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1.0 INTRODUCTION 

The Lower Fraser Valley located in southwestern British Columbia (BC), Canada, has a tremendous wealth 
of natural resources and has been home to First Nations since time immemorial. The Fraser River - the 
lifeblood of the region - is one of the greatest salmon-producing rivers in the world and has acted as a 
natural conduit for trade and travel (Figure 1-1). For millennia, First Nations have thrived on the 
abundance of salmon, as well as other fish, animals, and plants connected to the Fraser ecosystem.   
 
In the past 200 years, First Nations have seen significant changes to their traditional territories. The impact 
from colonial settlement began an era of intensive land use. Forestry, mining, agriculture, and 
urbanization have altered the landscape, destroying or degrading old growth forests, wetlands, and many 
salmon-bearing streams. Some salmon stocks have been declining, with multiple lines of evidence 
suggesting that overexploitation may be the greatest cause of such declines (Price et al. 2008). Other 
factors contributing to declines include environmental conditions in the ocean and freshwater, and factors 
such as habitat alteration and development (Grant et al. 2011; DFO 2015, 2016, 2017).  
 

 
Figure 1-1. Fraser River looking towards the North Shore mountains (Photo credit: Jeanne Hughes) 
 
As a result of these impacts to fisheries over time, Fisheries and Oceans Canada’s (DFO) salmon outlook 
for BC found that, of 91 different groupings of salmon, only 28 are already “expected to be at or above the 
amount necessary for a healthy population” (DFO 2018a). To address these declines, a Wild Salmon Policy 
(WSP) was developed by DFO to “restore and maintain healthy salmon populations and their habitats” 
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(DFO 2005). DFO has since determined a WSP status for each conservation unit (CU), or population of 
salmon within BC. Some Fraser River sockeye, chinook, and coho salmon populations have already been 
given a Red WSP status, which is the highest risk category (Grant et al. 2011; DFO 2015, 2016, 2018b).  
 
Human-caused climate change is expected to continue to significantly impact the Fraser River watershed 
and, indirectly, fisheries and other values it supports (BC MoE 2016). Sea level rise, coastal and freshet 
flooding, more intense winter storms, more frequent landslides, increased water temperatures, and 
changing seasonal flows are all predicted to impact fish and fish habitat in the near- to medium-term 
future (Shrestha et al. 2012, Padilla et al. 2014, Islam et al. 2019, Geertsema et al. 2007). First Nation 
communities, fishing grounds, and culturally important sites, often located on the shores of the Fraser 
River, may be directly impacted by sea level rise, flooding, and erosion. These changes to climate and 
fisheries are threatening a way of life, as fishing is central to First Nations’ identities in the region. Many 
Indigenous communities have a strong desire to act as environmental stewards for future generations, 
and to protect ecosystem functions that support healthy fish and fishing opportunities through resiliency 
planning. 
 
The Lower Fraser Fisheries Alliance (LFFA) is a voice for the First Nations of the Lower Fraser River. The 
organization works collaboratively to manage Lower Fraser fisheries and support cultural and spiritual 
traditions for future generations. The Alliance is made up of 30 member-Nations located along the Lower 
Fraser River, from Tsawwassen to Yale, BC. As local and regional planning efforts begin to consider 
proactive climate change adaptation strategies, the LFFA is doing its part to represent the unique 
considerations, perspectives, and priorities of First Nations. The Climate Adapt project is a collaborative 
effort between the LFFA, Zoetica Environmental Consulting Services, and participating First Nations of the 
Lower Fraser River. The primary objective of the project is to map priority areas for climate change 
adaptation to help protect Lower Fraser fisheries against the impacts of climate change. This goal and 
other related objectives will be explored more fully in Section 2.0. 
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2.0 CLIMATE ADAPT PROJECT AND PURPOSE 

Climate change in the Lower Fraser may create a range of impacts to fish and their habitats (described in 
more detail in Section 3.3). The Climate Adapt project focuses on providing tools for the identification of 
priority areas where adaptation/resilience planning to buffer fisheries against impacts of climate change 
is needed. While the project is unable to address all climate impacts and large-scale processes (e.g., one 
organization cannot stop ocean acidification), the goal of the project is to create a plan to help mitigate 
those effects for which something can be done about: i.e., the impacts of flooding, riparian vegetation 
and water temperature changes, and landslide risks (which will increase due to increased winter rainfalls). 
Adding resilience to buffer against these stressors will assist in buffering fisheries against climate change-
related impacts at the scale of the Lower Fraser. This project will progress in three phases, each building 
on the previous. Phase 1 was completed in 2018 and Phase 2 was completed in 2019 (Figure 2-1). 
 
Phase 1 (2017 - 2018): The first phase of the Climate Adapt project (Figure 2-1) involved determining data 
and reference materials that First Nations need in climate change planning and decision-making for 
fisheries, sourcing and compiling those data, and using them to complete assessments of relative fisheries 
values and vulnerabilities to climate change across the study area. First Nations were initially consulted 
on environmental data of interest to them, for its direct or indirect relevance to fisheries, fish habitat, or 
climate change planning. Next, those data were collected from government agencies, municipalities, 
federal databases, and other sources using data sharing agreements where required. Data were stored 
for use by First Nations representatives to assist them in participating in climate change decision-making 
around fisheries. Finally, a framework for analysis and to combine key data layers is suggested to create 
maps that assist in the prioritization of climate change planning. These maps highlight high risk and high 
value areas that may need the most attention in resilience planning. Phase 1 also identified data gaps 
where information was needed, but not readily available across the study area. Where possible, some 
data gaps were filled by additional analyses by Zoetica Environmental Consulting Services (see Section 
4.0).  

 
Figure 2-1. Climate Adapt Project Overview. Phase 2 is currently ongoing. 

 
Phase 2 (2018 - 2019): Phase 2 focused on refining the maps created using western science data and 
analyses in Phase 1. Refinements were made using feedback from a LFFA Salmon Technical Working Group 
(Aidan Fisher, Mike Staley, Kim Charlie, Ken Malloway, Dominic Hope, Rick Bailey, Sally Hope, Jeanne 
Hughes, Ian Hamilton) assembled for this project, and via community-based consultation, local 
knowledge, and external reviewers (Sue Grant, Program Head, State of Salmon, Fisheries and Oceans 
Canada; and Dr. Michael Pearson, Pearson Ecological). Once the maps were finalized, a toolkit will exist 
to assist in prioritizing areas needing protection or restoration to render them and the fish they host, more 
resilient to climate change. 

Phase 1: Data and 
Mapping

-Compiling data

-Mapping values and risks

-Combine data layers to 
create heat maps

Phase 2: Community 
Consultation

-Feedback from technical 
working group

-First Nations engagment 
meetings

-Mapping revisions

Phase 3: Adaptation 
Plans

-Adaptation strategies 

-Identify priority projects

-Develop plans to fill data 
gaps
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The final maps that emerge from the Phase 2 process will be added to a web-based database. The resulting 
online atlas product will consist of raw and analyzed/processed data maps, which will assist the LFFA and 
member-Nations in identifying management priorities and planning strategies for adapting to climate 
change, using a regional prioritization perspective (Phase 3). The numerous environmental maps 
produced will also provide an important set of informative tools for First Nations to have a voice in other 
ongoing regional climate change and land use planning processes. 
 
Phase 3 (beyond 2020+): During this phase, area specific adaptation strategies and plans will be 
developed, assisted by maps developed in Phases 1-2. Maps will provide First Nations with information 
on areas where salmon fisheries would benefit the most from resilience planning, or various restoration 
activities, or where important data gaps exist. This phase complements LFFA’s Fish Habitat Restoration 
Initiative (FHRI) project and projects completed by individual First Nations, which include on-the-ground 
restoration activities, such as invasive species removal and planting riparian vegetation.  
 
This present report focuses on providing background information on climate change and fisheries required 
to understand the urgency of increasing resilience within the Lower Fraser ecosystem to preserve salmon; 
the methods and data sets used to develop the Climate Adapt mapping tools; and, the draft map results, 
that can be added to and improved with input from First Nations, with the goal of highlighting areas where 
the largest regional benefits to salmon fisheries could be realized by creating adaptation and resiliency 
plans. 
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3.0 BACKGROUND INFORMATION  

3.1 Fraser River Vulnerabilities and Existing Impacts on Fish and Fish Habitat 

The Fraser River is the longest river in BC and sustains one of the world’s greatest salmon fisheries. It flows 
from the Rocky Mountains to the Pacific Ocean, over 1,375 km in length, and drains a total area of 220,000 
km2. The Lower Fraser begins at Yale, where the river flattens and widens its course, winding through the 
communities and farmlands of the Fraser Valley, before emptying into the Pacific Ocean at the Fraser 
River estuary, south of Vancouver. The Fraser River transports vast amounts of sediments and has several 
islands and a large delta. It supports a rich diversity of wildlife and fish species, including the culturally 
important Pacific salmon (chinook, coho, chum, pink, sockeye, steelhead and cutthroat), eulachon, and 
white sturgeon. 
 
The Fraser River has some of the largest Pacific salmon runs in the world, and approximately 55 other fish 
species have been observed in the Lower Fraser (BC MoE 2017). The Fraser River is the migratory route 
for hundreds of Fraser watershed salmon stocks (Figure 3-1), with many of those stocks also using it for 
rearing. Previous historical estimates show that Fraser River salmon populations and total catch have 
undergone substantial declines over the past 125 years. It is estimated that in the years just prior to 
European contact, 4-12 million salmon would have been caught annually by the Indigenous people of the 
Lower Fraser, based on per capita consumption and population estimates (Carlson 2001). In the early 
1900s, Fraser River sockeye salmon were estimated at a minimum of 60 million. At this time, from the 
1890s to 1920s, European settlers increased the draw on this resource; annual commercial catches of 
several million, and 16-32 million sockeye were caught in peak years (Carlson 2001). As salmon 
populations began to decline, the annual commercial catch dramatically decreased to only a few million, 
with about 5-7 million in peak years from 1920 to 1950 (Carlson 2001).  
 

 
Figure 3-1. Chum fishing on Harrison River, a tributary of the Fraser River (Photo credit: Dionne Bunsha) 

 



 

10 
 

In comparison, annual Aboriginal catch was reduced to less than 100,000 during the same period, from 
1920 to 1950 (Carlson 2001). Low catches continued until the 1990s when another substantial decline 
occurred (DFO 2013a). As shown in Figure 3-2, the commercial salmon catch for BC (including the Fraser) 
went from an average of 64,000 Tonnes in the 1950s and 1960s, to 22,000 Tonnes in 2000-2015 (DFO 
2013a). Fraser sockeye runs can be up to 20-40 million in the highest years of their four-year cycle, but 
were as low as 858,000 in 2016, which was one of the worst years on record (PSC 2017). In 2017, sockeye 
salmon returns were also extremely low, with far fewer salmon returning than expected. 
 
The Committee on the Status of Endangered Wildlife in Canada (COSEWIC) has now designated many 
stocks (Designatable Units; DUs hereafter) of fish, including sockeye, coho, chinook, steelhead, eulachon, 
and sturgeon, as Endangered or Threatened (COSEWIC 2003, COSEWIC 2011, COSEWIC 2016, COSWEWIC 
2017a, COSEWIC 2017b, COSEWIC 2018). Some “at risk” DUs of salmon are found within the study area, 
such as the Cultus Lake, the Harrison (upstream, late), and Widgeon Creek (river-type) sockeye 
populations, and several populations that spawn in the upper Fraser system (COSEWIC 2017a). However, 
Endangered and Threatened marine fish may face the greatest bias in the Species at Risk Act (SARA) listing 
process and are unlikely to be listed by the federal government (Mooers et al. 2007). The authors attribute 
this bias to a reluctance to accept the stewardship responsibilities that are required by the SARA after a 
listing, as well as the deficiency in cost-benefit analysis preceding the listing (Mooers et al. 2007).  Other 
salmon stocks and species in the Fraser River, such as chum and pink, have not exhibited the same declines 
or low abundances, and are not considered at risk. However, formal COSEWIC assessments have not yet 
been conducted for these species. In general, the substantial declines in population sizes due to fishing 
pressure and existing environmental stressors, and the listing of many stocks as Endangered, suggest that 
salmon are already vulnerable and susceptible to additional stressors created by climate change. 
 

 
Figure 3-2. BC Commercial Salmon Catch from 1951-2015 (in Tonnes). Data adapted from DFO Catch 
Statistics including the landed weight by species, gear and value summary (1951-1995) and preliminary 
summary commercial statistics (1996-2015). This includes all BC locations and all salmon species caught. 
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The Lower Fraser River region is also vulnerable to large flood events that can affect substrate and water 
quality, riparian habitat, and ultimately fish. Seasonal flood events are likely to increase in frequency as 
climate change progresses (FBC 2006). The largest flood on record in this region was caused by rapid 
snowmelt and occurred in 1894 (FBC 2018). After this flood, a partial dyking system was constructed 
throughout the Fraser Valley, and Sumas Lake was drained. In 1948, a second major flood occurred, which 
caused the breaching of existing dykes in several places. Thousands of people were evacuated, and 
substantial property damage occurred. In its aftermath, the dyke system was upgraded and significantly 
expanded. Recent estimates of flood risk conducted by the FBC (2006) have shown that the existing dyke 
design levels, established in 1969, are not sufficient to protect against another major flood, particularly 
one that considers the impacts of climate change in the next century. Several First Nation communities 
and their infrastructure were excluded from dyked areas and remain extremely vulnerable to flooding and 
a great deal of emphasis has recently been placed on the creation of plans to safeguard First Nation 
infrastructure from flooding. However, major flood events and flood management planning needs to also 
be considered alongside climate change planning for fisheries, as floods can  damage riparian vegetation 
that fish rely on for shading, stir up of sediments, alter flows and substrates, increase landslides entering 
waterways, and resuspend harmful chemicals from on-land contaminated sites. In contrast, structures 
built to control flood risks themselves need to consider fish use and habitat values, as they can impact 
habitat complexity for fish, or block fish access to various areas. 
 
The Lower Fraser is already one of the most developed urban areas in Canada. The presence of one of 
Canada’s largest ports spurred industrial and urban growth in the region, which is projected to continue 
into the foreseeable future. The populations within the Metro Vancouver and Fraser Valley regions are 
projected to increase by 1.5 times from 2011-2041, to over 3.4 million people in Metro Vancouver (GVRD 
2017), and over 440,000 people in the Fraser Valley (FVRD 2014). Continuing urban development 
increases stormwater discharge into the waterways, as developed/impervious areas such as streets, 
parking lots, and roof tops allow less water absorption than in forested or grassy areas. These greater 
peak flows cause erosion and harmful changes in river habitats. Climate change is expected to increase 
precipitation in the region, which will exacerbate existing and compounding stormwater issues. 
 
Land clearing and development activities have also removed or altered substantial areas of riparian 
(streamside) vegetation, which provides important benefits to fish habitat such as shading (described in 
detail in Section 7.3). A history of extensive forestry in the region, especially upslope logging, has also 
caused a lot of damage to Fraser Valley fish habitat. For example, removal of the riparian canopy in 
Carnation Creek, BC resulted in a 3 °C increase in stream temperature (Holtby 1988). Warmer 
temperatures resulted in larger coho fry and earlier migration of smolts, which is typically associated with 
decreased smolt to adult survival. Long-term studies in BC have also shown that riparian areas subject to 
previous tree harvesting methods (during the 1970s and 1980s) have slow vegetation regrowth, minimal 
conifer regrowth, and were not functioning properly, even after 20-30 years (BC Government 2007). This 
legacy of development and loss of riparian habitats have contributed to fish vulnerability.  
 
The Riparian Areas Regulation (RAR), introduced by the British Columbia government in 2006, was 
intended to help protect watercourses by requiring developers to maintain vegetated riparian buffer 
strips (typically 5 to 15 m). RAR only applies to residential, commercial and industrial development on 
land under local government jurisdiction, while existing infrastructure and farm practices are exempt 
(MFLNRO 2016), leaving many streams within the agricultural land reserve (ALR) completely unprotected 
(Figure 3-3). In an independent review of the RAR, Carter (2014) found that the regulations are widely 
misapplied, leading to further losses of riparian vegetation. According to a recent meta-analysis by 
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Sweeney and Newbold (2014), a minimum of 30 m of riparian vegetation is needed to protect small 
watercourses from temperature fluctuations that are harmful to fish and their spawning grounds. This 
finding is congruent with numerous other reports that have recommended 30 m riparian buffers or larger 
(Erman et al. 1977, Newbold et al. 1980, Wenger 1999, Rykken et al. 2007, Mayer et al. 2007, Richardson 
2012). Overall, the existing legislation does not work effectively to protect fish habitat from climate 
change and protection of undeveloped riparian buffer habitat, and enhancements to disturbed riparian 
areas, are greatly needed. 
 

 
Figure 3-3. Limited riparian vegetation along the Salmon River, Langley (Photo credit: Deanna MacKinnon) 

3.2 Future Climate Scenarios for the Fraser Valley 

There is a growing consensus that the Lower Fraser River and surrounding area will likely experience 
warmer, drier summers and milder, wetter winters over the near- to medium-term, due to changing 
climatic conditions. Modeling for the Fraser Basin region shows that, under a moderate climate scenario, 
the average temperature is likely to warm by 2.5 °C in the summer, and 1.4 °C in the winter, by the mid-
century (PCIC 2013). This magnitude of change would result in a 17% increase in winter precipitation and 
a 15% reduction in summer precipitation compared to current levels (PCIC 2013).  
 
The sea level is also predicted to rise by one metre in the next 100 years (BC MoE 2011). Some of the most 
recent regional modeling for Metro Vancouver, based on the “business as usual” scenario (RCP 8.5), 
suggest even greater changes, with an increase of 3.7 °C in summer and 2.4 °C in the winter by 2050, with 
an 11% increase in precipitation in the fall and a 19% decline in precipitation in the summer (Metro 
Vancouver 2017). After 2050, climate change is predicted to cause continued warming and even more 
extreme temperatures by 2100 and beyond. These scenarios were used to inform the Climate Adapt 
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project and will help in the consideration of how this new climate will impact fish, and how best to 
minimize or buffer against these changes. 

 
To approximate future conditions in the study area, a moderate climate change scenario (HadCM3 B1 
1) was selected and run in the PCIC Regional Analysis Tool for the Fraser River Basin region, for the 
2040-2069 time period. This scenario envisions rapid economic growth towards a service and 
information economy, a world population rising to 9 billion by 2050 and then decreasing, reductions in 
material intensity and the introduction of clean and resource-efficient technologies, and an emphasis 
on global cooperation to solve common challenges. Median projected seasonal climate trends for the 
region show the following: 
 
Winter precipitation: +17%; mean temperature: +1.4 °C; snowfall: +9% 
Spring precipitation: +14%; mean temperature +1.2 °C: snowfall: -4% 
Summer precipitation: -15%; mean temperature: +2.5 °C; snowfall: 0  
Fall precipitation: +4%; mean temperature: +2.1 °C; snowfall: -28% 
 
Source: Pacific Climate Impacts Consortium 2013 

 
3.3 The Effects of Climate Change on Fish, Fish Habitat, and Environmental Values  

When planning for climate change, there is often a focus on potential impacts to human health, 
communities, infrastructure, and the economy. This is particularly true in urban areas along the coast, 
such as within Vancouver and the Lower Fraser Valley, where potential risks from sea level rise and 
flooding causing loss of infrastructure and life risks are significant. However, climate change is also 
expected to affect watershed processes on a wider scale, resulting in future physical, biological, and socio-
economic changes that will have significant effects on fish and fish habitat.  
 
Climate change will affect fish and fish habitat through a complex matrix of interacting factors. Glaciers 
and snowy mountaintops feed large volumes of cold meltwater into headwater streams in spring, 
producing a “spring freshet”, and continue to supplement watercourses through the drier months (see 
Figure 6-17 for glacially fed streams in the study area). Air temperature increases and precipitation 
changes will alter this inflow over the long term, through lower snowpack and reduced late summer flows 
resulting in higher water temperatures, and lower turbidity during the summer months for migrating 
salmon. Warmer springs may also mean faster melts of winter snow, which can cause severe freshet 
flooding, which can result in increased turbidity and suspended sediments during this time. In the short 
term, increased glacial melt may affect water temperature and chemistry, and may introduce suspended 
sediments due to higher flows (BC MoE 2016). Glacial meltwater moderates glacially fed stream 
temperatures, especially during the summer months (Hood and Berner 2009), and increases in glacial 
meltwater to streams can add water to glacier-fed streams keeping temperatures cool. Over time, glaciers 
may recede altogether, and these inputs may eventually be lost, causing reduced flow (BC MoE 2016) and 
increased stream temperatures (particularly in the summer).  
 
Fish, including salmon, depend on specific stream requirements for their life history processes. For 
example, temperature requirements have been noted for metabolic processes including migration and 
spawning (Taylor 2008, Elliott and Hurley 2001). Salmon can typically tolerate temperatures of up to about 
24.5°C, but prefer to reside in temperatures from 12°C to 15°C (BC MoE 2016). Increases in water 
temperature have been linked to negative effects in salmon including an increase in mortality of juvenile 
Chinook salmon (Muñoz et al. 2015). In addition to temperature, changes to river flow can impact salmon 
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if restrictions in flow prevent salmon from reaching spawning or rearing areas (BC MoE 2016). Once 
glaciers retreat enough, flows will fall and may cause barriers to fish passage, which could hinder access 
to spawning areas (BC MoE 2016). Changes to water chemistry, such as decreases to soluble reactive 
phosphorus and increases to dissolved organic carbon, dissolved organic nitrogen, and dissolved inorganic 
nitrogen may also occur (Hawkings et al. 2016). In addition, introduction of contaminants that have been 
assimilated in glaciers to streams can influence water chemistry. Shifts to chemistry of streams can alter 
the ability of lower trophic organisms to survive and may have effects up the food web, including impacts 
to fish via changes to biodiversity (Milner et al. 2009). Finally, glacial melt can have effects on turbidity 
and stream sedimentation and result in impacts to salmon. Some species of salmon (e.g., sockeye) are 
adapted to turbid glacial meltwaters and use these areas for spawning as they can potentially provide 
them with cover from predators (Young and Woody 2007). However, elevated levels of sediment and 
turbidity in aquatic systems can decrease biological productivity, which may have consequences up the 
food chain (DFO 2000). In addition, with increases to spring flow and winter precipitation, increased 
sediment loads to aquatic streams and rivers from scouring or landslides may occur, resulting in fish kills, 
or burying of eggs at spawning sites. Concentrations of sediment in the hundreds to hundreds of 
thousands of milligrams of sediment per litre over a short period of time (e.g., hours) have been 
demonstrated to kill fish, whereas sub-lethal effects occur at concentrations in the tens to hundreds of 
milligrams of sediment per litre (DFO 2000). A meta-analysis conducted by Jensen et al. (2009) combined 
an examination of both field and laboratory studies investigating the relationship between egg to fry 
survival and fine sediments deposited in spawning gravels. This meta-analysis suggested a threshold level 
where salmon survivability dropped when fine sediments of a size of 0.85 mm or less were greater than 
10%. Across salmon species, Jensen et al. (2009) estimated that a 1% increase in the percentage of fine 
sediment (< 0.85 mm) would result in a 17% reduction in survival odds. 

 
The upper reaches of Fraser River tributaries are usually steep and inaccessible to salmon; however, they 
do provide nutrients and ensure adequate water quality for fish downstream. Climate change is expected 
to result in more intense winter storms with higher volumes of precipitation that will increase the risk of 
landslides in these areas, particularly in areas where human activity (e.g., logging) or increased fire and 
forest pests (e.g., mountain pine beetle outbreaks) have resulted in the loss of tree cover. These landslide 
events can be devastating for fish and other aquatic organisms that fish feed on, as they send smothering 
sediment into watercourses, create barriers to fish movement, and strip away important streamside 
vegetation needed to shade and cool watercourses.  
 
Further downstream, watercourses typically become less steep, slower, and wider. In these areas, fish are 
more plentiful and the accumulation of gravel and other suitable substrates supports spawning. Much of 
the spawning and migration activity, particularly for sockeye and chinook, occurs in the late summer and 
early fall, when water levels can be critically low and temperatures high. With climate change, higher 
temperatures and reduced rainfall in the summer may combine to reduce water oxygen levels, decrease 
egg survival, increase the risk of disease, and reduce fish productivity during the spawning season. Salmon 
have low tolerance thresholds, and a 1-2 °C change in water temperature can affect species distributions 
(Carter 2005).  
 
In general, salmon are cold-water species that prefer temperatures between 12-15 °C (PFRCC 1999). As 
fish are ectotherms, they cannot maintain a constant body temperature via homeostatic mechanisms, 
rendering them very sensitive to thermal changes in their environment (Boltaña et al. 2017). The lethal 
limit for adult chinook and coho is 25 °C (Carter 2005), while is it 22-24 °C for sockeye (BC MoE 2016). Less 
extreme temperatures can also impact salmon migration, growth, and spawning, as shown in Table 3-1. 
Elevated stream temperatures may cause salmon to die when migrating to their spawning grounds (en 
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route mortality), as they are already physiologically stressed due to the aerobic requirements of migration. 
Alternatively, fish may die prior to spawning (pre-spawn mortality). Bowerman et al. (2018) found that 
chinook salmon pre-spawn mortality was strongly correlated with a 7-day average daily maximum stream 
temperatures; at 13 °C, the average pre-spawn mortality was 10%, while it increased to 40-60% at 18-20 
°C, and 80% at 20-22 °C. Hinch et al. (2012) explain that, since 1995, “late-runs” of Fraser sockeye have 
been migrating much earlier; this has led to them being exposed to temperatures 3-6 °C warmer, due to 
migration occurring in a warmer season and in a generally warming Fraser River. As a result of ongoing 
climate change, the peak summer water temperature of the Fraser River has already increased by over 2 
°C over the past 60 years, with 1 °C of the warming occurring in the past 20 years (Patterson et al. 2007). 
As a result of temperature stress and exposure to pathogens, these early migrating fish suffer extremely 
high mortality rates, in excess of 90% some years, whereas historical levels were typically below 20% 
(Hinch et al. 2012).  Mathes et al. (2010) showed that, of the early migrants, only those that deliberately 
chose to access a thermal refuge in a lake beyond the spawning grounds were able to spawn successfully. 
Numerous other studies have also shown the importance of moderate stream temperatures for successful 
salmon migration (Gilhousen et al. 1990, Richter and Kolmes 2005, Carter 2005, Eduardo et al. 2012). 
 
Table 3-1. Key temperature thresholds for salmon, including seven-day average of the daily max 
temperatures (7-DADM) for migration, lethal temperature limits, preferred temperatures for adults, 
juveniles, and egg survival. Shaded cells highlight key sublethal endpoints.  

 Pink Chum Sockeye Coho Chinook 

Max temperature for acute 
exposure for juveniles and 
resistance to high 
temperatures (Brett 1952) 

25.1 °C 

least 

25.1 °C 

least 

25.1 °C 

intermed
iate 

25.1 °C 

most 

25.1 °C 

most 

Lethal limit for adults  19°C  
(after 10 days; 
Jeffries et al. 
2012) 

22-23°C 
(Hicks 2000) 

22-24 °C 
(BC MoE 
2016) 

21-25 °C (Carter 
2005, Richter 
and Kolmes 
2005) 

25 °C (Brett 
et al. 1982, 
Carter 2005) 

Temperature limiting 
salmonid distribution (US EPA 
1999) 

22-24 °C 22-24 °C 22-24 °C 22-24 °C 22-24 °C 

Lethal limit for eggs (Carter 
2005) 

   20 °C 20 °C 

7-DADM for migration (US 
EPA 2003) 

20 °C 20 °C 20 °C 20 °C 20 °C 

Migration blockage or delay  17-21°C 
(impaired 
swimming; 
Clark et al.  
2011) 

 18-22°C 

McCullou
gh et al. 
2001, 
Eduardo 
et al. 
2012) 

20-21.1 °C (Bell 
1986, Richter 
and Kolmes 
2005) 

19-24 °C 
(Carter 2005, 
Richter and 
Kolmes 2005) 

Temperature range 
associated with a high risk of 
disease (US EPA 2003) 

18-20 °C 18-20 °C 18-20 °C 18-20°C 18-20°C 

Max temperatures where 
growth inhibited in juveniles 
(Carter 2005) 

   18.5-23°C 17-20°C 
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7-DADM for (low density) 
juvenile rearing areas/growth 
(US EPA 2003) 

18 °C 18 °C 18 °C 18 °C 18 °C 

Maximum spawning 
temperature observed (WDOE 
2002, Richter and Kolmes 
2005) 

   13.3 °C 17.8 °C 

7-DADM for (high density) 
juvenile rearing areas/growth 
(US EPA 2003) 

16 °C 16 °C 16 °C 16 °C 16 °C 

7-DADM to protect spawning, 
egg incubation, and fry 
emergence (US EPA 2003, 

McCullough et al. 2001) 

13 °C 13 °C 13 °C 13 °C 13 °C 

Temperature limit for 
smoltification (McCullough et 
al. 2001, Richter and Kolmes 
2005) 

  12-14 °C 12-15 °C 12-20 °C 

Preferred temperature for 
adults (PFRCC 1999) 

11-13 °C 10-12 °C 12-15 °C 12-14 °C 11-15 °C 

Preferred temperature for 
juveniles and growth  

12-14 °C (Brett 
1952) 

11.2-14.6 °C 
(Brett 1952, 
Beschta et 
al. 1987)  

12-14 °C 
(Brett 
1952) 

11.8-14.6°C 
(Beschta et al. 
1987) 

12-14.8°C 
(Brett 1952, 
Hicks 2000) 

Preferred/recommended 
spawning temperature 

 7-11 °C 
(Groot and 
Margolis 
1991) 

 4.5-9.4 °C (Bell 
1986) 

5.6-13.9 °C 
(Armour 
1991) 

Temperature resulting in 
reduced embryo and alevin 
survival 
(Richter and Kolmes 2005) 

 12°C  11-14°C 11-12°C 

Max average water 
temperature to protect 
survival of embryos and 
alevins (WDOE 2002)  

   8-10 °C 11-12.8 °C 

Optimum temperature for 
salmonid egg survival (US EPA 
2001) 

6-10 °C  6-10 °C 6-10 °C 6-10 °C 6-10 °C 

 
Recent work has also revealed the synergistic effects of multiple interacting stressors combined with heat 
stress (Richter and Kolmes 2005); for example, Mari et al. (2016) showed a significant interaction between 
temperature and sediment load, whereby increased temperatures multiply the negative effects of 
sediment loads on salmonid embryonic development. Temperature stress may also exacerbate the effect 
of pollutants on fish. For example, Laetz et al. (2014), found that the toxicity of an organophosphate 
pesticide mixture in juvenile coho approximately doubled with a modest temperature increase from 12-
18°C. Increasing temperatures may also influence bioaccumulation of pollutants in the marine 
environment. Alava et al. (2018) predicted that bioaccumulation of organic mercury (MeHg) in chinook 
salmon could increase by 10% under the RCP 8.5 climate change scenario; differences were driven by 
changes to dietary uptake and elimination rates, relative abundance of prey, and greater accumulation of 
MeHg in zooplankton. Furthermore, elevated temperatures can interact with the impacts of disease; 
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higher temperatures result in increased rates of infection as elevated temperatures can 
immunocompromise the salmon and increase the replication rate of microparasites (Miller et al. 2014).  
 
Due to these discussed temperature sensitivities, fish distributions may also change, as some stocks will 
become displaced by higher water temperatures (BC MoE 2016). This change in distribution could result 
in competition between fish species, and new or reduced opportunities for fishing. Declines in salmon 
spawning could also have negative impacts on coastal ecosystems. Many predators (such as bald eagles 
and bears) and coastal ecosystems depend on the nutrients provided by salmon (Willson and Halupka 
1995). As salmon carcasses break down, these nutrients also support streamside vegetation and other 
organisms (Reimchen et al. 2003, Field and Reynolds 2011, Quin et al. 2018). Interestingly, some 
extremely cold streams that are currently not very productive for salmon, such as those at higher latitudes 
and elevations (if accessible), could potentially support more salmon as the water warms (BC MoE 2016). 
For instance, preliminary research suggests that some salmon, such as Chinook, may be expanding their 
range in the Arctic (Moss et al. 2009, Logerwell et al. 2015).  

 
Extensive development on the floodplain of the Lower Fraser, and around tributaries, has greatly altered 
riparian habitat and the river itself. Agricultural, commercial, industrial, and residential activities have 
impacted fish by introducing contaminants, stormwater, and other pollutants into the system. Dykes, 
pumps, dams, and other infrastructure have been installed to help manage water levels and floods; 
however, they may block access to habitat and reduce habitat complexity. In a report by the Watershed 
Watch Salmon Society (2018), it was found that there is 1,480 km of fish habitat affected by 155 flood 
control structures in the Lower Fraser, from Vancouver to Harrison. Sea level rise, and more severe winter 
flooding due to increased precipitation, will require infrastructure upgrades to protect communities, 
wharves, and cultural sites, which may again affect fish habitat. More floods could also result in the release 
of more harmful pollutants from old contaminated sites that have left a legacy of arsenic, heavy metals, 
and petroleum within the soils. In the summer, droughts may increase competition for scarce water 
resources, as agricultural producers draw down aquifers linked to the river. Further, the ongoing loss of 
wetlands has led to a reduction in a valuable natural filter, shade provider, and natural water storage 
basin (which mitigates flood risks in winter, and drought risks in summer). Invasive species may become 
more established in disturbed areas around developments as climate conditions become more 
accommodating, resulting in competition with native fish and plants. In some cases, invasive aquatic 
plants will also degrade fish habitat (see spotlight on Eurasian watermilfoil below). Hence, anthropogenic 
changes in the landscape are vastly reducing the resilience of the Fraser River and its tributaries in a time 
where these resiliencies are increasingly needed.  
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Invasive Species: Eurasian watermilfoil 
Climate change is predicted to increase the risk of invasive 
species. Eurasian watermilfoil is an invasive aquatic plant 
that grows in dense clumps in ditches, streams, and lakes. A 
mass of root fibres firmly anchors the plant to the lake 
bottom and numerous branching stems reach the water 
surface, forming of a tangle of growth (Mossop and 
Bradford 2004). At Cultus Lake, surveys have shown that 
dense patches of Eurasian watermilfoil displaced spawning 
sockeye from certain areas, and that spawners returned to 
these areas after plant removal. This invasive species could 
therefore limit the available spawning area or displace 
sockeye to less suitable spawning habitats (Mossop and 
Bradford 2004). 

 
Climate change may also impact salmon in their rearing habitats. Salmon fry use various parts of the Lower 
Fraser system for juvenile rearing, and the Fraser River estuary is particularly important rearing habitat 
for some species. Coho use freshwater streams extensively for rearing (DFO 1993), and typically rear for 
about a year in stream habitats before migrating downstream (COSEWIC 2016). Some coho also use lakes 
for rearing (DFO 1993). Juveniles then spend a few months in the estuary/marine foreshore area before 
migrating offshore, while others spend their entire marine existence near their natal stream (COSEWIC 
2016). “Ocean type” chinook may either migrate directly to the ocean, rear in the estuary for up to 60 
days, or reside for 60-150 days in their natal streams before migrating to the estuary or ocean, while 
“stream type” chinook remain in freshwater and utilize streams for a year or longer (Murray and Rosenau 
1989). Some populations of juvenile chinook salmon may also spend time rearing in non-natal streams 
during their migration downstream (Murray and Rosenau 1989). Sockeye typically spend 1-2 years rearing 
in lakes before migrating out to sea (Morton and Williams 1990, Narver 1970). River-type sockeye 
populations in the Fraser will rear in side channels and sloughs for a variable, often shorter, period before 
migrating to sea (COSEWIC 2017a). Chum typically use estuaries and marine foreshore areas for rearing 
(Levings 1990, Levings 1991). Pink salmon are the only species that do not have an extended freshwater 
rearing period, as they have a short two-year maturation cycle, and migrate to the ocean following 
emergence from the gravel (Heard 1991). 
 
Impacts of climate change on rearing juvenile salmon can occur via multiple pathways. Increased water 
temperatures can affect smolt growth. Marine and Cech (2004) found that juvenile chinook reared in high 
temperatures (21-24 °C) had decreased growth and appetite, altered smolt physiology, and increased 
predation vulnerability compared to juveniles reared at more optimal temperatures (13-16 °C). Harstad 
et al. (2018), on the other hand, found that smolts reared in warmer water had enhanced growth those 
in cool water; however, while the warm water group was initially larger, substantially more early maturing 
males (minijacks) were produced. These minijacks reduce the smolt-to-adult survival rate, and the 
potential “adult” return rates, as minijacks will not return to spawn as full-size anadromous adults 
(Harstad et al. 2018). Water temperature can also affect smoltification as salmon prepare to transition 
from freshwater to the ocean. Higher temperatures result in a loss of salinity tolerance, which affects 
smolt survival (and adult returns) (McCormick et al. 1999).  
 
The last part of the salmon migration to the ocean involves smolts reaching the Pacific Ocean, where they 
feed and grow, eventually developing into adults. The Northeast Pacific Ocean is changing, making the 
transition to the ocean environment and intense period of growth even more challenging for salmon. One 
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of the major impacts of climate change on the marine ecosystem is ocean acidification. More acidic ocean 
conditions may require fish to spend more energy, particularly for acid-base regulation, and ventilation of 
the gills, and can reduce fish growth (Ishimatsu et al. 2008). Fish were also affected by the recent 
development of a mass of warm water in 2014 in the Northeast Pacific, also known as “the blob” (Bond 
et al. 2015, Welch 2016, Le 2017). This mass of water was 2.5 °C above the seasonal average, extended 
down to 100 m in depth and persisted until 2016 (Bond et al. 2015). “The blob” was caused by an unusually 
strong and persistent weather pattern with high atmospheric pressure remaining in the area. This high 
pressure led to reduced wind and surface heat loss to the atmosphere, as well as reduced mixing of cold 
water in the upper ocean (Bond et al. 2015). Warm ocean waters decrease salmon survival, likely through 
reduced prey availability and growth (Mueter 2002). Zanna et al. (2019) suggests that oceans are 
absorbing a massive amount of heat, meaning “the blob” could return. While the focus of this work was 
on freshwater habitat, the increasing ocean temperature impacts on Atlantic salmon fish farms, 
pollutants, microplastics, and other human activities pose a growing cumulative effect on fisheries in the 
marine environment (Bateman et al. 2016, Morton et al. 2017, Stein et al. 1995, Collicutt et al. 2019). 

 
As illustrated, climate change impacts are complicated, multifaceted, and interact with existing stressors 
in the environment. The severity of these impacts is also somewhat uncertain, as impacts are mediated 
by how much the climate will change, and which of the various climate scenarios will end up the most 
accurate. However, there is a clear enough picture of the types of impacts likely to occur that some 
reasonable ways in which to act now to buffer salmon from negative effects of climate change can be 
postulated.  

 
3.4 Climate Change Adaptation Actions  

While the management of some climate impacts, such as receding glaciers or ocean acidification, may 
largely be out of the hands of a regionally focused First Nations organization, there are many instances 
where actions can be taken to mitigate climate change risks, while maximizing considerations about risks 
to fish, at the local scale. These actions fall into three general categories: protection (hardening of 
defenses or preserving natural habitat features needed to buffer fisheries from climate change), 
restoration and enhancement (restoring natural conditions to increase ecological resilience, while 
maintaining human use), or managed retreat (removing infrastructure altogether and allowing it to return 
to a natural habitat).    
 
An example of a protection measure is increasing the height of dyking structures to protect current water 
depth and flow rates against flood risks. Dyking can have positive or negative repercussions for fish 
habitat. For example, higher, wider dykes may reduce the impacts and area affected by large flood events, 
but will displace important riparian habitat, as plants and trees are removed to prevent their roots from 
weakening dykes and impeding maintenance. Furthermore, dyking will alter river dynamics and reduce 
the habitat complexity needed for healthy fish habitat. Another example of protection is the retaining of 
30 m of native riparian habitat, where such habitat already exists unimpeded, along key fish habitat, as 
this is the width required to protect small watercourses (e.g., used for spawning) against water 
temperature changes, even as air temperatures increase. Any dyke structures needed to protect human 
infrastructure from flood risks would be set back to at least behind this 30 m riparian zone.  
 
An example of a restoration action is replanting streamside vegetation within an area where it had been 
removed (e.g., due to agriculture), to produce wider buffer strips. Another example of restoration may be 
to replace existing invasive riparian habitat taller vegetation (e.g., replacing short, invasive Himalayan 
blackberry with trees), to buffer against increased water temperatures by creating more shade over a 
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larger area. Re-establishing riparian vegetation to 30 m or more (or preserving it where it already exists, 
as noted above), can improve shade and cooling, and prevent water temperatures reaching critical levels 
that could negatively impact migration, spawning, and juvenile rearing as climate change progresses, 
while also filtering out pollutants and sediments, absorbing more water during extreme precipitation 
events, and enhancing streamside wildlife corridors (Sweeney and Newbold 2014). While restoring 30 m 
of riparian vegetation is ideal in terms of buffering water temperature and retaining full stream health, 
there are still substantial ecological benefits to narrower buffer widths (compared to minimal to nothing). 
On average, a buffer strip of 5-10 m will remove 49% of nitrogen runoff, 52% of sediment, and maintain 
temperature increases within the range of about 4 °C (Sweeney and Newbold 2014, and references 
therein; however, this is arguably still too much of a temperature change for many salmon species). Even 
restoring one side of a watercourse could be an option where leaving access to the watercourse is desired. 
In the northern hemisphere, vegetation on the south bank of rivers would maximize shading of the 
channel (Johnson and Wilby 2015). Concomitant with planting of riparian vegetation, it may be necessary 
to remove Eurasion watermilfoil and other invasive plant species from key salmon habitat.  
 
Restoration along rivers can also take the form of preserving, augmenting, and creating cold-water 
thermal refugia for fish (Kurylyk et al. 2015). While cooling an entire river, such as the Fraser, would be 
nearly impossible, it is feasible to conserve or create/augment discrete cold pockets (e.g., deeper areas). 
Existing thermal anomalies can be enhanced by controlling mixing between cold‐water tributaries and the 
river mainstem flow, installing riparian shading, or creating new refugia by increasing channel complexity, 
or by temporarily pumping cool groundwater to discrete points within the river during periods of thermal 
stress (Kurylyk et al. 2015). 
 
Another example of a restoration action is slope stabilization above important salmon-bearing 
watercourses, where the headwaters flow through a potential high-risk landslide zone. A preliminary step 
needed prior to investing in slope stabilization work would include conducting detailed landslide risk 
assessments in areas where high potential risk has been identified alongside key salmon habitat areas. 
Remediation of contaminated sites, especially those located within the Fraser River floodplain, would also 
help to prevent pollutants from spreading into fish habitat in the case of a major flood. 
 
In some cases, a managed retreat strategy may be favoured to deal with consequences of climate change, 
where the cost or effort to protect an area for human use far outweighs the benefits, or where letting an 
area flood would do more good. For instance, in some areas, dykes could be breached to allow flooding, 
water storage, and the potential re-establishment of salt marshes, salmon rearing habitat, ponds, or lakes 
that once existed, but were lost following post-contact landscape modifications. Managed retreat is a 
difficult option to implement in populated areas, as land users may prefer a protection option that would 
allow continued land use. It also must be acknowledged that managed retreat will not necessarily result 
in the same quality of habitat that once existed prior to human development, as water temperatures, 
differing vegetation, and potential contaminated soils will likely create a “new” ecological equilibrium in 
areas left to flood and adapt naturally. 
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4.0 DATA COLLECTION AND MAPPING 

The study area for the present project extended from Yale in the east to Tsawwassen, BC in the west, 
while the northern boundary extended up into Garibaldi Provincial Park, just north of Squamish, BC. The 
study area was introduced at a Climate Adapt Engagement Forum (See Section 5.0), where a Stó:lō 
representative suggested adjusting the northern boundary to incorporate the full extent of important 
tributaries that feed into this system, and which play a role in supporting fish species of importance to 
First Nations. This feedback was incorporated into the final spatial extent of the study area (see Figure 
2-2), which extended the northern boundary to match sub-regional watershed boundaries. 
 
To guide the research and data collection for this project, feedback from member-Nations was solicited 
by the LFFA to help determine which environmental data were of greatest interest to them in terms of 
planning for fisheries resilience in the face of climate change. A list of fisheries-related values was 
circulated to First Nation representatives of the LFFA and they were asked to provide feedback on which 
data they would be interested in viewing as part of resilience planning. Data layer options included 
important fish habitat (e.g., riparian habitat, spawning and rearing areas, eelgrass beds, etc.), 
infrastructure (e.g., boat launches, dykes, pump houses, etc.), cultural sites, and threats (e.g., 
contaminated sites, invasive species, fish barriers, areas of landslide risk, industrial areas, etc.). 
 
After finalizing the study area and environmental values of interest, available data sources were identified 
that could be used as either raw data layers, or further analyzed and mapped by Zoetica to be of use in 
resilience planning. Relevant information from freely available sources and secured provincial datasets 
were collected, and data sharing agreements were signed, as required. Maps were produced representing 
specific values of concern. These maps included values such as: sensitive ecosystems, salmon productivity, 
relative landslide risk (approximated by slope), contaminated sites, invasive species, fish presence, and 
historical fish occurrences. A full list of 30 data categories and 75 data layers is included in Appendix A. 
These maps and data will be hosted on an online web-based atlas maintained by the LFFA. Many of the 
maps are not presented within this report due to the digital limitations (each map is many MB), and 
because some data layers require special permissions granted via data sharing agreements between the 
LFFA and various granting agencies. 
 
Once data were collated, Zoetica identified and filled in data gaps over the study area. For instance, 
sensitive ecosystem inventory data were only available for Metro Vancouver and a small section of the 
Fraser Valley. Using provincial Vegetation Resources Inventory (VRI) and Terrestrial Ecosystem Mapping 
(TEM) data, Zoetica was able to map a remaining large area otherwise devoid of comparable vegetation 
unit data over most of the study area. Any remaining gaps or obvious inaccuracies were addressed using 
aerial photo interpretation. In other cases, a Quality Assurance/Quality Control (QA/QC) process revealed 
issues with existing datasets. For example, the federal data on slopes was too coarse, and the British 
Columbia Soil Mapping Spatial data downloaded from DataBC reported incorrect slope values.  
Therefore, Digital Elevation Model (DEM) data from DataBC were used and elevation data were converted 
into percent slopes. 
 
Data collected will provide both informative raw datasets and maps over a larger regional area than 
typically considered by planners, but one that is a more relevant to First Nations and fisheries planning. 
This project will provide First Nations with increased access to data that they can use as a resource when 
considering various climate change adaptation plans. This large collection of regional mapping data will 
also be useful for secondary purposes, such as production of analytical maps and land use planning, when 
considering referrals, or when considering specific climate change plans proposed by other agencies. 



 

22 
 

5.0 CLIMATE ADAPT ENGAGEMENT FORUM 

During the LFFA Climate Adapt Forum, held in March 2018, we presented select mapping information to 
First Nations representatives to incorporate important Aboriginal knowledge, feedback, and 
recommendations at an early stage in the project. The primary purpose of the LFFA Climate Adapt Forum 
was to introduce the Climate Adapt project to the First Nations of the LFFA and begin a more involved 
engagement process. Key objectives of the forum were to introduce and discuss climate change impacts, 
to frame the issue and explain the need for resiliency planning, present mapping work done on important 
ecological values related to First Nations fisheries, and display Fraser River flooding scenarios to help 
participants understand what could be affected due to coastal and freshet flooding. We also led a 
discussion on various options to deal with climate change, including flood impacts, and began to identify 
priorities for map refinement and adapting fisheries to climate change through an interactive mapping 
exercise. Input from the forum was used to refine the preliminary maps and to gather important 
observations about fisheries, impacts, and changes observed in various areas. The LFFA held meetings 
with Nations at the regional and individual Nation level from 2019-20 to identify First Nations priorities 
and concerns for conservation and restoration. 
 
 
6.0 ASSIGNING RELATIVE SALMON HABITAT VALUES AND MAPPING KEY RISKS 

While the majority of map products will be hosted within an online atlas, key data sets were analyzed 
further to create novel map products to assist First Nations in regional fisheries adaptation planning 
through prioritization decisions.  
 
Two novel and important maps were created via highly involved data analyses: i) a map of ranked salmon 
productivity (by species) over the entire study area, and ii) a map of riparian (streamside) distance buffers 
known to be needed for key salmon habitat buffering, and the type and amount of human encroachment 
that had occurred within them. Salmon escapement data, “the number of salmon escaping fisheries” that 
return to each spawning watercourse, were used to approximate the relative values of various 
watercourses for producing salmon, while value for habitat providing upstream food and water quality to 
salmon habitat was also considered. Riparian forest buffers were mapped as key areas (distances of 
streamside vegetation that should be left around salmon habitat due to their key value in regulating water 
quality and temperature); the entire study area was then examined in 5,000 m2 segments to trace and 
code any human encroachment that had occurred within these zones. These data sets can be combined 
in a digital atlas to determine areas and habitats within which protection or restoration of habitat may 
have the greatest value at the regional level in buffering the highest value salmon areas against climate 
change impacts.  
 
Additional reference maps requested by the LFFA, later in Phase 2 of the project, were also created as 
value-added products for consideration alongside the salmon productivity and riparian buffer maps. 
Additional value-added maps included species-specific Conservation Unit areas (CUs), rearing areas, 
holding areas, and glacier-fed streams. The CU maps show boundaries between ecologically and 
genetically distinct units of salmon populations across space and include the Wild Salmon Policy (WSP) 
status for each. CUs will allow users to consider the unique variants of each salmon species (chum, coho, 
sockeye, pink, chinook) that may be differently adapted to different habitat conditions (i.e., temperatures, 
flow patterns, migration routes) and seasonal migration times. Reference maps for salmon rearing and 
holding areas (Figure 6-15 and Figure 6-16) were also created but can only be used to identify presence, 
as areas devoid of observed rearing fish may have not been surveyed or visited by observers. A glacier 
map (Figure 6-17) was also included to identify glacial-fed streams, which may be more resilient against 
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climate change until glaciers recede. Together, the productivity map, riparian buffer zone encroachment 
map, and supplementary reference maps will allow map users to better select areas for future projects, 
using a more holistic perspective.  
 
A subset of variables and risks were also selected as the most important to consider with impending 
climate change and impacts to fisheries and were highlighted as maps; those variables were also 
highlighted as ones for which significant data gaps would not greatly impede a regional interpretation. 
Because the project is following an adaptive management framework, additional factors may also be 
considered in the future as interest warrants, more information becomes available, or budget and time 
allow (See Section 9.0). The existing framework will be built upon and improved over time, as the project 
moves forward. 
 
6.1 Mapping Relative Salmon Productivity: Use of Data Sources 

Salmon escapement (productivity) was analyzed and mapped across the study area to produce a key 
starting point for prioritization of restoration work. The value of fish travel corridors as migratory 
necessities were also contemplated and ranked based on the key habitats that they connect. By protecting 
key salmon spawning streams, salmon can be protected during the critical and highly sensitive spawning 
life history stage from climate change impacts (described more in Section 3.3). Protecting waterbodies 
that contribute the largest numbers of salmon to the study area will result in benefits to many First 
Nations. The same exercise could not be done for rearing and holding sites, or for habitat of importance 
to eulachon, sturgeon, and other species of importance to first nations, due to a lack of systematically 
collected data across the study area. The mapping of such areas in a systematic fashion was identified as 
an important data gap.  
 
To create relative salmon productivity maps, long term datasets were analysed and converted to a 
mapped product. For a more detailed discussion of how Salmon Index values were derived across the 
study area, refer to Appendix B, Section 1. Briefly, the 2017 New Salmon Escapement Database System 
(NuSEDS) data were used and assigned values for average salmon productivity over time, according to the 
current and previous capacities of each watercourse. Prior to mapping these data, the raw NuSEDS data 
were first refined by removing statistical outliers (erroneous years), which DFO confirmed were likely 
human error in the dataset. Reach estimates were also combined in certain years, where appropriate, 
based on detailed consultations with DFO during the technical review process (Tracy Cone, Pers. Comms., 
throughout March 2019). Once outliers were removed, averages per watercourse, per species, were 
calculated from 1938-2017, for sockeye, chum, coho, pink, and chinook salmon. A longer time period was 
utilized to account for fluctuations in numbers known to occur over time, and because First Nations tend 
to consider longer time frames in assessing environmental change. The use of a longer time series means 
that habitats that were previously important to very large numbers of salmon, and can perhaps be 
restored to functional spawning habitats, will still be recognized as having some value on final maps where 
reaches are averaged over time. 
 
The use of the NuSEDS dataset for creating the salmon productivity maps comes with important caveats. 
First and foremost, the practices and methods for conducting salmon spawner counts have changed 
substantially over the past 80 years. Visual surveys (walk, snorkel, boat), including aerial counts 
(helicopter, fixed-wing), are commonly used to provide general estimates, while mark recapture studies, 
fixed weir and fence counts provide more precise estimates (Tomkins and Baxter 2015). From the 1950s 
to 1990s, spawner escapement values were recorded on a single form that included the annual estimate, 
enumeration methods used, estimate reliability, and stream conditions. However, the now-antiquated 
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Fortran database could not store the information on methods used, and so these details were lost (Baxter 
2016). In 1995, the database was recreated to allow descriptive information; however, for most estimates 
from the 1950s to 2000, the methods were still unspecified and there can be variation in the methods 
used and reliability of estimate (Baxter 2016). 
 
In addition to methodology changes, sampling frequency was generally selective. Some areas known to 
be more productive were focused on, while others were never measured. Smaller and less accessible 
streams tended to be given a lower priority for surveillance (McDougall 1987), while streams containing 
commercially valuable species were prioritized and received substantially more survey effort historically. 
At present, not all salmon populations are assessed, and the scale of assessment can vary depending on 
the species. For example, Fraser pink salmon were historically determined for broad watersheds, but since 
2003 there is only a single value for the entire Fraser River. Chum data are also considered patchy with 
many years devoid of surveys for certain watercourses. Sockeye data are more reliable, although pre-
1950s data are more uncertain. Chinook data are somewhat reliable with some gaps. Overall, a 
comparison of mean abundance values over decades is more reliable than single years (Baxter 2016). 
Because of these limitations, outliers were removed to refine the data, while still retaining as much 
information as possible. The collection of high quality fully systematic or randomized spawner abundance 
data for salmon was also identified as a key data gap, particularly for pink and chum salmon (see Section 
9.0). However, data that are available currently can be used to paint a preliminary picture of spawning 
abundance and relative habitat rankings across space, with these caveats in mind. As the NuSeds data are 
the only pacific salmon data available for this type of freshwater analysis of relative fisheries productivity 
at the regional scale, its use is a necessary starting point.  
 
Next, 6 Spawner Abundance Categories (Very Low, Low, Moderate-Low, Moderate, High, and Very High), 
were created based on the average and range of NuSEDS data (Max Estimate) for each species of salmon. 
The resulting categories for each species are shown in Table 6-1a (See Appendix B for additional 
information). Categories were scaled based on average abundances for each species to account for 
differences between species. For example, a large average escapement size for coho is 1,800 spawners, 
while a large average escapement size for pink salmon is 26,600 spawners. Note that numbers are based 
on average values for a given location, whereas salmon spawning can be much greater in a single peak 
year (on the order of several million), depending on population cycles (Henderson and Graham 1998). This 
spawner abundance classification system is similar to classification systems used by Bell-Irving (1978) and 
McDougall (1987), who also designed categories for each species ranging from low to high; however, 
ranked values are specific to data within the study area, and include the most up-to-date spawning data.  
 
An analysis of standard deviations and a statistical cluster analysis conducted in SPSS (Appendix B, Section 
2) revealed several waterbodies with extremely high spawner counts for each salmon species (e.g., the 
Salmon Stronghold area associated with Harrison Lake), which are considered “outlier systems”. If a single 
linear scale system was utilized to map all waterbodies, most would fall at the extreme low end or the 
extreme high end of a very wide numerical scale that would render data unmappable; many categories 
(resulting in a lengthy map legend), would fall between low and high values and would have no 
representative waterbodies. Furthermore, the use of a single linear scale could create a situation where 
only one or two areas (with extremely productive watercourses) end up designated as priorities for 
fisheries conservation and restoration work, with none in other areas. In reality, it is recognized that many 
First Nations desire that fish habitat be conserved throughout the study area, and that many First Nations 
would like to be involved in protecting fish habitat in their traditional territories. Therefore, a second 
ranked scale system for each species within areas considered to be outliers was produced (i.e., for areas 
that were extremely more productive than other areas; e.g., the Harrison system) (Table 6-1b). Both scales 
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were then consolidated into one scale system (Table 6-1a and 6-1b, Table 6-2), skipping unrepresented 
values in between, and with some additional considerations.  More information on analyses to convert 
salmon numbers to categories is provided in Appendix B.  
 
Within the recommended framework, other ranking categories for streams were also incorporated that 
did not have salmon spawning data available from NuSEDS, yet may be fish-bearing, as well as streams 
that feed into fish-bearing waters. The ‘Known BC Fish Observations and BC Fish Distributions’ dataset 
from DataBC (updated 2017) were used to identify additional salmon-bearing watercourses, where at 
least one type of salmon (chum, pink, sockeye, chinook or coho) had been observed; these watercourses 
were given a rank of 3. Watercourses with slopes of <20%, but with no available records of salmon, were 
given a ranked value of 2, as these areas are considered capable of supporting salmon or salmon 
movements, as their slope renders them accessible to fish (Forest Practices Code of BC, 1998). 
Watercourses upstream of important fish habitat that do not contain fish were given a value of 1 rather 
than 0, as they provide indirect value in providing cool water and nutrients downstream. The resulting 
Overall Salmon Productivity Ranking Framework has 11 major rankings (Table 6-2), which were mapped 
across the study area. Maps can be modified with input from First Nation groups that may have more 
reliable species-specific information for certain locations (e.g. pink salmon in the Squamish region).  
 
After mapping these categories (Table 6-1a,b), ranks were adjusted to incorporate salmon migration 
(spawning access). All watercourses leading up to a very high-ranking stream were also ranked 
equivalently high, up to the point where the tributary branches. For example, during the sample map 
preparation exercise, Morris Creek was given a higher ranked value than initially calculated because it 
leads to Weaver Creek, which has a higher salmon escapement ranking. This adjustment is needed to 
account for the migration process, where passage through larger rivers and streams on the way to 
spawning grounds must be maintained. In addition, the Fraser River was upgraded to 11 (Table 6-2), due 
to its critically important connection to the Harrison River, which also has a rank of 11. This adjustment is 
recommended for the Fraser River due to its importance as a migration route, even though spawner 
abundance records in the Fraser itself were not as high. Extending the ranking of 11 along the entire length 
of the Fraser river is also recommended due to the exceptional ecological importance of this corridor for 
access to numerous spawning tributaries, including the upper Fraser tributaries beyond the study area 
boundary.  
 
See Appendix B, Sections 1 and 2 for additional information on category derivation. 
 
Table 6-1a. Salmon Spawner Abundance Categories for each species of salmon 

 Very Low 
(1) 

Low 
(2) 

Moderate-Low 
(3) 

Moderate 
(4) 

High 
(5) 

Very High 
(6) 

Sockeye  <200 200-1,800 1,800-3,400 3,400-5,000 5,000-6,600 >6,600 

Chum  <200 200-2,000 2,000-3,800 3,800-5,600 5,600-7,400 >7,400 

Coho  <100 100-525 525-950 950-1,375 1,375-1,800 >1,800 

Pink  <300 300-6,875 6,875-13,450 13,450-
20,025 

20,025-
26,600 

>26,600 

Chinook  <100 100-375 375-650 650-925 925-1,200 >1,200 
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Table 6-1b. Salmon Spawner Abundance Categories for outlier data 

 
Very Low 

(1) 
Low 
(2) 

Moderate-Low 
(3) 

Moderate 
(4) 

High 
(5) 

Very High 
(6) 

Sockeye  
14,945-
16,526 

16,526-
18,107 

18,107-19,689 
19,689-
21,270 

21,270-
22,851 

22,851-
24,432 

Chum  
31,721-
43,350 

43,350-
54,979 

54,979-66,608 
66,608-
78,236 

78,236-
89,865 

89,865-
101,494 

Coho  
4,284-
5,795 

5,795-
7,306 

7,306-8,817 8,817-10,328 
10,328-
11,839 

11,839-
13,351 

Pink  
308,046-
434,289 

434,289-
560,532 

560,532-
686,774 

686,774-
813,017 

813,017-
939,260 

939,260-
1,065,502 

Chinook  
35,372-
44,534 

44,534-
53,696 

53,696-62,858 
62,858-
72,020 

72,020-
81,182 

81,182-
90,344 

 
Table 6-2. Species-Specific Salmon Productivity Ranking to be used in conjunction with Table 6-1a,b 
(NOTE: use Table 6-1a,b to convert category numbers in this table to salmon abundance values on a 
species-specific basis) 

Species-Specific 
Productivity Ranking 

Description and rationale 

11 Watercourses with Outlier Spawner Abundance Category 5-6 

10 Watercourses with Outlier Spawner Abundance Category 3-4 

9 Watercourses with Outlier Spawner Abundance Category 1-2 

8 Watercourses with Spawner Abundance Category 6 

7 Watercourses with Spawner Abundance Category 5 

6 Watercourses with Spawner Abundance Category 4 

5 Watercourses with Spawner Abundance Category 3 

4 Watercourses with Spawner Abundance Category 2 

3 Watercourses with Spawner Abundance Category 1 or other watercourses 
where at least spawner presence of the salmon species of interest has been 
observed 

2 Watercourses with gradients <20% (considered accessible to fish) or streams 
that have other species of salmon besides the species of interest 

1 Small streams and tributaries upstream of fish-bearing watercourses (with 
gradients >20%) 

 
Once species-specific ranked values were created for typical streams (Table 6-1a), as well as for outlier 
systems (Table 6-1b), the framework shown in Table 6-2 was used to create a series of species-specific 
salmon productivity maps. To create Table 6-2, the outlier watercourses were separated out; streams 
were considered to be salmon-bearing watercourses (without NuSEDS data), where at least one type of 
salmon had been observed; watercourses with slopes <20% (which are assumed to be accessible to fish), 
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and upstream watercourses feeding into downstream fish habitat; and some rankings were adjusted to 
incorporate spawning access considerations (migration).  Streams where none of the species of interest 
was found, but where other salmon species are present, were given a value of 2, which was the same as 
watercourses with gradients less than 20% that are accessible to fish. The resulting species-specific 
Salmon Productivity ranking has 11 categories (Table 6-2), which were mapped across the study area. 
 
The species-specific maps will allow users to view and select areas that are productive for a given salmon 
species (chum, coho, sockeye, chinook, pink). For example, looking at sockeye alone would allow users to 
take into consideration areas important to this species, which is comparatively more diverse (has more 
CUs in the study area), and may be more critical to protect, particularly under the lens of prioritizing 
diversity. From another perspective, and depending on how climate change progresses, it may also be 
preferable to focus on protecting the hardiest species. According to PFRCC (1999), chinook have the 
highest preferred temperature range (up to 15 °C); therefore, they may be more resistant to higher 
average water temperatures. Chinook were also noted by Brett (1952) as being more temperature 
resistant than the other Pacific salmon species.  Having species-specific maps will allow map users the 
flexibility to view detailed information specific to chinook. Other species maps will be available and can 
be used depending on the user’s perspective/objectives. The Overall Salmon Productivity Map (See 
Section 6.2), which considers information about all salmon species and salmon diversity on a single map 
for ease of decision-making, can be created once the species-specific maps are finalized with input from 
First Nation groups. Figure 6-1 Figure 6-5 show the resulting species-specific maps produced, prior to any 
edits made as a result of First Nation feedback.  
  



Lower Fraser Climate 
Adapt Project 

    Average Sockeye 
 Productivity Ranking

Delta

Surrey

Abbotsford

Richmond

Maple Ridge
Vancouver CoquitlamBurnaby

Langley

Mission
Chilliwack

North 
Vancouver

Squamish

Hope
West 

Vancouver
Bowen 
Island

Fraser River
Salish Sea

Pitt Lake Stave Lake

Harrison
Lake Yale

0 20 40

Kilometres

1:700,000

 Date: May 1, 2019  Map ID: LFFA-CCAP_017

Coordinate System: NAD 1983 UTM Zone 10N

Study Area

1

2

3 (<200)

4 (200-1,800)

5 (1,800-3,400)

6 (3,400-5,000)

7*(5,000-6,600)

8 (6,600-14,945)

9 (14,945-18,107)

10*(18,107-21,270)

11 (21,270-24,432)

Ocean

Figure 6-1
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* This sockeye salmon productivity ranking
does not occur on the map. Although these
numbers were possible on our ranking
scale, there are no instances of them
present
Summary:
Higher  rank  indicates  areas  of  greater
importance for sockeye salmon
productivity. Categories are based on
average spawning abundance from the
years 1938-2017 derived from the
NuSEDS 2017 dataset. Numbers in brackets
show abundance for each rank.
Reference:
See Section 6.1 of report, Lower Fraser
Climate Adapt Project, for details.
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Summary:
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importance for pink salmon productivity.
Categories are based on average
spawning abundance from the years 1938-
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importance for chum salmon productivity.
Categories are based on average
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Summary:
Higher  rank  indicates  areas  of  greater
importance for coho salmon productivity.
Categories are based on average
spawning abundance from the years 1938-
2017 derived from the NuSEDS 2017
dataset.    Numbers     in    brackets    show 
abundance for each rank.

Reference:
See Section 6.1 of report, Lower Fraser
Climate Adapt Project, for details.
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* This chinook salmon productivity ranking
does not occur on the map. Although these
numbers were possible on our ranking
scale, there are no instances of them
present
Summary:
Higher  rank  indicates  areas  of  greater
importance for chinook salmon
productivity. Categories are based on
average spawning abundance from the
years 1938-2017 derived from the
NuSEDS    2017     dataset.    Numbers    in 
brackets show abundance for each rank.
Reference:
See Section 6.1 of report, Lower Fraser
Climate Adapt Project, for details.
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6.2 Overall Salmon Productivity Map Framework 

After assigning Spawner Abundance Categories across the study area, the LFFA sought feedback during 
regional meetings with member Nations about the accuracy of spawner abundance categories across the 
study area. Once this information is integrated into species specific maps, a single overall Salmon Index 
map can be created that captures both salmon productivity (considering all species) and diversity. The 
calculation suggested for deriving the total Salmon Index for each watercourse involves taking the sum of 
spawner abundance values (1-6) for all of the salmon species present at each watercourse, and also 
incorporates presence data by assigning a value of (1) for any salmon species that were incidentally noted 
in the NuSEDS dataset with no count or bin value. These ranks can then be summed and divided by the 
maximum total salmon abundance values (5 salmon species * 6 abundance categories = 30) and multiplied 
by 100 to get a percentage. Watercourses with higher productivity (i.e., spawner abundance), and a 
greater number of species would get a higher overall Salmon Index score and be considered more 
important.  
 
See the example box below, for a sample calculation of how to derive an overall Salmon Index for each 
area, once species specific ranked values are adjusted following First Nation consultation. It is noted that 
a sample overall Salmon Index map was produced as a draft during phase 2; however, this map should be 
updated once species specific maps are integrated with local First Nation knowledge and additional data 
that member Nations may possess.  
 

Salmon Index Example: Lynn Creek 
To calculate Salmon Index, an average of: 20 chum corresponds 
to a value of (1), 113 coho corresponds to a value of (2), 25 pink 
corresponds to a value of (1), and 13 chinook corresponds to a 
value of (1) (categories shown in Tables 6-1a,b). The total of all 
species values are then added, divide by the maximum total 
salmon abundance value (30), and multiply by 100 to convert 
to a percent.  
 
Example calculation for Lynn Creek: 
Salmon Index = [(1 + 2 + 1 + 1) / 30] * 100 
Salmon Index = [5 / 30] * 100 
Salmon Index = 17%  

Colin Knowles Licenced under CC BY 2.0. 

 
The total values resulting from all Salmon Index calculations fall between 0-100%. These values then 
provide the basis for the Overall Salmon Productivity rankings used for mapping, as shown in Table 6-3.  
A more detailed discussion of the Overall Salmon Index is found in Appendix C. The Overall Salmon Index 
is recommended as a way to create a single map that quickly captures all salmon spawner/productivity 
and diversity information to assist in easier and faster decision making about high value watercourses. 
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Table 6-3. Overall Salmon Productivity Ranking (See Appendix B for more details in derivation) 

Productivity 
Ranking 

Description and rationale 

15 Watercourses with a Salmon Outlier Index of 35-51%  

14 Watercourses with a Salmon Outlier Index of 18-34%  

13 Watercourses with a Salmon Outlier Index of 1-17%  

12 Watercourses with Salmon Index 91-100%  

11 Watercourses with Salmon Index 81-90% 

10 Watercourses with Salmon Index 71-80% 

9 Watercourses with Salmon Index 61-70% 

8 Watercourses with Salmon Index 51-60% 

7 Watercourses with Salmon Index 41-50% 

6 Watercourses with Salmon Index 31-40% 

5 Watercourses with Salmon Index 21-30% 

4 Watercourses with Salmon Index 11-20% 

3 Watercourses with Salmon Index 1-10% or other watercourses where at least one type 
of salmon has been observed 

2 Watercourses with gradients <20% (considered accessible to fish) 

1 Small streams and tributaries upstream of fish-bearing watercourses (with gradients 
>20%) 

0 Areas without streams or watercourses not connected to fish habitat 

 
Finally, mapped values can be extended to areas where wetland systems are directly adjacent to a 
waterbody, due to the high likelihood of that such a system would provide rearing habitat. A reference 
map of the known rearing areas available is discussed further in Section 6.6. See Figure 6-6 for an example 
of Overall Salmon Productivity rankings over the Lower Fraser regional area. **Caution, this map is a 
sample only and should be re-created following the modification of any salmon-specific maps based on 
site specific data that may have been collected by First Nations and improve map accuracy.  
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6.3 Riparian Buffers 

Riparian forest buffers, the streamside vegetation surrounding a watercourse, provide important 
ecosystem services that affect fish habitat and resilience to climate change. Riparian buffers have been 
shown to support many functions including: subsurface nitrate removal (Vidon and Hill 2006, Mayer et al. 
2007, Zhang et al. 2010), sediment trapping (Peterjohn and Correll 1984, Daniels and Gilliam 1996, Liu et 
al. 2008, Yuan et al. 2009), limiting bank erosion (Beeson and Doyle 1996, Burckhardt and Todd 1998, 
Zaimes et al. 2006), stream temperature protection (Chen et al. 1998, Groom et al. 2011), and providing 
large woody debris (LWD) for fish habitat structural heterogeneity (Maser and Sedell 1994). These 
features enable streams to support macroinvertebrates (Townsend et al. 1997) and fish communities 
(Pusey and Arthington 2003). Shading and stream temperature control, in particular, will be critical in 
helping to maintain fish habitat within a temperature range that fish can thrive. Sweeney and Newbold 
(2014) provide a comprehensive review of the effects of riparian buffer widths on stream functions; these 
authors define >30 m of vegetated riparian buffer habitat as an overall benchmark needed to provide the 
ecosystem functions and key measures of habitat quality, including the capacity for streams to be buffered 
against extreme temperature fluctuations.  
 
Various studies included in the meta-analysis by Sweeney and Newbold (2014), as summarized in Table 
6-4, describe a range of forest buffer widths that can be expected to result in partial, moderate, and full 
functionality of a natural system. For some ecosystem services such as nitrate removal and sediment 
trapping, the wider the buffer, the closer it resembles the environmental services of a full forest. For 
others, such as stream channel width, the benefit of riparian vegetation is realized at a certain distance 
and wider buffers do not appear to make any difference (Sweeney and Newbold 2014). In this case, 
streams in forested areas, or with buffers of 25 m, are consistently wider than streams where the 
vegetation has been removed (Zimmerman et al. 1967, Davies-Colley 1997, Sweeney et al. 2004). The 
Sweeney and Newbold (2014) review surmises that, overall, 30 m is a good general approximation for the 
buffer size needed to provide these ecosystem benefits and to maintain fish habitat.  
 
Available primary research (Table 6-4) was considered to assign values to theoretical riparian vegetation 
buffers of various widths (Table 6-5). Simply put, forest that is closer to salmon-bearing waterbodies is of 
more importance than vegetation in more distant areas. These vegetated areas are referred to as 
“theoretical”, as some riparian vegetation has already been encroached on or destroyed by human 
activities. These riparian areas may later be identified as potential sites where re-greening activities could 
add resilience to fisheries. Fifteen metres of riparian vegetation was defined as “very high” value to 
fisheries, as protecting this area will likely have the greatest impact. In areas where there is no existing 
buffer, restoration of at least 15 m would have a significant benefit, such as restricting water temperature 
increases to 3 °C as opposed to 5 °C (the latter of which is typical of unbuffered streams; Sweeney and 
Newbold 2014). There is also some evidence that 15 m of riparian vegetation can provide moderate or 
sufficient functionality for sediment trapping, channel meandering and bank erosion. However, for 
protection for most values such as temperature stability, LWD, and fish communities, 30 m of forested 
riparian buffers is required; hence, the area between 16-30 m is considered “high” value (Table 6-5).  
 
Buffers larger than 30 m continue to provide materially greater, though diminishing, benefits for fish, 
macroinvertebrates, sediment trapping, and other functions. In some cases, however, larger areas are 
needed for full functionality, such as optimal sediment trapping (574 m; as per Sweeney and Newbold 
2014). Sediment trapping will become important under scenarios of climate change over the next 100 
years, as heavy increases in precipitation are expected to cause increased sediment runoff and erosion 
within the study area. Therefore, full functionality in all categories, needed to protect fish and fish habitat 
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from future climate change impacts, may not be reached without exceptionally large buffers (of 200-600 
m). Therefore, a “moderate" value area was defined as 31-100 m, which would provide moderate to full 
functionality for these variables (89% of nitrate removal and 95% of sediment trapping). Finally, a 101-
580 m buffer was included (the approximate distance for full sediment trapping, as per Sweeney and 
Newbold 2014) as a “low” category.  
 
Table 6-4. Riparian Forest Buffers Widths Needed to Provide Ecosystem Services  

Ecosystem service 
and habitat 
qualities 

Buffer width 

Partial functionality Moderate functionality Full functionality 

Subsurface nitrate 
removal 

32 m (50% of full forest)* 64 m (75% of full forest)* 212 m (99% of full 
forest)* 

Sediment trapping 6 m (50% of full forest) 
** 

17 m (75% of full forest) ** 574 m (99% of full 
forest) ** 

Stream channel 
width 

- - 25 m (significant 
channel widening) 
(Sweeney et al. 2004) 

Channel 
meandering and 
bank erosion 

- 10 m (provides some 
protection) (Burckhardt and 
Todd 1998) 

- 

Shading - 12 m (provides 80%) 
(DeWalle 2010) 

31 m (provides 92%) 
(Groom et al. 2011) 

Temperature 
stability 

10 m (hold temp. 
increases ≤ 3°C) 
(Sweeney and Newbold 
2014) 

≥ 20 m (hold temp. 
increases ≤ 2°C) (Sweeney 
and Newbold 2014) 

≥ 30 m (full 
protection)  
(Chen et al. 1998) 

Large woody 
debris 
 

- 30 m (or average height of 
streamside trees which are 
approximately 30 m) 
(Sweeney and Newbold 
2014) 

- 

Macro- 
invertebrates 

15 m (some aspects of 
macroinvertebrate 
ecology maintained) 
(Lorion and Kennedy 
2009, Sweeney and 
Newbold 2014) 
 

≥ 30 m (supports natural 
levels of macro-
invertebrates) 
(Newbold et al. 1980, 
Davies and Nelson 1994, 
Sweeney et al. 2004) 

- 

Data summarized from a review by Sweeney and Newbold (2014). *calculated values based on Equation 
6, Sweeney and Newbold (2014) and average water flux of 125 L/m/day and removal rate of 0.022 m-1 to 
approximate sites where water flux is high. **calculated values based on Equation 8, Sweeney and 
Newbold (2014). 
 
Lees and Peres (2008) also found that wide riparian corridors were a significant predictor of bird and 
mammal species richness. They determined that corridors of at least 400 m width are needed to maintain 
mammal species richness, with maximum benefits realized at 800 m (Lees and Peres 2008). While not 
directly related to fisheries, these additional benefits are considered within the widest buffer category. 
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Table 6-5 summarizes the ranking categories for riparian forest buffers within varying distances of salmon-
bearing watercourses. Vegetation beyond 600 m from a watercourse does still provide other important 
ecological functions (e.g., wildlife habitat and corridors, and sequestering carbon to buffer against climate 
change), but the specific function for increasing resilience of important fish-bearing watercourses is 
generally lost at that distance. 
 
Table 6-5. Riparian Forest Buffer Values 

Value 
Buffer 
ranking 

Distance and rationale 

4 Very High 15 m buffer width to provide partial, but vital, functionality. 

3 High 16 m - 30 m buffer width, which is needed to provide temperature stability and 
support fish communities in streams. 

2 Moderate 31 m - 100 m buffer width needed to provide moderate to full functionality on all 
areas of ecosystem service and habitat qualities of streams. 

1 Low 101 m - 580 m buffer width considered to have a less important role in 
watercourse resilience against climate change. However, it can improve overall 
stream health by offering full protection against increased sediment runoff and 
nitrate removal.  

0 Nil Areas beyond 580 m from a watercourse have negligible value for fish.  

 
Further research has continued to show the benefits of restoring riparian vegetation, as the resulting 
climate stability supports increased fish production (Albertson 2018). In addition to the width of the 
riparian buffer area surrounding watercourses, other researchers have found that greater riparian tree 
cover can add climate resilience, as higher tree density increases shading and reduces water temperatures 
(O’Briain et al. 2017). The length of forested buffer also affects the effectiveness of buffers, with greater 
lengths required to achieve cooling farther downstream. For example, Johnson and Wilby (2015) 
determined that approximately 0.5 km of complete shade is necessary to offset water temperature by 1 
°C during the summer at a headwater site, whereas 1.1 km of shade is required 25 km downstream for a 
small river (64-83 km2). Modelling climate change effects on streams has also revealed that focusing 
restoration efforts on upper sub-basin areas should be a high priority, as these actions are most effective 
for counteracting climate-induced warming of streams, as shading has less of an impact on stream 
temperature as stream order (size) increases (DeBano et al. 2016). 
 
6.4 Relative Environmental Values Map (Overall Salmon Productivity x Adjacent Riparian Value) 

Once the relative values for overall or species specific salmon productivity values and riparian forest 
buffers are defined as outlined in previous sections, they can be combined by multiplication (Table 6-6) 
to create total environmental value rankings (Table 6-7). These total ranked values can be used to produce 
the relative environmental values map, which provides an overview of key habitat areas to be conserved 
Figure 6-7. For example, riparian habitat very close to a spawning stream, which also had very high 
escapement numbers, would be given the highest overall value and would be purple on the map. Further 
away from a stream with low spawning would have the lowest overall value and would be pale green. The 
same buffer distances were also applied to small streams and tributaries upstream of fish-bearing 
watercourses (with gradients >20%), because it is important to maintain water quality (e.g., trap 
sediments, cool water temperatures) in tributaries feeding into the system. 
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Table 6-6. Total Environmental Values Matrix (Buffer Area × Salmon Productivity) used to produce the Relative Environmental Values Map 
 

Salmon Productivity Ranking 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

R
ip

ar
ia

n
 W

id
th

 (
m

) 

0-15 (15/15)
*(4/4) 
*100=  
100% 

(14/15)
*(4/4) 
*100=  
93% 

(13/15)
*(4/4) 
*100= 
87% 

(12/15) 
*(4/4) 
*100= 
80% 

(11/15)
*(4/4) 
*100= 
73% 

(10/15)
*(4/4) 
*100= 
67% 

(9/15) 
*(4/4) 
*100= 
60% 

(8/15) 
*(4/4) 
*100= 
53% 

(7/15) 
*(4/4) 
*100= 
47%  

(6/15) 
*(4/4) 
*100= 
40% 

(5/15) 
*(4/4) 
*100= 
33% 

(4/15) 
*(4/4) 
*100= 
27% 

(3/15) 
*(4/4) 
*100= 
20% 

(2/15) 
*(4/4) 
*100= 
13% 

(1/15) 
*(4/4) 
*100= 
7% 

(0/15) 
*(4/4) 
*100= 
0% 

16-30 (15/15)
*(3/4) 
*100 =  
75% 

(14/15)
*(3/4)* 
100= 
70% 

65% 60% 55% 50% 45% 40% 35% 30% 25% 20% 15% 10% 5% 0% 

31-100 (15/15)
*(2/4) 
*100= 
50% 

47% 43% 40% 37% 33% 30% 27% 23% 20% 
 
 

17% 13% 10% 7% 3% 0% 

101-
580 

(15/15)
*(1/4) 
*100= 
25% 

23% 22% 20% 18% 17% 15% 13% 12% 10% 8% 7% 5% 3% 2% 0% 

>580 (15/15)
*(0/4) 
*100= 
0% 

0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Total environmental value can be calculated by dividing each variable by the number of categories for that variable, then multiplying both variables. 
Values can then be multiplied by 100 to obtain a percentage. Some sample calculations are included to display how values were calculated. 
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The total ranked values resulting from this exercise span between 0-100%. These values can be ranked 
and mapped as shown in Table 6-7. A map of the overall environmental values can be made in future 
mapping exercises once feedback from First Nations is received on species-specific maps. An example of 
such a map based on unaltered NuSeds data, is shown in Figure 6-7. Using the scheme of this map, areas 
with the highest salmon productivity and diversity are ranked the most valuable, and land adjacent to 
those waterbodies are similarly ranked the most valuable. This map can be used, for example, to show 
areas that should be conserved. This map cap be compared with the riparian human encroachment map 
(Figure 7-3) to locate areas where the largest missteps have been made in terms of development, and 
where (if not developed) conservation may be most critical.  

Table 6-7. Ranking for Relative Environmental Values Map, considering salmon productivity, migration, 

rearing, and riparian forest buffers 

Total environmental 
value from Table 7-6 

Environmental 
ranking 

91-100% 
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6.5 Conservation Units and Salmon Diversity 

As defined by the Wild Salmon Policy (WSP), a Conservation Unit (CU) is a “group of wild salmon 
sufficiently isolated from other groups that, if extirpated, is very unlikely to recolonize naturally within an 
acceptable timeframe” (DFO 2005). Therefore, a CU is essentially a genetically distinct subset of the 
species that has become somewhat genetically isolated, such as through geographic separation in a lake, 
or in timing of breeding. They represent adaptive variation that may be important to conserve. The salmon 
CUs that overlap the LFFA study area are shown in a series of maps for each species (Figure 6-8 toFigure 
6-14). These maps can help environmental managers to consider salmon diversity in the LFFA study area, 
so that projects based on the Climate Adapt study can better align and integrate with DFO’s existing WSP 
and objectives. Maps of CUs will enable the LFFA and First Nations utilizing the Climate Adapt project tools 
to spread projects between CUs, or to target particular CUs. These maps will allow them to consider the 
relative importance of preserving the diversity of salmon as genetic variants alongside the goal of 
preserving highly productive salmon areas.  
 
It is commonly argued that more diversity is better because this will provide a greater variety of salmon 
to adapt to climate change. However, it is important to note that preserving all CUs does not guarantee 
that certain species of salmon will be able to recolonize other areas or adapt to climate change. Holtby 
and Ciruna (2007), who first defined the CUs, noted that conservation of the river-type sockeye 
throughout its range is the most important from a long-term evolutionary perspective because it is 
unlikely that the specialized lake-type forms could colonize vacant habitats outside their natal lake. 
However, from another standpoint, conservation of individual lake-type forms, and possibly within-lake 
ecotypes, is more important if the goal is to preserve populations in specific areas for human use. There 
is a lot of uncertainty about if and how salmon will adapt to climate change. Nevertheless, the more 
genetic diversity preserved the greater chance of successful adaptation.  
 
WSP status assessments are conducted for each CU, whereby each CU is assigned a different status (Red, 
Amber, or Green) based on abundance and trends in abundance (See Table 6-8 for a description of each 
status). An additional category of Extirpated was also added for waterbodies that have been substantially 
modified and no longer support the runs they once did. Some rankings are also intermediate between 
two status zones, such as Amber/Green. Overall, of the 38 CUs in the study area there have been 
assessments and rankings given to 20, whereas the remainder are “not assessed” (some presumably 
because they are doing fairly well), “data deficient” (which is not expected to change until more 
information becomes available), or “to be determined” (TBD, as the methods of assessment are 
unresolved). The results of these assessments are shown in Table 6-9. For 6 CUs in the study area without 
an official WSP status, the population status from the Watershed Watch Salmon Society’s Interactive 
Salmon and Water Atlas was adopted (“At Risk”, “Depleted”, or “No Concern”) (WWSS 2012). These 
should be updated once formal assessments are prepared.  
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Table 6-8. Wild Salmon Policy Conservation Unit Statuses 

Status Description 

Red The population is at a very low level of abundance, is potentially at risk of extinction, and 
there is a loss of ecological benefits and salmon fisheries production. There will be an 
immediate management response to consider ways to protect the fish. 

Amber The population is at a reduced level of abundance, and there will be a degree of lost 
fisheries production, but there is a low risk of extinction. The management response will 
take a more cautious approach. 

Green The population is abundant, harvests are greater than the expected maximum annual 
catch, ecological benefits are present, and there is a low probability of extinction. 

 
There are 38 CUs across all the salmon species within the study area used, including several that only 
overlap to a small degree with the study area. These CUs were originally defined by Holtby and Ciruna 
(2007), based on differing geography/habitats, behavioural timing differences, and genetic analyses. The 
CUs for each salmon species, along with their status, seasonal use of the study area, rearing period, and 
heat tolerance are summarized in Table 6-9. It is noted that, although there may be extremely low levels 
of even-year pink salmon in the Fraser area, there are so few that no CU has been defined for the study 
area. Holtby and Ciruna (2007) state, “The presence of the race in the Fraser River is uncertain. There are 
limited observational and timing records suggesting that the race is persistent at low abundance”. 
 
As only 20 (out of 38) CUs have a formal status in the study area, the CU statuses have not been directly 
integrated into the overall relative environmental values map framework (which is recommended to 
considers relative salmon abundance and diversity, and adjacent riparian value). Mapping genetically rare 
stocks would be roughly the opposite of mapping the most productive sites in the escapement map, 
effectively cancelling each other out. This speaks to a larger question of prioritizing conservation and 
restoration work either to protect the most abundant stocks, or rare stocks that may have future adaptive 
value. Both sets of information are provided on maps, so that the LFFA and First Nations can decide on 
the relative importance of genetic adaptive potential and productivity, and so they can perhaps spread 
projects out between each of the CUs and consider each species (and genetic variant) separately, to 
preserve more diversity.  
 
It is also important to note that wild fish populations may be more capable of adapting to the impacts of 
a changing climate due to their greater genetic diversity, whereas hatchery-reared fish may be less 
adaptable. This may be relevant for some CUs with hatchery populations. For example, the Fraser-
Harrison fall transplant CU was designated to reflect the management of hatchery fish in this area (DFO 
2016). Other chinook CUs with significant hatchery stocking have been categorized as “to be determined”, 
as fisheries managers are not sure about how to assess hatchery fish, given the current information 
available. In a study that looked at pre-spawn mortality (PSM) in chinook across a range of stream 
temperatures, the PSM rates were found to be positively correlated with stream temperature and the 
percentage of hatchery origin fish (Bowerman et al. 2018). For populations with high hatchery origin 
(97%), the mean PSM probability was 0.91, while PSM probabilities for low hatchery origin populations 
(15%) never rose above 0.50 at any temperature. It is likely that temperature is not the sole driver of PSM 
and that other factors may also play a role (e.g., habitat, elevation, land use), but the result is that pre-
spawn mortality is extremely high in hatchery populations. Therefore, putting efforts into creating more 
hatchery populations may be much less effective than protecting natural salmon runs. 
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Beyond the general status of each CU, it may also be useful to consider the life history and inherent 
vulnerability of each CU to climate change. By considering run timing, species rearing periods, exposure 
to peak temperatures, and heat tolerance of each CU for each species, it may be possible to identify stocks 
that are inherently more at risk, and for which additional consideration may be needed for adaptation 
planning. Or, the goal may shift to “forget about” those species unlikely to survive even small changes in 
temperature, and to focus more strongly on those likely to be able to adapt. For example, sockeye that 
migrate in between mid-summer and early fall are much more likely to face high summer water 
temperatures than most Fraser Valley coho stocks, which spawn in November and December. On the 
other hand, chinook have the highest preferred temperature range (up to 15 °C) and are more 
temperature resistant than the other species (PFRCC 1999, Brett 1952). The rearing period is longest for 
lake-type sockeye, as juveniles may rear in lakes for one to two years and may be exposed to elevated 
stream temperatures for a longer duration during growth. Table 6-9 also summarizes some of these key 
considerations for each CU and species and can be used alongside maps to consider CUs with potentially 
greater vulnerability to climate change stress. 
 
Maps showing all of the CUs that overlap the study area used, by species, are included in Figure 6-8 to 
Figure 6-14.  
 

Table 6-9.  Summary of climate change risk factors for salmon species/CUs in the LFFA study area 

Species/populatio
n 

Conservation 
Unit 

Status Season Rearing 
period 

Heat 
tolerance 

Pink (even-year) Georgia Strait Green/Amber
1 

• Spawn in 
the early 
autumn 

 

• No 
extended 
rearing in 
freshwater
, head 
straight 
for the 
ocean. 

Low 

• Was rated 
as least 
resistant to 
high temps 
(Brett 
1952). 

• Has a 
preferred 
temp range 
lower than 
most 
species (11-
13°C) 
(PFRCC 
1999). 

Pink (odd-year) Georgia Straight Green1 

Pink (odd-year) Fraser River Green/Amber
1 

Pink (odd-year) East Howe 
Sound-Burrard 
Inlet 

Data 
Deficient1 

Chum Lower Fraser  “Depleted” 2  • Generall
y 
migrate 
and 
spawn in 
the fall 

• Rear in 
freshwater 
for only a 
few days. 

Lowest 

• Was rated 
as least 
resistant to 
high temps 
(Brett 
1952). 

• Has the 
lowest 
preferred 
temp range 

Chum Howe Sound-
Burrard Inlet 

Not Assessed1 

Chum Georgia Strait 
(Boundary Bay 
area) 

Not Assessed1 
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(10-12°C) 
(PFRCC 
1999). 

Coho Lower Thompson Amber/Green
3 

• Spawn 
later in 
the fall 

• Typically 
rear for 
about a 
year in 
freshwater
, utilizing 
streams 
and 
sometimes 
lakes. 

High 

• Was rated 
as most 
resistant to 
high temps, 
and has a 
fairly high 
preferred 
temp range 
for adults 
(12-14°C) 
(Brett 1952, 
PFRCC 
1999) 

• Has a lower 
preferred 
spawning 
temp (Bell 
1986), and 
lower max 
temp to 
protect 
embryos 
(WDOE 
2002), than 
chinook. 

Coho Fraser Canyon Amber3 

Coho Interior Fraser Amber3 

Coho Lower Fraser “Depleted” 2   

Coho Lillooet “Depleted” 2   

Coho Howe Sound-
Burrard Inlet 

Not Assessed1 

Coho Boundary Bay Not Assessed1 

Coho East Vancouver 
Island-Georgia 
Strait 

Not Assessed1 

Chinook Lower 
Thompson_SP_1.
2 

Red4 Spring • Generally 
rears for 3-
6 months 
in 
freshwater
, though 
some may 
head 
straight for 
the ocean 
and others 
may utilize 
freshwater 
habitats 
for a year 
or longer. 

Highest  

• Was rated 
as most 
resistant to 
high temps 
(Brett 
1952). 

• Has a higher 
preferred 
temp range 
for adults 
(11-15°C) 
(PFRCC 
1999). 

Chinook LFR Spring (CK-
04) 

“At Risk” 2    Spring 

Chinook Maria Slough (CK-
07) 

“At Risk” 2   Summer 

Chinook LFR Upper Pitt 
(CK-05) 

“At Risk” 2   Summer 

Chinook LFR Summer (CK-
06) 

“At Risk” 2   Summer 

Chinook Middle Fraser-
Fraser 
Canyon_SP_1.3 

“At Risk” 2   Spring 

Chinook Middle Fraser 
River_SP_1.3 

Amber4 Spring 

Chinook LFR Fall (CK-03) Green4 Fall 
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Chinook Fraser-Harrison 
Fall 
transplant_FA_0.
3 (CK-9008) 

TBD4 Fall 

Chinook Boundary Bay 
(CK-02) 

TBD4 Fall 

Chinook Southern 
Mainland-
Georgia 
Strait_FA_0.x 

Data 
Deficient4 

Fall 

Sockeye (river 
type) 

Widgeon Red5 Late • River type 
Sockeye 
will rear 
for 
variable 
time 
periods, 
typically 
shorter 
than a 
year. 

Intermediate 

• Was rated 
as 
intermediat
e resistance 
to high 
temps 
(Brett 
1952).  

• Has a lower 
lethal limit 
than coho 
and chinook 
(22-24°C) 
(BC MoE 
2016). But 
has a higher 
preferred 
temp range 
than pink or 
chum (12-
15°C) 
(PFRCC 
1999). 

Sockeye (river 
type) 

Harrison River 
(river type) 

Green5 Late 

Sockeye (river 
type) 

East Vancouver 
Island and 
Georgia Strait 

Not Assessed1 Early 
summer 
(mid July) 

Sockeye (lake 
type) 

Cultus-L Red5 Late • Lake type 
sockeye 
rear for 1-
2 years.  

Sockeye (lake 
type) 

Harrison (U/S)-L Red5 Late 

Sockeye (lake 
type) 

Nahatlatch-ES Amber5 Early 
summer 

Sockeye (lake 
type) 

Chilliwack-ES Amber/Green
5 

Early 
summer 

Sockeye (lake 
type) 

Harrison (D/S)-L Amber/Green
5 

Late 

Sockeye (lake 
type) 

Pitt-ES Green5 Early 
summer 

Sockeye (lake 
type) 

Alouette-ES Extirpated6 Early 
summer 

Sockeye (lake 
type) 

Coquitlam-ES Extirpated6 Early 
summer 

Sockeye (lake 
type) 

Kawkawa-L Extirpated5 Late 

Abbreviations: LFR: Lower Fraser River; SP: Spring; ES: Early Summer (Late July); S: Summer (Early 
August); L: Late (Late August); FA: Fall; D/S: Downstream; U/S: Upstream. 1DFO 2013b, 2WWSS 2012, 
3DFO 2015, 4DFO 2016, 5DFO 2018b, 6Grant et al. 2011. 
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6.6 Rearing Areas and Holding Areas 

Salmon fry use various habitats in the Lower Fraser, including streams, lakes, and the Fraser estuary for 
rearing. The location and length of time spent rearing in freshwater habitats depend on the species. Some 
species, such as pink, migrate to the Pacific Ocean soon after emergence, while others spend anywhere 
from a few months to one or two years in the freshwater environment. During this rearing period, 
juveniles will be faced with climate change impacts such as increased water temperatures, flooding, and 
increased sediments (see Section 3.3). To preserve the functionality of rearing areas, key rearing habitats 
should be considered when selecting habitats for restoration and enhancement.  
 
Often, rearing areas overlap with key spawning habitats shown as high quality within the salmon 
productivity maps (Figure 6-1 to Figure 6-6), such as in streams and lakes. Furthermore, the overall salmon 
productivity map ended up with very high rankings in riverine habitats expected to contain rearing salmon, 
such as the Fraser River estuary, as well as wetlands connected to rivers (which were valued on par with 
the adjacent spawning watercourse). Hence, the prioritization of conservation and restoration projects 
for salmon based on locating key areas on Figure 6-1 to Figure 6-6 will also provide protection for rearing 
sites. However, separate reference maps of rearing areas have also been provided to assist managers in 
considering these habitats. Mapped rearing areas available are shown in Figure 6-15. While this map is 
based on opportunistically collected and incomplete data, it can act as a tool for decision makers to note 
areas of known rearing value, with the understanding that the absence of mapped data in Figure 6-15 
does not necessarily mean the absence of rearing habitat. Additional areas used for rearing may not be 
fully mapped, particularly in the more northern and less accessible parts of the study area. As a result of 
these limitations, rearing areas were not integrated directly into the relative environmental values map 
or the overall heat map including values and risks, to avoid the introduction of bias. 
 
Holding areas are used by salmon as a resting place along the migration route where salmon slow down 
or stop before continuing upstream. Salmon holding areas were also mapped as a supplemental mapping 
product (using the ‘BC Historical Fish Distribution - Zones’ and the ‘Known BC Fish Observations’). The 
main holding areas shown on this map are a few areas along the Harrison River. It is important to note 
that these data are likely incidentally recorded locations, so there are likely other holding areas used by 
salmon, which have not yet been mapped. Mapped holding areas available are shown in Figure 6-16. 
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6.7 Glacier-fed Streams 

To address comments made during the technical review (Phase 2), a reference map for glaciers was 
prepared to show streams with a glacier source (Figure 6-17). Glaciers are persistent or semi-permanent 
areas of ice and snow, while icefields are large areas of interconnected glaciers. There are several glaciers 
in the northern, mountainous regions of the study area, covering an area of 194 km2 (0.00895% of the 
study area; “Freshwater Atlas Glaciers”).  Streams with a glacier source may be expected to be more 
resilient to climate change, such as increased temperatures in the summer, because of their cooler water 
inputs. These benefits may be more important in the short term, before glaciers recede, at which point 
these benefits may become negligible. It may be useful to consider the water source of streams, including 
glaciers, alongside other considerations, when doing restoration planning. Stream source was not 
incorporated into the relative overall environmental values map or the overall heat map framework 
including values and risks, as mapping of stream sources has been identified as a data gap (Section 9.0). 
Stream temperatures would be a more useful data gap to fill and map, as it would directly show the 
current state of each stream and the realized temperatures experienced by fish downstream (Section 9.0).  
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7.0 EVALUATION OF ENVIRONMENTAL RISKS 

This section presents a framework to rank relative risks for environmental hazards so that the most 
vulnerable areas in the region can be mapped, should the user wish to do so. The relative rankings of risk 
that can be created and mapped using this framework will indicate areas with the greatest potential for 
loss, damage, destruction, or insufficient resilience in the face of climate change, and where improving or 
protecting the ecosystem would provide the greatest impact. The four major variables that could be 
considered at present, based on available data, include: flood risk, potential landslide risk, human 
encroachment and development, and contaminated sites. A series of relative risk heat maps can be 
created to show each environmental risk across the study area. Relative risk means that the maps will 
allow for the identification of areas of relatively greater and lesser risk to important areas for salmon, to 
help inform the prioritization of efforts where there are limits to funding, personnel, and/or time.  
 
Following discussions with the technical working group in Phase 2, an additional reference map showing 
barriers and obstacles to fish migration was developed to support climate adaptation planning (Section 
7.5). Further environmental risks that could be explored in future iterations of these models include 
invasive species hotspots, hypoxia risk, restoration potential (e.g. issues with invasive blackberry, erosion, 
channelization, lack of LWD) and others (see Section 9.0). The challenge with many of these risks is the 
limited data available. For example, invasive species data has not been systematically collected over the 
region, so it is difficult to incorporate this variable without introducing a large bias into the results. At this 
stage only those variables that generally have comparable data across the study area should be included 
in risk mapping, with additional risks mapped as data gaps are filled. Alternatively, it may be easier to 
display multiple map layers over top of one another via a high-quality web-based service to visually 
identify areas of greater or lesser risk.  
 
7.1 Flood Risk 

As noted, climate change is predicted to increase flood risk, due to an increase in both spring 
(freshet) flooding and winter (coastal) flooding in a region that is already vulnerable. Flood 
scenarios developed by the Flood Safety Section of the BC Ministry of Forest Lands and Natural Resource 
Operations (MFLNRO) and Northwest Hydraulic Consultants Ltd., presented by the Fraser Basin Council 
(FBC) were used to map flood risk across the study area. The flood scenarios used considered the historic 
flood levels, the projected 1 m in sea level rise expected over the next century (BC MoE 2011), and a 
moderate climate change scenario. Climate scenarios used by Northwest Hydraulic Consultants Ltd. 
included one intense scenario (HadGEM A1B run 1) and one moderate scenario (HadCM3 B1 run 1) for 
which data were available. Phase 1 mapping included only the moderate scenario, although it is hoped 
that a greater estimate of climate prediction variability can be incorporated in later phases as shapefiles 
and data become available for use. 
 
The Lower Fraser region does have some dyke infrastructure in place; however, these structures were 
ignored during modelling since 71% of dykes are vulnerable to failure in a historically large flood event, 
regardless of climate change scenarios, were such an event to occur tomorrow (FBC 2016). Only 4% of 
assessed dyke segments meet current provincial standards for dyke crest height. Therefore, a 
conservative approach was taken in flood risk mapping, which assumed full dyke failure, as the small 
percentage of the dykes remaining intact would offer little protection.  
 
Figure 7-1 shows the flood zones mapped within the study area. In creating Figure 7-1, the four flood 
scenarios examined by the Fraser Basin Council, were combined into one overall flood risk layer with equal 
risk value, even though the coastal flood risk and freshet flood risk occur during different seasons (winter 
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versus spring). Combining these layers means that the full spatial extent of predicted future flood risk 
from coastal flooding (yellow and green) as well as inland, freshet flooding (pink and blue) can be 
considered. As these two flood scenarios would not likely occur at the same time (freshet flooding 
primarily occurs in spring and coastal storm flooding occurs in winter), the total area at risk of floods (areas 
affected by either scenario) is the primary focus, rather than any additive risk. 
 
The Annual Exceedance Probability (AEP) used to produce Figure 7-1 is the probability of a particular 
magnitude event being equalled or exceeded in any one year. A 1:500 year AEP refers to a flood of a given 
size which has a 0.2% chance of occurring in any one year. There are other flood sizes such as 1:200 AEP 
(0.5% chance of occurring in any one year) or 1:20 AEP (5% chance of occurring in any one year), which 
would be smaller in magnitude but occur more frequently, while a 1:10,000 AEP flood event could be 
much larger, but much less likely. Planning for a 1:500 AEP flood, therefore, does not protect against a 
larger flood scenario, but it is a reasonable threshold for planning purposes, and is more conservative than 
the province’s design standard of 1:200 (the 1894 flood magnitude). Flood modelling includes several 
factors such as precipitation, high tides, external storm surge, local wind setup, and land cover. Wave 
effects on sea level were not taken into account, and assumptions were made about global responses to 
curb carbon emissions; hence, flooding for a 1: 500 AEP event could be greater than shown in Figure 7-1.  
 
Figure 7-1 highlights the reality that there still exists a significant existing flood risk, were a historically 
large flood event to happen tomorrow with existing infrastructure (climate change aside). Figure 7-1 
compared present (if a large flood event were to occur tomorrow, with current infrastructure and dyke 
failures) versus the additional future risk when climate change is accounted for. The yellow area in Figure 
7-1 shows the current coastal (winter) flood risk, if an event were to occur tomorrow, while the green 
area shows the additional areas that could be affected under the climate change scenario considered. 
Similarly, the pink area shows the present risk of a large freshet flood (if a spring freshet flood event were 
to occur tomorrow, with current infrastructure and dyke failures), while the blue area shows slightly more 
areas affected (for a spring freshet flood).  
 
Beyond simply the spatial area affected during very large flood events, the frequency of major storms and 
heavy precipitation is predicted to increase as well. The result will be more frequent large flood events. It 
is currently estimated that “At the end of the century, the 50-year return period event will have a 
magnitude similar to the 1948 flood under the moderate climate change scenario and similar to the 1894 
flood under the intense climate scenario. In other words, the 50-year flood will correspond to an event 
with present return periods from 200 to 500 years” (MFLNRO 2014). This highlights the importance of 
mapping flood risk. 
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Summary:

Flood extent spatial files provided by the Fraser
Basin Council. The yellow and pink areas show
current flood risk for major flood; the pink is a spring
freshet flood, and the yellow is a winter coastal
flood. The green and blue show a major flood in
conjunction with a 1 metre sea level rise and climate
change model predictions; the blue is a spring
freshet flood and the green is a winter coastal flood.

Reference:

Section 7.1 of report, Lower Fraser Climate Adapt
Project, for details.

1-in-500-year AEP* still-water ocean
state with current sea level

1-in-500-y ear AEP* still-water ocean
state with 1 m sea level rise

High tide with current sea level and
1894 design flood conditions in the
Fraser River

High tide with 1 m sea level rise and
“moderate” climate change, and 
1-in-500-year AEP* freshet

Study Area

* Annual Exceedance Probability (AEP) is the
probability, or chance, of a particular magnitude
event or larger occurring in any one year. It is
equivalent to the term “return period” (e.g. an event
with an AEP of 1:500 is the same as an event with a
“500 year return period”).
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One potential impact of more frequent, severe floods on salmon is the risk of sediment released during 
floods smothering incubating eggs, which are located in the spawning streams, and incubate over the 
winter (McNeil 1966, Thorne and Ames 1987). Milner et al. (2018) found that, following a winter flood, 
sediment erosion and deposition caused considerable mortality to incubating pink salmon eggs and the 
number of spawners in the resulting adult return cycle were less than 4% of the previous generation. 
Floods can also wipe out much of the stream invertebrate community. Milner et al. (2018) studied this 
phenomenon using 30 years of data on stream invertebrates and flood events. They found that a major 
winter or summer flood can reset the invertebrate community to a much earlier successional composition 
and reduce the total macroinvertebrate density was significantly, particularly during winter (Milner et al. 
2018). These changes could have important consequences for juvenile salmon that feed on stream benthic 
invertebrates during rearing. A major catastrophic flood, such as modelled in the FBC flood scenario, 
would likely cause similar difficulties for salmon eggs and developing fry. Significant flood events can also 
cause fish strandings, where fish become trapped in the floodplain as waters recede (Nagrodski et al. 
2012, Williams and Gregory 2018). Since juvenile salmon seek out habitats with low water velocity such 
as alcoves, side channels, and backwaters during a winter flood (Bell et al. 2001), they can more easily 
become stranded and may be subjected to extreme temperatures and hypoxia. 
 
Intense flooding may also affect fish habitat by stripping away riparian vegetation and causing plant 
mortality, which then reduces stream shading and other benefits provided by riparian buffers. Floods can 
cause high rates of plant damage and mortality by uprooting, due erosion around the roots (Edmaier et 
al. 2011), or by burial, when stems and bent and covered with sediment as peak flows recede (Levine and 
Stromberg 2001). For instance, Pasquale et al. (2013) found that mortality of willow cuttings due to burial 
and dislodgment were 47% and 58% respectively, following the flood season, on a large River. Flooding in 
higher elevation streams may also trigger debris flows, reorganize stream substrate (such as spawning 
gravel), and wash away LWD (Danehy et al. 2012). While debris flows have a greater impact, streams with 
flooding alone also have reduced fish biomass and species richness following major storms (Danehy et al. 
2012). 
 
Relative flood risk mapping (Figure 7-1) can be combined with relative overall salmon values mapping 
following the ranking scheme shown in Table 7-1 and the matrix in Table 7-2. First, areas are ranked simply 
as falling with a high flood risk area or an area outside of the likely flood zone (Table 7-1).  
 
Table 7-1. Flood Profile Values 

Value 
Flood risk 
ranking 

Flood profile description 

1 High All areas depicted in flood mapping area within Figure 7-1:  
1. 1-in-500-year AEP still-water ocean state with current sea level 
2. 1-in-500-year AEP still-water ocean state with 1 m sea level rise 
3. High tide with current sea level and 1894 design flood conditions in 

the Fraser River 
4. High tide with 1 m sea level rise and “moderate” climate change, 

and 1-in-500-year AEP freshet 

0 Nil Areas outside of the flood scenarios 

 
Next, relatively higher or lower risk areas to flood impacts to salmon can be determined by multiplying 
these flood risk values (0 or 1) with overall environmental values ranks found within and outside of the 
projected flooded area (using values in Table 6-7, Figure 6-7). This creates a simple relative risk matrix 
(Table 7-2).  
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Table 7-2. Total Flood Risk Matrix 

Total environmental  
value from Table 6-6 

High Flood risk ranking (within 
flood area*) 

Low Flood risk ranking (outside of 
flood area) 

81-100% 1 * (81-100) = 81-100% 0 * (81-100) = 0% 

61-80% 1 * (61-80) = 61-80% 0 * (61-80) = 0% 

41-60% 1 * (41-60) = 41-60% 0 * (41-60) = 0% 

21-40% 1 * (21-40) = 21-40% 0 * (21-40) = 0% 

1-20% 1 * (1-20) = 1-20% 0 * (1-20) = 0% 

0% 1 * 0 = 0% 0 * 0 = 0% 

*As more flood scenario shapefiles are generated, it is recognized that the flood extent area may increase 
or decrease; this area is only based on models used by the FBC, and shape files available to date.  
 
The total values resulting from this exercise span between 0-100%. These values can then be ranked as 
shown in Table 7-3. An overall map can be created using this framework, once First Nations input is 
integrated into the overall salmon productivity map and future budget allows. Alternatively, flood risk 
layers can be overlaid atop species-specific or overall salmon productivity maps, via a web-based online 
atlas, to determine fisheries most at risk due to flooding.  
 

Table 7-3.Overall Ranking for Flood Risk Heat Map  

Total value from Table 7-2 Overall ranking of risk 

81-100% Very High 

61-80% High 

41-60% Moderate 

21-40% Low 

1-20% Very Low 

0% Nil 
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7.2 Landslide Risk 

Climate change is predicted to increase precipitation and the frequency of major storms in the study area; 
this will, in turn, increase landslide risks in the region. Areas with heavy development, previous logging, 
or increasing fire and forest pests (e.g., mountain pine beetle outbreaks) that have lost riparian vegetation 
will be particularly at risk. Landslides and other debris flow events that enter watercourses can be 
devastating for fish and other aquatic organisms, as sediments may enter watercourses and smother fish 
and eggs (See Section 7.1) or create barriers to fish movement. Landslides may also affect fish habitat 
quality by stripping away important streamside vegetation. For example, Danehy et al. (2012) reported 
extensive riparian vegetation removal (17-26 m from streams) following debris flows triggered by heavy 
rainfall and a 50-year flood event. Loss of vegetation resulted in less shading and increases in maximum 
stream temperatures by 2.8 °C to 18.2 °C (Danehy et al. 2012). Recent research has also discovered a 
synergistic effect between temperature and sediment load, meaning that the combined exposure to 
elevated temperatures and sediments is more damaging to salmonids than expected from the addition of 
each factor on its own (Mari et al. 2016). Together, these stressors can have dramatic impacts on the 
embryonic development and survival of incubating eggs and yolk sac alevins. Another recurring theme 
discovered during research and engagement with First Nation representatives was that expensive 
restoration projects, which had been completed to enhance habitat or create new spawning beds for 
salmon, were sometimes destroyed by landslides. These types of events could become more of an issue 
with climate change. The upper reaches of tributaries where most spawning takes place often overlap 
with steep neighboring terrain, which has an inherently greater risk of landslides. Managing landslide risk 
is therefore likely to be an important consideration in climate change planning.  
 
Landslides depend on many factors such as soil type, water infiltration, parent rock material, vegetation 
or landcover type, geomorphology, as well as slope. Detailed landslide analyses were beyond the scope 
of this study, as they require site-specific geotechnical assessments for high accuracy. As a result of this 
project, terrain stability mapping in BC was identified as a significant data gap for informing landslide risks 
in the face of climate change (see Section 9.0). Therefore, an initial analysis of slope as a proxy for potential 
landslide risk was used. The potential landslide risk model generated within this section can be used to 
infer relative levels of potential landslide risks to fisheries at a coarse spatial scale. It is emphasized that 
this simplified model should be followed up with more detailed landslide risk assessments; high-risk areas 
identified through this model may be used as the rationale/justification for various First Nation groups to 
conduct further geotechnical landslide studies in their territories.   
 
For the valuation of potential landslide risk, terrain slope data were divided into 4 categories: very high 
(slope >30°), high (slope of 20-30°), moderate (slope of 10-20°), and low risk (slope of 0-10°), as shown in 
Table 7-4. The Canadian Geoscience Education Network suggests that slopes that are steeper than 20° are 
where most landslides in the Greater Vancouver area occur, while there is moderate risk from 10-20° and 
low risk below 10° (Turner and Clague 2018). This general finding is supported by other peer-reviewed 
studies around the world. For example, a study in Hong Kong found low landslide risk at slope gradients 
of 0-20°, moderate risk at gradients 20-30°, high risk at gradients >30°, and maximum frequency of 
landslides was reached in the 35-40° category (Dai and Lee 2002). A modelling study of landslide risk 
within a focal area in India reported that slopes >40° are highly prone to landslides, with slopes below 10° 
having a low susceptibility. This study also assigned relative weights (for landslide risk) to several slope 
classes with increasing weight placed on steeper slopes (Pareta et al. 2012). The relative weight increases 
steeply above 20°. This information can be used to designate rankings for low, moderate, high, and very 
high risk. Again, ranks should be interpreted as a measure of potential, relative risk only, as absolute 
landslide risk depends on many additional factors beyond the scope of this study. Figure 7-2 shows the 
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relative potential landslide risk across the study area, without considering the proximity of landslide risk 
to areas with various salmon rankings.  
 

Table 7-4. Potential Landslide Risk Valuation 

Value Potential landslide ranking Description 

3 Very High Highest risk category slopes >30° 

2 High High risk category slopes 20-30°  

1 Moderate Moderate risk category slopes 10-20° 

0 Low Low risk category slopes 0-10° 
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Table 7-5 demonstrates how overall environmental value can be combined with potential landslide risk 
to generate a matrix of potential landslide risks to fisheries.  
 
Table 7-5. Total Potential Landslide Risk Matrix 

Total 
environmental 
value from 
Table 6-6 

Very high 
landslide ranking  

High landslide 
ranking  

Moderate 
landslide ranking 

Low landslide 
ranking 

81-100% (3/3) * (81-100) = 
81-100% 

(2/3) * (81-100) = 
54-66.7% 

(1/3) * (81-100) = 
27-33.3% 

0 * (81-100) = 0% 

61-80% (3/3) * (61-80) = 
61-80% 

(2/3) * (61-80) = 
40.7-53.3% 

(1/3) * (61-80) = 
20.3-26.7% 

0 * (61-80) = 0% 

41-60% (3/3) * (41-60) = 
41-60% 

(2/3) * (41-60) = 
27.3-40% 

(1/3) * (41-60) = 
13.7-20% 

0 * (41-60) = 0% 

21-40% (3/3) * (21-40) = 
21-40% 

(2/3) * (21-40) = 
14-26.7% 

(1/3) * (21-40) =  
7-13.3% 

0 * (21-40) = 0% 

1-20% (3/3) * (1-20) = 
1-20% 

(2/3) * (1-20) = 
0.7-13.3% 

(1/3) * (1-20) = 
0.3-6.7% 

0 * (1-20) = 0% 

0% (3/3) * 0 = 0% (2/3) * 0 = 0% (1/3) * 0 = 0% 0 * 0 = 0% 

 
The total ranked values resulting from this exercise will span between 0-100%. These values can be 
subsequently ranked and converted into an overall relative potential landslide risk ranking for fisheries, 
as shown Table 7-6.   
 
Table 7-6. Overall Ranking for Potential Landslide Risk Heat Map 

Total value from Table 7-5 Overall ranking of risk 

81-100% Very High 

61-80% High 

41-60% Moderate 

21-40% Low 

1-20% Very Low 

0% Nil 

 
An overall map showing the relative potential landslide risk to salmon can be created using this 
framework, once First Nations’ input is integrated into the overall salmon productivity map and future 
budget allows. Alternatively, landslide risk layers can be overlaid atop or beside species-specific or overall 
salmon productivity maps, via a web-based online atlas, to determine fisheries most at risk due to 
landslide, and where site specific landslide investigations and mitigation planning may be warranted. 
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7.3 Existing Human Encroachment Risk into Riparian Habitat 

Section 6.3 of this report highlighted the vital role of vegetated riparian buffer zones of various widths for 
performing various vital ecological services necessary to maintain fish populations. While key riparian 
habitat should have been preserved, it has been encroached on by many types of human activities, mainly 
within and around populated areas, or areas with resource development activities. The combination of 
human use, impacted riparian habitat, and climate change are already having impacts. 
 
In urbanized environments toxic runoff from roads, where insufficient riparian habitat exists to absorb 
runoff water, has been implicated as the cause of repeated fish mortality events in Puget Sound, 
Washington. McIntyre et al. (2018) found that exposure to urban stormwater from a highway resulted in 
behavioural symptoms (surface swimming, loss of orientation, and loss of equilibrium) and toxic effects 
(blood acidosis and ionoregulatory disturbance) in fish, and that coho were particularly susceptible to 
such effects. Spanjer et al. (2018) found that salmon in highly urbanized streams experience elevated 
maximum temperatures, poorer food quality, and growth inefficiencies. 
 
In farming communities, impacts to stream habitat and fish are also occurring, due to intensive 
applications of fertilizers and manure, and insufficient riparian vegetation retainment to remove such 
nutrients. Nutrient inputs can cause eutrophication and anoxic conditions (Schindler et al. 2006) that are 
harmful to fish. For instance, Berka (1996) found that high nitrogen fertilizer application rates were 
correlated with elevated ammonia concentrations and reduced dissolved oxygen levels in the Sumas River 
watershed. As mentioned previously (Section 3.1), farm practices are exempt from the RAR, meaning 
there is less legislation protecting riparian buffers for the many farms throughout the Fraser Valley.  
 
To capture these underlying impacts of development, a framework was developed to capture and map 
pre-existing vulnerabilities, or areas where human encroachment has already entered the riparian area 
required for maintaining the resilience of fish habitat. Restoration of key riparian zones (close to and 
adjacent to the highest value fisheries) that have been impacted in a reversible way (e.g., unpaved, 
disturbed areas) may provide the greatest benefit to fisheries.  Focusing on restoring riparian vegetation 
to forested habitat, may assist fish that are already highly stressed and unable to withstand the additional 
pressures of climate change (e.g., increased water temperature). 
 
To get an idea of areas impacted by human encroachment, it was necessary to first create a new human 
encroachment mapping product over the entire study area, as no such spatial layer existed. The most 
recent Google Satellite imagery available was analysed, to identify areas where riparian vegetation has 
been removed, and to classify the land-use type adjacent to streams (urban, roads, rural residential, 
forestry, natural forest, etc.). In more developed areas satellite imagery was typically current to 2018, 
while in more remote areas, images were taken in approximately 2009-2014. This analysis resulted in 
several landcover categories including: Natural Forest, Manicured Park, Forestry, Urban, Roads, 
Agriculture, and others. A relative value was then assigned to each of these surface types based on their 
existing impacts to adjacent watercourses and potential for restoration. 
 
Natural Forest and Natural Parks, where riparian vegetation has not been removed, are expected to be 
the most resilient and were given a default ranking of zero encroachment risk (Table 7-7). This category 
may also include some forested campgrounds which are expected to have minimal impacts on stream 
environments. Grassy areas including Manicured Parks, Golf courses, and Rural Residential lots were 
assigned a low encroachment ranking (value of 1) as these areas are not as beneficial as forested areas; 
however, they are not expected to have significant impacts compared to highly developed or agriculturally 
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intensive areas. For example, grass provides some erosion and sediment control and supports water 
infiltration that can reduce extreme flows.  
 
Agricultural areas were thought to cause moderate impacts to fish and fish habitat (e.g., pesticide and 
fertilizer applications can affect runoff and decrease water quality and tree removal in the riparian area 
can reduce shading). However, agricultural areas also provide benefits as they absorb some water and 
reduce runoff compared to paved surfaces in completely developed areas. They also provide a more 
natural source of invertebrates, the prey for salmon, hosting intermediate levels of invertebrate density 
and more diverse taxa compared to urban environments (Hepp et al. 2010). Furthermore, there is a 
greater potential for restoration as it is much easier to replant these areas. Therefore, agricultural areas 
were assigned a rank of 2. Forestry areas, such as previous clear-cuts, were also given a rank of 2 as they 
have been shown to have numerous impacts on stream health and can result in long-lasting changes to 
stream temperature (BC Government 2007). Forestry having taken place within approximately the last 20 
years (where clearcuts or recent clearcuts with some regrowth was visible) were considered. Permanently 
cleared areas with some vegetation, including power line right-of-ways (ROWs), and fields, were also given 
a value of 2, as there will not be adequate stream shading and no possibility of natural restoration due to 
repeated clearing by humans. 
 
Finally, the ranking scheme assumed a high level of risk (value of 3) to developed urban areas (including 
industrial and commercial areas, urban residences, parking lots, and other built environments) where 
satellite imagery shows removal of riparian vegetation. This category also included industrial and mining 
sites in more rural areas such as gravel pits. A buffer of 10 m around all road line shapefiles (5m around 
railways) was used to demarcate road areas, which were also given a rank of 3. These highly modified 
areas are thought to have the greatest potential impacts as water infiltration is blocked, risk of pollution 
is greater, and it is much more difficult to restore these developed areas. 
 
Several additional landcover categories were determined during the analysis and were assigned an 
appropriate value. Range lands in the north east portions of the study area were assigned a value of 0 as 
these areas are dominated by shrubs, the natural landcover in this region, which is not expected to impact 
stream health. Some grazing by animals may occur in these areas but for the most part these areas are 
assumed to be natural grasslands/shrublands. Substantial areas of mountain pine beetle infestation were 
also encountered, particularly in the far east of the study area. Mountain pine beetle is a serious issue 
which will likely have impacts on streams as the trees are infected and die. However, the infection of trees 
is a natural process, so those affected areas were still assigned a value of 0. More detailed consideration 
of mountain pine beetle was beyond the scope of this analysis but could be considered in future iterations 
of the framework.  
 
The final landcover category considered was burned areas, where previous forest fires had occurred. 
Often a complex matrix of burned and forestry areas were interspersed and could not be distinguished 
from one another. Wildfire is both a natural process and is influenced by human factors such as fire 
suppression and removing natural fire barriers such as fire-resistant species (i.e. aspen). Large fires can 
decimate streamside vegetation so that shade and erosion are no longer provided. As a result, burned 
areas were assigned a value of 2. The provincial forest fire dataset was also considered, and forest fires 
from 2000-2019 (the last 19 years) were included as burned areas. This time period was the limit on what 
could be visually distinguished from mature forest; further, as forests have substantially regrown by this 
point, the remaining effects of earlier fires are minimal. It is also noted that the dataset was less accurate 
prior to 2000, in terms of mapping complex polygons vs. points with a buffer around it.  
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Mapping of the existing human encroachment into buffer zone areas that should have been left to achieve 
various ecological functions will help to identify areas most at risk from development in the region, and 
where restoration may have the greatest benefits. Some development types, such as primary roads, 
cannot be restored, as they serve an essential function; however, these structures were included in the 
analysis, as they are important existing impacts in often crucial riparian areas. Two examples of the 
resulting human encroachment into riparian zones is shown below; Figure 7-3a shows an example of the 
data in an urban setting and Figure Figure 7-3b shows an example in a rural setting with forestry activities. 
An overall map of the entire dataset could not be included within this report as the dataset file size is too 
large and detailed to show. This mapping layer is ultimately most useful as an active layer that can be 
zoomed in and out of online and will be best viewed using the online mapping atlas tool that will 
accompany this report.  
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Once values are assigned according to Table 7-7, the total encroachment risk can be determined by 
multiplying these risk values with overall environmental values in the study area. This creates a values 
matrix (Table 7-8), where the value is either highly impacted by development, moderately impacted, 
minimally impacted, or there is no risk (multiplied by zero). The total values resulting from this exercise 
span between 0-100%. These values can be subsequently ranked and converted into an overall risk ranking 
as shown Table 7-9. 
 
Table 7-7. Encroachment Risk Valuation 

Value 
Encroachment 
ranking 

Description 

3 High Areas with additional underlying development pressures including 
urban areas, industrial and commercial zones, roads, railways, parking 
lots, and human encroachment of riparian habitat such as urban 
residential housing developments.  

2 Moderate Agricultural areas where some impacts to riparian areas may occur, but 
provide some benefits compared to completely impervious structures.  
Also includes forestry areas where previous clear-cuts have occurred, 
wildfires, and permanently cleared areas such as ROWs. 

1 Low Grassy areas that are semi-natural but have lost some benefits of 
shading riparian vegetation such as manicured parks, golf courses, and 
rural residential lots. 

0 Very Low Wilderness areas such as natural forest, and natural parks, which are 
much less impacted by human encroachment. 

 
Table 7-8. Total Encroachment Risk Matrix 

Total 
environmental 
value from 
Table 6-6 

High 
encroachment 

ranking 

Moderate 
encroachment 

ranking 

Low 
encroachment 

ranking 

Very Low 
encroachment 

ranking 

81-100% (3/3) * (81-100) = 
81-100% 

(2/3) * (81-100) = 
54-66.7% 

(1/3) * (81-100) = 
27-33.3% 

0 * (81-100) = 0% 

61-80% (3/3) * (61-80) = 
61-80% 

(2/3) * (61-80) = 
40.7-53.3% 

(1/3) * (61-80) = 
20.3-26.7% 

0 * (61-80) = 0% 

41-60% (3/3) * (41-60) = 
41-60% 

(2/3) * (41-60) = 
27.3-40% 

(1/3) * (41-60) = 
13.7-20% 

0 * (41-60) = 0% 

21-40% (3/3) * (21-40) = 
21-40% 

(2/3) * (21-40) = 
14-26.7% 

(1/3) * (21-40) =  
7-13.3% 

0 * (21-40) = 0% 

1-20% (3/3) * (1-20) = 
1-20% 

(2/3) * (1-20) = 
0.7-13.3% 

(1/3) * (1-20) = 
0.3-6.7% 

0 * (1-20) = 0% 

0% (3/3) * 0 = 0% 
 

(2/3) * 0 = 0% (1/3) * 0 = 0% 0 * 0 = 0% 
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Table 7-9. Overall Ranking for Encroachment Risk Heat Map  

Total value from Table 7-8 Overall ranking of risk 

81-100% Very High 

61-80% High 

41-60% Moderate 

21-40% Low 

1-20% Very Low 

0% Nil 

 
An overall relative human encroachment risk map can be created using this framework, once First Nations’ 
input is integrated into the overall salmon productivity map and future budget allows. Alternatively, 
human encroachment risk layers can be overlaid atop, or viewed in conjunction with, species-specific or 
overall salmon productivity maps, via a web-based online atlas, to determine fisheries most at risk due to 
landslide, and where site specific landslide investigations and mitigation planning may be warranted. 
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7.4 Contaminated Sites Risk 

Since climate change is predicted to increase the risk of a major flood, and the frequency of flood events, 
the risk of contaminants in the nearby land and soil being resuspended and added into salmon-bearing 
waterways will increase. The Lower Fraser River basin has a long history of industry that has left a legacy 
of contaminated sites. Flooding has the potential to interact with these sites and could result in the release 
of harmful pollutants, such as heavy metals, solvents, pesticides, or petroleum in high concentrations 
stored within the soils. The U.S. Environmental Protection Agency (US EPA) has noted strong concerns 
about flooding from more intense and frequent storms and sea-level rise leading to contaminant releases 
from contaminated sites, as inundation and flooding may lead to transport of contaminants through 
surface soils, groundwater, and surface waters (US EPA 2012). As a result of the increased risk of adverse 
health and environmental impacts, the U.S. government included cleaning up contaminated sites as one 
of their key focal points in their climate change adaptation plan (US EPA 2012). 
 
In the Lower Fraser region, there are currently over 9,100 contaminated sites at various stages of 
identification, testing, and remediation. The BC Ministry of Environment (BC MoE) describes some of the 
most common contaminants as: heavy metals such as lead, arsenic, cadmium, and mercury; organic 
chemicals, including benzene and toluene in gasoline; other toxic compounds such as chlorophenols, 
benzo[a]pyrene and naphthalene from wood treatment operations; polychlorinated biphenyls (PCBs) at 
sites where electrical equipment was used; and perchloroethylene (PERC) from previous dry-cleaning sites 
(BC MoE 2018). This section of the mapping exercise will serve to highlight priority contaminated sites to 
clean up, based on the risk that they may pose to key fisheries areas under future climate change 
conditions. 
 
The mechanism of contaminant release and its toxic effects on fish will depend on the particular 
compound and site conditions. As an example, arsenic is a commonly encountered contaminant in 
floodplain environments because of its release during industrial, mining, and agricultural activities (Burton 
et al. 2014). Flooding can result in the release of arsenic, particularly if anoxic conditions develop, as 
anaerobic microorganism activity can render arsenic more mobile; this can lead to the release of arsenic 
previously absorbed into the soil (Burton et al. 2014). Humans may be able to evacuate in the case of a 
flood, but salmon and other aquatic species would be directly affected if their habitat becomes 
contaminated. For example, fish may be exposed to arsenic through their gills, skin, and by the intake of 
contaminated food (Kumari et al. 2016). Arsenic has many effects on fish including accumulation in 
specific organs, such as the gills and the liver, reducing growth, depletion of enzymatic activities, various 
acute and chronic toxic effects, effects on hatching, and immune system dysfunction (Kumari et al. 2016). 
Because of the high toxicity of this compound, and other contaminants, it may be important to consider 
contaminated sites as a risk variable in an analysis of relative risks across the study area.  
 
Contaminated sites are managed either federally or through the BC government, depending on the site. 
Zoetica obtained contaminated sites locations throughout the predicted flood zone from both federal and 
provincial datasets to characterize areas that pose the greatest risks to salmon. Sites were filtered where 
remediation has already been completed (remediated to established safe levels/has a certificate of 
remediation) and a focus was placed only on those sites with either known or suspected contamination. 
Once the point locations were defined, a 50 m buffer was added around each point. Figure 7-4 shows the 
map of all identified contaminated sites within the study area.  
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A simple rating scheme can give all contaminated sites a “High” level of risk at contaminated locations 
and the surrounding buffer zone, and areas outside of the buffers surrounding each site as “Low” risk 
(Table 7-10). An additional “Very High” risk category was added, where multiple contaminated sites are 
in close proximity and the buffer zones overlap.  
 
Table 7-10. Contamination Risk Valuation 

Value 
Contamination risk 
ranking 

Description 

2 Very High Areas with more than one contaminated site in close proximity where 
their buffers overlap. 

1 High Contaminated sites and a 50 m buffer around the point. 

0 Low All other areas with no contaminated sites. 

 
In reality, problems associated with each site may differ depending on the source of contamination and 
severity. However, this initial approach ensures that some level of risk is incorporated for all sites. More 
detailed reports for individual sites may then be requested by a Nation through the BC Site Registry or the 
Federal Contaminated Sites Inventory, should they decide to remediate or conduct restoration works at 
a particular site of interest.  
 
The matrix in Table 7-11 demonstrates how overall environmental value is combined with contamination 
risk to generate a matrix of overall contamination risks for fish habitat. The total ranked values resulting 
from this exercise span between 0-100%. These values were subsequently ranked and converted into an 
overall risk ranking, as shown Table 7-12, and then a heat map was created.  
 
Table 7-11. Total Contamination Risk Matrix 

Total 
environmental 
value from Table 
6-6 

Very high contamination 
ranking  

High contamination 
ranking  

Low contamination 
ranking  

81-100% (2/2) * (81-100) = 81-100% (1/2) * (81-100) = 40.5-50% 0 * (81-100) = 0% 

61-80% (2/2) * (61-80) = 61-80% (1/2) * (61-80) = 30.5-40% 0 * (61-80) = 0% 

41-60% (2/2) * (41-60) = 41-60% (1/2) * (41-60) = 20.5-30% 0 * (41-60) = 0% 

21-40% (2/2) * (21-40) = 21-40% (1/2) * (21-40) = 10.5-20% 0 * (21-40) = 0% 

1-20% (2/2) * (1-20) = 1-20% (1/2) * (1-20) = 0.5-10% 0 * (1-20) = 0% 

0% (2/2) * 0 = 0% (1/2) * 0 = 0% 0 * 0 = 0% 

 
Table 7-12. Overall Ranking for Contaminated Sites Risk Heat Map 

Total value from Table 7-11 Overall ranking of risk 

81-100% Very High 

61-80% High 

41-60% Moderate 

21-40% Low 

1-20% Very Low 

0% Nil 
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An overall contaminated risk map can be created using this framework, once First Nations’ input is 
integrated into the overall salmon productivity map and future budget allows. Alternatively, 
contaminated sites risk layers can be overlaid atop, or viewed in conjunction with, species-specific or 
overall salmon productivity maps, via a web-based online atlas, to determine fisheries most at risk due to 
landslide, and where site specific landslide investigations and mitigation planning may be warranted. 
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7.5 Barriers to Fish Movement 

An additional reference map showing barriers to fish migration was created to support adaptation 
planning and examine this pre-existing stressor on fish (Figure 7-5). During the upstream migration salmon 
adults must travel very long distances to reach the spawning grounds, and then juveniles must migrate 
out to sea. However, in some cases, barriers such as flood boxes, pump stations, culverts, sloughing banks, 
and bridges can block or limit fish movement. One of the most serious issues is scouring at the outlet of a 
culvert which can result in a perched outlet which is impassable to fish (Frei 2006). Another common issue 
are steep culverts without a natural substrate. Without the velocity shadows associated with boulders 
and woody debris, there is no place for fish to rest within the culvert (Thompson 2014). Long culverts 
greater than 30 m are also considered impassable to fish, while 15 m or less is ideal (Thompson 2014). Log 
jams, often associated with inappropriate timber practices, and dams for electrical power generation can 
also block fish passage. Other barriers include natural features such as waterfalls, beaver dams, and 
boulder cascades, which limit the habitat available for consideration for future restoration projects.  
 
Under the federal Fisheries Act, obstruction to fish migration is prohibited so new obstructions should not 
occur (FPB 2009). Since 1995, the BC government has been working on restoring passage in forestry areas, 
such as through the Watershed Restoration Program and the Fish Passage Program. Other organizations, 
such as the Langley Environmental Partners Society (LEPS) and many others, have restored some other 
barriers; however, many pre-existing structures still remain. Within the study area, 2154 barriers to fish 
were mapped; the most common man-made obstacles/barriers were culverts (1057) and dams (160), and 
naturally occurring obstacles were falls (345) and cascades (151). Managers should consider restoration 
of habitat for migrating spawners, including improving access and removal of man-made barriers as part 
of climate change adaptation projects. For smaller habitat enhancement projects, managers may also wish 
to focus on areas where fish access is maintained below known barriers. This barrier map was not 
incorporated into the overall risk heat map, as it is presumed that the salmon productivity map should 
already capture the resulting pattern of habitat usage, and because obstructions will change over time. 
However, barriers are a key consideration to be aware of when planning any adaptation project. 
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8.0 PRODUCING THE OVERALL HEAT MAP INCLUDING VALUES AND RISKS 

Once the values for the ecosystem benefits and risks are defined, and once the relative environmental 
values map and relative risk heat maps are created, it may be advisable to create one overall climate 
change risk heat map, including values and risks. The reason for the creation of one overall heat map is 
for simplicity; it will simply tell planners and restoration scientists where to focus their efforts. This overall 
heat map can identify the areas that are most likely to be impacted by climate change, or more likely to 
experience severe impacts due to existing vulnerability. The high-risk areas can be determined by 
combining the relative environmental value with all of the risk values. As a reminder, a summary of the 
benefits and risks noted in previous sections is included in Table 8-1; Table 8-1 also shows the possible 
rankings for each variable. Additional risks could be added in the future as data gaps are filled (Section 
9.0), to continually improve the model.  
 

Table 8-1. Overall Climate Change Risk Variables Summary 

 
Salmon 
productivity 
value (S) 

Buffer area 
value (B) 

Flood risk 
value (F) 
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risk value 
(L) 
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risk value (D) 
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sites risk value 
(C) 
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7      

6      

5      
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3 3  3 3  

2 2  2 2 2 

1 1 1 1 1 1 

0 0 0 0 0 0 

 
Put simply, the overall map was constructed by “stacking” all of the previous risk maps and adding each 
matching cell value from each risk heat map together. As each risk has been standardized on a 0-100 scale, 
these layers can be added and would consider each risk to be of equal importance. If First Nations believe 
that one or several risks are of greater importance, weighting variables can be added to increase or 
decrease the relative importance of each layer’s contribution to the overall value per cell. As shown in 
Equation 1, “Risk” is equal to adding each of the relative risk layers considered in Section 7.0. 
 
R = (Flood risk map + Landslide risk map + Encroachment risk map + Contaminated sites risk map)/4*100                                         
(Equation 1)                                                    
 
Where: 
R = Climate Change Risk Value 
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The total values resulting from this exercise span between 0-100%. These values can be subsequently 
ranked and converted into an overall climate change risk ranking as shown in Table 8-2, and then an 
overall heat map including values and risks. See Appendix C for a more detailed explanation of the overall 
risk calculation. 
 

Table 8-2. Overall Ranking for Climate Change Risk Heat Map 

Climate change risk value   Overall ranking of risk 

81-100% Very High 

61-80% High 

41-60% Moderate 

21-40% Low 

1-20% Very Low 

0% Nil 

 
This overall heat map including values and risks will enable Nations to observe climate-related threats to 
fisheries and visualize hot spots of the greatest risk, and where restoration projects may result in the 
biggest impact in terms of the positive resilience outcomes they can achieve. First Nations may also wish 
to simply use these maps as a tool for consideration alongside other local and traditional knowledge about 
aboriginally important infrastructure or cultural sites. Further, as all maps produced for this report will be 
stored as electronic GIS files and accessible via a web-based tool, they will be easy to view and can be 
used to home in on particular high-risk areas, or to determine which particular risk factors make various 
areas more vulnerable. This overall heat map will aid in the prioritization of proposed adaptive planning 
and identification of opportunities to restore/enhance fish habitat or mitigate risks such as flooding. These 
locations and opportunities have started to be identified in Phase 1 and Phase 2 and will be examined 
more fully in subsequent phases.  
 
It is important to recognize the limitations of this approach as there are other values and risks not 
incorporated into the overall model; some of these values are not easily mapped, and systematic data 
may not be available across the region (e.g., invasive species, detailed landslide risk assessments). 
However, the mapping information and models included in this report are meant to begin the process of 
determining priority areas for climate adaptation and preservation of healthy salmon spawning habitat 
throughout the region. Variables were selected for this project for which the LFFA could conceivably focus 
restoration efforts on (e.g., riparian buffer strip width and vegetation structure, reducing landslide risk, 
re-greening overdeveloped areas, and clearing up contaminated sites). It is recognized that there are 
many other variables (e.g., ocean acidification, hot spots in the ocean environment) that are also 
important in consideration of climate change impacts on fisheries, but that are much more challenging to 
address. However, the information presented herein provide a means to move forward and guide 
decision-making, such that First Nations can make informed choices when preparing their salmon fisheries 
for the challenges of climate change. The maps herein will help us to better understand the risks at a 
regional level, from an ecological perspective, and will act as one tool to support climate adaption 
planning. This regional perspective is particularly important for the LFFA who have the challenge of 
supporting fisheries management at a broad spatial scale.  
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9.0 DATA GAPS AND FUTURE OPPORTUNITIES 

This project is intended to be the first step in an ongoing process of iterative updates as more data become 
available. It will likely serve as starting point for justifying further research. However, climate change 
impacts are already being observed, and there is a growing urgency to move forward with mitigation using 
the best available information. Heat map tools produced as part of this project can provide key 
information to start building the resilience of fisheries to climate change. At the same time, further work 
should continue to advance this model, and fill the many of the remaining data gaps that have been 
unearthed during the current project. There are a number of ways this model could be further refined, 
following continued research and consideration of additional factors relating to salmon, fish habitat, and 
pre-existing risks. Some of these efforts are underway, while others still need more work. Some data are 
partially available, but are not surveyed systematically across the regional study area, or require 
substantial work to compile the data into a consistent format. Future Data gaps that should be filled to 
increase the certainty of models may include: 
  

• Systematic surveys and mapping of rearing, holding, migration, and spawning habitat locations; 

• Systematic spawner abundance data for salmon for a greater number of watercourses to add to 
the NuSEDS database 

• Locations with high habitat quality, determined by field surveys and current reports (habitat 
complexity, stream source, flow, channel width); 

• Invasive species hotspots; 

• Water quality (including water temperature, pH, dissolved oxygen, suspended sediments); 

• Restoration potential (areas with pre-existing issues) determined by field surveys;  

• Pre-existing habitat risks (history of logging and clearcut areas, insect pest defoliation, water 
licences, wastewater discharges); 

• Advanced terrain stability mapping; and 

• Ground-truthing and updating barriers to fish migration data. 
 

 
Water temperature measurements, such as maximum monthly temperatures and the maximum 7-day 
average temperature, would be particularly useful to collect and map. Such data would help to identify 
at-risk areas where temperatures already exceed thresholds for fish survival as a result of the cumulative 
effects of stream source, riparian deforestation, and upstream inputs from tributaries. Some temperature 
data have historically been recorded in BC; however, many hydrological stations have been discontinued 
and they often only record water level and discharge. Some data are available from the BC Water Tool 
and the federal Freshwater Quality Monitoring and Surveillance database, if you are interested in viewing 
a specific site, rather than a regional area. The BC Environmental Monitoring System (EMS) also contains 
temperature data; however, the purpose of the EMS is monitoring near developments/projects to meet 
the requirements of permits. As a result, there are significant spatial data gaps for many areas, and it is 
difficult to summarize or compare between areas as data are not necessarily collected systematically. It is 
recommended that future work on climate change adaptation for fisheries consider development of a 
more systematic dataset of water quality (including temperature) in important salmon-bearing 
waterways. More information would be straightforward to collect with passive data loggers. This 
information could then be used to map and compare run timing with seasonal water temperature to help 
identify vulnerable stocks for each species. 
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Another area for future work includes more advanced terrain stability mapping for the entire region, as 
such information is not available in digital format over large areas needed for planning for landslide risks.  
Some detailed landslide risk assessment studies exist for small areas, but there is no existing compiled 
database for the entire study area. Landslide risk is a composite variable that depends on many factors 
such as soil type, water infiltration, parent rock material, vegetation or landcover type, geomorphology, 
aspect, and slope. Modelling the combined effect of these numerous factors to estimate risk of landslides 
across the regional area would provide more information on where high-risk areas are located. As climate 
change is expected to increase the frequency of storms and floods, knowing where landslides could impact 
fish habitat would be helpful to plan mitigation strategies and better situate adaptation projects. 
 
In addition to developing a better model of high-risk areas, it would be useful to provide an improved 
collective understanding of high-quality habitats. Conducting field surveys of current existing conditions, 
compiling data from available reports across the region, and mapping other habitat variables could enable 
the determination of  valuable areas with greater habitat complexity and channel width, and watercourses 
with sources such as glaciers and groundwater, which may be less affected by climate change due to these 
cold water inputs. Conversely, these surveys can also be used to identify areas with restoration potential, 
where habitat degradation has occurred. Some existing reports, such as Grant et al. (2007), have noted 
concerns such as limited stream cover, garbage, lack of buffers, and bank erosion in several areas. Further 
surveys can be used to assess the current state of watercourses, and record problem areas with the 
potential to be restored or enhanced.  
 
There are likely many other environmental factors that could be considered to improve the model in this 
report, and which may be added in future years/projects. However, hopefully the tools and map products 
produced can be used to initiate more climate adaptation projects, even with the information currently 
available. In a report from 1999, fisheries scientists and experts in BC came together to discuss salmon 
stocks, climate change and solutions. Modelling at this time showed that carbon dioxide increases and 
the projected levels of ocean warming would be sufficient to eliminate several species of salmon (chinook, 
sockeye, pink and steelhead) from the Pacific by roughly 2040, and possibly one or two species from the 
Bering Sea by the end of the century (PFRCC 1999). Suggestions such as protecting existing fish habitat, 
monitoring stocks, reducing fishing pressure, and many others were discussed. Twenty years later in 2019, 
scientists and managers are still discussing the same ideas. As summarized by PFRCC (1999): 
 

“The reaction of calling for more research is not necessarily the appropriate course… 
Merely spending more on research is not automatically going to produce valuable 
information or generate solutions to mitigate climate change problems. More research 
can have considerable value, but this should not be the only response to the uncertainty 
and lack of knowledge about climate change.” 
 

To minimize further delay, future research to refine the model should occur concurrently with direct 
restoration and adaptation actions that have already been identified as being beneficial to salmon.
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APPENDIX A: ENVIRONMENTAL DATA LAYERS COMPILED IN PHASE 1 

 

# Environmental 
Value 

Data source/Dataset 
Data 

Layers 

 Habitat    

1 Eelgrass BC Marine Conservation 
Analysis 

Eelgrass Polygons 

  BC Marine Conservation 
Analysis 

Priority Eelgrass Habitat 

  Sunshine Coast Habitat 
Atlas 

Eelgrass (polygons) 

2 Spawning habitat BC Marine Conservation 
Analysis 

Herring Spawn - Cumulative Habitat Index 
(classification of spawning habitat based on 
frequency and magnitude of herring spawning 
events from 1928-2009)  

3 Conservation 
areas 

The Nature Trust of BC / 
BC Data Catalogue 

NGO Conservation Areas – Fee Simple (private 
conservation lands owned by NGOs and managed 
for wildlife habitat conservation values) 

4 Sensitive 
ecosystems 

Metro Vancouver Sensitive Ecosystem Inventory (Covers Metro 
Vancouver and Abbotsford) 

MOE EcoCat SEI Sunshine Coast 

MOE EcoCat SEI Gambier Island (and Bowen Island) 

FVRD Sensitive 
Ecosystem inventory 
(SEI) 

Harrison, Sumas projects. Also 2012 data with 
wetlands, mature forest 

5 Wetlands Sunshine Coast Habitat 
Atlas 

Wetland 

6 Estuaries Pacific Estuary 
Conservation Program 
(PECP) 

PECP Identified Estuaries of BC 

 Burrard Inlet 
habitat 

Burrard Inlet 
Environmental Action 
Program (BIEAP)  

BIEAP 2009 Habitat Inventory 
 

 Fraser River 
habitat 

Fraser River Estuary 
Management Program 
(FREMP) 

FREMP 2006 Habitat Inventory 

7 Glaciers BC Data Catalogue Freshwater Atlas Glaciers 

 Fish and Salmon  

8 Salmon 
escapement 

Canada Open 
Government Portal 

NuSEDS - New Salmon Escapement Database 
System 

9 Salmon 
Conservation 
Units/Statuses 

Canada Open 
Government Portal 

CU boundaries and status (Lake sockeye, River 
sockeye, coho, chum, Even-year pink, Odd-year 
pink, and chinook) 

  Watershed Watch 
Salmon Society 

Interactive Salmon and Water Atlas tool - interim 
statuses 
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10 Fish presence and 
key habitats  

FVRD Habitat Atlas from PDFs - fish presence/absence/unknown in 
natural stream, channelized stream, constructed 
ditch. Also wetlands. 

  All the official provincial 
databases including the 
BC Fisheries Information 
Summary System (FISS) 

Known BC Fish Observations and BC Fish 
Distributions (rearing, holding, and spawning 
areas) 
https://catalogue.data.gov.bc.ca/dataset/known-
bc-fish-observations-and-bc-fish-distributions  

11 Government 
historical fish 
occurrences 
(1940s-2001) 

Fisheries Information 
Summary System (FISS) 
via iMapBC 

BC Historical Fish Distribution - Zones (rearing, 
holding, and spawning areas) 
https://catalogue.data.gov.bc.ca/dataset/bc-
historical-fish-distribution-points-50-000 
 

  Fisheries Information 
Summary System (FISS) 
via iMapBC 

BC Historical Fish Distribution - Points  

12 Museum 
historical fish 
occurrences 

Canadian Museum of 
Nature-Fish Collection 
(1890s-1990) 

Canadian Museum of Nature-Fish Collection (BC, 
Canada) 

  University of Alberta 
Museum of Zoology 
Ichthyology Collection 
(1950s-1970s) 

University of Alberta Museum of Zoology 
Ichthyology Collection (BC, Canada) 

  Royal Ontario Museum- 
Ichthyology Collection 
(1900-present) 

Royal Ontario Museum- Ichthyology Collection 

  University of British 
Columbia Fish Museum 
(1940s-1980s) 

University of British Columbia Fish Collection (BC, 
Canada) 

 Wildlife  

13 Species at Risk BC Data Catalogue Species and Ecosystems at Risk – (Masked 
Secured) Publicly Available Occurrences – 
Conservation Data Centre 

14 Wildlife BC Data Catalogue Wildlife Species Inventory Survey Observations - 
All 

   Wildlife Species Inventory Feature Observations - 
All 

   Wildlife Species Inventory Incidental 
Observations - All 

   Wildlife Species Inventory Telemetry 
Observations - All 

 Flood Control Structures  

15 Dykes BC Data Catalogue (Flood Dykes Lower Fraser and Squamish Rivers - 
Lower Mainland - Lines) 

   (Flood Dykes Lower Fraser and Squamish Rivers - 
Lower Mainland - Points) 
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16 Riprap BC Data Catalogue (Riprap/Bank Protection - Lower Fraser River - 
Lower Mainland) 

 Environmental Impacts  

17 Invasive plants BC Data Catalogue Invasive Alien Plant Site 

  Ducks Unlimited Canada Geodatabase containing yearly cell summaries of 
Invasive Spartina (Spartina anglica) incidence 
along the southern BC coastline from 2004 to 
2016. 

18 Contaminated 
sites 

Government of BC Site 
Registry database 

Provincially managed contaminated sites in BC 

  Federal Contaminated 
Sites Inventory 

Federally managed contaminated sites in BC 

19 Fish passage Provincial Obstacles to 
Fish Passage theme 
includes 4 datasets: 
Fisheries Information 
Summary System (FISS); 
Fish Habitat Inventory 
and Information 
Program (FHIIP); Field 
Data Information 
System (FDIS) and 
Resource Analysis 
Branch (RAB) inventory  

Known fish passage obstacles 
https://catalogue.data.gov.bc.ca/dataset/provinc
ial-obstacles-to-fish-passage 
 

  BC Data Catalogue Provincial Stream Crossing Information System 
(PSCIS) Assessments (Fish passage through stream 
crossing structures) 

20 Flood Risk Fraser Basin Council Fraser River Flood Scenarios 

21 Human 
encroachment 
and development 

 Based on Google satellite imagery interpretation 

22 Forest Fires MFLNRORD and BC 
Wildfire Service 

Fire Perimeters – Historical 
https://catalogue.data.gov.bc.ca/dataset/fire-
perimeters-historical 

 Physical Geography  

23 Orthography Capital Regional District 
(CRD) 

Orthophotos - Vancouver Island (2002-2013) 

  Cowichan Valley 
Regional District (CVRD) 

Orthophotos- Vancouver Island (2012) 

  Squamish-Lillooet 
Regional District 

Orthophotos - Areas C, D (2004) 

  Sunshine Coast Regional 
District 

Orthophotos (2014) 

  District of Squamish Orthophotos (2016) 

  District of West 
Vancouver 

Orthophotos- Metro Vancouver (2016) 
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  City and District of 
North Vancouver 

Orthophotos (2016) 

  City of Vancouver Orthophotos (2015) 

  Bowen Island 
Municipality 

Orthophotos 

  City of Surrey Orthophotos (2016) 

  City of Burnaby Orthophotos (2016) 

  City of New West Orthophotos (2015) 

  City of Port Moody  Orthophotos (2016) 

  City of Port Coquitlam Orthophotos (2016) 

  City of Coquitlam Orthophotos (2016) 

  City of Pitt Meadows Orthophotos (2014) 

  City of Maple Ridge Orthophotos (2016) 

  City and Township of 
Langley 

Orthophotos (2016) 

  District of Mission Orthophotos 

  Fraser Valley Regional 
District (FVRD) and 
Fraser Canyon 

Orthophotos- Fraser Canyon-Hope (2016) 

  City of Chilliwack Orthophotos (2016) 

  Village of Belcarra 
(District on North 
Vancouver) 

Orthophotos (2016) 

  Electoral Area A 
(MetroVancouver) 

Orthophotos (2016) 

  District of Kent Orthophotos (2009) 

24 Shoreline habitat BC Data Catalogue Shore Unit Classifications - Line 

   Shore Unit Classifications - Polygon 

25 Digital elevation 
data  

GeoBC GeoBC EMBC National Disaster Mitigation 
Program - Digital Elevation Model (DEM), Digital 
Surface (DSM), 3-D shoreline vector data, ortho 
images, LiDAR  
(https://catalogue.data.gov.bc.ca/dataset/digital-
elevation-model-for-british-columbia-cded-1-
250-000 ) 

26 Hydrology Environment Canada 
HYDAT Database 

http://ec.gc.ca/rhc-
wsc/default.asp?lang=En&n=0A47D72F-1 
water level, discharge and sediment data from 
hydrometric stations 

27 Slope dataset  Based on Digital Elevation Model data from 
DataBC and converting the DEMs to slopes (in 
percent) 

 First Nations   

28 Treaty Lands BC Data Catalogue First Nations Treaty Lands 

   First Nations Treaty Areas 

   First Nations Treaty Related Lands 

29 Reserves BC Data Catalogue Indian Reserves – Administrative Boundaries  
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30 LFFA boundary  LFFA regional study area boundary for the 
Climate Adapt project 
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APPENDIX B: SALMON INDEX FOR SALMON PRODUCTIVITY RANKING 

1.0   Calculating Salmon Index 

As discussed in Section 6.1, a Salmon Index was used to assign value to each watercourse. The species- 
specific salmon value incorporates considerations of high and low values for salmon across the study area, 
and scales values for each species based on data. The overall salmon Index (for all salmon) incorporates 
salmon abundance and species diversity.  
 
Salmon escapement (the numbers of spawners observed) at each location was assessed using the 2017 
New Salmon Escapement Database System (NuSEDS) dataset. Raw NuSEDS data were first refined by 
removing statistical outliers, which are likely to be errors in the dataset based on consultations with DFO 
during the technical review process (Tracy Cone, Pers. Comm., Mar 12. 2019). Tukey’s method was used 
to characterize outliers greater than 1.5 times the Interquartile Range (IQR) and with extreme outliers 
defined as 3 times the IQR (Seo 2006). The advantage of this method is that the median (and IQR) is robust 
and will not be influenced by outliers. Outliers for watercourses with sample sizes greater than ten were 
omitted and removed extreme outliers for watercourses with small sample sizes (<10). Reach estimates 
were also consolidated to determine a combined watercourse estimate, where appropriate, based on 
consultations with DFO (Tracy Cone, Pers. Comm., Mar 12. 2019).  
 
Next, average salmon escapement values were calculated for each watercourse, for the five species of 
pacific salmon (sockeye, chum, coho, pink, and chinook). NuSEDS data for BC also includes steelhead, 
kokanee and Atlantic salmon spawner records; however, these species were excluded once the data were 
clipped to the boundaries of the study area. Each species of salmon was considered separately to account 
for differences in what would be considered a high or low number for each species. Data were used over 
as many years as possible (from 1938-2017); this long timeframe gives us an idea of the current fisheries 
output as well as potential capacity based on historical data for each stream.  
 
Once average escapement values were determined, species-specific histograms of frequencies of 
spawning observations were produced. Bin sizes (ranges of escapement on histograms) were different for 
each species. For example, a high average escapement size for coho is 1,800 spawners while a high 
average escapement size for pink is 26,600 spawners. It is important to note that these analyzed values 
are averages over all watercourses in the study area, between 1938 to 2017. Year-to-year cycles and 
variation of salmon spawning can create exceptionally high escapement in some years (Henderson and 
Graham 1998), which are much larger than these averages. For example, the largest estimate for pink 
spawners in a single year was 9,281,051, which occurred in the Fraser River in 1991 (NuSEDS 2017). In this 
analysis, averages over 79 years are being used, so the numbers appear lower than single year highs, and 
perhaps higher than extremely low years. However, the goal of the exercise is to map 
watercourses/locations that have a larger average escapement size over many years, and consistently 
higher productivity on a per-species bases. There is also an interest in watercourses and locations that 
have the highest per-species productivities and diversities. 
 
As shown in the histograms, all species have a similar pattern; a high frequency of observations of 
relatively low spawner abundance values and a lower frequency of very large spawning average values 
(Figures 1 to 5). The Microsoft Excel Histogram tool automatically creates a set of evenly distributed bins 
between the minimum and maximum values of the input data. Six bins were selected to distribute the 
data among, as a histogram should generally have between 5-20 bins (He and Meeden 1997). After 
removing exceptionally productive watercourses (extreme outliers greater than 2 standard deviations 
(SD) from the mean as discussed in Section 2.0 in Appendix B), the upper bin and lower bin sizes were 
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capped at a level appropriate for each species. For the upper bin cut-off point, the overflow bin function 

in excel was used, which is defined as Overflow = 𝑋 + 3 * σ (where 𝑋 = average of the data source; and σ 
= SD of the data source); this number was then  rounded to the nearest 100. Minimum bin cut-offs were 
set to 100, 200, or 300, depending on the maximum, and to fit the dataset for that species. Histograms 
after exclusion of outliers are shown in Figures 1 to 5. 
 

 
Figure 1. Histogram showing the frequency (number of locations) with average sockeye salmon spawner 
abundance of a given size based on all watercourses in the LFFA study area from 1938-2017 (excluding 
extreme outliers). Numbers in brackets represent the range of values (min, max) within each bin.   
 

 
Figure 2. Histogram showing the frequency (number of locations) with average chum salmon spawner 
abundance of a given size based on all watercourses in the LFFA study area from 1938-2017 (excluding 
extreme outliers). Numbers in brackets represent the range of values (min, max) within each bin.   
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Figure 3. Histogram showing the frequency (number of locations) with average coho salmon spawner 
abundance of a given size based on all watercourses in the LFFA study area from 1938-2017 (excluding 
extreme outliers). Numbers in brackets represent the range of values (min, max) within each bin.   
 
 
 

 
Figure 4. Histogram showing the frequency (number of locations) with average pink salmon spawner 
abundance of a given size based on all watercourses in the LFFA study area from 1938-2017 (excluding 
extreme outliers). Numbers in brackets represent the range of values (min, max) within each bin.   
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Figure 5. Histogram showing the frequency (number of locations) with average chinook salmon spawner 
abundance of a given size based on all watercourses in the LFFA study area from 1938-2017 (excluding 
extreme outliers). Numbers in brackets represent the range of values (min, max) within each bin.   
 
Based on the average spawning data for each species, as shown in the histograms (Figures 1 to 5), Spawner 
Abundance Categories specific to each salmon species were defined. Category sizes were necessarily 
different for each species, as what is a high escapement for one species is not the same as a high 
escapement for another. These species specific categories are similar to previous classification systems 
used in the region, such as in Bell-Irving (1978) and McDougall (1987); however, they are specific to the 
study area and include the most recent escapement data available up to 2017. Table 1 describes these 
Spawner Abundance Categories (very low to very high) and the resulting values were assigned to these 
categories (1-6) for each species. 
 
Table 1. Salmon Spawner Abundance Categories for each species 

 Very 
Low 
(1) 

Low 
(2) 

Moderate-
Low 
(3) 

Moderate 
(4) 

High 
(5) 

Very High 
(6) 

Sockeye  <200 200-1,800 1,800-3,400 3,400-5,000 5,000-6,600 >6,600 

Chum  <200 200-2,000 2,000-3,800 3,800-5,600 5,600-7,400 >7,400 

Coho  <100 100-525 525-950 950-1,375 1,375-1,800 >1,800 

Pink  <300 300-6,875 6,875-13,450 13,450-20,025 20,025-26600 >26,600 

Chinook  <100 100-375 375-650 650-925 925-1,200 >1,200 

 
One species-specific categories were determined, an overall “Salmon Index” at each watercourse was 
calculated, which combines the importance for each species. To calculate the total Salmon Index for each 
watercourse, the sum of the spawner abundance values (1-6), as shown in Table 1, were calculated for all 
species at each location, then divided by the maximum total salmon abundance value (30; the number of 
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salmon spawner abundance categories of 6, multiplied by the 5 species of salmon) and multiplied by 100, 
to convert to a percent. Presence data were also incorporated by assigning a value of (1) for any salmon 
species noted in the NuSEDS dataset, but which did not have numerical data available. This calculation is 
summarized by Equation 2. 
 
Salmon Index = [(SV + MV + OV + PV + KV) / 30] * 100%                                                                  (Equation 2) 
 
Where: 
SV = Sockeye Value 
MV = Chum Value 
OV = Coho Value 
PV = Pink Value 
KV = Chinook Value 

 
The Salmon Index for Siddall Creek can be used as an example calculation. Siddall Creek has chum and 
coho spawners. To calculate Salmon Index, an average of 25 chum corresponds to a value of (1) and an 
average of 437 coho corresponds to a value of (2) (Table 1). The rest of the species values for pink, 
sockeye, and chinook, which are not found at Siddall Creek, are zero. The total for all salmon species 
values is then added and divided by the maximum total salmon abundance value (30), and multiplied 
by 100 to convert to a percent.  
 
Example calculation for Siddall creek: 
Salmon Index = [[SV + MV + OV + PV + KV] / 30] * 100% 
Salmon Index = [[(0) + (1) + (2) + (0) + (0)] / 30] * 100% 
Salmon Index = [(3) / 30] * 100% 
Salmon Index = 10% 

 
The total values resulting from all of the Salmon Index calculations fall between 0-100%. These values 
then provide the basis for the majority of the salmon productivity rankings described in Section 6.1. In 
addition to the salmon index, which was used for most waterbodies, for locations with extremely high 
escapement, a separate analysis of outlier watercourses was conducted (described in Appendix B, Section 
2.0), which forms the basis for the highest productivity rankings. Other ranking categories were also added 
in for streams that do not have NuSEDS data available, but which may be considered fish-bearing 
watercourses, as well as streams which feed into fish-bearing waters. These productivity rankings then 
feed into the overall environmental values heat map. 
 
2.0   Exceptional Spawning Areas and Outlier Analysis 

As discussed in Section 1.0 of Appendix B, once average escapement for each location was determined, a 
histogram of the frequency of spawning escapement observations specific to each salmon species was 
produced. Unaltered histograms (including outliers) are displayed in Figures 6 to 10. As shown in the 
histograms, the vast majority of waterbodies had low escapement while a few watercourses had 
exceptional escapement levels many times the magnitude of the others (e.g., the Fraser River, Harrison 
River, and Squamish River). To deal with such a wide range of data, these outliers had to be analyzed 
separately.  
 
To determine the extent of outlier watercourses, an exploratory analysis of the dataset using SPSS 
statistical software was conducted. Output of the visual binning analysis is shown in Figure 11. This 
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highlights the extent of outliers, beyond 2 and even 3 SD of the mean in some instances. Hierarchical 
cluster analysis, which attempts to identify relatively homogeneous groups of cases based on selected 
characteristics, using an algorithm that starts with each case in a separate cluster and combines clusters 
until only one is left, was also used to confirm presence of outliers and assess the similarities between 
waterbodies. Figure 12 shows an example output for the hierarchical cluster analysis using the 5 species 
of salmon as variables, with centroid clustering, and Euclidean distance intervals. As shown here, a 
number of waterbodies identified as outliers via the SD method (see Table 3 below) are also identified as 
strongly divergent from the numerical patterns seen in most other watercourses. Harrison River, for 
example, is set apart from other watercourses, due to its large salmon escapement for most salmon 
species. 
 

 
Figure 6. Histogram showing the frequency (number of locations) with average sockeye salmon spawner 
abundance of a given size (including outliers). Numbers in brackets represent the range of values (min, 
max) within each bin.   
 

 
Figure 7. Histogram showing the frequency (number of locations) with average chum salmon spawner 
abundance of a given size (including outliers). Numbers in brackets represent the range of values (min, 
max) within each bin. 
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Figure 8. Histogram showing the frequency (number of locations) with average coho salmon spawner 
abundance of a given size (including outliers). Numbers in brackets represent the range of values (min, 
max) within each bin. 
 

 
Figure 9. Histogram showing the frequency (number of locations) with average pink salmon spawner 
abundance of a given size (including outliers). Numbers in brackets represent the range of values (min, 
max) within each bin. 
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Figure 10. Histogram showing the frequency (number of locations) with average chinook salmon spawner 
abundance of a given size (including outliers). Numbers in brackets represent the range of values (min, 
max) within each bin. 
 

 
Figure 11. Visual Binning showing data distribution with mean spawner abundance shown in blue and 
standard deviations shown in light blue. 
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Figure 12. Hierarchical cluster analysis showing groups of cases and the similarities between waterbodies. 
Clusters closer together are more similar.  
 
Waterbodies with exceptionally high escapement values, greater than 2 SD, were considered outliers in 
the dataset, and were handled separately. Mean values for each species and SD of the complete dataset 
(before outlier removal) are shown in Table 2 (shaded cells indicate 2 SD, used as the cut-off point). 
Generally, in a normal distribution, 95% of the data will fall within 2 SD so outliers may be classified beyond 
2 or 3 SD. Although this dataset is right-skewed, 2 SD is still a useful cut-off point to define outliers. 
Exceptional watercourses that were considered outliers because of their average escapement values are 
summarized in Table 3. 
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Table 2. Average salmon escapement by species, mean and standard deviations (SD) 

Species Mean +1 SD from the mean +2 SD from the mean +3 SD from the mean 

Pink 26,082.9 156,351.2 286,619.4 416,887.7 

Coho 582.4 2,241.3 3,900.1 5,558.9 

Chum 3,271.2 17,113.4 30,955.5 44,797.6 

Chinook 3,699.8 19,055.6 34,411.4 49,767.1 

Sockeye 2,733.31 8,668.9 14,604.4 20,540.0 

 
Table 3. Average escapement for exceptional/outlier watercourses 

 Pink Coho Chum Chinook Sockeye 

Fraser River 1,065,502 - - - - 

Harrison River 342,303 1,112 100,611 90,344 12,082 

Thompson River 308,046 - - 3,289 4,870 

Chilliwack River 156,188 8,260 101,494 35,372 - 

Stave River 325 205 59,559 66 - 

Chehalis River 4,925 5,293 59,273 144 450 

Cheakamus River 11,252 2,519 31,721 660 76 

Weaver Channel 1,034 - - - 24,338 

Upper Pitt River 500 3,647 516 507 24,432 

Weaver Creek 1,048 1,348 13,427 20 16,253 

Corbold Creek - - - - 14,945 

Capilano River 132 13,351 148 966 3 

Squamish River 27,900 7,622 18,176 8,021 - 

Sakwi Creek - 7,476 686 - - 

Salmon River - 4,284 91 - - 

Blue shaded cells indicate average salmon spawner abundances that exceed the 2 SD of the mean. 
 
These extremely high salmon escapement watercourses were assigned higher rankings compared to the 
other watercourses, as they represent much higher numbers of spawners. However, they were not valued 
higher in direct proportion to their average escapement values because they are so much greater in 
escapement that proportional value assignment would create heat maps that only highlighted valued 
areas around very few waterways, as their values would often be many hundred times greater than the 
vast majority of watercourses. As the goal of the project is ultimately to define a number of high priority 
areas for future projects, in many different areas and regions across the LFFA study area, it was important 
to highlight as many valued spawning streams as possible, rather than only focusing on a few of the largest 
producing watercourses. 
 
In a practical sense, funding and capacity is typically distributed among territorial and municipal 
boundaries, so it makes sense to devise a rating scheme that distributes value across a greater area, 
providing more opportunities for groups and organizations to become involved in fish conservation. From 



 

113 
 

an ecological and social standpoint, this will also ensure that important watercourses, even if they are 
smaller than in other territories/municipalities, still provide fish for people and wildlife in various areas. 
At the same time, it was recognized that exceptional watercourses should be highly valued; therefore, the 
high outlier/exceptional watercourses were still assigned the greatest rankings, compared to other 
watercourses. 
 
To determine the appropriate value for each exceptionally high escapement (i.e., outlier) waterbody, a 
Salmon Outlier Index was calculated in the same way as the Salmon Index, described previously. 
Histograms of only the outlier data are shown in Figures 13 to 17. Based on the average spawning data 
for each species, as shown in the histograms, new Spawner Abundance Categories were defined specific 
to each salmon species. Category sizes were necessarily different for each species, as a high outlier 
escapement for one species is not the same as a high outlier escapement for another. The excel histogram 
function was again used to automatically create evenly spaced bin sizes, to define 6 bins. No minimum or 
maximum cut-offs were needed due to the limited number of data points. Table 4 summarizes these 
Spawner Abundance Categories (very low to very high) and the resulting values were assigned to these 
categories (1-6) for each species. 
 

 
Figure 13. Histogram showing the frequency of observations of sockeye salmon spawner abundance for 
outlier watercourses in the LFFA study area from 1938-2017. Numbers in brackets represent the range of 
values (min, max) within each bin.  
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Figure 14. Histogram showing the frequency of observations of chum salmon spawner abundance for 
outlier watercourses in the LFFA study area from 1938-2017. Numbers in brackets represent the range of 
values (min, max) within each bin.  
 

 
Figure 15. Histogram showing the frequency of observations of coho salmon spawner abundance for 
outlier watercourses in the LFFA study area from 1938-2017. Numbers in brackets represent the range of 
values (min, max) within each bin.  
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Figure 16. Histogram showing the frequency of observations of pink salmon spawner abundance for 
outlier watercourses in the LFFA study area from 1938-2017. Numbers in brackets represent the range of 
values (min, max) within each bin.  
 

 
Figure 17. Histogram showing the frequency of observations of chinook salmon spawner abundance for 
outlier watercourses in the LFFA study area from 1938-2017. Numbers in brackets represent the range of 
values (min, max) within each bin.  
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Table 4. Salmon Spawner Abundance Categories for outlier data 

 
Very Low 

(1) 
Low 
(2) 

Moderate-Low 
(3) 

Moderate 
(4) 

High 
(5) 

Very High 
(6) 

Sockeye  
14,945-
16,526 

16,526-
18,107 

18,107-19,689 
19,689-
21,270 

21,270-
22,851 

22,851-
24,432 

Chum  
31,721-
43,350 

43,350-
54,979 

54,979-66,608 
66,608-
78,236 

78,236-
89,865 

89,865-
101,494 

Coho  
4,284-
5,795 

5,795-
7,306 

7,306-8,817 8,817-10,328 
10,328-
11,839 

11,839-
13,351 

Pink  
308,046-
434,289 

434,289-
560,532 

560,532-
686,774 

686,774-
813,017 

813,017-
939,260 

939,260-
1,065,502 

Chinook  
35,372-
44,534 

44,534-
53,696 

53,696-62,858 
62,858-
72,020 

72,020-
81,182 

81,182-
90,344 

 
Similar to the non-outlier watercourses, an overall value at each watercourse was determined, which 
combined the importance of each species. To calculate the total Salmon Outlier Index for each 
watercourse, the sum of the spawner abundance values for outliers (1-6), as shown in Table 4, were taken 
for all species at each location. This valued was then divided by the maximum total salmon abundance 
value (30) and multiplied by 100 to convert to a percent. This is summarized by Equation 3, which follows 
the same form as Equation 2 used previously. 
 
Salmon Outlier Index = [(SV + MV + OV + PV + KV) / 30] * 100%                                                       (Equation 3) 
 
Where: 
SV = Sockeye Value 
MV = Chum Value 
OV = Coho Value 
PV = Pink Value 
KV = Chinook Value 
 
Exceptional watercourses also have other, smaller runs for other salmon species (runs that may not be 
outliers). To incorporate the small additional value of these runs with lower escapement numbers a value 
component was also added for these other species according to the original salmon Spawner Abundance 
Categories (described in Table 1, Section 1.0 of Appendix B). These additional spawner abundance values 
were divided by 6 (the number of categories) to scale to between 0 and 1, so that they provided a small 
measure of additional value, but not on the same level as the main spawner abundance outlier values. 
Presence data were also incorporated where available by assigning a value of (1/6) for any additional 
salmon species noted in the NuSEDS dataset, but which did not have numerical data. These fish may also 
use the watercourse but just have not been studied in detail. Although they add very little value to the 
overall Salmon Outlier Index, it was important to reflect the complete escapement data. This was also 
preferable to assigning a zero value (according to the much larger outlier scale) as these smaller runs still 
support the diversity of the watercourse. Values used for all outlier waterbodies are shown in Table 5.  
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In theory, Salmon Outlier Index may range from 0-100%, but in this case, the resulting values from all of 
the calculations fall between 3-49% (as shown in Table 5). These values then provided the basis for the 
highest 3 categories of the salmon productivity rankings described in Section 6.1 and 6.2 of the report. 
Salmon Outlier Index is considered in three categories for values mapping of 0-17%, 18-34%, and 35-51%, 
as shown by the green highlights in Table 5. This productivity ranking then feeds into the relative 
environmental values framework discussed in Section 6.2 of the main report. Harrison River and Chilliwack 
River stand out as extremely valuable areas for salmon. Indeed, Harrison River has been named the 
“Salmon Stronghold” of the region, as its spawning abundance far exceeds other watercourses. Other 
exceptionally productive systems include: the Fraser, Upper Pitt, Capilano, and Squamish Rivers, as well 
as Weaver Channel, a manmade spawning channel located in Agassiz. 
 
Table 5. Spawner Abundance Values and Salmon Outlier Index for Exceptional Watercourses 

 Pink Coho Chum Chinook Sockeye 
Salmon 

Outlier Index 

Harrison River 1 (4/6) 6 6 (6/6) 48.9% 

Chilliwack River (6/6) 3 6 1 0 36.7% 

Fraser River 6 (1/6) (1/6) 0 (1/6) 21.7% 

Weaver 
Channel 

(2/6) 0 (1/6) 0 6 21.7% 

Upper Pitt River (2/6) (6/6) (2/6) (3/6) 6 27.2% 

Capilano River (1/6) 6 (1/6) (5/6) (1/6) 24.4% 

Squamish River (6/6) 3 (6/6) (6/6) (1/6) 20.6% 

Chehalis River (2/6) 1 3 (2/6) (2/6) 16.7% 

Stave River (2/6) (2/6) 3 (1/6) (1/6) 13.3% 

Cheakamus 
River 

(3/6) (6/6) 1 (4/6) (1/6) 11.1% 

Sakwi Creek 0 3 (2/6) 0 0 11.1% 

Weaver Creek (2/6) (4/6) (6/6) (1/6) 1 10.6% 

Thompson 
River 

1 0 0 (6/6) (4/6) 8.9% 

Salmon River (1/6) 1 (1/6) (1/6) 0 5.0% 

Corbold Creek (1/6) 0 0 0 1 3.9% 

Blue shaded cells indicate outlier runs where average salmon spawner abundance exceeds 2 SD of the 
mean. Green shaded cells show how the waterbodies fall into the overall salmon productivity rankings.  
The Outlier Ranks, within the ranking framework shown in Table 6-2, fall between 13 and 15. Light green 
cells are Productivity Ranking 13 (1-17%), medium green cells are Productivity Ranking 14 (18-34%), and 
dark green cells are Productivity Ranking 15 (35-51%). See Table 6-2 for all Productivity Rankings 
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APPENDIX C: OVERALL HEAT MAP INCLUDING VALUES AND RISKS CALCULATION 

 
As discussed in Section 8.0 of the main report, once the values for the ecosystem benefits and risks are 
mapped, it is then possible to create one overall climate change risk heat map, including values and risks. 
Heat maps were decided against by the LFFA project manager, but they may be a tool to implement in the 
future to provide increased ease of using all previously discussed maps, as they can be consolidated into 
a single map signalling areas of increased and decreased importance for prioritizing funds and projects. 
This final heat map can superimpose each of the risks on the previous maps, once those risks are ranked 
via the frameworks outlined in Section 7.0,  to identify the areas that are most likely to be impacted by 
climate change, or more likely to experience severe impacts due to existing vulnerability, and where 
actions to counter them would most greatly benefit salmon. The overall climate risk heat map can be 
created by using the recommended relative environmental values map (which includes salmon 
productivity multiplied by buffer area) and then multiplying by the sum of all risk values: flood risk, 
landslide risk, encroachment risk, and contaminated sites risk. Note that each value was divided by the 
number of categories for that variable, in order to keep each variable proportional. Similarly, the sum of 
all the risks is divided by 4 as there are 4 risk variables. The final product can thus be multiplied by 100 to 
produce a percent.  
 
The result would describe how valued a location is and how at risk it is due to climate change effects. This 
overall calculation of climate change risk can be summarized using Equation 1: 
 
R = [(S/NS) * (B/NB)] * ([(F/NF) + (L/NL) + (D/ND) + (C/NC)] / 4) * 100%         (Equation 1) 
 
Where:  
R = Climate Change Risk Value 
S = Salmon Escapement 
B = Buffer Value 
F = Flood risk value  
L = Landslide risk value  
D = Encroachment risk value  
C = Contaminated sites risk value  
NX = number of rank categories for X variable 
 
In other words, the overall map could “stack” all of the risk maps and add each matching cell value from 
each risk heat map together. As each risk has been standardized to a 0-100 scale, these layers can be 
added, and each risk would be considered to be of equal importance. As shown in Equation 2 adding or 
“stacking” each of the previous risk maps is equivalent to Equation 1.  
 
R= (Flood risk map + Landslide risk map + Encroachment risk map + Contaminated sites risk map)/4*100 
(Equation 2)  
 
Where:  
Flood risk map = [(S/NS) * (B/NB) * (F/NF)] 
Landslide risk map = [(S/NS) * (B/NB) * (L/NL)]  
Encroachment risk map = [(S/NS) * (B/NB) * (D/ND)]  
Contaminated sites risk map = [(S/NS) * (B/NB) * (C/NC)] 
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The total values resulting from this exercise would span between 0-100%. These values can be 
subsequently ranked and converted into an overall climate change risk ranking (as shown in Section 8.0, 
Table 8-2), and then the overall heat map including values and risks.  
 
Alternatively, the LFFA may be able to create an online web atlas that allows them to overlay the various 
maps and map layers atop one another, or side by side. Zoetica suspects that a single heat map may still 
be beneficial for usability, as it will likely be impossible to overlay information in such as way that the 
zoom feature can be used to explore areas with overlaid maps to make decisions.  
 
 


