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Abstract 
 
Environmental impacts had been well-recognized as an increasingly significant problem within 
contemporary maritime industry. Routine pollution, like oil spills and emissions from maritime 
operation, does not only generate negative externalities within the industry, but also supply chains and 
the surrounding environment. This problem, however, is often under-researched, mainly due to its 
invisibility and unnoticeable character. Understanding such deficiency, this paper proposes a new 
perspective in assessing the natural and social-economic costs caused by routine maritime activities and 
applies it to the case of Port of Rotterdam, The Netherlands. Based on the analytical results, measures 
for improvements will also be provided. 
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1. Introduction 
 
Scientific knowledge on the dimension of the societal, environmental problems and external costs 
associated with transport has grown over the time (Button, 1999) and various tools in measuring the 
impacts posed by externalities have developed, with the most appropriate approaches being widely 
documented within the economic literature, e.g. Baumol and Oates (1988); Helm (1991); Pearce (1995); 
Button (1993a); INFRAS/IWW (2000), etc. As one of the most important components of the negative 
externality, environmental impacts had been taken high attention within the transport industry and 
studies which specifically targeted on evaluating the maritime-generated environmental impacts had 
appeared within the scientific field. However, while the introduction of evaluation methodologies 
specifically for accidental incidents during commercial maritime activities causing significant 
pollutions (such as large-scale oil spills from ship collisions) had been immense, e.g., Rawson et al. 
(1998); Etkin (2003); Garza-Gil and Prada-Blanco (2006); Liu and Wirtz (2006); Bigano and Sheehan 
(2006), etc., such major shipping incidental pollution, while often catching public attention due to its 
spectacular scale and easy visibility (Kingdon, 1995), did not necessarily make them the most important 
source of oil pollution at sea (Etkin 1999; Etkin et al., 1999; GESAMP 2001), and incidental pollution 
was merely a tip of the iceberg within the maritime industry’s environmental impacts as a whole. 
Indeed, chronic pollutions from routine maritime activities often shadowed constant threats to coastal 
environmental and socio-economic welfare, leading to far greater impacts over time. For example, in 
the European Union (EU) alone, the annual chronic oiling amounts to eight times the spills of the Exxon 
Valdez disaster, and a small amount of illegally dumped oil in a crucial seabird habitat could be far 
more deadly than a large, incidental oil spill elsewhere (IFAW, 2007). 
 
Despite IFAW’s efforts in providing a thorough investigation on the impacted seabirds suffered from 
chronic maritime oil spills, however, it had not gone any further involving other possible 
maritime-generated pollution sources, e.g., chemical wash water, sewage, etc., not to mention the lack 
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of consideration of the socio-economic impacts caused by shipping and port operations. Understanding 
this deficiency, the endeavour of this paper is to evaluate the chronic negative impacts on the natural 
and socio-economic environments caused by routine maritime activities. After this introductory section, 
Section 2 consists of the literature review where existing works, as well as their deficiencies, will be 
reviewed. This is followed by Section 3 where the authors will introduce a new perspective in assessing 
the natural and socio-economic impacts caused by routine maritime activities, including response and 
research costs. In Section 4, an empirical study on the Port of Rotterdam (PoR), The Netherlands, will 
be undertaken to illustrate the model’s application, where a forecast for the long-term impacts on PoR 
will also be discussed, finally followed by the conclusions in Section 5. By shedding light on an 
important but under-researched issue, the authors are confident that this paper has played its role in 
contributing to the progress of achieving blue oceans in the foreseeable future. 
 
 
2. Literature Review 
 
A review of past literature indicated that different methodologies of evaluating the transport-related 
environmental impacts had been introduced. For example, the INFRAS/IWW report, entitled External 
Costs of Transport: Accident, Environmental and Congestion Costs in Western Europe, with the 
objective to improve the empirical basis of external costs of transport based on the actual 
state-of-the-art of cost estimation methodologies and identified a general approach (INFRSA/IWW, 
2000), introduced a methodology to evaluate broad external costs generated by all kinds of transport 
modes. The broad costs categories covered not only the various environmental impact costs, e.g., nature 
damages, noise, air pollution, climate change, etc., but also other costs triggered by accidents and 
congestion within the transport sector. Here the most significant methodology was the ‘resource’ 
approach, or the so-called ‘damage cost’ approach, which was introduced to estimate the opportunity 
costs in damaged natural resources or social welfares. If one could not properly estimate the damage 
costs, the second best approach, called the ‘prevention’ approach, aiming to estimate the costs spent on 
avoiding the potential environmental impact, would be introduced, especially on climate change aspect 
(INFRAS/IWW, 2000; Daniels and Adamowicz, 2000).  
 
Later in 2005, based on the INFRAS/IWW (2000) study, the EU updated the methodology in their 
research project entitled ExternE. Similar to the INFRAS/IWW report in 2000, this study concentrated 
on external costs evaluation, of which the environmental impact was one category. ExternE was not 
designed specifically for maritime transport sector, but a more general purpose to quantify all the 
energy-related external costs from electricity and heat production as well as transportation. It had 
developed an original methodology, namely the ‘impact pathway’ approach, which was useful 
especially in the quantification of the impacts by emission through providing a framework in 
transforming impacts, which were originally expressed in different units, into a common monetary 
value (European Commission, 2005). The study divided the methodology into three principal steps, 
namely: (i) defining the target to be studied, as well as the important pollutants and injured parties; (ii) 
estimating the impacts with a “dose-response function” and transformed these impact costs into 
monetary values; and finally (iii) assessing the uncertainties, analyzing the results and drawing 
conclusions. However, while the introduction of approaches could potentially measure environmental 
impact costs effectively, its generality was jeopardized by since the fact that the results overviewed by 
INFRAS/IWW (2000) were obtained only through EU research projects, e.g. TRENDS, ExternE, PETS 
and TRENEN, and similar data could be hard to obtain in regions outside the EU, thus limiting its 
general applicability. Furthermore, since the INFRAS/IWW (2000) study was not specifically for 
maritime transport sector, there had also been no detailed discussion and models on maritime-generated 
environmental impact evaluation being introduced.  
 
On the other hand, Etkin (2003) provided a more straightforward methodology in evaluating oil spill 
impacts of shipping activities. In her work, both natural environmental and socio-economic losses were 
considered and she claimed that her model possessed the ability in quantifying relative damage and cost 
for different spill types for regulatory impact evaluation, contingency planning, as well as assessing the 
value of spill prevention and reduction measures (Etkin, 2003). In her paper, all the models were based 
on ‘quantity of the pollutant’ as the main variables in her formulations, and the easy-look-up tables 
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made the models simple and handy estimation. Factors such as spill amount; oil type; response 
methodology and effectiveness; impacted medium; location-specific socio-economic value, freshwater 
vulnerability, habitat/wildlife sensitivity and location type were identified as spill-specific factors have 
the influences on oil-spill impact costs (Etkin, 2003). These spill-specific factors were incorporated to 
provide a more accurate oil spill impact assessment. Unfortunately, until recently, there had been no 
empirical evidence indicating that her approach could be soundly applied into the maritime industry 
outside the US, as the parameters in the models were highly specific to the American situation, 
including geographical, environmental and socio-economic conditions around and thus the 
methodology might be ad hoc to one specific country, although in theory the parameters could be 
adjusted in order to correspond with different situations, although Etkin herself made no attempts in 
generalizing the applicability of her work.  
 
Recently, Liu and Wirtz (2006) had also developed a series of economic evaluating models in 
calculating the impacts of incidental oil spills. Their model consisted of two principal steps, namely: (i) 
measuring the lost services of injured natural resource; and (ii) integrating the lost services with a unit 
value of injured natural resource, which was either measured by economic valuation methods or 
transferred from existing valuation studies. In their paper, they introduced the ‘service recovery 
function’ into the model, and defined a broader concept of ‘environmental impact cost’, which covered 
‘natural environmental’, ‘social-economic’, ‘responding’, and ‘research’ costs and the unit values of 
‘injured party’ in their model accordingly. Both the natural environmental damages and socio-economic 
losses were deemed as the sum-up of opportunity costs in a non-market or market. For ‘responding cost’ 
evaluation, they entirely used the clean-up model introduced by Etkin (2003), of which the expenditures 
for natural resource damage assessment and the costs for investigating and monitoring affected areas 
were classified as parts of the ‘research costs’ of the total environmental impact cost package (Liu and 
Wirtz, 2006). On the other hand, Garza-Gil and Prada-Blanco (2006) introduced the similar models as 
Liu and Wirtz (2006). However, their work was limited to ‘socio-economic losses’ and ‘response costs’ 
due to accidental (rather than routine) maritime pollutions. Also, although their model was based on 
historical observed data analysis, they did not include a ‘service recovery function’ of the injured 
parties, thus making their model failed to forecast future path of recovery pattern, as well as the future 
impact costs. 
 
Finally, IFAW (2007) concentrated their recent studies on the chronic oil pollutions from routine 
maritime activities along Northeast European coast, and examined the impacts to the population of 
seabirds. IFAW gave detailed measures and information from their “beached-bird surveys” and other 
monitoring methods. However, their study was only limited to the environmental impacts from 
maritime oil spills, i.e., MARPOL Annex I category. Impacts due to other maritime-generated 
pollutions (in MARPOL annex II-VI) were not considered, even although such impact might not be as 
significant. Similar to other European studies, the IFAW (2007) report was based on thorough pollutant 
data from EU projects, such as EGEMP and OCEANIDES conduced by EC Joint Research Center. 
Thus, IFAW’s methodology might not be able to apply to other countries/regions, since such similar 
detailed information might not be available. 
 
Despite the existence of the above mentioned studies in providing general environmental impact 
estimation concepts and methodologies within the transport sector, these studies shared common 
deficiencies. Firstly, most of them had only concentrated on assessing the costs of major pollution 
incidents within maritime operations only, where pollution from routine operations was often 
overlooked, despite its potential in causing even more environmental and socio-economic impacts as 
mentioned before. For example, the works of Hoc Panel (1997), Liu and Wirtz (2006), and Garza-Gil 
and Prada-Blanco (2006) put all their attentions on large-scale accidental oil spills (notably Exxon 
Valdez and Prestige) rather than routine minor oil spills (like spills from engine room or oily ballast 
water discharging in routine shipping and port activities). Indeed, large-scale of pollutants from major 
shipping incidents did not make them as the main source of sea pollution (Etkin, 1999; Etkin et al., 
1999; GESAMP 2001). As an attempt to address this deficiency, Bigano and Sheehan (2006) and 
GESAMP (2007) calculated small and large-scale accidental oil spills separately using different models. 
Unfortunately, still, both studies did not extend to other maritime pollution source or providing the any 
further detailed evaluation of environmental impacts along the coastal areas.  
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Secondly, as indicated in the works by INFRAS/IWW (2000), Etkin (2003) and IFAW (2007), even 
when some types of generalization had taken place, it was highly restricted within a regional 
perspective, of which useful data (or the categories set by the studies) was usually available only within 
a particular region, e.g., the EU, US, etc. Finally, although a number of existing works considered the 
chronic environmental impact from routine shipping operations, they had not extended their work any 
further to a broader pollution source category, such as air emissions and chemical disposals, as 
characterized by the works of Bigano and Sheehan (2006), GESAMP (2007) and IFAW (2007). Clearly, 
further works are required to tackle this issue more comprehensively.  
 
 
3. The New Perspective 
 
Based on the literature review, here the authors introduce a new model to evaluate the environmental 
impacts which are specifically generated from maritime industry. Different from previous literature as 
discussed before, this paper’s models have various specific features, namely: (i) chronic environmental 
impacts from routine maritime activities in seaport area, not for incidental pollutions, because incidental 
pollutions cannot be well-forecasted; (ii) the main variable – quantity of pollutants – is from the port’s 
routine records which are based on MARPOL73/78 Annex3; a broader types of pollutants can be 
examined by using the model and such kind of data is comparatively easier to obtain4; and (iii) the 
concepts of ‘service recovery year’ and ‘service recovery function’ are being introduced, based on (and 
improved) from the existing literature; and (iv) broader costs categories are to be considered, which do 
not only include the costs of natural environmental damage, but also the socio-economic losses, as well 
as response and research costs. Before going on, however, it is noted that the proposed model here is 
used to assess the environmental impacts on port and coastal areas, not open oceans and seas. 
 
3.1 The formulation 
 
Long-term pollution from routine maritime activities, especially within the port areas, does not only 
impact the natural environment, but also the socio-economic welfare, with seabirds and coastal fishery 
being respective illustrative examples on different categories of the injured parties. The proposed model 
with broader costs categories can be found in the following formulation: 
 

cxRSNTC
p

pppp −= ∑ ),,,(  (1) 

 
where TC represents the total cost of maritime-related negative environmental impact; p represents the 
pollution sources found in MARPOL73/78; N represents the total natural environmental damages; S 
represents the total socio-economic losses directly related to p (such as lost in commercial fishery due 
to ship oil spills); R represents the summed costs of response (like clean-up and removal costs) and 
research to the pollution (which is usually a constant with little correlation with p); x represents other 
possible costs due to pollution impact from maritime activities; and c represents the coefficient costs of 
either combination impacts from MARPOL Annex I-VI. Note that, however, c is the potential 
overlapping costs that from some joint maritime pollutants’ impacts. For example, the lost population 
of certain marine specie might be the result of both vessel oil-spills and chemical washed-water 
discharges. In practice, during data collecting and processing, breaking up such overlapping costs into 
independent cost data could be difficult, partly because that the majority of the data are the ‘package 
data’, on which several kinds of pollutants might have the impacts. As a consequence, in some cases, 
some impact costs may be double-counted, and this also implies that there are still rooms of 

                                                 
3 MARPOL 73/78 (International Convention for the Prevention of Pollution from Ships) is the international treaty 
regulating disposal of wastes generated by normal operation of vessels. It was released in 1973 and was modified 
by IMO’s Protocol of 1978. The Convention includes regulations aimed at preventing and minimizing pollution 
from ships – both accidental pollution and that from routine operations – and currently includes six technical 
annexes: oil spills, noxious liquid substances, harmful substances, sewage, garbage and air pollutions. 
4 For example, unlike many other sources, data obtained from MARPOL 73/78 does not involve significant 
monetary costs or confidentiality issues.  
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improvements for MARPOL 73/78.  
 
3.2 Natural environmental and socio-economic costs 
 
Impacted by certain type of maritime-related pollution source p, the total natural environmental 
damages (N) can be expressed as the function of unit value and quantity of injured natural resources, as 
well as the years spent on recovering their lost service (or value), as expressed in the following 
formulation: 
 

∑∑ ∗∗=∗∗=
i

ipN
i

iiNp YQgVYQVN )(  (2) 

 
Similarly, socio-economic loss (S) can be expressed in the following formulation:  
 

∑∑ ∗∗=∗∗=
i

ipS
i

iiSp YQgVYQVS )(  (3) 

 
where i denotes the injured party that is impacted by pollutant p, which can be the injured party in 
either the natural environmental or socio-economic categories; V is the unit value of i; Qi is the quantity 
of i, while Qp is the quantity of p; g(Qp) = Qi is the relation function between quantity of pollutant and 
quantity of injured party; Y is the service recovery years of i, or to say, the real time spent on injured 
party in order to let recover its lost value or service. 
 
Here is to note that, although V is the unit value of i, VN and VS represent the different value of i on 
natural environmental (non-market) and socio-economic (market) aspects; the calculations of VN and VS, 
therefore, are different. Calculating VN can be one of the most difficult steps in maritime environmental 
impact estimation as VN is extracted from environmental common resources which the unit value cannot 
be evaluated via examining the market-driven price, it should therefore base on the approximate 
average ‘willingness to pay’ (WTP) method, through applying the Contingent Valuation Method 
(CVM). On the other hand, all the socio-economic goods are traded within marketplace and have their 
market values, estimating VS is comparatively easier and thus during VS’s estimating process, it does not 
need to calculate the rough average WTP through complicated CVM (like VN does). The only thing that 
should be done in estimating VS is to examine the price in existing or future market place, e.g., the 
potential unit income from fishery for certain fish i, the potential average revenue from certain coastal 
tourism, etc. 
 
3.3 Response and research costs 
 
Response and research costs can be expressed in the following formulation:  
 

βα +∗= pp QR , 0>pQ  (4) 
 
where α is the unit response cost; β is the research costs. As discussed, response cost response includes 
all the costs directly related to addressing maritime-related pollutants, but not the treatments to the 
injured parties, for instance, rescuing contaminated marine mammals. The function of R has two 
sections, in which the response cost has a linear relationship with pollutant amount while the research 
costs are deemed as constant. R has no relationship with recovery function of injured parties; but is the 
direct function of pollution amount Qp. The unit response cost α, which the value is determined by 
current market. During a certain period, Rp has a linear function with Qp due to the routine small-scale 
pollutions, the unit response cost α can be constant. However, in practice, there is hardly any maritime 
pollutant can be instantly ‘cleaned up’ within a rather short period of time, especially for the case of 
large-scaled illegal pollutions; some pollutant residues (like sticky vessel sewages) might require 
months, or even years and decades, to be completely removed, if possible at all. Therefore, all the 
forecasted future α should be discounted by certain discount rate, such as interest rate, to the present 
until the years when the discharged pollutant is fully removed, namely Qp. For the long-term, chronic 
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environmental impacts from routine maritime activities, research costs β does not have significant 
quantitative relationship with either Qp or Qi. Indeed, β represents the expense of a general marine 
environment research which considers all the pollutants in MARPOL 73/78 Annex, and thus should be 
regarded as a constant.  
 
Other costs, which may cover the expenses on rescuing the contaminated animals, or on the indirect 
research aimed to promote technical innovations for maritime environment improvement, e.g., 
improving the anti-fouling components, new-tech filtering systems, etc., have little relationship with 
collected variables (Qp and Qi) and thus will be deemed as constant in equation (1). 
 
3.4 Service recovery function 
 
As for equations (2) and (3), only a few injured parties from maritime-related environmental impact can 
be fully recovered within short-time period. To evaluate the maritime environmental costs over years, it 
is essential to introduce the ‘service recovery years’ Y of the injured party i. Since the numbers of years 
spent on service recovery are equal to the years when partial service is lost, Y can be also explained as 
the ‘lost service years’ of i. The authors made revisions and improvements on previous literatures and 
introduce Y with more accuracy. As indicated in equations (2) and (3), the impacts can be due to natural 
resource’s degradation and socio-economic welfare losses and, as a consequence, a decrease of the 
service of i after the maritime-related pollution took place. Figure 1 illustrates the service recovery path 
which is presented as the function of Y. 
 

 
 

Figure 1: Service recovery function of an injured party 
 
In Figure 1, f(t) is the service recovery function of the injured party i on year t, while the path of f(t) 
shows the recovery course of a unit injured party over time. m is year when injury begins, as years gone 
by, such loss will be recovered and finally reach zero, of which the service will be fully recovered, or 
when the recovery course has finally stopped (year n). Here is to note that, in some situations, n can be 
also defined as infinite ( ∞ ), or having a trend to ‘permanently close’ to zero losses. This is because not 
all the damages or losses of injured party can be fully compensated after a finite recovery time and 
some services (or values) might be lost forever after serious environmental impact from accidental 
large-scale vessel pollutions like the Exxon Valdez spills. However, given the focus of this paper which 
is on small routine maritime pollutions, it is assumed that n equals to zero. The service recovery years, 
Y, is illustrated in the shadowed area as indicated in Figure 1. The function between f(t) and area Y of 
unit i can be expressed in the following formulation:  
 

∫ −=
n

m iii dttfY ))(1( , ntm i ≤≤ , 1)(0 ≤≤ itf  (5) 
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where f(t) (no unit) denotes the remaining service as the percentage to the full service value which is 
before injured. Therefore, (1-f(t)) is the percentage lost service at year t. Y (in years) is the integrated 
area of small fractions of the real service recovery years.  
 
3.5 Social discount rate 
 
In order to estimate the present value of the lost services over the injury years, the lost services of i have 
to be discounted into present with appropriate discount rate. When considering the discount rate, the 
equations (2) (3) and (5) can be combined, forming the following formulations:  
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i
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where r is the annual discount rate. Just like V and g(Qp), r may be different in equations (6) and (7). In 
equation (6), which evaluates the impact costs of natural environmental damages, r is the ‘social 
discount rate’. On the other hand, in equation (7), which evaluates the impact costs of socio-economic 
losses, r can be the current market interest rate (or any other suitable discount rate). With the 
market-based character, it is relatively easy to obtain r in equation (7) by examining the current and 
historical market. On the other hand, since equation (6) possesses a non-market character, calculating r 
is more difficult, although based on NOAA’s estimation, the number of social discount rate r is defined 
as 0.03, which would also be used by this paper.  
 
 
4. Case study: Port of Rotterdam, The Netherlands (PoR) 
 
This section illustrates the model’s practicality by applying it into PoR. This section is divided into two 
parts. Section 4.1 discusses the modeling assumptions and data collection, while Section 4.2 illustrates 
the results and discussions.  
 
4.1 Data collection and assumptions 
 
Given that The Netherlands is a member of the MAPROL 73/78, every year, Rotterdam Port Authority 
(RPA)5 would prepare detailed statistics on daily pollutants being discharged into PoR’s premises, and 
such data would be significant enough to represent the general environmental impacts to PoR and its 
surrounding areas caused by routine maritime activities, and so data could be found in PoR’s reported 
pollutions published in the MARPOL 73/78’s Annex providing a clear clue to track the routine 
small-scale pollution sources from port area’s maritime activities with various categories. Thus, based 
on the evaluation model, the authors collected required data of Qp from PoR. RPA recorded data 
regularly on the quantity of pollutants (Qp) generated from seagoing vessels within their port area 
through the years. This unit of Qp of this empirical study is in cubic meters (m3). On the other hand, the 
data of quantity of injured party (Qi) was collected from OSPAR’s recent costal survey along the North 

                                                 
5 Since 2004, a new public corporation had been established in PoR which undertook all the major responsibilities 
related to the operation and management of PoR, namely Havenbedrijf Rotterdam N.V. Since then, the collection 
of data on maritime pollutants was carried out by the Harbour Master’s office under this newly-established 
corporation.  
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European coastal areas. The definition of the pollutants was based on MARPOL 73/78 Annex which 
categorized the pollution sources into five categories (Annex I-V), which can be found in Table 1.  
 

Table 1: Maritime pollution sources based on MARPOL 73/78 Annex I-V 
 

MARPOL 73/78 Annex Pollution sources Type of waste 
I Fuel oil residues (sludge) 

Used engine oil (UEO) 
Bilge water (BIW) 
Wash water oil (WWO) 
Ballast water oil (BTW) 

Ship-generated 
Ship-generated 
Ship-generated 
Cargo residue 
Cargo residue 

II and III Wash water chemical 1 
Others 

Cargo residue 
Cargo residue 

IV Sewage Ship-generated 
V Domestic waste 

Food waste 
Plastics 
Dry cargo residue 
Maintenance waste 
Cargo associated waste 

Ship-generated 
Ship-generated 
Ship-generated 
Cargo residue 
Ship-generated 
Ship-generated 

Source: MARPOL 73/78 Annex; PoR (2006) 
 
Based on the classification of Table 1, Figure 2 illustrates the maritime pollutants discharged into PoR’s 
premises between 1989 and 2006. 
 

 
Source: PoR (2006) 

 
Figure 2: Maritime pollutants discharged into Rotterdam port area, 1989-2006 

 
From Figure 2, it is not difficult to found that, throughout the last two decades, oily waste spills 
(MARPOL – Annex I) had the dominating source of maritime pollutant to PoR. However, one should 
note an interesting phenomenon happened, where the gap between oil waste and other pollution sources 
had been continuously shrinking throughout this period, especially since 2000. As a consequence, it is 
clear that a comprehensive consideration of all polluting categories in the MARPOL Annex is 
necessary in this case, as other pollutants might get more equal impacts to PoR’s port community than 
simply to oil spills.  
 
During the data collection process, a number of assumptions had been made. Firstly, while OSPAR 
(2006) reviewed 21 ecological quality objectives in their North Sea pilot project which covered major 
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possible natural communities impacted by coastal maritime activities, the authors had chosen 
‘commercial fish species’ (expressed in tons) and ‘seabirds’ (expressed in tons) as the two injured 
parities (i) within PoR’s premises. With this assumed i, the commercial fish species represented the 
socio-economic category which was fixed in equation (7); while the seabirds represented the natural 
environmental category fixed in equation (6). The unit values (V) of both natural communities were 
assumed to be constant throughout the 10 years of services recovery and, based on existing information 
on market fishery stock and seabirds along the North West European coast, the authors assumed that the 
average values for commercial fish and seabirds would be 300 USD per ton 100 USD per unit 
respectively. 
 
Also, although the service recovery function, f(t) could be any shapes depending on the characteristics 
of the injured parities, after examining the recovery pattern throughout the years on different injured 
services, Liu and Wirtz (2006) found that the lost service estimation was not sensitive to the choice of 
recovery function, as long as the recovery time did not exceed one decade, of which it would be 
specifically useful for the chronic pollution impacts from routine maritime activities. With such 
understanding, it was assumed that f(t) was in linear function for both injured seabirds and commercial 
fishery values. With the assumed linearity, the initial injured (m) and recovery-ending (n) years would 
be 0 and 10 respectively; For social discount rate (r), the authors followed NOAA’s estimation (see last 
section) and the r which was equal to market-base interest rate in equation (7) was assumed to be no 
different to the social discount rate in equation (6). For response and research costs, the average unit 
response costs (α) in equation (4) was assumed to be 1.5 USD/m3 of all kinds of MARPOL 73/78 
Annex pollutants, and was also assumed as constant through the recovery years. According to anecdotal 
information from the industry, the research cost (β) was assumed as annual inputs for maritime 
environment research and pollution prevention projects. β was assumed to be constant, at 700 000 USD 
per year regardless of Qp and Qi, while the coefficient effects of research to the Qp and total costs would 
not be considered. Finally, it was assumed that no other costs (c) would be triggered from other 
maritime-related environmental impacts. 
 
4.2 Results and discussions 
 
By applying the models that are discussed above with the relevant assumptions and data, the total costs 
(TC), natural environmental costs (N), socio-economic losses (S) and response/research costs (R) can be 
found in Figure 3.  
 

 
 

Figure 3: The projected costs of environmental impacts caused by 
Rotterdam port area maritime activities, 2000-2015 

-

500,000

1,000,000

1,500,000

2,000,000

2,500,000

3,000,000

3,500,000

4,000,000

4,500,000

5,000,000

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

year

U
S
$

seabirds commercial fishery response+research Total



 

354 

Figure 3 displays an increasing pattern of environmental impacts caused by maritime activities within 
PoR’s premises, which is projected from 2007 until 2015. Through regression analysis, it was found 
that both the natural environmental damages (represented by injured seabirds) and socio-economic 
losses (represented by commercial fishery lost) would be significantly sensitive to the pollutants 
categorized in MARPOL Annex I, i.e., oil residues discharged from routine shipping operations, where 
the correlations between Annex I (oil spill) and injured parties are over 90% compared with other 
pollutants (Table 2).  
 
Table 2: The correlations between different injured parties and polluting categories within PoR’s premises 

 
Category Annex I Annex II/III Annex IV Annex V 

Seabirds 0.96 0.75 0.93 0.58 
Commercial fish 0.92 0.80 0.71 0.38 

 
On the other hand, however, the costs spent on response (mainly the disposal of oil spills) and 
researches, however, were huge (Figure 1) and they may, in the long-term, decelerate the trend of the 
negative impacts caused by routine maritime activities. With the consideration of long-term time span, 
usually over the 10 years, research may help ships to improve their cleaning technologies, controlling 
their residues within a reasonable range during the shipping process within the port area or along the 
coastal, and finally relieving the increasing impacts to the overall natural environment and social 
welfares. This means that the research costs should have a negative relationship with the increase rate 
of pollution amount (Qp), and therefore reducing some impacts costs of maritime pollutions. Although 
this paper does not formulize such relationship, mainly due to the complexity in quantifying the effects 
of research (namely, the amount of TC increase rate reduced due to relevant researches results, 
especially the R&D of the green-technology innovation) (where further research is required), Figure 4 
gives an initial readjusted estimation on the trends of the maritime environmental impacts with the 
consideration of coefficient effects of research.  
 

 
 

Figure 4: The projected costs of environmental impacts caused by PoR’s maritime activities with the 
consideration of coefficient effect of researches, 2000-2015 

 
Both Figures 3 and 4 illustrate an increasing trend of general environmental impacts from maritime 
activities of PoR’s premises between 2000 and 2015. It should be noted that the rate of such impacts 
has also been increasing throughout the years. Scientific researches or actions with the aims on clean 
technology improvement and regular pollutions preventions in maritime industry can actually reduce 
the total environmental impact costs by approximately 10% to 30% in a long term context.  
With the understanding that the routine oil residues (MARPOL Annex I) could have significant impacts 
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on PoR coastal environment and society welfare, a recommendation to PoR and other similar ports is to 
put their main environmental considerations on oil spills within or around port area. Based on empirical 
results in this paper, the authors would recommend a number of policy measures to RPA and/or similar 
national authorities and enforcement agencies of other states, as well as the international authorities. 
First of all, it is important to implement OSPAR’s Ecological Quality Objectives (EcoQO) or other 
similar monitoring tools to injured parties in other coastal or seaport areas. Local authorities should 
cooperate with and support local NGOs or other institutes to conduct survey schemes of 
oil-contaminated parties, especially in the ‘natural environmental’ category. That will be very helpful to 
estimate the current and future environmental impact from maritime activities. 
 
Also, although the collection of pollutant data is comparatively easy to the port authority, PoR should 
go on put their main concern on monitoring and recording oil residues in the MARPOL Annex I. This 
also requires the close cooperation between port authorities and shipping companies. To strengthen the 
existing legislation and measures in order to put stricter limitations on future chronic oil pollutions, port 
state control should be improved and makes sure all ships within their port areas would comply with the 
international anti-pollution standards and facilitate the use of port reception facilities. Some economic 
incentive policies should be applied properly to reduce shipping oil spills, e.g., discount on the purchase 
of fuel upon delivery of waste waters to reception facilities, smaller port access fees, etc. (IFAW, 2007). 
Besides, port authorities should also encourage onboard oily waste disposal, and monitor the disposal 
and handling procedure by using the transponders. 
 
At an international level, the IMO should consider amending the MAROPL Annex I, where the 
speeding up of replacing Oil Record Book by the Electronic Oil Discharge Monitoring System 
(EODMS) is required and made compulsory in the MARPOL Annex I. Shipping companies and other 
marine stakeholders should be encouraged to facilitate this transformation process so as to comply with 
the MARPOL Annex I’s oil discharge requirements. If possible, placing the “places of refuge” for 
distressed ships may minimize the risk for the impacts to seabirds and other parties. Finally, in order to 
make the unified database and international regulations, other port states are urged to join the 
MARPOL 73/78. Indeed, the proposed model in this paper can potentially develop to become a global 
generalized model in assessing the environmental footprints due to routine maritime activities, but this 
requires port states around the world to join MARPOL 73/78, as well as providing relevant and 
internationally comparable data and information. 
 
 
5. Conclusion 
 
Long-term chronic pollution from routine maritime activities casts a shadow to coastal natural 
environment and socio-economic welfare, often leading to far more negative externalities over time 
than large, incidental ones. However, due to various reasons, notably the lack of public attention due to 
their routine small dose, invisibility and thus comparatively unnoticeable character, they are always 
overlooked within environment shipping’s research field. Compared with many existing studies, which 
limited to large-scale incidental maritime pollutions aspect, this paper concentrates on routine 
maritime-generated pollution and introduces a new simulation perspective in assessing its impacts on 
the natural and socio-economic environments.  
 
Also, when compared with previous similar studies that were restricted within particular regions, this 
paper has provided a more general evaluation method based on easily-available database and makes the 
future impact trend more predictable. The calculation of maritime pollution impacts depends highly on 
coastal surveys on injured parities amounts and pollutants records, which are based on MARPOL 78/78 
annex. As long as the port state is a member state of MARPOL 73/78, unified and stable routine 
pollutant records will be rather easy to obtain and the evaluation results will likely be comparatively 
accurate. This will also greatly help researchers to compare the coastal environmental impacts among 
different ports. Also, different from large incidental maritime pollution, the chronic future 
environmental impact from routine maritime activities can be well forecasted by applying the models in 
this paper, especially for the small amount pollutants discharged from vessels within or around port 
premises and coastal areas. While not attempting to argue that this new perspective does not need any 
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improvements, notably further research is required to improve the make the assumptions on social 
discount rate and research cost more concrete, it has offered an ideal platform in creating a global, 
generally-accepted method in assessing the impacts of maritime activities.  
 
The variables and the model itself can be readjusted in case of port regions’ specific situations, which 
might be various greatly. The calculations performed in this paper provide approaches for the crucial 
factors should be considered in the maritime environmental protection issue. Based on the findings of 
this paper, reducing the routine small oil spill (in MARPOL Annex I), in the long-term, will have much 
significant effects for the coastal environment and society compared with other maritime pollutants. 
Through addressing the deficiencies of previous works and its reliance on MARPOL’s data source 
(which is, basically, the generally-accepted international standards), the new perspective introduced in 
this paper can potentially become a global generalized model in assessing and benchmarking the 
negative impacts of routine maritime activities on port and coastal areas, especially when more port 
states are joining MARPOL 73/78 in the near future, thus allowing more detailed data to be collected 
from other impacted parties. Last but not least, by shedding light on an important, but often 
under-researched, issue, the authors are confident that this paper has played its role in contributing to 
the progress of achieving blue oceans for future generations.  
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