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CLIMATE CHANGE

Historic climate

Fifteen thousand years ago, most of BC was covered in ice. The ice melted between thirteen and ten
thousand years ago after which the climate became warm, initially drier and then moister. About 4,500
years ago, BC entered a cooler period. Over the last 1,000 years, the northern hemisphere followed a
slow cooling trend until about 1900 when rapid warming began, corresponding with increased
industrialization and land clearing (Figure 1). Within those general trends are warmer and cooler periods
as shown by the red oscillations in the figure below. See Hebda (1995) and Spittlehouse (2008) for
further detail.

Departures in temperature (“C)
fromthe 1961-1990 average

Figure 1. “Variation in the annual Northern Hemisphere temperature over the last 2000 years expressed as the difference
between the annual values and the 1961-1990 average. The green line shows data from the instrumental record and the red
line is a multiproxy reconstruction from tree rings, ice cores, and corals. The blue line is the low-frequency component with
uncertainty. (Adapted from Moberg et al. 2005.)” Reproduced from Spittlehouse 2008 with permission.

Climate varies over a range of temporal scales. Variation in Earth’s tilt and orbit around the sun
influence variation over centuries and millennia (http://en.wikipedia.org/wiki/Milankovitch_cycles).
Several climatic oscillations that operate on the scale of years to decades affect BC, including the El Nifio
Southern Oscillation, Pacific Decadal Oscillation, Pacific North American Pattern and Arctic Oscillation
(Moore et al. 2010). Variation due to oscillations can exceed mean changes in climate variables over a
century (Rodenhuis et al. 2009). For example, in southwestern BC, precipitation in La Nifia/cool PDO
years is 39% greater than in El Nino/warm PDO years (Kiffney et al. 2002).

BC has become warmer over the last century. Northern and southern BC have warmed more than
coastal BC and parts of central BC (Rodenhuis 2009). Annual minimum temperatures have warmed more
than maximum temperatures—BC is becoming “less cold” rather than “warmer” (Rodenhuis 2009, Pike
et al. 2008). All seasons have warmed, but winter has warmed the most. As a result of warming, seasons
are changing. The frost-free period has lengthened by 21 days over the last half of the last century.
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BC has become wetter (22% increased precipitation) over the last century, with the greatest increases in
precipitation occurring in summer and spring (50%), especially in the northern interior, however over
the last half century winter precipitation has declined in some locations (Pike et al. 2008 and references
therein). Heavy rainfall events have increased. Extreme wet and dry conditions in summer have also
increased. Snowpacks in southern BC and over much of western North America have decreased over the
last half century (Pike et al. 2010). Glaciers are receding across most of BC, with the exception of some
glaciers in cold, high elevation areas experiencing increased precipitation (e.g., northwest BC; Rodenhuis
et al. 2009, Pike et al. 2008). Lake ice lasts a shorter time. Spring snowmelt and runoff is starting sooner
and is followed by increasingly long, dry summers in south-central BC (Leith and Whitfield 1998) and
south coastal BC (Pike et al. 2010).

Projected climate change

The Intergovernmental Panel on Climate Change (IPCC) estimates that average global surface
temperature will increase by 1.8 to 4.0°C (best estimate) over this century relative to the period 1980-
1999 (range of 1.1° to 6.4°C), a substantial increase over the rate of warming (0.6°C), recorded for the
last century (IPCC 2007). The upper end of the projected warming rate is unprecedented in the last 50
million years and is about 50 times faster than warming following ice ages in the last million years
(http://www.ipcc.ch/publications and data/ar4/wgl/en/fag-6-2.html). Even if atmospheric carbon
were stabilized at year 2000 levels, warming is projected to increase by 0.6°C this century (IPCC 2007).
Warming is expected to be greater over land and at high northern latitudes.

Projections (Plan2Adapt website; Box 1) suggest that by mid

century, BC will be 1.8 °C warmer than it was in the 1960 to e

1990 period. Projected temperatures vary by region and BoReRc s
season (Figure 2 and 3). The north and the south (with the SO
exception of the Central Interior) are expected to warm the soReAL

most (1.7 to 2.0 °C, mean annual temperature over the L s, IneRion
period) and the coast the least (1.4 to 1.6 °C). Throughout BC, 2 oo

winters are expected to warm more than summers (2.0 vs. %% fﬁ%‘f&:{‘o:z

1.6°C). Northern BC follows the provincial trend, however % oW ‘?ﬁ%’:ﬁ’é}ms
summers may lead warming in southern and coastal BC, %vgnggigf;gk
except in the Central Interior where little difference between “%oj m S

winter and summer warming is expected (Figure 3). High . .
Figure 2. Ecoprovinces

variability among projections precludes strong conclusions

about regional differences. By the end of this century (2070-2099), mean annual temperature in BC

could be 1.7 to 4.5 °C warmer than the 1961-90 period®. For perspective, Prince George’s annual

temperature is currently 3.7°C cooler than Kelowna’s (Province of BC, 2010).

' From Plan2Adapt: Range of 10™ to 90" percentile; http://www.plan2adapt.ca/tools/planners?pr=0&ts=9&toy=16 accessed
July 16, 2013.



http://www.ipcc.ch/publications_and_data/ar4/wg1/en/faq-6-2.html
http://www.plan2adapt.ca/tools/planners?pr=0&ts=9&toy=16
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Figure 3. Projected increase in temperature from the baseline (1961-1990) to 2050s (2040-2069) by Ecoprovince
(http://www.env.gov.bc.ca/ecology/ecoregions/index.html). Open boxes show mean summer temperature (June, July,
August); shaded boxes show mean winter temperature (December, January, February); vertical lines show range of 80% of
projections. High variability among projections and their coarse spatial resolution preclude strong conclusions about
differences among regions and seasons.

Over BC, annual precipitation is expected to increase by 6 % by mid century with the greatest increase in
winter (Plan2Adapt website). Parts of northern coastal BC face a 6 to 26% increase in annual
precipitation by the end of this century (Haughian et al. 2012). Winter precipitation is expected to
increase in all regions (Figure 4); note that precipitation projections, particularly regional and seasonal
patterns, are more uncertain than temperature projections. Summer precipitation is expected to
increase in northern BC, decrease somewhat in southern BC and decrease more substantially in coastal
BC. Increased winter precipitation will lead to increased snowfall in northern BC, but warmer
temperatures will reduce winter snowfall (i.e., more rain) somewhat in southern BC and substantially in
coastal BC (Figure 5). Spring snowfall will likely be substantially reduced across all regions of BC. Changes
in the amount, timing and type of precipitation will substantially influence snowpack characteristics and
hydrological regimes. BC is expected to follow projected global trends: snow cover will contract and
glaciers and permafrost will thaw (IPCC 2007; Meehl et al. 2007). Further, the depth and duration of the
winter snowpacks in BC will likely decrease (Pike et al. 2008).

Preliminary analyses suggest growing season moisture deficits will increase in several locations,
particularly in southern and coastal BC (Spittlehouse 2008). Deficits occur where monthly precipitation is
less than monthly evaporative demand (reflecting solar radiation, air temperature and humidity, and
wind).


http://www.env.gov.bc.ca/ecology/ecoregions/index.html
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Figure 4. Projected percentage change in precipitation from the baseline (1961 to 1990) to 2050s (2040 to 2069) for
Ecoprovinces of BC. Open boxes show summer precipitation (June, July, August); black boxes show winter precipitation
(December, January, February); vertical lines show range of 80% of projections. High variability among projections and their
coarse spatial resolution preclude strong conclusions about differences among regions and seasons.
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Figure 5. Projected percentage change in snowfall from the baseline (1961 to 1990) to 2050s (2040 to 2069) for Ecoprovinces
of BC. Open boxes show spring snowfall (March, April, May); shaded boxes show winter snowfall (December, January,
February); vertical lines show range of 80% of projections.

Extreme climatic events are projected to increase. Globally, it is very likely (> 90% chance) that heat
waves and heavy precipitation events will continue to occur more frequently (IPCC 2007). The frequency
and duration of summer drought events are expected to increase over much of southern BC (Haughian
et al. 2012). Precipitation is expected to fall in fewer, larger events (IPCC 2007), with consequences for
ecosystem function (Knapp et al. 2008). Storm-mediated precipitation is projected to increase 40 to 60%
on the southern coast and 100 to 150% in the Northern Caribou Mountains (Haughian et al. 2012, based
on Salathe 2006).

In general, climate warming is expected to increase the intensity of atmospheric convection processes,
leading to an increased frequency of intense windstorms (Pojar 2011, Haughian et al 2012; Lambert and
Fyfe 2006). The average speed of intense wind events (i.e., top 10% of wind events) is expected to



increase by up to 14% in coastal BC and the Northern Boreal mountains (Haughian et al 2012). Globally,
extratropical storms tracks are projected to move poleward, although storm tracks in BC are projected
to remain relatively stable (Haughian et al. 2012; Lambert and Fyfe 2006).

Changes in extreme conditions will accompany the changes in the mean (Pike et al. 2008; Kharin et al.
2007). By the mid century, what is currently a 1 in 20 year extreme warm temperature event becomes a
1in 5 year event and extreme cold events become less frequent. Extreme precipitation events show
similar changes with 1 in 20 year events becoming 1 in 10 year events or lower. Dry periods during the
summer will likely become more intense, particularly in southern BC (Spittlehouse 2008 and references
therein). Extreme conditions also increase if climate variability increases. Climatic variability in the
northern hemisphere seems to be increasing (Hansen et al. 2012).

In addition to causing warming, increased concentrations of atmospheric carbon dioxide are absorbed
by ocean water and have caused a 30% increase in ocean acidity since 1750 (Orr et al. 2005,
Copenhagen Diagnosis 2009 and references therein). Consequences are expected to reverberate
throughout the ocean’s foodweb, including impacts to salmon (Farbry et al. 2008). When atmospheric
concentrations of carbon dioxide reach 450 ppm, by approximately 2030, Arctic and Southern Oceans
are expected to start dissolving certain shells. Aquaculture off the coast of Washington may already be
affected (Feely 2012). Models suggest that increased carbon dioxide may also substantially increase
oxygen-poor “dead zones” by the end of this century (Oschlies et al. 2008). Increased carbon dioxide is
also expected to increase tree growth (Johnson et al. 2009).

Box 1. Source of projected climate variables

Unless otherwise stated, projected climate variables were retrieved from the Pacific Climate Impacts Consortium
Plan2Adapt website (http://pacificclimate.org/tools-and-data/plan2adapt) on Nov 30, 2012. Projected means and

ranges are based on 15 different global climate models running the A2 and B1 emissions scenarios (30 projections).
The A2 scenario is relatively pessimistic (i.e., high emissions) and the B1 relatively optimistic. Actual emissions are
currently tracking along the A2 scenario (Copenhagen Diagnosis 2009) so mean values presented here could be
viewed as somewhat conservative, however the magnitude of the warming is somewhat insensitive to scenarios
prior to 2030 (IPCC 2007). The wide variation in projections reflects differences in how climatic processes are
modelled and the influence of emissions assumptions. Differences due to models are greater than differences due
to emissions scenarios (Figure SPM 5, IPCC 2007).
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