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ABOUT T HE R E S I L I E NCE S H I F T

The Resilience Shift exists to inspire and empower a global
community to make the world safer through resilient infrastructure.
More people than ever depend on the critical infrastructure
systems that provide essential energy, water, transport and
communications services, and underpin food, healthcare and
education. When this infrastructure fails the consequences can be
catastrophic.
Supported by Lloyd’s Register Foundation and Arup, the
Resilience Shift provides knowledge and tools for those
responsible for planning, financing, designing, delivering,
operating and maintaining critical infrastructure systems. Our aim
is to ensure infrastructure systems are able to withstand, adapt to,
and recover quickly from anticipated or unexpected shocks and
stresses - now and in the future.

D E F I NI NG R E SI L I E NCE

Resilience is the ability to withstand, adapt to changing
conditions, and recover positively from shocks and stresses.
Resilient infrastructure will therefore be able to continue to provide
essential services, due to its ability to withstand, adapt and
recover positively from whatever shocks and stresses it may face
now and in the future.
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AT A GLANCE
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•

The round-table was designed to stimulate conversation among modellers
and stakeholders in asset management. The event provided an
opportunity for participants to consider advances in modelling capability
in contributing to decision-making that is informed by resilience thinking.

•

Participants valued the opportunity provided by the round-table for
academics and practitioners to communicate. They highlighted that there
are few such opportunities for academics and infrastructure managers to
interact directly.

•

The discussion highlighted that modellers and asset owners need to
continue with dialogue on how urban models can best benefit society, and
for modellers to better understand the potential wider applications of their
models, and their limitations.

•

Further dialogue is needed across infrastructure sectors on how to
practically implement resilience into infrastructure design and processes.
Performance objectives to improve the resilience of infrastructure systems
could be of value.

•

Most cities and regions are administered by multiple organisations with
multiple levels of oversight authority for infrastructure. Changing the mindset and culture of these agencies remains one of the principal challenges
for developing more resilient infrastructure systems.

•

There was interest among the group in further discussing financing for
large-scale infrastructure resilience, this includes the role of the insurance
sector and looking at public-private partnerships.

1. INTRODUCTION
The Resilience Shift initiative aims to increase the resilience of infrastructure
internationally through improved understanding and changed behaviour. It is
funded by Lloyd’s Register Foundation and hosted by Arup working with a
diverse range of grantees. As part of the initiative, a series of round-table
meetings have been held to engage with industry, academia, and society to forge
consensus around emerging technical issues, identify key challenges
opportunities and barriers, and identify priority areas for the programme. On 2425 January 2019, the Resilience Shift held a round-table at the Centre for
Information Technology Research in the Interest of Society (CITRIS) at
University of California (UC) Berkeley. This round-table focused on the role of
city-scale modelling and simulations in improving system-wide infrastructure
resilience. The event followed on from the ports and logistics round-table held by
the Resilience Shift Technical Advisory Group in November 2018.
The round-table drew together academics from UC Berkeley engaged in
resilience modelling with delegates from both public and investor-owned utility
organisations. Those represented included Caltrans, the Los Angeles
Department of Water and Power, Pacific Gas & Electricity and East Bay
Municipal Utility District. Resilience planners from the San Francisco Bay
Conservation and Development Commission, Google, the Electric Infrastructure
Security Council and the City and County of San Francisco were also present.
The round-table provided a unique opportunity to bring together academics and
professionals in the public and private sectors. The event generated discussion
on the use and application of modelling tools to support infrastructure resilience.
Several participants reported that there are few such opportunities for academics
and infrastructure operators to interact directly and engage in such productive
exchanges.
The purpose of this report is to capture the discussion as a reference point for
possible future activity – both in terms of how to engage people in a resiliencefocused activity (the approach) and in terms of identifying the use, value and
limitations of modelling tools (insights). Please note that this report represents
issues raised by participants on the day and in post-event feedback, which has
been summarised in this report by the round-table facilitators. The content of this
report does not necessarily represent the wider views of the organisations
represented.
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2. APPROACH AND FORMAT
The format of the round-table was designed to facilitate a high level of interaction
between stakeholders.
The event began with presentations from Los Angeles Department of Water and
Power, City of San Francisco, East Bay Municipal Utility District, Pacific Gas &
Electricity, Caltrans and Google’s Real Estate and Workplace Services Group.
Each presenter gave a short summary of how the concept of resilience is guiding
strategy within their respective organisations. These presentations facilitated
discussion on how models can be used to support the resilience goals of the
public and private sector.
Several academics from UC Berkeley then presented advancements in cityscale modelling analysis. This included Professor Paul Waddell demonstrating
the UrbanSim model, Professor Sanjay Govindjee presenting the SimCentre
model, Professor Khalid Mosalam from the Pacific Earthquake Engineering
Research Centre (PEER), Professor Mark Stacey demonstrating tools for
modelling sea-level rise and Professor Kenichi Soga presenting the CB-Cities
model.
As with the ports and logistics round-table, participants were asked to take part
in an exercise to consider the impact of possible shocks and stresses on their
region and the perceived control that local stakeholders have over managing
potential impacts.
Figure 1 demonstrates the matrix used to map these shocks and stresses. In
general, ‘impact’ meant impact on the general region and ‘capability to respond’
was in reference to the capability of representatives’ organisations to respond to
(or manage) each shock or stress.
Researchers could choose to reflect on the capability of analysis tools to model
the stress, or reflect on their observations of infrastructure networks in the city.
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Figure 1 - Impact/Response Capability Matrix

The group challenged the consideration of shocks without explicit consideration
of likelihood. The facilitators highlighted that assumptions could be made and
that the aim of the exercise is to reveal possible critical assumptions and
perspectives of those participating, rather than to establish a definitive
categorisation of each shock and stress. As such, the data is only analysed to
identify any general trends in responses. Critical stresses that were identified
during the afternoon’s presentations were discussed, with the aim of
distinguishing where intervention could take place to minimise the negative
consequences. Participants were asked to consider who had control over these
shocks and stresses, and what actions could be taken to minimise their impact.
Figure 2 summarises the responses to the exercise. There should be the same
number of responses for each stress, not all participants completed the exercise.
Perhaps surprisingly in an area of the world where seismic risk is clear and
significant, a seismic event was only ranked eighth as a high impact event with
low capability to respond.
In discussion, participants explained that as a visible and known hazard, much
attention had been paid to this over the past 20 years. However, stresses that
were deemed to be high impact to which stakeholders did not feel they had a
strong capability to respond (signalling potential areas of most concern) included
‘climate change’, ‘availability of labour’ and ‘capacity of the power network’. ‘Low
access to data’ and ‘water shortage’ followed closely behind.
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Figure 2 – Participant responses to shocks/stresses exercise

On the second day, presentations were given by Professor Louise Comfort on
organisational resilience, Dr Alison Post on urban policies for resilience, Dr Chris
Beck from the Electric Infrastructure Council (EIS) on the EIS’s scenario
modelling capability and Professor Tom O’Rourke from Cornell University, who
reflected on his personal experience of how academics can effectively interact
with government leaders to effect change.
Insights from wider discussion that followed the presentations and the shocks
and stresses exercise are described in the next section.

3. INSIGHTS: THE ROLE OF MODELS AND THE NEED FOR DATA
San Francisco Shocks and Stresses
Threats to infrastructure from risks associated with climate change such as sealevel rise, wildfire and drought were deemed to be the most pressing concern for
the public and private sector representatives.
Despite the high risk of earthquakes within the region, it was reiterated that
participants felt the San Francisco Bay Area was better equipped to respond to
earthquakes than to climate risks. There was, however, concern that the
resilience threshold in the face of a major earthquake is lower than what has
become the public’s expectation; that is to say that design codes broadly require
the protection of life, and not the unbroken continuity of service or business as
usual. There has been significant investment in earthquake preparedness and
response in the region, (both in terms of organisational planning and financial
investment in infrastructure) whereas several participants felt that the region was
poorly prepared for the scale of the 2018 Californian wildfires.
In addition, participants felt that uncertainty and scale of the risks posed by
climate change makes it particularly difficult to develop effective plans at an
organisational level (as opposed to regional or national level).
Representatives from state-led organisations noted that there is opportunity for
modelling tools to support decision-making on climate change adaptation
strategies. There was strong consensus that the use of modelling could allow for
potential adaptation strategies to be better understood before investment is
made into one particular strategy. For example, modelling could be used to
estimate the number of properties protected by interventions that minimise
coastal flooding. Modelling may also allow for the impacts of a combination of
strategies to be communicated to the wider public.

The topic of cyber threats was discussed, but it was felt that individual
organisations each had their own strategies to deal with cyber threats and there
was less of a need for coordinated mitigation and response than was needed to
respond to climate risks.
Data needs for models
Several of the modellers had acquired data sets of physical properties and
attributes from the utility operators. It was agreed that technological innovation,
such as city-scale modelling, can inform infrastructure managers and decisionmakers within the organisations that manage infrastructure. Nonetheless, the
discussions revealed that governance, community responses, and the political
landscape all influence how infrastructure is procured, managed, and used;
currently there are few models that account for these influences. However, the
existing models do provide for exploring “lessons imagined” rather than “lessons
learned the hard way” (as described by one participant).
The use of modelling tools for developing infrastructure resilience
The presentations from academics involved in the design of urban models
demonstrated that modelling allows for a range of scenarios to be enacted, which
can help to identify the benefits of resilience-based design. Representatives from
the utility companies and government groups expressed interest in the use of
models but felt that their capacity to incorporate models into operations is limited.
There was uncertainty over how such models could be configured to support
operational decisions, but that collaborative efforts would contribute to resolving
this.
Further engagement between modellers and regional authorities will allow for
modellers to enhance model interfaces and outputs, which will enable better
ease-of-use for utility companies. This type of collaboration could lead to the
development of tools based on the needs of the end-users. Continual
collaboration between model designers and end-users will allow modellers to
better understand the limitations of their models and to become familiar with the
kinds of decision-making environments in which their tools could be used.
It was agreed that the infrastructure sector is lacking specific plans on how to
practically implement resilience into infrastructure design and processes.
Performance objectives to improve the resilience of infrastructure systems could
be of value, and modelling could allow for various performance objectives to be
assessed in advance. Again, the discussion returned to the barriers to
embedding resilience-thinking into the infrastructure sector and ‘working culture’
was deemed to be a significant obstacle. One participant explained that “most
8

cities and regions are administered by multiple organisations with multiple levels
of oversight authority for infrastructure. Changing the mind-set and culture of
these agencies remains one of the principal challenges for resilient
infrastructure”. Definition is needed around what measures will improve the
design of a system and how to decide to incorporate resilience. It was suggested
that incentives are needed to allow designers to develop alternative solutions
and consider system-wide consequences.
A further key reflection from the round-table was that: “Shifting to a resilience
framework means changing the questions we ask, the data we collect, and the
analyses we use as evidence for decision.”

Next steps
The round-table discussion brought to light some key themes, challenges and
needs to advance the resilience agenda within the infrastructure sector. Below
is a summary of suggestions for future action to advance this agenda.
⇒ There is interest in continued opportunity for asset owners and modellers
to communicate in this type of open forum, so that asset owners can better
understand what models have to offer and modellers can better
understand the decision-making environments in which their tools could
be used.
⇒ In order for the models to be as effective as possible, more data is needed.
Not just physical data, but also data on organisational structures,
community responses and political objectives. Better communication
between modellers and end-users will allow for this type of data to be
more readily accessed by modellers. Future development of models
should be designed with consideration of asset owners and city
administrators as end users, so their needs should be clearly understood.
⇒ More discussion is needed on how to practically operationalise resilience
through the use of city-wide modelling of infrastructure systems and
interdependencies. The concepts of resilience were well understood by
stakeholders in the Bay Area but putting these concepts into practice
remains a challenge. Developing performance objectives for utility owners
and operators could help to operationalise resilience for all actors involved
in the infrastructure life-cycle.
⇒ Financing for large-scale infrastructure resilience should be discussed in
the future, this includes the role of the insurance sector and looking at
public-private partnerships.
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4. SUMMARY
The round-table provided participants with a unique forum in which they could
share current knowledge on resilience modelling capabilities and the working
environments in which these models could be of use. This type of forum,
facilitated by the Resilience Shift, allowed for academics and stakeholders to
interact directly, engage in productive exchanges and identify the steps that are
required to bring resilience to the forefront of the infrastructure agenda.
Participant list:
- Ibrahim Almufti, Arup
- Dr. Chris Beck, Electric Infrastructure Security Council
- Nathan Bengtsson, Pacific Gas & Electricity
- Dana Brechwald, San Francisco Bay Conservation and Development
Commission
- Professor Louise Comfort, UC Berkeley
- Dr. Craig Davis, Los Angeles Department of Water and Power
- Professor Sanjay Govindjee, UC Berkeley
- Xavier Irias, East Bay Municipal Utility District
- Danielle Mieler, City of San Francisco
- Professor Khalid Mosalam, UC Berkeley
- Jordan O’Brien, Google
- Professor Tom O’Rourke, Cornell University
- Tim Pokrywka, Caltrans
- Dr. Alison Post, UC Berkeley
- Kate Randolph, Google
- Jan Reier Huse, Vice President, Lloyd’s Register Foundation
- Professor Kenichi Soga, UC Berkeley
- Dr. Mark Stacey, UC Berkeley
- Professor Paul Waddell, UC Berkeley
Facilitators
- Professor Peter Guthrie
- Dr. Kristen MacAskill
- Francesca O’Hanlon
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