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a b s t r a c t 

Resilient infrastructure is critical to a sustainable and functioning society. Infrastructure management and 

(re)development are highly complex processes encompassing various stakeholders’ interests while they are pres- 

sured by the uncertainty of climate change and social transition. In response to these challenges, various resilience 

initiatives emerged with different motivations and approaches. The purpose of this research is to understand the 

interplay between motivations and organizational approaches as well as resilience conceptualization. This can 

provide insights into which domains of resilience have been focused on and what needs to be improved in their or- 

ganizational approaches to realize motivations. This research specifically investigates ten resilient infrastructure 

initiatives in the Netherlands. By using scoping review and content analysis, our results highlight that resilience 

initiatives conceptualize resilience in different ways, mainly focusing on built and organizational resilience with 

a focus on long-term and wider geographic scope. Each initiative had several motivations, including 1) creat- 

ing innovative solutions, 2) sharing knowledge, 3) promoting commitment and cooperation, and 4) promoting 

resilience. These motivations are reflected in the organizational approach. For example, there was a strong link 

between the motivation ‘creating shared knowledge’ and the organizational approach ‘research collaboration.’ 

Generic motivation such as ‘promoting resilience’ does not have one mainstreaming approach, which shows 

promoting resilience in practice is still in the exploration stage. This research provides major motivations and 

organizational approaches and their link within the resilient infrastructure initiatives which can contribute to 

better organizing similar initiatives aiming for resilient infrastructure. 
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. Introduction 

The infrastructure sector is the backbone of socioeconomic and tech-

ological development and critical for a sustainable future [1] . How-

ver, current infrastructures in advanced countries are facing the end of

heir technical and functional life cycle, becoming obsolete due to their

geing and changes in social needs. At the same time, the infrastruc-

ure sector is getting pressure from societal challenges such as climate

hange and sustainability. The decision to maintain, renew, or replace

hose infrastructures can be an opportunity to improve the infrastruc-

ure sector more resilient and sustainable in the future. In other words,

nfrastructure projects play a key role in multiple transitions and can

ontribute to the sustainability of society [2] . 

Naturally, infrastructure projects involve various stakeholders with

ifferent motivations, agendas, and values. To overcome the barriers

etween different sectors and disciplines, an ‘initiative’ can enable col-

aboration for a common goal [3] . Especially, there are many infrastruc-

ure project initiatives advocating resilience. Resilience can be a useful

oncept as a holistic approach to understanding a system’s performance
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n times of disturbance under complexity [4] . The resilience initiatives

ursue long-term investment in resilience which can generate low op-

ortunity costs and high returns in the long run [5] , and contribute to

hanging the culture, understanding, and approaches in organizations

oward more resilient thinking. 

There are several studies on monitoring resilience initiatives’ per-

ormance (e.g., [6] ). Evaluating initiatives’ performance is important as

erformance legitimizes the investment of resources from their mother

rganizations and promotes continuous improvements of initiatives in

heir missions, goals, and activities [7] . However, there is less attention

o why and how these initiatives are organized. Understanding moti-

ation and approaches of resilience initiatives can identify knowledge

aps (which areas have less focus?) and room for improvement (how

an resilience initiatives perform better?). Motivations and approaches

efine initiatives’ activities and performances, which in turn legitimize

he existence of the initiatives. 

Therefore, the purpose of this paper is to find the common motiva-

ion and organizational approaches of resilience initiatives in the infras-

ructure sector and contribute to better organization of such initiatives.
ber 2023 

ivil Engineering, Tongji University. This is an open access article under the CC 

https://doi.org/10.1016/j.rcns.2023.10.001
http://www.ScienceDirect.com/science/journal/27727416
http://www.elsevier.com/locate/rcns
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rcns.2023.10.001&domain=pdf
mailto:y.lim@tudelft.nl
https://doi.org/10.1016/j.rcns.2023.10.001
http://creativecommons.org/licenses/by-nc-nd/4.0/


Y. Lim, J. Ninan, S. Nooteboom et al. Resilient Cities and Structures 2 (2023) 120–128 

Fig. 1. Flow of the Research. 
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he research questions are; 1) how do resilience initiatives conceptu-

lize and operationalize resilience?; and 2) what are the motivations

nd organizational approaches of these initiatives and how those are

elated? 

To answer these questions, ten exemplary resilient infrastructure ini-

iatives in the Netherlands are selected. The Netherlands is one of the

ountries with various infrastructures dealing with uncertainties and

omplexity in the decision of maintenance, renewal, and replacement.

here are multiple inter-organizational initiatives and programmes in

he Netherlands to manage and/or renew infrastructure to prepare for

he future, considering sea-level rise and social change [8] . Understand-

ng the resilience initiatives in the Dutch infrastructure sector can bring

nsights into organizational collaboration and in turn, enhance the re-

ilience and sustainability of the infrastructure sector. 

The remainder of this paper is organized as the following (see Fig. 1 ).

he literature review first introduces the resilience concept including

efinitions and characteristics (domains). Then it explores resilience

nitiatives as an inter-organizational collaboration in the infrastructure

ector. Then, the research method section describes data collection and

nalysis methods, including screening of Dutch resilient infrastructure

nitiatives. After briefly introducing each initiative, the findings section

ummarizes and synthesizes resilience conceptualization, contexts, mo-

ivations and organizational approaches of these initiatives. Finally, the

onclusion section highlights the practical implication of this research,

he limitations and opportunities for future research. 

. Literature review 

.1. Conceptualizing and operationalizing resilience 

The original resilience concept by C.S. Holling was defined in two

ifferent approaches: static ‘engineering’ resilience and dynamic ‘eco-

ogical’ resilience, in which the former is recovering back to the orig-

nal state while the latter is maintaining the system’s function during

isturbances [9] . Since then, the resilient concept has become prevalent

n various fields of study, including ecology, disaster and risk manage-

ent, climate change adaptation, international development, engineer-

ng, energy, and planning [ 10 , 11 ]. Broadly speaking, resilience means

 system’s ability to withstand, absorb, and adapt to shocks and trans-

orm into a better system [12] . In social science, resilience is more than

ouncing back to normal [13] , instead, it is the ability to adapt to var-

ous challenges since the system is never stable [10] . In that sense,

he concept aligns with that of socio-ecological system studies, which

efers to resilience as the capacity of a system to maintain its function
121 
hile absorbing the impact of disturbance, to self-organize, adapt and

earn [14] . The resilience of a system is critical for a sustainable society

15] . Meerow et al. [10] provide a comprehensive definition of urban

esilience as “the ability of an urban system-and all its constituent socio-

cological and socio-technical networks across temporal and spatial scale- to

aintain or rapidly return to desired functions in the face of a disturbance,

o adapt to change, and to quickly transform systems that limit current or

uture adaptive capacity (p. 45, author’s highlight) . ” Although there is no

greement on the degree or speed of change, the commonly recognized

hases in the resilience concept are absorption, recovery, and adapta-

ion [11] . 

Adding to the laxly defined resilience concept, operationalizing re-

ilience in practice is also challenging. Different initiatives interpret re-

ilience according to their goals, which makes it challenging to acti-

ate broader engagement in the resilience movement due to a lack of

wareness or incentives [16] . The Resilient City Approach perceives re-

ilience as a set of tools for cities (or city governments) to deal with

xisting or foreseen problems [17] . Four components consist of system

esilience: technical, organizational, social, and economic [18] . Techni-

al resilience means providing a certain level of service during and after

he crisis while organizational resilience reflects timely and informed

ecision-making. Social resilience is the preparedness of the commu-

ity or neighbourhood for the crisis and the level of help people can get

rom their neighbours. Finally, economic resilience is having financial

eans to recover from a disaster. 

Resilience can be operationalized in three different ways: 1) capital

r assets, 2) capacity and 3) quality of the system’s component [6] . Re-

ilience as capital is an asset or existing trait of a city that can be utilized

n absorbing/recovering/adapting to shock, including built, human, so-

ial, economic and natural capital. Resilience as capacity is the ability of

 city (or system) which is adaptive, anticipatory, and absorptive capac-

ties. Finally, existing resilience evaluation frameworks provide dimen-

ions and drivers of resilient cities/systems and identify the quality or

equirement of their components. It defines the quality of system com-

onents as reflective, resourceful, robust, redundant, flexible, inclusive,

nd integrative. One observation from these conceptualizations is that it

eems the system’s resilience is achieved when the system’s components

re resilient (e.g., [18] and [11] ). In other words, making a resilient

ystem entails equipping each component of the system with certain

ssets or qualities. The components are sectoral domains such as built

nd natural environment, governance (organization), human and social

apital, and economy (economic resilience). When these domains are

reflective’, ‘resourceful’, ‘robust’, ‘redundant’, ‘flexible’, ‘inclusive’ and

integrative,’ the system can be considered as resilient. 

As mentioned above in the definition of Meerow et al. [10] , resilience

ntails scale boundaries. Resilience can be urban, regional, or national,

oncerning specific geographical areas. At the same time, there are tem-

oral elements in resilience, focusing on the short-term, medium-term

nd long-term resilience of the system [ 10 , 19 ]. This relates to how much

hange is desirable to pursue resilience, whether it’s step-by-step change

ransitory, incremental or radical transformation [11] . 

As summarized in Table 1 , there are various studies on the under-

tanding of the resilience concept. Different focuses show the complexity

f the resilience concept, which has multiple layers and characteristics.

he complexity of conceptualization and operationalization challenges

arious organizations that pursue resilience in their domains as well as

ollaboration between the organizations. 

.2. Resilience initiatives and inter-organizational collaboration 

According to the Cambridge Dictionary, an initiative is “a new plan

r action to improve something or solve a problem. ” Initiatives can assist

he project’s success and bring about broader change in culture, per-

eption, and way of working within the organization [20] . Moreover,

nitiatives are not bounded by the boundary of a single organization.

hey can be organized between different organizations depending on
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Table 1 

Overview of conceptualizing and operationalization of resilience. 

Focus Concept Source 

Phases System’s capacity to absorb, recover, and 

adapt to the shock 

[11] 

State of the system after the 

recovery phase 

Bouncing back to normal vs. recovering and 

adapting to the shock 

[13] 

Resilient system has… • Technical resilience: built & natural 

capitals 

• Organizational resilience: organizational 

capital 

• Social resilience: human & social capital 

• Economic resilience: economic capital 

[ 11 , 18 ] 

Resilience as …
• Capital: built, human, social, economic & 

natural capitals 

• Capacity: adaptive, anticipatory, & 

absorptive capacities 

• Quality of systems’ components: 

reflective, resourceful, robust, redundant, 

flexible, inclusive & integrative 

[6] 

Scale 
• Geographical scale (urban, metropolitan, 

regional, …) 

• Time scale (short-term, long-term) 

[ 10 , 19 ] 

Degree of change Transitory, incremental or transformational [11] 

Source: author’s summarization. 
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he scope of the problem [3] . For example, there is a consensus that cli-

ate change cannot be solved by one agency and collaborative efforts

re needed. Collaboration is “a cooperative relationship amongst orga-

izations that relies on neither market nor hierarchical mechanisms of

ontrol [3; p. 24] ”

In that sense, resilience initiatives can be understood as inter-

rganizational collaboration. Inter-organizational collaboration occurs

o share and complement resources, skills, and knowledge to overcome

hallenges that an entity cannot deal with alone [21] . Resilience ini-

iatives promote resilience concepts and mobilize the resources and ca-

acity of various organizations to tackle societal issues. Organizations

nclude (local) government, businesses, universities and knowledge in-

titutes to community organizations. Collaboration is the core of such

nitiatives, working together to achieve a shared goal. However, there

re many forms of collaboration, showing different dynamics in goals,

rocesses (organizational structure), interaction, and decision-making

rocesses [22] . 

Especially, inter-organizational collaboration creates new roles and

esponsibilities (work division/specialization) and new governance

controlling and coordinating organizational processes) [23] . In the con-

ext of resilient infrastructure, inter-organizational cooperation is desir-

ble as an integrated approach can save resources (human, material,

nd financial) and create more sustainable infrastructure [24] . How-

ver, inter-organizational collaboration in infrastructure projects is of-

en hindered by a lack of incentives to cooperate [25] , a lack of clear

ata-sharing practice [24] and limited operational mechanisms bounded

y rules and regulations instead of trust and reciprocity [26] . Interorga-

izational collaboration in infrastructure projects can navigate different

alues and interests of organizations, effectively use limited resources

nd capacity, and enable dealing with the complexity of infrastructure

rojects [27] . 

The values and interests of organizations are reflected in their moti-

ation [28] . Moreover, motivation shapes goals, approaches, and activi-

ies in collaboration. Motivation or work motivation is “a set of energetic

orces that originate both within as well as beyond an individual’s being,

o initiate work-related behaviour, and to determine its form, direction,

ntensity, and duration [29: p.11] ”. To understand how resilience initia-

ives are organized, we need to first look into their motivation and how

t is related to their activities. Hence, this research seeks to study ten

esilient infrastructure initiatives in the Netherlands, mapping their re-

ilience concept, motivation and operational approach to theorize their

elationships. 
122 
. Methodology 

We first highlight the ‘why’ we made certain research choices and

hen the ‘what’ we did as part of the data collection and analysis [30] .

his research aims to explore the motivations and approaches of differ-

nt infrastructure resilience initiatives. Specifically, the focus is on the

nterplay between those motivations and organizational approaches. For

his exploratory research, qualitative inductive research is apt because

t allows the researcher to start with instances, construct patterns from

hese using inferences from appropriate conceptual frameworks and cre-

te a theory on this basis. Especially, the focus of this study, the motiva-

ion and organizational approaches of resilient infrastructure initiatives

re descriptive and qualitative. Bansal et al. [31] highlight that induc-

ive theorizing grounded in data can broaden the researchers’ epistemo-

ogical frame, yielding completely novel ideas. Analysing narratives in

he text is a well-accepted research method to study motivations [32] .

e particularly use the narrative scoping approach, which involves nav-

gating a wide range of literature to present conceptual clarification or

vidence [ 33 , 34 ]. Various narratives of motivations of the resilient in-

rastructure initiatives and their approaches are studied to answer the

esearch questions. 

The focus of the analysis is the Netherlands. The Netherlands has

een exploring the concept of resilience, publishing ‘The Netherlands’

ecovery and Resilience Plan’ responding to the crisis of the pandemic,

ncluding green transition, digital transition, and ensuring socioeco-

omic resilience. The special focus is on the infrastructure sector. In-

rastructures are critical for social prosperity and they are directly influ-

nced by climate change. In the Dutch context, asset managers (e.g., Ri-

kswaterstaat) and municipalities are facing challenges: infrastructures

re ageing; maintenance costs are increasing; and other uncertainties

hreaten the planning [35] . However, all these challenges can be an op-

ortunity for a resilient infrastructure renewal [8] with collaborative

overnance. There are multiple initiatives which seek to push the enve-

ope in developing resilient infrastructure. 

The scope of resilient initiatives and programmes includes initia-

ives or programmes initiated by any entities, including public, and

rivate actors, civil society, universities, and knowledge institutes. Ini-

iatives that use the word ’resilience’ in their aim, objectives, or their

rogramme are included. First, we conducted a quick online search on

esilient infrastructure initiatives in the Netherlands using the search

erms resilient initiative, resilient infrastructure initiative, infrastruc-

ure renewal, resilient programme, resilient infrastructure renewal pro-
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ramme, and resilient cities to retrieve 25 initiatives in the Netherlands.

econd, using a snow-balling approach we identified five more initia-

ives arriving at 30 resilient infrastructure initiatives in the Netherlands.

hird, we collected preliminary data on these 30 initiatives and selected

en relevant resilient initiatives and programmes focusing on infrastruc-

ure renewal in the Netherlands. The preliminary data includes title,

nitiator and related organizations, duration (year), funding sources,

ocus area (domain), general goals and aims, methodology, resilience

oncept, and regional scopes of initiatives. To select the most relevant

nitiatives, the following exclusion criteria are considered: 1) the focus

rea is not infrastructure (e.g., general climate research or resilience); 2)

nter-organizational collaboration (e.g., partnership, network, research

onsortium, etc.) is not explicitly defined; and 3) there is no specific ac-

ion points. After the screening, ten initiatives were selected with a clear

ocus on infrastructure (maintenance, renewal, or replacement) and re-

ilience, and have organizational approaches. Finally, we gathered state-

ents regarding mission, vision, goals, resilience concepts, activities

nd approaches from annual and interim reports, websites, and other

ublicly available documents of the selected initiatives to understand

he context (challenges), motivations, and organizational approaches as

ell as resilience conceptualization. 

We then used a grounded theory approach by Strauss and Corbin

36] to analyse the data collected. Grounded theory is an inductive re-

earch process that is effective in transforming raw data into theoret-

cal concepts [37] . It is a theory building based on evidence (data) to

elp understand similar phenomena and cases and to provide a frame-

ork for future research. Open coding, axial coding, and selective cod-

ng are the major steps of grounded theory. First, we open-coded the

ata (various statements regarding resilience, motivation, and organi-

ational approaches) compiled from the ten resilient infrastructure ini-

iatives to extract instances of different motivations. For motivation, the

tatement in future tense or subjunctive structure is considered. For ex-

mple, the RED&BLUE states that “Our shared purpose is to create a

ommon language, shift understandings, build collective governance ca-

acity, and promote systems-changing spatial strategies that guide ur-

an re/development and investment in Dutch delta settings ”. From this

tatement, we extracted ‘to create a common language,’ ‘to shift un-

erstanding,’ ‘to build collective governance capacity,’ and ‘to promote

ystems-changing spatial strategies.’ These ‘raw’ data are later compared

ith motivations of other initiatives and grouped by similarity to create

ategories. ‘to create a common language’ is categorized as ‘to create

nd share knowledge.’ Thus, open coding involved breaking down, ex-

mining and categorizing the data into open categories [36] and we

reated multiple categories for challenges, motivations, and approaches

rom these ten resilient infrastructure initiatives. Second, we used axial

oding to find the relation between motivation categories and approach

ategories. Axial coding involves putting categories back together in

ew ways to provide new insights [36] . While open coding fractures the

ata, axial coding allows theory to emerge from data as the researcher

nvestigates “what is really going on ” in the data [38] . Then finally, we

arried out a selective coding to synthesize the challenges, motivations

nd organizational approaches to generate a theory. The theory aims

o explain how different motivations resulted in various organizational

pproaches. 

. Findings 

.1. Ten Dutch resilient infrastructure initiatives 

This section introduces a brief overview of resilient infrastructure

nitiatives in the Netherlands. The overview includes context and chal-

enges which initiatives are focusing on, why the initiative was started

nd how it is organized. 

1) RED&BLUE (Real Estate Development & Building in Low Urban En-
vironments). f

123 
RED&BLUE is a research programme (2022–2027) under Resilient

elta, a consortium between TU Delft, Erasmus University, Rotterdam,

nd Erasmus MC. The focus area of RED&BLUE is real estate develop-

ent and infrastructure investments in the Netherlands. Dutch real es-

ate development and infrastructure sector are under fragmented struc-

ures, fighting for limited resources and space. There is an urgent need

o “co-develop adaptive and equitable climate strategies for the Nether-

ands ”. Their aim is to combine the worlds of climate risk management,

eal estate, finance, asset management, spatial planning, and water man-

gement. The consortium wants to change the business case in the real

state market through joint learning. Their main activities are trans-

isciplinary research and networking through 1) regular (inter)national

ross-disciplinary meetings, 2) science-practice exchange focused on use

ases within the Greater Amsterdam and Rotterdam regions, 3) public

vents and 4) online and physical interventions. 

2) Programme Next Generation Infrastructures (NGinfra). 

NGinfra is a long-standing cooperation between large-scale infra de-

elopers in The Netherlands such as transportation, drinking water, elec-

ricity, and flood protection, amongst others. NGinfra highlights the un-

ertainty of executing long-term strategies. There are nine dilemmas in-

luding 1) new vs. existing business models; 2) collaboration; 3) inno-

ation; 4) engaging stakeholders; 5) responsiveness; 6) value; 7) flexi-

ility and robustness; 8) digitalization and resilience; and 9) long-term

s. short-term resilience. The initiative aims to bring cooperation be-

ween large-scale infrastructure developers in the Netherlands, with six

hematic areas: 1) infrastructure managers for safe use of the subsur-

ace in the Netherlands (SIVOON), 2) exploring the future, 3) value of

nfrastructure, 4) infrastructure data, 5) security and 6) availability (of

nfrastructure). The NGinfra presents itself as a knowledge centre, and

ts main activities include joint research and knowledge sharing. 

3) Redesigning Deltas. 

Redesigning Deltas is a 5-year research programme aiming to build

nowledge and promote commitment and cooperation for integrated

anagement for the resilience of the Dutch Delta area. The collabo-

ation involves the Delta Urbanism group and various faculties of the

U Delft, the Delta program, Deltares, Resilient Delta, Erasmus Univer-

ity, Wageningen University and PBL. The main activities include 1)

oint fact-finding, 2) design study, 3) academic synthesis, and 4) cross-

oundaries exchange. These four activities construct a feedback loop to

efine the education and research program that focuses on implemen-

ation. The main methodological approach is research by design. 

4) Delft Deltas, Infrastructures & Mobility Initiative (DIMI). 

DIMI is part of TU Delft’s research and education programme which

ims to solve interdependent and complex social issues by developing

ntegrated solutions for vital infrastructure facilities for flood risk man-

gement and smart mobility. DIMI specializes in design solutions to cre-

te adaptable and multifunctional technical solutions. They aim to train

eople, disseminate knowledge, and collaborate to make innovative so-

utions for urban deltas. DIMI provides multi- and interdisciplinary re-

earch and education. Highlighting research by design as an innovative

ethodology, their three major themes are Future-proof Built Environ-

ents & Urban Infrastructures, Resilient & Adaptive Urban Delta, and

nnovation Airport. 

5) Resilient Rotterdam. 

Resilient Rotterdam is initiated by Rotterdam municipality to make

otterdam a resilient living community of people by ensuring the quality

f development, knowledge sharing, and leadership. The focus areas in-

lude 1) cyber port city, 2) infrastructure, 3) climate resistance, 4) clean

nd reliable energy, 5) society in balance, 6) network city, and 7) re-

ilience thinking. The municipality supports any initiatives under these

ocus areas and coordinates networking events for knowledge sharing. 
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6) City Deals (Agenda Stad). 

City Deals is a network of the central government, municipalities,

nd social agencies in the Netherlands to build commitment and col-

aboration to promote growth, quality of life and innovation. The main

ocus is on economic growth and competitiveness, however, resilience is

lso included in the ‘deals.’ These public agencies make ‘deals’ to work

ogether in the following areas: 1) circular city, 2) data infrastructure,

) energy transition, 4) health and quality of life, 5) cross-border econ-

my, 6) climate adaptation, 7) next economy, 8) social arrangement,

) urban transformation, and 10) top campuses and innovation envi-

onments. The city deals are making shared ambition and cooperation

o develop innovative solutions for social challenges with various pub-

ic and private agencies. This is a highly innovative approach for the

etherlands by working together multisector, multilevel and multido-

ain. It is highly reflective of the governance of innovations and their

caling-up. 

7) 4TU.RE Centre and DeSIRE programme. 

4TU Centre for Resilience Engineering (4TU.RE Centre) is a research

onsortium amongst four universities of technology in the Netherlands,

ncluding the Delft University of Technology, Eindhoven University of

echnology, University of Twente and Wageningen University and Re-

earch. The centre focuses on engineering solutions (technical solu-

ions and system designs) in interaction with social-ecological systems.

he centre initiated DeSIRE (Designing Systems for Informed Resilience

ngineering) funding programme to generate awareness of resilience

nd build a professional community in resilience engineering. The pro-

ramme focuses on 1) resilience thinking in engineering, 2) measur-

ng the resilience of social-technology-ecology systems, and 3) resilience

overnance in systems such as agriculture, decision-making, energy, cy-

er, supply chain, transport networks, cities, and water. 

8) Dutch Resilience Hub (Netherlands Water Partnership). 

The Dutch Resilience Hub was initiated by the Netherlands Water

artnership to establish the Dutch Resilience Ecosystem. It provides net-

orking opportunities for public, private and non-governmental agen-

ies working around resilience in cities, coastal communities, or rural

reas through various events including round table sessions, webinars,

nd conferences. It also has a large international network in Asia, North

nd South America, Europe and the Middle East, providing opportuni-

ies for international cooperation. It highlights collaboration for new

nowledge, technologies and tools for resilience. 

9) NWA call - Urbiquay (Urban Bridges and Quay Walls). 

NWA call - Urbiquay is a research funding program initiated by the

utch Research Agenda (NWA) to make resilient urban bridges and quay

alls. There are many bridges and quay walls in the historic centres of

ities in the Netherlands such as Amsterdam. Since these bridges and

uay walls face the end of their life cycle, this research funding pro-

ram seeks to find resilient and sustainable ways to maintain and/or

enew infrastructure. Three research projects are awarded for the fund-

ng: LiveQuay; live insights for bridges and quay walls, STABILITY: sus-

ainable circular life extension strategies for inner-city bridges and quay

alls, and Logiquay: adaptive multi-actor multi-modal closed-loop plan-

ing and logistics for renewal and renovation of urban bridges and quay

alls. This initiative looks for new approaches for renovation to con-

ribute to benefits other than their direct function 

0) Infra Administrator Network. 

The Infra Administrator Network (Bestuurders Netwerk INFRA) in-

ludes 35 Dutch asset managers and public organizations in charge of

arious infrastructures (e.g., bridges, locks, and quay walls). The Dutch

nfrastructures are facing their end-of-life cycle and need maintenance,

enewal or replacement. This poses a great opportunity to seek sustain-

ble and resilient infrastructure. By organizing Infra5daagse, a 5-day
124 
eeting with decision-makers of participating organizations, this ini-

iative provides opportunity for networking to co-create solutions for

uture proof infrastructure. 

.2. Focus area and domains of resilience in resilience initiatives 

Before diving into the motivation and approaches of resilience initia-

ives, it is first necessary to understand how those initiatives are identify-

ng resilience concepts. The analysis focused on the domains of resilience

uch as capital or assets that the resilient system has rather than the

uality or capacity of the system or the system’s components. The main

oal is to reveal the initiatives’ focus areas and emphasized resilience

omains. From the statements regarding resilience from each initiative,

he 13 defined codes (see the title row of Table 2 ) for resilience domains

re checked. 

The comparison between the ten resilient infrastructure initiatives

eveals three important points. First, there is a relationship between the

ocus area and resilience domains. The initiatives focusing on a spe-

ific sector (e.g., RED&BLUE, Urbiquay) emphasize specific resilience

omains such as built and organizational capital. On the other hand,

nitiatives focusing on cities (e.g., Resilient Rotterdam, Agenda Stad)

r networks (e.g., Dutch Resilience Hub, Infra Administrator Network)

ncompass all domains of resilience. 

Second, all initiatives checked built and organizational capital in the

esilience domain. Since this study targets the infrastructure sector, it

s natural to see check marks in the built capital. Interestingly, check

arks are also found in organizational capital. Infrastructure manage-

ent and operation are highly relevant for organizational capital, which

eflects stakeholders’ management and decision-making. On the other

and, there is less attention to natural, social, and economic domains.

nly three initiatives mention natural capital and five mention social

nd economic capital. 

Finally, for time and geographic scale, most of the resilience initia-

ives show gradual plans toward long-term and broader geographical

cale. For example, Redesigning Deltas, Urbiquay and Infra Administra-

or Network primarily target infrastructure with a narrow geographical

cale, but they recognize a wider impact on urban, regional, and even

ational scope. It suggests resilience infrastructure initiatives not only

ocus on the resilience of infrastructure itself but also consider the wider

mpact of the infrastructure on society. 

.3. Motivation and approach of resilience initiatives 

The different contexts, motivations and approaches of the ten re-

ilient infrastructure initiatives in the Netherlands are summarized in

able 3 . RED&BLUE, NGinfra, Redesigning Deltas and DIMI, and 4TU.RE

entre are knowledge institutes initiated by universities. Similarly, Ur-

iquay is a national research program to make infrastructure climate-

esilient and future-proof. These research initiatives all recognize the un-

ertainty and complexity of the infrastructure sector and the need for an

ntegrated approach. Therefore their motivation is to create knowledge

nd mobilize people to promote commitment and cooperation toward a

ore integrative and resilient infrastructure. To do so, these initiatives

ake research collaboration, education, and networking as the main or-

anizational approaches. 

RED&BLUE, focusing on real estate development and infrastructure,

as the motivation to create a common language through “transdisci-

linary knowledge and collaboration ” and “co-creation process. ” NG-

nfra’s major motivation is to build knowledge together. They believe

tackling issues together is not only cheaper but also yields more. ” With

he knowledge, NGinfra wants to promote commitment and coopera-

ion amongst public, private, and knowledge organizations for resilient

utch infrastructure. Their main activities are through research col-

aboration and networking with knowledge sharing. The main goal of

edesigning Deltas is “to build the knowledge and collective commit-

ent in the Delta community ” which shows their motivation in creat-
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ng knowledge and promoting commitment. DIMI wants to contribute to

sustainable social welfare and economic prosperity ” through an “inte-

rated approach with interdisciplinary research and education. ” 4TU.RE

entre also has the motivation of building knowledge and promoting

ommitment and cooperation, as their mission statement writes “to de-

elop, apply and disseminate knowledge, methods and tools for making

ocieties more resilient. ” Their activities include research collaboration

nd education. 

Resilient Rotterdam, Agenda Stad, Dutch Resilience Hub and Infra

dministrator Network are mainly a network amongst cities or public

nd private organizations that are interested in resilience. These initia-

ives aim for broader resilience not limited to infrastructures, but build-

ng resilient infrastructure is one of their core goals. Initiated by pub-

ic organizations, these initiatives foster networking amongst experts to

reate knowledge and solutions in a collaborative way. For example,

he Dutch Resilience Hub states “to promote our resilience strengths

s a whole, ” “to connect you to matching opportunities, ” and “to form

 Dutch Resilience Ecosystem ” as motivation while the Infra Admin-

strator Network promotes “integrated and future-proof ” infrastructure

ector by “jointly formulate an approach. ”

.4. Synthesis of the findings 

The purpose of organizing resilient initiatives is to improve critical

nfrastructure [6] . From our data, we saw that resilient infrastructure

nitiatives focused on addressing three challenges and these are also the

ontext around which the initiatives are proposed. These are: 1) external

hreats such as climate change, for example, the RED&BLUE and Dutch

esilience Hub are focused on addressing climate change; 2) societal

hange such as sustainable future, energy transition, digitalisation, and

lobalization, for example, DIMI is focused on social issues and Agenda

tad is focused on energy transition; and 3) specific infrastructure chal-

enges such as the need for renewal, for example, the Storm Surge Bar-

ier Programme is aimed at renewing existing infrastructure. We see

rom the context and challenges these resilient infrastructure initiatives

ocus on are intertwined and complex which is why the resilience con-

ept is useful. For example, the Resilient Rotterdam initiative focuses on

limate change and societal change such as digitalization. 

Recognizing these challenges, the motivations of the resilient initia-

ives can be categorized into four: 1) to create innovative solutions such

s in the case of Urbiquay, 2) to create and share knowledge as with

TU.RE Centre, 3) to promote commitment and cooperation such as in

he case of Agenda Stad, and 4) to promote resilience as with Dutch Re-

ilience Hub. Creating innovative solutions is a specific motivation tar-

eting innovation in infrastructure renewal while creating and sharing

nowledge to build knowledge around the resilience concept in the in-

rastructure sector. Promoting commitment and cooperation means mo-

ilizing people and creating a common language to create connections

nd networks so that people have a shared understanding and bring

ystematic change. Finally, promoting resilience means making some-

hing resilient, including infrastructure, Rotterdam (a city), the Dutch

elta (a region), or society. These motivations are also related to each

ther. 

Based on these motivations, the initiatives have different ap-

roaches. Their main approaches can be broadly categorized into four:

) research collaboration similar to NGinfra, 2) education as in Re-

esigning Deltas, 3) networking as in Resilient Rotterdam, and 4) co-

reating solutions as in Urbiquay. Research activities are mentioned

long with collaborative, inter- and transdisciplinary which highlights

he co-creation of knowledge. Education and training programmes are

ften accompanied by the results of collaborative research. Education

nd training are to generate awareness of resilience and increase the

apacity of individuals or organizations in terms of adaptability and

exibility. Networking is creating an arena to make connections and

nd shared interests and opportunities to collaborate. The networking
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Table 3 

Context, Motivations and Approaches of Resilient Infrastructure Initiatives. 

No. Initiatives Context (Challenges) WHY: Motivations HOW: Approach 

1 RED&BLUE • Fight for space 

• Fragmented structure 

• Climate change risk 

• To create a common language 

(knowledge) 

• To promote systemic change 

Research collaboration 

Networking 

2 NGinfra • Uncertainty, dilemmas • To mobilize people 

• To promote commitment & cooperation 

Research collaboration 

Networking (knowledge sharing) 
3 Redesigning Deltas • Environmental crisis, fragmented 

practice 

• To build knowledge 

• To promote commitment & cooperation 

Research collaboration 

Education 
4 DIMI • Social issues, interdependence & 

complexity 

• To create knowledge and educate people Research collaboration 

Education 
5 Resilient Rotterdam • Climate change, digitalisation, 

new economy & globalization are 

growth opportunities 

• To make Rotterdam resilient 

• To initiate movement (mobilize people) 

Support initiatives (co-create solutions) 

Networking 

6 Agenda Stad • Energy transition, climate change • To promote commitment & cooperation Collaboration (shared goal, & agreements 

amongst cities): co-create solution 

Networking 
7 4TU.RE Centre • Dealing with rapid changes, 

incidents, disasters and stressful 

situations 

• To make society more resilient 

• To create knowledge 

Research & education (knowledge centre) 

8 Dutch Resilience 

Hub 

• Resilience in cities, coastal 

communities, or rural areas 

• Climate change 

• To promote resilience 

• To connect people with opportunities 

Networking 

9 Urbiquay • Infrastructure under pressure and 

need for sustainable solutions for 

civil infrastructure 

• To develop sustainable solutions in 

managing, restoring, and replacing civil 

infrastructure 

• To create knowledge about 

future-resilient bridges and quay walls 

Research collaboration 

Co-creating solutions 

10 Infra Administrator 

Network 

• End of life cycle of Dutch 

infrastructure 

• Need for integrated and 

future-proof infrastructure sector 

• To renovate Dutch infrastructure 

integrated & future-proof 

• To promote commitment 

• To create vision 

Networking 

Co-creating solutions 

Table 4 

Synthesis of motivation and approaches of resilient infrastructure initiatives. 

Motivation/approach Collaborative research Education Networking Co-creating Solutions 

To create innovative 

solutions 

• Programme 

• RED&BLUE 

• 4TU.RE Centre 

• RED&BLUE 

• Resilient Rotterdam 

• Infra Administrator Network 

• Infra Administrator Network 

• Urbiquay 

To create and share 

knowledge 

• Urbiquay 

• Redesigning Deltas 

• DIMI 

• 4TU.RE Centre 

• Redesigning Deltas 

• DIMI 

• 4TU.RE Centre 

To promote commitment 

& cooperation 

• RED&BLUE 

• Nginfra 

• Redesigning Deltas 

• Redesigning Deltas • RED&BLUE 

• Nginfra 

• Resilient Rotterdam 

• Agenda stad 

• Dutch Resilience Hub 

• Infra Administrator Network 

• Agenda stad 

To promote resilience • 4TU.RE Centre • 4TU.RE Centre • Dutch Resilience Hub • Resilient Rotterdam 
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an be organized with knowledge-sharing events such as conferences,

orkshops, and seminars. Finally, the co-creating solution is a specific

ffort to make technical solutions. 

As shown in Table 4 , the majority of the initiatives are located in

ross-sections between motivation ‘to create and share knowledge’ and

pproach ‘collaborative research.’ Since the motivation is to create new

nowledge, it is natural to have collaborative research as an approach.

t the same time, some initiatives also choose ‘education.’ Another no-

iceable relationship is the motivation ‘to promote commitment and co-

peration’ and approach ‘networking.’ Mobilizing people and creating

hared language can enhance commitment and collaborative efforts. The

otivation ‘to promote resilience’ is linked with all four approaches as

his motivation is more generic and normative and can be the over-

ll goal for the initiatives. Finally, the motivation ‘to create innovative

olutions’ is highly related to ‘research collaboration’ and ‘co-creating

olutions.’ 

Finally, Fig. 2 shows the relationship between the motivations and

pproaches of resilient infrastructure initiatives. The initial coding of
126 
ach motivation is linked to an organizational approach. Based on this

set’ of open coding, four categories of motivation and four categories

f organizational approaches are identified. With axial coding, each set

as positioned in motivation-organizational approach categories to ac-

umulate the links. Each arrow represents which motivation is related

o which approach. The thickness and colour (red) of the arrow rep-

esent the stronger relationship, based on how frequently the link was

ade by different initiatives. The arrow with a dotted line means an

ndirect relationship, in which the relationship between the motivation

nd approach is not explicit but has implicit relations. 

All motivations are linked to all approaches but some of the moti-

ations have a stronger relationship with certain approaches. This once

gain confirms Pinder’s definition of motivation that shapes the organi-

ational approach [29] . The strongest relationship was found between

he motivation ‘to promote commitment and cooperation’ and the orga-

izational approach ‘networking,’ showing eight occurrences. Network-

ng is a common way to mobilize people to promote cooperation provid-

ng opportunities to understand different organizations [24] . Network-
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Fig. 2. Relationship between motivations and approaches in Resilience Initia- 

tives. 
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ng is important for the infrastructure sector as resilience in the sector

epends not just on the ability of a single organization, but on differ-

nt organizations that come together as a system to collectively pro-

ide key services [39] . Another strong relationship is ‘to create & share

nowledge’ and ‘research collaboration’ and ‘education.’ This is a nat-

ral result as many of the initiatives are research consortiums, aiming

o create knowledge and provide education. There was also an indirect

ut strong relationship between ‘to promote commitment and coopera-

ion’ and ‘research collaboration.’ Sharing knowledge and information

mongst stakeholders can create collaborative governance and flexibil-

ty which in turn can improve the resilience of the system [40] . Also,

esearch collaboration is one way to engage people and commit to re-

ilience. Another interesting observation is that the generic motivation

to promote resilience’, although linked with all four approaches, does

ot have a mainstreaming approach, compared to ‘to create & share

nowledge’ which is also a somewhat generic motivation. Perhaps it

s because there are different interpretations and definitions of the re-

ilience concept, which makes it difficult to have one mainstreaming

pproach. Also, this could mean we are still in the exploring stage of

chieving ‘resilience.’ 

. Conclusion 

Climate change and societal issues pushed organizations and gov-

rnments to operate differently over the past years. Moreover, the so-

ial need for a more sustainable and liveable environment is increasing,

ccelerating the urgency for changes. Dutch infrastructures were built

0 to 60 years ago and are facing the end of their functional life. At

he same time, climate change and changing societal need increases un-

ertainty and complexity in the infrastructure sector. Therefore, asset

anagers seek optimal ways to deal with these ‘wicked problems.’ En-

uring system-wise resilience is important to reduce disaster risk and it

epends on the system component’s resilience and available resources

o mobilize during recovery and adaptation [41] . Resilience initiatives
127 
merged in various organizations, including government, universities,

nd public agencies, to collaborate and build capacity to organize in-

rastructure management, development, and renewals in coherence with

ocial needs while avoiding climate change risks and disasters. 

This study aims to provide an overview of resilience initiatives focus-

ng on the infrastructure sector in the Netherlands. By using a scoping

eview approach, this study identified ten representative resilient in-

rastructure initiatives and analysed their motivation and organizational

haracteristics as well as their conceptualization of resilience. The find-

ngs can provide practical implications for policymakers, practitioners,

nd researchers in resilient infrastructure sectors. First, there needs to

e a comprehensive understanding of resilience concept. The conceptu-

lization shows resilience initiatives in Dutch infrastructure sectors are

mphasizing built and organizational resilience, while less attention is

iven to natural, social, and economic resilience. Considering the na-

ure of the infrastructure sector, it is natural, however, as critical infras-

ructure can provide opportunities for overcoming societal issues, future

nitiatives can pay attention to natural, social, and economic domains.

ay attention to these domains. Second, to create and share knowledge,

esearch collaboration is mainstreaming methods. In the analysis of the

otivations and approaches of resilience initiatives, a strong relation-

hip was found between the motivation ’to create & share knowledge.’

ew insights and knowledge can be achieved with transdisciplinary re-

earch, including public, private, research, and civil organizations. Uni-

ersities and knowledge institutes play an important role in sharing and

isseminating knowledge through ’education.’ Third, networking is an

deal way to mobilize people and ’promote commitment and coopera-

ion.’ Through networking, different organizations can understand each

ther’s interests and come up with integrated budgets and projects. Net-

orking is a stage for co-creating solutions. 

There are several limitations of this study. First, this research only se-

ected 10 initiatives which were prevalent. There were more initiatives

uch as Partners for Resilience ( https://www.partnersforresilience.nl )

r the National Delta program whose boundaries go beyond infrastruc-

ure or resilience. However, this did not affect the findings because the

ocus was on the motivations and operationalization of resilient initia-

ives rather than on the landscape of resilient infrastructure initiatives

n the Netherlands. Second, the analysis relies on secondary data avail-

ble to the public which sometimes does not reflect the whole story

ehind the organization of resilient initiatives. However, official state-

ents in written form represent approved messages from the initia-

ives and therefore provide typicality. Finally, the research focuses on

he Netherlands, where water infrastructures are very important. For

his reason, it may be difficult to apply resilient infrastructure initia-

ives organizational approach to other countries whose infrastructure

eeds are different from the Netherlands. Despite these limits, this study

heorizes organizational collaboration, motivations and activities of re-

ilient infrastructure initiatives. This brings implications for future re-

ilient initiatives, more focus is needed on natural, social, and economic

omains. 

Further research is needed to confirm the findings and further de-

elop how the motivation and organizational approaches are trans-

ated into activities and performance. Future research directions can be

nalysing the performance of resilient initiatives concerning their activ-

ties and overall contribution to the resilience of the target domain, how

ifferent initiatives’ contributions make synergies, and how these efforts

knowledge development, networking, etc.) come down to a practical

pplication. 

elevance to resilience 

This paper investigates ten resilient infrastructure initiatives in the

etherlands and reports different conceptualization, motivation and or-

anizational approaches. We found the resilience concept in Dutch in-

rastructure initiatives focuses on built and organizational resilience and

ess attention to natural, social, and economic resilience. We identified

https://www.partnersforresilience.nl
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our motivations to organize resilience initiatives which are ‘to create

nnovative solutions,’ ‘to create and share knowledge,’ ‘to promote com-

itment,’ and ‘to promote resilience.’ Four organizational approaches

re ‘research collaboration,’ ‘education,’ ‘networking’ and ‘co-creating

olutions.’ There was a strong relationship between specific motivation

nd approach, for example, ‘to create and share knowledge’ and ‘re-

earch collaboration’ and ‘education.’ However, the generic motivation

to promote resilience’ does not have a main approach which suggests

romoting resilience in practice is still in the exploratory stage. 
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