the consolidated data well 

should be worth a closer look at this approach, as well as the idea of forecasting single-route 

freight rates by using the consolidated as well as the freight rate that is supposed to move in the 

region of the lower bound.  
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Appendices 
Appendix 1: Year-on-Year Growth on the Major Trade Routes 
 
Growth 
YTY        
 Trans-Pacific Europe-Asia Trans-Atlantic  

Year Asia-USA USA-Asia 
Asia-
Europe 

Europe-
Asia 

USA-
Europe 

Europe-
USA Total 

1996 2,5% 1,4% 35,9% -8,8% 0,8% -2,1% 4,6% 
1997 13,7% 2,8% 4,8% 5,8% 4,9% 9,9% 7,3% 
1998 12,0% -8,0% 6,1% -0,7% 3,9% 9,0% 3,7% 
1999 11,9% 1,2% 13,2% 5,2% 0,8% 0,6% 7,2% 
2000 -4,3% -3,6% 14,7% 26,0% 63,4% 71,9% 15,9% 
2001 28,6% 18,8% 30,9% 12,0% 23,7% 23,1% 23,7% 
2002 8,8% 1,0% 4,0% 3,5% 0,4% 5,0% 4,5% 
2003 30,3% 3,8% 17,7% 18,3% -36,8% -23,7% 8,6% 
2004 15,6% 3,7% 15,7% 13,8% 4,7% 3,4% 12,0% 
2005 18,0% 2,4% 17,9% 0,0% 0,0% 10,0% 11,6% 
2006 10,8% 14,0% 78,8% 78,6% 50,0% 36,4% 42,3% 
2007 -2,6% -4,1% -13,6% -9,0% -7,4% -2,2% -7,6% 

Average 12,1% 2,8% 18,8% 12,0% 9,0% 11,8% 11,2% 
 

 

Appendix 2: The Herfindahl-Hirschmann-Index 
 
The US Department of Justice defines the Herfindahl-Hirschman-Index as follows: 

“"HHI" means the Herfindahl-Hirschman Index, a commonly accepted measure of market 

concentration. It is calculated by squaring the market share of each firm competing in the market 

and then summing the resulting numbers. For example, for a market consisting of four firms with 

shares of thirty, thirty, twenty and twenty percent, the HHI is 2600 (302 + 302 + 202 + 202 = 2600). 

The HHI takes into account the relative size and distribution of the firms in a market and 

approaches zero when a market consists of a large number of firms of relatively equal size. The 

HHI increases both as the number of firms in the market decreases and as the disparity in size 

between those firms increases. 

Markets in which the HHI is between 1000 and 1800 points are considered to be moderately 

concentrated, and those in which the HHI is in excess of 1800 points are considered to be 
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concentrated. Transactions that increase the HHI by more than 100 points in concentrated 

markets presumptively raise antitrust concerns under the Horizontal Merger Guidelines issued by 

the U.S. Department of Justice and the Federal Trade Commission.” 

 

Source: Department of Justice (http://www.justice.gov/atr/public/testimony/hhi.htm) 

 

 

Appendix 3: Year-to-Year Growth of World Merchandise Trade 
 
Year Growth Manufactures Growth total Merchandise 

1996 3,6% 4,6% 

1997 4,6% 3,5% 

1998 2,3% -1,6% 

1999 3,3% 3,8% 

2000 10,2% 13,0% 

2001 -3,8% -4,1% 

2002 5,3% 4,9% 

2003 15,8% 16,8% 

2004 20,5% 21,6% 

2005 9,9% 13,8% 

2006 13,2% 15,5% 

2007 15,0% 15,5% 
Source: WTO 
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Appendix 4: TEU Year-on-Year Growth 
 

Source: UNCTAD RMT 

 
 

Appendix 5: Definition of Ship Sizes 
 
Type Size in DWT Definition 
Handy 28000 - 40000 - 
Handymax 40000 - 50000 - 
Panamax 60000 - 80000 Largest ship type that can pass through the Panama 

Canal 
Suezmax ~150000 Largest ship type that can pass through the Suez 

Canal 
Capesize <150000 Type of ship too large to pass through either the 

Panama or the Suez Canal and has to take the route 
around the capes 

Malaccamax 280000 - 300000 Largest type of ship that can pass through the 
Malacca Straits 

Source: UNCTAD RMT 

 

 
 
 

  ,000 TEU  Growth YoY 
1996 2891,22   
1997 3274,79 13,3% 
1998 3.768,06 15,1% 
1999 4208,43 11,7% 
2000 4418,45 5,0% 
2001 4847,68 9,7% 
2002 5433,29 12,1% 
2003 6005,12 10,5% 
2004 6540,08 8,9% 
2005 7180,19 9,8% 
2006 8121,06 13,1% 
2007 9467,67 16,6% 
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Appendix 6: Freight Rate Data for Single Route 
Quarter Asia-US QoQ % US-Asia QoQ % EUR-Asia QoQ % Asia-EUR QoQ % US-EUR QoQ  % EUR-US QoQ  % 

4Q 95 1865 -0,0027 1473 -0,0644 1257 -0,0405 1455 -0,0258 1442 0,0396 1349 -0,0184 
1Q 96 1746 -0,0659 1339 -0,0954 1219 -0,0307 1369 -0,0609 1480 0,0260 1384 0,0256 
2Q 96 1628 -0,0700 1428 0,0644 1218 -0,0008 1346 -0,0169 1496 0,0108 1344 -0,0293 
3Q 96 1630 0,0012 1508 0,0545 1167 -0,0428 1337 -0,0067 1600 0,0672 1339 -0,0037 
4Q 96 1548 -0,0516 1384 -0,0858 1137 -0,0260 1281 -0,0428 1621 0,0130 1341 0,0015 
1Q 97 1473 -0,0497 1280 -0,0781 995 -0,1334 1112 -0,1415 1459 -0,1053 1302 -0,0295 
2Q 97 1407 -0,0458 1277 -0,0023 1036 0,0404 1156 0,0388 1446 -0,0090 1246 -0,0440 
3Q 97 1369 -0,0274 1428 0,1118 1067 0,0295 1187 0,0265 1611 0,1081 1306 0,0470 
4Q 97 1362 -0,0051 1182 -0,1891 1056 -0,0104 1155 -0,0273 1471 -0,0909 1288 -0,0139 
1Q 98 1345 -0,0126 1119 -0,0548 1040 -0,0153 1183 0,0240 1472 0,0007 1284 -0,0031 
2Q 98 1459 0,0814 1015 -0,0975 869 -0,1796 1227 0,0365 1477 0,0034 1210 -0,0594 
3Q 98 1561 0,0676 999 -0,0159 873 0,0046 1353 0,0978 1397 -0,0557 1221 0,0090 
4Q 98 1614 0,0334 842 -0,1710 807 -0,0786 1465 0,0795 1308 -0,0658 1188 -0,0274 
1Q 99 1619 0,0031 832 -0,0119 716 -0,1196 1512 0,0316 1165 -0,1158 1100 -0,0770 
2Q 99 2018 0,2203 871 0,0458 723 0,0097 1525 0,0086 1111 -0,0475 1045 -0,0513 
3Q 99 2203 0,0877 818 -0,0628 730 0,0096 1568 0,0278 1040 -0,0660 1054 0,0086 
4Q 99 2188 -0,0068 736 -0,1056 776 0,0611 1612 0,0277 1031 -0,0087 1127 0,0670 
1Q 00 2125 -0,0292 751 0,0202 664 -0,1559 1594 -0,0112 939 -0,0935 1148 0,0185 
2Q 00 1953 -0,0844 852 0,1262 710 0,0670 1597 0,0019 958 0,0200 1198 0,0426 
3Q 00 2041 0,0441 939 0,0972 793 0,1106 1673 0,0465 1022 0,0647 1264 0,0536 
4Q 00 1932 -0,0549 867 -0,0798 797 0,0050 1618 -0,0334 987 -0,0348 1255 -0,0071 
1Q 01 1874 -0,0305 877 0,0115 826 0,0357 1566 -0,0327 938 -0,0509 1290 0,0275 
2Q 01 1765 -0,0599 869 -0,0092 760 -0,0833 1468 -0,0646 943 0,0053 1236 -0,0428 
3Q 01 1624 -0,0833 801 -0,0815 688 -0,0995 1296 -0,1246 890 -0,0578 1253 0,0137 
4Q 01 1605 -0,0118 720 -0,1066 663 -0,0370 1154 -0,1160 899 0,0101 1223 -0,0242 
1Q 02 1594 -0,0069 812 0,1202 601 -0,0982 1073 -0,0728 912 0,0144 1189 -0,0282 
2Q 02 1469 -0,0817 807 -0,0062 646 0,0722 1105 0,0294 862 -0,0564 1156 -0,0281 
3Q 02 1479 0,0068 812 0,0062 694 0,0717 1208 0,0891 865 0,0035 1191 0,0298 
4Q 02 1502 0,0154 773 -0,0492 721 0,0382 1287 0,0633 774 -0,1112 1176 -0,0127 
1Q 03 1493 -0,0060 794 0,0268 706 -0,0210 1397 0,0820 771 -0,0039 1212 0,0302 
2Q 03 1687 0,1222 832 0,0467 755 0,0671 1543 0,0994 774 0,0039 1341 0,1011 
3Q 03 1979 0,1596 839 0,0084 773 0,0236 1653 0,0689 778 0,0052 1395 0,0395 
4Q 03 1892 -0,0450 810 -0,0352 754 -0,0249 1662 0,0054 795 0,0216 1432 0,0262 
1Q 04 1825 -0,0361 814 0,0049 758 0,0053 1681 0,0114 800 0,0063 1478 0,0316 
2Q 04 1846 0,0114 806 -0,0099 750 -0,0106 1729 0,0282 797 -0,0038 1463 -0,0102 
3Q 04 1923 0,0409 830 0,0293 767 0,0224 1830 0,0568 831 0,0418 1487 0,0163 
4Q 04 1895 -0,0147 797 -0,0406 801 0,0434 1842 0,0065 876 0,0527 1521 0,0226 
1Q 05 1867 -0,0149 800 0,0038 801 0,0000 1795 -0,0258 886 0,0114 1544 0,0150 
2Q 05 1845 -0,0119 781 -0,0240 821 0,0247 1794 -0,0006 906 0,0223 1655 0,0694 
3Q 05 1906 0,0325 815 0,0426 815 -0,0073 1778 -0,0090 935 0,0315 1725 0,0414 
4Q 05 1878 -0,0148 825 0,0122 825 0,0122 1709 -0,0396 1009 0,0762 1815 0,0509 
Q1 06 1836 -0,0226 815 -0,0122 793 -0,0396 1454 -0,1616 995 -0,0140 1829 0,0077 
Q2 06 1753 -0,0463 828 0,0158 804 0,0138 1408 -0,0321 1010 0,0150 1829 0,0000 
Q3 06 1715 -0,0219 839 0,0132 806 0,0025 1494 0,0593 1041 0,0302 1854 0,0136 
Q4 06 1671 -0,0260 777 -0,0768 792 -0,0175 1545 0,0336 1066 0,0237 1762 -0,0509 
Q1 07 1643 -0,0169 737 -0,0529 755 -0,0478 1549 0,0026 1032 -0,0324 1692 -0,0405 
Q2 07 1675 0,0193 765 0,0373 744 -0,0147 1658 0,0680 1067 0,0334 1653 -0,0233 
Q3 07 1707 0,0189 780 0,0194 777 0,0434 1952 0,1632 1115 0,0440 1725 0,0426 
Q4 07 1707 0,0000 794 0,0178 905 0,1525 2054 0,0509 1147 0,0283 1766 0,0235 
Q1 08 1725 0,0105 861 0,0810 968 0,0673 2121 0,0321 1193 0,0393 1700 -0,0381 

Source: Own creation; Data source: Drewry Shipping Consultants 
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Appendix 7:  Aggregate Freight Rates Major Routes 
 
Quarter AVBW(Asia-US) LN(AVBW(Asia-US)) AVBW(EUR-Asia) LN(AVBW(EUR-Asia)) AVBW(US-EUR) LN(AVBW(US-EUR)) 
3Q 96 1569 7,358193753 1252 7,132497552 1469,5 7,292677486 
4Q 96 1466 7,290292882 1209 7,097548851 1481 7,300472814 
1Q 97 1376,5 7,227299325 1053,5 6,959873233 1380,5 7,230201031 
2Q 97 1342 7,201916318 1096 6,999422468 1346 7,20489251 
3Q 97 1398,5 7,243155513 1127 7,027314514 1458,5 7,285163789 
4Q 97 1272 7,148345744 1105,5 7,008053 1379,5 7,229476394 
1Q 98 1232 7,116394144 1111,5 7,013465733 1378 7,228388452 
2Q 98 1237 7,120444372 1048 6,954638865 1343,5 7,203033428 
3Q 98 1280 7,154615357 1113 7,014814351 1309 7,177018766 
4Q 98 1228 7,113142109 1136 7,035268599 1248 7,129297549 
1Q 99 1225,5 7,111104203 1114 7,01571242 1132,5 7,032182857 
2Q 99 1444,5 7,27551852 1124 7,02464903 1078 6,982862751 
3Q 99 1510,5 7,320196001 1149 7,046647278 1047 6,953684211 
4Q 99 1462 7,28756064 1194 7,085064294 1079 6,983789965 
1Q 00 1438 7,271008538 1129 7,029087564 1043,5 6,950335727 
2Q 00 1402,5 7,246011637 1153,5 7,050556078 1078 6,982862751 
3Q 00 1490 7,306531399 1233 7,117205503 1143 7,041411664 
4Q 00 1399,5 7,243870309 1207,5 7,096307386 1121 7,021976423 
1Q 01 1375,5 7,22657258 1196 7,086737935 1114 7,01571242 
2Q 01 1317 7,183111702 1114 7,01571242 1089,5 6,993474154 
3Q 01 1212,5 7,100439623 992 6,899723107 1071,5 6,976814815 
4Q 01 1162,5 7,058328137 908,5 6,811794888 1061 6,966967139 
1Q 02 1203 7,092573716 837 6,72982407 1050,5 6,95702152 
2Q 02 1138 7,037027615 875,5 6,774795152 1009 6,91671502 
3Q 02 1145,5 7,043596502 951 6,857514063 1028 6,935370446 
4Q 02 1137,5 7,036588151 1004 6,9117473 975 6,882437471 
1Q 03 1143,5 7,041849013 1051,5 6,957972995 991,5 6,899218948 
2Q 03 1259,5 7,138470096 1149 7,046647278 1057,5 6,963662911 
3Q 03 1409 7,250635512 1213 7,100851909 1086,5 6,9907168 
4Q 03 1351 7,208600338 1208 7,096721378 1113,5 7,015263487 
1Q 04 1319,5 7,185008156 1219,5 7,106196218 1139 7,037905963 
2Q 04 1326 7,189922171 1239,5 7,122463351 1130 7,029972912 
3Q 04 1376,5 7,227299325 1298,5 7,168965031 1159 7,055312843 
4Q 04 1346 7,20489251 1321,5 7,186522734 1198,5 7,088826054 
1Q 05 1333,5 7,195562344 1298 7,168579897 1215 7,102499356 
2Q 05 1313 7,180069874 1307,5 7,175872196 1280,5 7,155005906 
3Q 05 1360,5 7,215607558 1296,5 7,167423605 1330 7,192934221 
4Q 05 1351,5 7,208970366 1267 7,14440718 1412 7,252762418 
Q1 06 1325,5 7,189545026 1123,5 7,024204092 1412 7,252762418 
Q2 06 1290,5 7,162785019 1106 7,008505182 1419,5 7,258059976 
Q3 06 1277 7,152268856 1150 7,047517221 1447,5 7,277593209 
Q4 06 1224 7,109879463 1168,5 7,063476154 1414 7,254177846 
Q1 07 1190 7,081708586 1152 7,049254841 1362 7,216709487 

Source: Own Creation;  
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Appendix 8:  SAS Enterprise Guide 4.2 Output of Specified Models for 
INDIVIDUAL routes 
 
This Appendix follows the order below: 

 

1. Output Statistics of LN(Asia-EUR) with no constant 

2. Output Statistics of LN(Asia-EUR) with a constant 

3. Output Statistics of LN(Asia-US) with no constant 

4. Output Statistics of LN(Asia-US) with a constant 

5. Output Statistics of LN(EUR-US) with no constant 

6. Output Statistics of LN(EUR-US) with a constant 

7. Output Statistics of LN(US-Asia) with no constant 

8. Output Statistics of LN(US-Asia) with a constant 

9. Output Statistics of LN(US-EUR) with no constant 

10. Output Statistics of LN(US-EUR) with a constant 

 

 

Please note that the EUR-Asia route is not reported as it is specified by a random walk model.  



7 
 

Appendix 9:  SAS Enterprise Guide 4.2 Output of Specified Models for 
CONSOLIDATED routes 
 
This Appendix follows the order below: 

 

1. Output Statistics of LN(Asia-EUR and EUR-Asia) with no constant 

2. Output Statistics of LN(Asia-EUR) and EUR-Asia) with a constant 

3. Output Statistics of LN(EUR-US and US-EUR) with no constant 

4. Output Statistics of LN(EUR-US and US-EUR) with a constant 

 

 

Please note that the LN(Asia-US and US-Asia)  route is not reported as it is specified by a 

random walk model.  
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