v77a PACIFIC CLIMATE
IMPACTS CONSORTIUM

Canadian Columbia Basin
Climate Trends and Projections

2007-2010 Update

November 1, 2011

Trevor Q. Murdock

A UmverSIty Arelia T. Werner

>4 of Victoria




(BLANK)



Citation

Murdock, T.Q. and A.T. Werner, 2011: Canadian Columbia Basin Climate Trends and Projections: 2007-
2010 Update. Pacific Climate Impacts Consortium, University of Victoria, Victoria, BC, 43 pp.

About PCIC

The Pacific Climate Impacts Consortium is a regional climate service centre at the University of Victoria
that provides practical information on the physical impacts of climate variability and change in the Pacific
and Yukon Region of Canada. PCIC operates in collaboration with climate researchers and regional
stakeholders on projects driven by user needs. For more information, visit http://pacificclimate.org.

Disclaimer

This information has been obtained from a variety of sources and is provided as a public service by the
Pacific Climate Impacts Consortium (PCIC). While reasonable efforts have been undertaken to assure its
accuracy, it is provided by PCIC without any warranty or representation, express or implied, as to its
accuracy or completeness. Any reliance you place upon the information contained within this document is
your sole responsibility and strictly at your own risk. In no event will PCIC be liable for any loss or
damage whatsoever, including without limitation, indirect or consequential loss or damage, arising from
reliance upon the information within this document.



(BLANK)

il



Acknowledgements

This report supports and extends previous work done by the Pacific Climate Impacts Consortium (PCIC)
with the support of the Columbia Basin Trust (Murdock et al. 2007). Provision of these additional maps
and data is made possible through a grant from the Columbia Basin Trust and endowment funding of
PCIC by the BC Ministry of Environment. PCIC research assistants Brenna M. Paterson, Harpreet K.
Jaswal, Anne Berland, and Hailey Eckstrand created the maps and assisted with document preparation.
The authors are also grateful to PCIC editor Greg Maruszeczka for editing, layout and formatting of the
final document.

The Columbia Basin Trust supported the users of the information contained in this document who were
involved in a pilot adaptation project, in particular Ingrid Liepa, Troy Pollock, Karen Gorecki, Megan
Walsh, Jeff Zukwisky, Meredith Hamstead, and Corien Speaker. Feedback from these individuals was
coordinated by Michelle Laurie. Kindy Gosal provided the vision and management of the Columbia
Basin’s adaptation pilot project, with the assistance of a steering committee. Several members of the
steering committee also provided useful guidance, review, and feedback, in particular Cindy Pearce,
Francis Zwiers, Bill Green, Mel Reasoner, Stewart Cohen, Oliver Lane, and Andres Soux.

il



(BLANK)

v



Table of Contents

ADOUL PCIC ...ttt ettt ettt ettt s bt e e et e e st et e e st en e e st eme et e eseemeansesseenee st eneenseeneennes i
ACKNOWIEAGEIMENLS ......cuviieiieiiesiiecieeie ettt et e e et e bt e teesaesebeesseesse e seessaessaessseesseesseesssessaasseesseesseessseans il
EXECULIVE SUIMIMATY .....cuviiiieiieiieiie st eie ettt e sttesttesaesebesebeesseesseesseessaessseasseasseessaesseesssesssesssesssenssenseenseens vii
IIETOAUCTION ..ottt b e e bt b e e et et e bt et e st e ea e et e sbe e st e bt eaeemt e bt eaeeneesneeneenees 1

Note to the Reader — Other DOCUMENLS .........cocvieriiiiieeiieiieiieiierte e see e ereeteesteeseessaessseesseesseesseensaens 1
Part I - HiStOriCal CLIMALE ........oouiiiieiietie ettt ettt sttt et e b e b e s bttt e beesbeesaeeeaeeeaee 3
1. Regional CIIMAtOIOZY ....cccveivieiieiieiiesiteciteste ettt et et e esttestreseaeesbeesbeesseessaessaessseasseasseesseesseessensseesssensns 3
2. HIStOTICAL TTEINAS ...euviiniiiiieiteee ettt ettt et e b e s bt e st st e bt et e beesbeesaeesaneeane 5

2.1 Re@IONAL TTENAS ...ecoevieiiiiiiiieciee ettt ettt et e ettt e st e et e e sbeestaeessbeessseeessseessseeensaeesssaessseesssenans 5
3. ClMALe Variability .....ccciiiieiiiiiiieciie ettt ettt eet e e et e et eesebeeestbeesebeeessaeessseesssessssesensseennseeans 13

3.1 S@ASOMAL....ceiiiiiiiiciiie ettt et ettt e et e e e te e e e b e e e tae e tae e e taeeataeesabeearbeeerreeaabeeans 13

I Y (07311 11 TSRS 20
Part 1 - FULUIE CLIMALE ......eeiuiiiiiieiieiie ettt ettt ettt ettt et e s bt e satesatesaeesbeesateenteenseenseens 23
4. Global Climate Model Projections (Coarse ReSOIUtioNn) ..........cocueeiieeieinienieiiieie e 25
5. Regional Climate Model Projections (Higher Resolution)............ccceeeviviiiiiiiiiencie e 29
6. Empirical Downscaling Projections (High Resolution)............ccceeevieieiieiiiiiniiecie e 33
RETETEICES ...ttt ettt ettt a ettt ettt s bt et e bt e st et e e bt emt et e ebeeneenaeemeensesaeeneanean 37
LISt OF FIUIES . .veiutieiiesiiiciiete ettt ettt et e et e et et et e sstessbeesseessaesseessaessbeasseasseessaesseenseesssesssesssessseesseeseens 39
| o) 21 o) (< OSSPSR 41
Appendix A: Summary of [PCC Fourth Assessment on Impacts and Adaptation............cccceeereerenennenne. 43



(BLANK)

vi



Executive Summary

This document was developed to assist the Columbia Basin Trust’s Communities Adapting to Climate
Change Initiative, a pilot project focused on selected communities in the basin'. Climate affects many
aspects of communities, including local ecosystems, tourism, forestry, energy and infrastructure. To
consider climate in planning, the local climate must be well understood, including recent conditions, past
trends, and projected changes to future climate.

This document provides additional information that was not available during the previous regional
assessment (Murdock et al. 2007). It draws heavily on a subsequent province-wide analysis (Rodenhuis et
al. 2009) and on climate model projections prepared for the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC 2007).

Climate consists of components that function at different scales, superimposed to create the actual climate
record observed at a given location. In this report, information is provided on historical averages, year-to-
year variability, decadal oscillations, long-term trends, and also future projected changes to average
climate.

a) Climate Variability

In the Canadian Columbia Basin, year-to-year variability is heavily influenced by the El Nifio/Southern
Oscillation (ENSO). For example, an El Nifio winter is typically 1.0°C to 1.8°C warmer than an average
winter in the basin. Conversely, La Nifia years are usually colder than normal. On the scale of decades,
the Pacific Decadal Oscillation (PDO) displays additional warming or cooling during its positive and
negative phases, respectively.

Precipitation is more complex than temperature. For example, both ENSO and PDO can influence
precipitation by 20% in the region, but the effect varies depending on the season and can differ
considerably over relatively short distances. Most of the basin receives less precipitation in winter during
El Nifio years and during the positive phase of the PDO.

b) Temperature

Temperatures have been increasing in the basin over the past century. In particular, the rate of increase in
annual average temperatures in the area is 0.7°C to 1.7°C per century over the 1901-2004 period. Rates of
warming are larger in the West Kootenays than the East Kootenays, for nighttime low (minimum)
temperatures than daytime high (maximum) temperatures, and in winter than other seasons. The rate of
temperature increase over the last century has been accelerating in most of the province but has remained
quite constant in this area.

The Canadian Columbia Basin is projected to be 1.2°C to 2.7°C warmer by the 2050s according to the
10" to 90™ percentile of an ensemble of 30 Global Climate Model (GCM) projections, compared to the
baseline (1961-1990) temperature. This projected warming is more rapid than past trends.

c) Precipitation

Precipitation has been changing over the past century, but unlike temperature, the details and even the
direction of the trend depend on the time period of analysis. Over the 20" century, precipitation increased
in all seasons in the basin, but in some seasons and locations the increase was not statistically significant.

Future precipitation is projected to increase by up to 15% in winter and decrease by as much as 14% in
summer for the basin as a whole according to an ensemble of GCMs, with large regional differences
within the basin indicated by a Regional Climate Model.

! http://www.cbt.org/Initiatives/Climate Change/?Adapting to Climate Change
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Introduction

Communities are generally adapted to some of the past variability in climate, but future changes will
result in climates during this century unlike those experienced in the past (Rodenhuis et al. 2009). These
changes will stress current adaptations and will expose communities to new vulnerabilities (see Appendix
A). Most importantly, an assessment of how communities are vulnerable to some of the possible
secondary impacts of projected changes in climate is needed, to prioritize further analysis. For example,
what information is needed to understand the possible effects of climate change on water supply,
stormwater management, landslide risk, and flood risk? How can these variables and changes to extreme
events be expressed in terms that can be used for community planning?

The objective of this report is to provide updated regional information for adaptation in the Canadian
Columbia Basin. Regional updates such as these will be needed every few years as additional information
becomes available.

The information in this update is intended to assist with adaptation planning. Maps and tables provided
here can be used in workshops and meetings to communicate climate impacts to engineers, planners, and
community members. Only a brief summary of results is provided; further interpretation of what the
analysis means can be derived in the context of community adaptation.

This document provides historical climate trends and future climate projections only. It is not a full
assessment of future impacts of changing climate conditions and has not been informed by local feedback
as to the factors important to climate change adaptation. The summary consists almost entirely of figures
and tables, with limited notes to guide interpretation. The interpretation of what the climate information
presented here means for community adaptation is outside of the scope of this document.

Note to the Reader — Other Documents

Two documents are referenced throughout this update. First, the Preliminary Analysis refers to
Preliminary Analysis of Climate Variability and Change in the Canadian Columbia River Basin: Focus on
Water Resources (Murdock et al. 2007). The Preliminary Analysis was developed before the
Intergovernmental Panel on Climate Change Fourth Assessment Report (AR4) was completed (IPCC
2007).

Second, the BC Climate Overview refers to Climate Overview 2007: Hydro-climatology and Future
Climate Impacts in British Columbia (Rodenhuis et al. 2009), a report with additional analysis throughout
the province that was conducted subsequent to the Preliminary Analysis. This update draws heavily on the
analysis completed for the BC Climate Overview.

Readers are encouraged to have each of these documents available for reference when reading this update.
In particular, the BC Climate Overview contains further details regarding methodology, caveats, and
interpretation while the Preliminary Analysis includes introductory material and definitions such as the
distinction between climate variability and climate change, interpreting El Nifio, Pacific Decadal
Oscillation, and future scenarios. Both of these PCIC publications are available online.’

Subsequent to the Preliminary Analysis and Climate Overview, additional work has also been conducted
on some of the secondary impacts of climate change in the region:

e Tree species suitability (Flower et al. 2011; Murdock and Flower 2009)
e Pest outbreak risk (Murdock and Flower 2009; Murdock et al. 2011)

? http://pacificclimate.org/publications




Hydrological impacts (Schnorbus et al. 2011; Shrestha et al. 2011; van der Kamp et al. 2011b;
Zwiers et al. 2011)

Wildfire risk (van der Kamp and Biirger 2011)

Wind (Curry et al. 2011; van der Kamp et al. 2011a)



Part | - Historical Climate

1. Regional Climatology

This section provides maps showing annual mean temperature and precipitation for 1961-1990 from the
PRISM? dataset (Daly et al. 1994). PRISM is a high resolution historical dataset created using climate
records from weather stations together with elevation, orientation of terrain, coastal proximity, a two-
layer atmosphere (to handle inversions), topography (valley, mid-slope, ridge) and assisted by expert
knowledge (Daly 2006). The resulting maps for historical climate are shown for the basin area in Figure

I-1.

Inter pretation of mapsin this section:

These maps depict estimates of the 1961-1990 climate based on (sparse) climate station data at
high (4 km) resolution. Estimates are based mainly on using relationships between climate and
topographic features such as aspect and elevation.

These maps are useful for showing how complex topography affects temperature and
precipitation climatology.

These maps should not be used in place of station data. Where they exist, station data should be
used for historical climatology as they represent direct observations.

Summary of resultsfor Figure 1-1 (historical climatology):

Annual average (1961-1990) temperature ranged from 2°C to 8°C in the low elevation and very
southern parts of the Columbia Basin, with the highest temperatures generally following valley
bottoms. Differences in average annual temperature are due mainly to elevation and aspect.

In high elevation areas in the central and northern parts of the basin, annual average temperatures
were below 0°C and as cold as -4°C.

Annual precipitation on the windward sides of mountain ranges (in particular the Selkirk and
Purcell ranges) was as high as 1000 mm/yr to over 2500 mm/yr.

Less precipitation occurred on the leeward side of the mountain ranges from Golden down
through Kimberley and Cranbrook: from 250 mm/yr to 750 mm/yr.

Related resour ces:

Preliminary Analysis Figures 3.4c and 3.4e show 1961-1990 temperature baselines also using
PRISM.

BC Climate Overview Section 1 shows identical figures but for all of BC.

The ClimateWNA tool* developed by the Centre for Forest Conservation Genetics with the
support of the BC Ministry of Forests and Range uses PRISM and further bi-linear interpolation
and elevation corrections on temperature to estimate historical (and future) climate at any point in
western North America.

The Plan2Adapt online tool’ also uses PRISM in conjunction with future projections from Global
Climate Models to provide estimates of future climate change by regional district within BC.

® http://www.prism.oregonstate.edu/

* http://climatewna.com/

> http://plan2adapt.ca/
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Figure 1-1: Baseline map of a) annual mean temperature and b) annual total precipitation for the Canadian
Columbia Basin (1961-1990).



2. Historical Trends

2.1 Regional Trends

All of the maps in this section show seasonal and annual trends in minimum (nighttime low), maximum
(daytime high), and mean (average of minimum and maximum) temperatures and total precipitation.
Trends are calculated using the CANGRID (Zhang et al. 2000) gridded dataset (~50 km resolution) for
1900 to 2004 and are given as changes in °C per century for temperature and change per decade as a
percentage of 1961-1990 baseline for precipitation. Black solid circles represent statistically significant
results (p=.05). Statistical techniques appropriate for use with climate data were used to ensure that the
trends themselves and the test for whether or not the trends are significant were robust to outliers (an
iterative approach to pre-whitening, testing for trend and determining magnitude of trend using Theil-Sen
method, and significance assessed with the Mann-Kendall test — see Rodenhuis et al. 2009 for details).

Interpretation of mapsin this section:

The maps depict station data interpolated to 50 km gridded resolution. At this resolution, given
the low density of stations, interpolated values are uncertain and do not fully reflect small scale
variations related to factors such as surface topography.

The maps show 20™ century trends (based on a 105-year period). Station density changes through
time with the lowest number of stations in the earliest parts of the record. Thus, long period
trends contain additional uncertainty due to whether or not stations were available within the
vicinity of the grid box in the early part of the record.

Trends based on the more recent past only (e.g., last 50 years) generally show more rapid
warming in most of BC (Pike et al. 2010), but most of the basin shows fairly constant temperature
trends (not shown). Precipitation trends shown here must be interpreted in the context of the
period over which they are computed (e.g., the full century includes the dry “dust bowl” period
near the beginning of the record). More recent precipitation trends (e.g., most recent 50- or 30-
year periods) would differ in spatial pattern, magnitude, and even direction (Pike et al. 2010).
Confidence is generally greater for temperature trends than precipitation trends, as reflected in the
larger number of statistically significant trends for temperature.

The maps are useful for showing the regional differences in past trends, but should not be taken to
represent the trends at all points within the grid boxes. In particular, the gridded trends should not
be used in place of station data where such data exists.

For more details on these maps see Section 2 of the BC Climate Overview (Rodenhuis et al.
2009).

For more information on climate trends in the basin, including the importance of the time period
selected, see Sections 2.1 and 2.2 of the Preliminary Analysis (Murdock et al. 2007).

Summary of resultsfor Figure 2-1 (annual trends):

Mean annual temperature increased at a rate of 0.7°C to 1.7°C per century during the 1901-2004
period. More warming took place in the southwest area of the basin, and for nighttime lows
(minimum) than daytime highs (maximum).

Annual precipitation increased during this period, at a rate of up to 4% per decade. The largest
increases were in the southern portion of the Rocky Mountain Trench.

These trends are in most cases statistically significant throughout the basin (denoted by small dots
in the centre of grid boxes).



These trends are similar to those in a previous analysis based on stations only in Sections 2.1 and
2.2 of the Preliminary Analysis (Murdock et al. 2007).

Summary of resultsfor Figure 2-2 (seasonal mean temper atur e trends):

The amount of warming in the basin over the past century varied seasonally, with the most
warming in the winter, followed by spring, summer then fall. With the exception of fall
temperatures in the northern and eastern portions of the basin, the increases were statistically
significant throughout the basin in every season.

In the winter, mean temperatures increased by 1.4°C to 2.6 °C per century during the 1901-2004
period. The greatest warming occurred in the western portion of the basin.

Spring temperatures increased 1.1°C to 2.2°C and summer temperature increases ranged from
0.5°C to 1.6°C, with the greatest warming in the south.

During fall, warming trends were up to 1.2°C, but in many locations were not statistically
significant.

Summary of resultsfor Figure 2-3 (seasonal minimum temper atur e trends):

The greatest nighttime low (minimum) temperature increases took place in winter with significant
trends of 2.0°C to 3.2°C per century for most of the basin, with the western portion of the basin
warming the most.

Nighttime low temperature increases were largest in the south in spring (1.5°C to 2.0°C per
century) and summer (2.0°C to 2.5°C per century). Most of these trends were statistically
significant. Warming trends were smaller in fall (0.0°C to 1.0°C per century) than other seasons,
and were not significant in the northern and eastern portions of the basin.

Summary of resultsfor Figure 2-4 (seasonal maximum temperatur e trends):

Daytime high (maximum) temperature increases were smaller than nighttime low trends for all
seasons.

Winter maximum temperatures increased from 1.4°C to 2.4°C per century, followed by 1.0°C to
1.6°C increases in spring for most of the basin and up to 1.2°C increases in summer and fall.
Winter and spring temperature increases were quite uniform across the basin and most were
statistically significant. Larger increases occurred towards the south and west areas of the basin in
summer and fall. Summer trends were not statistically significant in the north and most of the fall
trends were not significant.

Summary of resultsfor Figure 2-5 (seasonal precipitation trends):

Total precipitation increased during 1901-2004 across all seasons in the basin, though in some
seasons and locations the increase was not statistically significant.

The greatest increase in precipitation occurred in spring, from 3% to 7% per decade.

Summer precipitation increased by 1% to 4% per decade over most of the basin, with smaller
(and not significant) increases on the east side of the basin and increases up to 5% per decade in
the northern tip of the basin.

Winter precipitation increases were generally not significant, though they ranged from 0% to 4%
per decade at some locations, with much of the basin experiencing 0% to 2% increases per
decade.

Fall increases were not significant and varied over small distances, with most increases in the 0%
to 1% per decade range in the north and 1% to 3% per decade in the south.
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Figure 2-1: Annual Temperature and Precipitation trends (1901-2004) for Canadian Columbia Basin a) mean
temperature, b) minimum temper ature, ¢) maximum temper atur e and d) precipitation.
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Figure 2-2: Seasonal Mean Temperaturetrends (1901-2004) for Canadian Columbia Basin a) winter, b)

spring, ¢) summer and d) fall.
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Figure 2-3: Seasonal Minimum Temperature trends (1901-2004) for Canadian Columbia Basin a) winter, b)

spring, ¢) summer and d) fall.
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Figure 2-4: Seasonal Maximum Temperaturetrends (1901-2004) for Canadian Columbia Basin a) winter, b)
spring, ¢) summer and d) fall.
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3. Climate Variability

Section 1 of this report showed the historical baseline climate (1961-1990) while Section 2 provided
historical trends over the past century. Sections 4 through 6 provide future projected climate change for
the 2050s (2041-2070). It is important to remember that the year-to-year sequence of events that is
experienced in a future climate will still include variability on time scales shorter than the 30-year period
over which the 2050s projections are averaged.

This section provides an illustration of the magnitude of two important aspects of year-to-year and
decadal variability over the past century: El Nifio/Southern Oscillation (ENSO) and Pacific Decadal
Oscillation (PDO). Seasonal and monthly composites are provided of the average differences in
temperature and precipitation during the positive and negative phases of each. Note that future projections
of changes to variability are not addressed in this report. More information on climate variability is
available in Section 2.1 of Preliminary Analysis (Murdock et al. 2007) and Section 3 of BC Climate
Overview (Rodenhuis et al. 2009). Both publications are available online.

3.1 Seasonal

Climate variability for temperature in El Nifio, La Nifia, warm PDO and cool PDO phases, is shown
below by season. The maps show composites: the difference between the average of all years in question
(e.g., all El Nifio years in Figure 3-1a) from the average of all years in the complete time period (see
figure labels for time periods). The source of the data was CANGRID, at a resolution of 50 km (Zhang et
al. 2000).

I nter pretation of mapsin this section:

e Each map shows the difference between El Nifio, La Nifia, positive PDO, or negative PDO years
(years as defined in Fleming et al. 2007) from all years in the full period.

e Individual El Nifio and La Nina events will differ in response from the composites; these maps
show the response by averaging several years but each year will have additional variability.

o The maps depict station data interpolated to 50 km gridded resolution. At this resolution, given
the low density of stations, interpolated values are uncertain and do not fully reflect small scale
variations related to factors such as surface topography.

e The maps show composites based on a period of 99 to 104 years. Station density changes through
time with the lowest number of stations in the earliest parts of the record. Thus, the composites
are affected by additional uncertainty due to whether or not stations were available within the
vicinity of the grid box in the early part of the record. This means that the maps are useful for
showing past regional climate variability, but individual results at single grid boxes are less
robust than regional patterns. In particular, these composites should not be used in place of station
data where such data exists.

e For more details on the maps see Section 3 of the BC Climate Overview (Rodenhuis et al. 2009).

e For more information on seasonal climate variability in the basin, see Section 2.1 of the
Preliminary Analysis (Murdock et al. 2007).

® http://pacificclimate.org/publications
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Summary of resultsfor Figures 3-1 through 3-3 (winter temperature variability):

The composite maps of winter temperatures in Figures 3-1, 3-2, and 3-3 all show that the basin
was warmer than normal on average during El Nifio years (by 1.0°C to 1.8°C), and warmer than
normal on average during the warm phase of PDO. Conversely, the basin was usually colder than
normal during La Nifia years and the cold phase of the PDO.

Nighttime low (minimum) temperatures responded to both ENSO and PDO more than daytime
high (maximum) temperatures, as shown in Figures 3-2 and 3-3.

The northern and eastern portions of the basin generally had a larger temperature response to
ENSO and PDO (Figures 3-1 through 3-3).

Summary of resultsfor Figure 3-4 (winter precipitation variability):

The composite maps of winter precipitation show that the basin experienced less than normal
precipitation during El Nifio years and more than normal during La Nifia. Similarly, much of the
basin experienced less than normal precipitation during the warm phase of the PDO and more
than normal during the cold phase. The response was generally small and in many locations less
than a 2.5% difference from normal.

Summary of resultsfor Figure 3-5 (spring precipitation variability):

The composite maps of spring precipitation show that the basin experienced little response to
ENSO in spring precipitation. However, much of the basin experienced more than normal
precipitation during the warm phase of the PDO and vice versa. Although the response was
generally small and in many locations less than a 2.5% difference from normal, it should be noted
that the spring PDO composite is opposite to the winter PDO composite overall.
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Figure 3-1: Seasonal climate variability for mean temperature in the Canadian Columbia Basin a) El Nifio
winter mean temperatureb) La Nifia winter mean temperature c) Warm PDO winter mean temperature and

d) Cool PDO Winter mean temperature.
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Figure 3-2: Seasonal climate variability for minimum temperaturein the Canadian Columbia Basin a) El
Nifio winter minimum temperatureb) La Nifia winter minimum temper ature c) Warm PDO winter
minimum temper ature and d) Cool PDO winter minimum temperature.
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Figure 3-3: Seasonal climate variability for maximum temperaturein the Canadian Columbia Basin a) El
Nifio winter maximum temperature b) La Nifia winter maximum temper ature c) Warm PDO winter
maximum temper ature and d) Cool PDO winter maximum temper ature.
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Figure 3-4. Seasonal climate variability for precipitation in the Canadian Columbia Basin a) El Nifio winter
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precipitation.
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Figure 3-5: Seasonal climate variability for precipitation in the Canadian Columbia Basin a) El Nifio spring
precipitation b) La Nifia spring precipitation ¢) Warm PDO spring precipitation and d) Cool PDO spring
precipitation.
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3.2 Monthly

To illustrate whether the seasonal climate variability results displayed in maps above affect seasonal
averages only, or if there is any coherent response by month of the year, the bar plots in Figure 3-6 were
constructed. They show differences, according to CANGRID gridded climate data averaged over the
Canadian Columbia Basin, between warm and cold phase responses for each month of the year. That is,
the figures show La Nifa subtracted from El Nifio and cool PDO subtracted from warm PDO for
minimum, maximum and mean temperatures (°C), and precipitation (%). Statistical significance is
indicated by grey (p=.1) or black (p=.05) shading. All months of the year are shown in the figures, for the
“water year” — from October through September.

Summary of resultsfor Figure 3-6 (monthly variability):
Generally, for the Canadian Columbia Basin:

e Temperatures were higher during El Nifio years than during La Nifa years by roughly 1.5°C to
3.0°C between the months of December through March.

e During March and April in warm PDO phases, temperatures were higher by roughly 1.0°C to
1.5°C than during cool PDO phases. Throughout the summer during warm PDO phases,
minimum and mean temperatures were higher than during cool PDO phases.

e Precipitation in El Nifio years was generally 15% to 35% lower than during La Nifia years from
October through March.

e Precipitation during warm PDO phases was not significantly different from cool PDO phases.
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Figure 3-6: ENSO and PDO monthly responsesin the Canadian Columbia Basin for @) minimum
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Part Il - Future Climate

In Part II of this report, future climate projections are presented.

Each of the following three sections progress from the broad continental scale to the finer scale, by using
projections from each the following sources:

e Section 4 - Global Climate Models (coarse resolution) — this section provides a range of projected
changes in temperature and precipitation for the Canadian Columbia Basin region.

e Section 5 - Regional Climate Model (higher resolution) — this section shows results from a single
regional climate model, which provides a sense of the amount by which temperature and
precipitation projections for areas within the basin may differ from the projections for the region
as a whole in the previous section.

e Section 6 - Empirical downscaling (high resolution) — this section shows projections for
temperature, precipitation and growing degree days.

More information on impacts that may be expected to result from the changes shown in these sections are
explored in a separate report (Lane et al. 2010).

23



(BLANK)

24



4. Global Climate Model Projections (Coarse Resolution)

The projections in this section were prepared by climate modelling centres for the Fourth Assessment
Report (AR4) of the Intergovernmental Panel on Climate Change (IPCC), and were not available at the
time of publication of the Preliminary Analysis (Murdock et al. 2007). That report used modelling results
prepared for the IPCC Third Assessment Report (TAR). Differences between the models and emissions
scenarios available between the IPCC TAR and AR4 reports are described in the BC Climate Overview
(See Rodenhuis et al. 2009 Part IT Introduction, Section 4.0 and Section 4.1).

Climate projections of temperature and precipitation from 30 Global Climate Model (GCM) projections
are presented for those model grid squares that are within or in close proximity to the Canadian Columbia
River Basin (7 or 8 grid boxes). The ensemble includes projections from 15 GCMs, with one run driven
by each of two greenhouse gas emissions scenarios (A2 and B1). Projections are provided as differences
from the 1961-1990 baseline in °C for temperature and as a percentage change from the 1961-1990
baseline for precipitation.

Interpretation of figuresin this section:

As these figures incorporate results from a range of future climate projections, they are the most
appropriate for quantifying uncertainty. The ranges are based on the 10™ to 90™ percentile of
changes for the Canadian Columbia River Basin according to 30 future climate projections.
Boxplots show the range of values projected by the various models with “whiskers” at the end of
the vertical lines to indicate the full range of model projections. The top and bottom of the box
shows the 25" and 75" percentiles of projected changes, and the horizontal bar within the box
indicates the median value of projected change. Thus, 50% of the projections are enclosed by the
box. Boxplots are valuable for showing both the climate change projected by the majority of
model runs as well as the range of differences between models.

While boxplots show the 25" and 75" percentiles as a convention, when quoting the range of
future climate projected numerically, it is common to use the 10™ and 90™ percentiles in order to
give a better indication of most of the full range. Each of these measures is reported in the tables
summarizing the projections and is the basis for reporting projected changes.

The Canadian Global Climate Model (CGCM3 run 4 following the A2 emissions scenario)
projections are displayed on the boxplots as a red line, because these are used to drive higher
resolution projections from Regional Climate Models (RCMs) and empirical downscaling (in
Sections 5 and 6). It is important to note that for the basin area, the projected changes to
temperature and precipitation with this run were warmer and wetter than the ensemble median in
most cases, and warmer and wetter than the 75" percentile for some cases.

’ For more information on emissions scenarios, see Section 2 in “General guidelines on the use of scenario
data for climate impact and adaptation assessment Version 2.” IPCC, June 2007. http://www.ipcc-
data.org/guidelines/TGICA guidance sdciaa v2 final.pdf
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Summary of resultsfor Table 4-1 and Figure 4-1 (temperature):

Mean annual temperature is projected to increase throughout the 21* century, as well as across
each season. Projected winter (December-January-February), summer (June-July-August), and
annual changes are shown in Table 4-1 and Figure 4-1 below.

By the 2050s, the mean annual temperature is projected to rise by 1.2°C to 2.7°C compared to the

1961-1990 baseline.

Summary of resultsfor Table 4-2 and Figure 4-2 (precipitation):

Total precipitation is projected to increase over the course of the 21 century according to the
majority of global climate model projections.

By the 2050s, the projected precipitation change compared to the 1961-1990 baseline ranges from
a 2% decrease to a 9% increase.

Projected precipitation increases in winter are larger on the upper end of the range than those for
the annual average: up to a 15% increase by the 2050s.

Projected changes in summer precipitation range from a 14% decrease to a 1% increase by the
2050s. Note however that extreme precipitation could increase even if average precipitation

decreases.

Table 4-1: Future projections of mean annual temperature change (°C) from 1961-1990 baseline using 15
GCMswith both A2 and B1 emissions scenarios.

Winter Summer Annual

2020s | 2050s | 2080s | 2020s | 2050s | 2080s | 2020s | 2050s | 2080s

90™ percentile 1.7 3.2 4.9 1.8 3.2 5.7 1.4 2.7 4.4

75" percentile 1.4 2.4 4.0 1.6 3.0 4.9 13 2.3 4.0

Median 1.0 1.8 2.9 1.3 23 3.6 1.1 2.0 2.8

25™ percentile 0.7 1.4 22 0.8 1.9 2.6 0.8 1.6 22

10™ percentile 0.4 1.1 1.6 0.7 1.5 2.2 0.6 1.2 1.8

Table 4-2: Future projections of precipitation change (%) from 1961-1990 baseline using 15 GCMswith both
A2 and B1 emissions scenarios.

Winter Summer Annual
2020s | 2050s | 2080s | 2020s | 2050s | 2080s | 2020s | 2050s | 2080s
90™ percentile 9 15 28 3 1 1 7 9 11
75™ percentile 7 13 20 0 -4 -4 5 8 10
Median 4 7 12 -3 -6 -8 4 5 6
25™ percentile 1 1 6 -5 -10 -14 1 0 3
10" percentile -2 -2 3 -7 -14 -23 -1 -2 2
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Annual Mean Temperature Change A2+B1 Experiments
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Figure 4-1: Box plotsof projected changein temperature in the Canadian Columbia Basin in 2020s, 2050s,
and 2080s a) annual mean temperature b) summer mean temperature and ¢) winter mean temperature using
15 GCMswith both A2 and B1 emissions scenarios. Red line denotes change accordingto CGCM3run 4
following the A2 emissions scenario.
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Annual Precipitation Change A2+B1 Experiements
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Figure 4-2: Box plotsof projected changein precipitation for the Canadian Columbia Basin in 2020s, 2050s,
and 2080s a) annual precipitation b) winter precipitation and ¢) summer precipitation using 15 GCMswith
both A2 and B1 emissions scenarios. Red line denotes change according to CGCM 3 run 4 following the A2
emissions scenario.
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5. Regional Climate Model Projections (Higher Resolution)

Regional Climate Models (RCMs), like Global Climate Models (GCMs), are numerical representations of
the climate system based on the physical, chemical, and biological properties of its components, including
interactions and feedback processes. As RCMs operate at a higher resolution over a limited area, they

represent elevation, physical and dynamical processes as well as land surface characteristics in more
detail than GCMs.

There are fewer RCM than GCM projections available. The projections shown here are from only one
RCM (Canadian Regional Climate Model CRCM* version 4.1.1, driven by CGCM3) with only one
emissions scenario (A2, run 4). More of the uncertainty in the projected changes by the 2050s is
contributed by the various climate models than by different emissions scenarios (Rodenhuis et al. 2009).
Although it would be preferable to consider multiple RCM runs for this emissions scenario, they were
unavailable at the time of analysis. Additional RCM runs are now available from the North American
Regional Climate Change Assessment Program (NARCCAP), which has set out to systematically
investigate the uncertainties in future climate change projections at a regional level. This will be done by
running multiple RCMs with multiple GCMs over North America®. Initial analysis of these RCM runs
(including projections of extremes) is underway.

The RCM projections shown here have a resolution of 45 km. Results are presented in maps as a
difference from the 1961-1990 baseline for the 2050s (2041-2070). The projected change for the region
according to the GCM (CGCM3 A2 run 4) that drives the RCM is shown as a red line on each of the
boxplots in Section 6. As the projection of the driving run is warmer and wetter than most other GCMs in
the ensemble of 30 projections (see Figure 4-1 and Figure 4-2), it is possible that the CRCM4 results
shown as maps below are also on the warmer and wetter end of a range of projections.

Interpretation of the mapsin this section:

e As these maps illustrate results from a single RCM, they represent only the inter-regional
difference that might be expected throughout the region and thus they should only be used to
assess potential differences in future climate change across the basin. The results from the driving
GCM model and emissions scenario are shown in the context of the ensemble of 30 projections in
the boxplots in Section 4 as a red line, and are warmer and wetter than most.

e For more information on the RCM used see the BC Climate Overview (See Rodenhuis et al. 2009
Part II Introduction, Section 4.0 and Section 4.2).

Summary of resultsfor Figure 5-1 (RCM annual temperature and precipitation):

e RCM annual temperature projections are quite consistent across the basin.
e RCM annual precipitation projections are fairly consistent across the basin, with smaller increases
and some decreases projected to the east of the basin.

e The temperature projections are larger according to the RCM than the driving GCM (compare to
BC Climate Overview (Rodenhuis et al. 2009) Figures 4.1.2 and 4.2.1).

Summary of resultsfor Figure 5-2 (RCM seasonal temperatur e change):

e For winter and fall, the RCM projects more warming in the northern portion of the basin than in
the south.
e For spring and summer, the RCM projections are very consistent across the region.

& http://www.narccap.ucar.edu

* The CRCM data has been generated and supplied by Ouranos. 29



Summary of resultsfor Figure 5-3 (RCM seasonal precipitation change):

e RCM seasonal precipitation projections show considerable variation between the seasons as well
as more variation within the region than may be expected from the annual projection.
The greatest precipitation increases across the basin are projected in spring.

e Winter RCM precipitation projections range from small decreases to modest increases for most of
the region, with larger projected increases on the eastern edge of the region and east of the basin.

e Summer RCM precipitation projections show increases for most of the basin, with decreases
projected for areas on the eastern edge of the basin, These results are in contrast to the basin
average results from GCM projections, most of which project decreased precipitation in summer
(see Figure 4-2b) and the GCM that drives the RCM which projects a very slight increase in
precipitation (see red line on Figure 4-2b for 2050s).

e Fall RCM precipitation projections are the most spatially consistent compared to other seasons,
with modest increases in precipitation projected across the basin.
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Figure5-1: RCM projected change for the Canadian Columbia Basin (2041-2070) climate as compared to the
1961-1990 baseline for a) annual mean temperature and b) annual precipitation.
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6. Empirical Downscaling Projections (High Resolution)

The projected climate change from a Regional Climate Model at 45 km (Section 5) is an improvement in
resolution over the coarse GCM projections, but remains too coarse to illustrate the regional micro-
climates in the basin that result from complex topography. The maps in this section show projections for
the 2050s (2041-2070) from the Canadian Global Climate Model (CGCM3 run 4 following the A2
emissions scenario), when placed in the context of a high resolution (4 km) 1961-1990 climatology.

I nter pretation of the mapsin this section:

o The high resolution maps are constructed by “draping” the projected coarse resolution GCM
change over the high resolution (interpolated) baseline’. This method ignores possible feedbacks
between local micro-climate and climate change, which could be considerable in complex terrain,
particularly at high elevation. Thus, these should be used only as an illustration of how the
projected regional average change may look in the context of the basin’s complex terrain.

e The 2050s maps are based on the same single GCM and emissions scenario (CGCM3 A2 run 4)
used to drive the RCM projections in Section 5.

e For additional information on the methods used to create these maps see the BC Climate
Overview (Rodenhuis et al. 2009, Part IT Introduction, Section 4.0 and Section 4.3).

Summary of resultsfor Figure 6-1 (annual temperature and precipitation):

e Locations with a mean annual temperature less than 0°C are projected to virtually disappear from
the Canadian Columbia Basin by the 2050s. This isotherm is a rough indicator of conditions that
can support glaciers."

e Although considerable annual precipitation increases are projected in some locations (see
Sections 4 and 5), these changes are small compared with large regional differences in
precipitation.

Summary of resultsfor Figures 6-2 to 6-4 (seasonal temper ature and precipitation):

e The summer and winter temperature projections illustrate how mean seasonal temperature
regimes could move upslope in response to the GCM projected regional warming.

e Although considerable winter precipitation increases are projected in some locations (see
Sections 4 and 5), these changes are small compared with large regional differences in
precipitation.

Summary of resultsfor Figure 6-5 (growing degree days):

e A projected increase in growing degree days by the 2050s indicates a potential change in
productivity and the suitability of potential agricultural crops.

? See Section 1 for more information on the PRISM technique that provides a high resolution baseline.
1% pr. Shawn Marshall, pers. comm.
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Appendix A: Summary of IPCC Fourth Assessment on Impacts and Adaptation

Impacts relevant to the Canadian Columbia Basin are summarized below from the IPCC's Technical
Summary for Working Group II (Impacts and Adaptation) from the Fourth Assessment Report Section
TS.4.5 (Parry et al. 2007), which states that mountain ecosystems and water resources at mid-latitudes
will be especially impacted by climate change.

Each of the following bullets are cited directly from Sections TS.4.2, TS.4.4, Box TS.6 for North
America, TS.5.2, and TS.5.3. The asterisks, letters, and brackets following each point denote the section
from which the statement is derived. Please see the notes following the list of findings for a key to these
notations.

Continued investment in adaptation in response to historical experience rather than projected
future conditions is likely to increase vulnerability of many sectors to climate change [14.5].
Infrastructure development, with its long lead times and investments, would benefit from
incorporating climate-change information. *** D [14.5.3, F14.3]

Projected warming in the western mountains by the mid-21* century is very likely to cause large
decreases in snowpack, earlier snow melt, more winter rain events, increased peak winter flows
and flooding, and reduced summer flows. *** D [14.4.1]

Reduced water supplies coupled with increases in demand are likely to exacerbate competition
for over-allocated water resources. *** D [14.2.1, B14.2]

Climate change in the first several decades of the 21* century is likely to increase forest
production, but with high sensitivity to drought, storms, insects and other disturbances. ** D
[14.4.2,14.4.4]

Moderate climate change in the early decades of the century is projected to increase aggregate
yields of rain-fed agriculture by 5 to 20%, but with important variability among regions. Major
challenges are projected for crops that are near the warmest of their suitable range or which
depend on highly utilized water resources. ** D [14.4]

By the second half of the 21 century, the greatest impacts on forests are likely to be through
changing disturbances from pests, diseases and fire. Warmer summer temperatures are projected
to extend the annual window of high fire risk by 10 to 30%, and increase area burned by 74 to
118% in Canada by 2100. *** D [14.4.4, B14.1]

Impacts are very likely to increase due to increased frequencies and intensities of extreme
weather events (see Table TS.5 in [PCC AR4 WG II Technical Summary).

Adaptation measures are seldom undertaken in response to climate change alone.

Sustainable development can reduce vulnerability to climate change.

Key to notations:

*** _ very high confidence
** — high confidence
D — further development of Third Assessment report finding
[#] — section number of Working Group II Assessment for further details
[F#] — figure in Working Group II Assessment
[B#] — box in Working Group II Assessment
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