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Tackling uncertainty in green pricing decision-
making: The case of port infrastructure 

 

Objective  
Seaports are large networked infrastructures, which have considerable spatial impacts (Van 
Twist and Ten Heuvelhof, 1998). Such infrastructures must be prepared to accommodate future 
developments within a context of stakeholder pressure. Similar to other large industrial 
operations generating substantial externalities, transport industries are large polluters (Bergqvist 
and Egels-Zandén, 2012). In 2012, it was noted that international shipping accounted for nearly 
1,000 million tonnes of CO2, CH4 and N2O, an equivalent of 2,2% of global green house gas 
emissions (IMO, 2015). These levels are even expected to increase in the future, with estimations 
ranging between a 50% and 250% rise by 2050 (European Commission, 2015). Stakeholders 
with environmental claims not only consist of environmental pressure groups or local and 
regional governments: supply chain actors are increasingly transferring the pressure from their 
end customers to the various nodes of the supply chain. Ports are facing up to the environmental 
challenge and seek to demonstrate their environmental responsibilities as well as running a safe 
and successful commercial operation (Wooldridge et al, 1999). The European Commission is 
convinced that ports are able to provide incentives to the shipping industry in its effort to 
improve the industry’s sustainability (ESPO, 2015). An example of such an incentive is 
differentiated port infrastructure charging, with reference to environmental performance. Such 
charging schemes enable shipping lines to reduce their total port dues if the ships that call a port 
comply with certain conditions of environmental friendliness.  
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It appears that differentiated environmental charging schemes are not yet rooted within the main 
pricing or charging strategies of every port and its port cluster authority, and that different types 
of schemes are applied among different port authorities. Whereas the shipping industry is 
regulated and controlled in terms of environmental liabilities and responsibilities, the approach 
followed by the port sector is that of compliance through voluntary, self-regulation. Such an 
approach is suitable given that each port is unique in terms of its governance structure, 
geographical characteristics, and influence from local social and normative contexts (next to 
international influence) (Verhoeven, 2010; Acciaro, 2015). Yet, when the application of such 
schemes is limited on an industry scale, then the scope for ports to influence the extent to which 
ships are controlled, to mutual advantage of both industries and their respective stakeholders, 
remains limited as well. 

Some port managing bodies believe in a certain degree of harmonization throughout the industry, 
in order to achieve the biggest environmental impact: this mindset has led to the existence of port 
collaborative platforms and/or specific trade associations (e.g. IAPH’s WPCI, EcoPorts, etc.). 
Some port managing bodies have taken concerted efforts to develop indices that could be applied 
within charging schemes on a global scale (e.g. ESI, Green Award, etc.). Still, a lot of ports are 
hindered by the uncertainty to decide about the application of the schemes. Not all ports posses 
the slack resources to investigate their environmental performance, or perform the required and 
often sophisticated market, financial and economic analyses required, and neither develop nor 
introduce such a scheme. Also, it is not always the port managing body that has full autonomy to 
decide on this matter. Thus, achieving an industry wide significant positive impact based on 
differentiated charging schemes seems to be hindered by the complexity of the industry and the 
uncertainty related to the matter. On top of that, port managers have to deal with social networks 
that consist of economic and environmental actors with conflicting values (Bekebrede, 2010), 
complicating both internal and external decision-making. 

We thus observe a significant degree of uncertainty, which acts as a barrier to implementation of 
this negative externality reducing mechanism. The objective of this paper is to develop a 
supporting tool that can lower this barrier to implementation. Therefore, we apply a Complex 
Adaptive Systems (CAS) lens, which allows us to use a framework that can explain how a 
bottom-up approach can lead to an industry level impact.  Research on complex systems focuses 
on different units of analysis: for social sciences the levels of the individual, the group and the 
organization can be used, while in economics the distinction is made between micro, meso and 
macro levels.  This literature specifically focuses on how to manage the complexity and 
decision-making, in cases where multiple agents are involved and that are largely technology-
based nowadays, and how to ensure the performance the different levels (Bekebrede, 2010), 
which seems as a good fit for the objective of this research. The port industry can be regarded as 
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a complex system as it consists of many elements or subsystems which are interrelated 
(Kauffman, 1993; Bekebrede, 2010), such as, amongst others, port authorities, terminal 
operators, shipping lines, and customs. Complex adaptive systems are then considered open 
systems, i.e. they are adapting to changes that occur in their environment, e.g. changes in 
throughput, regulation or stakeholder pressures. Thus, infrastructures can be regarded as 
Complex Adaptive Systems (Bekebrede, 2010). We translate the framework of Van der Lei, 
Bekebrede & Likovic (2010) to the purpose of this study. Van der Lei et al. (2010) propose that 
the system consists of 3 levels: agent, network and system-level, with each exhibiting distinct 
properties. Agents act in response to inputs they receive from the environment. At the system 
level, emergent patterns through the actions of the agents will be revealed (Crutchfield, 1994; 
Jennings, 2000; Bekebrede et al., 2015). By developing a tool that can support the decision-
making process and stakeholder dialogue, an intervention can be installed on the level of a port 
authority (the agent level), which will influence the system as a whole (De Bruijn & Herder, 
2009; Bekebrede, 2015). In Table 1 we describe the system in terms of the properties, translated 
to the case, on each of the 3 levels: 

Table 1:  Summary of properties of complexity in the industry 

System level Ports industry 

• Emergent behavior • Stakeholder satisfaction through 
differentiated pricing scheme 
implementation 

• Self organization • Different possibilities of existing 
schemes, defined through 
collaboration 

• Path Dependency • Build and adapt strategy  
• Institutional framework 

• Robustness and instability • Based on the input of agents and 
stakeholder decisions on ship design 

Network level Trade and logistics network 

• Network dynamics • Cargo transport 
• Use of ships that do (not) apply to 

criteria of scheme  
• Network evolution • Changing structure of the logistics 

network 
• Changing ship characteristics 

Agent level Port Authority 

• Adaptability • Changing pricing strategies 
• Learning and Knowledge 



 

IAME 2016 Conference | August 23 - 26, 2016 | Hamburg, Germany  4 

Management 
• Agent diversity • Different governance structures of 

port clusters, stakeholder management 
(Verhoeven, 2010; Dooms, 2010) 

• Interface and protocol similarity • Process, structures and organization 
on the level of the individual port 
cluster 

Source: Authors, based on Bekebrede, Lo & Lukosch, (2015) 

We analyze relevant literature to define the variables that are relevant for the definition of an 
appropriate differentiated charging scheme of a port. The variables can be categorized under the 
internal dimension of a port, consisting of finance/resource base and governance structure; and 
the external dimension, consisting of market variables, and environmental/social variables. 
Based on these dimensions and their sub-dimensions a multi-criteria based toolbox is developed 
that can guide a port manager to the position of its port in one of the quadrants of a matrix-
structured framework. We propose that through the definition if a port scores high or low on the 
sub-dimensions, various outcomes and recommendations can be formulated on the agent level 
towards an appropriate differentiated charging scheme. Furthermore, best practices are 
incorporated as to decrease knowledge gaps, and compare or challenge alternative solutions. 
Furthermore, based on a complex adaptive system perspective, we suggest that through this 
reduction in uncertainty, ports can increase the impact on the industry level, through the 
emergent behavior of these agents (large scale application of differentiated charging schemes) 
that influences the system level (i.e. the industry). The system level output would then be an 
improved environmental performance of the industry, satisfying the stakeholders, which exerted 
pressures to do so. 

Methodology 
To develop an overview of the variables that influence the decision making process of a port 
authority to implement a differentiated charging scheme with respect to environmental 
performance, existing literature on differentiated charging schemes was consulted. Out of this 
literature review, we observed that the variables could be subsumed to  four large dimensions: 

• Governance: reflecting the degree of autonomous management of the port authority in 
setting pricing/ charging schemes 

• Financial/resource base: based on the availability of slack resources (financial and human 
resources) to engage in differentiated pricing  / charging schemes (and the associated ex-
ante and ex-post analyses, monitoring and administrative processes) 

• Environmental variables: referring to the complexity and interrelatedness of the 
environmental and stakeholders challenges the port cluster is facing 
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• Market variables: referring to competitive pressures in the cargo markets the port is 
active in. 

To collect the necessary inputs for the development of the toolbox the authors made use of a 
three-step approach. First, research in the form of a cross-case study was conducted as to 
compile a number of port authorities that differ substantially in their general structure/profile. 
The objective was to examine to which extent these port authorities provide information on 
environmental charging in all its aspects (financial consequences, environmental performance of 
the scheme, monitoring, etc.) on their website. In-depth semi-structured interviews were 
followed to further collect missing information and/or validate the first step. Fourteen (14) 
different port authorities were interviewed over a 7-month period (June 2015 - December 2015). 
During these interviews we focused on the following aspects to determine the port managing 
body’s internal and external situation: a description of the port, how and if charging indexes were 
implemented and motives behind it, details and impact on the financial dimension, 
implementation and monitoring, dialogue with stakeholders about the matter. In most cases, 
approximately two to four experts from the port authority, not only limited to the environmental 
department, attended the meetings, which is in line with the multidisciplinary nature of the issue. 
The interviews took on average 1,5 - 2 hours. This extensive case study material provided a large 
amount of insights regarding daily practices and the rationale behind the decision-making 
process of the implementation of “green” port infrastructure charging as well as the barriers to 
implementation.  

Based on this information, a toolbox was created which takes into account the internal and 
external environments of the port, and can as well be of use as a supporting tool for the decision 
making process regarding differentiated charging scheme implementation. After a first 
conceptual idea was created, the authors presented the toolbox during a stakeholder’s workshop, 
consisting of about 30 experts from port authorities (including some of the respondents), 
(European) trade associations representing various port actors and markets, shipping lines, and 
NGOs, during end of January 2016 in order to get both validation of the approach and further 
inputs. Based on this stakeholder feedback, the tool was further refined. The finalization and 
testing phase of the toolbox consisted of direct interaction with the industry trade association, the 
representative of ECOPORTS within European Seaports Organisation (ESPO), as well as two 
leading port managing bodies from the Hamburg-Le Havre range, at the beginning of March 
2016. We visualize this sequence in Figure 1: 
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Figure 1: Methodology 

 

Source: Authors 

 

Results  
We applied a Complex Adaptive Systems lens to argument for the bottom up approach of 
implementing harmonized differentiated charging schemes in relation to environmental 
performance of ships. In CAS theory, the agents (ports) receive input from the environment 
(stakeholder pressures to improve environmental performance) to which they react. Yet, the ports 
do not all posses slack resources to carry through the necessary analyses. Also, various factors 
seems to shed a cloud of uncertainty, hindering the decision making process of port managers. 
Thus, the need for a supportive tool that intervenes at agent level seems appropriate. This would 
create changes in the output of the agent level, and through this emergent behavior be able to 
influence the systems level (industry level). In result, a more sustainable port industry would 
develop in parallel with improved stakeholder relations. 

The toolbox provides support for port management and policy makers in following ways:  

• Supporting	the	decision-making	process	of	selecting	a	particular	“green”	charging	scheme;	
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• Decreasing	uncertainty	surrounding	 the	decision	making	process	and	offering	 insights	 for	
ports	currently	not	applying	any	scheme;	

• Provide	 learning	 opportunities	 for	 ports	 that	 currently	 apply	 a	 scheme	 (assess	 and	
challenge	the	appropriateness	of	the	current	scheme);	

• Support	port	managing	bodies	and	their	stakeholders	in	the	environmental	discussion.	

Based on the information gathered during the desk research and the more detailed case studies, 
the authors discovered that ports are confronted with variables, both within the internal context 
(e.g. the ‘degree of freedom’ to act autonomously, amount of available resources and financial 
basis, etc.) and external context (e.g. the amount of direct competitors; the amount of 
environmental complexity and stakeholders a port has to deal with, the geographic location of 
the port, etc.) that have an influence on the decision making of port management. The extent to 
which the port cluster is affected by some or all of these variables, and can exert control on these, 
influences the facets of a port’s ‘vulnerability’ or, vice versa, its ‘resilience’. In general, all these 
variables can be subsumed into four dimensions that can be defined as the decision-making 
parameters with regard to how, and if, environmental differentiated charging schemes would be 
implemented:  

• Market.	 These	 variables	 give	 insights	 into	 the	 competitiveness	 of	 the	 port.	 Does	 the	 port	
experience	 a	 lot	 of	 competition	 in	 its	main	markets	 or	 is	 it	 a	 leading	 port	with	 high	 and	
stable	market	shares?	It	is	clear	that	in	the	latter	situation	the	port	is	a	leading	player	in	the	
industry	and	does	not	experience	much	short-term	economic	vulnerability,	meaning	that	it	
will	not	be	 forced	to	 limit	 its	 incentive	schemes	to	elite	groups	or	selected	cargo	markets,	
but	 that	 it	even	can	enhance	 its	position	by	giving	 the	 incentive	 to	all	 its	 customers	or	by	
putting	“add-on”	features	to	the	scheme	(e.g.	rebates	for	the	use	of	LNG,	rebates	related	to	
fine	particles,	etc.).		

• Environmental	and	social	responsibility.	This	dimension	is	linked	to	the	extent	that	a	port	is	
confronted	with	 a	 lot	 of	 environmental	 issues	 and/or	does	not	have	 to	 formally	 take	 into	
account	many	stakeholders	in	formal	and	informal	decision	processes.	A	port	that	is	located	
within	a	large	urban	area	will	have	to	consider	the	local	community	more	as	an	important	
stakeholder	than	a	port	that	is	a	remote	coastal	port.	Both	the	total	of	environmental	issues	
a	 port	 has	 to	 take	 into	 account	 and	 the	 amount	 and	 complexity	 of	 stakeholder	 relations	
provide	 an	 indication	 of	 the	 amount	 of	 managerial	 attention	 the	 port	 should	 pay	 to	 the	
implementation	 of	 environmental	 charging	 schemes	 and,	 furthermore,	 to	what	 extent	 the	
port	can	implement	the	scheme	in	the	basic	format	and/or	should	extend	it	with	“add-on”	
features.		

• Governance.	 This	 dimension	 relates	 to	 the	 degree	 of	 autonomy	 the	 port	 has	 in	 its	 daily	
operations	 and	 its	decision-making	process.	 If	 the	port	 acts	 like	 an	 autonomous	 company	
with	an	autonomous	board,	the	port	would	score	‘high’.	There	are	also	situations	where	the	
port	 is	 under	 the	 full	 authority	 of	 a	 national	 or	 regional	 government,	 which	 means	 that	



 

IAME 2016 Conference | August 23 - 26, 2016 | Hamburg, Germany  8 

initiatives	 regarding	 incentive	 schemes	 and	port	 tariffs	 in	 general	 should	 be	 approved	by	
higher	institutions	(or	are	even	set	or	determined	by	them).		

• Financial	 position	 and	 human	 resources.	 These	 variables	 define	 the	 amount	 of	 available	
resources	 for	 the	 integration	of	a	charging	scheme	 into	 the	daily	operations.	The	stronger	
the	financial	position,	the	more	leeway	a	port	has.	Alternatively,	the	port	should	pay	more	
attention	to	the	financial	consequences.	In	many	cases,	one	would	expect	that	the	financial	
position	of	a	port	is	proportional	to	the	amount	of	human	resources	available.	The	larger	the	
financial	 basis,	 in	 general,	 the	 larger	 the	 potential	 pool	 of	 employees	 and	 thus	 the	more	
(human)	resources	available	to	support	the	initiatives.		

The market and the environmental & social responsibility dimensions reflect the external 
dimension of a port, while governance and availability of resources and finances are issues 
inherent to the port and thus reflecting the internal dimension. As a result this knowledge can be 
projected into two matrices, each focusing on a different dimension. The results in both 
individual matrices can be combined into one general matrix with on the horizontal axis ‘Internal 
complexity’ and on the vertical axis ‘External complexity’ (see figure 2). These three matrices 
form the fundament of the working of the toolbox.  
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Figure 2: Development of the toolbox 

 

Source: Authors 

Each of the four subdimensions is defined by one or two questions1. Based on the given answers 
the port authority will score high or low on each of the dimensions. Merging the results together 
makes it possible to position a port in all four subdimensions, resulting in a specific quadrant in 
the general matrix, defined by the underlying quadrants of the two smaller matrices. In total 16 
different scenarios are possible. Each scenario is characterized by a set of recommendations (see 
Implications)2.  

 

Implications for Research 

                                                
1	As	this	is	an	extended	abstract	the	authors	are	limited	in	providing	an	overview	of	the	specific	questions.	
2	As	this	is	an	extended	abstract	the	authors	are	limited	in	providing	an	overview	of	the	specific	
recommendations.	
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In this section, we provide by means of an example a case for the managerial implications:  
authors have assessed the tool together with case of the Port of Antwerp. Based on their answers 
the Port of Antwerp was positioned in quadrant A2B1 (see Figure 2). Thus the port resulted in 
the advised quadrant. The recommendations/implications that are linked to this profile are the 
following: 

1. To	obtain	a	larger	share	in	the	total	of	vessels	and	to	obtain	a	larger	impact:		
→ Consider implementing more initiatives, incentive schemes (e.g. combine ESI and 
Green Award). 
→ Consider making use of a tier system (e.g. apply the ESI with a first discount when 
reaching the score of 20 and a higher second discount at the score of 31) or “add-on 
features” (e.g. extra discounts for additional initiatives like the use of LNG, OPS, etc.)   

2. Try	 to	 pursue	 an	 open	 communication	 towards	 the	 stakeholders;	 organize	 meetings	 on	 a	
regular	 basis,	 make	 use	 of	 social	 media	 to	 communicate.	 The	more	 transparency	 the	 more	
stakeholders	will	be	convinced	of	the	goodwill	behind	the	approach	/	direction	the	port	wants	
to	take.	

3. The	port	has	the	advantage	to	apply	the	scheme(s)	that	is/are	most	suitable	for	the	port;	the	
required	budget	is	available,	taking	into	account	the	complexity	of	the	stakeholders’	relations.	

4. Because	of	the	large	financial	basis,	 it	 is	not	necessary	to	discriminate	in	cargo	markets.	The	
port	is	able	offer	the	rebate	to	every	eligible	vessel.	

Other refinements in the approach of the toolbox could be integrated in the future. The current 
toolbox is built to offer strategic insights, answering questions such as “Why should a port 
implement a incentive scheme?”, “What are common implementation features linked to certain 
port profiles?” and not necessary on the specific question of “Which specific environmental 
scheme to implement?”, and the different environmental and technical elements associated with 
this, which require a more in-depth understanding leading to a level of complexity impossible to 
handle within a modeled tool. However, once a general approach to a charging scheme (or a 
selection of schemes) is determined, the user of the toolbox could or should be guided within 
existing industry arrangements such as the ESI initiative (IAPH WPCI), the Green Award 
Foundation, the Clean Shipping Index, Rightship or Blue Angel. If the ports implement 
differentiated schemes on a larger level, the impact on the industry level would increase, creating 
more leverage towards the use of more environmentally friendly ships. 

We note some methodological remarks as limitations to the research: (1) the simplicity of the 
tool implies certain limitations in terms of taking into consideration the detailed situation of 
every port. As such, the toolbox is not built from a normative approach based point of view. 
Recommendations provided by the toolbox are either a starting point for the discussion at the 
level of the individual port, or, alternatively, confirm or challenge the scheme currently in place 
and/or the choices already made; (2) the current amount of cases treated might not provide for 
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every port a full match with a current best-practice port. Further and ongoing validation will be 
needed once the tool gets in permanent use; (3) the practice of environmentally differentiated 
schemes is still, even for the leading ports, essentially a learning exercise and no stabilized 
solution. The schemes will evolve in a dynamic way given the characteristics of this open 
system, and so will the toolbox need to evolve in a dynamic way, leading to a need for frequent 
revision/updates (i.e. adding new information and insights on the application and results of 
schemes) to further support the ports/agents in their decision making. 

For future research the authors highlight that the tool is built through a bottom-up approach with 
currently 14 case studies. Replication of the study could offer additional insights: more ports, 
from other world regions, could be added so that the toolbox will be based on a broader spectrum 
of information. All the different operational structures that exist and their specific practical 
implementation features regarding charging schemes could be analyzed, and integrated. Also, 
recommendations could be further linked to other environmental performance enhancing 
initiatives to provide a more holistic overview. 

 
**** 
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