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1 Executive summary 

Climate change is beginning to affect Nova Scotia fisheries and impacts are expected to increase.  

Understanding where and how local fisheries are vulnerable to climate change is a critical step to guide 

planned adaptation. Climate change vulnerability assessments are an internationally recognized process 

that combine biophysical and socioeconomic metrics to estimate relative vulnerability. Data are typically 

partitioned into three indices: Exposure, which describes the magnitude of climate change stressors within 

a defined area; Sensitivity, which reflects how much a system or sector responds to stressors; and Adaptive 

Capacity, which describes the ability to adapt in order to reduce Exposure and Sensitivity. Determining which 

metrics to include and how to account for them, is a function of data type, availability, resolution, scale, and 

importance. Assessments typically consider both existing and projected impacts where possible.  

To better expand our understanding of climate change threats to Nova Scotia fisheries, a rapid climate 

change vulnerability assessment was implemented and partitioned between two models. The first model 

(Fisheries) considered fish harvesters and their respective fisheries. Metrics included: climate change impacts 

in adjacent Northwest Atlantic Fisheries Organization (NAFO) Divisions, lost fishing days due to weather, 

fisheries management flexibility, fishing dependency, resource (stock) vulnerability, fishing diversity, state 

of fishing infrastructure (wharves), personal flexibility, and risk perception. The second model (Community) 

considered community vulnerabilities where fish harvesters live and operate. Metrics included: flood and 

severe storm risk, fisheries workforce, county financial health, dependence on fisheries, education, and per 

capita revenue base. Both models were applied to each of Nova Scotia’s eighteen counties, as a function of 

the scale and resolution of available data.  

Overall fisheries vulnerability model scores ranged from moderately low to average with the exception of 

Digby, Yarmouth and Queens counties, which had moderately high vulnerability scores. These higher scores 

were primarily attributed to high Exposure, which could not be offset by Sensitivity and Adaptive Capacity. 

Most individual metrics had average scores with some variation, but with a few exceptions. Twelve of the 

eighteen counties bordered waters where present and future climate change impacts scored high. Some 

county fisheries also had a wide range of fisheries management flexibility (within a regional fishery), resource 

vulnerability scores, and low levels of personal flexibility among fish harvesters.  

Overall community vulnerability model scores ranged from moderately low to average vulnerability, except 

for Shelburne County, which had moderately high vulnerability due to higher Sensitivity and lower Adaptive 

Capacity. For the Exposure metrics, the Cape Breton counties, along with Guysborough, Halifax and 

Annapolis counties had the greatest number of historical hurricane and storm tracks, while Shelburne 

County had the greatest flood risk. Richmond, Shelburne, and Yarmouth counties were more sensitive to 

fisheries changes due to a heavy reliance on fishing contribution. Adaptive Capacity in most counties was 

average, with Halifax, Antigonish, Richmond, and Victoria counties with moderately high Adaptive Capacity. 

The exception was Cape Breton County, which had moderately poor Adaptive Capacity, largely driven by a 

low revenue-base. 

Considering the related outcomes of both the Fisheries and Community models together, suggest the most 

vulnerable county fisheries and the most vulnerable county where fish harvesters live are in the most 

southern end of the province. Digby, Yarmouth, Shelburne and Queens counties could benefit from 

increased focus on planned adaptation.   
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For many counties, the regional climate change threats to their fisheries were partially offset by greater 

flexibility, and access to resources and knowledge. This is encouraging, as it suggests there are tangible 

actions that can be taken to increase Adaptive Capacity to reduce Sensitivity to climate change. The fish 

harvesters survey revealed a good understanding of climate change and threat level which suggests that 

broadscale education initiatives on climate change need not be a priority. However, there may be a need 

to diversify skill sets and employment opportunities that could supplement fishing activities. Some of the 

community vulnerability drivers, such as high flood risk and limitations in resource access, are threats to 

other industries beyond land-based components of fisheries operations. This suggests a need for strategic 

cooperation between different levels of governance, industries, stakeholders, and citizenship. While 

collaborative needs are not new, current and accelerating climate change impacts emphasize an urgency to 

prioritize resource sharing for collective resiliency. 

Finally, this study highlights a number of knowledge gaps needed for a more robust understanding of 

fisheries climate change vulnerability. Addressing these gaps could include: engineering assessments of 

non-Small Craft Harbours to identify climate-proofing needs and costs to critical fishing infrastructure; 

diversifying opportunities within the seafood sector; a high resolution climate change vulnerability 

assessment of the lobster fishery; a provincial fisheries economic assessment with the inclusion of scenario 

modelling to account for climate driven changes in market and ocean conditions; and an investigation of 

green technology options for Nova Scotia fisheries.  
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2 Introduction 

Atmospheric greenhouse gas concentrations are the highest they have been for the past 800,000 years, due 

to the burning of fossil fuels and other human activities (IPCC, 2021). The Intergovernmental Panel on 

Climate Change (IPCC), the official climate science body of the United Nations (UN), is 95% certain that 

these greenhouse gas emissions are responsible for our changing climate (IPCC, 2014). Similarly, 

atmospheric concentrations of carbon dioxide (CO2) are the highest they have been for at least two million 

years and are responsible for ongoing ocean acidification (IPCC, 2021). Overall, the IPCC considers the 

manifestation of human driven climate change as ‘unequivocal’ and that these changes have already 

impacted human and natural systems (IPCC, 2013). Due to the potential for climate change to impact almost 

every aspect of humanity, anticipating and planning for climate change is widely considered to be the 

greatest challenge of our time (Carlin, 2020; The United Nations Refugee Agency, 2020; European 

Environment Agency, 2021; United Nations, 2021). 

In Canada, air temperatures are increasing across the country, while sea level rise1, ocean acidification2, and 

ocean warming3 are all occurring faster in Nova Scotia than elsewhere in Canada or the global average  

(Environment and Climate Change Canada, 2019). These changes are already impacting Nova Scotia’s 

fishing industry (e.g., by altering species distribution and timing of key life stages of commercially important 

species) and coastal communities (e.g., by increasing coastal erosion and flooding). These effects are 

detailed in Howarth et al., (2021), ‘Assessing climate change vulnerability of seafood industry-dependent 

communities in Nova Scotia’. Assessing which fisheries and fishing communities are the most susceptible 

to climate change impacts is highly beneficial as it can allow decision-makers to focus adaption efforts to 

those sectors and communities identified to be the most at risk (Adger, 2006; IPCC, 2014; Krishnan et al., 

2019). 

2.1 Climate change vulnerability assessments 

Assessing climate change risks to fisheries and fishing communities is a crucial, but a highly complex, 

undertaking. Such an exercise presents several challenges. Assessments necessitate a diverse range of 

oceanographic, ecological, fisheries, and socio-economic data. These data are likely to encompass different 

time periods (e.g., historic, present, or forecast data), spatial domains and resolution (e.g., some data may 

only encompass the land or the sea at the scale of towns, counties, fishing grids, or entire oceanographic 

regions).  Quantitative data, such as biophysical and economic values need to be combined with qualitative 

data such as interviews and expert opinion (Soto et al., 2018; Bukvic et al., 2020; Dudley et al., 2021).  Finally, 

there is a requirement to produce a manageable number of concise outputs and management 

recommendations that can easily be communicated to decision makers and stakeholders. 

 

1 Sea level uplift rate is projected at approximate 130 cm by 2100 at Halifax under RPC 8.5. Other modelled locations of 

Vancouver, BC; Nain, NL; and La Grande, QC had projections of 100 cm, 50 cm, and -50 cm, respectively. 
2 Due to high inputs of freshwater, ocean acidification is occurring faster on the Scotian Shelf and Gulf of St. Lawrence 

than the global average (Gledhill et al., 2015). 
3 Temperatures in the Northwest Atlantic have increased over the last four decades and are warming faster than the 

global average (Walsh et al., 2002; Wu et al., 2012; Forsyth et al., 2015). The Gulf of Maine has warmed by 0.03 °C per 

decade since 1982, faster than 99 % of the world’s oceans (Pershing et al., 2015). 
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Climate change vulnerability assessments have the potential to address all these challenges and have 

become a common management tool over the last decade and a half (e.g., Füssel and Klein, 2006; Soares 

et al., 2012; Thomas et al., 2019; Dudley et al., 2021). Generally, these assessments are based on three indices: 

‘Exposure’, ‘Sensitivity’, and ‘Adaptive Capacity’ (Islam et al., 2019; Krishnan et al., 2019; Soto et al., 2019; 

Kling et al., 2020; Mafi-Gholami et al., 2020)4, as described below.   

2.1.1 Exposure 

Exposure reflects the magnitude of climate change stressors that are predicted to manifest at a defined 

location or scale (Adger, 2006; Hunter et al., 2015). For example, it could include the degree of projected 

ocean warming, ocean acidification, and changes in primary production. Alternatively, it could assess the 

likelihood of floods and hurricanes in a specific region.  

2.1.2 Sensitivity 

Sensitivity measures a variety of social and economic factors that influence how much a system (e.g., an 

individual fishery or community) will be affected by climate driven events (Sarkodie and Strezov, 2019). For 

example, it could assess the structural integrity of fishing wharves based on the assumption that well-

designed and well-financed fishing wharves are more likely to withstand extreme weather events. 

Alternatively, it might assess the degree of economic fishing dependency on the assumption that 

communities with a high fishing dependency are more affected by changes in ocean conditions.  

2.1.3 Adaptive capacity 

Adaptive capacity measures how much a system (e.g., an individual fishery or community) can adjust to 

climate change in the long-term (Smit and Wandel, 2006; IPCC, 2014). This could include the diversity of 

fishery catches in a region, on the assumption that more diverse catches may offer fish harvesters greater 

flexibility and the potential to switch between different fisheries. Alternatively, it could assess the revenue 

base of a community, as an indicator of potential access to resources and the capacity of local government 

to invest in adaptation strategies. 

2.1.4 Vulnerability  

The indices described above can be combined into an overall relative measure of ‘Vulnerability’. IPCC 

defines ‘vulnerability’ as the susceptibility to harm (IPCC, 2014). The advantage of this approach is that a 

wide variety of data types and analyses can be encompassed in these indices (i.e., Exposure, Adaptive 

Capacity, Sensitivity, and Vulnerability), which makes it easier to communicate. 

2.1.5 Studies in Nova Scotia and Atlantic Canada  

Most climate change vulnerability assessments conducted in Nova Scotia and Atlantic Canada have focused 

on flood risk (e.g., T. L. Webster, 2010; Sustainable Environment Management Office, 2011; T. Webster et al., 

2014; Minano et al., 2018) or potential damage to coastal infrastructure (e.g., Mostofi Camare and Lane, 

 

4 Some studies partition the Exposure index as separate from vulnerability, with the resultant vulnerability measure 

comprised of only the Sensitivity and Adaptive Capacity indices (e.g., Wilson et al., 2020). Exposure and vulnerability are 

then combined to estimate risk. This results in a slightly higher weighting of the Exposure index. 
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2015; Greenan et al., 2018). Only a few studies have begun to explore links between Exposure, Sensitivity, 

and Adaptive Capacity of coastal communities and / or fishery resources. For instance:  

• Cochran et al. (2012), Manuel et al., (2015), and Rapaport et al. (2015) compared the vulnerability 

of different coastal communities in Nova Scotia based on their flood risk and population census 

data (e.g., age, education, income, and Aboriginal identity); 

• Greenan et al., (2018) compared the structural integrity and replacement value of federally managed 

Small Craft Harbours (SCHs) in Nova Scotia and in a separate study, assessed climate change 

vulnerability of lobster stocks and fishing communities across Lobster Fishing Areas (LFAs) in the 

Maritimes (2019); 

• The Nova Scotia Department of Environment are currently conducting a ‘Provincial Climate Change 

Risk Assessment’ which will assess climate change risks to communities, environment, economy, 

and infrastructure, through investigation of the social, economic, and geographic differences across 

communities in Nova Scotia (Satya Ramen, Nova Scotia Environment, pers. comms, March 2022); 

and  

• On a larger scale, Boyce et al., (2021) have assessed the vulnerability of many commercially exploited 

species in the Northwest Atlantic Fisheries Organization (NAFO) management divisions. This 

assessment considered a variety of human and climate-driven stressors, habitat availability / 

fragmentation, conservation status, fisheries trends, and other oceanographic and ecological 

factors.  

Although this is a fast-growing area of research, there has been only limited research on the climate change 

vulnerability of major commercial fisheries in Nova Scotia and the linkages these have with the communities 

that rely upon them.  

2.2 Objectives 

This project aimed to conduct a rapid climate change vulnerability assessment of the Nova Scotia 

commercial marine fishing industry, within a regional context of coastal communities. The term ‘rapid’ 

reflects the identification and incorporation of new data with existing data during a limited project tenure 

(1-year). The project objectives were to:  

1. Inform decision makers and stakeholders which county fisheries are at greater relative risk to 

climate change;  

2. Identify knowledge gaps and help guide future research; and 

3. Facilitate planning between decision makers and stakeholders on the adaptation of Nova Scotia 

fisheries under a changing climate. 

  

https://www.nafo.int/About-us/Maps
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3 Methodology  

3.1 General approach 

3.1.1 Model partitioning 

Vulnerability was partitioned into two separate models (Figure 1) to better align outputs and 

recommendations with existing divisions in government (e.g., federal / provincial regulators and county / 

district municipalities) and to help reduce any ambiguity that would occur by combining the two models 

into a single measure of overall vulnerability. This model partitioning approach (i.e., division of land from 

the sea) is consistent with other fisheries vulnerability studies (e.g., Ekstrom et al., 2015). 

The first model (i.e., ‘fisheries vulnerability’) assessed the climate change vulnerability of the major 

commercial saltwater fisheries in each region. Data inputs included exposure to changes in weather and 

oceanographic conditions, and a range of metrics such as catch diversity, stock status, fisheries management 

structures, condition of fishing infrastructure, and fish harvesters’ personal flexibility and perception of risk.  

The second model (i.e., ‘community vulnerability’) assessed climate change vulnerability of the counties in 

which these fisheries were based. This model considered exposure to hurricanes and flood potential while 

accounting for metrics such as fishing income per capita, revenue base per capita, and levels of education 

and training. Both models included the Exposure, Sensitivity, and Adaptive Capacity indices, which are 

typical of modern vulnerability assessments.  

3.1.2 Model parsimony 

The selection of metrics and data to feed into the models struck a balance between accessing existing data, 

practical considerations for new data collection, and priority inclusion of crucial data, all while limiting total 

metric numbers to avoid minimizing contributions of key drivers. For example, with a total of ten metrics, 

each equally weighed metric would contribute 10% to the overall score. With 20 metrics, each metric would 

contribute 5%. While there could be an option to increase the total number of metrics and assign more 

weighting to more important metrics, this could heavily minimize the contribution of less important metrics 

to a few percent or less. It is difficult to justify data inclusion where it would have little effect on overall 

outcomes. The practice of including a small number of key inputs into a model while avoiding the inclusion 

of inputs that will not discernably change model outputs (and potentially introduce more error) is known 

as ‘model parsimony’ (e.g., Gori, 2018). This was an important consideration in developing the two models 

used in this vulnerability assessment.  

3.1.3 Spatial resolution 

The spatial resolution of the two model outputs were largely a function of the resolution of available data 

and project scope. Most existing socioeconomic data were available only at the county scale, or at the scale 

of population census dissemination areas (Statistics Canada, 2016a, 2019) which often overlapped county 

boundaries. New data were also collected for this project using an online survey (see Section 3.2) to acquire 

fish harvesters’ perspectives on climate change risks and other related information. To be consistent with 

other data, survey results were also compiled at the county scale.  
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Although climate projection and species distribution models can achieve relatively high resolution, practical 

differences in climate-driven impacts and fisheries sustainability ratings occur largely at scales ranging from 

Lobster Fishing Areas (LFAs) to Northwest Atlantic Fisheries Organization (NAFO) Divisions (e.g., Fisheries 

and Oceans Canada, 2020; Boyce et al., 2021). As this data is already available, any additional insight 

provided by biophysical modeling exercises to improve resolution for the purposes of this rapid assessment 

was deemed to be beyond the scope of this study. Consequently, models were implemented to include 

socioeconomic data at the county scale (see Section 3.6 to 3.8) and biophysical data at the NAFO division 

scale (see Sections 3.3 to 3.5).  
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Figure 1 | An overview of the climate change vulnerability models used in this study. Each model was comprised 

of three standard vulnerability indices (i.e., Exposure, Sensitivity, and Adaptive Capacity), with each index 

comprised of metrics.   
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3.1.4 Metric and index scores 

All metric values in this assessment scored from 1 – 5, where high values were considered to increase climate 

change vulnerability and low values consistent with reduced vulnerability. This approach enabled different 

types of data to be combined to generate index scores for Exposure, Sensitivity, Adaptive Capacity, and 

overall Vulnerability.  

Both models followed the typical structure of climate change vulnerability assessments where overall 

Vulnerability is partitioned into three equally weighed indices, with each index partitioned into metrics. 

Metrics were averaged within indices and indices were averaged to achieve an overall vulnerability score5. 

As Adaptive Capacity reduces vulnerability, some vulnerability models subtract this from the combined 

exposure and sensitivity indices. However, since all metric scores were ranked in accordance to vulnerability 

severity, this allowed for the indices to be directly combined (i.e., high scores represent high vulnerability 

and therefore low Adaptive Capacity), it was appropriate to simply average scores across all three indices 

to generate an overall measure of vulnerability.   

3.1.5 Mapping  

All maps were created with ArcGIS Pro mapping software, using a Nova Scotia County base map. For 

mapping purposes, all indices and metric scores were binned according to the scale in Table 1.  

 

Table 1 | Score mapping. All metrics and index scores were rounded to integers from 1 – 5.  

Ranking Index / Metric Score 

1 0.00 – 1.00 

2 1.01 – 2.00 

3 2.01 – 3.00 

4 3.01 – 4.00 

5 4.01 – 5.00 

 

3.2 Fish harvesters’ perspective survey 

A survey was designed to obtain qualitative and quantitative data from active commercial marine fish 

harvesters in Nova Scotia, to support the Fisheries Vulnerability model. The survey consisted of 26 questions 

in total. The first section asked fish harvesters: 

• Their involvement in commercial saltwater fishing in Nova Scotia 

• Their primary role (e.g., owner, licence holder, captain, engineer, and deck hand) 

• To identify the county in which they are based 

• Species they fish 

• Gear used 

• Their vessel length  

 

5 To maintain equal weighting of the three primary indices (Exposure, Sensitivity, and Adaptive Capacity), metrics within 

indices were averaged to achieve an index score, as not all indices had the same number of metrics. This was opposed 

to bulk averaging of all metrics, irrespective of index, to achieve an overall vulnerability score. As this would inadvertently 

weight the indices (e.g., less weighing for indices with fewer metrics). 
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• To identify their primary fishing grounds (i.e., Bay of Fundy, Western Scotian Shelf, Eastern Scotian 

Shelf, or Southern Gulf of St. Lawrence)  

• Their typical fishing distance from shore and their average steaming time to fishing area  

Fish harvesters were then asked if they, strongly disagreed, disagreed, had no opinion, agreed, or strongly 

agreed, with the statements below. Responses were converted to values of 1 – 5.  

• “I feel I understand climate change and its potential impacts.” 

• “Climate change is a threat to my fisheries.” 

• “Fisheries management can adapt to climate change.” 

• “In the future, I may need to change fisheries.” 

• “I feel I could switch between fisheries if needed.” 

• “Due to climate change, I may need to change careers and stop fishing.” 

• “If needed, I have other skills, experience, or education, which could help me change careers.” 

• “My key fishing wharves are in good repair.” 

• “I have confidence in the emergency services in my area (e.g., Coast Guard, Search and Rescue).” 

• “Relative to other issues, I am concerned about climate change.” 

Responses to each of these survey questions were initially partitioned into answer counts. Each answer was 

then converted into a numerical value (1-5) and averaged per county for model input.  

Finally, fish harvesters were asked:  

• To assess how much fishing contributes to their total income;  

• How much their fishing income would have to decline before they would choose to stop fishing;  

• How many days per fishing season they typically lost due to bad weather; and 

• The maximum wind speeds and wave heights within which they felt they could safely operate. 

An electronic version of the survey was emailed to 59 commercial saltwater fishing organizations active in 

Nova Scotia and they were asked to share the survey with their members. Social media was used to promote 

the survey and coffee gift cards were also used to incentivise fish harvester participation. Coastal Resource 

Coordinators (CRC’s) for the Nova Scotia Department of Fisheries and Aquaculture also assisted in 

promoting the survey to fish harvesters operating in their regions. To augment low responses in Queens 

and Lunenburg counties, CMAR conducted in-person interviews (using the same survey template). Counties 

with fewer than five responses were considered highly uncertain and survey data from those counties were 

omitted. Fisheries vulnerability model metrics or sub-metrics that relied on data from survey responses 

included: 

• Number of lost fishing days due to bad weather 

• Perception of fisheries management flexibility  

• Fisheries infrastructure (perception of wharf state) 

• Financial resilience 

• Personal flexibility (skills diversity and willing to change careers if needed) 

• Risk perception (understanding of climate change and threat to fishery) 

• Capacity to switch fisheries 
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3.3 Fisheries exposure 

3.3.1 Historical and projected climatic changes  

There are multiple climate change stressors already occurring that are projected to intensify in Nova Scotia. 

A suitable composite metric was applied to fit project scope (also see Section 3.1.4). Boyce et al. (2021) 

calculated the sum of standardized historical and future climate changes across NAFO Divisions. This metric 

was calculated by integrating historical and projected future climate-driven trends in historical sea surface 

temperature (SST), dissolved oxygen, a human impact index, and projections in animal biomass, primary 

production, and zooplankton. These projections were based on years between 2006 – 2100 under a high 

emissions scenario (i.e., Representative Concentration Pathway - ‘RCP 8.5’).  It was therefore, considered a 

robust metric suitable to account for the primary climate change drivers on provincial fisheries (Appendix 

A).  

3.3.2 Weather and fishing safety 

The number of lost fishing days per year due to bad weather was determined for each county from the ‘fish 

harvester’s perspective survey’. This was used as a proxy to compare regional weather and climate driven 

restrictions on fishing seasons. The total number of possible fishing days per respondent was estimated 

based on summing the fishing season length (in days) of the species they fished6. The sum of the total 

number of fishing days lost per county was divided by the sum of the total number of possible fishing days 

per county to estimate the percentage of lost fishing days. As a simplifying assumption, it was assumed that 

this metric accounted for current climate change effects on regional weather, and that projected increases 

in extreme weather will occur proportionately across the province’s fishing areas.  

3.4 Fisheries sensitivity 

3.4.1 Fisheries management flexibility  

Flexibility and the capacity for dynamic responses to climate-driven changes is widely acknowledged as a 

pragmatic adaptive strategy (e.g., Marshall et al., 2013; Howarth et al., 2021). Thus, broader fisheries 

management flexibility has been advocated as a key mechanism to increase resiliency of fisheries under a 

changing climate (e.g., Stephenson et al., 2019; Boyce et al., 2021; Woods et al., 2021). For example, fisheries 

management criteria will largely dictate fisher harvesters’ capacity to make up for lost weather days, adjust 

to changes in timing of seasonal abundance, or to allow fishing of multiple species if the catch of one 

species is reduced.  

In Nova Scotia, some fisheries management structures are inherently more flexible than others. For example, 

some fishery licences may be very prescriptive, only permitting fish harvesters to operate in specific areas 

and times and prohibiting them from retaining any by-catch. Conversely, other fishery licences are more 

flexible, allowing fisher harvesters to operate in multiple large areas for most of the year and to retain 

 

6 Given the overlap of multiple fishing seasons for multiple species, the max number of possible fishing days per person 

was capped at 365. 
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several by-catch species for bait or commercial sale. This suggests less prescriptive fisheries are less 

vulnerable, as fish harvesters can adapt where and when they fish in response to weather changes and 

fluctuations in catch rates. Whereas more rigidly managed systems suggest greater vulnerability, as fish 

harvesters are essentially locked into fishing in specific areas and seasons, potentially making it more 

difficult for them to adjust and adapt to climate-driven changes in weather, marine conditions or catch 

rates.  

As fisheries management flexibility is largely a qualitative metric open to interpretation, this was partitioned 

into two sub metrics: 1) fish harvester’s perception of flexibility, acquired from the perspective survey (see 

Section 3.2) and 2) a semi-quantitative fisheries management flexibility index. The fisheries management 

flexibility index was developed for the various commercial saltwater fisheries in Nova Scotia. Scores were 

assigned to each fishery based on their relative spatial (where fishers are permitted to fish), temporal (when 

fishers are permitted to fish), and by-catch flexibility (which non-target species can be retained, if any). 

These scores were based on the system detailed in Table 2 and the overall flexibility scores assigned to each 

fishery are available in Appendix B.   

Table 2 | The fisheries management flexibility index used to assess the rigidity / flexibility of various fisheries 

and licence conditions in Nova Scotia. An overall flexibility score was assigned to each fishery 

based on the average spatial, temporal, and by-catch flexibility.   

Score Spatial flexibility Temporal flexibility By-catch flexibility 

1 Fishery is province-wide Fishery is year-round 
All by-catch can be 
retained 

2 
Fishery is Scotian Shelf-
wide  

Fishery runs for 9-11 months 
More than 3 by-catch 
species can be retained  

3 
Licence conditions allow 
multiple areas to be fished 

Season start dates and length are 
flexible 

2-3 by-catch species 
may be retained 

4 
Fishing areas are large (i.e., 
3 - 5 across province) 

There is flexibility over season start 
dates. Length is always the same 

1 by-catch species may 
be retained 

5 
Licence restricts operator 
to a discrete area 

Fishing seasons are essentially the 
same every year 

All by-catch must be 
returned to the sea 

3.4.2  Resource vulnerability 

Resource vulnerability was used as a proxy for the importance and sustainability of the species fished in 

each county. The rationale for including stock sustainability in fisheries Sensitivity is that fishing areas that 

have already declined over the past six decades are expected to have greater climate-driven biomass loss 

over the next eight decades (Boyce et al., 2021). Resource vulnerability was calculated as the product of fish 

stock sustainability scores and county economic contributions.  

Stock sustainability was determined through the 2019 Fisheries Sustainability Survey which is conducted 

annually by DFO (Fisheries and Oceans Canada, 2020). This survey considers stock status in fishing areas or 

NAFO Divisions in relation to reference points, and assigns stocks as being either ‘healthy’, ‘cautious’, or 
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‘critical’ (Fisheries and Oceans Canada, 2022). These categories were given the numerical scores of 1, 3, and 

5, respectively, as consistent with project scoring where high values were considered more vulnerable (i.e., 

poorer score). Alternatively, stocks were assigned ‘uncertain status’ by DFO if there was not enough 

information to support categorization. In these cases, stock sustainability scores were assigned scores 

ranging between 1 – 5 based on reports such as DFO stock assessments, NAFO reports, and the Committee 

on the Status of Endangered Wildlife in Canada (COSEWIC) assessments published within the last ~20 years 

(these scores and sources are available in Appendix C).  

Species economic contribution was determined from a dataset managed by DFO (Pers. Comm.  Colin O’Neil, 

Fisheries and Oceans Canada). This dataset contained the weight and value of all marine fishery landings 

into each county in Nova Scotia in 2019. Landings data that resulted in a score of less than one, were 

rounded up to one for weight (tonnes) or value (thousands of dollars). For counties along the Gulf Region 

that had species reported in both Maritimes and Gulf landings data (i.e., Cumberland and Colchester), the 

values were combined for an overall total. 

This score was calculated based on the value of species landed in each county (Fisheries and Oceans Canada, 

2021b). The species economic contribution represents the dependence on each species as a percentage of 

the overall county fishery:   

Species economic contribution =
landed value of species (CAD)

∑  landed value of  all species landed in county (CAD) 
 

To highlight the counties that have high dependence on vulnerable species, a weighted vulnerability was 

calculated based on the species economic contribution and stock sustainability scores using the equation: 

Weighted vulnerability = species economic contribution ∗ stock sustainability score 

The overall resource vulnerability score for each county was then calculated as the sum of the individual 

weighted vulnerability scores, which resulted in relative resource vulnerability scores for each county 

(Appendix D):  

Overall resource vulnerability =  ∑ weighted vulnerability  

For species that had combined landings data, such as gadoids, flatfish, and tuna, a vulnerability score was 

assigned to the category based on the average of individual species scores. Counties that spanned more 

than one NAFO division were averaged, as listed in Table 3. Landings data for flatfish were combined for 

the counties along the Gulf of St. Lawrence side of the province due to confidentiality restrictions for higher 

resolution data. For these seven counties, the total overall landings values and weights were divided equally 

between those counties. Mackerel landings for Antigonish, Cumberland, and Pictou counties were also 

combined due to the same data confidentiality issue, with values and weights consequently divided equally 

between the three counties. Similarly, Atlantic halibut landings for Antigonish and Pictou, as well as scallop 

landings for Colchester and Cumberland, and Inverness and Antigonish, were all divided equally between 

the respective counties. 
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Table 3 | NAFO Divisions corresponding to each Nova Scotia County. 

County NAFO Divisions County NAFO Divisions 

Annapolis 4X Inverness 4T 

Antigonish 4T Kings 4X 

Cape Breton 4Vn, 4Vs, 4W Lunenburg 4X 

Colchester 4T, 4X Pictou 4T 

Cumberland 4T, 4X Queens 4X, 4W 

Digby 4X Richmond 4W, 4Vs, 4Vn 

Guysborough 4W Shelburne 4X 

Halifax 4W, 4X Victoria 4T, 4Vn 

Hants 4X Yarmouth 4X 

3.4.3 Fishing infrastructure  

While there are a variety of infrastructure that support fisheries activities, operational fishing wharves are 

arguably the most important. Excluding federally managed Small Craft Harbours (e.g., Greenan et al., 2018; 

Greenan et al., 2019), very little data and information are available on the current state of repair of fishing 

wharves around Nova Scotia. Direct assessment was beyond the scope of this study, so alternative sources 

of information were required. This knowledge gap was addressed, in part, by asking fish harvesters’ opinions 

on the state of repair of their key fishing wharves (see Section 3.2). A semi-quantitative survey was also 

distributed to provincial CRCs, to document their opinion on the current condition of the five most heavily 

used fishing wharves in the areas under their purview.   

3.4.4 Financial resilience of fish harvesters 

Economic considerations are common metrics under the Sensitivity index (e.g., Marshall et al., 2013), as 

these can suggest the level of resources potentially available to mitigate immediate and short-term impacts 

(Soto et al., 2018; Krishnan et al., 2019; Sarkodie and Strezov, 2019). As there were no publicly available 

indicators of Nova Scotia fish harvesters’ financial status, nor was it appropriate to inquire about personal 

financial details in a survey, an indirect metric was required. Consequently, asking fish harvesters the 

percentage their fishing income had to decline before they would give up fishing was considered to be 

suitable proxy in the absence of detailed quantitative data (see Section 3.2).   

3.5 Fisheries adaptive capacity 

3.5.1 Fish harvesters’ personal flexibility 

The fish harvester’s survey (see Section 3.2) asked fish harvesters if they felt they had other employable skill 

sets or could switch careers if necessary. These two responses (sub-metrics) were used to infer how 

successfully fish harvesters could adapt to major or catastrophic changes to their fisheries. 
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3.5.2 Fish harvesters’ perception of risk 

Risk perception is essential to pragmatically respond to a threat, and failure to adequately acknowledge a 

threat when it exists can prove disastrous (e.g., Messner and Meyer, 2006; Rufat et al., 2015; Medina et al., 

2020). To gauge the level of risk perception, survey questions asked fish harvesters’ their level of climate 

change understanding and how much they felt it was a threat to their fishery. 

3.5.3 Catch diversity 

It was assumed that greater catch diversity supported greater Adaptive Capacity as fisher harvesters could 

potentially switch to alternative fisheries if their primary fishery declines. A catch diversity metric was 

calculated as a combination of two sub-metrics: 1)  fish harvester’s personal opinion on whether they felt 

they could switch fisheries (see Section 3.2) and 2) the diversity of species landed into each county, based 

on 2019 data, the most recent data available (see Section 3.4.2).   

3.6 Community exposure 

3.6.1 Flood risk  

It is well known that coastal regions globally are experiencing climate driven increases of sea-level rise, 

increased storm surges, erosion, and flooding which are expected to increase further under all climate 

projections (IPCC, 2019b, 2019a). Nova Scotia is also experiencing these climate effects, but they are 

compounded with the additional impact of increasing precipitation (e.g.,  Prein et al., 2017; Zhang et al., 

2019). The magnitude of these impacts is typically proportional to elevation, and this was therefore 

considered a simple but effective metric to quantify flood risk, irrespective of the driver (e.g., surge and flash 

flooding). A 5 m coastal elevation was chosen as a threshold of analysis to encompass the ranges of 

historical Nova Scotia storm surge heights (Howarth et al., 2021), anticipating outcomes of more intense 

storm events in the coming decades, and as a function of available resolution of digital elevation models 

(DEMs).  

A 5 m DEM (Service Nova Scotia and Municipal Relations et al., 2006) was overlayed with a shapefile of 

roads in Nova Scotia and used to determine the total kilometers of roads within 5 m of elevation of the 

coastline. A total percentage of roads within this elevation was calculated for each county. A similar process 

determined the percentage of critical service infrastructure (i.e., schools, hospitals, police, and fire stations) 

and dwellings within 5 m elevation (Service Nova Scotia and Internal Services, 2020).  

3.6.2 Hurricane and storm risk 

While there is a variety of extreme weather driven by climate change, hurricanes and tropical storms are 

potentially the most acutely damaging to coastal communities. Hurricane intensity and duration are 

expected to increase under climate change, but not necessarily the frequency (T. Knutson et al., 2020; T. R. 

Knutson et al., 2021). Therefore, county hurricane and tropical storm frequency was used as a metric for 

relative comparison of the potential for destructive weather, both currently and in the future. Historical 

hurricane, tropical, and extra tropical storm tracks were obtained from the National Oceanic and 

Atmospheric Administration (NOAA) climate database (NOAA, 2022). Data was filtered for the province of 

Nova Scotia over the last 100 years and the storm tracks mapped (Appendix E). Track counts were summed 

within each county to obtain a hundred-year storm count.  

https://services1.arcgis.com/eIA7a0FGS7hbv8KG/arcgis/rest/services/Road_Weight_Designations/FeatureServer/3
https://nsgi.novascotia.ca/locus/
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3.7 Community sensitivity 

3.7.1 Fisheries employment  

The proportion of the workforce involved in fisheries can inform how sensitive a county’s economy is to 

changes in fisheries employment. A location quotient provides information on industry specialization, as a 

measure of regional employment intensity in a particular industry, relative to the national average.  Fisheries 

location quotient data for each ‘functional economic region’ in Nova Scotia was acquired from the Nova 

Scotia Department of Economic Development (Department of Economic Development, 2022).  

The format of the data was partitioned into Nova Scotia’s functional economic regions. The division of the 

functional economic regions are not necessarily the same as county boundaries, therefore if more than one 

county was within the same functional economic region, each received the same location quotient score. 

This occurred with Yarmouth and Digby which comprised the ‘Western Functional Economic Region’, 

Inverness, Richmond, and Victoria which make up the ‘Strait-Western Cape Breton Region’, Lunenburg and 

Queens which were combined for the ‘Lunenburg-Queens region”, Antigonish and Guysborough as part of 

the ‘Antigonish-Guysborough Region’, and Kings, Annapolis, and Western Hants which make up the ‘Valley 

Region’. The overall range of location quotient values for all functional economic regions was partitioned 

into the standard five equal bins, with 1 denoting low employment specialization to 5 denoting high 

employment specialization. 

3.7.2 Municipal financial indicators 

The financial resources of a region of governance will affect the ability to withstand and respond to 

deleterious community impacts in the short-term. In the context of Nova Scotia counties, it is assumed that 

each county has equal access to federal and provincial resources such as employment insurance, disaster 

response support, and maintenance of non-municipal roads. Consequently, for a relative comparison 

between counties, county financial resources were the primary consideration.  

A good measure of financial resiliency are the municipal financial condition indicators (Department of 

Municipal Affairs and Housing, 2022). Thirteen financial condition indicators were calculated by the Nova 

Scotia Department of Municipal Affairs and Housing (DMAH) to ascertain a municipality's financial 

condition. Indicators include: reliance on government transfers; uncollected taxes; 3-year change in revenue 

base; reliance on single businesses or institutions; residential tax effort; deficit; budget accuracy; liquidity; 

operating reserves; debt service cost; outstanding operating debt; undepreciated assets, and combined 

operating capital. Based on these indicators, the department assigns the municipality a score of low financial 

risk, moderate risk, or high risk. These scores were ranked from 1, 3, and 5 and included into the community 

model as a metric for financial health of the county. 

3.7.3 Fisheries value 

The relative contribution of fisheries income to a county can be a general proxy of county reliance on 

fisheries and therefore, sensitivity to changes in the fishery. The value associated with county fisheries 

landings (see Section 3.4.2) were divided by county population to determine the county fisheries value per 

capita. County population size was sourced from the 2022 Canadian Census. 

 

https://beta.novascotia.ca/documents/municipal-indicators-municipality-reports-2020
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3.8 Community adaptive capacity 

3.8.1 Revenue base 

The ability for a county to maintain adequate revenue on a per capita basis was used to infer ongoing 

capacity to net future resources and was considered an appropriate candidate for an Adaptive Capacity 

metric. Again, it was assumed that counties had equal access to standard federal and provincial resources, 

so those resources were not included in relative comparisons. 

The ’uniform assessment’ is calculated by the DMAH and is the total of the taxable property assessment 

plus the value of grants the municipality receives from special property tax arrangements (DMAH, 2022). 

These uniform assessment values were calculated for regional and rural municipalities, and towns. The 

county revenue base included in the Communities model was calculated by combining the values for 

municipalities and towns that fall within each county. This included the combination of West Hants Regional 

Municipality and East Hants Rural Municipality for the county of Hants, the Rural Municipality of Clare was 

combined with the Municipality of Digby for Digby County, the Municipality of the District of Argyle was 

combined with the Municipality of Yarmouth to form Yarmouth county, the Municipality of the District of 

Barrington was combined with the Municipality of the District of Shelburne to form Shelburne county, and 

the Municipality of the District of St. Mary’s was added to the Municipality of the District of Guysborough 

to comprise Guysborough county. Uniform assessments for towns were added to their respective counties 

to form an overall county value. The uniform assessment value for each county was then divided by the 

county’s respective population to obtain a revenue base per capita.  

3.8.2 Post-secondary education and certification 

Access to skills, expertise, and knowledge can improve the capacity for people to adapt (e.g., Czarnek et al., 

2020; Didham and Ofei-Manu, 2020; Walker et al., 2021). While this is a seemingly straight forward concept, 

it can be difficult to apply as a metric given that the only readily available data in this respect are details of 

formally recognized education and certification. This does not account for various experiences, 

apprenticeships or diverse life skills which are equally important. Nevertheless, this is an important metric 

to include with the understanding it is rudimentary given limitations of the data. Data from Statistics Canada 

(2016b) were used to determine the percentage of county population with a level of education or 

certification beyond post-secondary education.  

4 Results 
 

4.1 Fisheries vulnerability model results 

4.1.1 Fish harvester’s perspective survey 

There were 150 survey responses obtained in total. All counties had responses except Annapolis, Colchester, 

Hants, and Kings counties. However, these ‘no-response counties’ had relatively limited fishing activity, and 

collectively contributed to only 1.2% of the total provincial fisheries landing value. Metrics, sub-metrics or 
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indices which relied on survey responses from those counties were not calculated and are greyed out on 

respective maps. 

Given the contextual nature of some questions (e.g., screening for appropriate respondents) and planned 

redundancy of other questions to reduce uncertainly where needed, not all survey responses were used as 

inputs into the Fisheries Climate Change Vulnerability Model. Survey responses that contributed to metrics 

or sub-metrices are detailed below. Graphical summaries of all survey responses are detailed in Appendix 

F.   

4.1.2 Fisheries Exposure 

The Fisheries Exposure index was comprised of two metrics, the climate change score (sum of standardized 

climate changes in adjacent NAFO Divisions) and the percentage of fishing days lost due to bad weather. 

All marine waters around Nova Scotia are being impacted by climate change and this trend is projected to 

continue. Consequently, climate change scores around the province were moderate to high (Appendix A). 

High climate change vulnerability scores occurred in counties along the South Shore, bordering the Bay of 

Fundy and Northumberland Strait / Gulf of St. Lawrence. This comprised two thirds of Nova Scotia fishing 

counties. Cape Breton, Richmond and Guysborough counties had moderate scores with the remaining 

counties (Lunenburg, Halifax, and Victoria) had moderately high climate change scores. 

The lost fishing days due to bad weather metric was highly variable (Appendix F). Survey responses which 

reported more than 10% lost days were from the southern most counties; Digby, Yarmouth, Shelburne, and 

Queens. Across these counties, lost days ranged from between 14% to 32%. Not all survey respondents 

answered this question, so mean days lost per county may be comprised of fewer inputs than survey 

respondents and therefore prone to greater uncertainty. For most counties this only affected a few 

responses. However, for Cumberland and Shelburne counties, the response ratio for this question was 2 out 

of 10 and 4 out of 14, respectively.  

Cape Breton, Richmond, and Guysborough counties had moderately low fisheries Exposure scores. Digby, 

Yarmouth and Queens counties had the highest Exposure scores and Shelburne county and had moderately 

high Exposure. The remaining counties had average Exposure scores (Figure 2). The lower exposure values 

in the Northeast of the province were a function of moderate climate change stressor scores (sums of 

standardized historical and future climate changes) in adjacent waters and fewer fishing days lost due to 

bad weather. Counties located along the South Shore or southern Bay of Fundy had very high oceanic 

climate change stressors. When combined with a relatively greater loss of fishing days, the four most 

southern counties had the greatest fisheries Exposure vulnerability in the province (Figure 2). There is a 

general trend of high fisheries Exposure in the southwest and lower Exposure to the Northeast.  
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Figure 2 | Relative Fisheries Exposure across counties. This index includes the metrics, suitable fishing days 

and climate change score (sum of standardized climate changes in adjacent NAFO Divisions).  

4.1.3 Fisheries Sensitivity 

The fisheries Sensitivity Index was comprised of the metrics: fisheries management flexibility, resource 

(stock) vulnerability, fishing infrastructure (wharf state), and financial resilience of fish harvesters (Section 

3.4). The fisheries management flexibility metric was made up of two sub-metrics, the fisheries management 

flexibility index and fish harvesters’ perception of management flexibility (Section 3.4.1). The fisheries 

management flexibility index scores ranged from good (e.g., tuna and sword fish) to poor (e.g., snow crab 

and lobster) as a function of species and/or region (Appendix B). Given the heavy reliance on lobster and 

crab around the province and poor fisheries management flexibility index scores for these fisheries, 

weighting resulted in moderately high to high vulnerability scores for this sub-metric across all counties. 

There was also little variation in the fish harvester perception sub-metric, of whether management could 

adapt to climate change. Most county responses averaged between, agree and no opinion, that fisheries 

management could adapt to climate change (Appendix F, Figure F7). These two sub-metrics combined to 

form moderately high vulnerability scores for the fisheries management flexibility metric around the 
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province (Appendix B). The one exception being Halifax County, which had average metric vulnerability, due 

to relatively less catch reliance on lobster, crab and scallop than other counties.  

The resource vulnerability metric was derived from the sub-metrics, fisheries (stock) sustainability and 

fishery economic contribution (Section 3.4.2). Fishery stock sustainably scores were highly variable 

depending on species and NAFO Divisions (Appendix C). Fisheries economic contribution was dominated 

by lobster in most counties except for Inverness and Richmond, which were dominated by snow crab, and 

Lunenburg which was dominated by scallops (Appendix D). The resulting resource vulnerability metric 

around the province (Appendix G), had low to moderately low vulnerability due to high reliance on stocks 

such as lobster, scallop and snow crab. These stocks generally had a healthy status (except for NAFO 

Divisions 4W and 4X snow crab, which were categorized as ‘cautious’) and were therefore, considered less 

vulnerable.  

The financial resilience metric was the average percent revenue loss required before fish harvesters would 

forgo fishing (Section 3.4.4). Mean scores ranged from between 39% (Digby County) to 77% (Richmond 

County), although there was a wide range of variability between individual fish harvesters within counties 

(Appendix F). Across counties, fish harvesters’ financial resilience had moderately low to average 

vulnerability, except for Digby which had moderately high vulnerability (Appendix H).  

The state of fishing infrastructure metric was comprised of two sub-metrics, Provincial Coastal Resource 

Coordinators’ (CRC) perception of fishing wharf state and fish harvesters’ perception of wharf state (Section 

3.4.3). The CRCs perception of fishing wharf state suggested that primary fishing wharves are in very good 

to good condition, with some exceptions in Halifax, Inverness, and Richmond counties; each which had a 

wharf reported in poor condition (Appendix I). Fish harvesters in general reported good wharf condition or 

had no opinion, but reported slightly poor wharf condition in Cumberland, Halifax, Queens, and Shelburne 

counties (Appendix F). These sub-metrics combined to form fishing infrastructure metric ratings, where all 

counties (with sufficient data) reporting moderately low to average vulnerability (Appendix I).  

Overall, the Fisheries Sensitivity Index had average vulnerability across the province except for Pictou and 

Antigonish counties which had moderately low vulnerability (Figure 3). These lower scores were driven by 

generally low vulnerability scores for the resource vulnerability, fishing infrastructure and financial resilience 

metrics. 
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Figure 3 | Relative Fisheries Sensitivity across counties. This index includes the metrics: fisheries 

management flexibility, resource (stock) vulnerability, status of fishing infrastructure (wharf state), and 

financial resilience of fish harvesters.   

4.1.4 Fisheries Adaptive Capacity 

The Fisheries Adaptive Capacity Index included the metrics: fish harvesters’ personal flexibility, perception 

of risk and catch diversity (Section 3.5). The personal flexibility metric was comprised of two sub-metrics, 

willingness to switch careers if needed, and skills diversity (Section 3.5.1). Fish harvesters in most counties 

generally agreed they have skill sets that could help them change careers if needed, except for Cape Breton, 

Cumberland, Guysborough, Halifax, and Queens counties which fell somewhere between no opinion and 

disagree (Appendix F). Fish harvesters across counties either had no strong opinion or disagreed on their 

willingness to switch careers (Appendix F). This resulted in the personal flexibility metric largely scored 

moderate vulnerability around the province, except for Antigonish, Inverness, Halifax, and Lunenburg 

counties which scored average vulnerability (Appendix J). 

The fish harvester’s risk perception metric was a function of two sub-metrics, whether fish harvesters felt 

they understood climate change and if they perceived it as a threat to their fisheries. Fish harvesters from 
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around the province generally felt they had a good understanding of climate change or had no strong 

opinion but agreed that climate change was generally a threat to their fisheries (Appendix F). The one 

exception being Shelburne County which had no strong opinion or disagreed that climate change was a 

threat to their fishery. This resulted in the risk perception metric, ranging between moderately low 

vulnerability to average vulnerability across counties (Appendix K). 

The catch diversity metric was a function two sub-metrics species fished (different fisheries) per county and 

fish harvesters’ capacity to switch fisheries (Section 3.5.3). The number of species (or species groups) fished 

per county was based on reported landing data, with Hants County at the low end with lobster as the only 

fishery and Richmond County at the high end, with 12 reported fisheries. However, several other counties 

also had a diverse range of fisheries. Victoria, Cape Breton, Inverness, Richmond, Guysborough, Halifax, 

Lunenburg, Shelburne, Yarmouth, and Digby counties had 10 different fisheries (Appendix L). In response 

to the survey question, ‘I feel I could switch between fisheries if needed’ most fish harvesters, across all 

counties, had no strong opinion or disagreed that they would be able to switch fisheries (Appendix F). These 

two sub-metrics combined to form the catch diversity metric which had average to moderately high catch 

diversity vulnerability around the province. (Appendix L). 

Overall, the Adaptive Capacity Index for county fisheries had average vulnerability across the province 

(Figure 4). The exception being Pictou County which had moderately low Adaptive Capacity (i.e., moderately 

high vulnerability) primarily driven by lower levels of catch diversity and personal flexibility.  
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Figure 4 | Relative Fisheries Adaptive Capacity across counties. As higher values indicate greater 

vulnerability, a high score reflects lower Adaptive Capacity and a low score represents higher Adaptive 

Capacity. This index includes the metrics: risk perception, personal flexibility and catch diversity. 

4.1.5 Fisheries Vulnerability  

Fisheries Exposure, Sensitivity, and Adaptive Capacity indices combined to form the overall fisheries climate 

change Vulnerability index (Section 2.1.4). Vulnerability across counties is summarised in Figure 5 with the 

contribution of matrix values to indices detailed in Table 4. There was average fisheries vulnerability across 

the province except in the south, where three of the four most southern counties (Digby, Yarmouth, and 

Queens) had moderately high vulnerability. Shelburne County was the exception in that region, with the 

average vulnerability score driven by a slightly lower Exposure index score, which was in turn driven by a 

lower number of fishing days lost due to bad weather. There was, however, greater uncertainty with 

Shelburne’s lost fishing days, as only 4 of the 14 county survey respondents answered this question. 

Consequently, Shelburne County’s Fisheries Vulnerability ranking is expected to be less accurate than other 

counties. 
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Figure 5 | Relative Fisheries Vulnerability across counties. This is a composite of the Exposure, Sensitivity, 

and Adaptive Capacity indices. 
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Table 4 | Fisheries climate change vulnerability metric summary across counties. Transitioning from dark green, light green, yellow, orange, and red, 

represents an increase from low to high vulnerability, respectively. Grey sections indicate insufficient data. The number of county survey responses 

are details in Appendix F. 

 

County 

Exposure Sensitivity Adaptive Capacity 

Suitable 
Fishing 
Days 

Climate 
Change 

Fisheries 
Management 
Flexibility 

Resource 
Vulnerability 

Fishing 
Infrastructure 

Status 
Financial 

Resilience 
Perception 

of Risk 
Personal 
Flexibility 

Catch 
Diversity 

Annapolis   5.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 

Antigonish 1.0 5.0 4.0 2.0 2.0 2.0 2.0 3.0 3.0 

Cape Breton 1.0 3.0 4.0 2.0 2.0 3.0 3.0 4.0 2.0 

Colchester   5.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 

Cumberland 1.0 5.0 4.0 2.0 2.0 3.0 3.0 4.0 3.0 

Digby 4.0 5.0 4.0 2.0 2.0 4.0 3.0 4.0 3.0 

Guysborough 1.0 3.0 4.0 2.0 2.0 2.0 2.0 4.0 2.0 

Halifax 2.0 4.0 3.0 2.0 3.0 3.0 2.0 3.0 3.0 

Hants   5.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 

Inverness 1.0 5.0 4.0 2.0 3.0 3.0 2.0 3.0 3.0 

Kings   5.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 

Lunenburg 2.0 4.0 4.0 2.0 3.0 3.0 3.0 3.0 2.0 

Pictou 1.0 5.0 4.0 2.0 2.0 2.0 3.0 4.0 3.0 

Queens 5.0 5.0 4.0 2.0 3.0 2.0 3.0 4.0 3.0 

Richmond 1.0 3.0 4.0 2.0 3.0 2.0 2.0 4.0 3.0 

Shelburne 3.0 5.0 4.0 2.0 3.0 2.0 3.0 4.0 2.0 

Victoria 1.0 4.0 4.0 2.0 2.0 3.0 2.0 4.0 2.0 

Yarmouth 4.0 5.0 4.0 2.0 3.0 3.0 3.0 4.0 3.0 
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4.2 Community vulnerability model results  

4.2.1 Community Exposure  

The Community Exposure index was an average of the flood risk and storm risk metrics (Section 3.6). County 

flood risk was based on the percentage of infrastructure < 5 m elevation (Section 3.6. 1, Appendix M). The 

lowest percentage for roads was 0.4% for Annapolis County and the highest was 12.2% for Shelburne 

County. Critical infrastructure (i.e., schools, hospitals, fire, and police stations) ranged between 0% for 

Annapolis, Colchester, Cumberland, and Hants, to 34.3% for Shelburne County. Dwellings ranged from 0.1% 

for Hants and Kings to 23.9% for Shelburne. Remaining counties varied, but Guysborough and Queens had 

general high percentages of infrastructure < 5 m elevation. Averaging these three measures together 

resulted in Shelburne with the greatest percentage of infrastructure < 5 m elevation at 23.5% and with 

Kings, Hants and Colchester counties with the least at < 1%. Shelburne County was highly vulnerable to 

flood risk with Richmond, Guysborough, and Queens counties having average vulnerability. The remaining 

counties were moderately low to low flood risk. 

The Cape Breton counties, along with Guysborough, Halifax and Annapolis Counties had the greatest 

number of historical hurricane and storm tracks and consequent vulnerability (Section 3.6.2, Appendix E). 

Hants and Antigonish counties had the fewest number of historical storm tracks, resulting in moderate 

vulnerability scores. The remaining counties ranged from average to moderately high vulnerability.  

The consequent Community Exposure index (Figure 6) resulted in Victoria, Richmond, Guysborough, and 

Shelburne counties having moderately high Exposure vulnerability. Victoria, Richmond, and Guysborough 

counties’ scores were driven largely by storm track frequency, where as the Shelburne County score was 

driven primarily by high flood risk. Remaining counties had moderately low to average Exposure 

vulnerability. 
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Figure 6 | Relative Community Exposure across counties. This index includes the metrics, storm track 

frequency and flood risk (infrastructure < 5 m). 

4.2.2 Community Sensitivity  

The Community Sensitivity index was an average of the metrics: fisheries employment (location quotient), 

municipal financial indicators, and landed fisheries value. County fisheries employment is represented as a 

relative regional proportion of the workforce or, location quotient. The location quotient is a relative value 

(i.e., not an absolute number of people employed), so the range was partitioned and mapped with the 

standard 1-5 ranking (Section 3.7.1). Shelburne County had the highest fisheries location quotient and was 

considered highly vulnerable to changes in county fisheries. Inverness, Victoria, Richmond, Yarmouth, and 

Digby counties had average vulnerability, with the remaining counties as moderately low to low vulnerability 

(Appendix N).  

The municipal financial indicators (Section 3.7.2) were likewise, relative values, mapped similarly and used 

as a proxy for county financial health. There was little variation across the province with Cape Breton, 
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Richmond, and Colchester counties having average financial health, and the remaining counties around the 

province having good financial health or low vulnerability (Appendix O).  

County fisheries landing values were reported as per capita to account for population differences (Section 

3.7.3). Shelburne County had by far the greatest fisheries landing value at $21,508 per capita, followed by 

Yarmouth County at $11,750 per capita (Appendix P). Colchester, Hants and Kings counties had landing 

values of less than $100 per capita. Remaining counties ranged between $144 (Halifax) and $7,955 

(Guysborough). Higher values were considered to have greater influence on county sensitivity to changes 

in their fisheries and were considered more vulnerable (Appendix P).  

These three metrics combined to form the Community Sensitivity index (Figure 7). Shelburne County had 

moderately high vulnerability to climate change (Figure 7), due to a large proportion of the workforce 

employed in the fishing industry and heavy economic dependency on fishing. Richmond and Yarmouth 

counties had average sensitivity with remaining counties having moderately low to low sensitivity.  

  

Figure 7 | Relative Community Sensitivity across counties. This index includes the metrics: fisheries 

employment (location quotient), municipal financial indicators and landed fisheries value. 
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4.2.3 Community Adaptive Capacity 

The Community Adaptive Capacity index was an average of the revenue base (per capita) and education 

metrics. County revenue base was represented by the ’uniform assessment’, which is the total of the taxable 

property assessment plus the value of grants municipalities receive from special property tax arrangements 

(Section 3.8.1). Halifax and Victoria had the largest revenue base at $119,279 and $108,077 per capita, 

respectively. Cape Breton had the lowest revenue base per capita at $50,996. Lower revenue bases were 

considered to have greater vulnerability. Remaining counties ranged between moderately high to 

moderately low vulnerability (Appendix Q). 

The education metric was the percentage of the population that had post-secondary education or 

certification (Section 3.8.2). Absolute variation across counties was modest, ranging from Shelburne County 

at 45.4% percent to Antigonish County at 69.5%. Partitioning resulted in Inverness, Richmond, Antigonish, 

Halifax, and Kings counties having moderately low vulnerability and remaining counties with average 

vulnerability (Appendix R). 

Community Adaptive Capacity (Figure 8) was average for most counties around the province. Antigonish, 

Vitoria, Richmond, and Halifax had moderately low vulnerability, driven by a relatively higher level of 

education and good revenue base. Cape Breton County had the lowest Adaptive Capacity driven largely 

driven by a poor revenue base.  
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Figure 8 | Relative Community Adaptive Capacity. Higher values indicate greater vulnerability (i.e., less 

Adaptive Capacity). This index includes the metrics, revenue base (per capita) and post-secondary 

education. 

4.2.4 Community Vulnerability  

Community Exposure, Sensitivity, and Adaptive Capacity indices were combined for overall Community 

Vulnerability. Shelburne County had the highest community vulnerability score in Nova Scotia with a 

moderate / high ranking, while Cape Breton, Colchester, Digby, Guysborough, Pictou, Richmond, and 

Yarmouth counties had moderate vulnerability rankings. Remaining counties scored moderately low 

Community Vulnerability (Figure 9 and Table 5).    
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Figure 9 | Relative community vulnerability across counties. This is a composite of the Exposure, Sensitivity, 

and Adaptive Capacity indices. 
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Table 5 | Community model, vulnerability metric summary for Nova Scotian counties. Transitioning from dark green, light green, yellow, orange, and 

red, represents an increase from low to high vulnerability, respectively. 

 Exposure Sensitivity Adaptive Capacity 

County 
Flood 
Risk 

Storm 
Risk 

Fisheries 
Employment 

Municipal Financial 
indicators 

Fisheries Value per 
Capita Revenue Base Education 

Annapolis 1.00 5.00 1.0 1.0 1.0 4.0 3.0 

Antigonish 1.00 2.00 2.0 1.0 1.0 3.0 2.0 

Cape Breton 2.00 5.00 1.0 3.0 1.0 5.0 3.0 

Colchester 1.00 3.00 1.0 3.0 1.0 4.0 3.0 

Cumberland 1.00 4.00 1.0 1.0 1.0 4.0 3.0 

Digby 1.00 4.00 3.0 1.0 2.0 4.0 3.0 

Guysborough 3.00 5.00 2.0 1.0 2.0 3.0 3.0 

Halifax 1.00 5.00 1.0 1.0 1.0 1.0 2.0 

Hants 1.00 2.00 1.0 1.0 1.0 4.0 3.0 

Inverness 1.00 4.00 3.0 1.0 2.0 4.0 2.0 

Kings 1.00 3.00 1.0 1.0 1.0 3.0 4.0 

Lunenburg 2.00 3.00 1.0 1.0 1.0 3.0 3.0 

Pictou 1.00 3.00 1.0 1.0 1.0 4.0 3.0 

Queens 3.00 5.00 1.0 1.0 1.0 2.0 3.0 

Richmond 3.00 3.00 3.0 3.0 2.0 2.0 2.0 

Shelburne 5.00 5.00 5.0 1.0 5.0 4.0 3.0 

Victoria 2.00 3.00 3.0 1.0 2.0 1.0 3.0 

Yarmouth 2.00 3.0 3.0 1.0 3.0 4.0 3.0 
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5 Discussion 

5.1 Study limitations 

The modest scope of a rapid climate change vulnerability assessment of provincial fisheries necessitated 

the selection of a small number of representative metrics for each of the six indices included in the models. 

While this ultimately resulted in extensive data, this study cannot claim to be fully comprehensive, nor was 

it intended. While outcomes of this study provide valuable insights, study limitations require 

acknowledgment, so results are not extrapolated beyond what the data pragmatically support. Potential 

limitations of note include, county-level scale resolution, broad climate change scores and biases of online 

surveys.  

 

Social economic data provided by Statistics Canada and the Nova Scotia Department of Municipal Affairs 

and Housing was largely available at the county level and therefore, finer resolution of model metrics 

supported by this data was impractical. Consequently, county averages may not necessarily be reflective of 

individual villages, towns or cities within a particular county. Also, fish harvesters do not live in every 

community and their density varies relative to coastal and fishing harbour locations. There is no available 

high-resolution data on exactly where fisher harvesters live. However, there is information on the 

dissemination areas where fishing vessels are registered. If it is assumed that fish harvesters are not living 

in locations radically different from where their vessels are registered, this data can suggest dissemination 

areas where there is limited or no fishing activity and fish harvester density (Appendix S). Consequently, this 

may provide a rudimentary proxy for increasing spatial resolution and provide some additional insight into 

areas where model outcomes are more applicable.  

 

Higher spatial resolution projections of individual fishery stocks under various climate change and fisheries 

management scenarios were beyond the project scope. Therefore, a simple climate change metric which 

reflected broad scale measures of current and future ocean changes was required. As a result, the sum of 

standardized climate changes in NAFO Divisions boarder fishing counties (Section 3.3.1) was applied. To 

address individual fisheries’ stock status (part of the resource vulnerability metric), Fisheries and Oceans 

Canada’s Fisheries Sustainability Survey was applied. This describes only current, not future, stock status. 

Given the broad spatial scale and aggregate nature of study results, caution is warranted extrapolating 

future outcomes to any individual fishery stock from data within this study.  

 

Time restrictions on gathering project data required the use of online surveys to acquire socioeconomic 

and opinion data from fish harvesters, despite some known challenges (Flaherty et al., 2018) with this survey 

method (i.e., survey response fatigue, self selection bias of online surveys, demographic bias, etc.). While 

there was engagement with the majority of fish harvester organizations around the province (Section 3.2), 

survey returns were limited to 150 responses in total, for which county level data required extraction. This 

resulted in low or no responses for some counties which had limited fishing. These included Annapolis, 

Hants, Colchester, and Kings counties which total only 1.2% of provincial fisheries landing value. However, 

the absence of survey data from these counties is not expected to have much influence on a provincial wide 

assessment. Metrics or indices that relied on survey data were not applied to these four counties. It should 

be noted that survey data were inputs only for the Fisheries Climate Change Vulnerability Model, not the 

Community Climate Change Vulnerability Model. 
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5.2 Indices 

5.2.1 Exposure 

Fisheries Exposure was highest in the four most southern counties, Digby, Yarmouth, Shelburne, and Queens 

(Section 4.1.2). This is consistent with the general poleward movement of climate change effects, where 

climate change stressors overlay existing biophysical ranges. More southern regions would be expected to 

experience more intensive conditions (e.g., warming waters which are already relatively warm) before more 

northern regions. Victoria, Richmond, Guysborough and Shelburne counties had moderately high 

Community Exposure, through a combination of relatively more frequent storm tracks and greater risk of 

infrastructure flooding (Section 4.2.1). The one county that scored moderately high Exposure vulnerability 

in both the Fisheries and Community models was Shelburne County, suggesting this county had the greatest 

cumulative Exposure vulnerability of the province.  

Of the Exposure metrics from both models, oceanic climate change (Fisheries model) and storm tracks 

(Community model) are not within the practical realm of mitigation at the county level. However, the 

amount of infrastructure < 5 m elevation could potentially be reduced through greater protection in the 

short term (e.g., shoreline restoration, levees) or reallocation of infrastructure. Such adaption measures are 

clearly resource intensive and warrant significant long-term planning. With respect to the number of bad 

weather fishing days, these could potentially be accommodated with greater seasonal fishing flexibility.  

5.2.2 Sensitivity  

The Fisheries model indicated moderately low to average Sensitivity of county fisheries around the province 

(Section 4.1.3). The combined outcomes of fisheries management flexibility, resource vulnerability, fishing 

infrastructure, and financial resilience of fish harvesters was neither moderately high nor highly vulnerable. 

This suggests a modest level of province fisheries resiliency to climate driven stressors, under current 

conditions. 

There was a moderate to good level of fisheries management flexibility in many high climate change 

exposure areas. This is considered a positive outcome as this could enable other opportunities to fish, if 

fishing were limited by climate change (e.g., increasingly poor weather).  

Individual fish harvesters also appeared to have good financial resilience, with fish harvesters by county, on 

average reporting their fishing revenue would need to decline by between approximately 40% to 80% 

before they would forgo fishing. This suggests that fish harvesters in general are not bordering on financial 

ruin and/or they are highly committed to their livelihood with a high threshold for loss. 

Weighted fisheries sustainability scores for most counties bordering the Western and Eastern Scotian Shelf 

indicated high vulnerability. However, other metrics within the Fisheries model’s Sensitivity index had less 

vulnerability, such as perception of wharf state (generally positive or neutral around the province), 

management flexibility, and financial resiliency, which offset some of the poorer fisheries sustainability 

scores. 

The Community model Sensitivity index reported primarily low to moderately low climate change sensitivity 

around the province (Section 4.2.2). The exception being Yarmouth and Richmond counties with average 

Sensitivity, and Shelburne with moderately high Sensitivity. Most counties had reasonably good financial 
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health7 which helped reduce overall Sensitivity. Shelburne County had the greatest fisheries employment 

and landed fisheries value per capita making this county most sensitive to changes in their fisheries. High 

levels of fisheries employment results in greater sensitivity to fisheries upturns as well as downturns. 

However, an upturn in fisheries landings does not mean that a fishery or county is necessarily less vulnerable, 

as high risk can still occur during periods of high return. 

5.2.3 Adaptive Capacity 

Fisheries Adaptive Capacity had average vulnerability around most of the province, with only Pictou County 

having moderately high vulnerability (Section 4.2.3). While this suggests some modest capacity for 

adaptation, there is still scope for improvement. While Adaptive Capacity is largely a function of predicted 

future ability, its estimation is based on the status quo. This means that it can be improved, and action plans 

implemented. This begs the question, ‘what requires improvement’? One metric which could be improved 

was moderate to low personal flexibility of county fish harvesters throughout the province. Personal 

flexibility was measured by whether fish harvesters felt they could change careers if needed or if they had 

additional skill sets to fall back on (Appendix F). Possible options are discussed in Section 5.3.2. 

Survey responses to the level of climate change knowledge suggest that acknowledging the existence of 

climate change is not an issue. Fish harvesters across the province, irrespective of fishery and location, also 

tended to agree that climate change was a threat to their fishery (Appendix F). While continuous knowledge 

improvement of climate change and potential effects to fisheries is advantageous, good fish harvester 

perception of climate change risk suggests that broad scale education campaigns on climate change need 

not be a high priority. 

Community Adaptive Capacity around the province was primarily moderately low to average vulnerability 

with the exception of Cape Breton County which had moderately high vulnerability (Section 4.2.4). The 

limited Adaptive Capacity for Cape Breton was driven largely by a low revenue base. While several other 

counties had a limited revenue base, the index score was offset by the percentage of population with post-

secondary education or certification. Nevertheless, limitations in county revenue does suggest the need to 

either generate additional revenue within counties or have access to external resources to support climate 

change adaptation. Many adaptive measures such as infrastructure improvement or relocation are 

extremely costly and there should be an expectation to prepare for large expenditures in the near future. 

This further suggests that levels of governance above the county or municipal level can anticipate a greater 

number of requests for financial or resource support as climate change progresses. Either to support larger 

planned adaptation initiatives or respond to acute events such as storm and flood damage to infrastructure. 

5.2.4 Vulnerability  

Separating the Fisheries and Community climate change vulnerability models for this study was intended 

to partition discrete but related domains and influences, to better understand drivers. The highest 

vulnerability scores in the Fisheries model were driven largely by climate change Exposure, and in the 

Community model, largely by higher relative Sensitivity. While it is arguably very difficult to mitigate 

 

7 The financial health metric does not necessarily reflect the state of individual communities within counties given the 

aggregate nature of the data. 
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fisheries Exposure, Sensitivity to climate change stressors at the community level can be reduced by 

increasing Adaptive Capacity (Howarth et al., 2021). 

Considering the related outcomes of these companion models together can help identify wider regional 

vulnerabilities. The most vulnerable county fisheries and fish harvester counties are located in the most 

southerly end of the province. The Fisheries model vulnerability output resulted in Digby, Yarmouth, and 

Queens counties with moderately high fisheries vulnerability scores (Section 4.1.5). The Community model 

vulnerability output resulted with Shelburne County as having the highest relative vulnerability (Section 

4.2.4). The combined model outcomes suggest that the fisheries of the four most southern counties in the 

province could benefit from priority focus on planned climate change adaptation. This is not to suggest 

that vulnerabilities to climate change and planned adaptation are of any less importance in other counties 

around the province. This simply means that given the direction and rate of climate change velocity, time is 

of greater essence for these southern counties. The following section discuses some specific 

recommendations which could help support planned adaptation not only for the most southern counties 

but all county fisheries around the province.  

5.3 Recommendations 

While climate change vulnerability assessments can identify potential sources of risk and therefore, where 

there is a need for adaptation, these assessments cannot necessarily inform what specific adaptation 

measures need to occur, nor how these should be achieved.  Logical next steps should therefore focus on 

the investigation of adaptation strategies and options that could reduce these vulnerabilities. In this regard, 

the following recommendations suggest possible initiatives that the Nova Scotia Department of Fisheries 

and Aquaculture could lead or shepherd to reduce climate change Exposure and Sensitivity, while improving 

Adaptive Capacity of Nova Scotia fisheries. 

5.3.1 Harbour and critical seafood sector infrastructure 

Harbour vulnerability to climate change is an important consideration, and as such, Fisheries and Oceans 

Canada has implemented an assessment index for their Small Craft Harbours8 (Greenan et al., 2018). As no 

such initiative exists for other fishing harbours, this study relied on fish harvester and Coastal Resource 

Coordinator perceptions of wharf condition to provide insight (Section 4.1.3). While there were some minor 

differences between select counties, fish harvesters generally agreed that their wharves were in good repair 

or did not have a strong opinion. Coastal Resource Coordinators reported wharves were generally in good 

repair with a few exceptions. It is encouraging that there appeared to be no wide-spread perception of 

inadequate fishing wharves throughout the province. However, these results were collected within the 

modest scope of a rapid assessment and may not be robust. Consequently, additional information is needed 

to provide details on the number and exact locations of industry fishing wharves (which is currently unclear). 

Ultimately, information on climate proofing needs of provincial wharves or other seafood industry 

infrastructure is a priority. This suggests the need for an initiative to identify and professionally assess 

seafood industry infrastructure, providing industry and the province with pragmatic information on pending 

infrastructure needs under a changing climate.  

 

8 Small Craft Harbours Program 

https://www.dfo-mpo.gc.ca/sch-ppb/aboutsch-aproposppb/index-eng.html
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Consequently, we recommend professional engineering assessments of key industry and provincial wharves 

(and associated infrastructure) to identify climate proofing needs and potential costs to critical seafood 

infrastructure. Considering current initiatives and practices of Small Craft Harbours would help to define the 

scope and if there is a need for assessment consistency across the province. Such an exercise should be 

prefaced by determining the relative importance of individual wharves (e.g., annual landings) to prioritize 

resources and permissions from wharf owners.  

5.3.2 Employment and skills diversification 

One output from the Fisheries vulnerability model indicated that Adaptive Capacity could be increased by 

improving personal flexibility among fish harvesters (Section 4.1.3). While the very nature of this metric is 

individualistic and largely a function of personal choice, availability of additional employment or 

opportunity for skills development could provide a degree of contingency for additional options. Personal 

flexibility could be improved by facilitating additional opportunities for training, education, and more 

diverse regional employment. While such considerations are not new, there are several unknowns that 

would require resolution. These primarily include the willingness of stakeholders to implement such 

initiatives, the willingness of fish harvesters to entertain additional opportunities, what the specific 

objectives are, and where to regionally focus such initiatives. Depending on the resolution of these 

unknowns, a wide variety of potential approaches could be pursued, but exploring specific options is 

beyond the scope of this report. Nevertheless, study outcomes do suggest a need for a practical strategy 

to identify, prioritize, resource, and consider stakeholder responsibilities and mechanisms to improve wider 

opportunities through skills diversification (e.g., training and education) and diversifying regional 

employment opportunities. This should include an exploration of the balance between providing additional 

opportunities within the seafood industry (e.g., aquaculture and climate friendly fisheries initiatives) and 

other regional opportunities. The Nova Scotia Department of Fisheries and Aquaculture may wish to 

consider what their role should, or could be, in diversifying seafood industry opportunities and how this 

could compliment mandates of other government bodies and non-government organizations (NGOs). 

5.3.3 The economic knowledge gap 

An important component which was beyond the scope of this study but has potentially profound 

implications for fisheries climate change vulnerability are unknowns around economics. There are broad 

global influences that will affect provincial fisheries. For example, ocean biomass is expected to decline 

under all emissions scenarios (Lotze et al., 2019), which suggests widespread catch reductions. Catch 

reduction may intuitively seem like a negative impact, but will values simply increase to compensate based 

on supply and demand? If terrestrial crop output for 2050 is projected to be insufficient for global demand 

(Ray et al., 2013; Asseng et al., 2015), how will this affect reliance on seafood and provincial exports? There 

are also more localized considerations. What is the economic return needed for new species in Nova Scotia 

waters, to justify investment in an experimental fishery? What are the economic ramifications of heavy 

reliance on a single fishery (i.e., lobsters) for export, if this were to falter? These questions and others suggest 

a need for an economics study with the inclusion of gap analysis, and scenario modelling to account for 

changes in ocean condition and changing seafood markets. While some of this research is occurring (e.g., 

Moore et al., 2020), it is in its infancy and not specific to Nova Scotia.  
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We recommend a Nova Scotia fisheries economic assessment with the inclusion of modelling to account 

for climate-driven changes to seafood markets and ocean conditions on fisheries performance. This 

assessment should help to anticipate ‘what if’ scenarios of both negative and opportunistic climate-driven 

changes. One opportunity could be to determine the timelines and projected stock status of new species 

relocating to Nova Scotia waters and whether this could result in viable opportunities for new fisheries. This 

assessment would not only inform future planning for industry but help guide the province in how to best 

position provincial fisheries relative climate change outcomes.  

5.3.4 The need to coordinate governance 

The Community climate change vulnerability assessment suggested a number of vulnerabilities driven by 

multiple metrics (Section 4.2). While it can be argued that some of these vulnerabilities may have only 

indirect impacts on fisheries, implications can still be substantial. For example, climate change effects can: 

accelerate damage to roads which are needed to transport seafood products, fuel, and emergency services; 

increase power outages affecting fish processing and industry support services; and produce more intense 

storm surges which can damage important municipal infrastructure like water and sewage treatment. Most 

of these threats to infrastructure, of course, also apply to many other industries and activities. This 

emphasises the need to coordinate climate change adaption efforts across industries and levels of 

governance. Traditional governance oversight has very specific geography and responsibilities under their 

purviews. Nonetheless, climate change is a massive problem. It affects almost everything; it is accelerating 

and does not respect boundaries nor jurisdictional responsibilities.  

We recommend an increase in climate change adaptation coordination between the industry, stakeholders, 

and all levels of governance. This could be initiated through a NSDFA driven review which would: 

• Prioritize or rank, high vulnerability areas or drivers of concern, using outcomes of this report as a 

starting point  

• Inventory current stakeholder and governance oversight of high vulnerability components 

• Identify high vulnerability areas or drivers where there is lack of oversight or there is ambiguity over 

who is responsible, and recommend appropriate entities to oversee 

• Identify mutual responsibilities, redundancies, and opportunities to share resources 

• Determine applicability and opportunity of provincial and federal climate change related mandates 

or funding, to help mitigate high vulnerability components 

5.3.5 High resolution climate change vulnerability assessment of the Nova Scotia lobster fishery 

This study aggregated fisheries data to support fisheries vulnerability assessment at the county level. While 

some information on the vulnerability of individual fisheries can be teased out of the project data, it is 

insufficient to support a comprehensive understanding of climate change vulnerability for any particular 

fishery. The lobster fishery is by far Nova Scotia’s most economically valuable fishery and is therefore, a 

priority for vulnerability assessment. Previous efforts to investigate climate change vulnerability of the 

Atlantic Canada lobster fishery have provided some good initial estimates, but the outcomes have been 

limited by coarse-level socioeconomic data9 (e.g., Greenan et al., 2019). Data needed to estimate Sensitivity 

 

9 Socio economic data included: quantity landed per vessel, precent income from fishing, population, and species value 

diversity. Landings and diversity data was sourced from DFOs Integrated Catch and Effort System. Income from fishing 
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and Adaptive Capacity specific to the lobster harvesters themselves remains outstanding. In order to capture 

climate differences across Lobster Fishing Areas and the well-known regional differences in perception of 

Nova Scotia lobster harvesters (Lowe et al., 2015), a high resolution climate change vulnerability assessment 

at the level of Lobster Fishing Areas, is recommended with emphasis on addressing the socioeconomic data 

gaps. This would include combining biophysical data of the lobster fishery under a changing climate with 

information acquired through face-to-face interviews of lobster harvesters (circumventing some of the 

biases of online surveys), to ensure appropriate data for Sensitivity and Adaptive Capacity indices. 

5.3.6 Green technology options for fisheries 

Exposure to climate change is a function of the intensity, duration, frequency, and interaction of climate 

change stressors at a particular location. While the exposure to some climate change stressors can be 

partially reduced by relocation or some degree of environmental modification (e.g., shoreline restoration), 

it is ultimately climate change drivers themselves that must be mitigated. This means a reduction of 

greenhouse gases or long-term carbon sequestration. Implementing these mitigation measures is a global 

responsibility. All industries have an obligation to reduce their carbon footprint, including fisheries.  

Low carbon or green technologies are beginning to make their way into fisheries in a number of jurisdictions 

(e.g., Klokeide, 2018; Lindbæk, 2018; Furuset, 2020; Nygård, 2020). A white paper on the feasibility of 

electrifying Maine’s lobster fleet has recently been published (Hagan and Nelson, 2022) and Oceans North 

has recently commissioned a study to examine how Nova Scotia’s lobster vessels could achieve net-zero 

emissions (Oceans North, 2022). Consequently, there are now existing precedents and green technology 

assessments which could further guide the exploration of green solutions for provincial fisheries. There are, 

however, many obstacles to overcome for adoption. Much of the technology is still underdeveloped and 

even once fully viable, resources may be required for early adoption, as these technologies may be initially 

cost prohibitive for individual owner operators. A study exploring the wider potential and limitations of 

green technologies for Nova Scotia fisheries is timely. Nova Scotia is fortunate to host numerous state-of-

the-art ocean technology companies. There is an opportunity for NSDFA to collaborate with ‘umbrella 

organizations’ such as the Centre for Ocean Venture and Entrepreneurship, to facilitate green opportunities 

for fisheries and access Nova Scotia’s ocean technology companies. 

5.3.7 Summary  

The following bullets summarize the aforementioned recommendations that the province of Nova Scotia 

could pursue to support planned adaption for fisheries and fishery-dependent communities under a 

changing climate. 

• Conduct engineering assessments of non-Small Craft Harbours to identify climate proofing needs 

and costs to critical provincial fishing infrastructure; 

• Consider mechanisms to improve personal flexibility of fish harvesters, potentially facilitating 

additional opportunities for training, education, or more diverse regional employment; 

 

was sourced from Revenue Canada Agency census subdivision data, and the level of the population linked to Small 

Craft Harbour sites was assigned using the StatsCan geographical units of Population Centres, Dissemination Areas, 

and Dissemination Blocks. 
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• Implement fisheries economic assessments with the inclusion of scenario modelling to account for 

climate-driven changes to seafood markets and ocean conditions, and to explore opportunities for 

new fisheries; 

• Increase climate change adaption coordination between the industry, stakeholders, and all levels of 

governance; 

• Implement a high-resolution climate change vulnerability assessment of the provincial lobster 

fishery; and 

• Conduct a study exploring green technology needs, opportunities and practical limitations of for 

Nova Scotia fisheries. 
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8 Appendices 

Appendix A | Historic and projected ocean climatic change  

 

 

Figure A1. Relative climate change scores across county fisheries  

Climate change scores are an average of the sum of standardized climate changes in bordering NAFO 

Divisions. Data is detailed in Tables A1 and A2.  

  



Rapid climate change vulnerability assessment | 55 

 

Table A1. Sum of standardized climate changes in bordering Nova Scotia NAFO Divisions 

Nova Scotia NAFO Divisions 

Approximate sum of standardized 

climate changes (0 - 10.5)* 

Vulnerability Score  

(conversion to 5 bin range) 

4X 9.4 4.5  

4T 9.7 4.6  

4VN 6.7 3.2  

4VS 4.6 2.2  

4W 5.6 2.7  

*From Boyce (2021). Integration of historical sea surface temperature (SST), dissolved oxygen, human impact 

index, and projections in animal biomass, primary production, and zooplankton. Projections were based on years 

between 2006 – 2100 under a high emissions scenario (i.e., Representative Concentration Pathway - ‘RCP 8.5’)  

 

Table A2. Nova Scotia counties, bordering NAFO Divisions and climate change score 

County NAFO Divisions Climate change score† 

Annapolis 4X 4.48 

Antigonish 4T 4.62 

Cape Breton 4Vn, 4Vs, 4W 2.68 

Colchester 4T, 4X 4.55 

Cumberland 4T, 4X 4.55 

Digby 4X 4.48 

Guysborough 4W 2.67 

Halifax 4W, 4X 3.57 

Hants 4X 4.48 

Inverness 4T 4.62 

Kings 4X 4.48 

Lunenburg 4X, 4W 3.57 

Pictou 4T 4.62 

Queens 4X 4.48 

Richmond 4W, 4Vs, 4Vn 2.68 

Shelburne 4X 4.48 

Victoria 4T, 4Vn 3.90 

Yarmouth 4X 4.48 

† Where counties bordered more than one NAFO Divisions or were within practical fishing range more than one 

Division, scores were averaged to obtain a single value. 
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Appendix B | Fisheries management flexibility scores  

 

 

Figure B1. Relative fisheries management flexibility across counties 

Calculated from the sub-metrics, the fisheries management flexibility matrix (Table B1) and fish harvesters’ 

opinion on whether fisheries management could adapt to climate change (Appendix F, Figure F7).



Rapid climate change vulnerability assessment | 57 

 

Table B1. Fisheries management flexibility matrix (sub-metric) scores assigned to each of 

the fisheries assessed in this study. 

Fishery Temporal 

flexibility 

Spatial 

flexibility 

By-catch 

flexibility 

Overall 

flexibility 

Lobster 5 5 3 4.3 

Snow crab (ESS) 4 4 5 4.3 

Snow crab (sGSL) 4.5 4 5 4.5 

Northern shrimp (SS) 4 1 5 3.3 

Northern shrimp (sGSL) 4 2 5 3.7 

Inshore scallop 5 1 2 2.7 

Offshore scallop 4 1 4 3.0 

Groundfish 3 2 2 2.3 

Bluefin tuna 1 3 2 2.0 

Swordfish and other tuna 1 3 2 2.0 

Atlantic herring 3 4 3 3.3 

Mackerel 3 4 4 3.7 

Rock crab 5 4 4 4.3 

Quahog 2 3 2 2.3 

Squid 2 3 5 3.3 

SS = Scotian Shelf; ESS = Eastern Scotian Shelf; sGSL = Southern Gulf of St. Lawrence. 

Higher scores (greater vulnerability) are less flexible. 
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Appendix C | Fisheries sustainability scores 

 

Table C1. Fisheries sustainability scores assigned to each fishery within each NAFO Division. DFO category = sustainability category assigned to stock 

from the Fisheries Sustainability Survey (Fisheries and Oceans Canada, 2020). If these were not available, alternative information was used to help 

determine stock sustainability. 

Species NAFO 

Division 

DFO 

category 

Alternative information Sustainability 

score 

References 

Albacore 

tuna 

4TVWX Healthy  
 

1 (ICAAT, 2020) 

American 

plaice  

4T Critical    5 (Fisheries and Oceans Canada, 2020) 

4VWX Not available Threatened but declines have 

slowed 

3 (COSEWIC, 2009; Fisheries and Oceans Canada, 

2016) 

Atlantic 

halibut 

4TVWX Healthy    1 (Fisheries and Oceans Canada, 2020) 

Big eye 

tuna 

4TVWX Not available  Declining since 1970s but 

biomass and recruitment are 

stabilizing 

3 (ICAAT, 2021) 

Bluefin 

tuna 

4TVWX Uncertain Endangered but biomass is 

increasing 

5 (Fisheries and Oceans Canada, 2018) 

Cod  

4TVX Critical    5 (Fisheries and Oceans Canada, 2020) 

4W Not available Endangered and surrounded 

by NAFO Divisions in critical 

state 

5 (Fisheries and Oceans Canada, 2020, 2021a) 

Cusk 
4TVWX Not available Endangered but biomass is 

increasing 

5 (Fisheries and Oceans Canada, 2021c) 

Haddock 4X Cautious    3 (Fisheries and Oceans Canada, 2020) 

Herring 

4T Cautious / 

Critical 

  4 (Fisheries and Oceans Canada, 2020) 

4VWX Critical  
 

5 (Fisheries and Oceans Canada, 2020) 
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Species NAFO 

Division 

DFO 

category 

Alternative information Sustainability 

score 

References 

Lobster 4TVWX Healthy    1 (Fisheries and Oceans Canada, 2020) 

Mackerel 4TVWX Critical    5 (Fisheries and Oceans Canada, 2020) 

Northern 

shrimp 

4T Cautious    3 (Fisheries and Oceans Canada, 2020) 

4VW Healthy  
 

1 (Fisheries and Oceans Canada, 2020) 

4X Critical  Collapsed in the 1970's and 

yet to recover 

5 (Howarth et al., 2021) 

Pollock 

4VWX Not available Substantial declines in 

biomass and recruitment 

since the 1970’s 

3 (Fisheries and Oceans Canada, 2009) 

  

Redfish 
4TV Cautious    3 (Fisheries and Oceans Canada, 2020) 

4WX Healthy  
 

1 (Fisheries and Oceans Canada, 2020) 

Rock crab 

4T Uncertain Landings and juvenile 

abundance have declined 

2 (Fisheries and Oceans Canada, 2019) 

4VWX Not available No declines in landings, catch 

rates, or body size 

1 (Fisheries and Oceans Canada, 2000b, 2000a) 

  
Sea 

scallop 

4WX Healthy  
 

1 (Fisheries and Oceans Canada, 2020) 

Silver hake 4VWX Healthy  
 

1 (Fisheries and Oceans Canada, 2020) 

Snow crab 

4TV Healthy    1 (Fisheries and Oceans Canada, 2020) 

4W Cautious 
 

3 (Fisheries and Ocean Canada, 2021) 

4X Cautious    3 (Fisheries and Oceans Canada, 2020) 

Squid 
4TVWX Not Available Overfished but recently 

showing high productivity 

2 (NAFO, 2019) 

Swordfish 4TVWX Healthy    1 (Fisheries and Oceans Canada, 2020) 

White 

hake 

4T Critical    5 (Fisheries and Oceans Canada, 2020) 

4VWX Not available Threatened  3 (Fisheries and Oceans Canada, 2021d) 

Winter 

flounder 

4T Critical    5 DFO Sustainability survey for fisheries 
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Species NAFO 

Division 

DFO 

category 

Alternative information Sustainability 

score 

References 

Witch 

flounder 

4T Cautious    3 (Fisheries and Oceans Canada, 2020) 

Yellowfin 

tuna 

4TVWX  Not available Stock has declines, catches 

are stable in NS. NOAA 

classify it as not overfished. 

2 (ICAAT, 2019; NOAA, 2021) 

Yellowtail 

flounder 

4T  Not available Stock in critical zone, high 

mortality levels 

5 (Fisheries and Oceans Canada, 2015) 
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Appendix D | Value of species fished and vulnerability weight for each county 

 

Table D1. Value of species fished and vulnerability weight for each county from 2019 DFO landing data. 

 

% of County 

Total Value

Vulnerability 

Weight

% of County 

Total Value

Vulnerability 

Weight

% of County 

Total Value

Vulnerability 

Weight

% of County 

Total Value

Vulnerability 

Weight

% of County 

Total Value

Vulnerability 

Weight

Lobster 90.08% 0.90 97.16% 0.97 56.56% 0.57 65.02% 0.65 89.05% 0.89

Gadoids - - - - 0.42% 0.01 - - - -

Snow crab - - - - 33.31% 0.50 - - - -

Tuna - - 1.21% 0.03 - - - - - -

Scallop 4.07% 0.04 0.04% 0.001277259 0.03% 0.00 1.59% 0.03 7.98% 0.16

Herring - - 0.02% 0.00 - - - - 1.55% 0.08

Mackerel - - 0.89% 0.04 0.02% 0.00 - - 0.42% 0.02

Halibut 1.68% 0.02 0.42% 0.00 3.77% 0.04 - - 0.41% 0.00

Flatfish - - 0.10% 0.00 0.09% 0.00 0.86% 0.04 0.13% 0.01

Redfish - - - - 3.35% 0.08 - -

Shrimp - - - - 2.45% 0.02 - -

Clams/quahogs 4.17% 0.10 0.15% 0.00 0.00% 0.00 32.54% 0.81 0.45% 0.01

Total Vulnerability 

Weight
1.06 1.06 1.22 1.54 1.17

Species

CumberlandAnnapolis Antigonish Cape Breton Colchester
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% of County 

Total Value

Vulnerability 

Weight

% of County 

Total Value

Vulnerability 

Weight

% of County 

Total Value

Vulnerability 

Weight

% of County 

Total Value

Vulnerability 

Weight

% of County 

Total Value

Vulnerability 

Weight

Lobster 75.25% 0.75 67.49% 0.67 58.11% 0.58 100.00% 1.00 24.34% 0.24

Gadoids 1.84% 0.06 1.14% 0.03 3.65% 0.11 - - 0.00% 0.00

Snow crab - - 18.18% 0.45 3.83% 0.11 - - 74.48% 0.74

Tuna 0.00% 0.00 1.81% 0.04 4.74% 0.11 - - 0.50% 0.01

Scallop 16.66% 0.17 0.02% 0.00 - - - - 0.02% 0.00

Herring 2.54% 0.13 - - 6.22% 0.31 - - 0.19% 0.01

Mackerel 0.07% 0.00 0.46% 0.02 0.92% 0.05 - - 0.14% 0.01

Halibut 1.63% 0.02 5.34% 0.05 21.86% 0.22 - - 0.30% 0.00

Flatfish 1.02% 0.03 0.03% 0.00 0.09% 0.00 - - 0.01% 0.00

Redfish 0.38% 0.00 - - 0.04% 0.00 - - - -

Shrimp - - 5.46% 0.05 - - - - - -

Clams/quahogs 0.61% 0.02 0.07% 0.00 0.54% 0.01 - - 0.02% 0.00

Total Vulnerability 

Weight
1.17 1.34 1.49 1.00 1.02

Species

Guysborough Halifax Hants InvernessDigby

% of County 

Total Value

Vulnerability 

Weight

% of County 

Total Value

Vulnerability 

Weight

% of County 

Total Value

Vulnerability 

Weight

% of County 

Total Value

Vulnerability 

Weight

% of County 

Total Value

Vulnerability 

Weight

Lobster 91.28% 0.91 30.83% 0.31 90.99% 0.91 57.92% 0.58 41.67% 0.42

Gadoids 0.06% 0.00 0.29% 0.01 - - 0.01% 0.00 0.00% 0.00

Snow crab - - - - - - - - 48.07% 0.72

Tuna - - 0.60% 0.01 - - 1.13% 0.03 4.34% 0.10

Scallop 7.00% 0.07 56.33% 0.56 0.60% 0.02 21.83% 0.22 0.01% 0.00

Herring 9.63% 0.48 7.91% 0.32 18.09% 0.90 0.00% 0.00

Mackerel 0.15% 0.01 0.15% 0.01 0.21% 0.01 0.08% 0.00

Halibut 1.63% 0.02 1.11% 0.01 0.21% 0.00 0.81% 0.01 0.76% 0.01

Flatfish 0.02% 0.00 0.01% 0.00 0.05% 0.00 - - 0.01% 0.00

Redfish - - 1.05% 0.01 - - - - 0.36% 0.01

Shrimp - - - - - - 4.49% 0.04

Clams/quahogs 0.01% 0.00 0.08% 0.00 0.00% 0.00 0.21% 0.01

Total Vulnerability 

Weight
1.00 1.40 1.26 1.75 1.31

Species

Lunenburg Pictou Queens RichmondKings
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% of County 

Total Value

Vulnerability 

Weight

% of County 

Total Value

Vulnerability 

Weight

% of County 

Total Value

Vulnerability 

Weight

Lobster 71.93% 0.72 66.83% 0.67 77.63% 0.78

Gadoids 0.48% 0.01 0.17% 0.01 7.71% 0.23

Snow crab - - 28.44% 0.28 - -

Tuna 0.98% 0.02 - - 0.11% 0.00

Scallop 18.67% 0.19 0.02% 0.00 7.43% 0.07

Herring 1.48% 0.07 0.03% 0.00 4.36% 0.22

Mackerel 0.02% 0.00 0.33% 0.02 0.06% 0.00

Halibut 6.43% 0.06 4.09% 0.04 0.95% 0.01

Flatfish 0.01% 0.00 0.04% 0.00 0.25% 0.01

Redfish 0.00% 0.00 0.00% 0.00 1.30% 0.01

Shrimp - - - - - -

Clams/quahogs 0.00% 0.00 0.06% 0.00 0.21% 0.01

Total Vulnerability 

Weight
1.08 1.02 1.34

Species

Shelburne Victoria Yarmouth
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Appendix E | County hurricane and severe storm risk 

 

 
 

Figure E1. Relative hurricane and severe storm risk across counties 

White lines represent historical hurricane, tropical storm, and extratropical storm tracks over the past 100 

years (1921- 2021). County track counts are detailed in Table E1.  
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Table E1. Hurricane, tropical storm and extratropical storm track counts 

County Counts 1921-2021 

Annapolis 22 

Antigonish 9 

Cape Breton 21 

Colchester 15 

Cumberland 16 

Digby 19 

Guysborough 25 

Halifax 22 

Hants 9 

Inverness 21 

Kings 17 

Lunenburg 14 

Pictou 14 

Queens 15 

Richmond 21 

Shelburne 12 

Victoria 24 

Yarmouth 11 
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Appendix F | Fish harvester’s perception survey results 

 

 

Figure F1. Question: In which county are you based? 

Figure F2. Question: Where are your primary fishing grounds? (you may select more than one)  
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Figure F3. Question: What best describes your role? (you can select more than one) 

 

Figure F4. Question: Which fisheries are you involved with? (you can select more than one)
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Figure F5. Question: Which gear do you primarily use? (you can select more than one) 

 

Figure F6. Question: Relative to other issues in your industry, how concerned are you about climate change? 

(1= Not concerned at all, 5= Strongly concerned). Error bars represent 1+/- standard error. 
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Figure F7. Question: How much do you agree with the following statements?10  

Q1 = I feel I understand climate change and its potential impacts 

Q2 = Climate change is a threat to my fisheries 

Q3 = Fisheries management can adapt to climate change 

Q4 = In the future, I may need to change fisheries  

Q5 = I feel I could switch between fisheries if needed 

 

10 Reponses to each of these survey questions were initially partitioned into answer counts. Each answer was then 

converted into a numerical value (1-5) and averaged per county for model input, thereby transitioning from categorical 

to discrete data for model input (Section 3.2). Figure values are intended to illustrate county averages, not to interfere 

statistical comparison between counties. Histograms of individual responses (117) are considered supplementary data 

and are available upon request. 
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Q6 = Due to climate change, I may need to change careers and stop fishing  

Q7 = If needed, I have other skills, experience, or education, which could help me change careers* 

Q8 = My key fishing wharves are in good repair 

Q9 = I have confidence in the emergency services in my area 

 

 

 

Figure F8. Question: By what percentage (%) would your fishing income have to decline before you would 

choose to stop fishing?  Blue bands in box and whisker plots indicate the range of half the values. 
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Figure F9. Question: How many days per fishing season do you typically lose due to weather?11 

 

Figure F10. Question: On average, how far do you travel to get to your main fishing grounds? 

 

11 The sum of total days lost per respondent was divided by the sum of the total number of potential fishing days per 

respondent, for each county.  
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Appendix G | Resource vulnerability  

 

 
 

Figure G1. Relative resource vulnerability across counties.  

Based on Fisheries and Oceans Canada landings data from 2019 (Appendix D) and fisheries sustainability 

score (Appendix C). The score was weighted based on the percentage of landings each fishery contributed 

to the total county value (Appendix D).   
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Appendix H | Financial resilience of fish harvesters 

 

 

Figure H1. Relative comparison of fish harvesters’ financial resilience across counties 

Based on fish harvester’s opinion of the percentage their fishing income would need to decline before they 

would give up fishing (Appendix F, Figure F8). Higher percentages were considered less vulnerable.
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Appendix I | Fishing infrastructure 

 

 

Figure I1. Relative fishing infrastructure status across counties 

Scores were a combination of the CRC wharf score (Table I1), and the average of fish harvesters’ perception 

of wharf status for each county (Appendix F, Figure 7). 
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Table I1. Coastal Resource Coordinator (CRC) wharf ratings 

County Mean condition rating 

Annapolis NR 

Antigonish 1.00 

Cape Breton 1.25 

Colchester NR 

Cumberland NR 

Digby 1.00 

Guysborough 1.33 

Halifax 2.33 

Hants NR 

Inverness 2.40 

Kings NR 

Lunenburg 1.00 

Pictou 1.00 

Queens 1.00 

Richmond 2.67 

Shelburne 1.00 

Victoria 1.00 

Yarmouth 1.00 

Coastal Resource Coordinators were asked to rate wharves in their domain on a scale of 1 (strongly agree) to 5 

(strongly disagree) on whether the wharves are in good repair. Wharf scores were averaged for each county. NR – 

No response. 
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Appendix J | Fish harvesters’ personal flexibility 

 

 

Figure J1. Relative personal flexibility of fish harvesters across counties 

Personal flexibility was calculated from fish harvester’s perception of whether they may need to change 

careers and stop fishing due to climate change, and if they felt they had the skills needed to change careers 

(Appendix F, Figure 7).  Limited personal flexibility was considered more vulnerable.
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Appendix K | Fish harvesters’ perception of risk  

 

 

Figure K1. Relative risk perception of fish harvesters across counties 

Risk perception is an average of survey scores asking fish harvesters whether they felt they understand 

climate change and if climate change is a threat to their fishery (Appendix F, figure 7). Low risk perception 

was considered more vulnerable. 
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Appendix L | Fisheries catch diversity 
 

 

Figure L1. Relative fisheries diversity across counties 

Scores were based on landings data from Fisheries and Oceans Canada for species landed in each county 

(Appendix D), combined with fish harvester’s perception of whether they could switch between fisheries if 

needed (Appendix F, figure 7).  
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Appendix M | County flood risk 

 

 

Figure M1. Relative flood risk across counties 

The combined average of the percentage of roads, dwellings, and critical infrastructure (i.e., dwellings, 

hospitals, schools, fire and police stations) < 5 meters coastal elevation.  Percentages are detailed in Table 

M1.
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Table M1. Infrastructure <5 m coastal elevation (%)  

County Roads Critical infrastructure* Dwellings Average 

Annapolis 1.2 0.0 2.2 1.1 

Antigonish 3.0 2.1 5.8 3.6 

Cape Breton 6.8 4.5 7.9 6.4 

Colchester 0.4 0.0 1.8 0.7 

Cumberland 2.2 0.0 8.8 3.7 

Digby 1.6 4.7 3.2 3.2 

Guysborough 3.4 10.5 16.9 10.3 

Halifax 4.1 1.7 5.0 3.6 

Hants 0.1 0.0 0.1 0.1 

Inverness 3.2 2.6 6.7 4.2 

Kings 0.8 0.0 0.1 0.3 

Lunenburg 3.9 8.6 11 7.8 

Pictou 2.7 1.4 6.7 3.6 

Queens 2.9 22.2 12.8 12.6 

Richmond 8.8 9.1 17.3 11.7 

Shelburne 12.2 34.3 23.9 23.5 

Victoria 4.4 10.3 11.8 8.8 

Yarmouth 6.4 5.0 8.1 6.5 

*Critical infrastructure includes hospitals, schools, police, and fire stations 
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Appendix N | County level of fishing employment  

 

 

Figure N1. Relative fisheries workforce across counties 

Location quotient scores are a measure of a county's employment dependency on saltwater fishing relative 

to the national average (Section 4.2.2). Higher dependency was considered more vulnerable. 
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Appendix O | Municipal financial health condition index 

 

 

Figure O1. Relative difference of municipal financial indicators across counties 

This metric is calculated by the Nova Scotia Department of Municipal Affairs and Housing to assess the 

financial condition of each municipality and town in Nova Scotia (Section 3.7.2, Section 4.2.2).  Scores were 

ranked from 1 to 5 for good to poor financial health, to reflect low and high vulnerability, respectively.
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Appendix P | Fisheries landing value per capita  

 

 

Figure P1. Relative fisheries value per capita across counties 

Calculated form the total landed county fisheries value divided by the 2021 county population. Values are 

detailed in figure P2 and P3., Higher county values were considered more sensitive to changes in fisheries 

and therefore more vulnerable. 
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Figure P2. Percentage of total provincial fishery value in 2019. 

 

 

Figure P3. Per capita dollar value of total provincial fishery value in 2019. 
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$5,179.20 
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Appendix Q | County uniform assessment value  

 

 

Figure Q1. Relative comparison of revenue base per capita across counties 

Calculated from the uniform assessment value for municipalities and towns as determined by the 

Department of Municipal Affairs and Housing, divided by the 2021 population for each county (Table Q1). 

The county uniform assessment value was a combination of municipal and town values that make up the 

county. Lower values were considered more vulnerable.
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Table Q1. County uniform assessment value 

County Uniform assessment per capita 

Annapolis $69,412 

Antigonish $86,687 

Cape Breton $50,996 

Colchester $70,095 

Cumberland $72,629 

Digby $72,532 

Guysborough $84,330 

Halifax $119,279 

Hants $74,172 

Inverness $77,999 

Kings $82,388 

Lunenburg $81,479 

Pictou $65,484 

Queens $94,522 

Richmond $99,801 

Shelburne $77,116 

Victoria $108,077 

Yarmouth $69,790 
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Appendix R | County post-secondary education and skills  

 

 

Figure R1. Relative comparison of skills and education across counties 

Statistics Canada data on percent of the population (aged 15 - 64) with post-secondary education or 

professional certification (Table R1). Lower percentages were considered more vulnerable.  
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Table R1. Percentage of county population with post secondary education or certification 

County Population (%) with post secondary education or certification 

Annapolis 55.9 

Antigonish 69.5 

Cape Breton 56.9 

Colchester 57.0 

Cumberland 53.1 

Digby 52.2 

Guysborough 50.5 

Halifax 67.3 

Hants 58.4 

Inverness 64.2 

Kings 60.2 

Lunenburg 58.1 

Pictou 58.9 

Queens 50.2 

Richmond 61.5 

Shelburne 45.4 

Victoria 52.9 

Yarmouth 57.1 
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Appendix S | County fishing vulnerability filtered by location of registered fishing vessels  

 

 

Figure S1. Relative county fishing vulnerability filtered by fishing vessel registration 

Transport Canada dissemination areas of 0 – 3 registered fishing vessels are represented in white. 

 

 


