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Location:  
Atlantic Canada  
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In 2018, Public Works and Government Services Canada, on behalf of 

Transport Canada, partnered with CBCL limited to conduct a high-level 

Transportation Assets Risk Assessment (TARA) to Climate Change. Five 

locations were assessed: Saint John, NB, Digby and Caribou, NS, and Souris 

and Wood Islands, PEI. The TARAs were performed to develop and overall risk 

profile and recommendations to aid Transport Canada in making sound asset 

management decisions. All five assessments used the PIEVC Protocol to complete 

the risk assessments. 

 

 PIEVC Meta-Analysis Case Study: 

Navigating Stormy Seas: Enhancing Climate 
Resilience in Atlantic Ferry Systems   
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Step 2: Specifying Elements and Climate Details 

The next step requires defining the system elements and climate information used in the analysis.  

Data and Information Used 

The assessments utilized a comprehensive array of data sources to inform their analyses. 

Historical climate data from Environment Canada and Climate Change (ECCC) provided a 

baseline understanding of past conditions, while tide gauge data from the Department of 

Fisheries and Oceans and tide table data from the Canadian Hydrographic Survey helped 

assess coastal vulnerabilities. Additionally, the MSC50 wind and wave hindcast model 

available from ECC offered insights into historical wind and wave patterns. 

Step 1: Scope, Context and Criteria 

The first step in the PIEVC Protocol outlines what will be assessed, how far the assessment will look 
outside of system boundaries, and metrics for measuring and ranking risks 

Scoping Considerations 

In 2018, Public Works and Government Services Canada, on behalf of Transport Canada (TC), 

partnered with CBCL to conduct a high-level Transportation Assets Risk Assessments (TARA) to 

Climate Change. The scope for each assessment were to develop an overall risk profile for 

infrastructure components assessed, recommend remedial actions to inform asset management 

and funding decisions for TC and recommend ways to improve engineering practices. Each study 

categorized the system into “physical components” and “operational components”, ranging 

from eight to thirteen across the studies. Each assessment looked at the following climate 

parameters: sea level rise, sediment transport, freezing rain, wind, precipitation intensity, snow 

accumulation, wave action. All assessments, expect Digby and Saint John, also considered sea 

ice. Notably, lifetime probabilities of coastal flooding were evaluated for each asset. The high 

level assessments noted that in addition to sea level rise, evolving intensity and frequency of 

storm surges and coastal erosion under climate change should be monitored. 
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For future climate projections, three time horizons (2040, 2070, and 2120) were selected, 

employing RCP4.5 and RCP8.5 scenarios. Projections were sourced from CMIP5 ensemble 

models, University of Western Ontario's Intensity-Duration-Frequency Climate Change (IDF-CC) 

Tool, University of PEI's Coastal Impacts Visualization Environment (CLIVE) for sea level rise 3D 

visualization, and peer-reviewed literature.   

Infrastructure data, encompassing physical and operational aspects, were gathered from TC’s 

data package and supplemented with insights from facility staff during on-site workshops. These 

workshops provided invaluable firsthand information on operational procedures, limitations, and 

facility impacts during extreme weather events and dredging operations, enriching the 

assessment process with real-world context and expertise. 

Vulnerability and Resilience Characteristics 

Based on the nature of coastal infrastructure, it would seem all components would be vulnerable 

to sea level rise, however, there are some characteristics that increase resilience. Although ageing 

infrastructure can be more vulnerable to climate change, many of the assets reviewed had 

already exceeded the estimated service life but were still in fair condition.  As renewal is planned 

over the next decade, there are opportunities for climate adaptation to be integrated directly 

into normal planned upgrades and reconstruction rather than needing to invest in costly and 

unexpected changes.  One of the most influential characteristics that determines vulnerability of 

coastal infrastructure is elevation. This can be seen in several examples:  

• Both Wood Islands and Caribou’s Confederation Ferry Ramp and Hydraulic Buildings 

(high-medium risk by 2120) have slightly higher elevations than their Holiday Islands Ferry 

Ramp and Hydraulic Buildings (high risk by 2120).   

• Using the estimated frequency of exceedance of baseline high tide indicator, the Saint 

John transfer bridge (low-medium risk by 2120) is 11 hours per year compared to 48 hours 

per operating season for Wood Islands’ Holiday Island Hydraulic Building and Ramp (high 

risk by 2120).   

• The Digby Armour Stone Revetments were rebuilt and raised (medium risk by 2120).   
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Vulnerability exists for all components located closer to the water. In the long term, planning is 

required to adapt ferry terminals to sea level rise and this process should consider a range of 

scenarios (including worst case scenarios and high emissions) and adaptation pathways.   

In an interview, it was noted how sites are also becoming increasingly more susceptible to 

erosion due to decreasing sea ice in the Gulf of St. Lawrence. Sites that historically would have 

had months of sea ice have had seasons with only a few weeks. This loss of sea ice decreases 

natural shore protection and shorelines are left exposed to wave action, increasing erosion. While 

this is an issue at all sites, there is enhanced concern at Wood Islands because erosion is 

occurring along the west barrier beach that is not under TC jurisdiction and has breached the 

breakwater land connections. The lack of ice protection also makes it harder to build on the sites 

as constant wave action impacts construction. 

Step 3: Risk Assessment 

Determining risks for system under consideration 

Risk Summaries 

The number of interactions varied between locations, ranging from 56 to 104 based on the 

number of elements and climate hazard indices assessed at each. All locations' current highest 

risk is the interaction between wind speed and the operational impacts to the ferry services. In 

the long-term, three locations – Saint John, Digby, and Souris – showed no high risks under both 

time horizons and emissions scenarios. Caribou and Wood Islands identified one high risk each 

due to sea level rise by the 2120s. For Caribou this was the Holiday Island Ramp for both RCP 

4.5 (medium emissions) and RCP 8.5 (high emissions) scenarios. For Wood Islands, this was for 

the hydraulic building only under RCP 8.5 (high emissions). Both locations also found upper 

boundary medium risks for the Confederation Ferry ramp and hydraulic buildings to sea level 

rise. Across all locations, sea level rise was found to be the most impactful on all infrastructure 

components, followed by wind, and precipitation intensity. 
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It should also be noted that the locations that assessed sea ice found risks score decreased across 

time horizons as the likelihood of ice decreases. In interviews, clarification was given that this 

should be treated as a special case as the decrease in sea ice can result in increased erosion risks.  

Step 4: Reporting 

Communicating the assessment results and recommendations 

Recommendations 

Recommendations for each location fell under remedial, maintenance, policy, and additional 

study categories. All assessments mentioned that existing components will require updates or 

replacements as they will exceed their estimated remaining life. Other remedial 

recommendations include raising or moving components to higher ground, replacing vessels, 

and mitigating erosion with new shore protection or using dredging materials for beach 

nourishment.  

Recommended changes to management are adapting maintenance activities to consider climate 

risks. This includes increasing monitoring, like the progression of erosion and the installation of 

an anemometer and tide gauge, and increasing documentation and reporting, like detailed 

dredging records. It was recommended specifically that Wood Islands monitor erosion along the 

west barrier beach and engage with relevant jurisdictions, including the Province, if intervention 

on the beach is necessary.  

Policy recommendations are to include risk results in the design of new assets. Annual updates 

were also recommended to emergency response procedures and manuals and the Shore Based 

Emergency Response to consider climate hazard monitoring, tracking and cancellation 

procedures.  

Additional study recommendations consist of long-term climate monitoring and keeping up to 

date with progressing climate science, conducting detailed wave studies when remedial 

measures are necessary and sediment transport studies if dredging operational activities begin 

to change.  
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Limitations 

Assessments provide ample notes and caution regarding the confidence levels of various data 

sources utilized. For instance, one of the data sources relied on projections from a single model 

output, and noted ensemble model projections are preferred when available. However, by 

explicitly documenting this limitation, the project team enhanced transparency regarding the 

confidence levels associated with the different data sources. This clarification enables more 

effective utilization of the available data.  

After the Assessment 

Climate Resilience does not end with the completion of the Climate Resilience Assessment. 
Results and recommendations were revisited as part of the meta-analysis with the project team.  

 
Climate Adaptation 

Since the completion of the assessments, several actions have been undertaken across the sites.  

A detailed study was conducted on the Wood Islands site to gain a deeper understanding of 

erosion and potential improvements to the west barrier beach. While this study improved 

understanding, a clear path forward has not yet been determined. Potential adaptation actions 

could include interventions on land outside of Transport Canada’s jurisdiction, posing challenges 

in securing funding and implementation. Other on site measures to reduce erosion have also 

been investigated. This topic will continue to be explored.   

Efforts to address aging infrastructure, many of which are nearing the end of their service life, 

are underway. As designs are prepared, wave studies are being completed and the results will 

be incorporated into upgrades.   

For monitoring and data collection, actions have included the installment of anemometers to 

track wind speed and the continued tracking and reporting of ship cancelations and delays, 

damage from storm surge and other hazards, and dredging requirements. This data holds 

significant value for future decision-making processes.  
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Challenges persist in aligning the time horizons of remedial upgrades with future climate 

projections. It is rarely as simple as raising elevations as this can limit functionality and operations 

in the short term with lower sea levels. A notable example is inability to increase the ramp 

elevation at the Caribou Ferry Terminal to the 2120 projected sea level rise, as this height exceeds 

the allowable threshold for the current ships. Instead, the ramp foundation was designed with 

enough concrete to be able to handle extra load if future raising is required. This process was 

informed by the TARA assessments. This adaptive management approach is an excellent example 

of planning for the future while meeting current demands.   

In interviews, Transport Canada indicated that operations and maintenance (O&M) activities 

have not undergone significant changes since the assessments. O&M is typically carried out in 

a reactive manner, addressing damage or asset replacement resulting from events such as storm 

surge. Should operational costs rise over time, the data collected will prove useful in 

demonstrating the cost-effectiveness of various approaches.  

Tracking Progress 

The TARAs were done to inform asset management decisions with the aim of guiding future 

planning and design of new infrastructure. As upgrade and retrofit projects continue to advance, 

coastal assessments will be required to consider climate change. The TARAs acted as a 

foundation to kickstart this process and continuously review data and results before engaging 

consultants. One example is the design of a new ramp in Souris, PEI. In the design of a new ramp, 

Transport Canada compared data from the TARA with that from a recently completed Coastal 

Assessment, yielding similar results and highlighting the TARAs' value for future planning. TC 

intends to revisit assessment results in the future to align with the typical service life of their 

assets and incorporate climate change considerations into individual asset coastal assessments 

as upgrades are required. 
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Benefits 

The TARA assessments helped inform long term planning and asset prioritization for TC. There 

are many factors to consider when trying to prioritize funding across a diverse portfolio of assets, 

with many nearing end-of service life and with varying criticality to the communities they serve. 

TC recognizes that climate adaptation will need to be embedded in decision making moving 

forward, including planning for funding of upgrades. The TARA assessments helped inform which 

sites and assets need to be prioritized so they can start planning and designing adaptive 

upgrades. For example, findings of the Wood Islands assessment revealed climate projections 

indicated 80% of the site would be underwater during high storm surge in 50 years. For other 

sites, this was significantly lower. These results helped to demonstrate that Wood Islands is a 

good location to prioritize action.   

Another benefit of the TARAs was the workshop component. Each assessment had an onsite 

workshop that included the project team, the terminal manager, one or two of the ferry captains, 

and senior maintenance personnel. Most of the ferry terminals have been in operation since the 

1970s and have staff with decades of experience. Representatives from TC and PSPC interviewed 

as part of this case study highlighted how on the ground staff were vital to the success of the 

assessment as ship captains are constantly following weather patterns and notice changes in 

storm durations and wind speeds. Terminal and operation staff have a wealth of historical 

knowledge, including extreme events, damage, and procedure changes.  

Challenges  

One of the significant challenges encountered across the assessments was the low reliability of 

the wind analysis and projection data. While it was recognized that winds could continue to pose 

challenges for the ferry services at the facilities, the team was hesitant to rely on these projections 

when considering costly upgrades and changes. Instead, they have identified how operational 

changes can be made to protect against wind. Presently, if winds reach an unsafe speed for 

ferries to operate, they will leave the harbour or crossings will be cancelled. Adaptive 

management in this example may require adjusting to these more frequent cancellations, rather 

than trying to design more robust systems. 
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Lessons Learned  

TC recognizes that the TARAs are the first step to a risk-based approach to climate change 

adaptation and asset management. Through the process they learnt the importance of 

continuing to monitor changing weather patterns and staying up to-date with evolving climate 

science, implementing adaptive risk management for operations and maintenance, using a low-

regret design for new infrastructure by including flexibility in design, and performing 

engineering‐economic evaluation of costs and benefits analysis to balance climate projection 

uncertainties.  

Additionally, TC learned that including facility staff at the workshop is beneficial but also that 

including multiple facility staff adds additional value to the assessment. This deters any over and 

under exaggeration of previous events and allows discussion to find common ground on the 

consequence of impacts. 

Learn More 

• Read the complete reports: 

• Transportation Assets Risk Assessments (TARA) to Climate Change, Digby Ferry Terminal, Nova 

Scotia 

• Transportation Assets Risk Assessments (TARA) to Climate Change, Caribou Ferry Terminal, Nova 

Scotia 

• Transportation Assets Risk Assessments (TARA) to Climate Change, Souris Ferry Terminal, PEI 

• Transportation Assets Risk Assessments (TARA) to Climate Change, Wood Islands Ferry Terminal, 

PEI 

• Transportation Assets Risk Assessments (TARA) to Climate Change, Saint John Ferry Terminal, 

New Brunswick 

• Learn more about Transport Canada’s TARA Program 

 

https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Digby-Dec-2019.pdf
https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Digby-Dec-2019.pdf
https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Caribou-Jan-2020.pdf
https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Caribou-Jan-2020.pdf
https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Souris-Jan-2020.pdf
https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Wood-Islands-20200115.pdf
https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Wood-Islands-20200115.pdf
https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Saint-John-Jan-2020.pdf
https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Saint-John-Jan-2020.pdf
https://tc.canada.ca/en/programs/transportation-assets-risk-assessment-tara-program

