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Land Acknowledgment

PCIC is situated on the unceded territories of the WSANEC Peoples and of the Iel’<Wer]en Peoples of the Esquimalt and Songhees Nations. The
First Nations of these unceded territories have long been stewards of this land, and their relationships to the land continue to this day. PCIC
serves all people of colonially-named British Columbia and is committed to working with the Indigenous Peoples of this region to understand
how the climate is changing, the impacts of those changes, and how to suitably adapt.



01

02

03

04
04

05
06
06

07

MESSAGE FROM LEADERSHIP

PCICSTAFF AND AFFILIATES

PCIC GOVERNANCE 2023-2024

REGIONAL CLIMATE SERVICES

Providing Regional Climate
Assessments

Expanding Engagement with
Indigenous Communities
Assessing Climate-related Risk in
BC

Enhancing Climate Services in
British Columbia and Beyond
Supporting and Enhancing
ClimateData.ca

08
08

09

1

12
12

13

NEW METHODOLOGIES AND

CLIMATE DATA INTEGRATION
Refining PCIC’s Downscaling
Methods

Developing a Canada-wide
Rainfall Intensity, Duration and
Frequency Data Product
Contributing to the 2025 Canada’s
Changing Climate Report

HYDROLOGIC MODELLING

BC Hydro's Continuing Support of
Hydrologic Modelling across BC
Expanded Streamflow Analysis for
BC River Basins

15

15

16

18

18
19

20

HYDROLOGIC MODELLING
TO SUPPORT FISH HABITAT
MANAGEMENT

Developing Projections and an
Online Tool for Salmon Habitat
Assessment

Improved Modelling of BC's
Coastal Salmon Habitat

SERVING HIGH-QUALITY
METEOROLOGICAL DATATO BC

AND BEYOND

Updating PCIC’s High-Resolution
Climatologies

High-resolution Climatologies for
Canada

PCIC’s Station Data Portals:
Continued Expansion and
Development

22

22

23
23

24

25

26

27

28
28

29

SOFTWARE, COMPUTER
INFRASTRUCTURE AND
ONLINETOOL DEVELOPMENT

Providing Local-Scale Climate
Scenarios for Adaptation
On-Demand Streamflow Data
Enhanced Software for
Calculating Climate Indices
Maintaining and Upgrading PCIC's
Computational Infrastructure
Enhancing Features of PCIC's
Tools and Incorporating New
Climate Projections.

COMMUNICATIONS
OPERATIONS AND FINANCE

PUBLICATIONS

Peer-Reviewed Publications and
Book Chapters

PCIC Publications and Reports



MESSAGE FROM
LEADERSHIP

Message from Leadership

Since last fall, it has been my great
pleasure to join, lead and collab-
orate with PCIC’s talented team

as we uphold a tradition of re-
search excellence and address the
growing demand for the targeted
climate services PCIC offers. The

& foundation of PCIC’s success and

its remarkable growth into a lead-
ing applied climate service centre,
established under the capable
leadership of Francis Zwiers, has

. made my transition as smooth as |
~ could have hoped. His continued

contributions as Scientist Emeri-
tus are invaluable.

Day by day, PCIC continues to
deepen its expertise and broaden
its impact in key areas— curation
and analysis of observational
data, statistical downscaling

of climate models, hydrologi-

cal modeling, and the study of
climate extremes—always with

a focus on transforming research

into practical tools and resources
for practitioners. We also recog-
nize the importance of growing
in areas that will better serve our
users, such as enhancing commu-
nications and engagement with
a diverse range of organizations
and communities, and collabo-
rating more closely with users to
co-design climate information
and tools.

Looking ahead, | am excited to
lead the effort in clearly articu-
lating our vision for the future of
regional climate services as we
develop our new 5-year strategic
plan. This will involve consulting
with our enthusiastic and skilled
team, engaging with our broad
network of users—many of whom
have been with us since PCIC's
inception—and identifying areas
where our current capacity can be
expanded to meet both immedi-
ate and long-term goals.

MESSAGE FROM LEADERSHIP

As this annual update demon-
strates, PCIC's staff, leadership,
and advisors continue to make
significant strides in understand-
ing the changing climate of our
region and the country, while
maintaining a strong, ongoing
dialogue with our users and
partners. | am delighted to share
these announcements and high-
light the work showcased in this
report, which reflects how PCIC
continues to grow in its research
outputs and tools and data it
provides, supporting our users as
they confront the challenges of
climate change.

-Xuebin Zhang
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PCIC Staff and Affiliates
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Mohamed Ali Ben Alaya, Charles Curry, Abigail Dah, Rod Glover, James Hiebert, Isabelle Lao, Tong Li, Shelley Ma, Trevor Murdock
(on secondment), Nina Nichols, Stacey O’Sullivan, Dhouha Ouali, Narges Sayah, Markus Schnorbus, Arelia (Werner) Schoeneberg,
Michael Shumlich, Stephen Sobie, Kari Tyler, Pei-Ling Wang, Xuebin Zhang and Francis Zwiers.
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Koy Not pictured: Izzy Farmer, Tom Kunkel, Kristyn Lang, Samah Larabi, Teresa Rush, John Sampson, Quintin Sparks, Ameneh Mollashari-
% fi Targhi, Kathy Veldhoen, Jingwen Wu, Eric Yvorchuk and Lee Zeman.
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PCIC Governance: 2023-2024

Board of Directors

Lisa Kalynchuk (Chair), Vice-President Research & Inno-
vation, University of Victoria

David Atkinson, Professor, Chair Department of Geog-
raphy, University of Victoria

Jim Barnes, Manager, Corporate Initiatives, Chief Engi-
neer’s Office, British Columbia Ministry of Transporta-
tion and Infrastructure

Julia Baum, Professor and President’s Chair, Ocean
Ecology and Global Change, Department of Biology,
University of Victoria

Alain Bourque, Directeur Général, Ouranos

Stephen Déry, Professor, Department of Geography,
Earth and Environmental Sciences, University of North-
ern British Columbia

Barbara Eccles, General Counsel, University of Victoria

Ellie Farahani, Research Manager, Canadian Centre
for Climate Modelling and Analysis, Environment and
Climate Change Canada

Paul Kushner, Professor, Chair Department of Physics,
University of Toronto

Heather Matthews, Director, Generation System Oper-
ations, BC Hydro

lan Mauro, Executive Director, Pacific Institute for Cli-
mate Solutions, University of Victoria

Xuebin Zhang, Director, President & CEO, Pacific Cli-
mate Impacts Consortium, University of Victoria

Francis Zwiers, Outgoing Director, Pacific Climate Im-
pacts Consortium

PCIC GOVERNANCE: 2023-2024

Programme Advisory Committee

Tina Neale (Chair), Director, Executive Director, Disaster
Mitigation and Adaptation, British Columbia Ministry
of Emergency Management and Climate Readiness

Ron Burleson, Director, Land Use, Planning and Re-
gional Impacts, British Columbia Ministry of Municipal
Affairs

David Campbell, Section Head, River Forecast Centre,
British Columbia Ministry of Forests

Jeremy Fyke, Coordinator, Canadian Centre for Climate
Services, at Environment and Climate Change Canada

Nathan Gillett, Research Scientist, Canadian Centre
for Climate Modelling and Analysis, Environment and
Climate Change Canada

Colin Mahony, Research Climatologist, Forest Carbon
and Climate Services Branch, British Columbia Ministry
of Forests

Kate Miller, Manager, Environmental Services, Co-
wichan Valley Regional District

lan Pilkington, Chief Engineer, Highway Services, Chief
Engineer’s Office, British Columbia Ministry of Trans-
portation and Infrastructure

Stephanie Smith, Manager, Hydrology and Technical
Services, BC Hydro

Tim Takaro, Professor Emeritus, Faculty of Health Sci-
ences, Simon Fraser University

Stephanie Tam, Water Management Engineer, Re-
source Management Unit, British Columbia Ministry of
Agriculture and Food

Xuebin Zhang, Director, President & CEO, Pacific Cli-
mate Impacts Consortium, University of Victoria
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Providing Regional Climate Assessments

Annual Heatwave Days
Projection: 2050s (SSP585)

REGIONAL CLIMATE SERVICES

Annual Heatwave Number
Projection: 2050s (SSP585)
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Figure 1 : This figure shows the projected annual count of heatwave days (left) and number of annual heatwaves (right) in the 2050s
for the Regional District of Nanaimo. Note that: (i) for both measures, counts in the Past are very low (about 1 per year) and uniform

throughout the region; and (i) average values for low-elevation areas are larger than the regional averages shown on the maps.

Partners: Regional District of
Nanaimo, City of Vancouver and
Capital Regional District

This year PCIC conducted climate
assessments for the City of Van-
couver, the Regional District of
Nanaimo and the Capital Regional
District. These assessments pro-
vided a wealth of relevant climate
information to support ongoing
planning efforts in each region.
The City of Vancouver’s Highlights
report presented key results in

a concise manner, tailored to
their ongoing climate adaptation

planning process. The other two
reports were more comprehen-
sive, featuring themed chapters
that detailed changes in multiple
climate change indicators. Each
of these reports concluded with
a chapter co-produced with the
respective partner, focusing on
identifying potential future cli-
mate impacts by sector.

New to these assessments, com-
pared to those PCIC previously
produced, was additional material
designed to help contextualise
and interpret the findings and
guidance on the use of the data

and its limitations. Each partner
received a comprehensive data
package containing information
on dozens of climate variables
and indices derived from down-
scaled, high-resolution scenarios.
The reports were co-designed
through extensive engagement
with each partner, ensuring that
the reports were tailored to their
specific needs.

Climate projections for these lo-
cations exhibit strong similarities,
with all regions facing warming
during every season, a reduction
in summer precipitation, and an
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increase in precipitation during
cooler seasons. The projected
warmer summer temperatures
will bring a longer growing
season, hotter summer days and
warmer nights, and more heat-
waves (Figure 1). Fewer frosty
days and less extreme cold tem-
peratures will occur in winter.

Projections also suggest that
precipitation will increase in fall,
winter and spring, with a higher
proportion falling as rain instead
of snow. Notably, the amount

of rain falling in extreme events,
such as over one day or consecu-
tive days, is projected to increase
more than average rainfall. Rec-
ognizing that effective adapta-
tion planning requires more than
just broad, large-scale changes,
the results were broken down
into tables and maps to show the
projected changes in geographic
detail.

During the creation of these
reports, PCIC consulted with local
government staff for input on re-
port content and held workshops
to better understand how climate
change is already impacting their
operations. PCIC also led training
workshops for both regional dis-
tricts, providing practical, worked
examples tailored to the local
government context. Additional-
ly, PCIC researchers presented to
a technical committee on the use
of the projections for water man-
agement in one of the districts,
highlighting how these reports
could inform future infrastructure
planning in these municipalities.

REGIONAL CLIMATE SERVICES

Expanding Engagement with Indigenous Communities

Partner: Climate Action Secretar-
iat, British Columbia Ministry of
Environment & Climate Change

Strategy

PCIC is committed to working
with and learning from BC’s Indig-
enous communities, to co-devel-
op climate information products
suited to their needs. Addressing
climate change is inextricably
linked to addressing colonial
impacts and to reconciliation with
Indigenous peoples and PCIC is
dedicated to providing its services
in this effort.

Since 2022, under a shared contri-
bution agreement with the British
Columbia Ministry of Environment
and Climate Change Strategy,
PCIC has been able to build capac-
ity to deliver services to Indige-
nous audiences and enhance and
expand its services to meet grow-
ing demand. With this support,

PCIC has been able to resource a
staff position to provide climate
services for Indigenous commu-
nities and the organizations that
work with them, and facilitate

the two-way exchange of climate
insights.

This year, we continued to build
and enhance our capacity by mak-
ing new introductions with Indig-
enous communities and providing
climate information and support.
We attended and contributed to
workshops, meetings and forums
with Indigenous participants,
many by invitation. Through this
work we build our internal capac-
ity to weave together Indigenous
knowledge and perspectives with
climate science knowledge and
expertise so that we can better
support climate adaptation in
Indigenous communities in BC.




Assessing Climate-related Risk in BC

Partner:; British Columbia Minis-
try of Emergency Management
and Climate Readiness

To help the BC Government
identify and address climate-re-
lated hazards, PCIC is working
with EMCR and other knowledge
partners in the BC Risk Assess-
ment process. This assessment,
mandated every five years, had its
last report (to which PCIC con-
tributed) released in 2019. PCIC
researchers are now contributing
to the development of the next
report, due in 2025. Their involve-
ment includes chairing an advi-
sory committee focused on the
influence of climate change on
key hazards and, in some cases,
conducting new research using
PCIC’s datasets and analysis to fill
information gaps for the assess-
ment of climate risks.

For example, PCIC provided an
analysis of the changing fre-
qguency of three-day heatwave
events—similar to those used for
the BC Heat Alert and Response
System—based on statistically
downscaled CMIP6 projections.
The PCIC-led committee also
produced a comprehensive writ-
ten overview of climate-related

First Nations Language Families

! Algonquian
Athabaskan-Eyak-Tlingit
Coast Salish

! Haida
Interior Salish
Ktunaxa
Tsimshianic
Wakashan

Figure 2 : This figure is a representation of the First Nation language regions that were

integrated into the Plan2Adapt tool. A more detailed, sub-regional breakdown has
also been integrated into the tool.

hazards in BC, detailing how cli-
mate change is expected to affect
the magnitude and frequency

of these hazards in the coming
decades. This information is being
integrated into the overall pro-
vincial risk assessment. Further
details on past and future chang-
es in hazards and their potential
impacts will be made available
upon the release of the EMCR
report.

As part of this work, PCIC is exam-
ining how and where it can incor-
porate features into its tools to

better support climate risk assess-

ment in Indigenous communities.

A recent example is the addition
of First Nations Language Territo-
ries to the regional specification
tab of our Plan2Adapt tool. This
feature (Figure 2) allows planners
in these communities to view cli-
mate information in a way that is
directly relevant to their regions.
This work is consistent with the
Province’s stated intent to recog-
nize and implement Indigenous
jurisdiction as part of BC's deci-
sion-making process.

REGIONAL CLIMATE SERVICES

Enhancing Climate Services in
British Columbia and Beyond

Partner: Canadian Centre for
Climate Services, Environment
and Climate Change Canada/
Centre canadien des services
climatiques, Environnement et
Changement climatique Canada

As partners with the Canadian
Centre for Climate Services (CCCS),
PCIC and other regional climate
service providers work together

to enhance the coordination of
climate services delivery across
Canada. This past year, PCIC’s team
continued to conduct training and
engagement with diverse user
groups, including building design
professionals, local governments,
First Nations communities, emer-
gency management professionals,
and more. PCIC also continued

to support the development of
training materials and sector-spe-
cific modules on ClimateData.ca.
Together, we are committed to de-
livering regional climate services
tailored to user needs.

This year, PCIC participated in five
bodies convened by CCCS, four as
a continuation of last year’s work
and one new working group. PCIC
continued to offer its knowledge
and experience to aid in the on-
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going development of ClimateDa-
ta.ca, participating in the Project
Management Committee (which
ensures coordination between
the participants in the collabora-
tion), the Product and Data Work-
ing Group (which reviews chang-
es to existing online components
and provides guidance on new
products in development), the
Technical Architecture Working
Group (which covers aspects such
as software and web design), and
the Regional Coordinating Com-
mittee (which coordinates Cana-
da’s regional climate service pro-
viders). This year PCIC was pleased
to join the Communications
Working Group, a new communi-
ty of practice that is dedicated to
supporting communications and
outreach work for climate service
providers across Canada. Finally,
we also participated in the Train-
ing Sub-Group, which shares best
practices and coordinates the de-
velopment of training materials,
and the Support Desk Working
Group, which advises the CCCS on
its responses to user queries.

Supporting and Enhancing ClimateData.ca

Partner: Computer Research
Institute of Montréal / Le Centre
de Recherche Informatique de
Montréal

PCIC is dedicated to helping
Canadians incorporate climate
change considerations into their
decision-making and is a proud
partner in the ongoing devel-
opment of the ClimateData.ca
online platform, which provides
open and free access to expert-re-
viewed climate information. PCIC
shares its scientific expertise via
the provision of high-quality data
products and by reviewing and
developing other platform con-
tent. This year, PCIC scientists gen-
erated an additional ensemble of
CMIP6-downscaled GCM simu-
lations for implementation on
ClimateData.ca. This new ensem-
ble is driven by greenhouse gas
and aerosol emissions under the
Shared Socioeconomic Pathway
3-7.0 scenario, complementing
the SSP2-4.5 and SSP5-8.5 scenari-
os previously downscaled at PCIC.

Over the past year, PCIC also

provided advice and detailed
reviews of several data products
now available on ClimateData.ca.
These include Building Climate
Zones, Humidex variables, and
the Fire Weather Projections app
(developed by CCCS) and the
Climate Analogues panel app
(developed by Ouranos). A new
version of ClimateData.ca (v2.0)
has been in development over the
past year and PCIC has provided
guidance and advice on many
improvements, including map de-
sign, user customization options,
and additional data download
and analysis options. In collabora-
tion with CCCS, PCIC helped distill
information from our Design
Value Explorer tool into a series
of “one-pagers” aimed at infra-
structure engineers and planners.
These documents, available for
download via a map interface

on ClimateData.ca, combine
location-specific climatic data
from the National Building Code
of Canada with PCIC’s projected
future design values in a simple,
easy-to-read format.

REGIONAL CLIMATE SERVICES

Finally, as part of ClimateData.ca’s
Content and Engagement Work-
ing Group, PCIC’s team supported
engagement efforts for a new Ma-
rine Sector module, which aims to
inform coastal adaptation across
Canada, and contributed to the
development of training materials
for existing sector modules.
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NEW
METHODOLOGIES
AND CLIMATE
KNOWLEDGE
INTEGRATION

NEW METHODOLOGIES AND CLIMATE KNOWLEDGE INTEGRATION

Refining PCIC's Downscaling Methods

Partner: Environment and Cli-
mate Change Canada / Envi-
ronnement et Changement
climatique Canada

Many climatic phenomena of
practical interest are influenced
by the simultaneous behaviour of
more than one climate variable.
For example, both drought and
wildfire tend to result from the
combination of exceedingly dry
and hot conditions in a given
region over an extended time.
Another example is that rainy
days tend to be associated with
colder temperatures in coastal
regions. While this interdepen-
dence is embedded in climate
model simulations, it may not be
preserved when model variables
are downscaled separately, lead-
ing to a sub-optimal description
of compound events.

To address this issue, PCIC sci-
entists have been evaluating a
multivariate downscaling method
that preserves the dependence
structure between different
variables, known as the N-Dimen-
sional Multivariate Bias Correction
(MBCn) approach. In this project,
we investigated the performance
of MBCn for a larger set of vari-
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Figure 3: Comparisons of the CaSR target data (leftmost column) with variables down-
scaled using the MBCn method, over the Fraser River Basin (black-outlined area). The
middle column shows differences between the MBCn-downscaled data and CaSR,

while the right-hand column shows the temporal correlation between the two over
the 1980-2018 period. Top row: Spring total rainfall; middle row: annual maximum
daily precipitation; bottom row: annual maximum wind speed.

ables than the three we typically
downscale— i.e. daily maximum
temperature, daily minimum
temperature, and daily precip-
itation amount—over British
Columbia’s Fraser River Basin. The

additional variables—relative
humidity, shortwave and long-
wave radiation, and wind speed
and direction—are important not
only for the study of compound
events, but also for applications
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such as hydrologic modelling. The
daily evolution of minimum and
maximum temperatures affects a
watershed’s snowmelt dynamics
which, along with the timing and
amount of precipitation, governs
river flows and the potential for
flooding or hydrologic drought.
Net radiation balances and wind
speed, in turn, influence surface
temperature, evaporation, tran-
spiration, and soil moisture levels.

PCIC’s team assessed the ability
of MBCn to represent the set of
nine climate variables by applying
the method to coarse-resolution

NEW METHODOLOGIES AND CLIMATE KNOWLEDGE INTEGRATION

(~250 km) simulations from the
Canadian Earth System Model
Version 5 (CanESM5). For the
downscaling target, they used
high-resolution (~10 km) daily

climate information from the Ca-
nadian Surface Reanalysis Version

2.1 (CaSR). The CaSR dataset is a
reconstruction of historical cli-

mate using observations fed into

a global weather forecast model

run in a hindcast mode. In the first

phase of this work where CaSR
was averaged to coarser resolu-
tion to mimic GCM input, PCIC’s

team found that MBCn produced

daily, monthly, and annual mean
outputs that agreed well with the
CaSR target data, while largely
preserving the correlations be-
tween most variables (Figure 3).
Some limitations were noted for
certain variables in mountain-
ous regions and in representing
annual extremes, which will help
to refine the method in future. By
comparing these results to those
found using a univariate method,
the team also demonstrated that
MBCn better preserved the de-
pendencies amongst multiple cli-
mate variables. The MBCn-down-

scaled CanESM5 simulations will
be used for hydrologic modelling
in a future project.

This work also allowed PCIC
scientists to refine the calculation
of several multivariate indices

of interest for applications, such
as Humidex, Fire Weather Index,
and potential evapotranspira-
tion. Overall, these results are
promising for the application of
MBCn-downscaled GCM outputs
in hydrologic modelling over
the Fraser River Basin and similar
watersheds.

Developing a Canada-wide Rainfall Intensity, Duration and Frequency Data Product

Partner: Environment and Cli-
mate Change Canada / Envi-
ronnement et Changement
climatique Canada

Intensity-duration-frequency (IDF) .

information for extreme rainfall
events occurring over the relative-
ly short durations of a day or less
is a critical and much-used re-
source for infrastructure planners
and civil engineers, allowing them
to design structures to accommo-
date extreme “1-in-N-year” events,
for example. These are events of

CaSR Analysis IDF Curve:
Toronto Intl Airport

CaSR Corrected Forecast IDF Curve:
Toronto Intl Airport

ECCC Stations IDF Curve:
Toronto Intl Airport
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Figure 4 : Rainfall IDF curves at Toronto’s Pearson International Airport produced using CaSR-Analysis (left), the bias-corrected
CaSR-Forecast (center), and ECCC'’s IDF station data (right). Each line describes the relationship between rainfall intensity and accu-
mulation interval (1 to 24 hours) for a given return period between 2 and 100 years. The analysis was performed over the CaSR period

(1980-2018).




a rarity such that they only occur,
on average, once in every N years.
Environment and Climate Change
Canada maintains a historical da-
tabase of annual extreme rainfall
amounts recorded at a range of
sub-daily intervals at over 600
stations in Canada. However,
while the database includes most
Canadian towns and cities, it does
not cover the vast majority of the
country. The recent development
of another ECCC product, the Ca-
nadian Surface Reanalysis Version
2.1 (CaSR), which covers all of
Canada at a resolution of 10 km x
10 km, provides an opportunity
to bridge this data gap. In this
project, PCIC researchers con-
ducted a comprehensive analysis
of the two hourly gridded pre-
cipitation variables contained in
CaSR: one a precipitation forecast
(CaSR-F), and the other a version
of the forecast corrected against
an independent, station-based
gridded product (CaSR-A). The
goal of the project was to assess
the suitability of these data for
deriving spatially complete IDF in-
formation across the entire CaSR
grid. The evaluation of CaSR-F was
of particular interest, since this
variable is closely related to the

NEW METHODOLOGIES AND CLIMATE KNOWLEDGE INTEGRATION

precipitation forecasts produced
by ECCC's operational weather
forecast system. For forecasts of
heavy rainfall, this makes it pos-
sible to express the prediction
as a 1-in-N-year event even if the
forecast amount is biased.

After first converting the pre-
cipitation variables to rainfall

by using CaSR'’s surface air tem-
peratures, the research team
compared the inferred annual
maximum rainfall from CaSR-A
with both the ECCC IDF dataset
and another station-based daily
rainfall product at nearly 450 loca-
tions across Canada. By and large,
the team found that the CaSR-A
extreme rainfall amounts agreed
well with the station-based val-
ues, except at the shortest 1- and
2-hour durations, where CaSR-A
often underestimated the rain-
fall amounts. This was, in fact, an
expected outcome attributable
to the difference in spatial scale
between the 10 km reanalysis
and point-scale station observa-
tions. A similar evaluation of the
CaSR-F derived rainfall revealed
much larger rainfall extremes
than in CaSR-A product over all
durations, and nationwide except
along the BC coast. This indicated

that, particularly for the purpose
of issuing warnings of extreme
rainfall amounts, the forecast
rainfall requires some form of bias
correction.

PCIC’s team devised a bias cor-
rection scheme to bring the
CaSR-F annual rainfall extremes
into close agreement with the
CaSR-A amounts (Figure 4). They
then performed an IDF analysis
on these corrected CaSR-F data
to enable the efficient—poten-
tially “real-time”"—calculation

of a return period for any fore-
casted heavy rainfall event. The
implications of this are two-fold:
first, IDF curves can be produced
anywhere in Canada on the CaSR
grid, at a 10 km x 10 km resolu-
tion, which is especially useful
since station-based IDF data are
only available at a small number
of locations in Canada; and sec-
ond, extreme rainfall warnings
can be expressed in terms of a
1-in-N year event, and with a bi-
as-corrected forecast amount, to
inform emergency management.




NEW METHODOLOGIES AND CLIMATE KNOWLEDGE INTEGRATION

Contributing to the 2025 Canada’s Changing Climate Report

Partner: Environment and Cli-
mate Change Canada / Envi-
ronnement et Changement
climatique Canada

As one of Canada’s leading re-
gional climate service providers,
PCIC s contributing its expertise
to the upcoming national climate
assessment report, Canada’s
Changing Climate Report 2025
(CCCR 2025). This assessment will
provide a comprehensive update
on how and why Canada’s climate
is changing, and how it is project-
ed to change in the future.

PCIC scientists have contributed
to the assessment both in terms
of report development and by
performing targeted research and
analysis to fill various gaps. PCIC
staff serve as coordinating lead
author, lead authors, contributing
authors and reviewers on several
chapters. PCIC Director, Dr. Xue-
bin Zhang, is also a member of
the advisory panel for the report,
bringing decades of climate re-
search experience and continuity
from his involvement in the previ-
ous CCCR reportissued in 2019.

(a) SSP 1-2.6

= Un-constrained &

5 == Constrained .

Projected temperature change (°C)

2040 2060 2080 2100

(b) SSP 2-4.5

2040

2060 2080 2100 2040 2060

(c) SSP 3-7.0

2080

(d) SSP 5-8.5

2100 2040 2060 2080 2100

Figure 5 : An example of PCIC's data analysis performed for Canada’s Changing Climate Report. The figure shows projected warming
from 2023-2100 relative to preindustrial over Canada under the four illustrative SSP scenarios. Solid lines show the best estimates
of projected future warming from climate models and dashed lines show the corresponding constrained projections. Light purple

shades show the 5th-95th percentile uncertainty range in climate model projections while orange shades show the corresponding
uncertainty range for observation-constrained projections.

Targeted research conducted at
PCIC to support the assessment
includes an analysis of snow-

fall extremes in our statistically
downscaled CMIP6 simulations as
well as the generation of future
climate projections with reduced
uncertainty. One way of doing
the latter is to present climate
projections at fixed levels of
global warming. Since the timing
of those warming levels differs
across climate models and is thus
uncertain, this approach is more
relevant to mitigation questions,

such as estimating impacts ac-
cording to climate policy targets.
For adaptation planning, which is
typically tied to future timelines,
PCIC has used a different tech-
nique. In this method, a statistical
relationship between an observ-
able metric, such as the global
warming trend, and the warming
projected by an ensemble of
climate models is combined with
observations to constrain projec-
tions of future behaviour. Our ap-
proach results in a 40% reduction
in the uncertainty of tempera-

tures projections for Canada by
the end of the 21st century under
a high-emissions scenario (Figure
5). These results are important for
effectively communicating antici-
pated changes in Canada’s climate
over the coming decades.
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HYDROLOGIC
MODELLING

BC Hydro’s Continuing Support of Hydrologic Modelling across BC

Partner: BC Hydro

PCIC’s longstanding partnership
with BC Hydro, established at
PCIC’s inception, has been highly
productive, generating signifi-
cant research on the climate and
hydrology of the province. This
includes hydrologic modelling
at various scales across the prov-

X ince and hydrologic projections

for all watersheds managed by
BC Hydro. PCIC remains commit-
ted to supporting BC Hydro by
providing results from existing
climate science and continuing
to develop insights that address
BC Hydro's needs as they work
to deliver power to 95% of the
province. The partnership is now

: enabling updated hydrologic

modelling for British Columbia,
incorporating the latest climate

¥ model projections from CMIP6

and a new modular hydrologic
modelling framework. This col-
laboration also strengthens PCIC’s

i core expertise in hydrologic mod-

elling, allowing the organization
to extend projections to various
communities and serving as the
foundation of PCIC’s hydrologic
modelling capabilities.

For the updated modelling, PCIC
researchers used the Variable
Infiltration Capacity hydrologic
model with glaciers (VIC-GL) to
generate CMIP6-based hydrologic
projections for the Peace River
basin above Peace River, Alberta.
This work leveraged the multi-
variate, statistically-downscaled
projections discussed earlier in
this report (Refining PCIC's Down-
scaling Methods p. 8).

With BC Hydro’s support, PCIC’s
hydrology team is transitioning
from VIC-GL to the more versatile
Raven hydrologic modelling plat-
form. Raven’s modular design is
expected to shorten the cycle of
model development, deployment
and projections, allowing PCIC
researchers to focus more on data
delivery, analysis, and interpreta-
tion. Given the long-term goal to
apply Raven for projections across
BC and Yukon, the team has
begun by modelling small coastal
sites that BC Hydro has identi-
fied as high priority. Throughout
this process, PCIC researchers
have implemented several key
model upgrades (including soil
infiltration and runoff, canopy
evaporation, soil percolation, and
vegetation transpiration process-

HYDROLOGIC MODELLING

es), explored options to optimize
model deployment, evaluated
various physics components, and
improved techniques for includ-
ing glacier dynamics in simula-
tions. This work has been import-
ant not only in addressing BC
Hydro's specific adaptation needs,
but also in rapidly building PCIC
expertise with the Raven frame-
work, benefitting a wide range of
stakeholders.

Finally, PCIC continues to support
BC Hydro’s use of climate pro-
jections. This year, PCIC provid-
ed methodological advice and
review for drought analysis work,
advice on the use of climate sce-
narios and model ensemble se-
lection, delivered climate change
briefings to BC Hydro's executive
team, and collaborated on a pro-
posal to address key uncertainties
about the effects of hydropower
facilities on fish habitat and fish
populations.



Expanded Streamflow Analysis for BC River Basins

Partner: British Columbia Minis-
try of Transportation and Infra-
structure

The serious impacts of weather
and climate extremes on trans-
portation infrastructure were
brought into stark focus by the
rainfall-driven flooding and land-
slides of November 2021 that cut
southwestern British Columbia off
from the rest of Canada by land.
The potential risks to BC's trans-
portation networks from climate
extremes and climate change
were previously recognized:

the British Columbia Ministry of
Transportation and Infrastruc-
ture (MoTl) released directives
and guidance for incorporating
climate adaptation into engineer-
ing designs in a 2019 Technical
Circular. The Circular stipulated
that transportation engineer-

ing projects should incorporate
information about changes in
weather and climate extremes in
the future.

PCIC has partnered with BC MoTl
to support the implementation
of guidance on climate change
impacts on transportation in-
frastructure. This year, PCIC re-
searchers quantified design flood

values (for 2-, 20-, 50-, 100- and
200-year events) for historical

and future periods over a region
including the Peace, Fraser and
Upper Columbia basins, and
made these values accessible as a
gridded product via our Climate
Explorer tool. PCIC's research
team also completed a pilot study
to explore and develop metrics to
describe extreme low river flow

in the Nicola Basin. This work is
intended to allow engineers to in-
corporate climate change consid-
erations into their infrastructure
design process.

The design flood values were
developed using VIC-GL, driven
by the CanESM2 50-member

large ensemble (CanESM2-LE),
which allows for the robust count-
ing of rare events, from which
changing return periods can be

Figure 6: This figure shows the absolute
value of annual peak flow during the
1951-2000 period (top row) and change
factors in annual peak flow magnitude

for 100-yr return period events for
2041-2070 (middle row) and 2071-2100
(bottom row) versus the baseline period
(1951-2000). The maps cover the Peace,
Fraser and Upper Columbia basins.
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estimated. Design flood values
for each high-resolution grid cell
(an area of approximately 30 km?)
are based on streamflow that
enters from the area upstream

of the selected cell. This means
the size of areas ranges from one
grid cell to the full 665,000 km?
of the catchment. These flood
design values were provided for
discrete 30-year windows from
2015 to 2085 (for example, from
2041-2020 and from 2071-2100;
Figure 6). This builds on previous
work supported by MoTl, begin-
ning with a pilot project where
the Pacific Climate Impacts Con-
sortium estimated historical and
future design flow values for the
upper Fraser watershed. These
estimates were provided through
a prototype online design-flow
tool, which was added to the PCIC
Climate Explorer.

Since conditions of hydrologic
drought are also of interest, PCIC's
hydrologists also conducted a
low-flow frequency analysis of

the Nicola Basin in south-central
BC. This pilot study estimated
low-flow metrics based on annual
minima of seven-day average flow
for return periods of 2-, 5-, 10-,

20-, 50-, and 100-years. This work
also took advantage of the large
ensemble to produce robust es-
timates of rare extreme low-flow
events, with information provided
for the same 30-year windows as
for high-flow events. The resulting
metrics have the same familiar
return-period interpretation as
those for the extreme high flows
and can be easily implemented
within existing workflows de-
signed for peak flow analysis. The
results of this analysis show that
extreme low flow varies between
sites and between quantiles.
Much of the latter variation may
be due to the hybrid nature of low
flows in snow-dominated basins,

being a mix of summer and winter

low-flow events.
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HYDROLOGIC MODELLING TO SUPPORT FISH HABITAT MANAGEMENT

Developing Projections and an Online Tool for Salmon Habitat Assessment

Partners: British Columbia
Salmon Restoration and In-
novation Fund, Fisheries and
Oceans Canada, Pacific Region /
Fonds de restauration et d’in-
novation pour le saumon de la
Colombie-Britannique, Péches
et Océans Canada, region du
pacifique

Researchers from PCIC, in col-
laboration with scientists from
the Department of Fisheries and
Oceans Canada (DFO), recently
completed a project to better
understand how climate change
may affect terrestrial freshwater
environments where salmon
populations are found. They
focused on streamflow and water
temperature to quantify historical
and projected future freshwater
hazards over a large spatial do-
main from daily to seasonal time
scales. PCIC’s team also devel-
oped an online portal to deliver
this knowledge to a broad range

- of users.

Changes to British Columbia’s
climate are expected to impact
certain key hydrological factors
important for salmon growth,
survival, and habitat intercon-
nectivity. To provide planners

and managers with i
information that can be -
used to support actions wnf 5

to protect wild salmon
and their habitats, PCIC
and DFO scientists cal-
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els and internal climate
variability. The hazard
indicators permit two
types of assessment:

a detailed fine-scale
assessment specifically
tied to Sockeye and
Chinook salmon popu-
lation monitoring sites
in eight watersheds,
and a broader-scale regional
assessment at a coarser resolution
over a 400,000 km? area of coast-
al-draining watersheds.

Figure 7: This figure shows the annual mean consec-
utive number of days that daily stream temperature
exceeds 19 °Cin the study region for the baseline
1971-2000 period (top), and ensemble mean pro-

jected change for mid- and end-century (middle and
bottom, respectively) for moderate (RCP 4.5, left) and
high (RCP 8.5, right) emissions scenarios.

PCIC’s team developed the online
Salmon Climate Impacts Portal
(SCIP) to make this information
available to a range of users
interested in fisheries manage-
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ment. The SCIP enables users

to locate, visualize, summarise,
and download summary data
describing projected changes
to broad-scale hazard indicators
in the freshwater environment
within the BC Coastal domain.
These regional population- and
watershed-based hazard sum-
maries can be used to support
climate change ecological vul-
nerability assessments. Although
not incorporated into the SCIP,
fine-scale hazard indicators are
also available from PCIC, and
provide a valuable resource for
vulnerability assessment of the
relevant salmon stocks.

HYDROLOGIC MODELLING TO SUPPORT FISH HABITAT MANAGEMENT

Improved Modelling of BC's Coastal Salmon Habitat

Partners: British Columbia Salm-
on Restoration and Innovation
Fund, Fisheries and Oceans
Canada, Pacific Region / Fonds
de restauration et d'innova-
tion pour le saumon de la Co-
lombie-Britannique, Péches et
Océans Canada, Pacific Region /
Péche et Océans Canada, region
du pacifique

The watersheds of British Co-
lumbia that drain into the Pacific
Ocean are complex in their topog-
raphy and provide a vital habitat
for a vast number of species,
including different salmon spe-
cies. To meet the planning needs
of salmon habitat managers in

BC, PCIC researchers are currently
working on four interconnected
projects. These are: expanding
VIC-GL hydrologic projections to
ungauged basins, improving lake
temperature modelling, imple-
menting oxygen saturation into
their modelling, and creating an
ensemble of streamflow and water
quality projections downscaled

to a very high-resolution stream
and lake network. Each project
involves a complex set of challeng-
es that have required the develop-
ment of targeted research.

— RVIC stream network
—— CLRH stream network
[ RVIC basin outline
[ ] CLRH lakes

[ CLRH basin outline

"°%QM%
4 <
Zoed
Ve >

Figure 8: This figure shows a map of the Quesnel River basin (upstream of Likely, BC)

comparing the VIC-GL-RVIC and RAVEN-CLRH basin outlines and streamflow networks.

Deploying the VIC-GL model in
ungauged basins requires some
means of calibrating the model in
the absence of streamflow data.
As there is no one method that
consistently outperforms the oth-
ers, PCIC's hydrologists tested two
different regionalization meth-
ods, both of which use data from
gauged basins to estimate model
parameters in ungauged basins:
(1) a physical similarity cluster-
ing method that uses catchment
attributes, and (2) a deep learning

approach. The researchers found
that the deep learning model
performed best for this applica-
tion. This method has been used
to expand VIC-GL projections for
ungauged basins and, ultimately,
to expand the offerings of PCIC's
streamflow and water tempera-
ture projections for salmon habitat
managers.

To project future water tempera-
tures in BC's hydrological net-
works, realistic lake temperature
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modeling is essential. PCIC hydrol-
ogists are currently developing a
new lake temperature model to

be implemented within the Raven
hydrologic modelling framework.
This is a two-layer lake model that
will provide a reasonable represen-
tation of temperature stratification
of the water column. The top layer
exchanges heat with the atmo-
sphere, while heat transfer be-
tween the top and bottom layers
occurs via conduction. PCIC re-
searchers are also modifying Raven
to estimate the saturation concen-
tration of dissolved oxygen in its
hydrologic simulations, which is
the maximum amount of dissolved
oxygen that water can hold, based
on factors such as temperature and
atmospheric pressure.

The ensemble of high-resolution
streamflow and water quality pro-
jections will be based on Raven’s
vector-based routing. In this frame-
work, each river network is broken
into lines with a given direction
and magnitude of flow (Figure 8),
with the amount of water flow-
ing into each section calculated
for each small river segment.
These downscaled projections of
streamflow, water temperature
and saturation dissolved oxygen

HYDROLOGIC MODELLING TO SUPPORT FISH HABITAT MANAGEMENT

will cover a large spatial domain,
encompassing most of BC's Pacific
drainage. They will be developed
and shared at the scale of reaches
(river segments that are about 100
metres long) and lakes, all avail-
able through a web-based data
portal. The data resulting from this
work will directly support climate
change vulnerability assessments
at site- and population-specific lev-
els. Whereas previous products had
constraints on spatial resolution,
these improvements will provide
information on reaches and specif-
ic channel sections, allowing local,
site-specific assessments.

After confirming that Raven per-
forms as well as VIC-GL within the
Fraser watershed while providing
streamflow at a higher resolution,
PCICis now deploying it across the
entire domain, an area of 399,400
km? of coastal draining watersheds
in BC.

While the primary application of
this work is the conservation of
wild salmon populations, the re-
sults will be of use to anyone inter-
ested in fisheries management in
the freshwater environment in BC.




SERVING HIGH-QUALITY METEOROLOGICAL DATA TO BC AND BEYOND

Updating PCIC's High-Resolution Climatologies

Partners: Bonneville Power Ad- S77& PAIFIC CLIMATE High-Resolution PRISM Data
ministration, National Oceanic - :

SERVI NG and Atmospheric Administra-

tion Northwest River Forecast

H IG H 'QUALITY Center (NWRFC), Oregon State

University (OSU) PRISM Group,

METEO ROLOGICAL Agricultural Climate Informa-

tion Service of Alberta

DATA TO BC AN D 'dl'his )I/ear, PCIC cfompleted .the f
B EYO N D evelopment of a new series o

high-resolution (approximately 1
km x 1 km) monthly temperature
and precipitation climatologies
for British Columbia updated for
the 1991-2020 climate normals
period (Figure 9). These new maps
were created using the Parame-
ter-elevation Regressions on In-
dependent Slopes Model (PRISM),
which integrates point data, a dig-

ital elevation model, and various s ' \ :
factors such as proximity to coast- Figure 9: This figure shows an example of a high-resolution PRISM climatology map

. . . for precipitation over the 1991-2020 period. The figure highlights the very wide
lines, temperature inversions, S . . . . o .

' . diversity of climates in BC, with estimated annual precipitation amounts ranging from
terrain complexity, and expert about 200 mm to more than 12,500 mm each year, on average.
knowledge to produce high-reso-
lution, gridded climate estimates.  maps that represent BC's climate ~ observed in Canada and globally.
PCIC scientists used this model on  at a very high level of detail even In developing these maps, PCIC
dgta from four sources: the Pacific  at its borders. Compared to the scientists performed extensive
Cllmate Data Set (PCDS)I the OSU preViOUS 1981 '201 O Cllmat0|og|' quallty Control on the tempera_

PRISM group, the Agricultural cal maps, the new climatologies  tyre and precipitation station
Climate Information Service of show that BC has warmed by data, made detailed comparisons
Alberta and the NOAA 20" cen- roughly 0.2°C between the two  yith the 1981-2010 climate nor-
tury reanalysis (v3), resulting in periods, consistent with warming
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mal maps to understand chang-
es in small scale features, and
ensured seamless integration
with the corresponding climate
normal maps for the cotermi-
nous United States produced
by the OSU PRISM group at BC's
southern border.

PCIC is grateful for the support
of our colleagues at the Bonne-
ville Power Administration, the
Northwest River Forecast Center
and the OSU PRISM group in this
work. The data from this project
will greatly enhance the model-
ling and understanding of pres-
ent and future climate change in
BC. Moreover, our partners will
use these maps as a key compo-
nent in their modelling of the
hydrology of the Columbia River
Basin, which extends from BC
and Alberta southward to Wyo-
ming, Nevada and Utah.

SERVING HIGH-QUALITY METEOROLOGICAL DATA TO BC AND BEYOND

High-resolution Climatologies for Canada

Partners: British Columbia Min-
istry of Forests, Environment
and Climate Change Canada/
Environnement et Changement
climatique Canada

PCIC has been leveraging its ex-
perience with BC PRISM climatolo-
gies to create an ambitious, Cana-
da-wide “mosaic” of climatological
maps. This comprises a weaving
together of separate, existing data
products to create a set of con-
tiguous, high-resolution monthly
climatologies for use in multiple
applications across our themes.

Over the past several decades, a
number of research groups have
produced gridded, station-based
datasets covering parts or all of
North America, with resolutions
comparable to our BC PRISM data
(approximately 1 km x 1 km).

This opens up the possibility of
constructing a mosaic of existing
maps to cover the wider area,
provided that an effective method
can be developed to merge the
maps. An initial phase of this proj-
ect, supported by the British Co-
lumbia Ministry of Forests, result-
ed in a continuous map stretching
from Alaska, through BC, to the
coterminous U.S,, all using existing

Minimum temperature

. 15degC

l 12 degC
I 7 degC

Figure 10: This figure shows a high-reso-
lution mosaic map of minimum tem-
perature for western Canada, represent-
ing a typical July during the 1981-2010

period. The inset at the bottom shows a
detail of the minimum temperature map
in northern Alberta.

PRISM climatologies spanning the
1981-2010 period. In this phase,
significant technical challenges

in extending the mosaic to incor-
porate additional datasets were
identified. Now in the second
phase, supported by ECCC, we are
extending the mosaic eastward
within Canada, with the goal of
spanning the entire country.

Because data products from sep-
arate areas often show discrepan-
cies in overlapping regions, PCIC’s
team developed new methods

to merge the individual maps at
their boundaries while maintain-
ing consistency with our under-
standing of the regional-scale
climate. One method used was to
separate each monthly map into a
coarse-grained background field
and a fine-scale anomaly field. The
fine-scale anomalies often reflect
how the local climates vary with
topography, while differences in
coarse-grained maps in the same
region may reflect biases in the
underlying products. By merging
the coarse- and fine-scale fields
separately and combining the
resulting maps, we were able to
create reasonably smooth clima-
tological maps covering the areas
spanned by multiple products.

The resulting high-resolution
climatologies of daily maximum
temperature, daily minimum
temperature (Figure 10) and daily
precipitation for the 1981-2010
period will be valuable to a wide
range of stakeholders, research-
ers, and others studying historical
climate across Canada. Moreover,
we plan to integrate these maps
into our on-demand “climate im-
print” downscaling tool, which is
under development and currently
targets BC only (see the Providing
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SERVING HIGH-QUALITY METEOROLOGICAL DATA TO BC AND BEYOND

PCIC’s Station Data Portals: Continued Expansion and Development
LA TASECSHIMATE BC Station Data - PCDS

Version: 1.6.1
(HEAD:da6b890)
User Documentation

Partners: British Columbia Cli-
mate Related Monitoring Pro-
gram: British Columbia Ministry
of Environment and Climate
Change Strategy, British Colum-
bia Ministry of Agriculture and

Local Scale Climate Scenarios for
Adaptation story on p. 22). This
tool refines our ~10 km reso-
lution statistically-downscaled
climate change scenarios to
the finer resolution of the back-

University of Victoria: 2010-01-02 to 2024-07-08 v

2010 2015 2020 2025 2000

Back to Map 6 Months Hide Legend

~ Ending 2024-04-24

ground climatology, which, for
BC's PRISM maps, is around 1 km.
By developing a national mosaic
of climatologies of similar reso-
lution, we will enable external
users across Canada to perform
customized downscaling of
various climate variables and ex-
treme climate indices, providing
fine-scale information directly
relevant to planning and adapta-
tion efforts.

Food, British Columbia Ministry
of Forests, British Columbia
Ministry of Transportation and
Infrastructure, BC Hydro, Rio
Tinto, Environment and Climate
Change Canada, Metro Vancou-
ver, The Capital Regional Dis-
trict, The Pacific Climate Impacts
Consortium

University of Northern British
Columbia

Government of the Northwest
Territories, and numerous agen-
cies that provide observations
for inclusion in the Western
Arctic data portal

British Columbia Ministry of
Emergency Management and
Climate Readiness

PCIC operates, develops, and
maintains two meteorological data
portals that provide users with
near-real-time access to weather
observations collected in British
Columbia and Canada’s Western
Arctic. The BC station data portal,
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Figure 11:This figure shows an example from the time series viewer, for temperatures
recorded at the nearest station to PCIC between the 25th of October 2023 and the 23
of April 2024. The cold snap in January is clearly visible, with a maximum temperature
of -7 °C and a minimum temperature of -11.7 °C recorded on January 14*". The full pre-
view page for this station shows 11 time series charts like these (one for each of the 11

variables recorded at that station). The horizonal bar across the top shows the periods
of availability for the different variables (each represented by a different blue line), and
the green shading indicates the part of the record that is being displayed to the viewer,
which can be adjusted.
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now in its 13™ year, provides access
to nearly 1 billion observations
from roughly 7000 locations across
the province, with some records
dating back to 1871.The portal’s
holdings are continuously updated
through automated data feeds and
periodic additions from observing
networks that do not provide au-
tomated data feeds. The Western
Arctic data portal, which has been
operating for over one year now,
offers a similar functionality with
798 stations spanning from ~55°N
to 82°N latitude.

This year, both portals have been
significantly improved with the
introduction of a time series data
viewer (Figure 11). Users can now
view time series of each vari-

able from a given station for any
6-month period, allowing for an in-
tuitive understanding of the data,
variability, characteristics of the
different variables, and any gaps in
observations.

Both portals have expanded this
year. The BC Station Data Portal,
which provides access to the
Pacific Climate Data Set (PCDS),
has added 61 million observations.
It now includes near-real-time

SERVING HIGH-QUALITY METEOROLOGICAL DATA TO BC AND BEYOND

data from BC Hydro, one of PCIC’s
longest-standing partners, at a
15-minute temporal resolution.
Meanwhile, the Western Arctic
Weather Data Portal has grown by
16 million observations.

As PCIC's meteorological databas-
es continue to expand and interest
grows in performing quality as-
surance on the raw data it in-
gests, there is a need for database
structures that reliably track data
evolution. With this in mind, PCIC
is developing a version control sys-
tem for the PCDS, which will pro-
vide users with information about
changes made to the observations
and metadata (e.g., station loca-
tion and elevation). These chang-
es, often implemented as quality
control measures to correct errors
and improve data homogeneity,
can create discrepancies between
PCIC’s data and the original ar-
chives. The version control sys-
tem will allow PCIC to make such
corrections while retaining the
original data and will give users
transparency about what changes
were made and why.




COMPUTER
INFRASTRUCTURE
AND ONLINETOOL
DEVELOPMENT

SOFTWARE, COMPUTER INFRASTRUCTURE AND ONLINE TOOL DEVELOPMENT

Providing Local-Scale Climate Scenarios for Adaptation

Partners: Environment and
Climate Change Canada /
Centre canadien des services
climatiques, and DACCS part-
ners: Canada Foundation for
Innovation/ Fondation can-
adienne pour l'innovation,
British Columbia Knowledge
Development Fund, University
of Toronto, Ouranos, Computer
Research Institute of Montréal,
McGill University / Le Centre
de Recherche Informatique de
Montréal, Concordia University

To meet the need for regional-
and local-level climate informa-
tion throughout BC's complex
landscape, PCIC has developed an
on-demand climate downscaling
tool through the Data Analytics
for Canadian Climate Services
(DACCS) project. While we cur-
rently provide high-resolution (~1
km) monthly and annual clima-
tologies for gridded observations,
and also mesoscale (~10 km)
gridded observations and future
scenarios at a daily resolution, the
new tool will allow users to gen-
erate their own km-scale future
projections for small areas of BC.

Leveraging DACCS, which brings
computational resources close to

V. Check statuses of processes and download the outputs if possible.

downscaled_outputs_dsets = []

on-demand fashion.

data storage for efficient climate
data product generation, the tool
enables statistically downscaled
projections in real time for us-
er-selected regions across BC us-
ing a Jupyter Notebook. A Jupyter
Notebook is a type of computable
document that combines code,
figures and explanation, and is a
commonly used tool in data anal-
ysis. On the back end, this process
runs a version of ClimDown, an
R-based software package that
PCIC developed for “climate im-
print”downscaling. When a user
runs the notebook (Figure 12),
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Figure 12: This figure shows a screenshot from the Jupyter notebook interface used to
generate high-resolution, daily observational and future-projected climate data in an
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they select a region of interest
via a built-in map interface, input
dataset (gridded observations or
a climate model), downscaling
method, future emissions scenar-
io, and a time period. Additional
indices of climate extremes can
also be created from the daily
downscaled data that may be
helpful for assessing a variety of
climate-related behaviour and
hazards. After the computations
are complete, the user receives a
link to download the high-resolu-
tion downscaled climate data for
that area.
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This new tool, which is current-
ly in beta-testing mode, is a
semi-expert level product that
requires the users to execute
Python code in the notebook,
although no coding is necessary.
Expert users can also expand

on its functionality, as the tool
operates within PCIC’s cloud,
providing access to extensive
data stored there. Working with
data in PCIC’s cloud is compu-
tationally cheaper and faster
than downloading large tracts of
model output and working with
it on a user’s system. By offering
this tool, PCIC enables inter-
mediate-level users to access
high-resolution data they need
to better understand past and
future-projected climate in their
specific region of interest.

SOFTWARE, COMPUTER INFRASTRUCTURE AND ONLINE TOOL DEVELOPMENT

On-Demand Streamflow Data

Partners: DACCS partners: Cana-
da Foundation for Innovation/
Fondation canadienne pour
I'innovation, British Columbia
Knowledge Development Fund,
University of Toronto, Ouranos,
Computer Research Institute of
Montréal / Le Centre de Recher-
che Informatique de Montréal,
McGill University, Concordia
University

This year, PCIC developed a Jupy-
ter Notebook that provides on-de-
mand access to streamflow projec-
tion data for any location in British
Columbia. This tool was created

to meet the need for hydrologic

streamflow projections at specific
sites where users are performing
work or planning future projects.
Previously, PCIC only produced
streamflow projections for gauged
sites, a limited number of loca-
tions where hydrologists could
calibrate models. This was restric-
tive, as there are far fewer gauged
sites than the number of locations
where hydrologic data is needed,
such as where pipelines cross over
waterways or road and highway
crossings. The new service allows
users to calculate streamflow at
their sites of interest. Moreover,
on-demand modelling is compu-

tationally cheaper than running
a hydrologic model for an entire
watershed domain.

This development, like the one de-
scribed in the last story, builds on
PCIC’s work under the DACCS proj-
ect, which places computational
resources (called “nodes”) near the
data, enabling efficient, remote
calculations in response to user
requests. Here, the Jupyter Note-
book uses a web service called
Osprey, which runs the streamflow
routing component of the Variable
Infiltration Capacity model used

at PCIC on a DACCS node, then
provides the results to the user.

Enhanced Software for Calculating Climate Indices

Partners: Environment and
Climate Change Canada / En-
vironnement et Changement
climatique Canada, the World
Meteorological Organization,
the University of New South
Wales

An internationally agreed-upon
suite of climate extreme indices,
based on daily precipitation and
temperature data and developed
by the Expert Team on Climate
Change Detection and Indices

(ETCCDI), has enabled the com-
parison of analyses from different
parts of the world. These indices
facilitate the seamless merging of
data to produce a global picture,
despite challenges in sharing daily
precipitation and temperature ob-
servations across countries. A soft-
ware package developed at PCIC,
climdex.pcic, which computes
these indices, has been widely
used and has made an important
contribution to this international
standardization.

This year, we introduced two new
features to this popular soft-
ware. One enhancement enables
the computation of indices on

a seasonal scale, allowing users
to analyze changes in extreme
indices for different seasons. The
other addition allows climdex.
pcic to output the exact dates of
extreme events, making it possible
to analyze changes in the timing
of these events.
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Maintaining and Upgrading PCIC's Computational Infrastructure

PCIC stores a vast amount of
meteorological data and model
output of various types, for both
British Columbia and Canada. For
example, the Pacific Climate Data
Set (PCDS) is a unique provincial
resource available exclusively
through PCIC. Located in in Victo-
ria, BC—a seismologically active
region about 100 kilometres

east of the Cascadia Subduction
Zone—PCIC operates in an area
prone to earthquakes, posing a
serious threat to life and infra-
structure.

As stewards of these valuable data
resources, PCIC is also responsi-
ble for ensuring their safety and
security. To protect its data assets
from potential earthquake dam-
age, PCIC moved all servers this
year to a seismically protected
equipment rack (Figure 13). This
process required significant effort,
including large-scale hardware
upgrades, server improvements
and transferring all equipment to
the new seismic rack. As an add-
ed benefit, these upgrades have
improved server communication
speed, reducing the time needed
for research tasks.

In addition to the seismic up-
grades, PCIC conducted a com-

SOFTWARE, COMPUTER INFRASTRUCTURE AND ONLINE TOOL DEVELOPMENT

)

W_WE&Emm .

1
| —_—
F=mmmE-u

Figure 13:This figure shows the new
seismically-protected rack containing
PCIC’s servers.

prehensive risk analysis for UVic's
Central Audit department. This
assessment covered all of PCIC's
information technology systems,
servers, and disk storage, address-
ing risks from fire, flooding, and
cyber attacks. The findings were
used to further strengthen the
resilience of PCIC's systems, its
information security policies and
provide greater peace of mind for
PCIC’s users.
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Enhancing Features of PCIC's Tools and Incorporating New Climate Projections

Partners: Environment and
Climate Change Canada / En-
vironnement et Changement
climatique Canada, British
Columbia Ministry of Emergency
Management and Climate Read-
iness

PCIC users have a need for down-
scaled climate output from the
most recent and advanced cli-
mate models available, presented
for their regions of interest. This
drives the ongoing development
of multiple tools and products

at PCIC. Over the past fiscal year,
PCIC has added output from the
sixth and most recent phase of the
Coupled Model Intercomparison
Project (CMIP6) to its Plan2Adapt
tool, PCIC Climate Explorer and the
Statistically Downscaled Climate
Scenarios portal.

In order to integrate the new
climate model output into these
tools, PCIC first downscaled the
output from 26 climate models
participating in CMIP6 and com-
pared these to prior results from
CMIP5.They also tested different
downscaling techniques, compar-
ing techniques that downscale
one variable at a time with mul-
tivariate techniques that treat all
variables of interest simultane-
ously. The resulting data for two
downscaling methods and three
emissions trajectories have been
added to PCIC’s Data Portal and
the multivariate dataset integrat-
ed into the PCIC Climate Explorer.
For the Plan2Adapt updates, a 12-
model subset of output from the
CMIP6 data on Climate Explorer
was selected to sample the over-

all range of model projections.

In addition, baseline data for the
1981-2010 climatological period
were added to the Summary table
of the tool.

The incorporation of the most
recent climate model output into
PCIC’s tools and Data Portal is
aligned with PCIC’s goal to provide
users in our region and across
Canada with the highest-quality
results from the cutting-edge of
climate modelling.



Communications

PCIC maintains a robust program
of communication and outreach
to keep its users abreast of its
ongoing projects, new prod-

ucts, online tools, and relevant
research. PCIC’s researchers also
regularly share their findings

with the broader scientific com-
munity, through peer-reviewed
journals, conferences and other
activities. This provides a two-
way dialogue that enhances the
quality of PCIC’s research. Over
the 2023-2024 fiscal year, PCIC
staff presented on a wide array of
topics including: the detection of
human influence on precipitation,
uncertainty reduction for extreme
precipitation projections, obser-
vationally constrained projections
of warming in Canada, high-reso-
lution climate mapping of coastal
and mountainous regions, pro-
cess-based calibration of hydro-
logic models, and temperature
and hydrologic conditions over
BCin 2023. PCIC also released two
Science Briefs:‘On Cloud-Circula-
tion Coupling and Climate Sensi-
tivity, and ‘Observed Increases in
Extreme Fire Weather Driven by
Humidity and Temperature! PCIC's
team also presented at multiple

workshops and stakeholder meet-
ings, sharing their knowledge
with the public, planners, and

the broader scientific communi-
ty. An example of this is “Climate
Change Informed Flow and
Thermal Indicators for Resilient
Stewardship of BC's Watersheds,”a
presentation delivered at the Ca-
nadian Water Resources Associa-
tion (BC Branch) 2023 conference.
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Operations and Finance

In fiscal year 2023-2024, PCIC
maintained a stable funding and
operational environment in sup-
port of its programs and service
delivery to its partners, stakehold-
ers and the public.

We provided services via more
than 25 user-commissioned proj-
ects, externally funded research
grant programs and other proj-
ects. Short-term and long-term

=4 agreements with our partners

provided 56% of our revenue,
with the balance provided by
an endowment that was placed
at the University of Victoria by

. the BC Government in 2008. We

continued to maintain and ad-
vance relationships with over 50
partners from several federal and
provincial government ministries,
municipalities and a host of other
organizations within and outside

% of BCand Canada.
=" As a service organization, all of

our activities are dependent on
having a talented and dedicated
team of professionals. With our
most important resource being

~ our staff, 91% of our expendi-

{ tures supported the salaries and
benefits of 23 staff and 2 co-op
students. The remaining expenses

2023-2024 REVENUE

m Short-Term Agreements
Long-Term Agreements (2 years+)
m Endowment

OPERATIONS AND FINANCE

2023-2024 EXPENSES

9%

m Personnel

Operating Expenses

Figure 14: This figure shows a breakdown of PCIC's revenue (left) and expenses (right)

for the 2023-2024 fiscal year.

supported computing resources,
staff professional development,
conference and meeting travel
in support of both professional
development and our programs,
and general operational expens-
es. As a not-for-profit corporation,
PCIC carefully plans and budgets
its expenditures to ensure max-
imum value from the funding it
receives.

Thanks to the PCIC team for their
dedication, hard work and team-
work and to the University of

Victoria and all our partners for
their support. Together, we fur-
thered PCIC’s mission to translate,
create and deliver authoritative
quantitative information about
the climate of our region and
beyond, and assisted users of that
information in understanding the
impacts of climate variability and
change.
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