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1. INTRODUCTION

Stakeholder preferences and government regulation favoring the reduction of negative externalities increasingly provide powerful incentives to firms to pay more attention to environment-friendly strategic decisions and actions (Rugman and Verbeke, 1998; Hart, 1995 and Porter and Van der Linde, 1995). This is also critical for ports, given their considerable environmental impact, sometimes on an entire region (Button, 1993b). When failing to consider this environmental impact, strategic port decisions and actions could potentially, negatively affect the ability of the port to compete relative to others in the range, at least if ‘environmental performance’ really counts. In that case, the attractiveness of port activities and new investment projects in the port area need to be assessed, not merely in terms of economic potential as measured by impact on market share and growth rate, but also in terms of environmental impact (Verbeke, 1998 and European Commission, 1998a).

This paper adds an environmental dimension to the conventional port portfolio analysis, as developed by Verbeke (1992), Winkelmans and Coeck (1993) and Verbeke, Peeters and Declercq (1995a). Traditional portfolio analysis only considers the micro-economic aspects of business activities, i.e. the average market share and the average growth rate of strategic business units which are used as key indicators of competi​tive positioning. In this paper, a ‘green’ port portfolio analysis is developed, building upon Ilinitch and Schaltegger (1995) and Burke and Lodgson (1996), that takes into account a number of environmental parameters. This approach is then applied to the Hamburg – Le Havre seaport traffic portfolio structures and hinterland transport. The implications are described of a possible shift from using highly polluting transport modes towards more environment-friendly transport. Moreover, the impact of decisions by port authori​ties and port operators to use specific hinterland transport modes when traffic expands, can be identified and the possible effects (in terms of reduction of external costs) of using less polluting transport modes can be computed. The framework also allows to assess the relative performance of a port vis-à-vis its competitors in terms of ‘environment-friendly’ growth and market share by including the environmental dimension in the analysis. 

2. SIGNIFICANCE OF INTRODUCING AN ECOLOGICAL DIMENSION IN TRADITIONAL PORTFOLIO ANALYSIS

Port competiti​on is a process whereby port operators attempt to acquire trade and traffic volumes in specific traffic categories. Port authorities and governments largely determine the business environ​ment and working conditions of these operators, as well as the constraints within which they have to function. Moreover, the competitive position of port operators is influenced by decisions taken in rival seaports. 

Recent literature on port competition suggests that port operators, port authorities and governments alike should focus on ‘sustainable’ strategic decisions and actions, including a stimulation of environment-friendly transport methods (Nijkamp, 1999). In addition, port authorities are strongly recommended to meet the guidelines of the EU common transport policy (European Commission, 1998a and 1998b) by encouraging environment-friendly solutions in the port sector. Jose (1996) has argued that the dominant forces driving corporate environmentalism are (1) competitive pressures, (2) increased stakeholders’ pressures, (3) environmental regulations and potential liabilities and (4) the recognition that environmental management does not necessarily imply reduced competitiveness, see also Porter and van der Linde (1995).

In SPA literature, it has been argued that portfolio analysis constitutes a useful tool for assessing the competitive position of seaports. Two conventional micro-economic parameters, namely annual growth rate and market share, were used to assess the competitive performance of the seaports in the Hamburg – Le Havre range. The importance of societal benefits of port activities, as measured by the value added created through cargo handling and its positive impact on the port region was included in the port portfolio analysis by linking the original cargo handling data to the ‘Range Rule’, see Haezendonck et.al. 2000. A complementary perspective on the societal effects of port activities, focusing on environmental impacts, can be introduced into the portfolio analysis by adding a third dimension to the portfolio matrix. 

However, it should be mentioned that considering the ecological effects of port activities implies that absolute metric tons handled by ports, should be used as starting data, and not the ‘weighted value tons’. Indeed, in the context of port environmental impacts, one ton of conventional cargo with a high value added and one ton of dry bulk with relatively less value added are equally harmful to the environment, when transported to the hinterland. If ‘weighted’ traffic data were used, ports with more high value cargo would be ‘punished’ in this green portfolio analysis as, in such a ‘weighted’ analysis, they would, relative to other ports, represent more value tons and therefore more negative externalities. Actually, the ‘weighted’ analysis should be considered as a complementary analysis to the green portfolio approach. Whereas the ‘weighted’ analysis focuses on market based value added benefits, the ecological portfolio analysis considers the negative external effects in terms of (non-market) environmental costs. Both analyses should, therefore, be considered as complements and cannot be integrated into a single analysis. 

The major disadvantage of the conventional analysis is that the environ​mental impact of ports is not considered. In this paper, the environmental impact is measured of the specific mix of transport modes used for incoming and outgoing port traffic to and from the hinterland. Here, a distinction can be made between road transportation, rail and inland navigation as the most important hinterland transport modes. It could be argued that various port handling technologies, spatial design approaches, safety procedures etc., adopted in different ports can also have a differential environmental impact. However, the paucity of data regarding the external effects of such activities led to a focus on hinterland transport in the present study. From a methodological perspective, this approach could obviously be extended in the future as better comparative data become available on the externalities of port specific activities. 

A port specific decomposition of overall traffic flows according to the relative importance of the three main hinterland transport modes provides the basis for the measurement of the overall port environmental impact.

Ilinitch and Schaltegger (1995) and Jose (1996) have advocated the use of an ecologically oriented portfolio analysis, integrating environmental elements into traditional portfolio analysis in order to address emerging strategic environmental issues. Their ‘green business portfolio’ matrix quantifies the environmental impact of business activities and compares it with the economic performance of these businesses, the latter being based upon conventional indicators, i.e. relative market share and relative growth rate. The economic performance dimensions are the same as those used in the Boston Consulting matrix and result in the familiar matrix with four quadrants. Introducing an environmental impact dimension leads to the development of a three dimensional matrix (3D matrix), see Figure 1. Ilinitch and Schaltegger (1995) have estimated the environmental effect by using ‘pollution units’ or the discharges of toxic substances in air, land and water. The horizontal plane in Figure 1 represents the performance dimensions. The vertical axis represents the environmental impact.  The higher the position on the vertical axis, the ‘cleaner’ the business can be considered in relative terms. The size of the circles, shown in Figure 1, can be used to represent the size of the firm in relative environmental or economic terms. (Ilinitch and Schaltegger, 1995)  

The optimal position in the ecologically oriented product portfolio analysis of Ilinitch and Schaltegger (1995) is the ‘green star’ that combines high economic performance with low environmental harm. A ‘dirty dog’ position is not a desirable position in the matrix: this position reflects products or businesses that cause substantial environmental harm without contributing significant economic benefits in terms of market share or growth rate. In addition to these two extreme cells, a number of  ‘middle positions’ exist, such as a ‘dirty cash cow’, a ‘green dog’ or a ‘green question mark’. A ‘dirty cash cow’ reflects a high market share in dirty technologies. A ‘green dog’ position suggests a combination of a weak economic performance within an environmentally attractive business. 

When developing their 3D matrix including an environmental dimension, Ilinitch and Schaltegger (1995) have also identified three important conditions for its proper use. First, it is important to analyze firms on a relative basis. Through benchmarking, environmentally proactive companies can be identified. Second, the analysis should be dynamic (or at least comparatively static) in order to allow the observation of shifts in environmental performance over time. Third, in addition to the absolute performance, the relative performance through a correction for size, should also be considered, as large firms may be more polluting than smaller ones in absolute terms, yet more environment-friendly, when taking into account their turnover, than smaller companies. The three above conditions should also be considered when applying the framework to seaports. 

Figure 1: The 3D green business portfolio as developed by Ilinitch and Schaltegger (1995)
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Source: Ilinitch and Schaltegger (1995).

In the next section, the possibilities of applying the environment-oriented portfolio analysis to the port sector are investigated and an application of the theoretical concepts to the most important seaports in the Hamburg – Le Havre range is performed. 

3. AN APPLICATION OF THE ENVIRONMENTAL PORTFOLIO TECHNIQUE TO THE PORT SECTOR
3.1 Maritime traffic flows in the Hamburg - Le Havre range
International seaport competition takes place within a port range among seaports that share the same hinterland and attempt to capture growing volumes of specific traffic flows. As a result, an analysis of the competitive position of a seaport should always be conducted within the context of a specific port range. The port range considered for the empirical application is the Hamburg - Le Havre range, including all major seaports in North Western Europe, i.e. Antwerp, Ghent, Zeebru​gge, Bremen, Hamburg, Rotterdam, Amsterdam, Le Havre and Dunkirk. The figures shown in Table 1 to Table 6 are based on the absolute metric tons handled in the considered seaports from 1980 to 1999. The data included in these tables are intended as background information only for the non-expert on the traffic structures of the ports in the Hamburg – Le Havre range; the author does not claim any original contribution here, apart from compiling this data set.  

Total maritime traffic flows in the Hamburg - Le Havre range remained fairly stable during the observation period 1980-1999, recording an average annual growth rate of approxi​mately +0.88%. The growth rates of the individual ports, however, are much more diverse. Except for the port of Rotterdam, which grew at a lower pace than the range average, the Flemish, German and Dutch ports recorded a more than average growth rate. Zeebrugge increased its market share substantially by growing with nearly 5% per year, while the French ports recorded a negative average growth rate. As a result, Le Havre, Dunkirk as well as Rotterdam had lost market share in 1999 as com​pared to the base-year 1980. Table 1 provides an overview of the evolution of total maritime traffic in the Hamburg - Le Havre range.

Table 1: Total maritime traffic volumes in the Hamburg - Le Havre range (1000t)


1980
1985
1990
1995
1999
Average annual growth

1980-1999

Antwerp

Ghent

Zeebrugge

Rotterdam

Amster​dam

Hamburg

Bremen

Le Havre

Dunkirk
81936

18425

14188

276819

22432

63097

26961

77503

41218
86246

26672

14166

250668

27612

59791

29827

48734

32167
102010

24440

30348

287866

31331

61360

30203

54019

36560
108074

21583

30573

294302

31229

72124

31272

53782

39380
115654

23905

35814

303391

37584

81003

36103

63923

38258
+1.83%

+1.38%

+4.99%

+0.48%

+2.75%

+1.32%

+1.55%

-0.85%

-0.36%

H – LH RANGE
622579
575883
658137
682319
735662
+0.88%

Source: Calculations based on port statistics.

The average annual growth rates, included in the last column of Table 1, should not only be considered for the total observation period, but also for shorter time periods of, e.g., five years, i.e. for the periods 1980-1985, 1985-1990, 1990-1995 and 1995-1999 in order to uncover hidden fluctuations and/or recent trends. Table 2 represents the different growth rates of the total traffic flow for the selected periods.

Table 2: Annual growth rates of total maritime traffic volumes in the Hamburg - Le Havre range (in %)


1980-1985
1985-1990
1990-1995
1995-1999
Average annual growth

1980-1999

Antwerp

Ghent

Zeebrugge

Rotterdam

Amster​dam

Hamburg

Bremen

Le Havre

Dunkirk
+1.03

+7.68

-0.03

-1.97

+4.24

-1.07

+2.04

-8.86

-4.84
+3.41

-1.73

+16.46

+2.81

+2.56

+0.52

+0.25

+2.08

+2.59
+1.16

-2.46

+0.15

+0.44

-0.07

+3.29

+0.70

-0.09

+1.50
+1.71

+2.59

+4.03

+0.76

+4.74

+2.95

+3.66

+4.41

-0.70
+1.83

+1.38

+4.99

+0.48

+2.75

+1.32

+1.55

-0.85

-0.36

H – LH RANGE
-1.55
+2.71
+0.72
+1.90
+0.88

Source: Calculations based on port statistics.

The figures in Table 2 indicate that all periods were characterized by an overall positive annual growth rate (+0.88%). In the period 1980-1985, the French ports (Le Havre and Dunkirk) were characterized by a substantial traffic decrease. The port of Rotterdam also lost market share in this period with an average growth rate of –1.97%. Ghent and Amsterdam on the other hand recorded strong annual growth rates. The period 1985-1990 was characterized by an impressive growth of the port of Zeebrugge. Rotterdam then grew at a rate of approximately 3% per year and the French ports experienced a revival of the growth of their traffic volume. The port of Ghent was characterized by a much less favorable growth rate. The period 1990-1995 revealed relatively small growth rates. Only Hamburg could significantly increase its market share. Ghent recorded the worst evolution: its traffic decreased by approximately 2.5% per year. Finally, in the period 1995-1999, the ports of Amsterdam, Zeebrugge, Ghent and Bremen recorded a substantial growth in their total traffic volume. Antwerp remained fairly stable in terms of market share, while the Rotterdam port grew a little slower than average. The port of Dunkirk lost a part of its market share with a negative growth rate of nearly 1% in the considered period. 

The market shares of individual ports in the Hamburg - Le Havre range are shown in Table 3.

Table 3: Market shares of individual ports in the Hamburg - Le Havre range (in %) 


1980
1985
1990
1995
1999
Average market share

1980-1999

Antwerp

Ghent

Zeebrugge

Rotterdam

Amster​dam

Hamburg

Bremen

Le Havre

Dunkirk 
13.16

 2.96

2.28

44.46

3.60

10.13

4.33

 12.45

6.62
14.98

4.63

2.46

43.53

4.79

10.38

5.18

8.46

5.59 
15.50

3.71

4.61

43.74

4.76

9.32

4.59

8.21

5.56 
15.84

3.16

4.48

43.13

4.58

10.57

4.58

7.88

5.77
15.72

3.25

4.87

41.24

5.11

11.01

4.91

8.69

5.20
15.27

3.67

3.59

43.43

4.65

10.00

4.74

8.94

5.73

Source: Calculations based on port statistics.

Although Rotterdam's traffic volume did not improve substantially during the entire observation period, this port is still the most important player in the Hamburg - Le Havre range. Antwerp remained the second most important seaport in terms of metric tons. Hamburg is number three with a market share of 10%. Le Havre has a market share of approxima​tely 9% and the smaller seaports recorded a market share of 6% or less.

An analysis of the average growth rates of the traffic categories under consideration in the period 1980-1995 indicates that the growth of individual categories diverges substantially, see Table 4. The figures in Table 4, combined with the market shares in Table 5, reveal that a strong tendency exists towards specialization.

In general terms, containers and ro-ro traffic increased respectively by 7.90% and 5.04% per year in the Hamburg – Le Havre range, see Table 4. With respect to ‘containers’, Hamburg and Antwerp outperformed the other ports in the Hamburg – Le Havre range. Zeebrugge, Ghent, Rotter​dam and Bremen performed according to the average growth rates for containers in the range. Only Amsterdam and the French ports appear to be ‘underachievers’ with respect to the container trade. The Belgian seaports recorded the highest growth rate with respect to ro-ro traffic: an annual growth rate of more than 6.5% over the period 1980-1999 was realized. The port of Zeebrugge shows an extremely high growth rate in the overall shrinking market of conventional cargo. Overall, dry bulk traffic stagnated during the observati​on period and liquid bulk traffic volumes decreased by approximately 0.6% per year. 

Table 4: Annual growth rates of traffic categories in 1980-1999 (in %)


Liquid

Bulk
Dry

Bulk
Containers
Ro-ro
Conv.

Cargo
Total

Antwerp

Ghent

Zeebrugge

Rotterdam

Amster​dam

Hamburg

Bremen

Le Havre

Dunkirk
+2.30 

+0.52

-0.44

-0.70

+2.46

-1.45

-2.05

-1.36

-0.04
-1.15

+1.16

+4.35

+0.11

+3.45

-0.32

+0.15

-1.93

-0.10
+10.30

+7.67

+8.85

+6.69

+0.21

+10.70

+7.08

+5.34

+2.49
+6.93

+6.88

+6.67

+5.30

+0.46

+3.61

+3.51

+2.67

-3.21
-1.26

+1.60

+10.63

-1.73

-1.12

-3.25

-2.75

-3.42

-2.19
+1.83

+1.38

+4.99

+0.48

+2.75

+1.32

+1.55

-0.85

-0.36

H – LH RANGE
-0.59
+0.13
+7.90
+5.04
-1.95
+0.88

Source: Calculations based on port statistics.

Table 5 represents the market share of the considered traffic categories. These figures reveal a striking specialization of each port in the Hamburg - Le Havre range in specific commodities or traffic categories. Despite the decreasing traffic volume in this specific segment, Antwerp can still be characterized as a ‘conventio​nal cargo’ port. Ghent is a traditional ‘dry bulk’ port and Zeebrugge can be called a ‘ro-ro’ port. The port of Rotterdam is specialized in liquid bulk, although the volume of dry bulk and container traffic is also very substantial, as approximately 40% of the range volume of these traffic categories is handled in this port. The German ports are to be considered as container (and somewhat less pronounced conventional cargo) ports. Finally, the French ports of Le Havre and Dunkirk appear to have achieved a favorable performance mainly in the area of liquid bulk for Le Havre and ro-ro and dry bulk traffic for Dunkirk. 

As indicated in Table 5, Rotter​dam can be considered as the ‘overall winner’ of major ports in the Hamburg - Le Havre range in terms of transshipped cargo volumes, followed by the ports of Antwerp and Hamburg.

It should be emphasized that one should be very cautious when drawing conclusions on the basis of Table 4.  A specific port may have a relatively high growth rate in a specific traffic category, but when combined with a very low market share (see Table 5) this may reflect only a marginal improvement in position, e.g. the port of Le Havre as regards container trade.

Table 5: Average market shares of the considered traffic categories in 1980-1999 (in %)


Liquid

Bulk
Dry

Bulk
Containers
Ro-ro
Conv.

Cargo
Total

Antwerp

Ghent

Zeebrugge

Rotterdam

Amster​dam

Hamburg

Bremen

Le Havre

Dunkirk
10.01

0.84

1.47

55.22

4.57

6.27

1.15

16.06

4.42
14.50 

8.71

2.17

41.05

7.64

 9.88

3.69

3.00

9.35
17.05

0.10

4.17

39.19

0.94

17.66

11.89

8.11

0.89
9.99

2.55

31.24

21.98

1.69

5.62

7.18

9.14

10.62
41.35

4.56

1.46

21.36

2.83

12.68

10.69

0.98

4.08
15.27 3.67 3.59 43.43 4.65 10.00 

4.74

8.94

5.73

H – LH RANGE
100.00
100.00
100.00
100.00
100.00
100.00

Source: Calculations based on port statistics.

Table 6 provides more details as regards the share of each traffic category in total port traffic. This enables to draw relevant conclusions with respect to the specialization of individual ports.

Table 6: Average market shares of the different traffic categories in total port traffic in 1980-1999 (in %)


Liquid

Bulk
Dry

Bulk
Containers
Ro-ro
Conv.

Cargo
Total

Antwerp

Ghent

Zeebrugge

Rotterdam

Amster​dam

Hamburg

Bremen

Le Havre

Dunkirk
 25.05

8.74

 15.53

48.74 

37.14

23.96

 9.21

69.44

29.65
30.52

77.03

19.35

30.55

53.34

31.80

25.16

10.83

52.94
18.83

0.45

19.25

14.17

2.85

30.51

39.26

13.78 

2.18
3.27

3.52 

42.88

 2.47

1.72

2.65

 7.06

 4.97

 9.28
22.33

10.25

2.99

 4.06

 4.95

11.09

19.30

0.98

 5.94
100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

H – LH RANGE
38.30
32.29
16.15
 4.93
8.34
100.00

Source: Calculations based on port statistics.

Table 6 largely confirms the results described above. Although the maritime traffic in the port of Antwerp is well diversified in terms of the considered traffic categories, a clear specializa​tion is shown in general cargo. The port of Ghent is a port specializ​ed in dry bulk whereas the port of Zeebrugge should be viewed as a ro-ro port. Rotterdam and Amsterdam are bulk ports. Hamburg and Bremen are specialized in contain​ers and conventio​nal cargo. Finally, the French ports of Le Havre and Dunkirk are characteri​zed by large volumes of respectively liquid bulk and dry bulk.

3.2  An operationalisation of the ‘environmental’ portfolio analysis approach
3.2.1 Measuring the ecological dimension: methodology

Given the infrastructure network linking ports to their hinterland, transportation affects the environment through the operation of infrastructure, including the use of transport vehicles (e.g. emissions into the air, water and soil and noise emissions) (Daniels and Adamowicz, 2000). 

This paper attempts to measure the environmental harm directly caused by a port’s activities on a wider geographic region, through analyzing the externalities generated by hinterland transport. National, as well as international transport over land is included in the hinterland traffic figures. 

In order to analyze the extent to which ports are more or less environment-friendly, three transport modes, namely road transport, rail transport and inland navigation are considered. Pipeline transport is excluded from the hinterland transport analysis, because it mainly reflects local traffic with a local origin and a local destination and it causes negligible harm to the broader regional environment (Member States Group on Ports and Maritime Transport – North Sea Group, 1995). 

The importance of a port’s hinterland traffic is directly related to the cargo volumes transshipped in that port. When measuring the share of hinterland traffic in the total port traffic (see Table 7), and then translating this share in terms of the total throughput of the ports considered, as expressed in volume of handled metric tons, the number of tons transported to and from that port’s hinterland is obtained. If the share of road, rail and inland navigation traffic in the total hinterland traffic of the considered port (see Table 8) is known, volumes in metric tons transported per transport mode in a specific base year are obtained. In a next phase, these port specific volumes can be linked to the average distance characterizing a single transport movement for each specific mode of transport (road, rail and inland navigation). This leads to a volume of ton-kilometers performed by each mode. INFRAS (1995 and 2000) has provided an in-depth analysis of the average external costs generated by each individual transport mode in the EU (the actual data in these two studies reflect respectively the situation in the years 1991 and 1995) in terms of EURO per ton-kilometer. As a result, the total external costs ‘created’ by each seaport and for each transport mode in a particular year can be calculated by multiplying the volume of ton-kilometers performed by each transport mode with the total external costs in EURO per ton-kilometer for that individual transport mode. 

3.2.2. External costs of transport

Externalities occur when the activities of one group (e.g. port operators or logistics chain operators) affect the welfare of another group (e.g. citizens of the broader port region) without any payment or compensation being made (Button, 1993a). Hence, effective markets do not exist for many externalities (Coase, 1960 and Button, 1999), as, e.g., ‘polluters’ are not influenced in their decision making processes by the costs they inflict on ‘sufferers’. Both external costs and benefits may occur, although the latter are generally thought less important in the transport sector (Button, 1993a). INFRAS (1995 and 2000) defines external costs as those costs that are not borne by individual transport users and that result from the depletion of non-renewable resources, such as environmental or human capital (e.g. the use of land, the creation of casualties, etc.). In sum, externalities can be considered as side-effects of production and consumption activities, occurring outside the marketplace and inflicting uncompensated disadvantages on third parties. They result in a difference between social and private costs of an activity.

Examples of external costs of transport are pollution (which includes noise costs, costs of atmospheric pollution, etc.) as well as reduced safety (e.g. premature morbidity due to air pollution). Recently, see INFRAS (2000), two other categories of external costs of transport have also been valued in empirical studies, namely additional costs that occur in urban areas (e.g. scarcity of space for non-motorized transport in urban areas), and external costs associated with upstream and downstream production processes. These costs include, e.g., the production of rolling stock and infrastructure and the pre-combustion of energy (e.g. pre-combustion of fuels and emissions due to electricity production for railways). 

Infrastructure costs of transport are not considered in most empirical studies, as these costs are in general covered by specific transport charges. 

Congestion costs represent partly internal and partly external costs. Scarcity (time and space) costs, which occur for all users, are not regarded as external (Button, 1999). These (internal) congestion costs are determined by the users’ private operating costs as a function of traffic density (INFRAS, 2000). External congestion costs are the remaining secondary costs, imposed on non-users (e.g. citizens who live or work close to frequently congested roads and, as a result, are exposed to more air pollution and noise nuisance than individuals who live elsewhere (Button, 1993b and Banister and Button, 1993). It has been suggested that the external cost component of congestion has a much lower value than the internal part (Rothengatter, 1999; INFRAS, 1995 and Button, 1993a). Accordingly, INFRAS (2000) argues that “it is obvious that the major part of congestion costs (…) could be recovered by the club of users. The remaining secondary costs of congestion which occur to non-users are assumed to be small enough that they give little reason to extract money from the users for transfer to non-users”. INFRAS (1995) already stated that “if the objective is to compare the competitive situation between different transport modes, the inclusion of congestion costs is wrong”. Therefore, congestion costs are not considered in the remainder of this green port portfolio analysis. 

Scientific knowledge on the dimension of the societal, environmental problems and external costs associated with transport has grown over time (Button, 1999). Various tools to measure the impact of externalities have been developed and the most appropriate approaches have been widely documented in the economic literature (Baumol and Oates, 1988; Helm, 1991; Pearce, 1995 and Button, 1993a). Nevertheless their implementation in practice has often been very difficult, especially when only few data are available on the external costs of transport per transport mode. Because of a growing societal concern and awareness of environmental effects, efforts have been made to provide more accurate data based on state-of-the-art cost estimation methodologies. This improved empirical basis for the calculation of the external costs of transport can even be noticed in the two INFRAS studies (1995 and 2000). The first study (INFRAS, 1995) provides data on the external costs of noise, air pollution, accidents and climate change for 1991, whereas the updated study (INFRAS, 2000) also measures the costs related to nature and landscape, the additional costs in urban areas and the external costs associated with upstream and downstream processes. In order to ensure the comparability of data of the two years of reference (1991 and 1995), the analysis for 1995 was first performed on the four external cost categories already taken into account in the year 1991. In addition, the 1995 analysis was also undertaken in a second stage, taking into account the seven categories of costs for which data were provided in INFRAS (2000). 

There are many ways to measure the external effects of transport and to express environmental valuations (Button, 1993a and Daniels and Adamowicz, 2000). The different valuation methods for external effects have been widely discussed in previous studies (Button, 1993a; Baumol and Oates, 1988; Nelson, 1982 and Barde and Button, 1990). In the empirical studies performed by INFRAS (1995 and 2000)
, the data of which will be used in the analysis performed in this paper, the ‘damage cost’ approach is adopted. This approach, also called the ‘resource’ approach, estimates the opportunity costs faced by the society suffering or repairing this damage or loss of resources. Only for climate change effects, the ‘avoidance cost’ approach is used, which reflects the ‘willingness to pay’ for a worldwide reduction of climate change risks, see Helm (2000), Daniels and Hencher (2000), Button (1993a), Pearce and Turner (1990) and OECD (1988) for more in-depth analyses of different valuation methods for external effects. This is viewed as a second best approach, but with regard to climate change, the damage costs cannot be properly estimated (INFRAS, 2000; Daniels and Adamowicz, 2000). Moreover, Daniels and Adamowicz (2000) suggest that for policy purposes in the transport sector, costs per ton-kilometer may be the most appropriate unit of measurement. This approach is also followed in the used studies of INFRAS (1995) and INFRAS (2000). The costs are expressed in EURO as the study is performed for the European Union. 

3.2.3.
Data collection and combination of data sources

The application of the ecological portfolio technique as developed by Ilinitch and Schaltegger (1995) to the port sector turned out to be difficult in terms of data collection and availability. For example, fully harmonized transport data on a European level are now being prepared by EUROSTAT, but are not yet available. Nevertheless, it was possible to find information from alternative sources that allowed to compute rough estimates of the external costs associated with the ports in the Hamburg – Le Havre range and as such allowed the implementation of a green port portfolio analysis. However, some important limitations regarding the data used should be noted. 

First, the data provided by the port authorities in the Hamburg – Le Havre range, on which the two dimensions were based of the port portfolio analysis, are not entirely consistent. Taking into account De Lombaerde (1994), Coeck et. al. (1995) and expert information from the Antwerp Port Authority, some differences in port statistics on maritime traffic flows in the Hamburg - Le Havre range, provided by the respective port authorities, can be observed. These differences are mainly related to the way that specific traffic categories are included in the overall statistics. Indeed, in some port statistics, the weight of containers is included, resulting in an overestimation (including the flow of empty containers) of total container traffic volumes. Moreover, when consulting the port statistics of port authorities in the Hamburg – Le Havre range, differences in the definitions of conventional cargo also appear. Port experts also mention the inter-port flows of cargo that may lead to some distortions in port statistics used in the analysis, because some ports in the Hamburg – Le Havre range include inter-port traffic in their maritime statistics, while other ports do not. However, as the analysis considers the performance of seaports relative to the range (range is 100%), minor differences in absolute tonnage transshipped will not change the obtained relative positions of the considered seaports. Therefore, port comparisons based on maritime traffic volumes handled in the considered seaports should be conducted carefully, but can probably reasonably build on the assumption that errors and data distortions are likely to be relatively minor.

Second, the environmental impact of handling different types of cargo and the use of different transport modes to move the cargo towards the hinterland cannot be described quantitatively in an unambiguous way. Indeed, no accurate statistical source exists for individual ports in the Hamburg – Le Havre range that would report the tonnage of each individual cargo category moved to the hinterland by the three transport modes considered. The share of the different transport modes often is not registered by the port authorities for the individual traffic categories. At best, an indication of the total volume transported by each transport mode is supplied by the port authorities. The data on the percentage of hinterland traffic of each considered seaport, as well as on the modal split, were provided by the Member States Group on Ports and Maritime Transport – North Sea Group (1995). These data were collected from the ports for the base year 1993. 

Given the year for which these data are valid (1993), it is clear that the share of hinterland traffic and the share of the different modes of transport in that traffic may have changed in the past few years.
 Indeed, new infrastructure projects, for example, may have become operational. However, port experts working for various port authorities and public agencies have confirmed to the author that the average and relative shares of the transport means used by seaports in the Hamburg – Le Havre range, are unlikely to have changed dramatically between 1993 and 1999 (last year for which full traffic data were available). In addition, considering the data on the external effects of the transport modes (INFRAS, 1995: data of 1991 and INFRAS, 2000: data of 1995), the 1993 hinterland and modal split data can provide useful information in both scenarios. 

Other data used in the analysis are the average transport distances covered by the different transport modes. Based on data of Eurostat (2000) and ECMT (2000), providing respectively the total volume of tons transported from seaports of the EU to their hinterland and the ton-kilometers of hinterland traffic of the EU ports in 1995 (both considering road, rail and inland navigation separately), the average transport distances for each considered means of transport were calculated. This resulted in an average distance for road traffic of 110 km, 250 km for rail transport and 200 km for inland navigation. Here, the transport of goods before and after the use of a particular mode for the main part of a hinterland transport to and from seaports (e.g. the use of road transport for a short distance, after the goods were transported by rail) is not considered. The obtained results were validated by various port experts. These experts also expressed the view that even if transport distances change over time, this is a very slow process. Therefore, it can be assumed that the same average transport distances can be used for the years 1991 and 1995, the two years of reference used further in the analysis. 

Finally, the nature and scale of externalities in freight transport to and from the hinterland of the seaports in the Hamburg – Le Havre range is examined. INFRAS (1995 and 2000) provides physical measures of environmental damage and other external effects, e.g. accidents and fatalities, related to transport and the valuation of these in monetary terms for 1991 and 1995. The full range of external costs related to transport is not considered in the INFRAS reports. Hence, the data therefore almost certainly represent understatements of actual externalities. Some external effects are very difficult to value and no empirical data exist on the full set of external costs related to transport from and to the hinterland of seaports in the Hamburg – Le Havre range for the different modes of transport considered. Button (1999) argues that, especially in terms of the construction of long-lived pieces of transport infrastructure, more costs and damage may occur than measured by only the direct impact on those immediately affected. For example, it has been argued by some stakeholders that the retention of present environmental conditions (e.g. a unique bird population or a municipal community that would be destroyed as a seaport expands) may have an ‘existence value’ and that people may be willing to pay to protect a particular environment, even if they never physically encounter it (Button, 1999). As the list of items is not comprehensive, conclusions with respect to this data set should be drawn in a careful fashion. It should be recognized that only a first indication is provided of the environmental impact of the various transport modes used to move cargo from and to the hinterland. The figures used from INFRAS (1995 and 2000) on the external costs of transport are average scores for the entire European Union but can also be considered representative for the traffic between ports and their hinterland.

3.2.4. Visualization of a green port portfolio analysis

When performing a conventional portfolio analysis, ports are positioned according to their total traffic in the observation period, without distinction among relevant commodity groups or traffic categories. The total market share of each port is indicated on the X-axis as a percentage of the total range traffic. The annual growth rate of the traffic is represented on the Y-axis. The bold vertical line expresses the theoretical average market share, i.e. assuming all seaports in the range have the same market share. The horizontal bold line allows to make the distinction between relatively fast and slow growing seaports, as it indicates the average annual growth rate of the entire port range in the considered period. The designation of the quadrants on the basis of the performance measures for seaports, i.e. ‘Star Performers’, ‘Mature Leaders’, ‘Minor Performers’ and ‘High Potentials’, is used in this paper.

It has been suggested earlier in this paper that for the introduction of the environmental impact, a three dimensional display needs to be developed, see Figure 1. In the empirical analysis, the environmental effect is estimated by using external costs in EURO/ton-kilometer. The vertical plane (front) represents the economic performance dimensions of the seaports in the Hamburg – Le Havre range. The third axis represents the environmental impact of the different means of transport used for the hinterland traffic of each port. The higher the position on this horizontal axis, the ‘cleaner’ the port would be considered in relative terms. The size of the spheres reflects the external costs in absolute terms (EURO) related to hinterland transport for a specific port. 

As suggested earlier, Ilinitch and Schaltegger (1995) recommend three different types of analysis when developing ecologically oriented matrices for exploring strategic options. 

First, the data (for the two years in which data are available, see INFRAS, 1995 and 2000) should be analyzed in absolute terms, i.e. the total external costs related to the hinterland traffic of a port then constitute the units on the ‘environmental’ axis. This axis is called the ‘environmental damage’ and the ‘higher’ a port is situated with regard to this axis, the more 

Figure 2: 3D green port portfolio analysis in absolute terms (1991)
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Source: Calculations, see also Table 11, based upon port statistics, INFRAS (1995) and the Member States Group Ports and Maritime Transport-North Sea Group (1995).

Figure 3: 3D green port portfolio analysis in relative and absolute terms (1991)
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Source: Calculations, see also Table 11, based upon port statistics, INFRAS (1995) and the Member States Group Ports and Maritime Transport-North Sea Group (1995).
environmental damage it produced due to its hinterland traffic, see Figure 2.
 Larger ports in terms of handled cargo often generate more hinterland traffic than smaller ports and are therefore associated with higher external costs. 

The original visual representation developed in the present study includes the volume of the spheres in Figure 2, which can be considered as a fourth ‘dimension’ in the plot; it represents the percentage of hinterland traffic of the port in the Hamburg – Le Havre range. Finally, a fifth ‘dimension’ is added to the display. The color of the spheres, which is obtained by a different mix of red, yellow and blue, is related to the modal split of a port. The amounts of red, yellow and blue particles in the color refer to the share of respectively road transport, rail and inland navigation in the hinterland traffic of the considered port, see Figure 2. In this figure, the blue sphere, e.g., represents the port of Amsterdam and is characterized by a large share of inland navigation. Another example is the red sphere situated in the highest position in Figure 2, which visualizes the port of Zeebrugge, for which road transport dominates its hinterland traffic. 

Second, a relative analysis is performed. Here, the sum of the external costs related to less environmentally harmful transport modes (rail and inland navigation) is divided by the total external costs of the hinterland traffic (sum of external costs of road, rail and inland navigation), see Table 10. As a result, the best ‘environmental performers’ can be identified, see the ‘environmental performance’ axis in Figure 3. With this third axis, the impact of the size of the port in terms of cargo handling volume is eliminated. In accordance with the ‘absolute data ’ analysis represented in Figure 2, colors and spheres are introduced in Figure 3; they are related to respectively the share of the different transport modes (as a percentage of the hinterland traffic) and the volume (in percentage in the range) of hinterland traffic. As suggested earlier in this section, the volume or share of hinterland traffic in the range is most often positively correlated with the total external costs created by a port. Hence, the external costs of a port resulting from its hinterland traffic and expressed as a percentage of the range’s total external costs, which were apparent in the ‘absolute data’ analysis, are also visualized in the relative analysis. Given that in the ‘absolute data’ analysis, some spheres overlap with other ones and their position is difficult to visualize, see Figure 2, the ‘absolute data’ analysis will not be visualized further in the remainder of this paper. 

When observing the two above figures, it should be recognized that the difference in color of the spheres in Figure 2 and Figure 3 is not always very clear for those ports that are not dominated by one specific means of transport in their modal split. A ‘pie’-format representing the shares of the transport modes in a port’s hinterland traffic would provide more distinct information, but cannot be introduced in the spheres in three dimensional displays. Therefore, a new, two dimensional display was designed, see e.g. Figure 4, which includes the above mentioned five aspects: 

1. ‘market share’ (X-axis);

2. ‘average annual growth rate’ (Y-axis);

3. ‘the relative external costs of environment-friendly transport  modes’ (the intensity of the green color in the outside border of the disks);

4. ‘the share of a port’s hinterland transport in the range’, which correlates with the metric tons handled in the port (surface of the entire disks, including the green border); and 

5. ‘the modal split of the port’ (the ‘pie’-format in the disks). 

In this fifth ‘dimension’, the red, yellow and blue parts represent respectively the share of road transport, rail and inland navigation. In order to optimize the visualization of the ports (disks) in the display, a logarithmic scale was introduced for the X-axis (‘market share’). Displays using a logarithmic scale for a variable are useful, because they allow to disperse disks over the display (Sooper, 1999). Hence, disks do not overlap in such a way that important information disappears, see e.g. Figure 4. Moreover, there is no loss of information on the market share of the considered ports, nor is the position of a port or disk in a specific quadrant altered. 

The third and final condition for the proper use of a ‘green portfolio’, as suggested by Ilinitch and Schaltegger (1995), is the introduction of a ‘dynamic’ analysis. In the present study, the relative analysis is therefore carried out on the data of 1995 (INFRAS, 2000), using the same variables on the external costs of transport as provided in the 1991 study (noise, air pollution, accidents and climate change). Hence, the relative analysis performed on the data of 1995 can be compared to the analysis for the year 1991. Part three of the empirical study includes this comparison and allows to visualize how ports succeed (or do not) in achieving a modal shift towards more environment-friendly means of transport. 

Finally, a relative analysis is carried out on the 1995 data for the seven variables included as external costs of transport, as provided by INFRAS (2000). These analyses can be compared with the analysis performed when adopting a more restrictive definition of external costs of transport and, as such, they show the impact of more accurate data (closer to the real external costs) on the ecological performance of ports.  

In sum, the empirical analysis performed in the remainder of this paper consists of three parts: 

(1) a relative analysis of the 1991 data (including ‘absolute’ data);

(2) a relative analysis of the 1995 data (including ‘absolute’ data and using the same definition of external costs as in the 1991 data); and

(3) a relative analysis of the 1995 data (including ‘absolute’ data and using the more extended definition of external costs related to hinterland transport). 

3.2.5. Hinterland transport and modal split in the Hamburg – Le Havre range

Three different types of transshipment can be distinguished: (1) sea-sea transshipment, (2) transshipment to local origins and destinations and (3) transshipment towards the hinterland. The Member States Group on Ports and Maritime Transport - North Sea Group (1995) has provided an indication of the importance of the different types of transshipment in the ports of the Hamburg - Le Havre range for 1993, see Table 7.

Table 7: Shares of sea-sea transport, local transshipment and hinterland transport of total throughput of ports (1993)


Ports in Hamburg – Le Havre range
Share of transshipment (in %)



sea-sea transport

local transport

hinterland transport

Belgian ports
Antwerp

Ghent

Zeebrugge

Dutch ports
Rotterdam

Amsterdam

German ports
Hamburg

Bremen

French ports
Le Havre

Dunkirk

AVERAGE RANGE
13.69

5.71

14.05

15.46

18.62

                 6.34

11.36

8.40

0.00

10.40
27.06

9.81

8.69

27.05

37.02

30.81

29.34

69.83

64.80

33.82
59.25

84.48

77.26

57.49

44.36

62.85

59.30

21.77

35.20

55.78

Source: Member States Group Ports and Maritime Transport-North Sea Group (1995).

Table 7 suggests that only 56% of turnover in the ports of the Hamburg - Le Havre range is actually moved toward the hinterland. The remaining part is transshipped by sea (10.4%) or is meant for local destinations (33.8%). When evaluating the environmental impact of the use of the various transport modes in hinterland transportation, only this first share should be taken into account.

However, in order to determine the environmental impact of the transport of goods towards the hinterland, additional information concerning the modal split of hinterland transport is necessary.

The Member States Group on Ports and Maritime Transport - North Sea Group (1995) also provides an indication of this modal split in the ports of the Hamburg - Le Havre range.

Table 8: Distribution of ports’ hinterland transport
 (1993)


Ports in Hamburg – Le Havre range
Share of transport modes (in %)



rail

road

inland navigation

Belgian ports

Antwerp

Ghent

Zeebrugge

Average

Dutch ports

Rotterdam

Amsterdam

Average

German ports

Hamburg

Bremen

Average

French ports

Le Havre

Dunkirk

Average

AVERAGE RANGE
26.7

26.4

22.8

25.3

3.1

5.1

4.1

40.0

50.0

45.0

26.2

35.8

31.0

26.23
42.8

44.0

74.3

53.7

45.4

24.2

34.8

44.0

40.0

42.0

72.8

61.5

67.2

49.89
30.5

29.6

2.9

21.0

51.5

70.7

61.1

16.0

10.0

13.0

1.0

2.7

1.9

23.88

Source: Member States Group Ports and Maritime Transport-North Sea Group (1995).

Approximately 50% of all goods that are transported toward the hinterland, are trans​ported by means of road transport. Rail and inland navigation both attain approximately the same share of 25%. Substantial differences exist among ports within a single country and among ports located in different countries.

3.2.6. Green port portfolio analysis in the Hamburg – Le Havre range in 1991

3.2.6.1. Introduction

A large set of estimates exists concerning the actual monetary impact of the different externalities caused by the individual transport mode (EU research projects, such as PETS, 1997; TRENEN, 1997 and TRENDS, 1999). However, the valuations performed by INFRAS are used in the remainder of this paper, see footnote 1. 
3.2.6.2. Total external costs related to hinterland traffic

Table 9 indicates that road transport is responsible for approximately 58.4 EURO per 1000 ton-kilometers, as compared to 7.3 and 6.1 for respectively rail transport and inland navigation for 1991 (INFRAS, 1995 and Rothengatter, 1996).

Table 9: Valuation of the external costs of goods transport in the EU (in million EURO, 1991)


Road
Rail
Inland navigation
TOTAL

Accidents
21387
218
0
*21606

Noise
12205
1168
0
13373

Air pollution
12522
174
458
13154

Climate change
10340
274
206
10820

TOTAL
*56453
*1835
665
*58953

Billion t-km

964
251
109
1324

EURO/1000 t-km
*58.4
*7.3
6.1
**44.4

INDEX
*958
*120
100
*728

* Small differences are due to rounding off.

** Weighted average of road, rail and inland navigation.

Source: Calculations based upon INFRAS (1995) and Rothengatter (1996).

Table 8 already indicated that road transport is the most important transport mode used for transporting cargo to the hinterland. Hence, the use of this transport mode also has a substan​tial external cost. Table 10 provides a combination of the results of maritime traffic volumes of 1991 for the different seaports in the Hamburg – Le Havre range (using Table 8 and Table 9): here, the monetary impact of using the different transport modes becomes clear. In addition to determining the actual amount of cargo that is transported towards the hinterland, the average length of a transport activity is estimated. As suggested earlier, statistical data indicate that the average length of road transport activities is 110 km and 250 km for rail transport, as compared to inland navigation where a transport distance is estimated at 200 kilometers. By combining both figures, the ton-kilometers performed can be estimated. Finally, these figures can be related to the external effects per ton-kilometer in order to obtain a reliable monetary estimation of societal costs caused by the different transport modes in the ports of the Hamburg – Le Havre range.

Table 10: Monetary societal cost associated with the use of specific transport modes (1991)


Traffic 

(million tons)
Ton-kilometers

(billion t-km)
External Costs

(million EURO)


Rail
Road
Inland nav.
Rail
Road
Inland nav.
Rail
Road
Inland nav.

Antwerp
16.0
25.7
18.3
4.0
2.8
3.7
29.26
165.10
22.34

Ghent
5.7
9.5
6.4
1.4
1.0
1.3
10.36
60.78
 7.77

Zeebrugge​
5.4
17.7
0.7
1.4
1.9
0.1
 9.92
113.78
0.84

Rotterdam
5.2
76.2
86.4
1.3
8.4
17.3
9.50 
489.55
105.46

Amsterdam
0.8
3.5
10.2
0.2
0.4
2.0
1.42
22.36
12.40

Hamburg
16.5
18.1
6.6
4.1
2.0
1.3
30.07
116.42
 8.04

Bremen
 9.1
7.3
1.8
2.3
0.8
0.4
16.62
46.79
2.22

Le Havre
3.3
 9.1
0.1
0.8
1.0
0.02
 5.96
58.26
0.15

Dunkirk
5.1
8.8
0.4
1.3
1.0
0.08
 9.37
56.65
0.47

H – LH RANGE
 *98.9
*188.2
*90.1
*24.7
*20.7
*18.0
*180.57
*1208.93
*109.89

* Based on the average of the range.

Assumptions:
 Average length of activity: rail: 250 km; road: 110 km and inland navigation: 200 km.


            External effects: rail: 7.3; road: 58.4, inland navigation: 6.1 EURO/1000 t-km.
Source: Calculations based on INFRAS (1995).

Table 10 indicates that substantial external costs are inflicted on society through the use of road transportation. Only the port of Rotterdam has succeeded in transferring a considerable traffic volume from road to inland navigation; the ports of Antwerp and Hamburg have been characterized by some efforts of the respective port authorities and port operators to move more cargo to and from the hinterland by rail. 

Table 11: Absolute and relative external costs (EC) of seaports in the Hamburg – Le Havre range (1991)


EC

Rail (1)


EC

Road (1)
EC

Inland nav. (1)
Absolute total 

external costs (1)
Absolute total external costs  (2)
Relative 

 ext. costs of environment-friendly transport modes (%)

Antwerp
29.26
165.10
22.34
216.70
14.45 %
23.81 %

Ghent
10.36
60.78
 7.77
78.91
5.26 %
22.97 %

Zeebrugge​
 9.92
113.78
0.84
124.54
8.31 %
8.64 %

Rotterdam
9.50 
489.55
105.46
 604.51
40.32 %
19.02 %

Amsterdam
1.42
22.36
12.40
36.18
2.41 %
38.20 %

Hamburg
30.07
116.42
 8.04
154.53
10.31 %
24.66 %

Bremen
16.62
46.79
2.22
65.63
4.38 %
28.70 %

Le Havre
 5.96
58.26
0.15
64.36 
4.29 %
9.49 %

Dunkirk
 9.37
56.65
0.47
 66.49
4.43 %
14.80 %

H – LH RANGE
*180.57
*1208.93
*109.89
*1499.39
100.00 %
*19.37 %

(1) in million EURO

(2) in % of H – LH range

* Based on the average of the range.

Source: Calculations based on INFRAS (1995).

As suggested earlier, the port’s size, in terms of cargo handling in tons (market share as a percentage of the range), is largely reflected in the absolute external costs (also as a  % of the range). Being the biggest seaport in the range considered, Rotterdam also represents more than 40% of the total external costs produced by hinterland traffic in the Hamburg – Le Havre range. 

Building upon the estimates for the absolute and relative external costs of environment-friendly transport modes in 1991, the portfolio analysis is visualized and interpreted from an environmental point of view, see Figure 4. The relative external costs of environment-friendly transport modes (as compared to the total external costs), reflect how environment-friendly the port’s hinterland traffic is, as this quotient allows to eliminate the impact of the port’s size (in tons). 

Figure 4: The green port portfolio analysis based on 1991 data
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Source: Calculations based upon port statistics, INFRAS (1995) and the Member States Group Ports and Maritime Transport-North Sea Group (1995).

The green border of the ports reflects their environmental performance. The lighter the green color, the more environment-friendly the port’s hinterland traffic is in terms of external costs. If the outside border of the disk is dark green or black, the larger the road transport share in the port’s hinterland traffic and the ‘dirtier’ it can be considered. 

In Figure 4, the French ports are shown to be overall bad performers. These ports were ‘Minor Performers’ in economic terms as well as in terms of environmental friendliness of their hinterland traffic. Zeebrugge was also a ‘dirty’ port with more than 70% of road traffic in 1991, but combined a high growth rate with a relative low market share and revealed as a result a ‘High Potential’ in economic terms. The port of Hamburg was situated close to the intersection of the four quadrants and was also an average performer in environmental terms. The ports of Bremen and Ghent were both ‘High Potentials’, but the port of Bremen showed a ‘greener’ performance. Amsterdam was the ‘cleanest’ port and an above average grower, but with a below average market share. It can therefore be considered as a ‘High Economic and Environmental Potential’. The port of Rotterdam had a dominant market share, but was a rather dirty ‘Mature Leader’ in 1991. The Antwerp port was the only ‘Star Performer’ according to the traditional economic benchmarks and its environmental performance was close to the average performance in the range. 

3.2.7. Green port portfolio analysis in the Hamburg  - Le Havre range in 1995

3.2.7.1. Introduction

In this section, the 1995 data (INFRAS, 2000) are analyzed using the same variables to measure external costs as used in INFRAS (1995) with 1991 data. This allows to assess the evolution of external costs related to hinterland traffic in a ‘dynamic’ way. 

3.2.7.2. Total external costs related to hinterland traffic (1995 – limited definition)

Table 12: Valuation of the external costs for goods transport in the EU (in million EURO, 1995)


Road
Rail
Inland navigation
TOTAL

Accidents
19290
0
0
19290

Noise
11200
812
0
12012

Air pollution
62600
932
1490
65022

Climate change
35400
1100
485
36985

TOTAL
128490
2844
1975
133309

Billion t-km
1673
232
116
2021

EURO/1000 t-km
71.8
12.2
13.9
**61.3

INDEX
*517
*88
100
*441

* Small differences are due to rounding off.

** Weighted average of road, rail and inland navigation.

Source: Calculations based on INFRAS (2000).

Table 12 demonstrates that the external costs of rail traffic in terms of EURO/1000 t-km have decreased below the external costs of inland navigation. The external costs (in EURO/1000 t-km) related to transport have increased with 38% in four years time. This is mainly due to the more accurate economic valuation of external costs in 1995. In fact, the figures of INFRAS (2000) show that it are especially the costs related to ‘climate change’, which are valued using the ‘willingness to pay’-principle, that have increased substantially in four years time (between 1991 and 1995). This demonstrates that societal concern with respect to the environment for future generations, as was suggested earlier in this paper, has increased to a considerable extent and, as a result, augmented people’s willingness to pay for a retention of the present environmental situation. Table 12 indicates that especially the externalities related to the environment-friendly transport modes, i.e. rail and inland navigation have increased with respectively 67% and 128% between 1991 and 1995. Nevertheless, the external costs of rail and inland navigation are still 5 to 6 times lower than the costs related to road transport. 

Table 13: Monetary social cost associated with the use of specific transport modes (1995)


Traffic 

(million tons)
Ton-kilometers

(billion t-km)
External Costs

(million EURO)


Rail
Road
Inland nav.
Rail
Road
Inland nav.
Rail
Road
Inland nav.

Antwerp
17.1
27.4
19.5
4.3
3.0
3.9
52.15
216.46
54.29

Ghent
4.8
8.0
5.4
1.2
0.9
1.1
14.68
63.36
15.00

Zeebrugge​
5.4
17.6
0.7
1.3
1.9
0.1
16.43
138.62
1.90

Rotterdam
5.2
76.8
87.1
1.3
8.4
17.4
16.00
606.68
242.24

Amsterdam
0.7
3.4
9.8
0.2
0.4
2.0
2.28
26.48
27.23

Hamburg
18.1
19.9
7.3
4.5
2.2
1.5
55.30
157.53
20.16

Bremen
9.2
7.4
1.8
2.3
0.8
0.4
28.10
58.21
5.12

Le Havre
3.1
8.5
0.1
0.8
0.9
0.02
9.36
67.32
0.33

Dunkirk
5.0
8.5
0.4
1.2
0.9
0.07
15.14
67.33
1.04

H – LH RANGE
*99.8
*189.8
*90.9
*25.0
*20.9
*18.2
*304.39
*1499.24
*252.59

* Based on the average of the range.

Assumptions: Average length of activity: rail: 250 km; road: 110 km and inland navigation: 200 km


                External effects: rail: 12.2; road: 71.8, inland navigation: 13.9 EURO/1000 t-km

Source: Calculations based on INFRAS (2000).

Table 13 indicates that road traffic still caused by far the largest amount of externalities in 1995, but that the growth of rail and inland navigation external costs in the Hamburg – Le Havre range has become much more pronounced. The reason for this substantial growth may be found in the increased monetary valuation of external costs associated with those transport modes, but also because some ports succeeded in their efforts toward a more environment-friendly modal split. This last explanation can be verified in Figure 5. 

Table 14: Absolute and relative external costs (EC) of seaports in the Hamburg – Le Havre range (1995, limited definition)


EC

Rail (1)


EC

Road (1)
EC

Inland nav. (1)
Absolute total 

external costs (1)
Absolute total external costs  (2)
Relative 

 ext. costs of environment-friendly transport modes (%)

Antwerp
52.15
216.46
54.29
322.90
15.70 %
32.96 %

Ghent
14.68
63.36
15.00
93.05
4.53 % 
31.90 %

Zeebrugge​
16.43
138.62
1.90
156.95
7.63 %
11.68 %

Rotterdam
16.00
606.68
242.24
864.91
42.06 %
29.86 %

Amsterdam
2.28
26.48
27.23
55.99
2.72 %
52.71 %

Hamburg
55.30
157.53
20.16
232.99
11.33 %
32.39 %

Bremen
28.10
58.21
5.12
91.43
4.45 %
36.33 %

Le Havre
9.36
67.32
0.33
77.00
3.74 %
12.57 %

Dunkirk
15.14
67.33
1.04
83.51
4.06 %
19.37 %

H – LH RANGE
*304.39
*1499.24
*252.59
*2056.22
100.00 %
*27.09 %

(1) in million EURO

(2) in % of H – LH range

* Based on the average of the range.

Source: Calculations based on INFRAS (2000).

The results obtained in Table 14 are visualized in Figure 5. 

Figure 5: The green port portfolio analysis based on 1995 data (limited definition of external costs)
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Source: Calculations based upon port statistics, INFRAS (2000) and the Member States Group Ports and Maritime Transport-North Sea Group (1995).

3.2.8. Dynamic green port portfolio analysis: 1995 compared to 1991

When comparing Figure 4 and Figure 5, three ports in the Hamburg – Le Havre range have clearly changed their position with regard to the axes in the display between 1991 and 1995. First, the port of Ghent has lost most of its high potentiality in terms of growth and has not been able to acquire a substantially larger market share. Second, Hamburg has been able to grow faster than the range’s average and to gain some market share. As a result, it moved to the ‘High Potential’-quadrant. Third, the port of Antwerp has confirmed its ‘Star Performance’ and moved towards the upper right corner of the display. It should be noted, however, that none of the ports considered was able to substantially alter its modal split towards a ‘greener’ hinterland traffic. This may suggest (a) that it takes more than four years to change the modal choice of port operators (b) that the port authorities’ and other public agencies’ policies and regulations favoring more environment-friendly modes of transport are introduced only slowly and (c) that customer demands favoring ‘greener’ transport modes were less vocal or urgent in the early nineties than they are today (INFRAS, 2000 and Button, 1999). 

3.2.9. Green port portfolio analysis in the Hamburg - Le Havre range in 1995 (extended definition of external costs): total external costs related to hinterland traffic

Table 15: Valuation of the external costs of goods transported in the EU (in million EURO, 1995, extended definition of EC)


Road
Rail
Inland navigation
TOTAL



Accidents
19290
0
0
19290

Noise
11200
812
0
12012

Air pollution
62600
932
1490
65022

Climate change
35400
1100
485
36985

Nature and Landscape
5510
115
60
5685

Urban effects
3160
206
0
3366

Upstream process
18900
1160
353
20413

TOTAL
156060
4325
2388
162773

Billion t-km
1673
232
116
2021

EURO/1000 t-km
88
19
17
**76

INDEX
*518
*112
*100
*447

* Small differences are due to rounding off.

** Weighted average of road, rail and inland navigation.

Source: Calculations based on INFRAS (1995).

Table 15 demonstrates, when compared with Table 12, that the gap between the external costs associated with road transport and those associated with rail and inland navigation is substantially reduced when considering the more extended definition of external costs related to transport. The inclusion of urban effects and up- and downstream processes in the external costs of transport have indeed substantially increased the environmental impact of rail and inland navigation. 

The increased attention to the environmental impact of transport, which was already suggested earlier in this paper (cf. the increased availability of data in 1995), demonstrates that rail and inland navigation are not as ‘green’ as was assumed until then. However, road traffic still inflicts nearly five times more environmental harm. 

Table 16: Monetary social cost associated with the use of specific transport modes (1995, extended definition of EC)


Traffic 

(million tons)
Ton-kilometers

(billion t-km)
EC

(million EURO)


Rail
Road
Inland nav
Rail
Road
Inland nav
Rail
Road
Inland nav.

Antwerp
17.1
27.4
19.5
4.3
3.0
3.9
81.21
265.29
66.40

Ghent
4.8
8.0
5.4
1.2
0.9
1.1
22.86
77.66
18.35

Zeebrugge​
5.4
17.6
0.7
1.3
1.9
0.1
25.58
169.89
2.33

Rotterdam
5.2
76.8
87.1
1.3
8.4
17.4
24.91
743.56
296.26

Amsterdam
0.7
3.4
9.8
0.2
0.4
2.0
3.55
32.45
33.30

Hamburg
18.1
19.9
7.3
4.5
2.2
1.5
86.13
193.07
24.66

Bremen
9.2
7.4
1.8
2.3
0.8
0.4
43.76
71.34
6.26

Le Havre
3.1
8.5
0.1
0.8
0.9
0.02
14.57
82.51
0.40

Dunkirk
5.0
8.5
0.4
1.2
0.9
0.07
23.57
82.52
1.27

H – LH RANGE
*99.8
*189.8
*90.9
*25.0
*20.9
*18.2
*474.06
*1837.50
*308.92

* Based on the average of the range.
Assumptions: Average length of activity: rail: 250 km; road: 110 km and inland navigation: 200 km


       External effects: rail: 19; road: 88, inland navigation: 17 EURO/1000 t-km

Source: Calculations based on INFRAS (2000).

By extending the definition of external costs, the total external costs induced by the hinterland traffic increased by approximately 30%. Efforts to gain more precise knowledge on external costs and to value them more correctly, have probably accelerated and intensified due to societal concerns and policy attention in the late nineties. The resulting higher estimates of external costs will in turn undoubtedly make the environmental friendliness of the seaports’ modal split even more critical in the future than is the case today. This tendency could unfortunately not be confirmed in the present study, due to a lack of reliable data.

Figure 6: The green port portfolio analysis based on 1995 data (extended definition of external costs)
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Source: Calculations based upon port statistics, INFRAS (2000) and the Member States Group Ports and Maritime Transport-North Sea Group (1995).

The visualization in Figure 6 does not indicate any major differences in relative environmental performance of the seaports in the range, as compared with Figure 5.

Table 17: Absolute and relative external costs (EC) of seaports in the Hamburg – Le Havre range (1995, extended definition)


EC

Rail (1)


EC

Road (1)
EC

Inland nav. (1)
Absolute total 

external costs (1)
Absolute total external costs  (2)
Relative 

 ext. costs of environment-friendly transport modes (%)

Antwerp
81.21
265.29
66.40
412.91
15.76 %
35.75 %

Ghent
22.86
77.66
18.35
118.87
4.54 %
34.67 %

Zeebrugge​
25.58
169.89
2.33
197.80
7.55 %
14.11 % 

Rotterdam
24.91
743.56
296.26
1064.74
40.63 %
30.16 % 

Amsterdam
3.55
32.45
33.30
69.31
2.64 %
53.18 %

Hamburg
86.13
193.07
24.66
303.86
11.60 %
36.46 %

Bremen
43.76
71.34
6.26
121.37
4.63 %
41.22 %

Le Havre
14.57
82.51
0.40
97.48
3.72 % 
15.36 %

Dunkirk
23.57
82.52
1.27
107.37
4.10 %
23.14 %

H – LH RANGE
*474.06
*1837.50
*308.92
*2620.49
100.00 %
*29.88 %

(1) in million EURO

(2) in % of H – LH range

* Based on the average of the range.

Source: Calculations based on INFRAS (2000).

The results of Table 17 are represented in Figure 6. 

3.3. Potential benefits of shifting cargo to alternative transport modes
Table 18: Ecological benefits of shifting cargo (million EURO, 1995, extended definition of external costs)


Shift from ROAD transport to 

RAIL transport
Shift from ROAD transport to 

inland navigation


5%
10%
15%
20%
25%
5%
10%
15%
20%
25%

Antwerp
10.40
20.80
31.20
41.60
52.00
10.70
21.40
32.11
42.81
53.51

Ghent
3.04
6.09
9.13
12.18
15.22
3.13
6.27
9.40
12.53
15.66

Zeebrugge​
6.66
13.32
19.98
26.64
33.30
6.85
13.71
20.56
27.41
34.27

Rotterdam
29.15
58.30
87.45
116.60
145.76
30.00
59.99
89.99
119.98
149.98

Amsterdam
1.27
2.54
3.82
5.09
6.36
1.31
2.62
3.93
5.24
6.55

Hamburg
7.57
15.14
22.71
30.28
37.85
7.79
15.58
23.37
31.15
38.94

Bremen
2.80
5.59
8.39
11.19
13.98
2.88
5.76
8.63
11.51
14.39

Le Havre
3.23
6.47
9.70
12.94
16.17
3.33
6.66
9.99
13.31
16.64

Dunkirk
3.24
6.47
9.71
12.94
16.18
3.33
6.66
9.99
13.32
16.65

H – LH RANGE
* 72.04
* 144.08
*216.12
*288.15
*360.19
*74.13
*148.25
*222.38
*296.51
*370.63

* Based on the average of the range.
Source: Calculations based on INFRAS (2000).

A shift of, e.g., 5 % of road transport towards rail transport and inland navigation would result in a net annual benefit for society of respectively 72 million EURO and 74 million EURO for the entire port range. When only considering the Belgian ports, a shift of 5 % to the more environment-friendly modes would result in a benefit of 20.1 million EURO if the shift is directed towards rail transport and 20.7 million EURO annually if inland navigation is used instead of traditional road transport to move cargo to the hinterland.

3.4. Recent developments
Table 19: Relative growth in market share of seaports in the H – LH range related to their ecological position

Ecological ranking of H – LH seaports (1)
Relative market share (as % in the H-LH range) - 1995
Relative market share (as % in the H-LH range) - 1999
Average annual growth 1995-1999 (in %) (2)

Amsterdam
4.58 %
5.11 %
+4.74

Bremen
4.58 %
4.91 %
+3.66

Hamburg
10.57 %
11.01 %
+2.95

Antwerp
15.84 %
15.72 %
+1.71

Ghent
3.16 %
3.25 %
+2.59

Rotterdam
43.13 %
41.24 %
+0.76

Average H – LH range
*11.11 %
*11.11 %
+0.88

Dunkirk
5.77 %
5.20 %
-0.70

Le Havre
7.88 %
8.69 %
+4.41

Zeebrugge
4.48 %
4.87 %
+4.03

(1) The first seaport mentioned is the ‘cleanest’ in terms of relative environmental harm of its hinterland traffic inflicted on its environment in 1995 (see Table 17), the last port in the first column is the ‘dirtiest’ one. 

(2) See also Table 2.

* 100 % divided by the number of seaports in the range (9). 

Source: Calculations based on INFRAS (2000).

The figures show no significant relation between economic performance in terms of growth and market share and the use of ecologically sound means of transport. In fact, on the one hand Table 19 shows that two of the three best performing seaports (in terms of average annual growth), namely the ports of Le Havre and Zeebrugge, are also the worst performers in terms of relative external costs. One interesting observation is that the port of Dunkirk, which lost market share due to a negative growth rate during the 1995-1999 period was also relatively ‘dirtier’ than the average port in the range. 

The reason why some ports succeed in economic terms while not performing well in terms of relative external costs can be partly found in the fact that the purchasers of transport services are often not directly faced with the environmental harm and related external costs of these services. Indeed, the port’s clients are often not located in the affected region and, unless they are forced to bear a major part of the external transport costs (according to the ‘polluter pays’ principle), they face no incentive to change their modal choice. However, to the extent that stakeholder preferences increasingly favor more environment-friendly behavior, products and services, it is possible that a modal shift would occur, even if external costs are not fully internalized, see also European Commission (1998b). 

Moreover, it should be noted that some ports face more difficulties than others in providing satisfactory alternatives to road transport. The Member States Group on Ports and Maritime Transport – North Sea Group (1995) observed that the attractiveness and efficiency of transport to and from the hinterland of ports is often heavily influenced by the physical availability of specific land transport means. Some ports do not have favorable inherited factor conditions. The port of Zeebrugge, for example, is confronted with a natural disadvantage in terms of a lack of an extensive and efficient inland navigation network (Verbeke, 1998). 

4. CONCLUDING COMMENTS AND RECOMMENDATIONS

In this paper, a conceptual framework was presented, which introduced an ecological dimension in portfolio analysis. Based on the modal split, i.e. the decomposition of a port’s overall hinterland traffic into traffic volumes using different transport modes, the performance of this port in terms of its environmental impacts can be determined. Here, a three dimensional analysis was adopted (average market share, average annual growth rate and external costs related to a port’s hinterland traffic). In a first phase, the competitive position of a port or a port operator can be evaluated by means of traditional product portfolio analysis (horizontal plane). The second phase of the environmental portfolio analysis then consists of evaluating the modal split of the ports involved in terms of the external costs they create and their potential for contributing to a more socially desirable situation by inducing a shift towards more environment-friendly transport modes. In addition to studying the external costs in absolute terms, this analysis was also performed at two points in time, and relative to rival ports in the same range. The comparison of the situation at two points in time allowed to identify shifts over time in environmental performance.

The basic difference between conventional portfolio analysis and ecological portfolio analysis is that a shift is created from thinking in terms of maximizing total throughput of cargo in the port towards thinking in terms of minimizing the external costs generated by this same port.

Data on the most important North West European ports in the Hamburg - Le Havre range indicate that about 55% of total traffic transshipped in the ports is actually moved to the hinterland. One half of this tonnage is moved by means of road transport, the other half being equally divided between inland navigation and rail transport. Based on the figures of the ports in the Hamburg - Le Havre range, the German ports and Amsterdam are the only ports that have maintained (or even improved) their environment-friendly modal split position over time. 

Given the analysis presented in this paper, a number of important questions still need to be answered by public policy makers, port authorities and port operators regarding the significance of ‘environmental friendliness’ in the port context.

First, does a favorable or unfavorable environmental position result from ‘natural’ or ‘created’ factor conditions?  In the case of using inland navigation, a favorable position may mainly result from natural, i.e. inherited factor conditions, such as the availability of inland waterways. The favorable position of the Dutch ports can be largely explained by this element: the use of inland navigation is primarily based on a ‘natural’ advantage, rather than being the result of a deliberate strategic choice of government, the port authorities or the port operators or as the result of  ‘created’ factor conditions. Hence, this favorable position should not be attributed to ‘high quality’ strategic decision making.

Second, what is (or can be) the impact of strategic decisions by government or other stakeholders on obtaining a more favorable, i.e. a more environment-friendly position? At present, the impact of government environmental policies in this area appears rather limited (Helm, 2000). In addition, the stakeholder demands for environment-friendly modes of transport are not really well developed yet (Button, 1999). In the future, stakeholder demands and strategic elements (e.g. deliberate choices of governments to stimulate environment-friendly transport modes in the context of seaport traffic through command-and-control policies or direct incentives such as road taxes) may become more important drivers to obtain a favorable environ​mental position.

Third, to what extent should the environmental and economic performances of a port be viewed as complements or substitutes? The analysis included in this paper suggests that there is no obvious linkage between economic and environmental performance. Both types of performance could be considered as complements, as they do not appear to be mutually exclusive by definition. Given the expected rise in importance of environmental performance in the future - from the perspective of various port stakeholders - government, port authorities and port operators should at least contemplate the implications of engaging in behavior instrumental to maintaining or improving the environmental performance of the port related activities they can influence.
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� The INFRAS (1995, 2000) studies distinguish the most common types of externalities related to transport and provide a comprehensive overview of monetary estimations (in EURO/t-km) of these external costs related to the different transport modes. In addition, they can be considered as unique, as they provide an overview of results obtained by various EU research projects, e.g. TRENDS, ExternE, PETS and TRENEN, some of which were not finalized at the time this dissertation was completed. 





� SERV (1999) and Macharis and Verbeke (1999) analyzed the share of different transport means in the hinterland traffic of the port of Antwerp and Zeebrugge in 1997 and found the following shares for Antwerp: road 47.1%, rail 21.2% and inland navigation 27.9%, and for Zeebrugge: road 70.4%, rail 13.7% and inland navigation 1.1%. Moreover, a recent study on the modal split of Rotterdam’s container traffic estimated the share of road traffic to be (51%), rail (14%) and inland navigation (35 %) (Van Holst & Koppies, 2000). This information is derived from different data sources, and, in the second case, is only related to the hinterland traffic of one specific traffic category, but it can provide an indication of changes in modal split over time. 





� The author would like to thank Prof. dr. P. Rousseeuw and Dr. Anja Struyf, both with the Department of Mathematics and Informatics (UIA, University of Antwerp), for their contribution to the figures in this paper. They enabled the author to visualize the ‘green port portfolio’ analyses through the use of Matlab.  





� The shares of the transport modes pipelines and aviation are excluded, as these modes are not relevant for analyzing external costs related to a port’s hinterland traffic.
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