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occur. Temperature and salinity in the deep Pacific 
Ocean are stable on decade to century timescales. 
The sea surface is typically warmer, less saline, and 
less dense than the deeper water and therefore tends 
to “float” on top of the deeper, denser water. When 
the sea surface is warmer than usual, the difference 
in density between the surface and deeper water is 
greater, the surface sits more securely on top of the 
deeper water, and mixing becomes more difficult.

Natural cycles of climate variability are associated 
with cycles in ocean productivity. In an El Niño year, 
the sea surface near the BC coast is warmer than 
usual in summer, and the upper water column is 
more stable. Mixing may therefore occur to a depth of 
only 100 metres. In a La Niña year, the sea surface in 
summer is cooler than usual, and the water column 
is less stable. Mixing may occur down to 140 metres, 
which results in greater ocean productivity.

The trends towards warmer temperatures may lead 
to a more stable ocean near our coast, which would 
reduce nutrient supply and be of great concern.

WHY IS THE SEA SURFACE CHANGING?
The ocean is an integral and responsive 
component of the climate system. At its surface, 
it exchanges heat, water (through evaporation 
and precipitation), and carbon dioxide and other 
gases with the atmosphere. The 20th century trend 

towards higher sea surface temperatures is related 
to increasing atmospheric temperatures and is 
symptomatic of the warming ocean, including its 
interior. It is estimated that more than 90% of 
the increase in heat energy stored by the climate 
system as a result of increased GHGs is stored in 
the ocean.

Of BC’s three regions of coastal waters, the west 
coast of Vancouver Island is the most exposed to the 
Pacific Ocean and the most likely to reflect oceanic 
trends. In the other two regions (Georgia Basin and 
Queen Charlotte Sound), local evaporation and 
precipitation rates and freshwater runoff from rivers 
and streams may affect temperature.

WHAT CAN WE EXPECT IN FUTURE?
Sea surface temperature will likely continue to vary 
from year to year and from decade to decade in 
response to natural cycles. Climate models project, 
however, that the Earth will continue to warm 
and that average global sea surface temperature 
will increase by 0.6°C to 2°C in the top 100m by 
the end of the 21st century. The ocean will warm 
more slowly than the land. Current models do not 
yet allow scientists to project with confidence the 
future frequency, amplitude, and spatial pattern of 
El Niño events. 
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Natural variations in sea surface temperature are 
associated with changes in the distribution and 

survival of sockeye salmon. As a result, the effect of 
climate change on long-term increases in average 
ocean temperature is likely to have an impact on 
sockeye populations over time.

Salmon and other fish are cold-blooded, and 
the temperature of their environment regulates 
many of their physiological processes. Warmer 
water temperatures raise their 
metabolic rate and speed up 
movement and internal processes 
such as growth, oxygen 
consumption, and digestion.

Studies suggest that salmon 
prefer a temperature very 
close to the temperature that 
promotes optimal growth. 
When food is abundant, they can afford – from 
a biological perspective – to stay in warmer 
waters. The abundance of food makes up for the 
higher requirements needed to fuel a more active 
metabolism. When food is limited, however, fish 
move into cooler waters, where they need less food 
to grow and survive.

The temperature range that fish prefer is species-
specific. In general, salmon like cold water, and 
sockeye prefer colder water than other salmon 
species. For this reason, sockeye may be the salmon 

species most sensitive to climate change. Fraser River 
sockeye stocks are of particular concern because they 
are already close to the southern boundary of the 
range for sockeye and are thus more likely than other 
sockeye stocks to be exposed to water temperatures 
outside their preferred range.

Most Fraser River sockeye stocks enter the ocean 
as smolts in the spring and spend a few weeks in 
the Strait of Georgia before migrating northwards 
along the coast of British Columbia to Alaska in 
early summer. During this migration, they stay on 
the continental shelf – a relatively shallow zone 
extending 20 to 30 kilometres offshore. In late 
autumn and winter, after reaching the Aleutian 
Islands, they move southwards into the open ocean. 
They spend one to three years at sea before they 
return as adults to the Fraser River in late summer 
and swim upstream to spawn and die.

HOW DOES SEA TEMPERATURE AFFECT 
SOCKEYE SALMON?
The sea surface is subject to natural cycles of 
warming and cooling and corresponding periods 
of lower and higher ocean productivity (see “Sea 

Surface Temperature”). These 
cycles are associated with year-
to-year variability in sockeye 
production. Warmer sea surface 
temperatures are associated 
with increased juvenile sockeye 
mortality, changes in ocean 
distribution, changes in the timing 

of migrations, and smaller returning adult fish.
During warm years, ocean productivity is rela

tively low and may result in slower growth in juv
enile salmon, making them vulnerable to predation 
for a longer period of time. In addition, subtropical 
fish such as mackerel migrate northwards during 
warm years and can compete for food with, or prey 
upon, young salmon in coastal waters.

Some researchers have associated increasing sea 
surface temperatures with a decrease in the habitable 
area for sockeye in the North Pacific. During their 
years in the open ocean, sockeye undertake extensive 

S. Kirkvold

SALMON AT SEA

For sockeye salmon, warm years are 
associated with increased juvenile 
mortality, reduced distribution,  
increased competition, and reduced 
spawning success. 

2002 edition
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migrations within a region bounded by the Bering 
Sea in the north and 40ºN latitude in the south. 
Within this region, the area used by sockeye varies 
by season and is closely associated with water 
temperature. The southern limit of their distribution 
varies from between the 6ºC and 7ºC isotherms 
in winter, to the 9ºC isotherm in spring and early 
summer, and the 13.5ºC isotherm in summer. In 
years when sea surface temperature is higher, the 
habitable area for sockeye is smaller.

Ocean temperature appears to affect the timing 
of sockeye migrations from the ocean back to the 
Fraser River. Evidence suggests that in warm years, 
sockeye arrive later at the mouth of the river. Salmon 
that arrive later than normal at the mouth of the 
river may also arrive late at their spawning grounds. 
Late spawning can have a negative effect on the time 
when young salmon emerge the following spring and 
their subsequent survival.

Ocean temperature also appears to affect the size of 
the returning fish. In warmer years, if fish congregate 
within a smaller habitable area and compete for 
the same amount of food, individual growth may 

be slower, and returning fish may be smaller than 
normal. In addition, warmer years are associated  
with reduced ocean productivity and the potential  
for increased competition for food. In 1997 –  
a particularly warm year in the northeast Pacific 
Ocean – returning sockeye were much smaller than 
normal. Smaller fish may not be able to migrate 
upstream through the Fraser River system to their 
spawning grounds as effectively as larger fish.

WHAT CAN WE EXPECT IN FUTURE?
Coastal waters in BC have warmed during the past 
century, and climate models suggest that ocean 
warming associated with climate change will 
continue. While sea surface temperature will still 
vary from one year to the next, it will be “warm” 
during proportionally more years. For sockeye, warm 
years are associated with increased juvenile mortality, 
restricted distribution, increased competition for 
food, and reduced spawning success. An increase 
in the proportion of warm years can therefore 
reasonably be expected to have a profound long-term 
negative impact on Fraser River sockeye stocks.

Winter and Summer 
Distribution of 
Sockeye Salmon in 
the Pacific Ocean, 
Under Current (1XCO2) 
and Future (2XCO2) 
Concentrations of 
Atmospheric CO2

December

2XCO2

1XCO2

July

1XCO2

2XCO2

SOURCE: Welch, D.W., Y. Ishida, and  
K. Nagasawa. 1998. Thermal Limits and
Ocean Migrations of Sockeye Salmon 
(Oncorhynchus nerka): Long-Term
Consequences of Global Warming.  
Can. J. Fish. Aquat. Sci. 55:937-948.
NOTES: 1XCO2 refers to the current 
atmospheric concentration of CO2.  
2XCO2refers to the doubling of  
atmospheric CO2 concentration from  
this baseline. Climate models predict  
that 2XCO2 will occur during the 21st  
century. As CO2 concentration increases, 
atmospheric and ocean temperature 
increase, and fish move northwards into 
cooler water.
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The reproductive success of the Cassin’s auklet  
(Ptychoramphus aleuticus) is sensitive to ocean 

temperature. Increases in sea surface temperature 
associated with climate change may therefore 
threaten the long-term survival of this seabird.

The auklet breeds in a few large colonies along 
the western coast of North America. Triangle  
Island, an ecological reserve off the northern tip  
of Vancouver Island, is home to the world’s largest 
colony, consisting of 1.1 million 
breeding birds.

Some populations of Cassin’s 
auklet have declined in recent 
years. A colony on the Farallon 
Islands in California experienced a 
65 percent decline between 1972 
and 1997. The Triangle Island 
population declined between 1989 
and 1999, and in several years, breeding success 
was poor. However, a third population that breeds 
on Frederick Island off the coast of northern 
British Columbia showed no signs of population 
decline during the 1990s and has had consistently 
good breeding success.

WHY ARE POPULATIONS DECLINING?
The evidence suggests that population declines  
are linked to a long-term reduction in the availability  
of zooplankton – a major food source for Cassin’s 
auklet chicks – in the marine ecosystem that extends  
from California northwards as far as northern 
Vancouver Island. Research has documented a  
relationship between warmer spring ocean  
temperatures, reduced availability of zooplankton, 
and decreased growth rates and survival of  
seabird chicks.

Cassin’s auklets attempt to raise a single chick  
per year, and the survival of each chick is therefore 
important to the long-term survival of the entire 
population. Cassin’s auklet parents care for their 
chick for 40 to 60 days after it hatches, feeding it 
zooplankton – primarily small shrimp-like organisms 
called copepods. Both parents use their wings  
to “fly” underwater in search of food for their chick, 
transporting the food within a throat pouch and 
regurgitating it for the chick when they get back 
to the burrow. The growth and survival of Cassin’s 
auklet chicks depend on the availability of copepods 
in the top 30 metres of the ocean – the depth to 
which the auklet parents are able to dive.

Copepods inhabit the sea surface 
for only a brief period during the 
spring. Their metabolic rate, growth, 
and development are synchronized 
with temperature. As surface 
temperatures warm up, copepod 
larvae migrate from deep ocean 
waters to the surface, where they 
feed on phytoplankton and grow to 

adult size before returning to the deeper waters of 
the ocean. When spring surface waters warm earlier 
in the season, the copepods develop more quickly, 
become adults faster, and migrate back to deeper 
waters sooner than they do in years when spring 
surface waters are cool.

SOURCE: BC Parks

SEABIRD SURVIVAL

Higher ocean temperatures will 
affect the long-term survival of 
Cassin’s auklet populations in BC 
because warmer surface water 
decreases the food supply for 
developing chicks.

2002 edition
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In warm years, the times when seabirds breed  
and when food is most available are poorly matched. 
By the time the Cassin’s auklet chicks hatch, the 
copepods are already returning to deeper water, and 
there is a diminishing food supply for the chicks. As  
a result, the chicks grow slowly and often starve to 
death later in the season.

In contrast, when spring surface-water  
temperatures are cool, the copepods persist longer  
in the surface waters, so that food is available for 
chicks throughout the development period, from 
hatching to the time when they are ready to leave 
the burrow. The location of Frederick Island explains 
the health of its Cassin’s auklet population. Because 
the island is so far north, the sea surface temperature 
during the period when chicks are growing and 
developing remains cool enough – even in warmer 
years – to ensure that they have enough food.

Climate change is linked to an increase in 
average sea surface temperature in waters off the 
coast of BC. In the 1990s, these temperatures were 
some of the highest ever observed in the 20th 
century. In years such as 1996 and 1998, when 
spring was early and sea surface temperatures were 
warmer than usual, the growth rates of Cassin’s 
auklet chicks on Triangle Island were much lower 
than in cooler years such as 1999.

WHAT CAN WE EXPECT IN FUTURE?
Average global sea surface temperature has increased 
by 0.4ºC to 0.8ºC since the late 19th century and is 
expected to continue to rise during the next century. 
Populations of Cassin’s auklet on Triangle Island are 
therefore likely to continue to grow slowly, and chick 
mortality is likely to continue to increase. If the adult 
birds cannot replace themselves, the population will 
continue to decline.

The story of the Cassin’s auklet is one example 
of how climate change may affect the distribution 
and survival of individual species in BC. Many other 
species – marine, freshwater, and terrestrial – may be 
similarly affected during the decades to come.

Average Growth Rate (grams/day) 
of Cassin’s Auklet Chicks and  
Sea Surface Temperature near 
Triangle Island

SOURCE: Original data and analysis from Doug Bertram, 
Simon Fraser University, Centre for Wildlife Ecology and 
Canadian Wildlife Service, 2001 for Ministry of Water, Land 
and Air Protection. NOTES: Average growth rate (grams/day) 
of Cassin’s Auklet chicks is based on weight change between 
5 and 25 days from date of hatching. Cassin’s Auklet chick 
growth rates and survival decline as ocean temperature 
increases (April SST > 7.5ºC). The slope of the line is statistically 
significant (F1, 7=12.5; P=0.009).
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ABOUT THE INDICATOR
This indicator measures changes in the amount of 
heat energy available for plant growth, expressed in 
units called Growing Degree Days (GDD). 

Assessment of annual GDD is based on available 
temperature records from 1900 to 2013.

GDD TRENDS IN BRITISH COLUMBIA
Annual Growing Degree Days increased from  
1900 to 2013 across the province. On average 
there are 190 more GDD in BC than at the 
beginning of the 20th century. These trends  
are consistent with trends over the past century 
toward higher average annual temperatures  
across British Columbia.

The greatest increase in GDD has occurred on 
the coast. The Coast and Mountains and Georgia 
Depression ecoprovinces have both experienced 
an increase in energy available for plant growth of 
220 GDD per century. Heat energy has increased in 
the Sub-Boreal Interior ecoprovince by 220 GDD 
per century as well. The annual trend in both the 
Southern Interior and Southern Interior Mountains 
ecoprovinces is an increase of 120 GDD per century. 
In the north of BC (Boreal Plains, Taiga Plains, and 

Annual GDD 
(%change/ 
century)

 
Change in  
Average  
Annual GDD  
1900-2013 
(GDD per century)

Northern Boreal Mountains) annual average heat 
energy has increased by 160 to 190 GDD per century.

WHY IS IT IMPORTANT?
Plants and invertebrates require a certain amount 
of heat to develop from one stage in their life cycle 
to another. The measure of accumulated heat is 
known as “physiological time” and is measured in 
units called “degree days.” All individuals of the 
same species require the same number of degree 
days to develop from one life stage to another. When 
temperatures are warmer, they develop faster. 

Each plant species – and each insect species –  
has its own minimum temperature requirement  
for growth. For example, spinach can grow when 
average daily temperatures are as low as 2.2ºC,  
while corn requires temperatures of at least 10ºC. 

Because of these differences, agrologists  
sometimes refer to an average minimum temperature 
of 5ºC when they talk about the heat requirements  
of agricultural plants as a group. For the typical 
agricultural plant, GDD for one day is calculated  
as the difference between the average temperature 
and 5ºC. For example, a day when the average 
temperature is 12ºC contributes 7 GDD to the 

SOURCE: Data from Ministry of Environment Climate Related Monitoring 
Program and Environment Canada. Trend Analysis for 1900 through 2013 
conducted by PCIC, 2014 for the Ministry of Environment Climate Action 
Secretariat. NOTES: A positive sign indicates an increase in GDD.
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The average heat energy available 

for plant growth and development 

has increased over the past century, 

particularly in Coastal BC.
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annual total number of GDDs for that location. GDD 
is calculated for only those days when the average 
temperature is higher than 5ºC. 

A significant increase in available heat energy could 
allow farmers to introduce new varieties of crops that 
were previously marginal or not viable in their regions. 
If adequate soil moisture, soil fertility and light are also 
available, this could allow agriculture to expand to 
new regions and sites within the province.

Some of the other impacts of climate change 
could have negative impacts on agriculture. Changes 
in hydrological systems combined with warmer 
temperatures and greater evapotranspiration, for 
example, may mean less available soil moisture in 
some regions. And warmer temperatures may also 
mean that new insect pest species are able to move 
into a region. Further, warmer temperatures may 
threaten crops that are not tolerant of extreme warm 
temperatures above certain fixed thresholds that 
reflect the crop’s physiology.

WHY IS GDD INCREASING?
From 1900 to 2013 average annual temperatures  
warmed in BC at a rate of 1.4ºC per century. Because 
GDD is related to average daily temperature, it is not 
surprising that the amount of energy available for 
plant growth and development has also increased.

WHAT CAN WE EXPECT IN FUTURE?
Climate models indicate that temperatures will 
continue to rise in BC by 1.7ºC to 4.5ºC by the 
2080s. The higher rate of warming is projected 
to occur over the interior of the province. Annual 
GDD should continue to increase as the climate 
continues to warm.

The United Nations Intergovernmental Panel 
on Climate Change (IPCC) suggests, however, that 
increases in average annual temperature of more 
than a few degrees centigrade will result in a general 
reduction, with some variation, in potential crop 
yields in mid-latitudes.

Heat requirements  
of Agricultural Crop  
and Pest Species

Species Minimum 

Threshold

Degree Day 

Requirements 

(over threshold 

temperature)

Sweet corn 10C 855

Thompson grape 10C 1600-1800

Codling moth 11C 590

Pea aphid  5.5C 118
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The mountain pine beetle is a native insect 
with an important role in maintaining many 

pine ecosystems. It is also the most important 
forest pest in western Canada and has killed an 
estimated 300 million trees in British Columbia 
over the last 20 years and damaged timber worth 
an estimated six billion dollars.

While mountain pine beetle will attack most 
western pines, its primary host throughout most of its 
range is lodgepole pine. Mountain pine beetles burrow 
into the bark of the host tree and 
lay their eggs there in summer. 
The eggs hatch inside the tree 
and larvae remain there over the 
winter. During the following spring, 
larvae complete their development. 
Burrowing and feeding activities 
of the larvae create networks of 
channels known as galleries beneath 
the bark, causing the death of the tree.

Adult beetles emerge from their host tree in mid- 
to late summer and disperse in search of new trees 
to colonize. Dispersal may be within the same stand 
or over distances of 100 kilometres or more. Once 
the beetles find a new host tree, mated females bore 
through the bark to lay their eggs, starting a new cycle.

SOURCE: Canadian Forest Service

Endemic populations of mountain pine beetle  
are common throughout lodgepole pine forests. They 
tend to inhabit individual trees dispersed throughout 
a stand that are weaker and less resistant to invasion. 
In these endemic populations, births and deaths are  
in balance. Predators, disease, and competition for 
food and space control population size. The capacity 
of most healthy trees to resist a normal beetle attack 
also helps control the beetle population.

Mountain pine beetle populations increase 
from time to time within a stand when conditions 
allow – for example, when trees are stressed by 
crowding, flooding, or root disease. Such stand-level 
infestations can quickly become a full-scale outbreak 
under ideal conditions, with beetles invading – and 
ultimately killing – many trees across the forest 
landscape. Periodic mountain pine beetle outbreaks 
like this created ideal conditions for fire, which 
has historically played a vital role in maintaining 
native pine ecosystems by eliminating competing 
vegetation, preparing the seedbed, and releasing 
seeds from cones, which require heat to open. 

HOW DOES TEMPERATURE AFFECT 
MOUNTAIN PINE BEETLES?
Temperature is one of the primary sources of 
mortality for mountain pine beetles.

When temperatures in the summer and fall are 
warm enough, larvae hatch and 
grow adequately before the onset 
of winter. When they are at the 
late larval stage, mountain pine 
beetles are resistant to cold and can 
withstand temperatures close to 
-40ºC for long periods of time.

When temperatures in the 
summer and fall are relatively cool, 

however, the larvae grow more slowly and may not 
reach the ideal life stage before winter. As a result, 
many will die. For this reason, the mountain pine 
beetle cannot establish populations at high elevations 
or at northern latitudes. Its distribution is bounded 
by the -40ºC isotherm, which joins sites where the 

MOUNTAIN PINE BEETLE 
RANGE

Temperature limits the range 
and size of mountain pine beetle 
populations. Warmer temperatures 
may allow the beetles to move 
northwards into new regions and 
upwards into new ecosystems. 

2002 edition
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average of the lowest temperature recorded each year 
(1921-1950) is -40ºC.

Lodgepole pine ecosystems – the preferred forest 
of the mountain pine beetle – extend north into the 
Yukon and the Northwest Territories and east into 
Alberta. Climate limitations currently prevent the 
mountain pine beetle from establishing itself in these 
regions. Warmer temperatures, in particular warmer 
winter temperatures associated with climate change, 
may allow the mountain pine beetle to extend its 
range northwards and eastwards into these eco
systems. With warming, regions that are currently  
too cold for the mountain pine beetle will become 
more suitable.

A 2.5ºC increase in temperature would likely 
shift the northern boundary of the region suitable 
for the mountain pine beetle a further 7 degrees of 
latitude north. A range expansion of this size would 
allow beetles potential access to formerly unoccupied 
lodgepole pine habitat. It would also give them the 
potential to invade jack pine forests, a major compo
nent of the boreal forest that is currently free of beetles.

Warmer winter temperatures may also allow the 
mountain pine beetle to extend its range upwards 
into high-elevation pine forests – for example, 
whitebark and limber pine forests in southeastern  
BC – that are not adapted to the beetle’s impacts.

An additional concern is the possibility that 
climate change may allow mountain pine beetle 
infestations and outbreaks to occur more regularly 
and with greater severity within the beetle’s current 
range. At present, mountain pine beetle outbreaks 
in BC are limited to the southern portion of the 
province. Outbreaks occur almost exclusively in 
regions where it is warm enough for mountain 
pine beetles to complete their development within 
a year. In such regions, when weather conditions 
are warmer than usual, a large number of larvae 
can survive the winter. Larger populations of adult 
beetles can more easily overcome the resistance of 
healthy trees, allowing the development of stand-
level infestations and of outbreaks. Consequently, 
it is highly possible that an increase in winter 
temperatures associated with climate change could 
increase the potential for outbreaks.

WHAT CAN WE EXPECT IN FUTURE?
Monitoring indicates that average temperatures over 
most of British Columbia warmed during the past 
century, with the greatest increases occurring in the 
north. Climate models project that this warming 
trend will continue. Most importantly, the data show 
that minimum temperatures have warmed during 
this time period. 

Because minimum temperatures delineate the 
northern range of the mountain pine beetle, this 
increase in minimum temperatures provides forest 
managers with reason for concern.

Distribution of Mountain Pine Beetle 
Infestations, 1910-1970

SOURCE: A. Carroll, Pacific Forestry Centre, 2001. Adapted from Safranyik, L. 1990. 
Temperature and insect interactions in western North America. Proceedings of the Society of 
American Foresters National Convention. Washington DC. SAF Publication 90-02. pp. 166-170. 
Isotherms from Department of Mines and Technical Surveys. 1957. Atlas of Canada.

A L B E R T A

B R I T I S H  

C O L U M B I A
-30

-40

L E G E N D

Areas where there is not enough accumulated heat for beetles to complete development 
on a one-year cycle. (i.e. average degree-day accumulation <833 above 5.6C)

Range of lodgepole pine

Recorded MPB infestations 1910-1970

-30C isotherm
-40C isotherm
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ABOUT THE INDICATORS
These indicators measure changes in the annual 
energy requirements for heating and cooling. The 
figures in this section show the average rate of 
change in annual Heating Degree Days and Cooling 
Degree Days over a century for all the ecoprovinces 
in BC. The trends are based on temperature records 
from 1900 to 2013 from weather observation stations 
throughout the province.

Heating requirements are measured in units 
called Heating Degree Days (HDD). HDD for one 
day is calculated as the difference between 18ºC 
and the average outdoor temperature for that day 
when the outdoor temperature is less than 18ºC. 
For example, a day with an average temperature of 
8ºC has an HDD of 10. Over a month of similar days 
the monthly HDD would be about 300. The HDD 
calculation looks only at days when the average 
outdoor temperature is less than 18ºC. Annual HDD 
represents the sum of daily HDD for the year.

Energy requirements for cooling are measured 
in units called Cooling Degree Days (CDD). CDD 
for one day is calculated as the difference between 
the average outdoor temperature for that day and 
18ºC when the outdoor temperature is warmer 
than 18ºC. For example, a day with an average 
temperature of 21ºC has a CDD of 3. A month of 
similar days would have a monthly CDD of about 
90. The CDD calculation looks only at days when the 

Change in  
Annual 
Heating 
Requirements, 
1900-2013,  
(HDD per 
century)

SOURCE: Data from Ministry of Environment Climate Related Monitoring Program 
and Environment Canada. Trend Analysis for 1900 through 2013 conducted by PCIC, 
2014 for the Ministry of Environment. NOTES: A negative sign indicates a decrease 
in heating requiremernts.

average temperature is more than 18ºC and cooling 
is required. Annual CDD represents the sum of daily 
CDD for the year.

HEATING AND COOLING TRENDS
There is a province-wide trend towards lower annual 
heating requirements. The annual Heating Degree 
Days (HDD) in the province as a whole have decreased 
by 600 HDD per century with the greatest reduction 
in energy requirements for heating in the northern 
parts of BC. In the Taiga Plains ecoprovince, the 
annual HDD have decreased by 670 HDD per century 
from 1900 to 2013. The Boreal Plains and Sub-
Boreal Interior ecoprovinces experienced a decrease 
in HDD of 630 to 640 HDD per century. In the 
Georgia Depression ecoprovince the heating energy 
requirements have decreased by 310 HDD per century. 

Cooling energy requirements have increased 
modestly throughout the province by an average of 
13 Cooling Degree Days (CDD) per century. The 
greatest increase in energy required for cooling has 
occurred in the southern part of the province. The 
Southern Interior ecoprovince has experienced the 
greatest increase in annual CDD, at a rate of 25 CDD 
per century. The two ecoprovinces that experience 
the second highest rates of increasing cooling 
energy requirements are the Georgia Depression 
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and the Southern Interior Mountains. Both of these 
regions have experienced an increase in annual cooling 
requirements at a rate of 21 CDD per century. The 
Northern Boreal Mountains have experienced an 
increase in cooling energy requirements at 11 CDD per 
century. The Taiga plains are experiencing an average 
annual CDD increase at 15 CDD per century.

WHY IS IT IMPORTANT?
Building managers, owners, and residents often 
begin interior heating when the outdoor temperature 
is below 18ºC (although this threshold may be lower 
for homes constructed more recently). As outdoor 
temperature goes down, the amount of energy 
required for heating goes up.

The energy supply industry uses annual HDD 
figures extensively to measure and project heating 
requirements. Annual HDD figures help the energy 
industry estimate demand for residential and other 
heating and maximum demand on energy supply 
systems during extremely cold periods. All else being 
equal, when annual HDD decreases, there is less 
demand for energy for heating.

With respect to cooling, residents of warmer 
climates often turn on their air conditioners when 
the average daily outdoor air temperature, averaged 
over a 24-hour period, exceeds 18ºC.

CDD affects energy demand because most air 
conditioning and refrigeration systems use electricity to 
operate fans and pumps. In most of BC, however, cooling 
places minor demands on the energy system, and CDD 
is not a significant factor in energy management and 
planning decisions. However, CDD may become more of 
an issue for regional energy use planning in southern BC.

WHY ARE HEATING AND COOLING 
REQUIREMENTS CHANGING?
During the 20th century, average annual temperatures 
increased across most of BC. Because heating and 
cooling requirements are directly linked to temperature, 
it is not surprising that they too should have changed 
during the same period.

This rise in average annual temperature is only part 
of the story, however. Surface warming trends and 
trends in daily maximum and minimum temperature 
vary by season and from one region of BC to another 
(see “Average Temperature” and “Maximum and 
Minimum Temperature”), affecting heating and  
cooling requirements.

In winter, less energy is required to keep buildings 
warm when average daily temperatures increase, as they 
have throughout BC. The trends also suggest that heating 
requirements have gone down mainly because winter 
nights are not as chilly as they were in the past (see 
“Maximum and Minimum Temperature”).

The summer temperature trends suggest that, in the 
Southern Interior, Georgian Depression and Southern 
Interior Mountains, slightly more energy may be 
required to keep buildings cool during the hot part of 
the day because summer nights are warmer now than 
in the past. Buildings therefore do not cool down as 
much during the night (see “Maximum and Minimum 
Temperature”).

WHAT CAN WE EXPECT IN FUTURE?
Climate models indicate that temperatures will 
continue to rise over BC during the 21st century and 
that atmospheric warming will be more pronounced 
in winter and summer than in spring and fall. 
Consequently, winter heating requirements will likely 
continue to decrease, and summer cooling requirements 
to increase.
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Warmer temperatures, and changes in  
precipitation and other aspects of the climate 

system have the potential to adversely affect human 
health. Although at this time there are no data that 
directly link climate change and health in British 
Columbia, studies from other regions suggest that 
such links may exist.

HOW CAN CLIMATE 
CHANGE AFFECT 
HUMAN HEALTH?
Heat-related Illness:  
Climate models predict that 
over the next century summer 
heat waves will occur more frequently, particularly 
in urban areas, where buildings and pavement 
absorb and retain heat. Between 1951 and 1980  
in Victoria, an average of three days per year  
were warmer than 30ºC. In the 21st century,  
hot days are expected to more than quadruple,  
to 13 days per year. Hot days will be even  
more frequent in the Lower Mainland and the 
interior of BC. As a result, heat-related health 
impacts – including heat stroke, dehydration,  
and cardiovascular and respiratory illness –  
are expected to increase.

Respiratory Illness: Heavy emissions from 
motor vehicles and industrial activities can 
contribute to the development of smog. This is 
particularly a problem in Vancouver and the Fraser 
Valley. A component of smog – ground level ozone – 
is linked to respiratory irritation, affecting individuals 
with asthma and chronic lung disease. Even healthy 
individuals can experience chest pain, coughing, 
nausea, and lung congestion when exposed to low 
amounts of this ozone.

On hot days, the reactions that produce smog and 
ground level ozone occur more quickly. The rise in 
average temperature associated with climate change 
will likely increase the incidence of smog. The 
Intergovernmental Panel on Climate Change (IPCC) 
has therefore concluded that ongoing climate change 
could exacerbate respiratory disorders associated 
with reduced air quality in urban and rural areas.

Water Contamination: Water quality 
deteriorated between 1985 and 1995 at 11 percent 
of provincial water sampling stations. Past discharges 
from mining operations, non-point source pollution, 
and high waterfowl concentrations have made water 

in some communities unfit 
for recreation or drinking. 
Climate change poses additional 
threats. Sea level rise may 
inundate water systems in 
some low-lying coastal areas 
with saltwater, chemicals, 
and disease organisms. 

Extreme precipitation events may strain municipal 
drainage and sewage systems and increase the risk 
of contamination. Summer water shortages may 
exacerbate water quality problems in some areas by 
increasing the concentration of contaminants.

Water-borne Disease: Increased precipitation, 
runoff, and flooding associated with climate 
change may increase the transmission of parasites 
from other animals to humans through the 
water system. In 1995 Victoria experienced an 
outbreak of toxoplasmosis, a disease that causes 
symptoms ranging from swollen lymph glands 

HUMAN HEALTH

Climate change may increase the 
frequency of heat-related and respiratory 
illness, water contamination and water-
borne diseases, vector-borne diseases,  
and some weather-related accidents.

2002 edition
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to lung complications, lesions on major organs, 
and disorders of the central nervous system. The 
outbreak was linked to extreme precipitation, 
causing high levels of runoff that picked up the 
parasite from animal feces and carried it into 
drinking water reservoirs. In recent years BC has also 
experienced outbreaks of cryptosporidiosis, another 
serious water-borne disease transmitted through 
animal feces.

Increases in marine and freshwater temperature 
associated with climate change may also contribute 
to the survival of pathogens. Red tide, a disease of 
shellfish, is caused by a toxic algae that grows in 
warm coastal waters during the summer. Shellfish 
concentrate the red tide toxins in their flesh, and 
humans who eat contaminated shellfish can become 
seriously ill. Ocean warming associated with climate 
change may increase the incidence of red tide along 
the BC coast. In fresh water, warmer temperatures 
may create ideal conditions for the pathogen  
responsible for giardiasis, which is transmitted  
from animals to humans through water.

Vector-borne Disease: Animals, birds, and 
insects that carry human diseases are known as 
disease “vectors.” Warmer temperatures associated 
with climate change may enable vectors – and 
the diseases they carry – to extend their ranges. 
The chance of humans contacting the disease may 
therefore increase. Vectors of concern in BC  
include rodents, ticks, and mosquitoes.

The deer mouse is the primary vector in Canada 
for hantavirus, and it transmits the virus to humans 
through its feces. When the feces dry, the virus is 
released into the air and can be inhaled by humans 
who are in the vicinity. Six cases of hantavirus in 
humans are known to have occurred in BC, two  
of them resulting in death.

Various species of ticks can carry Lyme disease 
and transmit it to humans. The most important 
vector in BC is the western black-legged tick, which 
is extremely common on the coast during the early 
spring and summer. The microorganism that causes 
Lyme disease has also been detected in adult ticks in 
the Fraser Valley.

Mosquitoes are the primary vector in North 
America for encephalitis. Viral transmission  
rates from mosquitoes can increase sharply as 
temperatures rise. Studies elsewhere show a 
correlation between temperature and the incidence  
of tick-borne encephalitis in humans. Swedish 
studies suggest that the relatively mild climate in 
the 1990s in Sweden contributed to increases in 
the density and geographic range of ticks. At high 
latitudes, warmer-than-usual winter temperatures 
were related to a northward shift in tick distribution. 
Further south, mild and extended autumn seasons 
were related to increases in tick density.

Weather-related Accidents: In general, climate 
change is associated with increased precipitation, 
flooding, landslides and extreme weather-related 
events. Such events may increase the incidence of 
accident-related injuries and deaths in BC. Other 
impacts of climate change – for example, reduced 
winter snowfall – may decrease the potential for 
accidents. The IPCC has concluded that in some 
temperate countries reduced winter deaths would 
outnumber increased summer deaths from climate-
related factors.

WHAT CAN WE EXPECT IN FUTURE?
No cause-and-effect relationships have been 
established between climate change and provincial 
health impacts. More research is needed before we 
will be able to assess the degree of risk that climate 
change poses to the health of British Columbians. 
Little information is available about possible health 
benefits. The IPCC has also noted that potential 
adverse health impacts of climate change could be 
reduced through appropriate public health measures.
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Climate reflects weather conditions for a specified area 
over a relatively long time period, usually decades or 
centuries, but sometimes even millennia. It is typically 
described in terms of averages and extremes in such 
properties as air temperature, precipitation, humidity, 
sunshine, and storm frequency.

Climate is characterised by:
•	 temperatures of the surface air, water, land, and 

ice
•	 wind and ocean currents, humidity, cloudiness 

and cloud water content, groundwater, lakes, and 
water content of snow and sea ice

•	 pressure and density of the atmosphere and ocean, 
salinity and density of the ocean, composition of 
dry air, and boundaries and physical constants

These properties are interconnected through 
physical processes such as precipitation, evaporation, 
infrared radiation emitted by the earth and the 
atmosphere, vertical and horizontal movements  
of the atmosphere and ocean, and turbulence.

Historically, the climate of the earth has varied 
continuously from year to year, decade to decade, 
century to century, and millennium to millennium. 
Such changes may be the result of climate variability, 
climate change, or both.

CLIMATE VARIABILITY
Much of the climate variability we experience 
involves relatively short-term changes and can occur 
as a result of natural alterations in some aspect of 
the climate system. For example, increases in the 
concentration of aerosols in the atmosphere as a 
result of volcanic eruptions can influence climate  
for a few years. Climate variability can also result 
from complex interactions between different 
components of the climate system: for example  
the ocean and the atmosphere.

The climate of British Columbia is strongly 
influenced by two natural patterns in the Pacific 

Ocean: the El Niño Southern Oscillation (ENSO)  
and the Pacific Decadal Oscillation (PDO). 

ENSO is a tropical Pacific phenomenon that 
influences weather around the world. El Niño, the 
so-called “warm phase” of ENSO, brings warmer 
winter temperatures and less winter precipitation to 
BC. La Niña, the “cool phase” of ENSO, is associated 
with cooler and wetter winters. During neutral years, 
ENSO is in neither a warm nor a cool phase and has 
little influence on global climate. ENSO tends to vary 
from the two extremes and the neutral state within 
two to seven years, usually staying in the same state 
for no longer than a year or two.

The PDO is a widespread pattern of sea surface 
temperature in the northern Pacific Ocean. Like 
ENSO, it has a warm and a cool phase. The PDO 
tends to remain in one phase for 20 to 30 years.  
It was in a cool phase from about 1900 to 1925  
and from 1945 to 1977. It was in a warm phase 
from 1925 to 1945 and from 1977 onwards.  
A change from warm to cool appears to have  
occurred around the end of the 1990s.

Appendix A: Climate Change  
Past Trends and Future Projections

Climate variability,  
oscillations and change

SOURCE: Adapted from original, courtesty of Pacific Climate Impacts Consortium.
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The PDO is associated with cyclical changes 
in the sea surface temperature of the northern 
Pacific Ocean. Because prevailing winds blow from 
the North Pacific towards the BC coast and air 
temperature is affected by sea temperature, average 
air temperatures over coastal BC have also fluctuated 
in accordance with the phase of the PDO. 

CLIMATE CHANGE
Climate change represents longer-term trends that 
occur over many decades or centuries.

There is strong evidence that change is an 
ongoing feature of the global climate system. At 
present, however, it is occurring at an unprecedented 
rate. According to the AR5 report by the IPCC, 
global temperature, for example, has increased 
by 0.85ºC since the 19th century. The IPCC also 
notes that in the last three decades, each decade 
has been warmer than any preceeding decade 
since temperature started being recorded (1850). 
Also, the last 30 years in the Northern Hemisphere 
were likely the warmest 30-year period of the 
last 1,400 years. Weather observations also reveal 
significant changes in average global precipitation 
and atmospheric moisture, as well as changes in 
patterns of atmospheric and oceanic circulation and 
the frequency of extreme weather.

Climate change occurs simultaneously with,  
and also influences, natural climate variability. For 
example, El Niño events may have become more 
frequent in recent years, and four of the ten strongest 
El Niño events of the 20th century have occurred 
since 1980.

Some of the causes of climate change – including 
long-term changes in the amount of energy radiating 
from the sun and variations in the orbit of the earth 
around the sun – are entirely natural. Others are 
anthropogenic – of human origin. Some human 
activities – in particular the burning of fossil fuels 
and land-use changes – are associated with an 
increase in the concentration of carbon dioxide and 
other greenhouse gases in the atmosphere over the 
last century and a half. There is a strong connection 
between the concentration of these gases in the 
atmosphere and atmospheric temperature.

Anthropogenic climate change appears to be 
responsible for much of the atmospheric warming 
observed during the past century, and especially 
the last 60 years. The earth is currently exposed to 
the highest levels of CO

2
 in the atmosphere in at 

least 800,000 years according to the IPCC’s AR5 
report. And some greenhouse gases, including CO

2
, 

are persistent – they remain in the atmosphere for 
centuries. Climate models project that even if we 
stop burning fossil fuels tomorrow, the atmosphere 
will continue to warm for a few centuries.

SOURCE: Adapted from IPCC, 2014, Climate Change 2014 Synthesis Report - Summary for Policy Makers, Figure SPM.1, p. 3.
OBSERVATIONS: 
(left) Annually and globally averaged combined land and ocean surface temperature anomalies relative to the average over the period 1986 to 
2005. Colours indicate different data sets. 
(right) Atmospheric concentrations of the greenhouse gases carbon dioxide (CO2, green), methane (CH4, orange), and nitrous oxide (N2O, red) 
determined from ice core data (dots) and from direct atmospheric measurements (lines).
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DISTINGUISHING PAST TRENDS
Even during a period of general global atmospheric 
warming, climate variability can result in cooler-
than-average regional temperatures. To obtain 
long-term climate change trends from historical 
data records it is therefore necessary to identify the 
“signal” of climate change against the “background 
noise” of climate variability.

Climate variability in BC is characterized 
by decadal variability associated with the PDO. 
Short records may be too strongly influenced by 
this natural cycle to produce meaningful climate-
change trends. Only data records that likely span 
one or more full cycles of the PDO, can be used to 
distinguish the effects of climate variability from the 
effects of climate change.

The majority of the climate-change and related 
trends described in this report were obtained 
through the analysis of historical data collected  
at weather and other monitoring stations across  
BC. Where trends have been identified the data  
show a clear “signal” of climate change. 

MODELLING THE FUTURE
This report describes how the climate in BC may 
continue to change during the 21st century and 
the ongoing impacts climate change may have on 
marine, freshwater, and terrestrial ecosystems, and 
on human communities.

Most information about future projections 
is based on analysis by PCIC, data available on 
Plan2Adapt, and on AR5 reports published in 2014 
by the Intergovernmental Panel on Climate Change 
(IPCC). The findings about future climate change are 
largely based on climate models – representations 
of the climate system that take into account relevant 
physical, geophysical, chemical, and biological 
processes. While the models have been tested to 
ensure that they can reasonably simulate past and 
current climates, they present a range of possible 
future climates rather than specific predictions.

Climate models incorporate scenarios of possible 
future states of the global climate. The most common 
scenarios are based on a range of socioeconomic 

assumptions (for example, future global population, 
gross domestic product) which drive the models. 
The IPCC Representative Concentration Pathways 
(RCPs) project global temperature increases ranging 
from 6.0ºC to 8.5ºC by the end of this century, 
accompanied by changes in precipitation and other 
aspects of the climate system.

In general, the ability of climate models to 
provide information about future changes in 
temperature, precipitation, and other climate 
variables at the regional level is improving. 
Mountainous regions such as BC – where valleys 
may have quite a different climate from adjacent 
mountainous terrain – present particular problems. 
In general, projections about temperature are more 
reliable than projections about precipitation or 
other weather elements.

Finally, information about how natural and 
human systems respond to shorter-term climate 
variability provides insights into how the same 
systems might respond to climate change.

ADDITIONAL RESOURCES
For more information about what climate 
change is, and the science behind it please 
refer to the Climate Insights (http://pics.uvic.
ca/education/climate-insights-101) materials 
provided by the Pacific Institute for Climate 
Solutions (PICS).

For more information about future climate 
projections in BC and potential impacts, please 
see Plan2Adapt (http://www.pacificclimate.org/ 
analysis-tools/plan2adapt), an interactive 
online tool provided by the Pacific Climate 
Impacts Consortium (PCIC).

For more information about global 
trends and projections please refer to the 
Intergovernmental Panel on Climate Change 
(IPCC) publications, available on their website 
(http://www.ipcc.ch).
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Appendix B: Data and Methods  
Long-Term Trends In Temperature, Derived Temperature 
Variables, Precipitation, and Glacier Change

DATA

Temperature, Derived Temperature Variables,  
and Precipitation Trends
Data was sourced from the Pacific Climate  
Impacts Consortium (PCIC) Data Portal  
(http://www.pacificclimate.org/data). The PCIC  
Data Portal was established by PCIC through 
a negotiated agreement with the Ministry of 
Environment’s Climate Related Monitoring Program 
(CRMP). The result is a single portal that stores and 
delivers data collected by the BC Natural Resource 
Sector Ministries, BC Hydro and RioTinto AlCan 
(http://www.env.gov.bc.ca/epd/wamr/crmp.htm).  
The data set also includes data from Environment 
Canada and de-activated historical networks. 
This project used temperature and precipitation 
measurements from the station observational dataset.

This analysis requires stations with relatively 
long records. The early part of the analysis (early 
1900’s) are based on a sparse network of stations, 
so any understanding of the detailed climate at that 
time is less certain than for more recent years when 
there are more stations distributed broadly across the 
province. This issue is most critical for precipitation 
because its distribution across the landscape is highly 
complex and anomalies compared against climate 
normals have more detailed spatial structure than 
temperature does. This is especially true considering 
the diversity of topography in BC. This analysis 
reports trends for the full period for precipitation, 
while acknowledging that the statistical uncertainty 
in the trends may not fully capture the uncertainty 
that arises from changes in the observational network 
over time. However, the trends reported here are 
broadly consistent with other analyses carried out at 
a coarser spatial resolution and at individual stations.

Trends in Glacier Volume and Area Change
Glacier area change was assessed by comparing 

the mapped extents of glaciers from the BC Terrain 
Resource Information Management (TRIM) data set 
which are based on arial photos from the mid-1980s 
through the late 1990s. Glacier volume change was 
assessed by differencing the topography measured 
during the TRIM campaign from the topography 
measured during the shuttle radar tomography 
mission (SRTM) which was flown aboard the space 
shuttle during February 2000 (Jarvis et al., 2008).

ANALYSES

Temperature, Derived Temperature Variables,  
and Precipitation Trends
The general methodological approach:
1.	Calculate monthly anomalies for the period of 

record for every station that has a climate normal 
associated with it. Here the climate normals were 
derived from the PRISM project (Anslow et al.,  
in prep.) and are for the 1971-2000 climate 
normal period.

2.	Compute seasonal (defined as DJF, MAM, JJA 
and SON) and annual anomalies for each station 
where monthly coverage is sufficient. This 
requires all three months for a seasonal anomaly 
and all 12 months for an annual anomaly. 
Anomalies are weighted appropriately based 
on the number of days in a given month when 
computing the seasonal or annual mean. For 
the degree day variables, number of degree days 
were summed on a seasonal basis for stations 
with sufficient data as determined through the 
computation of the seasonal and annual means 
of the temp. and precip. variables. A threshold of 
5 degrees was used for growing degree days and 
18 degrees was used to delineate between heating 
and cooling degree days.
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3.	For each season and complete year in all years 
from 1900 to 2013, interpolate the available 
anomalies onto a 1/2 degree grid. Then, using 
shape files defining the province of BC and the 
ecoprovinces, calculate the mean anomaly over 
the region of interest for each year of interest. 

4.	Calculate trends based on the mean anomaly for 
the domains of interest. Trends were calculated 
using the “Robust Linear Model” in R (i.e. Huber 
and Ronchetti, 2009). This choice was made to 
allow the uncertainty in the splined anomalies 
as well as the station density to provide weights 
for each year’s mean anomaly. The probability of 
the trend being significant is provided and values 
greater than or equal to 0.95 may be deemed 
significantly different from the null hypothesis  
of no trend.

Trends in Glacier Volume and Area Change
The changes to glaciers that have occurred in the past 
several decades and which are projected to occur 
with climate change was intensively studied through 
the Western Canadian Cryospheric Network. For 
this report, we rely on two separate studies; the first 
looked at the change in volume of the glaciers in 
British Columbia from roughly 1985 until winter 
1999-2000. The second investigated the changes 
in glacier area from the period 1985 through 2005. 
Both resultant datasets cover all glaciers in British 
Columbia and thus provide an excellent snapshot of 
both the state of glaciers in the early 2000s as well 
as the changes those ice masses underwent during a 
very warm climatological period. Glacier area change 
was assessed by comparing the mapped extents of 
glaciers from the BC Terrain Resource Information 
Management (TRIM) data set which are based on arial 
photos from the mid-1980s through the late 1990s. 

Glacier volume change was assessed by differencing 
the topography measured during the TRIM campaign 
from the topography measured during the shuttle 
radar tomography mission (SRTM) which was flown 
aboard the space shuttle during February 2000 (Jarvis 
et al., 2008). Changes in volume were computed by 
subtracting the earlier surface from the later surface 
using control points of fixed topography to assess 
error. The glacier analysis was done by Bolch et al. 
(2010) for glacier area and Schiefer et al. (2007) for 
glacier volume change at UNBC.
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Appendix C: Data and Methods  
Snow, Timing and Volume of River Flow,  
Sea Level, and Sea Surface Temperature

DATA

Snow Water Equivalent and Depth
Analysis of snow water equivalent and depth was 
done using manual snow survey data collected by 
the BC Ministry of Environment, provided to PCIC 
by the BC Ministry of Forests, Lands and Natural 
Resource Operations’ River Forecast Centre. These 
data are collected in the field by taking repeat, direct 
measurements of snow depth and water content 
of the snowpack at numerous sites throughout 
the province. These measurements are made at 
monthly intervals starting January 1 and running 
through the latter part of the winter. These data were 
supplemented with April 1 snow water equivalent 
data from the automated snow pillow network. The 
automated snow pillow network operated by BC 
Ministry of Environment collects continuous data on 
snow water equivalent via its automated snow pillow 
network throughout BC at 71 historical locations 
with 51 currently operating. Data were gathered from 
River Forecast Centre website.

Timing and Volume of River Flow
Station information was downloaded using the 
Environment Canada Data Explorer – HYDAT 
Version 1.0 (Jan. 26, 2015). Ten stations were 
selected based on their association with the Reference 
Hydrometric Basin Network (Whitfield et al., 2012), 
record length, representation of major hydrologic 
regimes in BC and spatial location with respect to 
hydrologic modelling projections from the Pacific 
Climate Impacts Consortium at the University of 
Victoria (http://tools.pacificclimate.org/dataportal/
hydro_stn/map/).

The Fraser River at Hope station (08MF005) 
was analyzed to maintain consistency with Fraser 
and Smith (2002) and also because it is a significant 
watershed in the province and provides an overview 
of climate-related changes to hydrology. Water 
extractions from the Fraser River basin through the 
Nechako Reservoir started in 1958. An adjusted 
time series was created to account for flows lost. The 
analyzed data are the combined 1912 to 2012 record 
downloaded from HYDAT and the adjusted data, 
which covers 1958 to 2007. This adjusted data was 
received from Alan Chapman in 2007 who was Lead 
of the River Forecast Centre at that time.

Sea Level
Relative sea level data is collected at tide gauges 
at numerous locations along the coast of Canada 
by the Canadian Hydrographic Service, part of the 
Department of Fisheries and Oceans. The analysis in 
the 2002 climate indicators report calculated trends 
at four long-term stations on the BC coast –  
Tofino, Prince Rupert, Victoria and Vancouver – 
and these same stations have been analyzed here. 
These all have data as early as 1910 but large gaps 
exist for some records in the 1920s and 1930s. For 
example, Tofino has a gap from 1920 through 1939. 
Prince Rupert has a similar length gap with a couple 

Water Survey 

of Canada 

Station ID 

Water Survey of Canada  

Station Name

08HA001 Chemainus River near Westholme

08HA003 Koksilah River at Cowichan Station

08JB002 Stellako River at Glenannan

08JE001 Stuart River near Fort St. James

08LA001 Clearwater River near Clearwater Station

08LD001 Adams River near Squilax

08MF005 Fraser River at Hope

08MG005 Lillooet River near Pemberton

08NB005 Columbia River at Donald

08NF001 Kootenay River at Kootenay Crossing

09AE003 Swift River near Swift River
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of annual observations from 1924 and 1927. Our 
choice of trend estimator accommodates such gaps 
so infilling was not attempted. Homogenization 
efforts were not applied to these data owing to no 
indication of inhomogeneity in the data upon visual 
inspection of plotted annual sea level. Although 
sea level does change systematically with season 
and with interannual variability principally due to 
weather and ocean climatic state, seasonal trends 
were not computed given the interest in identifying 
any large scale and long-term climate driven changes.

Sea Surface Temperature
Sea surface temperature data are gathered by the 
Department of Fisheries and Oceans Canada as 
part of routine monitoring programs. The sea 
surface temperature data analyzed here is measured 
manually once daily adjacent to light stations. 
Water is gathered within an hour of high tide and 
its temperature (and salinity) are measured with 
well-calibrated instruments. In locations where light 
stations are no longer manned, the work is carried 
out by contractors. The program comprises 38 
stations that have operated at some point since the 
1930s. For this project, data were gathered from the 
19 stations that have current or recent observations. 
Only seven had sufficiently long records to compute 
long-term trends.

Efforts were made to apply automated data 
homogenization techniques to the sea surface 
temperature data to correct for any potential non-
climatic but systematic changes in observation 
values arising from, e.g., transition to contract 
observers or changes in instruments in time. 
Although the DFO has made great efforts to control 
the observing conditions, such issues could crop 
up. It was found that most of the records were 
resistant to such analysis likely because of the very 
strong decadal variability in sea surface temperature 
data which, makes detecting unnatural transitions 
very difficult. Because of this, we left the data 
unchanged, however, note that several stations 
exhibit inhomogeneities in this analysis but we are 
not confident enough that they are non-climatic to 
warrant adjusting the data.

ANALYSES

Snow Water Equivalent and Depth
The measurement taken at or near April 1 is typically 
viewed as a standard indicator of snow accumulation 
for a given year. This analysis follows this convention 
by examining the April 1 measurements of 
snow throughout the province for all years with 
observational data. The manual snow survey program’s 
earliest observation year is 1935 making this a long-
term dataset. The methodology and instrumentation 
for collecting snow depth and water equivalent has 
changed very little since then, producing a data set 
that is methodologically homogeneous. However, 
snow depth observation sites are subject to changing 
land cover conditions as vegetation changes through 
time, introducing some inhomogeneity. Still, the data 
represent a high quality 82 year-long record of snow  
at specific locations in the province.

The target outcome of analyzing these data 
is a regional quantification of changes in snow 
depth and water equivalent of ecoprovinces for 
as long a time-scale as the observational network 
will support. The approach consists of three steps. 
First, annual anomalies were computed on the 
station data over the 1981 to 2010 30-year normal 
period. Second, the anomalies were interpolated 
into a gridded product using thin plate spline 
interpolation. Finally the regional average for 
each year and region was taken and trends were 
computed from the timeseries of those averages for 
each ecoprovince.

Timing and Volume of River Flow
Data was processed and analyzed using code written 
in R. Trends were computed using the ‘zyp’ R Package 
(Bronaugh and Werner, 2015). Streamflow trends 
were computed for Annual Date of 1/3 of Flow, Annual 
Date of ½ of Flow or Centre of Timing, Annual Mean, 
Annual Minimum, Annual Maximum, July-August-
September Minimum, April-May-June Minimum, 
December-January-February Mean, March-April-
May Mean, June-July-August Mean and September-
October-November Mean. Trends were provided in 
trend per unit time, trend over the period, and relative 
trend as per the methods of the Climate Overview 
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(Rodenhuis et al., 2009), which followed that of 
Mote et al. (2005) and trend as a percentage of the 
mean flow for that metric (e.g., Annual Minimum). 
The centre of timing (CT) is the day of the year on 
which one-half of the total water flow for the year has 
occurred (Barnett et al., 2008), where year refers to 
calendar year. It is important to note that we do not 
look at “the water year, the day between 1 October 
and 30 September of the next year, on which 50% 
of the water year streamflow has passed,” which is 
the definition used by Hidalgo et al.(2009), who 
followed Maurer et al. (2007).

Trends were computed for two time periods, 
1958-2012 and 1912-2012. Some stations of 
interest did not have records stretching back to 
1912, the start date for trend analysis in the Fraser 
River at Hope.

Relative Sea Level
For trend analysis, the relative sea level data were 
converted to anomalies using the 1981-2010 average 
sea level for each station. Trends were analyzed using 
Mann-Kendall non-parametric trend analysis and 
slopes were calculated using the Sen slopes method. 
These approaches are strongly resistant to outliers in 
data and are better able to handle data with temporal 
gaps in the record.

Sea Surface Temperature
Trends in the data were analyzed on anomalies 
in seasonal and annual mean values relative to a 
30-year climatology. To maximize the number of 
stations that could be included in the analysis, a  
30-year normal period was chosen in which the 
largest number of stations contained enough data 
to have a climate normal calculated (requiring 75% 
data coverage for the given month). This resulted in 
a somewhat unusual climate normal period of 1968 
to 1997. Because the anomalies themselves are not 
presented, an arbitrary normal period is acceptable. 
Using this approach, 15 of 19 stations had sufficient 
data during the climate normal period to be further 
considered in this analysis. Seasonal and annual 
climatologies were based on the monthly values 
and were only calculated when complete seasons 
or years were available thus propagating the 75% 

data requirement. The averages of months to make 
seasonal or annual climatologies were weighted by 
the number of days in the given month to arrive at a 
correct average. Trends were analyzed using Mann-
Kendall non-parametric trend analysis and slopes 
were calculated using the Sen slopes method. These 
approaches are strongly resistant to outliers in data 
and are better able to handle data with temporal 
gaps in the record.

The trend analysis performed here differs 
from that in two published analyses of the same 
data over earlier periods (Cummins and Masson, 
2014; Freeland, 2013).This caused the numeric 
trend values in those studies to differ from those 
presented here. Those analyses relied on linear 
regression to compute trend and two different 
approaches to adjusting uncertainty estimates to 
account for autocorrelation in the data. The data 
in Cummins and Masson (2014) were gap-filled 
prior to computing trends on the monthly data. 
Despite this, the agreement between the methods 
is high and the approach used for this report 
allows the delivery of trends as they differ  
between seasons.
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