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Introduction

Seaborne trade laid the foundations for the rapid and mostly steady growth of world trade during the past decades. Especially the rapidly increasing container transport, measured in TEU (Twenty Foot Equivalent Unit), is an important indicator to represent the dynamics of world trade. Despite the fact that, in 2005, container ships only accounted for 14% (as share of the world gross tonnage) of world seaborne trade (Heymann, 2006: 4) the value of goods transported in containers is much higher -oil and gas tankers as well as bulkers are more significant according to weight.

World wide container transshipment grew with an annual rate of about 11% between 1995 and 2005. Forecasts predict annual growth rates of about 10% until 2010 (Heymann, 2006: 6).

In 2005, Germany held about 9% of the worlds' real exports (in prices and exchange rates of the year 2000) (Deutsche Bundesbank, 2006: 33) and more than 3% of the rapidly growing market of container transshipment. Furthermore, Germany controls one third of the worlds' container fleet. Put into figures, German shipping companies controlled 1,157 of the 3,499 container ships in 2006. (ISL, 2006a: 23) Quantitatively analytical literature on international container throughput, as well as on container transport, is rather scant: On the one hand, there is no freely accessible broad supranational database for international maritime shipping. On the other hand, the theoretical side of this theme is mostly integrated into general logistics, at least in scientific publications. Some institutions like Drewry Shipping Consultants Ltd., London (Drewry), Institut für Seeverkehrswirtschaft und Logistik, Bremen (ISL) and Ocean Shipping Consultants Ltd., Surrey (OSC) regularly publish analyses for certain market segments on a descriptive-empirical base, and sometimes medium term forecasts without giving the methodology.

We present quantitative short-run forecasts by using quarterly data for the German container throughput, separated by the world´s main economic areas Asia, Europe and North America, the socalled triad of globalization. These three regions cumulate around 80 percent of global container shipment. As well, we provide forecasts for the German container throughput in total. These forecasts are important for logistics companies, e.g. shipping companies, port authorities and shipyards. Using quarterly data and therefore catching seasonal effects, it is possible to give a detailed outlook for a manageable time period. Given attention to the seasonal structure of the data, forecasts can account for this level of detail. This can be a great advantage for companies when allocating capacities. The methodologies we use are two univariate time series approaches: the traditional exponential smoothing analysis of Holt-Winters and the ARIMA framework adapted to seasonal data (SARIMA). Certain model specifications of these two approaches are formal equivalents, so another question here is to see whether, when applied, they lead to similar results.

Next, we outline the main estimation and forecast equations. This theoretical part is followed by some remarks on the database. The principle part contains estimation, diagnosis and interpretation of the main results. Finally, using forecast error measures, we compare the results of the two approaches, and present our forecast results. 

II. Estimation and Forecast Techniques

High frequency data often exhibit seasonal behavior, that is there are returning characteristics within certain periods of a year. For data with higher than annual frequency it is therefore often appropriate to make seasonal adjustments. Traditionally, seasonality is seen as some kind of pollution of the data. In modern time series analysis, trend and seasonality is seen as a chance to lead to more exact forecasts. Especially in business matters, knowledge of seasonal changes can help to improve outcomes or reduce costs. From the theoretical point of view, taking account of seasonality may reduce forecasting errors.

In the SARIMA methodology (Newbold/Bos, 1994: 319-325) 
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The forecasting equation for the onestep-ahead out-of-sample forecast of the often used so-called airline model (Box/Jenkins, 1970: 300-322) SARIMA(0,1,1)(0,1,1) applied to quarterly data, is 
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which indicates that after h = 5, the estimated MA-parts have disappeared.

We then use the Holt-Winters algorithm for seasonal time series based on the exponential smoothing approach (Newbold/Bos, 1994: 199-210). This technique is capable of producing shortterm forecasts for a large collection of time series with a trend and additive or multiplicative seasonal variation. The model of the time series
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) with linear trend and multiplicative seasonality consists of the following three equations:
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In these equations, 1 , 2 and 3 ( 1 0

) are smoothing coefficients, t a in (4) yields the current level estimate, t b in (5) shows the estimate of current slope, and t s in (6) determines the current seasonal factor. L denotes the number of periods per year in the data, e.g. for quarterly data 4 L = . Forecasts in the case of a linear trend and multiplicative seasonal factor can be made by
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. The additive and multiplicative algorithm may yield quite different forecasting values. So the concrete data set leads to considerations about the combination of the model parts as well as the choice of values for the smoothing terms. This decision has been taken by using the model with the smallest forecasting error.

It can be shown that under certain conditions the additive Holt-Winters model is theoretically equivalent to the seasonal ARIMA model (SARIMA) (Mills, 1990: 180-183) and the interesting question to answer is whether the two approaches lead to equivalent forecasting results in applications. The estimations are compared by using the forecast error measures (Greene, 2003: 113) Root Mean Square Error (RMSE), and Theil´s U which is defined as 

III. Database

The worldwide container transshipment has increased with impressing two digit growth rates during the past years. Figure 1 

IV. Model Analysis

The analysis will concentrate on the container transshipment at German ports with destination to one of the three main regions of container shipping Asia, Europe, North America. We will give forecasts for each of these destinations separately and for the container throughput at German ports in total. The development of the latter for the time The graph in figure 3 exhibits a nonlinear trend with seasonal variations. The seasonal variations show a strong downward movement at the beginning of each year. Graphs for the three regions look similar and are not presented here.

Using the double differencing filter according to equation (1) on German container handling leads to estimated ACF and PACF values visualized in figure 4.

The PACF shows two significant values at lags 4 and 8. The significant ACF value at lag 4 ( = ˆ0.454) is a typical feature of many doubly differenced seasonal time series. It takes values near -0.5 which may suggest overdifferenced seasonal data. Therefore we additionally apply a unit root test for quarterly series to identify the most appropriate differencing filter for t y .

To confirm the use of the correct differencing filter we carry out the HEGY unit root test for quarterly data with different auxiliary regressions [START_REF] Hylleberg | Seasonal Integration and Cointegration[END_REF]. Table 1 gives the results for the double differenced container handling in Germany (SDTEU).

The series are tested with different specifications: without a deterministic term (0), with a constant (C), constant and seasonal dummies (C, SD), constant and linear trend (C, Tr), and constant, seasonal dummies and linear trend (C, SD, Tr). If 0 1 = , the null hypothesis "presence of a non-seasonal unit root" cannot be rejected; if 0 2 = , a halfyearly unit root is present, and the corresponding tests are designed as and the conventional significance level of 5% are smaller than the corresponding critical values (Hylleberg et al., 1990: 226-227). The value for 4 is greater than the critical values, but that does not restrict the results in general. So the nulls are rejected and stationarity by double differencing is achieved. The last column of table 1 indicates the p-values of the LM-test on autocorrelation in the error term which indicates no autocorrelation. These considerations lead to the identification of a SARIMA(0,1,0)(2,1,0) model. Furthermore, we identified several other possible SARIMA models, but the model mentioned above proved to be the best one. Analogously, for the three destinations Asia, Europe and North America we identified similar models. Table 2 shows the details of the estimation results of the respectively best model for each destination and total German container handling (world), concerning significance and autocorrelations of the error term. Estimations were done with WinRATS 6.3 using the Gauss-Newtonalgorithm.

The first row gives information about the chosen model. The values in parenthesis in the coefficient rows give the p-values of the t-tests for the coefficient estimators. "Q-sign" indicates the pvalues of the Box-Pierce statistic on no autocorrelation in the error term. Constants have been generally omitted, because of non-significance.

As an alternative to the SARIMA analysis, the Holt-Winters method provides an easy way to analyze and predict seasonal time series. For the smoothing coefficients in equations ( 4) to ( 6) we apply, as commonly made in . Other values were tested, though they did not change the results substantially, but rather led to unstable outcomes. Investigating the diagrams of the original series for the different regions, we chose the following specifications: an exponential trend with a multiplicative seasonal factor for the destination Asia and the whole German container throughput, while for the destinations Europe and North America we assume a linear trend combined with a multiplicative season.

To compare the two methods -SARIMA and Holt-Winters exponential smoothing -concerning their predictability we computed two measures for ex-post forecast errors, the RMSE and Theil's U. Table 3 gives details on the results. The RMSE show a mean deviation between 22 and 30 thousand TEU for the three destinations, but 57 thousand TEU for the total German container transshipment. These differences arise from the overall strongly different and heterogeneous development of the worlds´ economic regions. Due to RMSE there are remarkable differences between the two types of models: the RMSE values of the SARIMA approach are about 10% smaller for the destinations Asia and Europe, and more than 30% for the whole container handling. For the destination North America the exponential smoothing approach obviously led to better results. For Theil's U we use the observed value with a lag of four quarters as 'naive forecasts'. Experience shows that values smaller than 0.5 for Theil's U lead to useful forecasting results (in the past). Again, only the value for North America leads to a value greater than 0.5, which means that the two approaches produce better results than the 'naive model', but it should not be used for ex ante forecasts. For all datasets except North America the SARIMA U-values are smaller than those of the Holt-Winters model.

Therefore, the SARIMA approach should be used for ex ante forecasting rather than the Holt-Winters approach. The identified SARIMA models will lead to better and more stable forecasts, given stationarity. Visualizing these findings, figure 5 compares the forecasting results of the SARIMA and the Holt-Winters model for the whole German transshipment from 3/2006 until the end of 2008. It can be seen that the Holt-Winters approach overestimates the development of the container throughput in the future.

In figure 6, the forecasts of the SARIMA-models are shown for the three regions Asia, Europe and North America. Table 4 contains the numerical forecasting values. Taking a look at the graphical illustration, the seasonal variation which is inherent in the quarterly data can be found in the forecast values as well.

Our forecasts give a continuingly positive outlook for the container industry in Germany. Especially the destinations Asia and Europe are the driving forces for development. We forecast that within the forecasting period the German container throughput will rise by 22.8 percent in total, for the destination Asia we predict a gain of 25.3 percent and for Europe 21.5 percent. A moderate increase of 9.5 percent is given for destination North America. Given such detailed forecast information as in table 4, port authorities can do their planning more efficiently. Furthermore, capacity planning of shipping companies can be positively influenced.

V. Conclusions

This analysis discusses SARIMA and exponential smoothing models for estimating and forecasting quarterly data of the German container transshipment 
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  our model, for Theil´s U we use the value of the prevailing last period 4 t y as forecasting values of the naive model.
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 56 Figure 5: SARIMA and Holt-Winters forecasts for the whole container throughput in Germany (in 1,000 TEU)
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  Figure 4: Estimated ACF and PACFvalues of the double differenced German container throughput
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Table 1 :

 1 Results of the HEGY test for German container throughput
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Table 2 :

 2 Estimation results for the different SARIMA models
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Table 3 :

 3 Model types and forecast errors
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Table 4 :

 4 Forecasting values for container throughput (in 1,000 TEU)

	TEU)
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