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Abstract. The effects of climate change are very uncertain. Very little
attention has been paid at the consequences on infrastructure systems
of water, energy and transport. While the interconnections and cascade
of effects on the economic society are huge. Policy makers have to deal
with these uncertainties The unstructured problem of climate change
adaptation strategies asks for a productive connection between science
and policy. Our research explores the interconnection between climate
change, infrastructure systems and governance, from an adaptive
management approach and using the policy science interface explicitly.
Adaptive management centralizes the concept of and the dealing with
uncertainties. The policy science interface starts with the
acknowledgement of the necessity of multiple domains and multiples
per spectives by solving complex problems. In this perspective a model
is an instrument to bridge the gap between science and policy
boundaries. By exploring a case study we will bring together and
advance knowledge from these multiple domains and multiple
stakeholders. We will produce and use a socio-technical qualitative
model, and learn how this model will help to structure the complexity
and will span boundaries. We use the stakeholders in workshops to
sharpen our research, to identify lacking knowledge and to start to
bridge the gap between science and policy. Using models as knowledge
brokerage instrument in the infrastructure policy decisions is
interesting to explore more often.
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1 Introduction

Many infrastructure providers and administratore atruggling with the issue of

climate change: how to deal with the effects, wiew investments and maintenance
strategies should they decide on, how to keep ¢h@ark accessible, and what about
prevention measures. Especially when several egtressather events occur more



frequently, which effects the functionality of tietworks for utilities like drinking
water systems, sewage and electricity and the ihpbiétworks like roads, rails and
inland waterways. Heavy snow- and rainfalls camuglisthe transportation system
totally, like happened last winter in the NethedanThe interconnection between the
infrastructure networks and the cascade of effdetgls to economic damage
(Veerbeek et al, 2010).

The climate scenario’s tend to more, longer andemadten these extreme weather
types. What exactly the consequences will be fionatiologic circumstances and for
the weather types, especially on a regional andl Iscale, is uncertain. The climate
conditions during the past decades are most likelylonger a reliable source for

future investment decisions considering adaptasioategies (US National Research
Council, 2008). Only few studies have researchedetfiects of climate change to
infrastructure and networks. The cluster of Ecodétather and Ewent are European
funded research projects, looking at the effectsliafate change on successively the
inland waterway networks, regional hazards and Eh@opean transportation

networks. They all concluded that there are stiljén uncertainties in valuing the

damages caused by weather extremes to transporgstems, which are determined
by system delimitations, consideration of extreraeswell as by data uncertainties
(TRB, 2012). These huge uncertainties do not fatdidecision making at all. One of
the first reports on climate change effects ongpartation have already posited that
climate change poses a difficult challenge to decisakers (TRB, 2008).

From the climate change perspective infrastructnemagement is a complex issue
because of the interconnection of the infrastrectoetworks with the economic
society and the uncertainties of the effects. INCAHesearch program in the Dutch
Knowledge for Climate Innovation Program, aims évelop adaptation strategies for
infrastructure and networks, taking into accounis teomplexity. The climate
adaptation strategies will be developed on the $akadaptive management (Holling
cs, 1978). This paper describes the system maodaisate developed in this research,
and elaborate their usefulness to describe theadtricture system, and as new
adequate approach to the production of knowledgenirinterface between science
and policy (Duijn and Rijnveld, 2007). Based on tieory of boundary work
(Jasanoff, 1990), we describe how the model carudedl as boundary spanning
objects.

2 Climate Adaptation Strategiesfor Policy Makers

Many countries are thinking of adapting to the effeof climate change (US National
Research Council, 2010; Dutch Deltaprogramme, Ukn&ie Change Act, 2008).
Only a few countries have issued an adaptationcypolor infrastructure, like
Germany (Federal Government, 2008).

A common way in policy making is the linear approdor finding solutions. As well
in model building it is easier to understand, tee@ch and to measure. A model is by
definition a simplification of reality. Many policgroblems are perceived to have a



linear relationship between problem and solutian.ptactice, the problem is not
solved and unexpected events occur. An examplefiastructure is the problem of
congestion. Although all experts agree that bugdimew highways is a short term
solution, and does not solve the problem of congesin the long term, Dutch
ministers of Transport have focused on new andaesd@pacity of highways. More
capacity on the roads only attract new traffic; thecessibility increased in
relationship with a higher number of cars arrivinga particular time, the individual
travel time per car will tend to the old level.

The Dutch Council for transport and networks habliphed an advice on climate
adaptation for infrastructure (Raad voor VerkeeMéaterstaat, 2009), which is built
on adaptive governance (Rahmen et al, 2008). Tyisoach is based on adaptive
management, which is a structured, iterative poadsoptimal decision making in
the face of uncertainty, aiming to reduce uncetyaiiver time via system monitoring.
Adaptive management should be used not only togghansystem, but also to learn
about the system (Holling 1978). Because adaptismagement is based on a
learning process, it improves long - run manageroattomes.

According to Allan and Stankey (2009) the challenige using the adaptive
management approach lies in finding the correcarzzd between a strategic and
tactical level; gaining knowledge to improve managet in the future and achieving
the best short - term outcome based on current letlge. Adaptive infrastructure
management requires a thorough understanding ahttastructure system and input
of a multi-disciplinary and multi-perspective groop stakeholders, enabling policy
makers to define productive adaptation strategieb setting up a learning process.
Indeed, the mitigation and adaptation measuresbeanontra productive, and cost
effectiveness of decisions asks for windows of epyity (Kingdon, 1984) in the
‘normal’ infrastructure management decisions (sgeré 1). And planning and policy
should be flexible to incorporate uncertainties angredictability.
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Figure 1: A high-level integrative system diagram for a@dijoin (source: Dopp, 2011)



The measures can intervene in several ways. Thepreavent effects (higher dikes to
prevent flooding), decrease negative effects (eredternative routes), take them
away or change them (promote teleworking). Eachsoneais connected with other
measures, has secondary effects, and can eveerinéurivers for climate change.

The infrastructure and mobility system can be regdras a complex system (Buchs,
2001). It consists of both physical and social-eroical parts. The influence of

climate change will demand for adaptive capacityhef infrastructure system. Only

then the rapid changes, dynamics and unexpectedsewan be accommodated. The
system approach will also help to address the csessoral linkages between a
problem occurring in one domain and the most effectolution in another.

3 System Approach and the Policy Science Interface

Klir (2001) argued that the aim of system analysi¢o use systems thinking and
methodology for analyzing complex problem situasitimat arise in private and public
enterprises and organizations as a support focyand decision making (Klir,
2001). One of the key feature of systems analysighe recognition that the
complexity of the systems that are studied is sublat complete certainty is
impossible, and that systems analysis is essgntallart and a craft, based on tacit
and informal methods, rather than formal and ekp{Miser & Quade, 1985). They
claim that the system analysis is not a sciendfaripline or method, but it can be
used as an approach for looking at problems angirfgepolicy makers to deal with
the ‘system’. Dopp used this approach (Berkes asillef- 1998, Heylighen, 2000) in
city planning in relationship with climate chandgecause there is a mix of elements
like urban structures and users that are both glathe problem and part of the
solution (D6pp, Hooijmeijer and Maas, 2010). Welwse this system approach to
understand the infrastructure system and the isstiemate change in relation to
each other and to find adaptation strategies tbwligha climate change in the context
of infrastructure and mobility.

Climate and weather conditions cannot be regardetlet stable, especially when
considering long term investment characteristitsceiuires a flexible policy and

planning, capable of evaluation and midterm chang#®n circumstances are
changing (immediately). It also demands for newrapphes to connect short term
interventions with long term objectives. Thus, fl@hkty is not only an attribute of the

physical system, but also part of the social andegmance system. This implies
consequences for policy making and decision maghogess and for the institutional
arrangements of public and private and societalords.

Hischemoller and Hoppe (2001) describe these typealemision making as an
unstructured policy problem, because values astalte and there is no consensus on
the knowledge to be used to solve the problem.tfi@olicy problems fall in this
category. Cuppen emphasizes the need for a stalerhdlalogue in unstructured
problems in order to enrich the policy process wighv perspectives, knowledge and
values (Cuppen, 2009). She defined this as an medmeeting of stakeholders with
different perspectives, knowledge and backgroumds) would otherwise not meet



(or not all together), structured to a greater egsér extent by means of specific
methods, tools or techniques (Cuppen, 2009). Hafeal instigate a deliberative,
collaborative and practice based way of producingwdedge with scientists, policy
makers and practitioners. (Hajer and Wagenaar,)2003

According to the boundary spanning theory (Leiferd aDelbecq, 1978), the
boundaries between science, policy and practitonesmmunities hamper the
communication. There are three types of bound&viesoss:

1. the science-science boundary: the boundaries bettheedifferent scientific
disciplines, that are hard to cross as they uderdiit concepts and
vocabulary;

2. the policy-policy boundary: the boundaries betwt#endifferent involved
policy domains;

3. the science-policy boundary: the challenge foritivelved scientific
disciplines is to come up with meaningful resutisthe policy domains;

Inspired by the concept of boundary spanning, tlaeeethree conditions that should
be met for a productive connection between scienckpolicy (Duijn et al., 2008):
1. Joint production of documents, models, etc. (‘bargabjects’)
2. People who can combine different fields of knowkedgd can
attach to different communities (‘boundary spaniers
3. Legitimate and transparent processes to guide lzoyrsghanning
activities
The next paragraph describes the INCAH projectedatdorates the functioning of the
system model as a boundary spanning object. It snakear how it helped to
understand the infrastructure system and to defiost urgent and promising research
questions within the project. We use examples ftbenroad infrastructure and the
interrelationships with the other systems to ciattifis function.

4 The System Model for Infrastructure Systems

INCAH (Infrastructure and Networks for Climate Adapon in Hotspots) is a project
in an innovation program on Climate Adaptation f@ie for Knowledge). INCAH
focusses on four infrastructure typddrinking water, electricity, rail road, vehicle
roads) and their mutual connection and dependentigs important elements have
been distinguished connecting well to the conceptie system approach:
- Analysis of stakeholders and their involvement.
The system can be described from several perspsctithich lead to new
insights and new participation of actors. The djak about the system is as
much important as the accuracy of the system degmi This is not only about
expert knowledge but about common understanding-egation of new
collaborative knowledge to be able to change quitkidynamic changes.
- Creation of adaptive capacity.

1 The choice for these four infrastructure systesnsiainly practical: the researchers involved
has best relationships with these types.



By realizing learning communities in social actetworks, solving problems
will become more flexible. The adaptive capacitysotial systems enables
themselves to change and to adapt, without decrgasoductivity, effectiveness
or functionality of the system itself. This capagirevents from ‘lock-ins’,
because more options will be possible.

Based on Jackson the road infrastructure can lsrded as a socio-technical system
when ‘work groups or organizations have interacta@hnological and social aspects
and in designing the structure of the group or oizgtion both of these should be
considered’ (Jackson, 2000). The technological @spee civil engineering elements
like bridges, construction, concrete and asphatt BT elements for travel time
information and speed measurements. The socialcsgee related to traffic
behavior of drivers, maintenance organization aadlinvestments decision making.
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Figure 2: General framework of a socio-technical infrastuue system

Within the INCAH project we have set up a generahfework (see figure 2), and
adapt it to the road infrastructure system. Adaptatwere mainly related to the right
verbs and words for physical elements and the costakeholders and actors that are
dealing with the operation and management in teigark (see figure 3)

This system model describes the landscape thateimfle the socio-technical system,
the technical infrastructure and the social inftature. The technical infrastructure is
basically the physical part and is closely relat®@dhe domain of civil engineering

and construction and ICT. The social infrastructigrenainly related to governance
and consists of the decision making process andviye actors own or act on this
technical infrastructure. Effects of climate changme of the ‘events’ in the

landscape, are related to multiple domains. Groaeinevel influences the strength
of dikes and embankments. The location and numinérdridges or tunnels

determines the robustness of the road network. Ammintenance policy and

investment strategies provide the functional quadit the roads and accessibility of
destinations. Each domain is represented by its stake. From the unstructured
problem approach the dialogue between these dopeinksbetween policy makers,
researchers and practitioners is important to zdahe knowledge developed and to
find out realistic solutions. The distinction betmeshort term and long term, conform



the adaptive management approach, shows that feetefcould have different
dynamics, and that possible measures could leadnexpected or non-wanted
consequences.
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Figure 3: Adapted framework to the socio-technical systémoad transport

5 The System Modd as Boundary Spanning Object

We have used this qualitative system model inst ffiteractive project workshop, led
by a facilitator which have many qualities of a bdary spanner (Duijn, 2010).
Participants of this workshop were researchershefproject and stakeholders with
stakes in one of the four infrastructure systemtskeéholders were both policy
makers, decision makers, advisors of the boardcaildservants. They did not know
each other, strong and trustingly relationshipsenadssent. The workshop have been
evaluated by a questionnaire, which we use to Uindeithe conclusions. The
workshop was built up by three steps.

The workshop started with the general project deson and the more specific work
packages descriptions. We asked the stakeholdegss® all the questions they had.
Despite the fact the participants did not havergtrelationships, many positive and
negative critics were spread out by stakeholdeng ffansparence of the workshop
process and the openness of the facilitator werg waportant in this. Almost all
participants felt comfortable and safe to bringallmecessary questions and remarks.

Next we introduced adaptive governance and theesysapproach as the main
concepts of the research for adaptation stratedibis leads to insights on these
concepts for stakeholders and researchers andckrwledgement that not only
each own subject counts. These two activities giveverview of the main questions
from the perspective of the stakeholders considetlimate adaptation strategies for
infrastructure. See table 1.



The last step was the explanation of the geneamhdwork and the socio-technical
system per infrastructure network. It was explcithtroduced as one way of
presenting reality, not meant to be the only waya Iprocess of asking questions and
giving answers the intertwined process took placeyhich scientists, stakeholders
and policy makers are interacting to deal with pledicy problem. The connection
between these groups and between scientific infiomaand policy making is
explicitly rewarded and acknowledged. The discussio subgroups have led to
several observations and remarks in a debate betvesearchers and practitioners,
and it have also led to many new and relevanttoques As said before this type of
policy problem shapes the role of science and #eeai knowledge. The workshop
made quite clear to all participants the relevaofcgcientific knowledge to the policy
decision making. The stakeholder interaction hagraved the learning cycle in the
policy domain.

The comprehensive discussion with stakeholders et the adapted framework
for road infrastructure systems; not only with faahd relationships, but mainly with
comments, suggestions, questions, assumptions. ldbomated the different

perspectives of the stakeholders on the road infretsire network, and expose the
interference between the different infrastructuedworks. Many of these questions
arise because the whole infrastructure system vglsle; instead of one part only.
See table 1. All questions and remarks have heljped researchers to better
understand the point of interest of the stakeheldewsre thoroughly.

Table 1: Type of questions and remarks in the workshop.

Questions and remarks based on research | Questions and remarks based on debate
presentations and perspective from | and discussion between stakeholders en
stakeholders researchers

Effects of climate change and extremén sights in critical tipping point for service
weather on embankments, bridges, asphadlality, maintenance costs and their influence

traffic flows on design parameters.

Frequencies of network disturbances Weather foreaasd their use for dynamic
traffic management and incident managemgent

Loss of capacity by traffic behaviour What aboute thsystem robustness |n

relationship with climate change effects?

Economic effects of unreliability of theCoping  with  incidents by  using
network multimodalities.

Connection between adaptive policy and
adaptive asset management related | to
signposts

A lot of remarks were related to the interconnectamd translatability between the

several infrastructure systems. For instance thkebblders suggested to copy the
economic valuation of delay in rail road due to enextreme weather conditions on
the delay of roads. The stakeholders have leanmed the energy infrastructure, for

instance the write-off of investments. This is poacticed in decision making for

road infrastructure investments, but is quite comnio the energy infrastructure

market. Using write-offs could help to save money fasset management,

maintenance and replacement.



In the evaluation all participants agreed on thefuleess of the system model. First
of all it has structured the discussion and theerietationship between work
packages. Secondly it helped to bridge languags gad get to know each other’s
perspectives. Thirdly it contributes to opennesd #&mansparency of the process,
because it is not presented as ‘the truth’. Onéhefparticipants could improve or
complement the system model, but was still condnokthe appropriate use of the
(incomplete) model in the discussion. The worksfagjlitator was assessed to fulfill
the requirements of a boundary spanner: connedomains, giving floor to all
participants, and positioning neutral towards resesrs or stakeholders. As well the
process of the workshop was assessed to be transpar

6 Conclusions

The use of a boundary spanning object like theostashnical system model has
contributed to hamper boundaries between science paticy in finding climate
adaptation strategies. First of all it has strusduthe dialogue. It has helped the policy
makers acting in different systems to learn froroheather and to translate feasible
solutions in one system to other infrastructuretesys. It has stimulated the
integration and cooperation between the researcbecause there was a common
ground to discuss on, to learn from correlationcorrespondence of infrastructure
systems and to transform existing methodologieséw domains. The boundary
between scientists and policy makers has been hachges well. By discussing and
adapting the system models new questions from yaligkers have been raised. The
perspective of the stakeholders and the backgrainthese questions were more
clear and therefor better understandable for tlsearehers. The researchers have
been helped to formulate their research from theedaof the system model,
contributing the brightness of the research questio

These conclusions meet the conditions of Duijn le{2808) corresponding the
boundary spanning objects. The conditions of thendary spanner and the boundary
process are as much as important. Main charadtsrist the boundary spanner are
enabling the involvement of all participants, améng both the knowledge from
stakeholders and researchers equally, connectiveraledomains and facilitating a
transparent process. The socio-technical systenehiad supported both the process
and the facilitator.
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