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Abstract 
 
The development of the Dutch ports and waterways has historically gone hand in hand since 
the waterways have always provided a primary access route to the Hinterland. Any vision on 
the development of the Dutch waterway system will therefore require a vision on the 
developments of the ports in the region and vice versa. 
 
The Dutch waterway system contains hundreds of hydraulic structures such as storm surge 
barriers, sluices, ship locks, and bridges. The projected lifetime of these structures is 
generally about 100 years and the total replacement costs are estimated at about 15 billion 
Euros. Rijkswaterstaat, the responsible waterway authority, now desires to develop a 
replacement strategy that takes the possible developments over the lifetime of the 
infrastructure into account in their asset management process. 
 
In March 2009 a project commenced to, amongst others, develop a model that provides 
insight in the possible developments of (and on) the main waterway network in the 
Netherlands up to the year 2100. On the basis of this model a methodology will be developed 
for the evaluation of various replacement strategies.  
 
Insight in the future use of the inland waterways depends on the development of continental 
and port related cargo flows as well as on the competitiveness of river barge transportation 
versus other modes of transport. The port related import/export flows can be based on a very 
long term forecast for the Le-Havre – Hamburg range in combination with some assumptions 
on the market share of the various ports within this range.  
 
This paper discusses the challenging task of providing a very long term forecast for the Le-
Havre – Hamburg Range. The methodology and preliminary results discussed will indicate 
the possibility to develop a very long term forecast up to 2100. 
 
Keywords: Long Term, Probabilistic Forecast, Port Throughput, Le-Havre-Hamburg Range. 



1. Introduction   

1.1 Background of the Project 
The Dutch waterway system contains hundreds of hydraulic structures such as storm surge 
barriers, sluices, ship locks, and bridges. The projected lifetime of these structures is 
generally about 100 years and the total replacement costs are estimated at about 15 billion 
Euros. One-by-one substitution will result in, metaphorically speaking: “replacing all parts 
of an old car, and delivering a good as new old timer” (Heijer et al., 2010). Clearly it makes 
no sense to provide a 21st century waterway network on the basis one hundred year old 
specifications. The world has changed and will be changing. Transport demand will further 
increase, climate change will have an effect on the height and fluctuation of the water levels, 
and new vessel types may enter the waterways. In order to meet future challenges 
Rijkswaterstaat now desires to develop a very long term substitution strategy. In March 2009 
a project commenced to, amongst others, develop a model that provides insight in the 
possible developments of (and on) the main waterway network up to the year 2100. Such a 
model requires insight in the potential development of barge transportation, a subject closely 
related to the development of the main cargo flows in the Dutch and Belgium seaports. 

1.2 Relevance of seaports for inland water transport 

The development of the ports and waterways has historically gone hand in hand since the 
waterways have always provided a primary access route to the European Hinterland. The 
importance of the main West-European ports for the European inland waterway transport 
sector can be evaluated by comparing port statistics with EU statistics. In 2006 and 2007 the 
total volumes transported on the inland waterways were respectively 503 and 515 million 
tonnes (De La Fuente Layos, 2007 and 2009). The total volume of cargo loaded and unloaded 
in barges in the ports of Rotterdam, Amsterdam and Antwerp have been compared to the total 
transport volumes in the EU. The findings are listed in Table 1. 
 
Port Data Loaded on Barges Unloaded from Barges 
 million tonnes % of IWT in EU million tonnes % of IWT in EU 
Rotterdam (2007) 133.0  25.8% 55.4  10.8% 
Amsterdam (2006) 37.8  7.5% 21.6  4.3% 
Antwerp (2007) 49.4  9.6% 39.9  7.7% 
Total  42.9%  22.8% 
Source: Eurostat bulletin 132/2007 and 27/2009; Port of Rotterdam Website (2010); Port of Amsterdam 
Website; Port of Antwerp Statistical Yearbook 2008. 
Note: IWT stands for Inland Water Transport. 

Table 1. Barge loading/unloading in main ports compared to EU inland water transport 

From the table it can be expected that over 50% of all inland water transport in the EU is port 
related (listed ports indicate at least 43-66% market share1). Therefore a vision on the 
development of the inland waterway system should take the development of port throughput 
volumes into account. This paper discusses the challenging task of providing a very long term 
forecast for the Port Throughput in the Le-Havre – Hamburg range2 up to the year 2100.  

                                                 
1 Exact figures can not be given without knowing the amount of the cargo volumes shipped between the ports.  
2 The Le-Havre – Hamburg range contains the West European ports located between Le-Havre and Hamburg. 



1.3 Research questions 
Normally a long term port forecasts looks 20 to 30 years ahead. Providing a 90 year forecast 
is a different league. To develop a very long term forecast for the port throughput volumes in 
the Le-Havre – Hamburg range the following research questions have been defined: 
 

1. What techniques are common in port forecasting and to what extend are these 
techniques suitable for the very long term? 

 
2. What techniques are common in very long term forecasting and how suitable are these 

techniques for forecasting port throughput volumes? 
 

3. What would be a sensible approach for the development of a very long term forecast 
of the port throughput volumes in the Le-Havre – Hamburg range up to 2100? 

 
4. Is there sufficient historical data available to develop such a very long term forecast? 

 
5. Is it possible to identify a causal relationship that can be used to develop a sound 

forecast or at least a reasonable estimate of the order of magnitude?  
 

6. Does the forecast methodology require input from other forecasts (such as a GDP 
forecast) and how can this input data be obtained? 

 
7. What is the expected development of the port throughput in the le-Havre – Hamburg 

range up to the year 2100? 
 
The answers to each of these questions will be discussed in the various sections of this paper. 
A summary of the conclusions is provided in the last section. 

1.4 Outline of the paper 
The aim of this paper is to discuss the questions listed above. Section 2 discusses the 
available techniques applied in the fields of port forecasting (Q1) and very long term 
forecasting (Q2). Finally section 2 will conclude with a discussion of the methodology 
applied in this paper (Q3). As will be concluded later in this paper there is a long term 
relation between GDP and Port Throughput. Section 3 discusses the availability of historic 
data required to understand this very long term relationship (Q4). The functional shape of the 
forecast relation is not clear from forecasting literature. For this reason section 4 discusses a 
number of different causal relationships between GDP and Port Throughput. For each of 
these causal relationships the challenges with the statistical (or econometric) and theoretical 
soundness of the forecast relation will be discussed. Finally it will be indicated if a sound 
forecast can be developed (Q5). The evaluated causal relations require a probabilistic very 
long term GDP forecast as input. Section 5 discusses how the probabilistic very long term 
GDP forecast has been obtained (Q6). Section 6 uses the GDP forecast and causal relation to 
develop a very long term forecast of the Port Throughput in the le-Havre – Hamburg range up 
to 2100 (Q7). A summary of the conclusions is provided in section 7. 



2. Forecasting Methodology 

How to provide a 90 year forecast for the le-Havre – Hamburg range? In an attempt to answer 
this question a benchmark study on forecasting literature and articles related forecasting has 
been carried out. Section 2.1 discusses common practice and available literature on port 
forecasting, section 2.2 indicates the availability literature on very long term forecasting 
techniques, and Section 2.3 concludes with the methodology applied in this paper. 

2.1 Review of Port Throughput Forecasting Methodology 

On the basis of a library search and various discussions with experts in the field of port 
economics, econometrics and forecasting it had to be concluded that most likely there does 
not exist a handbook on port throughput forecasting. Port throughput forecasting is generally 
applied by port authorities and specialised consultants. In practice forecasts are, to our best 
knowledge, usually based on causal relationships between port throughput volumes and 
demographic, economic, or industrial developments. There is sufficient support for the use of 
causal relationships. Economic textbooks indicate the existence of a relationship between 
economic activity (measured in GDP) and freight transport (measured in tonnes or tonne 
kilometres). For example Meersman and van de Voorde (2008, p. 67-92) recently discussed 
the relation between economic activity and internal transport within the European Union.  
 
A review of port throughput forecasting articles has revealed that the subject has not received 
much attention. A search on Scopus and Google Scholar provided seven relevant articles of 
which full text documents were accessible3. Quite interesting is to observe that most of these 
articles do not relate to the causal models applied in practice. Instead they refer to methods 
that are somehow based on mere trend extrapolation of historic data such as autoregressive 
integrated moving average models (Klein, 1996), vector autoregressive models (Veenstra and 
Haralanbides, 2001), grey models (Guo, Song and Ye, 2005), and neural networks (Weiqun 
and Nuo, 2003; Li, Chen and Cui, 2008; S.H. Chen and J.N. Chen, 2010). By definition 
models based on mere trend extrapolation are not suitable for very long term predictions. The 
same is also likely to hold for models based on a combination of autoregressive and causal 
relationships such as the vector error correction model applied by Fung (2001). 
 
Hui, Seabroke and Wong (2004, p.196) discuss that the “classical regression” (as usually 
applied in many practical forecast studies) identifies causal relationships by measuring the 
co-movement between variables. They warn that this approach “… is only valid if the data 
used are stationary and not displaying any trend over time. When the classical model is used 
to estimate relationships of, say, certain economic variables which show distinct upward 
trends, the strength of the relationship is likely to be inflated. This is because for trending 
variables, even if they are completely independent, they often move in the same direction 
under the common trend, creating an illusion of causal relationships. Spurious regression 
refers to instances where unrelated variables are estimated to hold a causal relationship, 
which can happen when the regression is fitted with trending time series”. They also discuss 
that a common approach to avoid problems with spurious regression is the use of a first-

                                                 
3 Most of the research on port throughput forecasting is recently published by Asian universities. Not all of these 

documents are accessible from the Delft University Library. There were for example some articles published 
in the Journal of Wuhan University of Technology and Journal of Shanghai Jiaotong University which have 
not been included in this study. 



differences model. Such a model for example relates the annual change of GDP to the annual 
change of the Port Throughput. However, “a first-differenced model considers only short-run 
adjustments which relate how changes in one variable correlate with changes in another. It 
neglects the underlying long-run relationship linked by the levels or the original 
(nondifferenced) values of the variables”. Under certain conditions the regression of two 
non-stationary series does not result in spurious regression. If this is the case the error term of 
the regression is stationary and the variables are referred to as co-integrated. For co-
integrated series an alternative model approach can be applied which is referred to as the 
error correction model (ECM). The error correction model combines the advantages of the 
long term levels approach and the short term differences approach. Suppose that the long 
term model is defined as: 
 

• Yt = α + β Xt + et      (Long-Term Model) 
 
Then the corresponding error correction model can be defined as: 
 

• ∆Yt = α' + β' ∆Xt + λ et-1 + ut    (Error Correction Model) 
 
The error correction model is developed by a two step approach. The first step consists of 
regression of the parameters of the long-term model and estimation of the error terms. In the 
second step the error correction model is developed. By adding the error term to the equation 
of the short-term differences model the obtained error correction model is forced to follow 
the long-term trend. Important is that this approach is only valid if the variables in the long 
term equation are co-integrated. In other words, if a true relationship between these variables 
exists. In the case of the forecast discussed by Hui, et al. (2004, p.197) this was not the case, 
but they managed to “make” the forecast co-integrated by taking the natural logarithms. 

2.2 Review of Very Long Term Forecasting Methodology 
An evaluation of ten mainstream forecasting textbooks with a general or wide coverage4 has 
revealed that the subject of (very) long term forecasting has, despite its importance, received 
almost no attention in textbooks. Makridakis et al. (1998) is the only author writing a full 
chapter on the subject. In this chapter reference is made to the construction of scenarios and 
the use of analogies. However, “Scenarios are not predictions. It is simply not possible to 
predict with certainty” (Schwartz, 1996, p.6). Armstrong (2001, p. 516) discusses the use of 
scenarios to gain acceptance for forecasts, but warns not to use scenarios to make forecasts as 
they are likely to be wrong and convincing at the same time. A review of articles published in 
the ‘Journal of Forecasting’ and ‘International Journal of Forecasting’ has also indicated 
that hardly anything has been written on the subject5. This has been confirmed by Fildes 
(1986, p.4; and 2006, p.420) who concluded twice that hardly anything has been published on 
the subject of (very) long term forecasting.  
 
The fact that hardly anything is written on very long term forecasting is probably related to 
the fact that it will be inevitable to bring insight into the forecast and move beyond mere 

                                                 
4 Evaluated textbooks included: Armstrong, J.S., ed. (2001), Bails et al. (1993), Bowerman et al. (2005), 

DeLurgio S.A. (1997), Diebold (2004), Hanke et al. (2008), Levenbach et al. (2005), Makridakis et al. (1998), 
Mentzer et al. (1998), and Wilson et al. (2009). 

5 Except for a special section on: “Global Income Growth in the 21st Century: Determinants and Forecasts” in 
the International Journal of Forecasting (Vol. 23, issue 4, 2007).    



trend extrapolations. The “Strategic Foresight Group” defines foresight as “forecasting with 
insight” (www.strategicforesight.com, 2009). To bring insight into the forecast use can be 
made of a less common subfield of forecasting referred to as Bayesian forecasting6. In 
Bayesian forecasting probabilistic forecasts are developed on the basis of system dynamic 
models and Bayesian statistics. M. West and J. Harrison (1999, p.20) indicate that “Bayesian 
statistics is founded on the fundamental premise that all uncertainties should be presented 
and measured by probabilities”. As a result Bayesian forecasting requires a priori statements 
on the mean and uncertainty of all the parameters applied in the model. The benefit of this 
approach is that it clearly indicates the uncertainty levels in the forecast. Bayesian techniques 
have been successfully applied to develop probabilistic very long term population forecasts 
and are suitable for the preparation of probabilistic GDP forecasts. Bayesian methodology 
has been adopted in this paper for the development of a probabilistic forecast of the port 
throughput volumes.  

2.3 Methodology applied for the 90 year Forecast up to 2100 
Port throughput forecasting and very long term forecasting methodology have not received 
much attention in literature and no article has been found that refers to a combination of both 
issues. Nevertheless current practice and available literature points in the direction of causal 
relations and leading indicators. Therefore the following approach has been applied: 
 

1. Define the very long term causal relation between Port Throughput and GDP, 
2. Obtain a very long term probabilistic forecast for the GDP of the Hinterland, 
3. Estimate the Port Throughput on the basis of the GDP forecast and causal relation. 

 
The first step is complicated by the fact that the reviewed literature does not indicate the type 
of relationship that should be applied. For this reason a number of options has been evaluated 
to define a reasonable forecast relation. The second step is complicated by the fact that no 
probabilistic GDP forecast of the Hinterland is available. A first simplification can be made 
by assuming that the GDP of the countries in the combined Hinterland (defined as the 
Netherlands, Belgium, Germany, and France) move along quite similar. This allows the 
Dutch GDP to be used as an estimator for the GDP of the combined Hinterland. However, no 
probabilistic GDP forecast was available for the Netherlands either. The forecast has 
therefore been developed by multiplying the following variables: 

• The population in the working age class of 20-65 years old; 
• The labour participation fraction of the working class of 20-65 years old; 
• The annual number of hours worked per employee; 
• The development of the GDP output per employee per hour. 

 
The required very long term probabilistic forecast of the Dutch population was also not 
available and has been obtained by combining various sources. For the other variables 
assumptions have been made on the type, mean and variance of distribution function. The 
final step is straight forward but requires advanced statistical methods to perform the 
calculations. For this purpose use has been made of the Excel Add-on @Risk.  

                                                 
6 Bayesian forecasting refers to the use of statistical methods in forecasting. It has been named after Bayes’ 

theorem of conditional probabilities. This field has been almost completely ignored by mainstream textbooks. 
Journals pay somewhat more attention to the subject. A special issue on “Bayesian Forecasting in Economics” 
was recently published in the International Journal of Forecasting (Vol. 26, issue 2, 2010). 



3. Historic GDP and Port Throughput Data 

 
In order to evaluate the existence of a long term causal relation between GDP and Port 
Throughput a long data range is required. This section discusses the available long term GDP 
and Port Throughput data series applied in this study. 
 

3.1 GDP development for the Hinterland of the Le-Havre – Hamburg port region 

The Le-Havre – Hamburg range does not serve a distinct number of countries exclusively. 
The actual boundaries of the region are vague and contain overlap with other port regions. 
For the purpose of this paper a pragmatic approach has been obtained in which the Hinterland 
is defined as The Netherlands, Belgium, Germany and France7. This simplification is 
acceptable because integrated economic regions tend to move simultaneously – and we are 
not interested in the actual throughput of the ports per unit of GDP, but in the way that GDP 
and Port Throughput move along together. To allow for comparison between countries the 
GDP of the Hinterland has been measured as an index of the year 2000. Figure 1 shows the 
historic development of the GDP in the assumed Hinterland. 
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Source: GDP Index derived from Real GDP data provided by Maddison (2010) 

Figure 1. Historic development of GDP in the Hinterland of the Le-Havre – Hamburg range 

From the figure it can be observed that the GDP of the selected Hinterland areas follows a 
similar trend. Growth has generally been quite stable though a trend breach can be observed 
at the instance of the Second World War.  

3.2 Port Throughput data for the Le-Havre – Hamburg range  
The Le-Havre – Hamburg range includes many ports of various sizes. The Rotterdam Port 
Authority includes the ports of Le-Havre, Dunkirk, Zeebrugge, Antwerp, Gent, Zeeland 

                                                 
7 Luxembourg has not been included due to its small size and unavailability of sufficient long data series. 



Seaports, Rotterdam, Amsterdam, Wilhelmshaven, Bremen, and Hamburg in their statistics 
but provides only a few years of data on their website (www.portofrotterdam.com; 2010).  
Long data series from 1936 onwards (excluding 1939-1947) have been obtained from the 
Antwerp Port Authority for the ports of Le-Havre, Dunkirk, Antwerp, Gent, Rotterdam, 
Amsterdam, Hamburg and Bremen (refer Table 2).  
 

 
Note: Figures in 1,000 tonnes; Figures indicated with * based on linear interpolation 
Source: Port of Antwerp (1936-2007), Port of Rotterdam (2008, 2009) 

Table 2. Historic development of cargo volumes in the Le-Havre – Hamburg range 

The forecast presented in this paper refers to the eight ports listed in Table 2. For 2008 and 
2009 these ports accounted for about 90% of the total throughput in the Le-Havre Hamburg 
range (based on statistics of Rotterdam Port Authority). The forecast therefore refers to about 
90% of the total throughput in the range.  



4. Defining the relation between GDP and Port Throughput 

The relation between GDP and Port Throughput has been defined on the basis of regression 
analysis. Regression analysis of time series is not straight forward as the basic assumptions of 
the regression model are often violated. This section starts with a warning from econometrics 
and continues with the discussion of possible regression models. Finally a forecast approach 
will be suggested on the basis of the model properties and an ex-post evaluation.  
 

4.1 A warning from econometrics 

Regression of two time series, that follow and upward or downward trend, can result in a 
virtual correlation that in reality does not exist. Granger and Newbold (1974, p.111) provided 
a bold statement and warned for “spurious” (meaningless) regression as they wrote that: “It 
is very common to see reported in applied econometric literature time series regression 
equations with an apparently high degree of fit, as measured by the coefficient of multiple 
correlation R2 or the corrected coefficient *R2, but with an extremely low value for the 
Durbin-Watson statistics. We find it very curious that whereas virtually every textbook on 
econometric methodology contains explicit warnings of the dangers of autocorrelated errors, 
this phenomenon crops up so frequently in well-respected applied work”. The standard 
methodology for hypothesis testing and goodness of fit is only valid if the regression 
parameters are stationary, or in a special case where the time series are co-integrated (i.e. the 
error term is stationary). In practice many time series are non-stationary and referred to as 
following a random walk or containing a unit root. If a time series follows a random walk the 
effects of a temporary shock will not dissipate after several years, but instead remain. To 
avoid unnecessary misspecification and misinterpretation of the regression model it is 
important to test for stationarity of the error term.  
 
Granger and Newbold mentioned the danger of (positive) autocorrelation in time series. 
Durbin-Watson8 provided a test for autocorrelation of which the test statistics lie in the range 
of 0 to 4. A value of 2 indicates that there is no autocorrelation. High values indicate negative 
correlation. Low values indicate positive correlation. Low Durbin-Watson statistics are 
therefore a warning for non-stationary data series. A formal F-test for random walks is 
provided by Dickey-Fuller. A low F-value indicates a high probability of unit roots. For a 
sample size of 50 data points one can reject the hypothesis of a random walk at the 95% 
confidence level if the critical value is above 6.73 (and for 100 data points the critical value is 
6.49). For larger samples the critical value will be lower. Apart from stationarity it also is 
important to test for normality of the error term. This because the standard theory9 for the 
calculation of prediction intervals is only valid if the error term is normal distributed. 
Normality can be tested by using the Jarque-Bera (JB) statistics that follows a chi-square 
distribution with two degrees of freedom. If the JB- statistics are greater than 5.99 the null 
hypothesis of normality can be rejected at the 95% confidence level. 
                                                 
8 The description of the Durbin-Watson statistics, Dickey-Fuller tests, and Jarque-Bera statistics mentioned in 

this section is based on Pindyck and Rubinfeld (1998, p. 45-58, 164-166, 507-513). 
9 The standard theory for the calculation of prediction intervals states that the prediction interval can be 

calculated as: �p ± ta/2 � s2 � [1 + 1/n + (xp- xavg)2 / {�(xi
2) – [(� (xi)

2)/n]}] with �p: the point estimate, 1-α: the 
confidence belt, ta/2: the t-statistics for α based on t-n degrees of freedom, n: the number of points in the 
dataset, s: the standard deviation of the sample,  xp: the value of x for which �p is calculated, xavg: the average 
x value of the dataset, xi: the individual x values of the ith point in the dataset.  



4.2 Defining the relationship between GDP and Port Throughput 

In order to obtain a useful forecast relation between GDP and Port Throughput three simple 
linear relations have been considered (refer Equation 1 to 3).  
 

• PTt = α + β � GDPt + εt      (Equation 1) 
 
• ln(PTt) = α + β � ln(GDPt) + εt     (Equation 2) 

 
• ∆PTt = α + β � ∆GDPt + εt      (Equation 3) 

  

 in which: 
α   : Intercept value,  
β : Linear coefficient, 

 PTt   : Port Throughput level in year t, 
 GDPt   : GDP index level in year t, 
 ∆PTt  : Difference in Port Throughput between year t and year t-1, 

∆GDPt  : Difference in GDP index between year t and year t-1, 
εt  : Error term in year t. 

 
For each of these three functions a regression analysis has been applied (refer Figure 2-4). 
The coefficients and results of the statistical tests are indicated in Table 3.  
 
GDP-Throughput Relation  Equation 1 Equation 2 Equation 3 
Data    
- DF-test GDP/ln(GDP)/∆GDP 1.85 49.93 10.05 
- Unit Root**  Yes No No 
- DF-test PT/ln(PT)/∆PT 1.90 10.68 17.59 
- Unit Root**  Yes No No 
Function    
- F-test  1402* 2390* 65 
- R2  0.957* 0.974* 0.516 
- Adjusted R2  0.956* 0.974* 0.508 
- Durbin-Watson Statistics 0.23 0.25 2.06 
Intercept αααα -39.92 1.28 -17.46 
- t-Stat  -2.52* 13.11* - 3.55 
Linear Coefficient ββββ 8.76 1.19 20.76 
- t-Stat  37.44* 48.88* 8.06 
Error Term εεεε    
- DF-test on Error Term 1.79 2.82 32.16 
- Unit Root**  Yes Yes No 
- JB-Statistics 7.89 5.20 0.28 
- Normal Distributed**  No Yes Yes 
Note (*): meaningless value due to non-stationarity of error series, 
Note (**): the value “Yes” for unit roots in (or normality of) the error term implies that the hypothesis of 
unit roots (or normality) could not be rejected at the 95% confidence level.  
 

Table 3. Historic development of cargo volumes in the Le-Havre – Hamburg range 
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Figure 2. Simple Linear Regression between levels of GDP and Port Throughput  

Figure 2 shows the results of the simple linear regression between the levels of the GDP and 
Port Throughput. A clear trend can be observed that holds throughout the data series and that 
does not even has a trend breach at the Second World War. However from the analysis of the 
regression statistics it should be concluded that one has to be careful with the interpretation of 
the model. The error term is highly autocorrelated and likely to contain a unit root. Therefore 
the model is likely to be misspecified in the sense that it is sensitive to trend breaches of 
common drivers such as globalisation. Besides this the prediction intervals are too small as a 
result of the virtually high fit. Finally the error term does not follow a normal distribution and 
therefore an additional error in the calculation of the prediction intervals will occur if the 
standard technique for defining prediction intervals is applied (as in Figure 2).  
 

Historic Relation Logarithms of GDP and Port Throughput

4

4.5

5

5.5

6

6.5

7

7.5

2 2.5 3 3.5 4 4.5 5
ln GDP Index (year 2000=100)

ln
 T

hr
ou

gh
pu

t (
m

ill
io

n 
to

nn
es

) Historic Data
Mean estimate
5% Percentile 
95% Percentile 

2009

Error Term

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

1900 1950 2000 2050

Year

M
od

el
 E

rr
or

 (l
n 

m
ill

io
n 

to
nn

es
)

2009

 
Figure 3. Linear Regression between natural logarithm of GDP and Port Throughput Levels 

Figure 3 shows the results of the regression between the logarithms of the GDP and Port 
Throughput. The forecast value can be calculated indirectly by taking the exponent of 
Equation 2 or directly by applying Equation 4. 

 
PTt  = EXP(α + εt) � GDPt^β      (Equation 4) 

 



From Equation 4 it becomes clear that the coefficient β has a special meaning. It equals the 
elasticity between the GDP and Port Throughput. For this reason double logarithms are often 
used in transport literature. However, it is not likely that the elasticity remains constant over a 
very long time span. This makes the function not very desirable from a theoretical point of 
view. Now let’s look at the statistical performance. Figure 3 (right) indicates that there is still 
autocorrelation in the error term. This is confirmed by the regression statistics. Though it 
appears from the Dickey-Fuller statistics that the logarithms of GDP and Port Throughput are 
stationary, this is not the case as the error term is non-stationary and any linear combination 
of stationary series would have also been stationary. Unlike the case presented by Hui et al. 
(2004) taking the natural logarithms does not make the model stationary and the model is 
therefore still likely to be misspecified. In addition to this the error term does still not fit the 
normal distribution well. The hypothesis of normality survived at 95% level, but failed at the 
90% level. The statistical performance of Equation 2 is therefore also not satisfactory.  
 
Pindyck and Rubinfeld (1998, p.497-499) discuss that “Probably very few of the series one 
meets in practice are stationary. Fortunately, however, many of the nonstationary series that 
are encountered (and this includes most of those which arise in economics and business) 
have the desirable property that if they are differentiated one or more times, the resulting 
series will be stationary”. Therefore Equation 3 relates the annual differences in GDP to the 
annual differences in Port Throughput (refer Figure 4). The basic statistics indicate that this 
model no longer contains a unit root and has a normal distributed error term10. The fit of the 
model, as measured by the R2, is less satisfactory and leaves room for improvement. 
 

Historic Relation Differences GDP and Port Throughput
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Figure 4. Linear Regression between differences of GDP and Port Throughput  
 
There are not many observations related to a decline in GDP. The exception to this is the 
2008-2009 value. It is difficult to judge whether this value should be regarded as valuable 
information or as an unwelcome outlier. For the purpose of this paper it has been argued that 
there is no reason to exclude the data point. However, if the data point would have been 
excluded the absolute value of the α coefficient would have been 40% lower (at value of -
10.42) and the β coefficient would have been 20% lower (at value of 16.72). Therefore, if the 
2008-2009 value turns out to be an outlier, the predicted throughput will be too low. 
Particularly in case of a decreasing future GDP growth as predicted in the next section. 
                                                 
10 Though no unit roots can be observed from the test it can be observed from Figure 4 (right side) that it may be 

possible that there remains some heteroscedasticity in the model. This has not been further investigated. 



 
Equation 3 can not be used to derive the throughput value directly from the GDP. In order to 
obtain a forecast the last observation (at t=0) is taken as a starting point. For each succeeding 
year the annual change in throughput is derived from the annual change in GDP and added to 
the value of the previous year. The main complication of this approach is that the calculation 
requires the growth path of the GDP to be known. This is not the case in our probabilistic 
forecasts. A simplified approach that directly relates the throughput value to the GDP is 
provided by Equation 5. This equation however still has the less obvious complication that 
the error term (required in the simulation process) is still path dependant. This complication 
can be solved by neglecting the variance of the line (i.e. the β coefficient) in the prediction 
interval. The simplified prediction intervals in Figure 4 indicate that this is an acceptable 
approach. 
 

PTt=n = PTt=0 + n � α + β � (GDPt=n - GDPt=0) + � =

n

t t1
ε   (Equation 5) 

 
with: 
n  : Number of years forecasted ahead, 
α   : Annual decrease in throughput at constant GDP,  
β : Linear coefficient between throughput and GDP, 
PTt  : Port Throughput in forecast t-years ahead, 
GDPt  : GDP in forecast t-years ahead, 
εt  : Stochastic error term of forecast in year t. 
   

Now we have derived a statistically sound relationship the next question is whether it is also 
defendable from a theoretic point of view. The negative α coefficient indicates that Port 
Throughputs will decrease with a constant annual value as soon as GDP stabilizes. 
Theoretical evidence supports the existence of a negative α coefficient. A possible 
explanation is the increased share of services and virtual goods in the economy that results in 
a decoupling of transportation and economic growth. On the contrary it can also be argued 
that the existence of a constant negative α coefficient is fundamentally wrong on the very 
long run as it implies that port throughput drops to zero after the predicted future stabilisation 
of the GDP output (refer Section 5). This contradicts the fundamental theory of comparative 
advantage of David Ricardo. There will always be incentives for trade. The very long term 
perspective therefore requires a model with an α coefficient that phases out gradually.  
 
To verify if the decline in α can be observed from the data a multiple regression model 
containing dummy variables for each decade has been built. Table 6 indicates the model. 
 

Coefficients Standard Error t Stat P-value
Intercept -17.69 6.86 -2.58 0.01
∆GDP 21.25 2.42 8.80 0.00
Dummy 1960-1969 1.63 9.33 0.17 0.86
Dummy 1970-1979 -0.76 9.33 -0.08 0.94
Dummy 1980-1989 -17.72 9.24 -1.92 0.06
Dummy 1990-1999 -2.05 9.26 -0.22 0.83
Dummy 2000-2009 12.63 9.23 1.37 0.18  
 

Table 6. Multiple Regression Model with Dummy Variables 



Unfortunately the empirical evidence of the dummy model does not support the theory of a 
declining α coefficient (intercept + dummy). As it is not possible to estimate the rate of 
decline it will also not be possible to develop a sound model with a declining α coefficient.  

4.3 Evaluation of findings 
From the above discussion it has to be concluded that none of the evaluated regression 
functions is completely satisfactory from both a theoretical and a statistical point of view. 
There remain drawbacks related to the use of each of the equations taken into consideration: 
 

• Equation 1 refers to a simple linear model that is non-stationary and therefore likely to 
be misspecified. This means that it is sensitive to trend breaches (most likely 
downwards) and has a prediction interval that is based on a virtual high fit caused by 
(common) driving factors not specified by the model (such as globalisation).  

 
• Equation 2 refers to a model based on the natural logarithms of both data series. The 

model therefore assumes an exponential relation between Port Throughput and GDP. 
Such a relation is however not supported by theory and unlikely to hold on the very 
long term. The error term indicates that the model still contains a unit root.  

 
• Equation 3 refers to a model based on a differences approach that is statistically sound 

in the sense that the error term it is stationary and normal distributed. However the fit 
of the model leaves room for improvement. The constant α coefficient has proved to 
be fundamentally wrong. Particularly in case of decreasing economic growth the 
model is likely to produce outcomes that are structurally too low on the very long run.  

 
Considering the fact that Equation 1 and 2 are not statistically sound (misspecified model) 
and that Equation 2 and 3 are not sound from a theoretical point of view (wrong model) the 
question raises how to proceed. A possible option is to consider the (ab)use of the error 
correction model as this model is likely provide more realistic prediction intervals for 
Equation 1 and 2 and solves the issue with the zero cargo flows on the very long term in 
Equation 3. However the correct use of the error correction model requires the variables of 
the levels model to be co-integrated which is not the case. This approach is therefore 
misleading because the models looks sophisticated while in fact it is misspecified. 
 
It appears that there is no easy solution to solve the issues with the statistical and theoretical 
unsoundness of the regression models. For this reason the question raises what model to 
select and how to proceed. Since the models are statistically unsound the measures of fit do 
not provide any guidance. A more convenient way to evaluate the performance is to compare 
them by means of an ex-post evaluation of the regression models. 

4.4 Ex-post performance of the regression models 
An ex-post forecast has been derived for each of the models referred to in the previous 
section. The forecast assumes that that someone back in 1970 had perfect foresight on the 
development of the GDP and was asked to develop a forecast of the Port Throughput up to 
2009 on the basis of post war data. The results of this forecast as well as the real development 
of the Port Throughput over the past four decades are indicated in Figure 5. 



Ex-Post Forecast based on true GDP development
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Figure 5. Ex-Post forecast from 1970 to 2009 for various forecast approaches  

From the results indicated in Figure 5 it can be concluded that the difference approach has 
performed remarkably well as it shows almost no deviation from the true development of the 
Port Throughput. The use of a linear model is also not bad from the perspective of the very 
long term as it appears to be unbiased towards the long term trend. The use of an exponential 
model derived from the natural logarithms of GDP and Port Throughput should be avoided as 
this approach deviates significantly from the real trend11. The (ab)use of an error correction 
model is likely to improve Equation 1 in the sense that it follows the trend slightly closer. 
Besides this it was also expected to provide more realistic prediction intervals. The downside 
of this approach is however that it gives the impression of a highly sophisticated and sound 
approach while in fact the model is still misspecified. This is not a desirable property. An 
alternative approach that does not create the illusion of a perfectly sound model is to combine 
Equation 1 and 3 by taking the averages of the forecasts. 

4.5 Combining forecasting models 
Forecasting literature indicates that it is good practice to combine forecast in order to obtain 
more stable results. This is particularly the case when it is uncertain which method provides 
the most accurate forecast (Armstrong, 2001, p.417). On the very long run Equation 1 is 
likely to overestimate the trend as result of trend breaches (that are likely to have a negative 
impact on throughput volumes). On the contrary Equation 3 is expected to underestimate the 
very long term trend as a result of the constant negative α coefficient. Combining both 
forecasts is therefore expected to reduce bias. The same holds for the width of the prediction 
intervals as the variance of Equation 1 is too small and the variance of Equation 3 will, due to 
the poor fit, be larger than the prediction intervals of the real unknown perfect forecast. For 
this reason the average of the forecasts based on the relations of Equation 1 and 3 is expected 
to provide a reasonable indication of the order of magnitude and uncertainty related to the 
future port throughput volumes in the Le-Havre – Hamburg region. 

                                                 
11 There is a tradeoff between statistical soundness and theoretical soundness of the model. Particularly in 

applied econometrics the logarithm is often taken to improve the statistical soundness of model. This approach 
however comes with the risk of producing a model that is theoretically unsound and therefore biased. 



5. Obtaining a Probabilistic Population and GDP Forecasts 

Probabilistic GDP forecasts have, to the best of our knowledge, not been published and are 
therefore unavailable12. For this reason a probabilistic GDP forecast has been developed on 
the basis of available information and expected trends. In order not to complicate the issue it 
has been assumed that the very long term development of the Hinterland GDP is similar to 
the development of the Dutch GDP. This simplification is justified by the fact that the relative 
development of the GDP moves along quite similar for the The Netherlands, Belgium, 
Germany and France (refer Section 2). 

5.1 Obtaining a probabilistic population forecast 
The development of a probabilistic very long term GDP forecast up to 2100 requires a 
probabilistic very long term forecast of the population in the working age class of 20-65 
years. No such forecast is available for the Netherlands. For this reason a forecast has been 
compiled from three different sources which include the probabilistic projections for West-
Europe of the World Population Program (IIASA, 2007 update, www.iiasa.ac.at), the 
probabilistic projections for the Dutch population up to 2050 of the project Uncertain 
Population of Europe (Alho and Nikander, 2004), and the four very long term scenarios for 
the development of the total population up to 2100 (de Jong, 2008). The discussion of the 
methodology applied is beyond the scope of this publication. The population forecasts and 
prediction intervals are indicated in Figure 6. The percentages in the legend refer to the 
percentiles of the forecast of which the 50% percentile represents the mean.  
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Source: Historic Data obtained from Maddison (2010) and CBS (2010) 

Figure 6. Probabilistic Forecast of the development of the Dutch Population 

                                                 
12No attempt has been made to verify if probabilistic forecasts are available in the private sector. It is not 

unlikely that for example insurance companies have developed similar forecasts themselves.  



5.2 Obtaining a probabilistic GDP forecast 
The probabilistic GDP forecast has been developed on the basis of the available population 
forecasts and Bayesian modelling techniques. For this purpose use has been made of the 
Excel Add-on @Risk, a simulation program designed for stochastic calculations. For each of 
the variables population (between 20-65), labour participation (working class 20-65), 
working hours per employee per year, and GDP contribution per working hour a distribution 
function (type, mean, and variance) has been defined for the period up to 2100. This has been 
done on the basis of historic data and expected trends. The historic data used in the estimate 
has been obtained from the Bureau of Statistics (www.cbs.nl), The Conference Board 
(www.conference-board.org), and Maddison (www.ggdc.net/maddison/). The discussion of 
the parameter estimates goes beyond the scope of this paper. The probabilistic forecast of the 
GDP and GDP per capita up to 2100 are indicated in Figure 7 and 8. 
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Figure 7. Probabilistic Forecast of the development of the Dutch GDP 
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Figure 8. Probabilistic Forecast of the development of the Dutch GDP per Capita 

The figures indicate that the GDP (and GDP per capita) growth will reduce over the next two 
decades as a result of the retirement of the baby boom generation. This effect cannot be fully 
compensated by the increase in labour productivity. After stabilisation of the labour outflow 
the GDP will further increase until the working population inflow starts to decrease. 



6. Very Long Term Forecast for the Le-Havre – Hamburg Range 

It has not been possible to derive a forecast relation that is both theoretically and statistically 
sound. In absence of a single sound relation it has been concluded that it would be best to 
combine two counter biased forecasts in order to provide a more robust forecast of the Port 
Throughput in the Le-Havre – Hamburg range.  

6.1 Preparation of a very long term forecast based on a levels approach 
The first (naïve) forecast of Equation 1 compares the levels of the GDP directly to the levels 
of the Port Throughput. In order to obtain the probabilistic forecast for each year 10.000 
simulations have been made in the Excel Add-on @Risk. For each simulation the GDP value 
has been drawn from the distribution function of the year under consideration. This value has 
been used in the stochastic relation between GDP and Port Throughput to obtain an estimate 
of the throughput volume of the ports. Finally the outcome statistics have been summarized 
in order to derive the prediction intervals. The results are indicated in Figure 9.  
 

0

500

1,000

1,500

2,000

2,500

3,000

3,500

4,000

1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100

P
or

t T
hr

ou
gh

pu
t (

m
ill

io
n 

to
nn

es
) 10% 20%

30% 40%
50% 60%
70% 80%
90% Historic Data

 
Source: Historic Data obtained from Port Authority of Antwerp (1936-2007) and Rotterdam (2008, 2009) 

Figure 9. Naïve Forecast based on Levels Approach of Equation 1 

Please note that the model is statistically unsound and is likely to be misspecified in the 
sense that it is vulnerable to trend breaches, and has a prediction interval that is too small. 
There was also a problem with the fact that the error term was not normal distributed, but this 
problem has been solved by using more advanced techniques for the calculation of the 
prediction intervals13. 

                                                 
13 The prediction interval consists of a variance towards the line and a variance of the line. The variance towards 

the line has been defined by fitting the error term of the regression analysis in @Risk. The distribution fitted 
well with the lognormal distribution. This relation has been applied in the forecast for defining the variance 
towards the line. The variance of the line has been analyzed by bootstrapping 10.000 datasets and defining the 
slope of the line for each of the datasets. From this analysis it could be concluded that the slope of the line fits 
well with a normal distribution. Therefore the variance of the β coefficient obtained from the regression 
statistics can be used to define the slope of the line. The contribution of the variance of the β coefficient to the 
error term is calculated as the error in the slope times the difference between the forecast GDP and the mean of 
the GDP of the original dataset.  



6.2 Preparation of a very long term forecast based on a differences approach 
The forecast based on the differences approach has been derived using a similar methodology 
as discussed for the levels approach of Equation 1. The results are indicated in Figure 10.  
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Figure 10. Single Forecast based on Differences Approach of Equation 5 

The differences approach is statistically sound and therefore much more robust than the 
levels approach but also theoretically unsound as the negative α coefficient forces the 
model downwards to a zero throughput on the very long run. Therefore the forecast can be 
expected to be increasingly downward biased as time passes. In addition to this the forecast 
ignores the fact that there will remain some common drivers (the ones that cause the risk for 
trend breaches in the levels approach) and therefore the variance estimate can be expected to 
be too conservative (compared to the real unknown perfect forecast). 

6.3 Final forecast based on a combined approach 

Combining both forecasts is expected to reduce the bias in the mean and prediction intervals. 
The final forecast has been derived by taking the averages of both forecasts (refer Figure 11). 
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Figure 11. Final Forecast based on a Combined Levels and Differences Approach 



From the forecast it can be concluded that the overall Port Throughput in the Le-Havre – 
Hamburg range will likely increase by a factor 1½ - 2 up to 2080 after which it will slowly 
stabilize and finally decrease. The reduced pace of growth between 2010 and 2030 is caused 
by the mass retirement of the baby boom population14. After 2030 the labour outflow 
stabilizes and both GDP and Port Throughput are expected to grow as a result of increased 
labour productivity. Finally from 2080 onwards the overall population decrease is expected to 
result in a stabilisation and decline of GDP and Port Throughput volumes. 

6.4 Some things remain unpredictable 
Throughput volumes estimated in this paper are derived on the basis of socio-economic 
foresight and insight in the co-movement of Port Throughput and GDP. As always with 
Bayesian forecasting it contains estimates of the mean and uncertainty of known variables. 
However not everything is predictable. In addition to the forecast it will be necessary to 
investigate if there are possible future events (trend breaches) that have a dramatic impact on 
the future, but are not covered by the forecast. In the presence of such events the future may 
turn out to follow a completely different path. The forecast should therefore be supplemented 
by a trend breach analysis. This will be subject of further investigation. 

7. Conclusions 

The research questions have been defined in section 1.2. This section concludes with the 
discussion of the findings related to the questions.  
 
Question 1: A review of port throughput forecasting and very long term forecasting 
methodology indicated that there is not much published on both subjects and no article on the 
combined subject of very long term forecasting of port throughput volumes has been found. 
To the best of our knowledge there does not exist a handbook on the subject of port 
throughput forecasting. A search on Scopus and Google Scholar listed a small number of 
articles mostly related to the use of specific techniques for which the arena of the port is 
chosen as an application. Little reference is made to the actual practice in port throughput 
forecasting, which is (to our best knowledge) generally based on causal relationships and 
leading indicators. The applied models are mainly based on mere trend extrapolation 
techniques in the sense that they fully rely on historic data. Mere trend extrapolation 
techniques are however not suitable for very long term predictions. An exception to the 
observed is the error correction model discussed by Hui et al. (2004) and to some extend also 
the vector error correction model developed by Fung (2001). These models contained causal 
relationships and the articles also referred to the current practice in applied port forecasting. 
 
Question 2: The review of very long term forecast methodology indicated that little has been 
written on the subject. To move beyond the classical forecast horizon set by mere trend 
extrapolation the use of scenarios was suggested. However, it was also indicated that 
scenarios are not predictions, but simply visualisations of a likely future. A more profound 
approach is the development of probabilistic forecast on the basis of Bayesian techniques. In 
Bayesian forecasting a priori statements are made on the mean and variance of all the 

                                                 
14 It should be noticed that the slowdown of the economic growth and Port Throughput matches the downswing 

of the 5th Kondratieff wave. This is however a coincident as economic cycles are not forecasted in the model. 



variables included in the model and the results are calculated by applying statistic calculation 
methods. Bayesian techniques have been successfully applied to develop probabilistic very 
long term population forecasts and are also suitable for the preparation of probabilistic GDP 
forecasts. The Bayesian methodology has been adopted in this paper for the development of a 
probabilistic very long term forecast of the port throughput volumes in the Le-Havre – 
Hamburg range up to 2100. If desired scenarios for the development of future cargo flows 
can be developed on the basis of the probabilistic forecast presented in this paper. 
 
Question 3: Taking the above into account a sensible forecast approach is to develop a 
probabilistic forecast of the Port Throughput in the Le-Havre – Hamburg range on the basis 
of a probabilistic GDP forecast and the causal relation between Port Throughput and GDP.  
 
Question 4: Long term historic data series on the development of the Port Throughput have 
been obtained from the Antwerp Port Authority for the period 1936 to 2009. A comparison 
with statistics obtained from the Rotterdam Port Authority indicates that that the data series 
of the Antwerp Port Authority (that contain fewer ports) account for about 90% of the total 
throughput in the Le-Havre – Hamburg range. For some individual ports the throughput data 
was incomplete. Missing years have been interpolated. Historic data on the development of 
the GDP of the Hinterland has been obtained from Maddison. It was observed that the GDP 
of the main countries in the Hinterland (NL, BE, GE, FR) follows a similar trend.  
 
Question 5: An attempt has been made to develop a sound causal relationship between GDP 
and Port Throughput. For this purpose three different equations have been evaluated. 
Equation 1 compares the GDP levels directly to the Port Throughput levels. The regression 
results however turned out to be statistically unsound. Therefore the model is sensitive to 
trend breaches (most likely downwards) and has a virtual high fit that results in prediction 
intervals that are too small. Equation 2 tries to solve the statistical problems by taking the 
natural logarithm of the GDP and Port Throughput. This approach was not successful as the 
error term still contains a unit root. The transformation however introduced a considerable 
upward forecast bias as a result of the imposed exponential relationship between the variables 
which is not supported by theory. Equation 3 is statistically sound but proved to be 
fundamentally wrong from a theoretic point of view as the fixed α coefficient forces the Port 
Throughput to drop to zero after the predicted stabilisation of the GDP on the long run. An 
attempt to develop a model with a diminishing α coefficient failed because the decline was 
not supported by empirical evidence. Therefore none of the considered forecast relations is 
both theoretically and statistically sound. Some improvement may be possible by (ab)using 
the error correction model. However this model is only valid for co-integrated variables. The 
variables applied in our models are not co-integrated. The use of the error correction model 
would therefore give the impression of a highly sophisticated and sound approach while the 
model is in fact still misspecified. An alternative approach suggested by forecasting literature 
is to combine the forecasts. This approach works particularly well in case of counter biased 
forecasts such as Equation 1 and 3. It is therefore suggested to combine the levels and 
differences approach of Equation 1 and 3 in order to provide a reasonable indication of the 
order of magnitude of the throughput volumes in the le-Havre – Hamburg region up to 2100. 
 
Question 6: The development of a probabilistic forecast for the port throughput volumes in 
the le-Havre – Hamburg range requires a probabilistic forecast for the development of the 
GDP of the Hinterland. Since the GDP of the various countries located in the Hinterland 
follow a similar trend it has been assumed that the forecast can be based on a forecast of the 



Dutch GDP. However, no probabilistic GDP forecast was available for the Netherlands. The 
GDP forecast has therefore been developed on the basis of a probabilistic forecast of the 
Dutch population in the working age class of 20-65 and some assumptions on the overall 
development of the labour productivity. The required population forecast was also not 
available and has been compiled from various sources. Though the population and GDP 
forecasts have been constructed carefully it can be expected that there is still room for 
improvement. Demographic and socio-economic experts are therefore challenged to improve 
the probabilistic very long term population and GDP forecasts presented in this paper.  
 
Question 7: Though the forecast relation does not allow for the development of a sound 
forecast it is likely to provide a reasonable estimate of the order of magnitude of the future 
port throughput volumes in the Le-Havre – Hamburg range (that can for instance be used to 
define throughput scenarios). From the combined forecast it can be concluded that it is 
reasonable to expect an overall increase in cargo volumes by a factor 1½ to 2 up to 2080. A 
possible decline thereafter is not unlikely. However, not everything is predictable. There 
remains the possibility of fundamental changes that lead to a completely different future. The 
forecast therefore still has to be supplemented by a trend breach analysis. 
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