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EXECUTIVE SUMMARY 

On February 22, 2016, the Centre for Natural Hazard Research, in cooperation with Simon Fraser University’s 

ACT (Adaptation to Climate Change Team) and Natural Resources Canada, hosted a one-day workshop to initiate 

and stimulate a national discussion about weather-caused and weather-triggered hazards that are changing in a 

warming world. The two main goals of the workshop were to: 

1. improve knowledge and confidence of practitioners and policy makers when making land-use decisions or 

changes in professional practices that require a consideration of climate change; and 

2. spark a national initiative to produce an understandable document that summarizes changes to hazards 

driven by changes in climate. 

Workshop delegates represented a cross-section of stakeholders and experts in natural hazards, risk 

management, policy and climate change, and included researchers, engineers, geologists, planners, officials from 

local, provincial, and federal government, and emergency managers. 

Plenary presentations provided a framework for the workshop and stimulated discussions. The morning 

presentations provided an overview of the present understanding and implications of climate change, a summary 

of the impacts of sea-level rise in Canada, and some of the challenges and needs of those dealing with weather-

related hazard management. The presentations provided perspectives of a municipality (the City of Vancouver), a 

developer, and professionals (engineers and geoscientists). Plenary presentations in the afternoon provided insight 

into current provincial and federal initiatives and programs related to climate change adaptation. 

Two question-guided breakout sessions, one in the morning and one in the afternoon, allowed the workshop 

participants to share their thoughts and experience on the challenges and needs they face in their discipline or 

profession in understanding the intensity and frequency of climate-based and climate-influenced hazard events in 

a changing climate. The morning breakout session focused on identifying challenges in understanding and further 

aimed to assess whether there is a discrepancy between hazards that pose the largest threats and hazards that 

pose the biggest challenges in understanding. In the afternoon, the breakout session concentrated on identifying 

needs, in the form of information, tools, and governance and/or partnerships. 

During the morning breakout session, the workshop participants identified challenges in six categories: social, 

political, economic, environmental, scientific, and technical. Many of the identified challenges, however, are not 

problems of understanding climate-based or climate-influenced hazard intensity or recurrence, but rather 

challenges in managing changing hazards from the perspectives of specific disciplines. Overall, political challenges 

were identified as the highest priority, followed by technical, social, and scientific challenges, with communication 

issues as a recurring theme in several categories. More specifically: 

 political challenges: lack of clear legislation and policies, incorporation of risk into planning and project 

management, and lack of provincial engagement; 

 Social challenges: lack of personal awareness and responsibility, cascading effects to other sectors and 

creating opportunities for change; 

 Technical challenges: availability and best use of data; and 

 Scientific challenges: uncertainties in climate modeling. 

The workshop participants identified flooding as the largest threat and the biggest challenge in understanding 

for Canada, British Columbia, and southwest British Columbia. Depending on the participants’ background (e.g. 

geologist vs. government official), the ‘challenge in understanding’ might not be a lack of understanding of flood 

hazards or flood science, but rather a lack of information or consistent policies, or interpretation of or access to 
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data. Other main hazards that were identified as a threat or a challenge in understanding include: drought, 

wildfire, storms, and sea-level rise. 

In the afternoon, the workshop participants identified needs for information, tools, and governance/ 

partnerships, specifically: 

 Information needs: 

- improved information and communication to address social and scientific challenges; 

- more information about financial impacts, effectiveness of mitigation and adaptation methods, 

and regulation and policies. 

 Tools: 

- political tools and policies, such as cost-benefit analysis, building codes, liability protection, and 

government support for new technologies; 

- technical or visualization tools; 

- communication tools, for example online platforms, online data storage, and narratives focusing 

on local and personal impacts of climate change and changing hazards. 

 Governance/partnership: 

- capacity and resources at the federal and provincial level; 

- collaboration among governments and other stakeholders; 

- establishment of a IPCC sub-panel on hazards change. 

In conclusion, the workshop produced many useful insights, and facilitated new, and strengthened 

existing, connections among participants. However, the workshop did not fully achieve the two main goals, which 

can be attributed to the difficulties inherent in assuring coordination between the intent of the workshop, framing 

of the breakout sessions questions, and the needs and responses of the invited multidisciplinary audience. 

Nevertheless, the results, and the feedback from participants, revealed substantial demand and need for 

continued and more focused dialogue, collaboration, and cooperation, and as such it is important that the 

momentum the workshop created be maintained. 

This report provides a summary of the plenary presentations and the discussions and results of the 

breakout sessions. The appendices, which are published as a separate document, contain detailed findings of the 

breakout sessions and evaluations. 
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INTRODUCTION 

It has been common practice in risk management to use frequency-magnitude curves for predicting 

recurrence intervals of hazardous natural processes. These probabilistic frequency-magnitude plots are based on 

past events in the historical and geological record that occurred under past, relatively consistent, climatic 

conditions. It is evident that current climatic conditions are rapidly changing and are likely to continue to do so for 

at least the next 200 years. As a consequence, current risk management can no longer rely on the use of 

probabilistic frequency-magnitude curves; in fact, their use is becoming obsolete and potentially misleading. So, 

how then can we determine current and future hazard potential and manage our hazard risk? 

Since approximately the 1960s, global communities have witnessed an unprecedented increase in 

disasters, from fewer than 50 recorded events per year before 1963 to as many as 527 recorded events in 2000 

(EM-DAT, 2015). In particular, hydro-meteorological disasters such as flooding and storm-related events have 

increased rapidly, accompanied by a steep rise in disaster management costs. Some of this increase is due to 

population growth and concentration in urban areas that has exacerbated the potential for complex infrastructure 

failures and other impacts during extreme weather events. However, given the extraordinary increases in Canadian 

insured losses incurred by the insurance industry between 2003 and 2013, it is clear that climate change is now a 

significant factor that is likely to become worse as warming progresses. 

Anthropologically induced climate change is a widely recognized phenomenon and is now thought to be 

the main driver of recent increases in the occurrence and intensity of hydro-meteorological hazards around the 

world. Weather-related events, such as floods, landslides, and wildfire, among other hazards, are affected by 

changes in temperature and/or precipitation and are projected to significantly increase in many regions, leading 

for example to prolonged periods of drought, more frequent and severe wildfires, or intensified rain storms. Also, 

hurricanes and tornados appear to have become stronger and more frequent over an extended part of the year. In 

addition, global sea level rise, habitat/ecosystem changes, and human migration are key issues attributed to 

changes in climate. To make matters worse, rising global population and increasing wealth (more assets, buildings, 

and infrastructure), plus unsustainable development practices have left large populations more exposed to these 

weather- and climate-related hazards, with increases in costs of disaster recovery, response, and mitigation. 

National governments recognize the need to respond to changing hazards and a changing climate, and 

they have recently (re-)committed to address these issues by signing several agreements (e.g. the Paris Agreement 

(COP21), the new UN Sustainable Development Goals, and the Sendai Framework for Disaster Risk Reduction). 

Additionally, advances in science and technology have provide opportunities to adapt to a changing climate. 

Current mitigation strategies, programs, and policies, however, are not adequate for reducing atmospheric carbon 

dioxide levels, and as a consequence global temperatures and sea level are expected to rise above projected levels 

in the future (i.e. 2050 or 2100). Furthermore, higher temperatures will lead to increases in the moisture content 

of the atmosphere, which will excacerbate the intensity and occurrence of hydro-meteorological hazards. 

Initiatives at the global, national, provincial, and local government levels provide communities with tools 

to deal with changing hazards and climate change, but actual actions and implementation of solutions are often 

complicated or constrained by jurisdictional or political factors, lack of government guidelines, lack of knowledge, 

lack of collaboration or cooperation, resources, motives, inconsistent or unclear communication of scientific facts 

and predictions, or denial that climate is changing or that any change will have impacts. While rising concern and 

attention to limiting global warming to less than 2°C by the end of the century are much needed and warranted, it 

adaptation strategies must be developed and coordinated with emissions mitigation efforts, informed by our 
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improving understanding of how natural hazards might shift and affect society as a result of climate change. An 

improved understanding of natural hazards will enable society to better mitigate the risks they pose, and decrease 

exposure and vulnerability. Such understanding of changing natural hazards is an essential component of 

understanding and managing risk, and its consequences for new and existing development in a growing global 

society. We know that risk from natural hazards is changing due to climate change due to rapid growth and 

questionable development practices, but quantifying the increased risk is a significant challenge. The intent of the 

workshop was to address this climate change challenge. 

PURPOSE OF WORKSHOP 

The workshop was held on February 22, 2016, at the Joseph and Rosalie Segal Room at the Harbour 

Centre Campus of Simon Fraser University. The purpose of this workshop was to stimulate a national discussion 

about weather-caused and weather-triggered hazards that are changing in a warming world.  

Participants included a cross-section of stakeholders and experts in the disciplines of natural hazards, risk 

management, policy, and climate change. Delegates from federal, provincial, and local governments, consulting 

and engineering companies, academia, private industries, and other organizations heard and discussed 

presentations and participated in two breakout sessions to discuss the implications of climate change for Canada.  

Participants in the workshop:  

 examined current and likely future changes in the frequency and intensity of hydro-meteorological 

hazards due to climate change;  

 considered non-stationarity of hazards;  

 prioritized the needs of professionals for information about future changes in the frequency and intensity 

of hazards controlled or affected by climate;  

 examined the potential for national support for a program that documents changes in hazards and risk, 

and identify champions for such a program;  

 examined implementation of climate knowledge for hazard and risk assessments; and 

 explored best practices for professionals. 

GOALS OF THE WORKSHOP 

The Centre for Natural Hazard Research and its partners SFU ACT (Adaptation to Climate Change Team) 

and Natural Resources Canada hoped to capture and then highlight challenges faced by academics, practitioners, 

and policy makers with interests or involvement in hazard/risk management in a warming world. In particular, 

conversations were stimulated about how practitioners can make informed decisions based on expected changes 

in the frequency and magnitude of certain natural hazards.  

The workshop had two main goals:  

1. to improve knowledge and confidence of practitioners and policy makers when making land-use decisions 

or changes in professional practices that require a consideration of climate change; and  

2. to spark a national initiative to produce an understandable document that summarizes changes to 

hazards driven by changes in climate.  
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WORKSHOP FORMAT AND PROCEEDINGS 

Presentations at the workshop set the stage for, and framed, discussions. The morning presentations 

provided overviews of the challenges and needs of those managing weather-related hazards. Following the 

morning presentations, two breakout sessions focused on identifying challenges and needs in understanding and 

using knowledge about non-stationary hazards. A plenary session in the afternoon captured discussion highlights 

and priority setting.  

This report provides a summary of the presentations and discussions that emerged from the workshop. It 

includes summaries of the plenary presentations; breakout sessions, discussions, and evaluations; 

recommendations for future initiatives related to changing natural hazards; and references. The appendices, which 

are published as a separate document, include detailed responses to the questions in the breakout sessions, 

breakout session summaries, comments left on the ‘mural’, evaluation feedback, background information 

regarding weather-related hazards, and the participant list. 

Results and discussions in this report are presented without attribution to specific persons. Comments are 

only identified only by discipline in order to assess possible differences among the stakeholders. 
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PLENARY PRESENTATIONS 

 

INTRODUCTION 

JOHN CLAGUE, EARTH SCIENCES, SFU 

In an increasingly urbanized world, there are more people and 

wealth (i.e. assets, buildings, and infrastructure) exposed to natural 

hazards. The population of the Greater Vancouver area has grown to 

about 2,356,000 people in 2011, and is projected to increase to about 

3,443,000 by 2041 (Metro Vancouver, 2015). This growth raises the 

question of society’s vulnerability to hydro-meteorological hazards, 

especially when the occurrence and intensity of hazardous events are 

changing due to changes in climate. 

Climate is changing throughout British Columbia; annual 

temperatures and average precipitation have increased across the 

province in the period 1900-2013. Storm surges are also becoming an issue, as currently more than 296,000 people 

live just above mean sea level on the Fraser Delta (Metro Vancouver, 2015). 

So, how do we plan for these changes? How does a changing climate affect the communities of south-

coastal British Columbia, and Canada in general? What risks does climate change pose? How does climate change 

affect the occurrence and intensity of natural hazards at a local scale? While most of the workshop participants 

would agree there are risks related to climate change, many Canadians do not.  An effective response to the 

challenges posed by climate change requires a commitment from Canadians that action is required. 

PRESENT UNDERSTANDING OF CLIMATE CHANGE 

 The first presentation of the morning plenary session, by Deborah Harford, provided a brief overview of 

current understanding and implications of climate change, including the latest international agreements dealing 

with climate change and Canadian initiatives. 

The second presentation, by Thomas James, provided information on, and projections of, sea-level rise. 

He also discussed guidance provided by the British Columbia Government for improving sea dikes in anticipation of 

sea-level rise through this century. 

CLIMATE CHANGE AND WEATHER HAZARDS, AN OVERVIEW 

DEBORAH HARFORD, ACT (ADAPTATION TO CLIMATE CHANGE TEAM), SFU 

In 2015, three international agreements addressing issues associated with climate change were signed or 

ratified: the Paris Agreement (COP21), the UN Sustainable Development Goals, and the Sendai Framework for 

Disaster Risk Reduction). The agreements signal global recognition of, and concern about, the impacts and 

consequences of climate change.  

“Plan for the future because 

that’s where you are going 

to spend the rest of your life” 

– Mark Twain 
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Notwithstanding global initiatives to reduce future greenhouse gas (GHG) emissions, atmospheric 

modeling indicates that rising temperatures and subsequent impacts on society and ecosystems are now, to some 

degree, inevitable due to the longevity of CO2 and other GHGs in the atmosphere. Any "commitment to climate 

change" requires that we plan to adapt to its effects while working to reduce emissions as quickly as possible. 

Rising  temperatures will lead to an increase in atmospheric moisture and a reduction in the temperature 

differential between the Arctic and the equator. These changes will affect global weather patterns and cause more 

extreme weather events. In Canada, observed effects include an increase in  

temperatures, especially in the Arctic, and growing numbers of weather 

disasters, particularly flooding. Projected impacts include an increase in the 

severity of extreme weather events; sea-level rise; loss of ice, snow, and 

permafrost; shifts in species, habitat, and human populations; and new or 

exacerbated health risks.  

With 80% of the Canadian population currently living in urban 

areas, and an enormous municipal infrastructure deficit already a 

challenge, climate change poses ongoing risks to our infrastructure and the 

safety and health of the population. Half of all insurance payouts in Canada 

are currently for water damage (Insurance Bureau of Canada, 2014). The 

combined effects of climate change, aging infrastructure, increasing property values, and increases in population 

will require an increase in spending on disaster mitigation. 

The federal government has recognized these issues through recent initiatives on climate change and 

adaptation, including allocations of money for green infrastructure projects. Other government levels and sectors 

are also taking action; for example, the new BC Climate Leadership Plan is being developed, and climate change 

adaptation plans have been released by several major Canadian cities. There is a clear economic incentive to act 

given recognition that that spending money on climate change adaptation now will reduce future spending and 

damages by significant amounts.  

While government leadership and policies are essential to drive effective climate change adaptation, the 

private sector and professionals are integral to policy development and must be consulted to ensure that 

adaptation strategies are appropriate and feasible. 

 

Audience question/discussion 1: We have a huge legacy of development without consideration of relevant available 

data in this country, largely due to government inaction. For example, the 2013 flood in Calgary was predictable, 

although it was significantly smaller than the flood of record. The city’s vulnerability to floods was well known, but 

was ignored by all levels of government. We need to be cautious in asserting that data collection and historical 

records are irrelevant.  

Answer: There’s certainly a lot of development on floodplains and, as municipalities are only able to generate 

income from property taxes, there is little incentive for them not to allow construction on floodplains, particularly 

when they are ‘bailed out’ by the federal and provincial government in emergencies. Municipalities also must 

expend public monies to upgrade infrastructure and pay for the recovery. Advocating for tax reform is important to 

deal with this problem, but we also have to take into account the fact that the required data and conditions are 

changing.   

 

Audience question/discussion 2: People do not necessarily make better decisions based on having the best available 

information. We can’t bombard ignorance with more facts and expect a different result. We often forget that 

behavioural change and changes in some public perceptions (i.e., 40% of the Canadian public do not believe in 

Half of all insurance 

payouts in Canada are 

currently for water 

damage (IBC, 2014). 
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human-induced climate change) should be the focus, receiving at least as much attention as science itself. 

Behaviour and perception are just as important at this time. 

Answer: I agree. This is a changing and evolving system. Our last federal government had a cold war on climate 

change. You could not even say ‘climate change’. We now have a Minister of Environment and Climate Change, and 

that alone sends a message to Canadians. That kind of leadership will help to influence behaviour change. 

SEA-LEVEL RISE 

THOMAS JAMES, NATURAL RESOURCES CANADA 

Rising sea levels will lead to shorter return periods of coastal floods, meaning that a one-in-50 year 

extreme event at Halifax will occur about every three years by 2050 for a high-emissions scenario. This predicted 

change in the frequency of extreme water level events does not, however, take into account possible increases in 

storminess and associated storm surges that might further increase the magnitude or frequency of extreme water 

levels. 

The 5
th

 assessment report (AR5) of the Intergovernmental Panel on Climate Change (IPCC, 2013) 

concludes that average global sea level will rise more than 25 cm, and perhaps as much as 1 m, by 2100. The 

projected rise in relative sea level across Canada, however, 

differs substantially, in large part because of differing amounts 

of ongoing crustal uplift and subsidence. In general, populated 

coastal areas of southern Canada are likely to experience sea-

level rise of up to a few tens of centimetres by 2050. At 

Vancouver, the most extreme emissions scenario might result in 

nearly 1 m of sea-level rise by 2100 (James et al., 2014, 2015).  

However, some regions in the Arctic and Hudson Bay are 

experiencing crustal uplift from unloading due to melting of the 

late Pleistocene Laurentide ice sheet, and thus will experience a 

continuing fall in relative sea level. 

The Provincial Government provides climate change guidelines for the construction of sea dike and flood 

construction levels, taking into account future sea-level rise, maximum high tide, storm surge, estimated wave 

effects, and a freeboard. The province’s recommendation planning levels for sea-level change provide a margin of 

safety to account for uncertainty in forecasts. Climate change science is rapidly evolving and guidelines and 

regulations must be reconsidered and updated as required as new information becomes available. For example, 

Barnard et al. (2015) conclude that if projections for increasing frequencies of extreme El Niño and La Niña events 

are confirmed, coastal erosion and flooding events around the Pacific will increase, independent of sea-level rise. 

DEALING WITH WEATHER-RELATED HAZARD EVENTS 

The next three morning plenary presentations were made by speakers who deal with changes in the 

occurrence and intensity of natural hazards due to climate change on a daily basis. The first presentation provided 

an overview of the adaptation strategies of the City of Vancouver. The second presentation highlighted the 

challenges and needs developers face in adapting to climate change. And the third presentation outlined how the 

Association of Professional Engineers and Geoscientists of British Columbia is incorporating climate resilience in 

the design of public infrastructure through the development of professional guidelines.  

At Vancouver, the most 

extreme emissions scenario 

might result in nearly 1 m of 

sea-level rise by 2100. 
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MUNICIPAL ISSUES IN HAZARD RISK MANAGEMENT IN A CHANGING CLIMATE 

TAMSIN MILLS, CITY OF VANCOUVER 

At the municipal level, there is a heightened focus on climate change, from emergency management to 

proactive planning and engineering. Promoting resilience with regard to climate change requires collaboration and 

cooperation across disciplines such as engineering, planning, and 

emergency management.  

The City of Vancouver (‘the City’) adopted a climate change 

adaptation strategy in 2012, for which risks and vulnerability for the 

city were identified based on available science. The City prioritized 

risks and impacts and initiated adaptation planning. The Risk-based 

Land Use Guide (Struik et al., 2015) served as a helpful tool for 

assisting planners to 1) identify hazards (shocks and stresses), 2) 

identify what could be harmed, 3) assess potential losses and 

identify a community’s acceptable risk level, 4) identify planning 

options to reduce risk, and 5) monitor the situation and preserve 

future options. The City has incorporated climate change into these 

steps by considering hazard, risk, and vulnerabilities both today and 

in the future. Climate change introduces more uncertainty into 

planning, which requires a consideration of scenarios and adaptive management.  

The City performed a flood mapping exercise, including five different scenarios. That exercise showed that 

planning based on current information does not yield an accurate picture of potential future impacts, due to 

changes in infrastructure, people, economy/assets, and the environment. Flood hazard mapping is traditionally 

based on a specific return-period flood (e.g. 1-in-100 year flood). However, determining the acceptable risk for a 

community (that is, defining and adopting a specific flood return period for new developments) is a difficult 

process, as risk concepts are difficult to communicate, particularly in light of uncertain future conditions. 

To move forward and adapt to climate change, solutions must be flexible, adaptable, and robust instead 

of optimal or based on a single scenario. Uncertain hazard conditions and predictions due to climate change pose 

difficulties for decision-makers, who have to justify spending decisions based on a business case, and may result in 

‘decision paralysis’. Regardless of the uncertainties associated with climate change and changing natural hazards, 

there is enough knowledge and opportunities to engage the public, stakeholders, and governments; to implement 

no-regret actions; to refine engineering design (e.g. changes to building codes), to preserve future options (e.g. 

amend land use plans), and to monitor and review. 

 

 

Audience question/discussion 1, researcher: I appreciated the discussion on co-benefits for health. We need to look 

at integration to move our health system forward. I am Interested in the notion of climate ‘extremes’. Our 

trajectory is not optimistic, but it could be worse. How are possible climate-related extremes considered in 

planning? The city does not have the infrastructure to get to SLR [Sea Level Rise] 2.5. 

Answer: We use PCIC [Pacific Climate Impact Consortium] data to inform, but it is a challenge for estimating sea-

level rise. Another challenge is the planning timeframe; we do not look past 2100. It is very difficult to get people to 

think past 2100. 

 

Challenges: Climate change 

predictions add uncertainties to 

planning efforts, determining 

acceptable risk, and 

communicating risk and 

uncertainty. 

Needs: Flexible, adaptive 

management. 
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Audience question/discussion 2, policy specialist: NRCan in its 2014 national climate change impact and adaptation 

assessment specified 29 adaptation measures, but only 11 have been implemented. Why are we still in this 

position, and how do we move forward faster? 

Answer: We need to include economic risk in communications to decision makers, just as we do for other business 

cases. Municipalities are dealing with huge demands on resources, and uncertainty and a poorly developed 

business case make it difficult to compete with other business/investment cases.  

Audience question/discussion 3, planner/local government: I agree that engaging communities and citizens 

matters, but 44% of Canadians do not believe in human-induced climate change. It is already difficult to get citizens 

vote, so how do you engage people on an issue they do not really care about? 

Answer: We are still  trying to figure this out. We are meeting with staff for cities in the United States, working with 

public art, and thinking about accessibility to waterfront because these are matters that people care about; so this 

is a good starting point. Visualisations might help, but a lot of visualisation is scary and might turn people off. I 

recommend focusing on what people themselves can do to adapt. 

 

Audience question/discussion 4, federal/provincial government: You showed a slide with sea-level rise projections 

after 2100. The IPCC always shows sea-level rise after 2100, but the problem will persist much longer. Is the City of 

Vancouver planning for SLR after 2100?  

Answer: We find it very difficult to plan past 2100. I welcome ideas on how to get past the 2100 barrier. 

 

Audience question/discussion 5: There are some pessimistic people in Vancouver. What do we need to plan for? Is it 

a consensus view? What do we do with the Hansen et al. paper (2015) [paleoclimate pessimists]?  

Answer: We need a broader discussion because the City of Vancouver can’t solve the problem of sea-level rise by 

itself. In terms of dealing with outliers, the City looks at the ranges provided and looks to the Province for 

guidelines. And we hope that the BC guidelines will be reviewed every five years. 

 

Audience/question 6, engineer/geo-technician: APEGBC has a Climate Change Advisory Group, which frequently 

engages engineers. The engineers want to do the right thing, but clients are often reluctant/unresponsive. They 

have found that until requirements are legislated, developers do only what they are legally required to do, rather 

than the ‘good thing to do.’ What is the role of City in engaging developers and engineers to do the good thing? 

Answer: The City certainly wants to work with engineers and the design community to adopt guidelines that 

encourage efficiency and resilience. The City has changed some bylaws, and there are some active developers in the 

community that are innovative. Hopefully more innovation will coming from these changes. 

DEVELOPERS’ ISSUES IN HAZARD RISK MANAGEMENT IN A CHANGING CLIMATE 

JONATHAN MEADS, CONCERT PROPERTIES LTD. 

Property development and construction require a long-term vision and approach, as it often takes more 

than five years to acquire land, go through the OCP [Official Community Plan] amendment process, rezone, and 

apply for a development and a building permit. Within that period, government policies and bylaws may change, 

complicating the process.  

Several problems in connection with sea-level rise arise when building in the Greater Vancouver area. 

First, local municipalities require different flood construction levels (FCLs) (e.g., FCL=4.5 m in North Vancouver 

versus FCL= 4.6 m in Vancouver), or have different requirements over the use of subterranean space. The inability 
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to locate rooms, such as electrical/mechanical rooms or storage, below grade has implications for buildings. For 

example, elements of the streetscape are blocked off to provide this space; 

and the loss of leasable area increases costs and hence reduces 

affordability. In some instances, where municipalities have imposed 

minimum-use requirements, it is hard to develop buildings, especially retail 

at grade. Second, there is a policy disparity for building at existing locations 

vs, building at new locations;  additional buildings at existing sites do not 

always have to meet adjusted flood construction levels. 

In addition to following local policies and bylaws, developers must 

make trade-offs between the aesthetics of a building (e.g. floor-to-ceiling 

windows) and adjustments to climate change (e.g. increased demand for 

air conditioning), which again come with greater development costs. The 

new Building Act (2015) allows the Provincial Government to set one 

standard for construction activities, but there is a need to consider how 

this standard should be enacted. 

New technologies, such as energy-efficiency ratings, are available 

to developers and builders, but more education regarding the challenges 

and options of adapting to climate change is needed, both for developers 

and builders and for other stakeholders and the public.  

 

 

APEGBC’S PROFESSIONAL PRACTICE GUIDELINES ON INCORPORATING CLIMATE RESILIENCE 

IN THE DESIGN OF PUBLIC INFRASTRUCTURE IN BRITISH COLUMBIA 

HARSHAN RADHAKRISHNAN, ASSOCIATION OF PROFESSIONAL ENGINEERS AND GEOSCIENTISTS 

OF BRITISH COLUMBIA (APEGBC) 

A technical circular from the BC Ministry of Transportation and Infrastructure (BCMoTI) serves as a 

directive to consider climate change and extreme weather events in infrastructure design. With funding and 

technical support from BCMoTI, APEGBC’s Climate Change Advisory Group (CCAG) is currently working on 

professional practice guidelines that will help APEGBC professionals incorporate climate change resilience in the 

design of highway infrastructure in British Columbia. CCAG hopes that these guidelines, drafted as “interim” to 

allow for a one-year adoption period, will be endorsed by APEGBC Council in the summer of 2016. A steering 

committee of professionals representing a variety of stakeholders is providing feedback on the development of the 

guidelines. The initiative focuses on resiliency, rather than vulnerability, of highway structures. 

An objective of the guidelines is to bridge a gap between what is needed and what is currently being done 

with regard to infrastructure vulnerability. They will apply to new and existing BCMoTI highway infrastructures, but 

will also be relevant for all public infrastructures in the province. They provide context for risk assessment within 

the public infrastructure management system and will complement existing APEGBC guidelines such as ‘Legislated 

Flood Assessment Guidelines in a Changing Climate in BC’ (APEGBC, 2012). 

The climate vulnerability risk assessment will consider several regional climate projections. Typically, 

engineers consider the precautionary principle in their designs, which entails consideration of extreme events. The 

guidelines contain a standard of care, which encourages designs that are resilient in a range of future climate 

scenarios, including adaptable and smart designs (e.g. self-drainage). They anticipate enhanced monitoring of 

Challenges: Long-term vision and 

approach of developers vs. 

shorter-term political cycles and 

policy changes; policy disparity 

between existing and new 

developments; trade-off between 

the affordability of adaptation 

measures and aesthetics of 

buildings. 

Needs: More education for 

developers on the issue of climate 

change and adaptation options. 
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projects, involvement of a multi-faceted stakeholder team, and a consideration of the infrastructure’s owner’s risk 

tolerance. The guidelines are applicable to both large and small projects. 

Communication to the infrastructure owner regarding best available science and tools provides them with 

assurance. Engineers, in turn, are provided with a tool for providing due diligence. 

 

 

Audience question/discussion 1, engineer/consultant: I am working with APEGBC to help provide guidelines. An 

issue is who is a ‘qualified professional’. We do not yet have qualified professionals in 

this new, rapidly evolving environment. 

Answer: We want to instill confidence that tools are available.  

 

Audience question/discussion 2, engineer/consultant: There is room for developing 

guidelines, while recognizing the gap between sectors of the engineering design 

community as well as the issue of non-stationary data. Engineers dealing with the 

possibility of flooding are used to working with mostly outdated, historical, stationary 

data. We are designing things today to last for the next 50+ years using historical 

data, which is a challenge. How do we do that in a mindful and cost-effective way? 

Answer: The Province in working towards developing energy-efficient building codes. 

APEGBC tries to support energy-efficient and climate-resilient development. We 

acknowledge lots of gaps, but progress is being made. 

 

Audience question/discussion 3, policy specialist: Risk assessment is a foundation for 

guidelines. From the public health perspective, health risk assessment is a different thing. How is the term ‘risk 

assessment’ used here? How does health risk assessment fit into the guidelines? 

Answer: Health risks, for example when investing in water treatment plants, should be considered from the Ministry 

of Health perspective. APEGBC engineers/geoscientists are in tune with these conversations and are happy to help. 

 

Audience question/discussion 4, federal/provincial government: In the standard of care, the issue of the role of 

professional judgment is raised. We try to use climate change information in different processes/practices, with a 

balance between new quantitative data and the exercise of judgment. An example is the use of new data in 

updating flood maps. Some people would like to use climate model output in future frequency-magnitude relations. 

When can we be confident of such an approach, rather than placing priority on professional judgment? 

Answer: There is a lot of misunderstanding in conversations about climate change (e.g. 100-year storm). People are 

beginning to consider possible impacts rather than only how often rare events happen. Floodplain maps must be 

made consistently, using the same criteria, so that makes decisions are based on accepted standards. Maybe we 

need a series of maps, rather than just one map as a basis for conversations. 

 

PROVINCIAL AND FEDERAL PROGRAMS AND INITIATIVES FOR DEALING WITH CLIMATE 

CHANGE 

 Two presentations from provincial government representatives provided insight into current provincial 

initiatives and programs related to climate change adaptation in the afternoon plenary. These were followedby 

three presentations from federal government representatives, summarizing the National Disaster Mitigation Plan 

Challenges: uncertainty and 

regional variability in future 

climate change projections and 

impacts, communication to 

infrastructure owner. 

Needs: development of 

guidelines, including statements 

of standard of care. 
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(NDMP), the Integrated Seasonal Climate Bulletin (ISCB), and three programs within Natural Resources Canada 

(NRCan). 

PROVINCIAL CLIMATE CHANGE HAZARD-RELATED SUPPORT PROGRAMS 

THOMAS WHITE, BC MINISTRY OF ENVIRONMENT  

Both the federal and provincial governments have made commitments to address climate change. The 

2015 Federal Mandate letter to Environment and Climate Change Minister Ms. McKenna states a renewed 

commitment to climate change adaptation and to review environmental assessment processes in the context of 

climate change (Prime Minister of Canada Justin Trudeau, 2015). At the provincial level, climate change and 

adaptation are included directly in the mandates of three ministries and indirectly in the mandates of others. BC’s 

Climate Leadership Plan is now in the second round of consultation. Stakeholders and the public are invited to 

submit their thoughts on actions to lower greenhouse gas emissions and on the low carbon economy of the future 

(Government of British Columbia, 2016). The BC government announced in its 2016 budget $65 million to help 

communities improve safety, including $16 million in public safety preparedness initiatives and $49 million in 

community hazard mitigation initiatives such as upgrades to dikes and flood protection. 

DIRK NYLAND, BC MINISTRY OF TRANSPORTATION AND INFRASTRUCTURE 

The BC Ministry of Transportation and Infrastructure has assessed the vulnerability of its infrastructure 

and found that the highway system is safe, except when water is transmitted over or under structures (e.g. bridges 

and tunnels). The Ministry has been working with APEGBC to 

address the issue of climate change adaptation. Engineers will 

have to expand their calculations beyond the use of historical 

data and consider future climate projections. Trade-offs will have 

to be made between the lifespan and use of infrastructure on one 

hand and in adapting to climate change on the other. 

 

Audience question/discussion 1: Is there any discussion at the 

provincial level of educating engineers about climate change, 

maybe through conferences?   

Answer: There is nothing specific. There are people available to 

answer questions and many pertinent presentations have been 

made at conferences in the past, but nothing has been organized 

or structured by the Provincial Government. 

 

FEDERAL CLIMATE CHANGE HAZARD-RELATED SUPPORT PROGRAMS 

CATHERINE SALES, PUBLIC SAFETY CANADA 

The National Disaster Mitigation Program (NDMP) was launched in 2015, after consultation between 

Public Safety Canada and the provinces and territories, to address escalating disaster costs due to increases in 

The National Disaster Mitigation 
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events. 
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mostly water-relate hazard events. Canada’s approach to manage risks of disasters includes research and analysis 

of flood-related disasters and consultation with the insurance industry to develop a national approach to 

residential flood insurance. The NDMP aims to reduce the impacts of natural disasters on Canadians by focusing 

investment on significant, recurring flood risks and costs. 

 

The NDMP has two components: 

 provision of $183.8 million over five years to provinces and territories on a merit-based, competitive basis 

for use in non-structural and small-scale structural flood mitigation measures; and 

 expenditures of $9.3 million over five years to develop a national risk and resilience repository and to 

promote public awareness. 

Four project streams provide the provinces and territories with access to cost-shared funding:  

 Stream 1: Risk assessments that inform flood risk; 

 Stream 2: Flood mapping; 

 Stream 3: Mitigation planning; 

 Stream 4: Non-structural and small-scale structural disaster mitigation. 

The NDMP program ensures that foundational non-structural mitigation measures are in place to inform 

structural mitigation measures. In addition, the program helps to meet pre-conditions for residential flood 

insurance (e.g. through risk assessments, flood map updates, mitigation planning), and it systematically 

contributes to the development of a national risk profile. 

The first call under the NDMP program, in April 2015, resulted in 33 proposals from across Canada. Most 

of these proposals were related to risk assessment and flood mapping. Another call for proposals is expected soon, 

although no dates have been announced. The government will draft national principles, best practices, and 

guidelines on flood mapping in support of the NDMP.  

 

Audience question/discussion 1: Will there be another call for proposals this spring? What are the deliverables? Will 

there be guidelines? 

Answer: The NDMP will still focus on flood risks, and will invite proposals from the same four streams. Information 

and guidelines are on the Public Safety website. 

 

Audience question/discussion 2: Through the Disaster Financial Assistance program, the federal government helps 

to cover the costs to rebuild infrastructure to what it was prior to a disaster. But with climate change, will the 

NDMP improve infrastructure for climate change adaptation? 

Answer: Right now, funding only restores damages to the pre-event state. 

 

MATT MACDONALD, ENVIRONMENT AND CLIMATE CHANGE CANADA 
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Environment and Climate Change Canada issues an Integrated Seasonal Climate Bulletin (ISCB) four times 

each year. The bulletin includes a summary of the previous season’s weather conditions, events, and statistics, and 

also includes forecasts for the upcoming season. It is presented to stakeholders in a webinar and is also emailed to 

a list of subscribers.  

The ISCB provides a seasonal forecast, which includes probabilities of temperatures being above or below 

average. It does not predict daily weather, rather it anticipates how temperatures over a period of three months 

will compare to averages. Confidence in these seasonal forecasts increases in years with a strong climatological 

driver (e.g. El Niño or La Niña). Similarly, confidence increases when models from other national weather agencies 

are in agreement those of Environment and Climate Change Canada. The seasonal forecasts issued through the 

ISCB can be used by emergency managers and others to better prepare for the upcoming season. 

Notifications are also issued by the Ministry of Environment and Climate Change and are sent to 

emergency managers in specific regions when significant extreme weather events are expected. These 

notifications are typically issued three to four days in advance of the anticipated event. 

NICKY HASTINGS, NATURAL RESOURCES CANADA 

Natural Resources Canada (NRCan) is involved in three climate change programs. First, the Climate 

Change and Geoscience Program (GSC-CCGP; up for renewal) provides geoscience expertise to reduce risk and 

inform adaptation solutions for transportation and community infrastructure and sustainable northern economic 

development. This expertise is needed for government land-use planners, industry, and regulators to make 

informed decisions on risk mitigation. The program comprises three projects. The ‘coastal infrastructure project’ 

characterizes, maps, and assesses that portion of the Arctic coastline where there is existing or potential coastal 

infrastructure. The ‘land-based infrastructure project’ is similar, 

but is targeted at lands with existing road and airport 

infrastructure. The ‘essential climate variables project’ monitors 

and assesses key climate components such as permafrost, 

glacier mass balance, and snow cover. Changes in ground 

conditions in Northern Canada can affect the costs, safety, and 

longevity of infrastructure, as well as investment risks or 

rewards. Geoscience knowledge of near-surface ground 

conditions can support informed decision-making and planning 

by northern communities. 

The second program, the Climate Change Impact and 

Adaptation Program, facilitates adaptation planning, decision-making, and action across the country to increase 

Canada’s resilience to climate change. The program raises awareness and enhances capacity to understand, 

prepare for, and adapt to the effects of climate change. Key stakeholder groups from government, industry, and 

professional organizations collaborate on adaptation priorities and have produced several published assessments 

(e.g. 2008 Regional Assessment, 2014 Sectoral Assessment, 2016 Marine Assessment, 2016 Transportation 

Assessment) and guides/primers (e.g. Sea Level Rise Strategies, Climate Scenarios, Climate Change to 

Infrastructure). The program has also provided more targeted products to assess impacts of climate change. 

The third program, the Public Safety Geoscience Program, delivers targeted and national assessments for 

hazards such as earthquakes, tsunamis, slope failures, space weather events, and volcanoes. The program enables 

research to develop tools, standards, and guidelines for quantitative hazard and risk assessment and mitigation, as 

well as outreach activities. It shares experiences through a Disaster Risk Reduction (DRR) Network, for example 

through presentations in the Canadian HAZUS user group, which is open to interested people. Risk-based planning 
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requires a six-step process that proceeds from knowledge through analysis and evaluation to action: 1) goals and 

objectives, 2) hazard magnitude and intensity, 3) vulnerabilities, 4) losses and risks, 5) a plan, and 6) project 

outcomes. 

 

Audience question/discussion 1, engineer: The disaster risk reduction database is a great goal, but it is hard to 

maintain a database over time. Is the goal to create a database that is more than a snapshot? How will the 

database be maintained? 

Answer: We are currently looking into how to develop an online geodatabase.  

 

Audience question/discussion 2: Does the transportation report for 2016 include pipelines? 

Answer: I cannot answer that question, but I would guess that pipelines are included. 

 

Audience question/discussion 3: Can you expand on the Hazus program and its future? 

Answer: We are in the process of evaluating options for the future of the Hazus program in Canada and are looking 

at a variety of solutions to address risk assessment modeling. 

 

Audience question/discussion 4: Could you tell us more about the adaptation library and what the future plans for it 

are? 

Answer: You can find out more information on the adaptation library at http://www.adaptationlibrary.ca/ 
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BREAKOUT SESSION RESULTS AND DISCUSSION 

 Two breakout sessions followed the morning plenary presentations. The first breakout session focused on 

the challenges to understanding changing natural hazards resulting from climate change. Discussion centered 

around five questions (see Appendix A and B). To stimulate discussion, participants were placed in breakout pods 

(eight pods in total) of mixed disciplines.  

 The second breakout session examined what is needed, in terms of information, tools, and governance, to 

address the challenges to understanding that were identified and discussed in the first breakout session. For this 

session, the breakout pods (five pods in total) were organized by discipline, and discussions were centered on 

three questions (see Appendix A and B). 

 

Note on the interpretation of breakout session results: 

For a variety of reasons, including style of questioning, facilitator/recorder skills, and the multi-disciplinary 

audience (see ‘Reflection on workshop’ on page 50), breakout session questions were addressed differently by some 

pods. As a result, it was difficult to analyse the breakout session responses uniformly across the pods. Therefore, 

numerical representations of the results below should not be interpreted as an absolute reflection of comments 

made by the workshop participants, but rather should be taken as trends. To further summarize results and 

facilitate interpretation, thoughts and comments written by the participants on sticky notes or flip charts were 

grouped under common themes or headers in the text and tables below. 

QUESTIONS 1 & 2: IDENTIFICATION AND IMPORTANCE OF CHALLENGES IN 

UNDERSTANDING  

The participants were first asked what are their biggest challenges or problems in their discipline or 

profession in understanding the intensity and recurrence of climate-based and climate-influenced hazard events in 

a changing climate. Additionally, the respondents were asked to rate the importance of those 

challenges/problems. The intent of these two questions was to assess the largest challenges in understanding 

among the different disciplines, and whether or not these challenges are considered and addressed. 

The responses to the first question cover a wide spectrum of problems and challenges, however not all of 

the answers appear to relate to an understanding of the intensity and recurrence of climate-based and climate-

influenced hazards events in a changing climate. Many answers pertain to a wider range of implications, 

shortcomings, and restrictions within and between disciplines or professions working on projects or programs 

involving climate change adaptation. 

We grouped the identified challenges and problems in six categories: social, political, economic, 

environmental, scientific, and technical (Tables 1 and 2). Most breakout pods placed their comments into one of 

these six categories, although some did not categorize their comments; in the latter cases, we assigned these 

comments to the most appropriate category. Participants provided a total of 158 comments on sticky notes or flip 

charts; of these, 145 were placed into one of the six categories, and another 13 comments were out of context, 

but did not pertain to a new challenge. Most comments were in the political category, followed successively by 

comments in the scientific, technical, social, economic, and environmental categories (Table 1). 
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Table 1. Number of comments by category. 

Category No. of comments 

Political 35 

Scientific 34 

Technical 28 

Social 21 

Economic 20 

Environmental 7 

Total 145 

 

Not all identified challenges could be tracked to the discipline of the commenter, as some pods listed 

common thoughts on flip charts. However, some interesting trends became apparent from the available data 

(Figure 1): Representatives of the federal and provincial governments made the most comments related to 

economic challenges; engineers and geologists made comments principally in the technical, scientific, and 

environmental categories; planners and local government were most concerned with political challenges; 

emergency managers identified mainly social challenges; and researchers provided comments for all except the 

economic category. These trends, although not absolute and should be considered with caution, may signal 

discipline-specific challenges. For example, the call for more or better data was mostly made by engineers and 

geologists, who were also most concerned about how to deal with scientific uncertainty. Federal and provincial 

government representatives were more concerned with justifications of spending and prioritizing spending, 

although they also had concerns about the science and data, and dealing with uncertainty. Planners and local 

governments identified several issues related to governance and regulation, whereas emergency managers 

expressed concern about personal responsibility and awareness, and plain-language communication. 

 

 
Figure 1. Percentage of identified comments per discipline for each category. 
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Identified social challenges fall into four categories (Table 2): responsibility, education and awareness, 

communication, and mind-set. Comments revealed a concern about personal responsibility, or the lack thereof, 

evident from other comments related to short-term thinking and NIMBY-ism [Not In My Back Yard]. Increased 

communication and education/awareness were similarly identified in relation to the need for changing perceptions 

about climate change, whether to the public or among disciplines and governments. Participants in Pod 1 

discussed the need for narratives, for example in the style of the New Yorker magazine, as the public seems to 

respond well to this type of messaging. Detailed information on impacts (e.g. ‘a one degree increase in summer 

temperature will result in four times more area being burnt’) will similarly help to increase awareness. More 

information on local impacts resonates better than information on national or global scales.  

Political challenges were grouped under four sub-headings (Table 2): governance, legislation, policies and 

guidelines, political support, and capacity. Comments about governance mainly addressed governmental authority 

and responsibility. Many participants commented on the lack of clear governmental guidance on issues such as 

climate change adaptation and natural hazards, and some questioned who should determine what acceptable risk 

is. For instance, the transfer of regulations by the provincial government to municipalities or regional districts 

might result in interference and a lack of understanding of local situations. On the other hand, some local 

communities may not have the capacity and resources to deal with hazard issues. There is also a lack of 

consistency among the many federal and provincial government agencies involved, which has created confusion 

for many of the participants. Better legislation, policies, and guidelines are needed, not only from a government 

perspective, but also by professionals, for example in the form of best practices or guidelines. Although better 

legislation or policies might be helpful in setting standards and providing guidance, they may create other 

problems, such as liability concerns or inflexible rules and regulations for developers/practitioners. Political 

support and will were cited by some participants as crucial for reducing risk from climate change and natural 

hazards. However, short-term (four-year) political cycles and uncertainty in climate change forecasts interfere with 

marshalling political support. At the local level, there may be political will to act, but it can be constrained by the 

lack of resources for mitigation or adaptation. Because local communities uphold policies supported by the 

electorate, it can be difficult to make changes; hence the need for education of the electorate. More political 

support is needed to integrate risk and hazard into planning, management, and risk assessment. However, climate 

projections, and subsequent changing hazards and risks, have large uncertainties; thus integrating these issues into 

decision-making and policies can be complicated. How much credibility can be attached to predictions based on 

models for the year 2100 ? There are many different climate change predictions models; who decides which one to 

believe/use? 

Several economic challenges were identified (Table 20 and can be grouped in three areas: cost-sharing 

responsibility, data/research expenses, and defining priorities. Cost-sharing is an issue at political as well as social 

levels. At the political level, short-term political cycles inhibit spending and policy advancement on climate change 

issues. At the social level, short-term thinking (i.e. ‘not in my life time’) is blamed for the pubic’s resistance to 

adapt to climate change . Another major challenge is to define priorities in spending. Accountability to the 

electorate, whether municipal, provincial, or federal, demands the need for cost-benefit analyses. These analyses 

should include the negative impacts to communities (i.e. costs), as well as a cross-sector assessment of the impacts 

of climate change. This approach should yield a better understanding of the return on investment and might 

facilitate decision-making. Additionally, several participants called for a revision in the allocation of emergency 

funds to allow for proactive adaptation to climate change, instead of band aid-type solutions after the fact that 

only allow rebuilding to pre-disaster conditions, effectively building in future vulnerability. 

Workshop participants commented least on environmental challenges (Table 2). Some comments were 

specific, pertaining, for example, to glacier and permafrost changes or saline water intrusion. Others were more 
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general and related to an understanding of the importance of the environment and how environmental systems 

will change due to climate change. 

Scientific problems and challenges fell into four categories (Table 2): lack of knowledge or understanding, 

scientific uncertainty, communicating science and uncertainty, and better understanding of climate change 

models. Several identified issues require better knowledge or understanding, ranging from a better understanding 

of certain scientific principles (i.e. intensity, magnitude, return interval), to causative relationships (e.g. 2
nd

 and 3
rd

-

order effects of temperature or precipitation changes, such as the impacts on soil moisture retention or landslide 

occurrence), regional or local effects, and the use of historic data for extrapolation. Studies into the cascading 

effects of climate and hazard change on other disciplines are also needed. Changing hazards and climate will affect 

many sectors, for example the health sector (e.g. the effects of air quality on an aging, more vulnerable 

population), the economy (e.g. increasing disaster spending), and transportation (e.g. aging and inadequate 

infrastructure). Scientific uncertainty is generally deemed to inhibit progress, and the implications of this 

uncertainty need to be better communicated. However, some participants argued that, while certainty is useful, 

we cannot ignore the current trend of a warming climate; uncertain projections are better than none. In addition, 

there needs to be consensus on information regarding climate change and consistent messaging, as there are 

many different climate change models, and workshop participants indicate difficulties in deciding which ones to 

choose. Concrete examples or narratives were proposed as possible methods to communicate scientific 

information, as these methods might resonate better with the public. A better understanding of climate systems 

and the processes involved in current climate models will help reduce scientific uncertainty related to climate 

change. 

Technical challenges and problems can be placed into three categories (Table 2): improvement of 

methods, communication and access to data, and data needs. Many participants commented on the need for more 

uniform methodologies, through standards of care or guidelines. Better methods and interpretation of climate 

models are also needed by practitioners for local and regional projects. Similarly, there is a need for better 

methods to deal with uncertainty related to climate change. Currently, there are no standardized methods, and 

the user is left to interpret uncertainty. Better communication and access to data were also identified by many as a 

challenge, including sharing and storing data through a common database and improved audience-specific 

communication. The participants further identified a need for better, high-quality, high-resolution data, including 

more climate, hydrology, and LiDAR data, and continuous monitoring of the surface environment. Such data would 

allow engineers and geologists to better address local situations and recommend mitigation and adaptation 

measures. However, the participants realize that the costs of acquiring such data are considerable. 

Among the challenges and problems identified above, two themes recurred. First, communication was 

identified as a social, scientific, and technical challenge. Second, calls for better regulations were recognized to be 

technical and political challenges. These recurring themes imply an interconnectedness of challenges and suggest 

that collaboration among different disciplines is needed to address issues. Many other identified challenges, while 

situated within a specific category, cross discipline boundaries and cannot be addressed with a siloed mindset. For 

example, to create increased general awareness of climate change (i.e. alter public perceptions) and to stimulate 

individual or community adaptation, uniform communication approaches are needed; and these approaches must 

be based on better data and improved methods to communicate uncertainty. Policies, regulations, legislation, and 

financial incentives can support efforts to increase climate change awareness. To achieve this, consensus must be 

reached on several discipline-specific issues, for example how to perform cost-benefit analyses and how engineers 

and geologists should address climate change issues on local and regional scales, but there is also a need to 

collaborate, cooperate, and communicate across disciplines.  
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Table 2. Identified challenges and problems faced by workshop participants in their profession or discipline in 

understanding the intensity and recurrence of climate-based or climate-influenced hazards events in a changing 

climate (Question 1). 

Social challenges and Problems 

Responsibility Who is responsible for decisions related climate change? (e.g. Who determines what is an 
acceptable risk standard?): 

 Reliance on governments and experts 

 Lack of personal responsibility 

 Support of electorate when making decisions 

 Sharing of data and results; does that also mean sharing of risk (i.e. responsibility)? 

Education and 
Awareness 

 Accept that we do not have the perfect knowledge on the future implications of 
climate change, but need to build on available knowledge. 

 Need to increase public awareness on the implications of climate change 

 Need to create narratives or other creative methods to reach the public 

Communication  Lack of uniform messaging from governments and experts (related to uncertainties in 
climate change predictions) 

 Lack of clear communication between disciplines and communication to the public 

Mind-set  Short public timeframe (i.e. not in my life time) 

 Lack of holistic/multi-disciplinary thinking: need to look at multiple aspects (e.g. 
societal, political, economic, and scientific) of climate change 

 NIMBY-ism 

 Need to look for new opportunities; focus on the positives 

Political challenges and problems 

Governance  Overlapping levels of government and agencies 
- Which level of government has the authority to act? 
- Which level of government is responsible? 
- Which level of government sets the rules?  
- Which level of government decides what is acceptable risk? 

 Provincial government needs to be engaged and play their rightful role 

 Political reticence 

Legislation, 
policies and 
guidelines 

 Regulation, need for policy 

 Engineers need clear legislation: 
- Liability issues 
- Lack of professional/practical implications (e.g. governments do not 

understand costs and liability when adopting certain codes) 

 Best practices vs. guidelines (with design criteria and exact numbers) 

 Rules on how to use climate change projections in risk assessments 

Political support 
 
 
 
 
 
 
 
 
 

 Needs for political will to increase and support regulations (e.g. allow Disaster 
Financial Assistance to be spent on adaptation strategies):  

- Integrate risk into planning and project management 
- Land-use policies that consider risk factors and threats 
- Need to move forward without perfect information 
- Opportunity to leverage changes to better meet human needs 

 Short-term political cycles (four-year) interfere with progress 

 Need for political support to share and store data (e.g. national databank): 
- Liability and security issues 
- Data ownership by clients (e.g. industry); no incentives to share data 

 Not enough emphasis on climate change in current risk assessments 

 Electoral support for policy changes 
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Capacity  Smaller vs. bigger communities: 
- Availability of resources (i.e. related to local tax base) 

Economic challenges and problems 

Cost sharing 
responsibility 

 Funding determined by short-term political cycles (four-year) 

 Short-term thinking/mind set; people do not want to invest in adaptation strategies 
that exceed their own life span 

 Limited financial capacity of smaller communities; dependence on property taxes 

 Training costs; navigating different funding mechanisms 

Data/research 
expenses 

 High costs for certain data (e.g. high resolution data, LiDAR) 

 Costs of accessing data: 
- Software user fees 

 Data ownership by clients (e.g. industry); no incentives to share data 

Defining 
priorities 

 Justification of costs: 
- Cost-benefit analysis used in decision-making process 
- Accountable to electorate 
- Negative impacts (i.e. costs to community) should also be considered 
- Economic analysis of impacts of climate change by sector (e.g. health, 

energy) 
- Fulsome accounting for the life decisions people make (e.g. property 

purchase, infrastructure support) 

 Emphasis should be on return of investment; understanding return of investment of 
specific solutions to risk; encourage investment in resilient design 

 Allocation of emergency funds: 
- Disaster Financial Assistance (DFA) only allows rebuilding to pre-disaster 

level; there is no room for more expensive adaptation strategies. Seems like 
a poor way to spend funds. 

- Proactive vs. reactive funding of emergency/disaster management activities. 

Environmental challenges and problems 

  Intrinsic value of the environment. How important is the environment? 

 Failure to understand systems, e.g. transecting/intersecting systems 

 Conflicting values between environment and emergency management 

 Lack of knowledge on system changes when certain climate thresholds are reached 

 Shoreline squeeze: reducing fish and wildlife habitat by building walls and barriers 

 Conflicting environmental and emergency management values 

 Lack of understanding of glacier and permafrost changes; permafrost changes are 
hard to detect 

 Saline water intrusion; contamination of surface water and groundwater by saline 
water will lead to changing crop patterns and loss of fertility of lands 

Scientific challenges and problems 

Lack of 
knowledge or 
understanding 

 Lack of understanding by the public of basic scientific principles (e.g. return period, 1-
in-50-year flood, intensity, frequency, magnitude) 

 Lack of understanding of process chains/causative relationships (one process leading 
to another) 

 Lack of understanding of local and regional effects of climate change 

 What is our reliable state of knowledge about the present climate (~10,000yrs)? 
(need to know that before we can predict hazards in a warmer climate). 

 Risk quantification 

 Use of historical data for future predictions 

 Cascading effects to other disciplines (e.g. compromised air quality due to wildfires) 

Scientific  Scientific uncertainty is inhibiting progress 
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uncertainty  The effects of uncertainty in global climate change models on regional models and 
predictions 

 2
nd

, 3
rd

, 4
th

-order effects of climate change (e.g. what are the effects of increasing 
storm intensity on the occurrence of landslides?) 

 Deciding what is reliable information 

Communicating 
science and 
uncertainty 

 Translating scientific information for other users and the public 

 Consensus on information (need to convey a consistent message) 

 Need for a clear and common language to explain science 

 Need to be careful in how to present impacts of climate change without getting to far 
from scientific facts 

 Need for concrete examples that resonate with the intended audience (e.g. a one 
degree rise in summer temperatures will lead to four times more area burned by 
wildfires). 

Understanding of 
climate change 
models 

 Need better data to predict hydrogeological implications. 

 Better understanding of what climate models currently capture 

 Thresholds for complex systems change 

Technical challenges and problems 

Improvement of 
methods 

 Need for standardized procedures 

 Standards of care vs. guidelines 

 Need for a single unified risk assessment methodology 

 Translation of climate change scenarios to risk scenarios 

 Interpretation of general/regional climate data on a site-specific basis 

 Better methods to deal with uncertainty in models (e.g. how can we use data for 
future (AD 2100) projections?) 

 How to account for 2
nd

, 3
rd

, 4
th

 order implications of climate change? 

 How to make decisions dealing with uncertainties? 

Communication 
and access to 
data 

 Need for a better understanding across, and collaboration between, disciplines 

 Need to share data, information, and tools between disciplines and with the public 

 Need for a common database/access to data of others 

 Visualization tool for communication 

 Target communication to the intended audience (i.e. simplify the message, use of 
plain language) 

 Agree on, and use, common terminology 

 Better access to special software 

Data needs  More climate and hydrology stations, especially at high elevations 

 Continuous monitoring of climate and hydrology stations 

 Easier access to regional-scale models 

 Updated, high-quality data 

 More/better access to LiDAR data 

 

The participants were asked to prioritize the identified challenges (Table 3) by selecting their personal top 

three challenges. Table 3 summarizes the challenges that received three or more votes in each pod. Pod 1 did not 

vote on the identified challenges, but the participants widely agreed on scientific communication and uncertainty 

as the top priorities. In five of the seven other pods, political challenges were ranked among the most important 

challenges. Clear legislation and policies, integration of risk in planning and project management, and lack of 

provincial engagement were among the political priorities cited. In three of the seven pods, technical challenges 

were among the three most important priorities. Technical challenges are mostly related to data availability and 

how to best use data. Five pods identified social challenges among the most important challenges, which include 
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concerns over cascading effects, personal responsibility, and opportunities for change. Five pods rated scientific 

priorities highly, mainly around uncertainty in climate change projections. 
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Table 3. Prioritized challenges in understanding that were identified in each breakout pod (Question 2). 

Pod no. Category Comment 

1 Social/ scientific 1. Public communication 
2. Scientific uncertainty 

2 Technical 1. Availability of data 

Technical 2. Translation of scientific knowledge to stakeholders 

Scientific 3. Layers of uncertainty 

Technical 4. Site-based problems 

3 Economical 1. Local governments need to develop/rely on property taxes, whereas in 
other countries local governments have other resources and thus have less 
pressure to develop/build at any cost 

Technical 2. Access to regional-scale climate change data 

Social 3. Multi-disciplinary nature of climate change and opportunity to leverage 
changes in attitude to better meet human needs 

4 Scientific 1. Uncertainty in climate change projections and science 

Political 2. Uncertainties about policies and rules 

Political 3. Need for engagement by the provincial and federal governments 

Social 4. Public education and greater understanding 

5 Political 1. Sharing and archiving knowledge on climate change adaptation 

Scientific 2. 2
nd

 and 3
rd

-order effects and corresponding return periods for such events 

Political 3. Clear legislation on requirements to incorporate climate change into design 
and operation of infrastructure 

Technical/ 
scientific 

4. Projecting intensity and frequency of events well beyond the period of 
historical/instrumental records and communicating the associated 
uncertainty 

Social 5. The constellation of human health impacts of climate change acting 
together (e.g. heat and drought as stressors, air quality decline from wild 
fire over a period when demographics are shifting (>80 yr, > chronic cardio-
respiratory disease) 

6 Scientific 1. Lack of certainty (science used to be the driver) 

Social 2. General vote for social issues (including public apathy, resistance to change, 
cognitive limitations (exhaustion), reliance on government action, dealing 
with grief (especially among Indigenous peoples)) 

Environmental 3. Failure to understand systems. Transecting/intersecting systems 

Political 4. General vote for political issues (including communication of risk and 
individual responsibilities, political will to change, governance, a lack of 
coordination, short-term political cycles, and opportunities 

7 Economical 1. Understanding of the return on investment of specific actions to lower risk 

Social 2. Personal responsibilities; develop neighbourhood resilience plans 

Political 3. Integrating risk into planning and project management 

8 Political 1. More data and studies in the public domain  

Political 2. Regulation challenges; political will to uphold regulations 

Economical 3. Need for fulsome accounting for the important decisions people make (e.g. 
property purchase, infrastructure support) 
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SUMMARY: 

 We grouped 145 comments into six categories; of these, almost half relate to political or scientific 

challenges or problems. 

 Many identified challenges do not pertain to understanding climate-based or climate-influenced hazard 

intensities or recurrence, but rather to challenges in managing changing natural hazards from the 

perspective of different disciplines. 

 A trend in discipline-specific comments was observed among the different groups (Figure 1): federal and 

provincial government participants identified mainly financial challenges; engineers and geologists 

identified technical, environmental, and scientific challenges; and planners and local governments 

identified mainly political challenges. 

 Among the different pods, political challenges were identified as a priority, followed by technical, social, 

and scientific challenges: 

- Political challenges include political engagement, clear legislation and policies, and incorporation 

of risk into planning and project management. 

- Technical challenges focus mainly on data availability and how to best use data. 

- Social challenges address cascading effects on other sectors (e.g. health), lack of personal 

responsibility/awareness, and opportunities for change. 

- Scientific challenges are mostly concerned with uncertainty in climate modeling. 

 Communication challenges were identified as social, scientific, and technical issues. 

 Better regulation and legislation were identified as political and technical challenges. 

 There is a need to address discipline-specific issues, and a simultaneous need to collaborate, cooperate, 

and communicate across disciplines. 

  

Figure 2. Flip chart from Pod 8, reflecting its conclusion that political and scientific challenges are important. 
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QUESTIONS 3, 4 & 5: HAZARD THREAT AND CHALLENGES IN UNDERSTANDING 

Questions 3, 4, and 5 targeted the level of understanding of climate-based/climate-influenced hazards 

that pose the largest threat to, respectively, Canada, British Columbia, and southwest British Columbia (i.e. the 

Lower Mainland). Question 3 asked the workshop participants to list and rank up to three potential climate-

based/climate-influenced phenomena that pose the largest threat to Canada, British Columbia, and southwest BC, 

whereas Question 4 asked them to identify climate-based/climate-influenced hazards that pose the biggest 

challenge in understanding. Question 5 sought discussion of differences between the answers to questions 3 

(largest threat) and question 4 (understanding). 

Table 4 lists 20 different hazards that were identified by the participants as the largest threat. Canada 

received the largest number of distinct hazards (20), which is reflective of the country’s size and topographic and 

climatic variability. In comparison, participants identified 11 hazards for British Columbia and 14 for southwest BC. 

For example, hazards related to snow and ice were not listed for BC and southwest BC. In contrast, landslides were 

considered a large threat for BC and southwest BC, but not for Canada. Overall, flooding was deemed the largest 

threat for Canada, BC, and southwest BC, followed by wildfire and drought for Canada and BC, and storms and sea-

level rise for southwest BC.  

Some of the hazards identified in Table 4 are not climate-based or climate-influenced per se (listed in 

italics in the table); rather they are either an impact or consequence of changing hazard conditions resulting from 

climate change (i.e. climate refugees, food security, resource extraction, water resources), an identified vulnerable 

group (i.e. aging population), or a geophysical hazard (i.e. earthquake). 

 

 

Table 4. Climate-based or climate-influenced hazards that pose the largest threat for Canada, BC, and southwest 

BC. 

Hazard Canada      BC  SW BC 

Flood 28 28 24 

Sea-level rise  2 7 13 

Extreme rainfall 1 1 2 

Water resources 1   

Storms 4 5 15 

Wind   3 

Drought 17 12 9 

Temperature increase 9 3 1 

Wildfire  10 20 5 

Permafrost degradation 1   

Arctic warming  2   

Ecological collapse  1   

Disease 2   

Insect-borne illness  1   

Insect plagues 1   

Winter season length 1   
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Hazard Canada      BC  SW BC 

Low snowpack 1   

Ice storm 1   

Snow 1   

Landslide  3 2 

Ground disturbance   1 

Food security   1 

Climate refugees 1   

Aging population  1   

Earthquake   2 

Interaction with resource extraction  1  

Other identified hazards (not voted)    

Avalanche  *  

Air quality   * 

Tsunami due to landslide  *  

No. of identified hazard types 20 11 13 
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Workshop participants identified 25 challenges in understanding climate-based or climate-influenced 

hazards. They listed floods as the biggest challenge in understanding for Canada, BC, and southwest BC, followed 

by drought and sea-level rise for Canada, wildfire and landslides for BC, and drought and storms for southwest BC 

(Tables 5 and 6). 

As in the case of the response to Question 3 (largest threat), some of the identified challenges in 

understanding are not related to climate-based or climate-influenced hazards per se (listed in italics in Table 5), 

but are either related to impacts (i.e. impact of flooding on local communities, water availability, food security, 

climate refugees/migration), availability of data (i.e. detailed weather data, communities at risk), conceptual 

challenges (i.e. Intensity Duration Frequency (IDF) principles, multi-disciplinarity, risk acceptance, effectiveness of 

mitigation), governance challenges (i.e. decision-making, weak land-use planning, water resource management), or 

risk acceptance (i.e. collective appreciation of climate change, wilful ignorance). 

 

Table 5. Identified climate-based or climate-influenced hazard events that pose the greatest challenges in 

understanding (italicized items are not directly climate-based or climate-influenced hazards). 

 CAN BC SWBC 

Flood 
- Fraser River flood peak flow 
- Flooding in local communities with limited 

resources 
- Erosion related to flooding 

10 11 13 

Sea level rise  
- Impacts of sea-level rise on infrastructure, 

economy, etc. 

5 1 3 

Storms 5 3 4 

Drought 
- Accommodating long-term impacts in 

decision-making 

7 2 5 

Wildfire 
- Boreal forest 
- Impacts of wildfire 

3 8 1 

Increasing temperature 1 1 1 

Arctic sea ice?  1   

Permafrost degradation 1 1  

Coastal erosion 1   

Landslides 
- Debris flows 
- Post-wildfire debris flows 

 5 2 

Ecosystem collapse 2   

Insect plagues 1 1  

Disease 1   

Detailed weather data 1   

Intensity-duration-frequency (IDF) principles 1 1 1 

Higher-order effects 1 2 1 

Extreme events 1   
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 CAN BC SWBC 

Atmospheric patterns 1      

Water availability  1 2 

Air quality   1 

Food security 1   

Climate refugees / migrations 1   

Weak land use planning  1 1 

Population at (un)known risk/ "Oso scenarios"   1 

Multidisciplinary nature of risk 1   

Mitigation effectiveness 1   

Risk acceptance 1   

Collective appreciation of Climate Change 1   

Wilful ignorance/ psychology 1   

Other identified challenges (not voted)    

Data and understanding of cumulative risk 
assessment (multi-disciplinary) 

* * * 

Water resources management (incl. apportioning 
water in late summer/ low flows) 

  * 

No. of identified challenges in understanding 25 14 15 

 

Table 6. Top three hazard threats and top three challenges identified. 

Hazard threat Challenges in understanding 

 Canada BC SW BC  Canada    BC     SW BC 

1 Flood  Flood  Flood  1 Flood  Flood  Flood  

2 Drought  Wild fire  Storms  2 Drought  Wildfire  Drought  

3 Wild fire  Drought  Sea-level rise  3 Sea-level rise Landslides  Storms  

 

Floods were identified as the largest threat and the biggest challenge in understanding for Canada, BC, 

and southwest BC (Tables 4, 5, and 6). Most insured losses from disasters between 2009 and 2014 were due to 

water damage (IBC, 2014), in line with the recognition of floods as the largest threat. However, a quick Google and 

Google Scholar search into Canadian natural hazards (Table 7) reveals that floods have the greatest number of 

entries, thus it is questionable whether floods do indeed pose the biggest challenge in understanding. Participants 

in one of the breakout pods rightfully questioned: “What do government officials and planners mean when they 

list floods as a challenge?” It is likely that, aside from engineers and geologists, some responses to Question 4 (e.g. 

from government officials, emergency managers, and planners) were not referring to the technical or scientific 

understanding of flood hazard, or for that matter some of the other hazards included in Table 6, but rather to a 

lack of information at a policy level (i.e. a lack of knowledge transfer between scientists and policy makers), 

interpretation of available data (i.e. simple uniform messages), or accessibility of data (i.e. common database). 

The responses to Question 4 furthermore indicate that workshop participants are concerned about some 

conceptual challenges, for example risk acceptance and the multi-disciplinary nature of hazards and climate 

change. Similarly, the participants identified several practical challenges (e.g. data management, land-use 
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planning, and availability of detailed weather data), as well as more ‘novel’ challenges, such as dealing with climate 

refugees and food security, and the cascading effects of sea-level rise. One response identified a public safety 

issue, comparable to the Oso landslide in Washington State in March 2014, namely how many communities are at 

known or unknown risk and how do we deal with this?  

 

Table 7. Results from Google and Google Scholar search (“natural hazards [type of hazard] Canada”). 

Hazard type Google Google Scholar 

Flood 1,020,000 105,000 

Sea-level rise 947,000 118,000 

Storm 365,000 86,100 

Wildfire 185,000 20,700 

Drought 437,000 50,700 

 

SUMMARY: 

 The largest threat, as well as the biggest challenge in understanding, for Canada, BC, and southwest BC is 

flooding. 

 Among the top three threats and challenges in understanding are (in different order for Canada, BC, and 

southwest BC): drought, wildfire, storms, and sea-level rise. 

 Depending on the participants’ disciplines (e.g. hydrologist vs. government official) ‘challenge in 

understanding’ might not be related to the actual understanding of flood hazard or flood science, but 

instead could imply a lack of information, or might be related to interpretation of, or access to, data.  

 If not directly related to a natural hazard, identified challenges in understanding are conceptual, practical, 

novel, or a public safety concern. 

  

Figure 3. Floods, floods, floods… 
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IDENTIFICATION OF NEEDS  

The afternoon breakout session focussed on identification of needs, in the form of information, tools, and 

governance (Questions 6-8, Appendix A and B) to address challenges in understanding or managing natural hazards 

in a changing climate. In the discussions below, we focus on those needs that address the most important 

challenges identified by the workshop participants, which are political, technical, social, and scientific (see Table 3). 

The afternoon five breakout pods represented different disciplines: researchers, engineers and geologists, 

planners and local government, federal and provincial government, and emergency managers. 

QUESTION 6: INFORMATION 

 The workshop participants listed information needs under seven headings: data, communication and 

education, professional/regulatory, governance, financial, conceptual, and decision-making (Table 8). Not all 

comments submitted by the participants directly refer to information needs, but rather pertain to needs for 

political leadership or improved collaboration. 

Political challenges can be addressed by improvements in governance and better guidelines and 

regulations for planners and local governments setting standards for incentives or penalties. Similarly, planners 

and local governments, as well as federal and provincial government officials, recognize a need for cost-benefit 

analyses that can generate new or improved information regarding the effectiveness of adaptation and mitigation 

measures. Engineers, geologists, planners, and local government representatives emphasized a need for 

professional guidelines. Whereas engineers and geologists question government involvement in defining 

specialties and regulations and would like regulations to be flexible (Pod 3), planners and local government officials  

want the provincial government involved and “need something with more weight than just guidelines (Pod 5)”. 

Furthermore, guidelines should incorporate climate change adaptation, and clear rules are needed for collecting 

and using data for assessments that include hazard and risk. Better information about the costs and benefits of 

mitigation or adaptation measures will help inform the electorate about the impacts of climate change and the 

implementation of local measures. The Provincial Government can assist by ensuring appropriate legislation is in 

place. 

Extensive data needs were highlighted mostly by researchers and engineers/geologists, and focus mainly 

on continuous and higher resolution climate data, and a central database. Such data would address some of the 

technical challenges that were identified. Specific suggestions include a provincial database that would include all 

studies down to the municipality scale, and public access to data similar to the Alberta Rock Core inventory. 

Additionally, a need for more dense local data was identified, as current monitoring stations commonly are distant 

from study sites. Regional data and projections are helpful, but local communities will experience large differences 

in climate impacts. 

Better communication and education methods were identified as needs by all disciplines, mostly in the 

context of addressing communication and education barriers between disciplines and the general public. The 

methods could be used to address scientific and social challenges. Participants in Pod 1 questioned how well 

organizations like the Geological Association of Canada (GAC) and universities are doing in communicating science. 

The participants agree that there is a need for a communication medium that the public will use. Other comments 

refer to a common simple language for communication or the translation of information, and the need for 

additional education for scientists/researchers, policy-makers, and communicators on the limits of science and 

communication of risk and uncertainty. In tandem with the need to improve communication is the need for better 

information on some conceptual issues, such as a definition of acceptable risk, uncertainty, and decision-making 

frameworks.  
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QUESTION 7: TOOLS 

 Several tools that could help address some of the challenges in understanding or managing changing 

natural hazard risk were identified. We have grouped them in five categories: technical, communication, financial, 

professional, and government/governance (Table 9). Some other items were identified that are not considered 

tools. 

 Financial, professional, and governmental/governance tools can help address political challenges. 

Financial tools include cost-benefit analyses, financial support programs, and insurance incentives. Financial 

support should be available not only to researchers but also to practitioners (e.g. planners or emergency 

managers). Additionally, there should be municipal funding for retroactive fixes (e.g. houses that are already in the 

floodplain). Professional tools include guidelines, such as building and construction codes. Governments should 

pursue better regulations, in the form of set standards, performance measures, or liability protection, and support 

for new technologies, to address political challenges. 

 Participants suggested several tools to address technical challenges: better visualization tools in climate 

models, linkages between climate and engineering tools, and Google-compatible mapping programs. Additionally, 

there was a suggestion for a data-sharing tool, although details were not provided. 

 To address some of the social challenges (i.e. lack of personal responsibility, awareness, and willingness to 

adapt), participants suggested a number of communication tools, mainly to inform and educate the general public. 

Suggested tools include online availability of data and use of popular social media (e.g. Twitter, Facebook, and 

YouTube). A novel approach was the use of artists to help visualize adaptation strategies. Additionally, participants 

identified the need for consistent messaging. Additional methods include the use of narratives and information on 

local impacts instead of national and global impacts. 

 None of the tools described above and in Table 9 addresses the scientific challenge of dealing with 

uncertainty. 

QUESTION 8: GOVERNANCE AND/OR PARTNERSHIPS 

Workshop participants identified several governance and partnership needs, summarized under three 

main headings: leadership, organizations, and methods (Table 10). 

An increase in capacity and resources is needed at both the federal and provincial levels of government. 

The planners and local government officials stressed a need for a provincial regulatory framework. Additionally, 

increased collaboration and cooperation among different branches and levels of government are needed and 

might lead to better access to information. Collaboration with other stakeholders and a focus on sustainable 

partnerships are also needed. Several government organizations are deemed essential for providing governance or 

partnerships: Environment and Climate Change Canada, BC Ministry of Forests, BC Ministry of Environment, 

Department of Fisheries and Oceans (DFO), the provincial Agricultural Land Commission (ALC), and Natural 

Resources Canada. Other important groups include universities; community planners; GeoBC, which provides geo-

spatial products; FICOM (Financial Institutions Commission), which provides equitable and balanced regulation of 

provincially regulated financial institutions in British Columbia and deals with pension plans, real estate, mortgage 

brokers, and financial institutions; and the Credit Union Deposit Insurance Corporation (FICOM, 2016). Professional 

organizations, including an IPCC subcommittee on hazard change, as well as several private and other 

organizations and individuals were also mentioned by the workshop participants. 

Several methods that might assist in establishing governance or partnerships were suggested. Some 

suggestions relate to communication (i.e. integration in school curriculum, small community champions, and a 

governing body for translation of science) and might help address social challenges through education, thereby 
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creating more awareness. Other methods are related to a regulatory framework for practice and data collection 

(i.e. guidelines for local projects, regulation of data collection, standardized tools, and transparency) and might be 

of value in tackling technical challenges. 

 

SUMMARY 

 Needs for information fall into the following categories: data, communication and education, 

professional/regulatory, governance, financial, conceptual, and decision-making. 

- More information and improved communication and education are needed to address social and 

scientific challenges, such as personal responsibility and awareness, and communication 

between stakeholders and the public. 

- More information regarding financial impacts, effectiveness of mitigation and adaptation 

methods, and regulation and policies can help build a political framework. 

 Needed tools fall into the following categories: technical, communication, financial, professional, 

government/governance. 

- Tools to address political challenges include cost-benefit analysis, building and construction 

codes, liability protection, and government support for new technologies. 

- Tools to address technical challenges include visualization tools, Google-compatible mapping, 

and tools to link climate science and engineering. 

- Communication tools, such as online platforms, online data storage, narratives, and artistry, can 

be used to address social challenges. Focus should be on local and personal impacts of climate 

change and changing hazards, as they will resonate best for most people. 

 Governance and/or partnership needs include leadership, organizations, and methods. 

- Capacity and resources at the federal and provincial level. 

- Collaboration among governments and other stakeholders. 

- Government, professional (including a to-be-established IPCC sub-panel on hazard change), 

private, and other organizations and/or individuals were identified. 
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Table 8. Information needed to address challenges in understanding or managing changing natural hazards. 

Comments Researchers 
 

Engineers and geologists 
 

Planners and local 
government 

Federal and provincial 
governments 

Emergency managers 

Data Basic monitoring 
information (stream 
gauges, sediment 
measurements, etc.) 

Higher resolution climate 
data 

Local science data Base-level data collection Centralized data sharing  

Continuous monitoring Historical and current data  Data and knowledge 
management 

More emphasis on 
emergency management 
and planning vs. privacy 
of data 

Paleo-data Access to climate modellers   Perceived and actual 
liability of owning 
information 

Climate observations Second third-order effects    

Spatial correlation and 
temporal variation 

Common digital database    

National LiDAR 
database 

Dealing with uncertainty    

Central data storage     

Communication 
and education 
 
 
 
 
 
 
 
 
 
 
 
 
 

Improved 
communication: 
Breaking down barriers 
between disciplines 

Common language for 
communication 

Education of 
electorate on climate 
change, adaptation, 
regulation and 
legislation 

Educating policy-makers 
on limits of science 

Process for transfer of 
knowledge from 
academic research to 
practitioners/policy 
makers 

Collaboration at all 
government levels and 
stakeholders 

Translation of information  Training for scientists on 
communicating risk and 
uncertainty 

Common language and 
consumable information 

 Education on climate 
change models 

   

Better public 
communication 

Communication/ knowledge 
transfer skills training for 
scientists 
 

 Communication of 
climate change to users 
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Comments Researchers 
 

Engineers and geologists 
 

Planners and local 
government 

Federal and provincial 
governments 

Emergency managers 

Communication 
and education 

Training of 
communicators (e.g. 
liaisons, researchers) 

Communication experts  Promotion/marketing of 
governmental services 
and efforts 

 

Professional/ 
regulatory 

 Design guidelines Professional practice 
guidelines 

  

 Non-restrictive guidelines Checklists of best 
practices 

  

Governance   Leadership entity Interdisciplinary 
platforms 

 

  Coordination at 
Provincial and 
regional levels 

  

  Common 
process/framework/ 
monitoring process 

  

  Guidelines and 
regulations; 
Incentives vs. 
penalization 

  

  Regional 
coordination of 
codes/bylaws 

  

Financial 
 

  Costs and benefits; 
limited by resources 
and capacity 

Funding from Federal 
government 

Increased funding for 
practitioners (e.g. 
planners and disaster 
managers) 

   Determining costs and 
benefits (opportunity, 
liability, hidden 
consequences of 
inaction) 

 

Conceptual 
 
 

 Definition of acceptable risk Discussion regarding 
‘uncertainty’ 

  

 Decision-making framework    
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Comments Researchers 
 

Engineers and geologists 
 

Planners and local 
government 

Federal and provincial 
governments 

Emergency managers 

  Dealing with uncertainty    

     

Decision-making    Commitment to activities 
longer than political 
cycles 

 

   Connecting practice and 
decision-making 

 

   Insulate climate change 
adaptation from politics 
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Table 9. Tools needed to address challenges in understanding or managing changing natural hazards. 

Comments Researchers 
 

Engineers and geologists Planners and local 
government 

Federal and provincial 
government 

Emergency managers 

Tools - technical  Better visualization tools in 
climate models 

   

 Connection between 
climate tools and traditional 
engineering tools 

   

 Google-compatible 
mapping programs 

   

 Data sharing tools    

Tools- 
communication 

Public online libraries Publically available data  Professionals who bridge 
climate science and 
other models (economic, 
etc.) 

Public education 

Popular 
communication media 
(e.g. Twitter, Facebook, 
YouTube videos) 

  Visualizing adaptation: 
engage artists with 
science 

Consistent messaging 

   Consistent messaging  

   Modeling that is 
accessible to the public 

 

Tools - financial 
 

Support programs (e.g. 
discovery programs) 

Municipal funding for 
retroactive fixes 

Cost-benefit analysis 
(translating impacts 
into dollars) 

 Pay-off model (i.e. 
showing justification of 
spending vs. future 
savings) 

 Tracking of risk information: 
cost of impact 

Insurance incentives   

    Incentives 

Tools -
professional 

 Professional practice 
guidelines 

  Long-term building and 
construction codes 

Tools - 
government/ 
governance 
Tools - 

 Set standards for municipal 
mapping programs (Google 
compatible) 

 Government support for 
innovative new 
technology 

Performance measures/ 
tools: helps with 
universal risk 
assessment/influence 
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Comments Researchers 
 

Engineers and geologists Planners and local 
government 

Federal and provincial 
government 

Emergency managers 

government/ 
governance 

behaviour) 

 Professional practice 
guidelines 

 Better regulation Liability protection 

   Climate change plans 
(e.g. sea-level rise plans; 
extension of OCP) 

 

Other  Good quality climate 
prediction data at local 
scale 

Social values and 
social benefits. How to 
quantify resilience? 
(e.g. trade-offs 
flooding of agricultural 
lands) 

 Reconsideration of 
funding (e.g. DFA to 
include adaptation 
measures) 

 Access to climate scientists    

 More applied science    
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Table 10. Governance and/or partnerships needed to address challenges in understanding or managing changing natural hazards. 

Comments Researchers 
 

Engineers and geologists Planners and local 
government 

Federal and provincial 
government 

Emergency managers 

Leadership –  
provincial 

 Province needs to match 
capacity to responsibilities 

Provincial leadership: 
resources and capacity 
 

  

 Consensus/decision-making at 
provincial level 

Provincial regulatory 
framework with cost-
sharing and defined cost-
benefit analysis 

  

Leadership - 
federal 

Partnerships between 
ministries at federal 
government level  

National guidelines with input 
from municipalities 

Federal capacity   

 Backed federally, supported 
provincially 

   

Leadership - 
collaboration 

Consistent government 
support of science 

Involvement of insurance 
industry (i.e. guide 
development); need for 
residential flood insurance 

Coordination of all 
governments and 
stakeholders 

 Focus on sustainable 
partnerships 

 Governance must be multi-
level and collaborative 

   

Organizations - 
professional 

 IPCC sub-committee for 
hazard change, which has 
funding for scientific studies 

 Professional 
organizations 
 

Facility and property 
management 
organizations 

Organizations - 
government 

Environment Canada 
Ministry of Forest 
Ministry of 
Environment 

 Environment Canada 
Department of Fisheries 
and Oceans 
Agricultural Land 
Commission, 
Transport Canada? 

Community planners Environment Canada 
meteorologists 
NRCan 
FICOM 
GEOBC 

Organizations - 
private 

BC Hydro 
BC Rail 

  Private sector (finance, 
re-insurance) 
 

 

Organizations - 
other 

   Philanthropists, 
communications, 
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Comments Researchers 
 

Engineers and geologists Planners and local 
government 

Federal and provincial 
government 

Emergency managers 

artists, 
educational institutions, 
NGOs 
 

Methods  Better integration in school 
curriculum 

Standardized tools and 
transparency 

  

 Enabling champions from 
small communities 

   

 Governing body that 
translates academic science 
into private-sector practice 

   

 Applicable guidelines for local 
projects 

   

 Physical boundaries at 
watershed level 

   

 Regulation on data collection    
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MURAL COMMENTS 

During the afternoon plenary, workshop participants were invited to write anything they wanted to share 

on the topics of priorities, needed work, and lists of actions on sticky notes and place them on a ‘mural’ (i.e. large 

sheet of paper; Appendix C). 

Several common themes were apparent among the comments that were offered (Table 11). They can be 

considered thoughts or ideas that resonated with the workshop participants, and could provide guidance for 

future endeavours. Most of these comments reflect the findings of the breakout sessions, in which data issues, 

governance/leadership, and communication were central themes. Data needs appear to be central to 

understanding and managing challenges related to climate-based and climate-focused hazards, as are clear 

governmental leadership at all levels, and coordination and cooperation. 

 A few comments placed on the mural stood out as not having been extensively discussed in the breakout 

sessions or during the plenary talks, and were only mentioned in one pod. These comments provide additional 

opportunities or strategies to increase awareness and collaboration: 

 Promotion of earth system and climate science in all levels in the education system, with early 

engagement and visualization tools. 

 A ‘good Samaritans act’ that applies to risk assessors. 

 Involvement of artists in climate change story-telling (e.g. theatre documentation, public art, social media, 

festivals). 

 Engagement of economists, financiers, and accountants in discussions. 

Table 11. Common themes based on participants’ comments. 

Comment Count 

Common database, data availability 32 

Federally supported, provincially coordinated, 
municipally implemented 

20 

Coordination, cooperation, silo-busting 20 

Capacity 18 

Visualization 17 

National panel on climate change 16 

Incentives 15 

Building code 12 

Common language 11 

Liaison 7 
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WORKSHOP EVALUATIONS 

Participants were invited, via an email sent to them after the workshop, to fill out an online workshop 

evaluation questionnaire. Comments were received from 32 of the 80 workshop participants. 

Overall, the workshop was well received by the respondents – 78.1% of them found the workshop very 

valuable, and only 3.1% (one person) concluded that the workshop not very valuable (see Appendix D). Most 

respondents indicated they felt invigorated (50%) or glad (40.6%) when they left the workshop, although 3.1% felt 

frustrated and 6.3% ‘ho-hum’ (see Appendix D). 

The workshop participants valued the perspectives of the different disciplines that were represented, and 

the wide range of ideas and thoughts that were voiced in the discussions and breakout sessions. They particularly 

enjoyed the opportunity to meet and interact with people from other disciplines and to learn from their 

experiences on the issues of climate change and adaptation. The plenary presentations were also well received 

and provided a good overview of different stakeholders’ perspectives and experiences when dealing with climate 

change issues. Many workshop participants thought the mixed-discipline and discipline-centred breakout sessions 

provided a good opportunity to solicit information, ideas, and experience. The ability to speak freely (i.e. the 

Chatham House rule) was also valued. 

Participants made several suggestions for changes to the structure of the workshop. Some suggested 

different presentations, for example on the effects of climate change on specific ecosystems, how jurisdictions are 

addressing climate change and related hazards, examples of risk assessment in a changing climate, and national 

strategies. Others commented that the focus of the workshop could have been different, i.e. more technical. Some 

participants suggested that there should have been a more equal representation of disciplines, for example, more 

emergency managers and possibly elected politicians. Other respondents thought that some of the facilitators 

could have been better prepared or that professional facilitators should have been used. Some mentioned that the 

workshop could have easily spanned more than one day, as they felt rushed in the breakout sessions. One 

respondent suggested that professionals who disagree about widely accepted ideas of climate change should have 

been invited to the workshop, to include their perspective and experience in the discussions. Another participant 

mentioned that he/she would have liked to have heard new perspectives on climate change adaptation, for 

example from small municipalities with few resources or from First Nation communities in vulnerable areas, 

instead of the ‘usual suspects’ – well resourced communities such as the City of Vancouver. 

Participants offered many suggestions for follow-up events and actions. Some would like to see the 

discussions and results of the workshop documented, distributed, or promoted through, for example an online 

summary report, proceedings or paper, summary reports geared to specific government levels, an online forum, 

public lectures, a public fieldtrip, special sessions at the GSA (Geological Society of America) or GAC (Geological 

Association of Canada), a website, or presence in social media. Other participants suggested a follow-up workshop, 

more narrowly focussed mini-workshops, or the formation of working groups around specific topics. Some 

suggestions for more opportunities for cooperation were offered, for example additional opportunities to interface 

with government agencies working on climate change and hazards, partnerships, or the creation of an annual 

inventory of relevant projects. Some respondents identified a need for more knowledge or tools. One participant 

would like to see a report with climate change predictions for specific communities in British Columbia to aid local 

governments with adaptation, planning, and mitigation. Another respondent would like a national framework for 

risk assessment related to climate change, including basic tools, in a common, easily understood language. Other 

respondents would like to have information on how the workshop results will be translated into policy, guidelines, 
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or bylaws; how action could be taken; or what the implications are for education and training for hazard-focused 

decision-making.  

Only a few respondents thought that they gained little from the workshop to bring back to their organization. 

Many others commented that the multi-disciplinary nature of the workshop had brought them a better 

appreciation of the variety of effects that a changing climate could impose on other stakeholders (e.g. developers, 

municipalities). Furthermore, the workshop provided some respondents with a greater awareness of federal and 

provincial agencies, guidelines, and programs (e.g. NDMP) related to climate change. Some participants thought 

the workshop provided a good background resource for future decisions and actions, or a greater awareness of 

hazard change in relation to climate change. Participants further commented that they are now better aware of 

professional practices or guidelines (e.g. Risk-Based Land Use Guide) in relation to climate change and have shared 

resources (e.g. the BC MoTI Technical Circular) with their colleagues. Another respondent realized there is a need 

to communicate risk to infrastructure owners, operators, or jurisdictional authorities. 

Several participants suggested a need for a more technical workshop or ‘expert-only’ meeting, followed by a 

meeting of users, decision-makers, and policy-makers. Suggestions for inclusion in a technical meeting included 

examples of known hazards in British Columbia or specific hazard/risk/vulnerability assessments. One respondent 

wondered if there would be an opportunity for the Centre for Natural Hazards Research (CNHR [at SFU]) to offer 

courses such as terrain mapping. Another person asked if we saw an opportunity for their agency to provide 

professional training in this topic as part of providing professional development credits. 
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MOVING FORWARD 

REFLECTION ON WORKSHOP  

 Although the workshop was positively received, produced many new insights, and facilitated new 

connections among the participants, we acknowledge that it failed to properly address the two main goals we had 

set: 

1. improve knowledge and confidence of practitioners and policy makers when making land-use decisions or 

changing professional practices in consideration of climate change; and  

2. spark a national initiative to produce an understandable document that summarizes changes to hazards 

driven by changes in climate.  

The first question of the morning breakout session was asked to address challenges faced by the workshop 

participants in understanding the intensity and recurrence of climate-based and climate-influenced hazard events 

in a changing climate (i.e. the technical and scientific basis). However, many responses to this question referred to 

a much broader set of implications, shortcomings, and restrictions within and among disciplines. Overall, in this 

first exercise, political challenges were cited more often than technical or scientific challenges (see page 22). From 

the answers, as well as comments made on the online evaluation form, it was apparent that workshop participants 

had different interests and expectations of the workshop than the organizers had originally perceived. Some 

participants expected more emphasis on technical talks, whereas others thought more information relevant to 

local jurisdictions or national programs would have been useful. 

Reflecting on the outcomes of the workshop and the evaluations, the steering committee recognizes that the 

intent of the workshop, the breakout session questions and the invited multidisciplinary audience were overly 

ambitious. However, although the workshop findings were different than anticipated, the workshop was successful 

in starting a multi-disciplinary discussion about understanding the problem of changing natural hazards in a 

changing climate, and in revealing and discussing some of the many issues that require cooperation, collaboration, 

and continued communication across disciplines. The workshop started that discussion and provided several 

pathways to move forward (see next section). 

 

Participant feedback has taught the organizers some valuable lessons for future endeavours: 

 Plenary presentations: 

- The plenary presentations were valued by the participants and helped set the stage for the 

breakout sessions, but more novel or challenging perspectives could have been addressed. For 

example, to provide contrast to the presentation of the relatively well-resourced City of 

Vancouver, the perspective of a smaller community with limited resources, struggling with the 

impacts of climate change, could have been included.  

- Similarly, the full range of disciplines of the workshop participants was not reflected in the 

plenary presentations, mostly due to time constraints. Missing among the plenary talks was a 

presentation from an engineering/consultant company that might have illustrated their 

perspective and challenges. Also, emergency managers were not given time to present their 

views and challenges. 

 Breakout sessions: 
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- The questions during the breakout sessions proved overly ambitious; there was too much to 

discuss in too little time. Some pods were unable to properly address some of the questions and 

felt rushed. 

- The breakout session questions could have been better formulated, specifically they could have 

better matched the goals of the workshop, leaving less room for open interpretation and less 

opportunity for the discussions to go off-track. 

- Better training for volunteer workshop recorders and facilitators would have improved the 

breakout sessions. Professional recorders and facilitators were preferred, but the organizers did 

not have the resources to hire them. 

 Workshop participants: 

- The workshop participants represented many disciplines, but in hindsight, and given the general 

nature of discussions, several missing stakeholder groups would have provided unique additional 

contributions to the discussions. For example educators and outreach specialists, and climate 

change advocates such as NGOs (e.g. David Suzuki, Greenpeace, Ecojustice, and WWF) were not 

represented. Research institutes and think-tanks such as the Pembina Institute and the Fraser 

Institute were similarly absent. These groups might have provided valuable input on applied, 

grassroots, or ‘on-the-ground’ research and communication activities and should be invited to 

future workshops of this type. 

- Similarly, representatives of smaller communities and First Nations communities were not 

involved in the workshop. Their presence would have provided unique additional perspectives to 

some of the issues raised. 

- Care should be taken to invite participants whose experience or professional interest best meet 

the goals of any future workshop of this type. 

SUGGESTIONS FOR FUTURE INITIATIVES 

Based on the comments of workshop participants and the steering committee evaluation, it is clear that 

the momentum this workshop created should be maintained. Several participants expressed interest in a follow-up 

workshop; some indicated that workshops of this type should be held on an annual basis. Others would like to see 

more narrowly focussed mini-workshops on discipline-specific issues. The steering committee recognizes that the 

workshop did not meet the needs of technical specialists and researchers, and that it did not address specific 

concerns of governments, developers, and even private citizens. As a result, consideration is being given to two 

follow-up workshops, ideally within the next year that would examine the technical and practical aspects of 

understanding and of using hazard and risk data and assessments in a world undergoing rapid climate change. To 

promote and advance multi-disciplinary cooperation and collaboration, the proceedings of these two suggested 

workshops should be clearly communicated to, and discussed among, all stakeholders, perhaps through an over-

arching multi-disciplinary meeting. 

Other suggestions for future initiatives include establishing working groups or online forums to 

disseminate results. Such initiatives could be incorporated into the goals of future workshops. One goal could be 

the establishment of tools for direct action and/or increased collaboration and cooperation. The CanHUG online 

platform/discussion forum is an example of an online working group that provides Canadian users of the Hazus risk 

estimation tool an opportunity to engage in discussion and present case study results (Hazus Canada, 2016). 

Any future initiative should accurately map its intentions and perceived goals, and ensure workshop 

activities and invited participants are aligned accordingly. However, the multi-disciplinary nature of assessing and 

understanding the impacts of, and adapting to, hazards and risks associated with a changing global climate should 
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remain a primary focus of future initiatives, as progress will depend on continued collaboration and cooperation 

among all stakeholders. 
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