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The Cargo flows in relation to macroeconomic variables and the internal efficiency of the Port of Rotterdam
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Summary

This research aims at explaining cargo flows with the use of simple, widely available, economic indicators. 

The research question is: To what extent do macroeconomic indicators and the internal efficiency of the harbour influence cargo flows through the port of Rotterdam. 

Using a single and multiple regression technique, the influence of GDP, population size, labour, private investment, government, stocks and industrial production on the handling of cargo in the Port of Rotterdam is analysed. Cargo is defined as total throughput and split into agribulk, coal/ore/scrap, crude oil, other wet bulk, containers and roll on/roll of. Using these inputs a model is designed with an explanatory value ranging from 0,52 to 0,98, depending on the independent variables used. Furthermore, the efficiency of the Port of Rotterdam is calculated using the production factors labour and investment. This level of efficiency is added to the multiple regression model resulting in a more solid model with an explanatory value of 0,997.
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1 Introduction

By many people Adam Smith (1723-1790) is considered the first real economist. In his book, The Wealth of Nations (1776), he described that there should be a clear relationship between geographical location and trade. He predicted that a good accessible location, in those days locations close to a sea coast or adjacent to good navigable rivers, would lead to a drop in labour costs due to a better accessibility. Since Adam Smith wrote his book, things changed significantly. Indeed trade did concentrate on small areas that were easily accessible. However, nowadays these trade clusters are home to well-located main ports such as the harbour of Rotterdam. 

“Trade can be seen as the transfer of ownership of goods and services from one person or entity to another” (Wikipedia, 2013). Trade leads to transport and therefore transport is a derived demand. This means that consumers do not want to purchase transport. They need a product and if that product is not available in the region involved than either the consumer has to travel or the product has to come from another region. In the majority of cases in our current society the latter option is chosen implying that a product will be collected in another region, resulting in the occurrence of cargo flows. 

There are three main reasons explaining the need for trade and the resulting cargo flows. First, it can be that there is a difference in the price of products. This can be explained by differences in factor pricing in two or more areas. If those factor prices would be equal, there is no reason for trade (Samuelson, 1948). For example, one country can produce wine all the year round, while another country having a colder climate, is better in producing wool. This difference gives rise to an unequal price and provides an incentive for trade, which will lead to cargo flows. 
Secondly, trade arises from economies of scale. Due to clustering of production factors one region is able to produce against lower costs than another region. This will lead to trade if the achieved price reduction is equal or larger than the transportation costs. The best example of this is Silicon Valley. There are all kinds of internet and computer related firms in the same area, creating synergy which leads to more efficient production. This effect might even reinforce this phenomenon, as lower costs lead to lower prices and subsequently additional demand. All these factors lead to cargo flows. (Krugman, 1980) Finally, it could be that a certain resource is not available in a country. For example a lack of raw materials or a total absence of materials might exist (Vernon, 1966). The best example of this is the abundance of phosphorus in Morocco and the lack of phosphorus in the rest of the world.

Besides natural lack of recourses there is the possibility that a region creates a monopoly and generates trade. If there is a lot of investment in research and development of new products , there will be acquisition patents and other certificates which prevent other producers or regions to produce your product. If there is demand in this other region, this will drive trade (Blachandra and Friar, 1997).

Fifty years ago Tinbergen (1962) shows that the cost of trade is mainly determined by the geographical distances. Since that a lot has changed. Not only are transport costs seen as part of an integrated product cost, also due to improved transport technologies, the world has become smaller. For example, it costs more to transport a container from Rotterdam to Bolec (Slovenia) then the transport of a container from Rotterdam to Shanghai in China. 

According to Balassa (1978), trade and the accompanied cargo flows, leads to economic growth as more products become available when borders are open to trade. This trade can be measured in several ways. Aggregate import and export numbers are obvious, however, trade is also closely linked to throughput of cargo in a harbour. De Bruyn and Opschoor (1997) show a relation between throughput and income using theoretical and empirical evidence. Especially, a close relationship is shown between, on the one hand, the throughput of energy, cement, and steel and on the other hand, economic growth in their research. Furthermore, much research has been done on the containerisation and its influence on regional economic growth. Yap, Lam and Notteboom (2000) looked at developments of container port competition in East Asia and Wang and Song (2002) described the evolution of a regional container port system in the Pearl River Delta in China. Both researches show a close link between throughput, import and export and economic growth for ports in Asia. For The Netherlands, such research has not been done yet.

Nevertheless, it is valuable to quantify this link as ports are the spindle in the worldwide trade of cargo. These main port trade clusters serve vast areas of hinterland and owe their existence to their location and major investments in capital. For that reason it is valuable to predict cargo flows to control the amount of capital that should be invested to reach efficiency. This has led to the predicting trade as the main topic for this thesis.

2 Problem definition and Methodology

2.1 Problem definition

As already mentioned analysing cargo flows is the central concept of this thesis. On the one hand, this research tries to analyse cargo flows of the Rotterdam harbour by using a set of economic indicators. This has been done extensively for ports in Asia but not for the Netherlands. On the other hand, internal efficiency of several ports is compared to assess an optimum of deprecation and jobs. The efficiency of a port and with that, the costs of throughput, are shown extensively in literature to be a good predictor of trade (Clark, Dollar and Micco, 2004) (Sánchez, Hoffman and Micco, 2003). 

This thesis will investigate the effect of key economic indicators on Dutch cargo flow. The focus will be on a statistical analysis of different economic indicators and on the effect of those on the cargo flow. Besides that there will be an analysis of internal efficiency of the the Port of Rotterdam(PoR) . Hence, on one the hand, the cargo flow depends on external factors like population growth and, on the other hand, it depends on internal factors like efficiency. This result in the following research question: 

RQ: To what extent do macroeconomic indicators and the internal efficiency of the harbour influence cargo flows through the port of Rotterdam?

2.2 Outline

The answer to the main question is reached through several steps: First, an overview of the extensive literature on this subject is presented. The literature review describes both the indicator analysis, elaborating on several indicators, and the efficiency models that have been used before. Second, the methods chosen in this research are described, starting with the indicator analysis and then the efficiency model. Then data is presented. After that the results are analysed where first the indicator analysis is expanded by the single and multiple regression analysis. Hereafter efficiency is used to analyse trade. Finally, indicators and efficiency are studied together to finalise the model. The research is completed by presenting the main conclusions and a discussion of the shortcomings.
3 Literature review

There is an extensive array of literature on the analyse and  prediction of cargo flows through sea ports. A large part of this literature focuses on the use of economic indicators as a basis for analysis. Much more limited is the literature on the use of efficiency indicators in analysing cargo flows. In this review the main literature on the use of economic indicators to analyse cargo flows is evaluated. Unfortunately, literature within the range of Le Havre or Hamburg is not available. Therefore, this research builds on previous research conducted on mainly Asian harbours. This review evaluates the main methods used to measure port efficiency and links it to cargo flows.

3.1  Indicators

One much seen way to analyse port activity is by using broad economic indicators, which may explain several indicators of port activity. Many studies comparable to this one are available. These studies make use of a wide range of indicators, such as: import and export, number of cranes, berth length, number of ships berthing, hinterland transport and cargo handling.

Much of such research is done on the port of Hong Kong, formulating a forecasting model for cargo growth (Seabrooke and Hui, 2003; Fung, 2002). Hong Kong can be seen as an important port, this is mainly due to the large hinterland served by the port. Therefore the research done for the port of Hong Kong is taken into consideration for the port of Rotterdam.

Seabrooke and Hui (2003) distinguish various factors that affect the cargo movement. These include general factors such as macro-economic conditions and regional competition. Most important are the trade volume of imports and exports, GDP data on China, the Guangdong province and on Hong Kong, population data of China, expenditure on building constructions and electricity demand. Furthermore, China specific factors are used. For instance the membership of China of the World Trade Organisation and the liberation of the trade link between Taiwan and China. Seabrooke and Hui performed several single and multiple regression analyses focussed on modelling cargo movement. 

Fung (2003) uses a comparable analyses as Seabrooke and Hui (2002), however indicators used by Seabrooke and Hui contain far broader measurements than those used by Fung (2003). Fung specifies indicators such as container throughput in nearby ports and container terminal tariffs. Both analyses identify a set of indicators which can be considered as significant for explaining cargo movements. 

3.2 Macroeconomic Indicators. 

3.2.1 GDP

GDP is a measure of a country’s overall economic welfare. It quantifies the added value within a certain geographical location for a certain amount of time, in other words the production of a country. GDP should be equal to private consumption, gross investment, government spending and exports minus imports.

As an indicator of demand for port services, economic growth is expected to be one of the important driving forces. This growth is expressed as growth of GDP. Since GDP is a broad aggregate of various indicators, it should have a correlation with several other economic indicators (Kravis, 1970).

Krugman (1980) shows that trade and GDP of two industrialised countries are well correlated. This correlation can be explained by trade and so by cargo flows between those countries. Also Meirane (2007) has done extensive research on the relation between Latvian GDP growth and the cargo flow in Latvia. From 1999 until 2005 there was a GDP growth of 136%. The share of transport of GDP has remained equal at around 13.6%. There was an increase of only 0,38%. This means that the absolute share of transport has increased heavily. If transport would be a primary good, this proportion would have decreased. This clearly indicates that the Latvian GDP and the Latvian cargo flow are well correlated as transport increases together with GDP.

For this research it is important not to confuse GDP with Gross National Income (GNI), as GNI is a measure of what a country earns. Kohli shows that there can be a divergence of up to 10 percent between GNI and GDP. 
Proportionally, GDP growth in a well-developed country as the Netherlands will consist of a larger share of luxury goods. Luxury goods add more to trade than basic goods, therefore there will not be an one to one relation between trade and GDP (Landau, 1983). To cope with the fact that GDP and trade in The Netherlands do not have an one to one relation, this research divides GDP in multiple components, with labour as an indicator of consumption, total investment and government spending. Import and export are also part of GDP, however in the final GDP calculation only net exports will appear. Therefore if the absolute growth of import and export are equal, this has no effect on GDP at all. Therefore the first hypothesis is:
H1: There is a positive relationship of cargo flow and GDP .

3.2.2 Government spending

Government spending is a component of GDP. Therefore, government spending and GDP should have a direct relationship. Still government spending as a single indicator can be interesting in explaining for port activity and is therefore taken as a unique variable. Around two thirds of government spending is spent domestically. This spending is mainly to provide the population with non-rival and non-excludable public goods. Spending on goods such as dikes, national defence and domestic security services are spend domestically (Rodrik, 1998).

Still the government has a large influence on GDP through the multiplier effect. Rodrik concludes that there is a robust relationship between the size of the government and the openness of the economy. An open economy is an economy with a relative high level of trade. Rodrik gives as explanation that government spending is having a risk reducing role on the economy. 
Fatas and Mihov (2003) show that there is a strong and persistent increase in consumption and employment when government spending rises. This effect is particularly visible when the government increases the wages of government personnel. On top of that, the well-known multiplier effect amplifies government spending into private consumption It can be expected that government spending, through private consumption, has a positive effect on trade, and with that cargo flows in a country’s harbour. 

Therefore the second hypothesis is:
H2: There is a positive relationship between cargo flow and population size.

3.2.3 Private investment

Investment is also already part of GDP. However, investment, or capital, is an important production factor influencing output. Furthermore, high investments are essential to a port (Garnet, 1970). It is therefore interesting to elaborate further on the role of investments for ports.

Due to the attractiveness of a port as a business location, the investment cost of especially ground prices will surely rise. From this fact, it can be deduced that a port becomes more interesting for entrepreneurs when the level of investment is higher. This again will lead to higher investment in the port area.

Investments will only be made when investors can expect a return on investment which is at least positive including risk premiums and other surcharges. However, it has to be taken into consideration that there are two sorts of investment that can be made in a port. The first one is expanding capacity in order to be able to enlarge the throughput of the port. If such investments are made there is a shift within the capital labour ratio. The second type of investments are those which make the port more efficient and lead to a more competitive harbour due to a shift in the capital-labour ratio (Jorgenson, 2009). Given economies of scale, this shift will lead to lower prices.
A good example of these types of investment is the harbour of Hong Kong. For this harbour, there exists severe competition of other ports on the Pearl River. Li (2010) et al. show that investment in container terminals, berth deepening and access road construction led to a higher cargo flow for Hong Kong. They developed a model that predicts container flow using investments. Therefore the third hypothesis is:
H3: There is a positive relationship between cargo flow and stock price.

3.2.4 Labour

The other important production factor is labour, being a much used economic indicator in the literature. Balassa (1978) and Tyler (1981) all identify labour as an important economic indicator. Together with capital, labour is the only production factor that can be influenced (Chenery et al. 1970) and according to Lazear and Oyer (2003), human capital is a fundamental pillar of society and the labour costs are a good indicator of the shape of an economy. Ukpolo(1994) used a time series of labour to predict the export of several African economies. 

This research defines labour as the expenditure on labour in the economy. Assuming that this expenditure has a direct influence on output, and with that, on the import and export of the economy. Therefore the fourth hypothesis is:
H4: There is a positive relationship between cargo flow and labour.

3.2.5 Population

Although it is not a component of GDP, population is an important indicator of port activity. Obviously, a higher population in a country directly influences the absolute amount of consumption, part of the goods consumed is imported through a country’s sea connections. In previous research on the Hong Kong harbour, the indicator of population turned out a significant predictor of cargo flows (Seabrooke and Hui, 2003) (Fung, 2002). Therefore the fifth hypothesis is:
H5: There is a positive relationship between cargo flow and private investment.

3.2.6 Stock market

A much used economic indicator, especially in the contemporary media is the stock market. At the local stock market, some of the larger companies in a country are listed. The value of these companies is measured by the price of the company’s stock. A prospering stock market therefore often means a prospering economy in need of trade. It can be expected that there is a positive relation between the health of listed companies, or business climate, trade and port activity.

Adland and Strandenes (2006) found a relation between markets and bulk transport and stock markets. Since this relation exists, it might be interesting to look at the relation between stock markets and total throughput instead of just bulk transport. Also, Aggarwal (1981) explains an ex post relation between trade, the stock exchange and exchange rates. He finds a positive relation, just like Adland and Strandenes. Kraus and Stoll (1972) concluded that stock markets go hand in hand with trade agreements. If trade increases due to such an agreement, stock markets rise as well. However, in their research, it was difficult to control for technological improvement or economies of scale. These effects certainly also influence trade. The relation between the stock exchange and trade has never been shown for the Netherlands. Therefore the sixth hypothesis is:
H6: There is a positive relationship between cargo flow and government spending.
3.2.7 Industrial production

Differences between production and consumption lead to transport. As a result the cargo flow is directly related to the industrial production in the hinterland of a harbour. This cargo flow will emerge when there is a difference between consumer demand and local production output. This relationship works in two, hence, everything that is produced but not consumed has to be transported. (Morlok and Chang, 2004).

In former times, the allocation of industry was mainly determined by geographical factors. (Koopmans, 1949) Nowadays, transport is no longer a derived demand. Due to high tech industry and , competitive cluster industries, with the therefrom resulting economies of scale, the transport costs part of an integrated cost price instead of a derived demand.(Hesse and Rodrigue, 2004). With that, industrial production has become an important factor for the transportation sector . 

Fullerton (2002) shows that a production index for Mexico is a good predictor of cargo flows crossing the borders of the country. This research defines production as the industrial production within The Netherlands, being the added value minus the price of inputs. Looking at the hinterland of the Rotterdam harbour, it would be logical to involve industrial production in Germany. However, Dutch and German production go hand in hand and German production numbers are unavailable at the time of writing. Therefore, this research only uses the figures on Dutch industrial production.

H7: There is a positive relationship between cargo flow and Industrial production
3.3 Efficiency

The previous part focussed on external economic indicators that might analysing harbour activity. However, internal factors also play an important role in determining cargo flows. The internal efficiency of a harbour directly influences the costs of shipping and with that the demand for transportation.

Therefore, the measurement of efficiency can properly shed light on the productivity of a port and can be seen as a good economic indicator (Lovell, 1993). In contrast to the use of widely available economic indicators, internal efficiency of the port of Rotterdam has to be defined and calculated before it can be used in the model. Although literature on the subject is common, different kinds of models are used. Ultimately, each model is based on the assumption that a more efficient port will attract more cargo due to international competitiveness between harbours. In the following, several of the known efficiency models are discussed, including the model used in this research.

3.3.1 Efficiency models

Charnes et al. (1978) were the first to introduce an efficiency model in the academic literature. From the moment of introduction of the model by Charnes et al. there has been a wide array of applications. For instance, the efficiency of hospitals and air force maintenance units has been evaluated using DEA models. In 2001, Tongzon introduced the model specifically for evaluating port efficiency. The DEA model is useful for evaluating port efficiency as multiple outputs can be handled. Obviously, for ports different measures of output are available, depending on the features of operation that are evaluated. Since this first attempt, several studies confirmed the usefulness of DEA specifically for the measurement of port efficiency (Marlow and Paixao, 2002) (Wang, Song, and Cullinane, 2002).

Tongzon (2001) evaluated the efficiency of multiple ports in Asia and Europe based on the containerised cargoes across ports. Tongzon made a comparison at a set point in time over different locations. As mentioned it is also possible to make such a comparison over time, for one location. The research uses inputs such as number of cranes, number of berths, number of tugs, terminal area, delay time and labour defined as the number of port authority employees. In general, the DEA model applied to port efficiency is used to estimate a most efficient production frontier across the ports which are evaluated. Hereby the deviation of optimal efficiency can be calculated.

Bloningen and Wilson (2006) use two methods to predict imports and exports. Next to a model similar to those described above, they introduce a model that links port efficiency to import numbers. In their model they use import costs as their dependent variable. These costs consist of three primary components: the loading costs in the foreign port, the transportation costs and the unloading costs. They use a set of six independent indicators: the distance between port I and port J, the weight of the product, the value of the cargo, the percentage of containerships, the import balance and the export balance. Furthermore, interaction variables between percentage of containerships and weight and percentage of containerships and a dummy variable are introduced. This dummy variable is necessary as their dataset was not consistent due to multiple ways of collecting data within one dataset. By using a dummy variable, this inconsistency can be overcome.

Most variables in the research of Bloningen and Wilson have a positive coefficient. Not surprisingly, as an increase of distance or weight will certainly have an increasing effect on the import costs. The relation between the rise in value of the cargo and the import costs can be deduced from higher insurance costs. The negative relation between the level of containerisation and import cost is on first sight reasonable. Due to the fact that containers have lower transport costs. However, especially in the larger ports, cargo that does not come in a container, consists mostly out of liquid bulk goods which are again cheaper to handle. This would suggest a positive relation between containerisation and import costs.

The regression analyses executed by Bloningen and Wilson from 1991 to 2003 show R-squares of 0.9 or more, meaning that 90% of the changes in import costs can be explained by the chosen six variables. Furthermore, all variables have a level of significance of 99 percent. Using the above analyses as a starting point, a clear set of indicators can be formulated for modelling port activity in Rotterdam.

Cheon et al. (2010) base their efficiency analysis on ownership and company structure and conclude both factors have an impact on efficiency. The port of Rotterdam has had the same owners and company structure for years. Therefore, these input variables are not taken into account in this research..

Obviously there are some drawbacks to the approach. First, the DEA method typically assumes constant returns to scale. However, Bloningen and Wilson (2006) suggest that economies of scale might be more realistic. Second, Bloningen and Wilson put forward that a DEA model does not generate any measure of error by which statistical confidence can be assessed. Furthermore, outliers can severely bias the statistical value of the outcome provided. Third, the amount of input data required is substantial. Inputs and outputs have to be consistently measured for different ports or over a sufficient time-span.

Nevertheless, still the DEA model can be simplified sufficiently to cope with these difficulties. Using basic economics, input factors can be identified as investment and labour. These production factors are core concepts of economics (Forsund and Sarafoglou, 2002) and are relatively easy to identify. Therefore the fourth hypothesis is:
H8: There is a positive relationship between cargo flow and efficiency of harbours.

3.4 Hypotheses

Summarising, there are two ways of approaching the analysis of cargo levels for harbours. First, external economic indicators, such as GDP, populations, investment and stock indexes, can be used to forecast trade. Second, the level of trade can be related to the internal efficiency of a harbour by using a Data Envelopment Analysis model. Using the production factors investment and labour, this model defines levels of efficiency that can be compared over time or between several harbours.

As shown in this chapter the following seven hypotheses are formulated:

H1: There is a positive relationship of cargo flow and GDP.

H2: There is a positive relationship between cargo flow and population size.

H3: There is a positive relationship between cargo flow and stock price.

H4: There is a positive relationship between cargo flow and labour.

H5: There is a positive relationship between cargo flow and private investment.

H6: There is a positive relationship between cargo flow and government spending.

H7: There is a positive relationship between cargo flow and Industrial production

H8: There is a positive relationship between cargo flow and efficiency of harbours.

4 Methodology 

This research is based on two models to analyse cargo flows. First, external economic indicators are used in an effort to analyse the dependent variables measuring cargo flows. Second, efficiency of Rotterdam is defined and used as an internal variable to analyse cargo flows. Finally, it is determined which of these indicators remain significant when analysing cargo flows in a multiple regression model.

4.1 Regression

To calculate the influence of the above indicators on the measures of harbour activity, several single and a multiple linear regression analyses will be performed. The statistical method that is used for this research project is the multiple regression analysis. The multiple regression method is a very popular statistical method, mainly because it uses different independent variables to explain the dependent variable. However it does not just add them up and determines its total explanatory power, it separates the independent variables so that each contribution towards the dependant variable can be determined.

4.1.1 Significance
The various input variables mentioned in the above data section can be used to explain the dependent variables. The independent variables are checked on statistical significance through the P-value, which is the probability that the zero hypothesis, no change or no influence, is rejected. In most cases in the literature the possibility of rejecting the hypothesis is checked at the 0.01, 0.05 or 0.10 level, one, five or ten percent. In this research a significance level 90% will be used. This means the P-value has to be below 0.10. 

4.1.2 R-squared

The R-squared is calculated with the method of Ordinary Least Squares that sums the squared differences found between the observed score and the one predicted by the regression equation.

The ordinary least squares has a couple of assumptions which the data have to satisfy to get a reliable outcome of the regression analysis.: linearity, homoscedasticity, normality and nonautocorrelation. Linearity is a basic requirement for the regression analysis, the data has to follow a certain path and basically should not be scattered too much. 

The R² reveals, besides the explanatory power of the analysis, also the level of homoscedasticity. The R² is the outcome of the deviation of the sum of squares(SS) divided by the total SS as is shown by the following figure.
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This makes the residue SS is a good indicator for homoscedasticity, because when the residual SS is lower, the higher is the homoscedasticity. Therefore a high R2 is automatically followed by a low SS residue, making the regression homoscedasticital.

There are some loopholes when the results are not sufficient, like a big N, a large set of data. In the following parts of the research paper the items listed above will be checked, defended and if necessary the data will be corrected or altered.
4.1.3 Cross correlation

Cross correlation is also one of the pitfalls that needs to be regarded when the data is used to falsify or verify the research question. Cross correlation defines the correlation between the independent variables themselves, rather then explaining the dependant variable. 
4.2 Indicator Model
The goal of this regression analysis is to derive a linear formula that predicts the dependent variables using the independent variables. First the single regression is tested. In this test the explanatory variable is compared against each dependent variable Therefore, basic regression formulas is used:

Depending variable = α+ β1 independent variable + ɛ
This will lead to a set of tables where every independent variable is tested for the influence on all de depending variables. 

Subsequently multiple regressions will be made. These are formulates as: 

Agribulk = α+ β1GDP+ β2Population+ β3Labour+ β4Investment+ β5Goverment+ β6Stocks+ β7 Industry + ɛ
Coal, ore and scrap = α+ β1GDP+ β2Population+ β3Labour+ β4Investment+ β5Goverment+ β6Stocks+ β7Industy + ɛ
Crude oil = α+ β1GDP+ β2Population+ β3Labour+ β4Investment+ β5Goverment+ β6Stocks+ β7Industy + ɛ
Other wet bulk = α+ β1GDP+ β2Population+ β3Labour+ β4Investment+ β5Goverment+ β6Stocks+ β7Industy + ɛ
Containers = α+ β1GDP+ β2Population+ β3Labour+ β4Investment+ β5Goverment+ β6Stocks+ β7Industy + ɛ
Roll on/Roll off = α+ β1GDP+ β2Population+ β3Labour+ β4Investment+ β5Goverment+ β6Stocks+ β7Industry + ɛ

Total throughput PoR = α+ β1GDP+ β2Population+ β3Labour+ β4Investment+ β5Goverment+ β6Stocks+ β7Industy + ɛ
Analysis for each model starts with running the regression containing all seven variables. Then, insignificant variables are removed and the analysis is repeated until all remaining variables are significant.

The combination of multiple input variables to explain the dependent variable should, in theory, raise the R-squared. This is the percentage of the dependant variable that is explained by the independent variables.

4.2.1 Regression variants 

There are many forms to perform a regression analysis. Most used are linear, logarithmic, inverse compound, S-variant, growth, exponential and Logistic. In table 1 the result of all different regression models is shown. Linear regression using logarithmic data is the most logic way for analysing the hypotheses, since the logarithmic regression has the highest explanatory power. The use of logarithms is common practice in economic research. In a similar study to this one, Ding and Chun-Piaw (2010) use equations of logarithms to study the container market.
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Table 1: Regression fittings

4.3 Efficiency model

Data Envelopment Analysis (DEA) is a non-parametric linear programming method. It derives its main use to measure the level of efficiency over a set of years or at the same period for different circumstances. Charnes et al. introduced the model in 1978 as a new approach for measuring efficiency. The basic DEA model introduced by Charnes et al. assumes that with two or more input factors there exists an optimal set of conditions to accomplish something. To measure the level of efficiency, the DEA model makes use of decision-making units (DMU). The input factors together determine efficiency and there will be a combination of DMU’s forming a Pareto efficient combination. Hence, there is no other combination providing a more efficient outcome. 

The model is best illustrated by using a simple example. Assuming that:

•
Rotterdam creates an added value of 100 euro a year. The inputs are 30 euro of investment and 20 euro of labour cost. 

•
Amsterdam creates an added value of 80 euro a year. The inputs are 50 euro of investment and 30 euro of labour cost.

•
Vlissingen creates an added value of 120 euro a year. The inputs are 60 euro of investment and 40 euro of labour cost.

To clarify the calculations the following abbreviations are used:

•
Added Value = ADV

•
Investment = INV

•
Labour = LAB

•
Decision-making unit, the output = OUT1 

•
Variable 1, the input, investment = VAR1

•
Variable 2, the input, labour costs = VAR2

The maximum efficiency of Rotterdam can be calculated:

Maximize efficiency of Rotterdam = (ADV × 100) / (INV × 30 + LAB × 20)

Which is subject to all efficiency of other units (efficiency cannot be larger than 1):

  * Subject to the efficiency of Unit 1: (OUT1 × 100) / (VAR1 × 30 + VAR2 × 20) ≤ 1

  * Subject to the efficiency of Unit 2: (OUT1 * 80) / (VAR1 * 50 + VAR2 * 30) ≤ 1

  * Subject to the efficiency of Unit 3: (OUT1 * 120) / (VAR1 * 60 + VAR2 * 40) ≤ 1

and non-negativity:

  * all OUT and VAR ≥ 0.

But since linear programming cannot handle fraction, we need to transform the formulation, such that we limit the denominator of the objective function and only allow the linear programming to maximize the numerator.

So the new formulation would be:

  * Maximize efficiency = OUT1 * 100

  * Subject to the efficiency of unit 1: (OUT1 * 100) - (VAR1 * 30 + VAR2 * 20) ≤ 0

  * Subject to the efficiency of unit 2: (OUT1 * 80) - (VAR1 * 50 + VAR2 * 30) ≤ 0

  * Subject to the efficiency of unit 3: (OUT1 * 120) - (VAR1 *60 + VAR2 * 40) ≤ 0

  * Subject to VAR1 * 10 + VAR2 * 2 = 1

  * All OUT and VAR ≥ 0.

When you solve the equations above, it leads to the following levels of efficiency: 

Rotterdam:
100 %

Amsterdam:
53.3 %

Vlissingen:
60 %

This means that Rotterdam is the most efficient harbour, since this harbour produced proportionally the largest added value using the same inputs.

This research simplifies the model by utilising three basic economic inputs: investment, labour and depreciation. Depreciation is added substituting investment as investment may not be a good measure of capital. At the very least efficiency lags years behind each investment. Therefore, it might be better to use depreciation within the port areas as an indicator for investment. Hence, when more capital is invested, there is more to write off.

These inputs are used to determine efficiency of several Dutch sea harbours. Also the development of efficiency is measured over a time span running from 2002 to 2009. This efficiency over time can then be used to determine whether efficiency has an influence on the variables that define cargo flow.

Two measures of efficiency are used in this research. First, efficiency is defined as added value, being the returns on the harbour subtracted by the costs. Second, efficiency is defined as the throughput of the harbour.

For both variables two methods are used. First, a horizontal analysis is performed. This analysis compares the harbour areas over time. Within the time range, for each harbour, the most efficient combination of inputs and output is selected and set to be 100. This means that a score of 100 for one harbour in a certain year does not necessarily compare to a score of 100 for another harbour in another year. Second, the DEA is calculated vertically or over time. This means that each harbour at least scores 100 on efficiency once within the time span. For both analyses, a score of 100 can be seen as Pareto efficient: the best attainable efficiency given the inputs.

The levels of efficiency determined in the analyses above can be used to determine whether efficiency is a good indicator of cargo flows. This analysis is performed using a similar regression model as the one used for the indicator analysis. 

Total throughput = a +b1efficiency + e

All three regressions are performed twice, first using efficiency based on added value and second using efficiency based on throughput.
5 Data

This section describes the data used in this research. First, the data for the dependent variables is described. Second, the indicators are described. Third, the data used to determine efficiency is described.

5.1 Indicator analysis

The goal of the indicator analyses is to explore the influence of several external indicators on cargo flows of the Rotterdam harbour. Therefore regression analyses are executed to compare cargo flows with seven main economic indicators being Dutch GDP, Dutch population, Dutch labour, the Dutch stock market indexes, Dutch government spending, private investment in The Netherlands and industrial production. 

Cargo flows are expressed as Agribulk, Coal, ore and scrap, Crude oil, Other wet bulk, Containers, Roll on/Roll off and the total throughput of Rotterdam. Ideally, the dependent variable would be a monthly dataset of throughput with a range of 50 years. However, such a dataset is not available. The data on dependent variables ranges from 1975 to 2009 and is obtained directly from Rotterdam Port Authority. 

Most other data is obtained from the Dutch bureau of statistics (CBS), which collects and maintains a large set of aggregate data for The Netherlands. GDP is the gross domestic product of The Netherlands and is used from 1975 to 2009 giving it a full overlap with the dependent variables. Population is the number of inhabitants in The Netherlands. Population is available for the total data range of the dependent variables, form 1975 to 2009. Government is the amount the Dutch government spends, and again used from 1975 until 2009. Investment is the amount of private investment within The Netherlands, ranging from 1975 to 2009. Stock data is the closing price of the AEX, based on 25 companies listed in the Netherlands, ranging from 1975 to 2003. Obviously, data from 2003 until now is missing for the stock data range, data from those years is not consistent in the CBS data range. This could have been corrected by using a dummy variable. However, this is not very relevant as it only concerns a few data points. Industrial production is the total added value produced in real prices ranging from 1988 to 2009. Although this is far from optimal it is a useable set of data. Dutch labour is obtained from Datastream and measures the expenses on labour within The Netherlands. This dataset is used from 1975 to 2009. Both dependent and independent variables can be found on an annual basis. 

5.2 Efficiency analysis

For the efficiency analysis three variables are used: Labour, added value and deprecation. The first two are supplied by the Havenmonitor (2012). The added value variable contains the output minus the input of specific firms within a geographical region defined as a harbour. Labour is defined as the fulltime jobs within firms directly related to the harbour. Indirect labour is excluded for this analysis. Furthermore, fulltime jobs are counted as long as they are within a geographical area defined as a harbour. 

For The Netherlands, four harbour areas are identified, again based on the Havenmonitor (2012). The ports are identified by a geographical region based on postal codes and by relating this region to port related industries using SBI codes. First, the Northern harbour area (NZH) consisting of Delfzijl, Eemshaven, Harlingen and Den Helder. Second, the North Sea Channel area (NZK) consisting of Amsterdam, Beverwijk, Velsen IJmuiden and Zaantad. Third, the Rijn-Maasmond area (RM) consisting of Rotterdam, Schiedam, Vlaardingen, Maasluis, Rijnmond, Dordrecht, Drechtsteden, Moerdijk and Scheveningen. Finally, Scheldebekken (SLD) consisting of Vlissingen, Borssele and Terneuzen. For the throughput analysis, data was limited. Therefore, the four harbour areas are somewhat less extensive. In the above, only 0.6% of Dutch harbour activity is not defined in one of the described regions.

Depreciation data is obtained from the Dutch bureau of statistics (CBS). Total depreciation in 2009 for the Netherlands is 34.497 billion euro. Around 24.026 billion of these depreciations take place in companies having a total value larger than 23 billion. These companies can be divided into SBI-codes. The result is multiplied by a factor 1.436 to compensate for companies having a value lower than 23 billion. This leads to an overview of all depreciations per SBI-code (standard classification of companies). Unfortunately, it is not possible to link companies to their corresponding SBI-code and postal code. Therefore, the number of employees per area is used to make an estimate of depreciation in each area. For the number of employees totals 7,387,000, this statistic is provided by the CBS. 

A drawback of using SBI-codes is that the ‘Havenmonitor’ uses SBI ’93 codes while SBI reached 2008. During this conversion, some of the SBI-codes were dropped out or merged. For each code, effort is made to make a balanced transition. This makes it possible to make a good overview of the number of employees for each port area.

Still, harbours do not represent the aggregate of all Dutch companies. Moreover, harbour related companies are much bound to their specific region. The consequence of this is that this difference should be factored in. Using research by LISA, EUR, and REBEL this factor is estimated to be between 0,511 and 3,37 for the different SBI codes.

This analysis leads to a set of depreciation numbers that can be used to assess investment in a same way as investment was analysed previously.

6 Results

In the following section the results of the performed analysis on the influence of several external indicators on cargo flows of the port of Rotterdam are discussed. First, the single regressions for each indicator is shown. Second, the multiple regression on the external indicators described. Third, efficiency is calculated and finally, efficiency is used in combination with the external indicators to formulate the final model.

For each model, a comprehensive mix of results and parameters is shown. The tables show the R-squared, the F-value, the degrees of freedom and the constants with the corresponding beta’s, and significance levels. The R-square is a good indicator of the explanatory value of the underlying indicator. It measures the percentage of the independent variable that is explained by the change in the dependent variable. The degree’s of freedom (DF1) is the number of calculations needed to get to calculate one regression. Having a DF1 of 34 therefore means that 35 data points (years) are analysed. For the simple linear regressions, the significance of the model corresponds exactly to the significance of b1, the beta of each indicator. Ultimately the regression produces a model consisting of a constant and a beta. The beta provides the change of the dependent variable per unit of the independent variable.

6.1 Single regression 

Several types of input data have been tested for the single regressions on the external indicators. The natural logarithmic input data was found to have the best fit for this analysis (as is shown in chapter 4), since the correlations between the indicators was much lower than the correlation using absolute numbers. The benefit of lower correlations is that the correlations have less influence on the explanatory values in the results. This makes the natural logarithmic data a better fit. Below, each table summarises the results on the influence of one independent variable on the dependent variables.

6.1.1 Gross domestic product

The results for the single regressions based on GDP can be found in table 2.
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Independent Variable:  GDP

Model Summary Parameters Estimates


Table 2: Single regression with GDP

The GDP regressions deliver high values on R-square except for crude oil. The last one is not significant. The container variable is best explained by GDP, this becomes clear by looking at the high R-square and F-value of the container equation. Furthermore, the beta of containers of 1.3 is relatively high. This means that not only significance is high, also there is a considerable influence of GDP on the amount of containers. Another notable figure is the beta of -0.595 for agribulk, meaning that an increase of GDP results in a decrease in agribulk.

6.1.2 Population

The results for the single regressions based on population can be found in table 3.
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 Table 3: Single regression with population

Also when population is the independent variable, crude oil is again not significant. Again, containers is best explained by population. However, the beta of containers, being 0.09 is very small compared to the beta of over 2 of total throughput. This implies that the absolute influence of a change in population has a much larger impact on the total transport of cargo the non the containerised cargo. Furthermore, Other wet bulk has a relatively low explanatory value. 

6.1.3 Labour

The results for the single regressions based on labour can be found in table 4.
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Table 4: Single regression with labour

When using labour, all variables are significant. However the values of R-square vary somewhat. Labour has the highest explanatory value on containers, crude oil is again the lowest. The beta of coal, ore and scrap is almost twice as high as the other betas, still, the R-square value of this variable remains high. 
6.1.4 Investment

The results for the single regressions based on investment can be found in table 5.
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Table 5: Single regression with investment

Notable is that next to crude oil, wet bulk is merely explained by investment. Relatively to the rest of the R squares, the 0.129 and the 0.235, are quite low. Furthermore, investment does not do a very good job at explaining any dependent variable other than containers and Roll on/roll of. The low beta of total, 0.244, is outstanding, as all other individual betas are rather high.

6.1.5 Government

The results for the single regressions based on government spending can be found in table 6.
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Table 6: Single regression with government spending
As with investment, government has a fair influence on containers and roll on/roll off. The other explanatory values are less convincing. Especially the variable for total throughput, which is much lower than in the previous tables.

6.1.6 Stocks 

The results for the single regressions based on the stock market can be found in table 7.
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Table 7: Single regression with stock prices
For stocks, the wet bulk variable is insignificant. On top of that, the explanatory value of wet bulk is very low. The betas of agribulk (2.9) and of coal, ore and scrap (4.5) are extremely high. Given the high betas of individual cargo flows, it is outstanding that the total throughput beta is only 0.07. This means that individual cargo flows are well predictable, however, all cargo flows taken together are much harder to predict. 

6.1.7 Industry

The results for the single regressions based on the industry can be found in table 8.
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Table 8: Single regression with industry

Most notable for the industry variable is that Coal, ore and scrap is not significant and has a low explanatory value. It could be expected that a thriving industry needs more coal and therefore a positive relationship would exist. However, this is clearly not the case. Industrial production does a good job at explaining most of the other variable. Especially crude oil is influenced heavily by industry, having a beta of 2.5. In all previous regressions, the indicators had a negative influence on crude oil. For the industry variable this relation is turned around.

6.1.8 Summary

In the tables 9 and 10, all values of R-square and beta’s are summarised. The values that are depicted by a asterisk, are insignificant and thus, not show. Investment has the lowest average explanatory value, this could be because investment does not have a short-term influence on the economy. GDP, industry and population are doing well in explaining the set of dependent variables. It can be imagined that these variables have a direct effect on cargo flows. The average value on containers is highest. Hence, this variable is best explained using the above analysis. The crude oil trade flow is hardly explained by the seven variables that are chosen for this research, the explanatory value is low in most cases. However, it is reasonable that this is at least partly due to the influence of the oil crisis during the beginning of the data set.
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Table 9: Single regression R Square’s
Table 10 shows the average betas. Since some variables turn from positive into negative values, the first quadrant is squared and then square-routed. Outstanding is the height of the beta on stocks. This means a change in the value of stocks relatively has the largest influence. As all regressions were based on logarithmic data, this table shows a good comparison between betas. Looking at the different cargo flows, it can be seen that the total throughput is influenced less by the indicators then the other variables. The highest influence is on Coal, ore and scrap.
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Table 10: Single regression Beta’s
6.2 Multiple

In the multiple regression, each dependent variable is modelled using all independent variables in one model. With that, for each dependent variable, the best explaining independent variables are identified. This leads to the following regression:

	Agribulk  = 
	 178139 +-0,113 * GDP+-14,481* Population+ 1011,154*Labour+    -0,117 *Goverment+ -0,739 * Stocks+ 0,247 * Industry + ɛ

	Coal, ore and scrap  = 
	 -430539 + 36,1* Population+ 0,359 * Goverment+ -1,905Stocks+  ɛ

	Crude oil = 
	 213040 + 0,438*GDP+ -3462,383 * Population+ ɛ

	Other wet bulk =
	 970928 + 0,159 * GDP+ -75,670 * Population+ 1626,089* Labour+ 0,369* Stocks+ ɛ

	Containers  =
	 5538+ 0,142 * GDP+ -781,3174* Labour+ 0,372 * Goverment+  ɛ

	Total throughput PoR =
	 -822611 + 78,216* Population+ -1,103Goverment+ -4,757 * Stocks+ 0,650 Industy ɛ


Both GDP and population are widely used. Not surprising, as these variables also had high explanatory power in the single regression analysis. The opposite holds for the investment variable, which did a poor job in the single regressions. In the multiple regression analysis this variable also has a minor role. Again, the container variable has the highest explanatory value, meaning that investment can be best predicted by a model using these indicators. For the roll on/roll of variable the regression analysis did not provide any results as there were no two variables significant in the model. The table below shows the B values of all the significant indicators. If the value is not displayed it is not significant
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Table 11: multiple regression Beta’s

Looking at this table, it stands out that population has the largest influence. Also GDP and population are frequently included in the models, as was expected.
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Table 12: single average versus multiple regression R square’s 

Comparing the R-squares of the single indicator analysis to the multiple regression analysis results in the following table. For wet bulk and crude oil, the multiple regression analysis clearly adds value and increases the explanatory value of the analysis. From the table, it becomes clear that the multiple regression analysis is best for explaining cargo flows expressed by the dependent variables. 

6.3 Efficiency

The efficiency analysis is used to calculate efficiency based on investment and labour. Running several analyses, it turns out that depreciation is the best input variable for investment. For the results below, efficiency is expressed as added-value as this provided the best outcome when comparing the analyses on added-value and throughput. The final numbers representing efficiency are shown in this table, where the first column shows efficiency for all Dutch harbours and the second column shows efficiency for the port of Rotterdam.
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2002 71,2 72,8

2003 73,7 74,1

2004 82,7 81,7

2005 98 98,3

2006 99,8 99

2007 100 100

2008 100 100

2009 83,4 82,4


Table 13: efficiency levels. 

The table shows that both Rotterdam and the aggregate Dutch harbours are fully efficient in 2007 and 2008. This means that these harbours can generate the added value using relatively low depreciation and less labours than the other harbours in the data set. Graphic this outcomes results in the following graph.
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Graph 1: Efficiency based on deprecation horizontal link
A described in the methodology, these levels of efficiency are regressed against the added value data for Rotterdam.
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deprecation
The analysis provides a significant regression with an R-square between 0,72 and 0,74. The efficiency of the port of Rotterdam calculated on the basis of depreciation seems to be a good predictor of added value.

6.4 Efficiency in the multiple regression

Finally, the efficiency numbers calculated above together with the external indicators used previously, are used to predict the cargo flow of Rotterdam. Notable is that the container variable is not significant anymore, while this variable was best explained by the external indicators in the indicator analysis. This lead to the following regressions: 

	Crude oil  =
	-397253 + -0,154 *GDP+ 33,983 * Population+ 297,262 * Efficiency + ɛ

	Other wet bulk  =
	 10289960+0,580 * GDP+-754,916 * Population+ 18348,867 * Labour+-2,138 * Investment+ 1495,092* Efficiency+ ɛ

	Roll on/Roll off =
	 -914097 + 68,213 * Population+-2606,7086* Labour+ 0,530 * investment+ 0,211 * Goverment+-272,647 * Efficiency + ɛ

	Total throughput PoR =
	 360615 + -6506,792 * Labour+ 1,335 * Investment+ 1,783 * Goverment+ 1313,610* Efficiency+ ɛ


The table 14 shows the beta’s of the independent variables including efficiency and the R-squares for each model.
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Crude oil

-0,15 33,98 297,26

0,821

Other wet bulk

0,58 -754,92 18348,87 -2,14 1495,09

0,995

Roll on/Roll off

68,21 -2606,71 0,53 0,21 -272,65

0,997

total

-6506,79 1,34 1,78 1313,61

0,997


Table 14: multiple regression with efficiency

The addition of efficiency to the model has a positive effect on the explanatory value. The R-square of total throughput is very high, explained by labour, investment, government and efficiency. The effect of adding efficiency to the multiple regression is also shown in the table below, which shows the explanatory values of several models with and without efficiency. The explanatory values in the table in the column without efficiency are calculated by using the models as calculated in table 14 and removing efficiency again. This shows that especially for roll on/roll of, efficiency is an important variable. Without it, the model would not be significant. Therefore, it can be concluded that efficiency adds to the explanatory power of the models.
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Crude oil 0,821 0,302

Other wet bulk 0,995 0,910

Roll on/Roll off 0,997 0,940

total 0,997 0,832


Table 15: multiple regression with and without efficiency
7 Conclusion and Recommendations

7.1 Conclusions

This research is an effort to search for a way to predict cargo flows for the seaport of Rotterdam:

RQ: To what extent do macroeconomic indicators and the internal efficiency of the harbour influence cargo flows trough the port of Rotterdam?

To answer the main question, trade is defined using seven variables being total throughput and a breakdown of throughput in several elements. Two types of analysis have been used. First, the economic indicators, GDP, government spending, labour, stock index, population size, private investment and industrial production, were linked to trade. Second, internal efficiency was defined and linked to trade, adding to the power of the model.

The relationship between indicators and trade was tested using a linear regression. The link exists if the R-square of the test is around 0,70 and the p-value is 0,00. In this case the models have the highest level of significance. However, due to autocorrelation between the independent variables, the models are scientifically useless. In order to reduce the levels of autocorrelation several mutations of data were performed resulting in a time series of logarithmic data. Based on this time-series the hypotheses below are tested. 

	H1: There is a positive relationship between cargo flow and GDP. (growth).
	Accepted

	H2: There is a positive relationship between cargo flow and population size. 
	Accepted

	H3: There is a positive relationship between cargo flow and stock price. 
	Accepted

	H4: There is a positive relationship between cargo flow and labour.
	Accepted

	H5: There is a positive relationship between cargo flow and private investment.
	Accepted

	H6: There is a positive relationship between cargo flow and government spending.
	Accepted

	H7: There is a positive relationship between cargo flow and Industrial production
	Accepted


These variables are now included in a multiple regression, testing the link between all independent variables and the dependent variables in one model. For this model, GDP and population have a high explanatory power as these variables play a role in almost each multiple regression model. Containers has the highest R-square, or explanatory power, of 0.98. For other wet bulk the multiple regression adds most value, the R-square rises with 0.52 when compared to the single regression.
Internal efficiency is defined either as the added value of a harbour or as the throughput of cargo in a harbour. Using production factors, being labour and investment, as input variables, the efficiency of the port of Rotterdam is calculated. Depreciation is taken as the investment variable. This results in an explanatory power of 0.74 and a significance of 0.01.

	H8: There is a positive relationship between cargo flow and efficiency.
	Accepted


The explanatory power of the multiple regression, purely based on economic indicators was already high (0,8). Still, efficiency can add to this model, it is expected that an increase in efficiency will give rise to an increase in throughput. Testing for the influence of indicators and efficiency on throughput results in an even stronger model with an explanatory value of 0,997. Hence, labour, investment, government spending and efficiency together explain 99,7% of throughput with a significance higher than 0,90.

Combining external indicators and internal efficiency results in a model that gives a good explanation of trade in the port of Rotterdam. Unfortunately, some variables, such as stock and GDP, turn out not to be significant in the final model. This might be repaired for by using more complex statistical methods. However, this is out of the scope of this research. Furthermore, the high explanatory value might partly be due to autocorrelation. Again, this is difficult to correct for, given the statistical methods used. 

7.2 Discussion of limitations and Future research

This research is an effort to analyse cargo flows through the harbour of Rotterdam by using economic indicators and a model measuring efficiency. In the previous analyses, regressions were used to assess the effect of economic conditions and efficiency on import, export, berthing of ships and throughput. Surely there are some shortcomings to both input data and the methods that were used.

7.2.1 Input data

The most obvious shortcoming of input data is the range of data with respect to time. Since many separate sets of data had to be combined in one model, the dataset having the shortest range determines the range of the model. Especially for efficiency, a longer range would have provided with a more solid model for real-world predictions. Still, the efficiency model is valid as multiple ports are compared, making the model solid enough as an input factor for the regression model.

The model could also be of more value when monthly data would have been used instead of the yearly data in this analysis. Again, the data interval is determined by the range having the longest interval. First, a monthly interval would provide much more data points. Although the number of data points is sufficient in all analyses, it would certainly provide an improvement. Second, by using monthly data, seasonal fluctuations would be visible. For example, the impact of holidays on trade could be measured. This would have been valuable as the discrepancy between constant government spending and fluctuating transport movements becomes visible. This would also make it easier to check on other variables than government spending. Probably, consumer spending would be of great value in a model based on monthly data. In the model of this research, consumer spending does not add much to the analysis.

Besides range, the definition of a harbour area shows some shortcomings. Assuming SBI- and postal codes give a good indication of the relation between companies and a harbour is not optimal. By doing so, companies that are not port related can end up in the data set. However, filtering out those companies would be a vast amount of work as each company needs to be checked individually. This effort was reckoned not to be worthwhile.

7.2.2 Method

The method used in this research is very common practice. Regression analyses are at the core of academic literature. However, a vector analysis would certainly add value to the model used here. The vector analysis could be used to link dependent and independent variables. The levels of autocorrelation could be circumvented by presenting data in a vector matrix. By comparing vectors, a more balanced representation of relationships between variables could be reached. However, the complexity a thorough vector analysis would add to the analysis is beyond the scope of this research.

For the efficiency model, several port areas in the Netherlands are compared. However, Rotterdam is by far the largest harbour of the four area’s included. Adding harbours such as La Havre in France or Hamburg in Germany would provide a more balanced comparison. Although efficiency is made comparable for the harbours included, adding harbours that are more like Rotterdam would provide for even better comparisons, as the structure and aim of those ports is a better resemblance of Rotterdam.

Knowing these shortcomings, the value of this research can be better assessed. Although there is room for improvement, most shortcomings are certainly not insurmountable. The core question of this research can still be answered using the performed analysis: predicting cargo flows based on comprehensive economic indicators. Further research could step by step improve the model by tackling the shortcomings described above. 
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