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Island Health: Who We Are

A One of 7 health authorities in BC

A 765,000 people served on
Vancouver Island, the islands in
the Salish Sea and Johnstone
Strait




Motivation

ABCb6s 2016 Climate L e aderemissiopsreBuctom cal | s
and adaptation plans.

A Island Health has a 5 year emissions reduction plan.

A Do not have an adaptation plan. This is a first step.

a Iclimate resilient health systerns one that is capable to anticipate,
respond to, cope with, recover from and adapt to climatated shocks
and stress, so as to bring sustained improvements in population health,
despite an unstable climade - World Health Organizatior2015



Impact of Climate Change on Human Health

Rsthma

diovascular diseas

Heat-related illnes:

cryp!
campylo!

narmiul




Physical Impacts

-Power or water outages
-Inadequate HVAC

-Building envelope
damage

-Waste or stormwater
back-flows

-and more

Social Impacts
-Patient surges
-Longer patient stays
-Strain on medical &
basic supplies
-Increased demand on
staff & mental health
impacts
-and more
Disruption to

health care
service
deliver

Adapted from: Climate Risks & Impacts to Health Care
ServiceDelivery



A Climate Vulnerability Assessment of Nanaimo Regional General Hospital
A Climate Adaptation Research and Mapping Project

A Q&A
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Climate Vulnerability Assessment of
Nanaimo Regional General Hospital

Joe Ciarniello, M.Eng, PEng, CEMA Vancouver |Authaityd Heal t h
Robert Lepage, M.A.Sc., P.Eng., Ph.D. Candidate A’ RDH Bui |l di ng Science | nc«
Trevor Murdock, M.Sc.A Paci fic Climate | mpacts Consorti



A How important is keeping hospitals fully operational? CRITICAL

A NRGH - second largest hospital campus (Royal Jubilee Hospital in Victoria is the largest)
A Serves ~350,000 people
A Construction dates range from early 19606s
A 55,000 m? floor area, 34 GWh total annual energy consumption

APil ot project: to |learn Ahow too

A Build capacity for conducting PIEVC risk assessments
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Presentation Themes

A Climate change and climate projections

A PIEVC Protocol

A Climate vulnerability assessment of NRGH

AWhat cl
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Climate is Changing, But What Does
That Mean for Engineers?

Downscaling
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Temperature Change (°C)
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Latitude (°N)
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2050s Annual Precipitation
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The PIEVC Protocol

What is it?

- TN
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Why Define Climate Risks and Vulnerabilities?

To deal with the uncertainties of future climate
To deal with risks to physical infrastructure & services
Protect people, property and environment

Better manage infrastructure lifecycle, operations,
reduce costs and avoid surprises

| tds the first step i1 n risk

climate resilience

r




How do Small Changes Lead to Catastrophic

Failure?

To To T o

To I

Design Capacity
Safety Factor
Impact of age on structure

Impact of unforeseen
weathering

Design Load

Change of use over time
A e.g. population growth

Severe climate event



Probability of
Occurrence

The probability of extreme changes In

climate parameters
INCREASES IN MEAN and VARIANCE
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~ Risk Assessment Matrix
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PIEVC Protocol
5 Steps plus an Optional TBL Module

TRIPLE
BOTTOM
LINE
MODULE

commendatio
& Follow-Up
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The PIEVC Protocol, Now & Future

A 45+ projects/studies to date across Canada

A Water, storm & waste water systems, roads & bridges, buildings (1 hospital),
transportation & energy infrastructure

A PIEVC Workshops: on-site and on-line versions available

A Evolution to a permanent on-going program of Engineers Canada
A Infrastructure Resilience Professional Credential (IRP) i Launched June 2016

A PIEVC Lite Version
A Simple, lower cost
A No Step 4 - engineering analysis

A PIEVC First Nations (FN) Version by April 2018



The Assessment of Nanaimo
Regional General Hospital

The Infrastructure

Risk Assessment
23 Challenges
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A Process to assess infrastructure
component response to impacts
of a changing climate

A 5 Step Roadmap
Concept
Scoping
Team Building
Execution

CEEE A

Reporting

Assessment
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Nanaimo Reglonal General Hospltal

A Nursing Tower 1963 A Phase 1 Addition 1992 A Renal and Perinatal 2008

A A A New Emergency
Department 2012
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Infrastructure Breakdown

Mechanical
Enclosure
Civil
Electrical

Structural

o o Do Do o D»

Water

28 Infrastructure



Risk Assessment

29



PIEVC SEVERITY SCORES
Severit

Score Method D Method E

Negligible
No Effect Not Applicable

Very Low
1 Some Measurable Change
A Risk: ; _ Low

Minor Slight Loss of Serviceability

A0 &€ oo U OEGREED o
S N AL o 3 Moderate Moderate Loss of Serviceability
Ov Qe @wwo 1 Qe Q

0EEi Q

0
r'] é E 0 Qi S!m WWOo i ¢ 4 Maior Major Loss of

J Serviceability
A ldentify patterns and assess 5 Serious Loss of Capacity

vulnerability Some Loss of Function
Major
- . . Hazardous ;

A Valnerabilty: Load surpassing adapive AR G

capacity e
7 Catastrophic Los SX Orfe'&nses ot
30 Risk Assessment
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PIEVC SCORES

Probability

Severity

Method A

Method E

Negligible
Not Applicable

Negligible
Not Applicable

Highly Unlikely
Improbable

Very Low
Some Measurable
Change

Remotely Possible

Low
Slight Loss of
Serviceability

Possible
Occasional

Moderate Loss of
Serviceability

Somewhat Likely
Normal

Major Loss of
Serviceability

Likely
Frequent

Loss of Capacity
Some Loss of
Function

St

4 5

Risk Assessment

of Occurrence

Probably
Often

Major
Loss of Function

Highly Probable

Approaching
Certaint

Extreme
Loss of Asset




A Relied on climate scientists; Pacific
Climate Impacts Consortium (PCIC)

Interpreted climate model data

Focus on engineering design parameters

Heat
Moisture

A
A
A 3 Classes of Parameters:
1.
2.
3. Wind

32 Risk Assessment



Probability Scores

RCP 8.57 2050
_ _ _ Forecasted
Climate Parameter Definitions Indicator Relative Values
s0% | WL

Probability
Score

T
EI Robustness

34 Risk Assessment



Severity Workshop

A 1dentify severity of impact on hospital
operations given infrastructure
component failure

Gathered all experts in one room

Consensus based

35 Risk Assessment




A1) Climate Parameter

Definitions A2) Asset Component

A+1: Accept

Vote A>2: Reconcile

A1) Consultant Amends Score ( +1)
Reconcile A2A) Consultant Justification
A2B) Highest Voter Justification

A+1: Accept
Re-Vote A>2: Average and
Mark

36 Severity Workshop Process



Infrastructure Components

2

Heat waves

Rationale For
Severity Score

S

MECHANICAL

Consultant

Decision
Score

Critical Air Systems

O/A intakes

Fans

Cooling Coils

Heating Coils

Humidification

Air Distribution




Special

Casa Climate Parameter and Risk Score
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Division

Infrastructure Component

Contaminated Water [+

Heat Waves
Strong Winds

Storm Intensity and

Frequenc

Warmer Winters
Air Pollution (Forest

Cold Sna
Winter Storm (Ice

Daily Temperature

Dryer and Warmer

Summers
Water Shortages

Sea Level Rise
Warmer Domestic

Landscaping

Trees/irrigation/grass/vegetation

Landscaping

Retaining walls

Landscaping

Trees/irrigation/grass/vegetation

Landscaping

Trees/irrigation/grass/vegetation

Landscaping

Trees/irrigation/grass/vegetation

Site Access Systems

Loading docks

Site Access Systems

Loading docks

Site Access Systems

Roads/Parking Areas

Civil

Fire Supression System (i.e. fire hydrants)

Landscaping

Drainage infrastructure - grading and draing

Landscaping

Signage

Landscaping

Water supply - con. Reservoir

Sanitary Sewer

Acid neutralizer

Sanitary Sewer

Grease interceptors

Site Access Systems

Helipad

Site Access Systems

Pedestrian

Waste storage & removal

Bio-waste

Waste storage & removal

General Waste
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Vulnerability Trends

A Heat Waves, Humidity, and Water
Shortages

A Main challenges: Sensible and Latent
Cooling
A Susceptible Systems:
0 Mechanical i Cooling Plant
0 Mechanical i Critical Air

0 Water Shortages 1 Jurisdiction

Risk Assessment




Prioritization

VFA Data

A Cross-reference at risk systems with VFA
Data

A Low-cost opportunity to upgrade with
like-for-like. Assets within 10 year horizon

A Use forecasted climatic design
parameters as input for new system &
study

43 Risk Assessment







A Jurisdictional Authority
A Hierarchical Systems i System Redundancies, Different Exposures
A Non-Infrastructure (Operational) Actions

A Climate Change i Design Uncertainty, Seasonality, Cascading
Effects, Non-Climatic Effects, Clinical Impacts

45  Challenges



How to use climate data

Sources

Best Practices

Where do we go from here?
46
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AACIimate is not statico

AfiPast and ongoingé greenhouse gas emiss
alter most climatic regimes in the futu
Afné buildings will need to be designed,

adequately withstand ever changing clim
AfAThe analysis generally assumes that th
representative of the future climateo



Downscaled climate projections

. 10 km (BCCAQ) with 800m bias correction (PRISM)

. 12 GCMs, RCP 8.5, 1950-2100

. Dalily

. Nighttime low temperature, daytime high temperature, precipitation

Nanaimo Regional District Nanaimo Regional District
Summer Max Temperature Past Summer Max Temperature Projections
CMIPS RCP85 (1971-2000) CMIPS Ei ble RCP85 (2041-2070)

49.25
49,25

49.20
1 v

49.20

Latitude (°N)
Latitude (°N)

49.15
49.15

49.10
49.10

-124.05 -124.00 -123.95 -123.90 -123.85 -123.80 -124.1 -124.1 -123.95 -123.90
Longitude (°E) Longitude (*E)



Additional climate parameters

A Indices of extremes derived from daily temperature and
precipitation

A Daily snowpack model

A Daily humidity & windGlobalClimateModels (~100 km)
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Code f
Present Walues

RCP 8.5~ 2050
Farecasted Relative

Values

Climate Parameter | Indicstor 1 0% Ay g0%

Contaminated Biological Oxvgen Demand/ <=5MTU, Caliform

Water Particulate Suspension <10100mL

Heat aves ?2;""9 DryBulb 0.4% 263 288 | 300 | 32
1450 Wind P

Strong Wind s [P’;] e Fressure 500 16 | 505 | seo

Storm Intensity 1/5 Wind Driven Rain Pressure

and Frequency Pal 200 400 205 378

Warmerwinters | Heound Degree-DayBase 18.0 3000 1834 | 2185 | 2485
[C-Dad

Air Pallution

(Forest Fires) N/A
Heating DryBulb @Y

Cold Shap eating DryBul (395 -8 a5 |23 | 06
]

Winter Starm flce

Stor m) Show Load [kPa] 2.3 046 1.15% 207
ful Coincident Wet Bulb

Hurmidity Ban Loincinent Wet S 17 182 | 106 | w7
[C]

Daily Ternperature

Range NA

Drier and Warmer Cooling Degree Day Base 18.3

Su Fe-Day ik 160 308 447
Motk Iy maximum daily

Water Shartages maximum tem perature 306 33 4.2 35
["C]

Sea Level Rise R

Warmer Damestic Average sUmmer tirme
1 af

Water Supply SHIPer AU e 06 327 | 340 32.5
[C]

Flooding 1in 50 wvear 1-day rainfall [tim] al oo 116 134.2




Space heating load Cooling load

9
8
;
6
5
4
3
2
1
0

e Present-day === 2020s 2050s 2080s
=== Present-day ====2020s 2050s 2080s

M. Ek, T. Murdock, S. Sobie, B. Cavka, B. Coughlin, R. Wells




Best practices

A Make use of climate informatiogat whatever level of detail
available
ou can’t always get
ywhat you w‘?r’ttg

A Use a range duture projections _
RS -

A Crossdisciplinary engagement

A Iteration, iteration, iteration



ONLINE ADAPTATION TOOLS, WHAT ARE THEY GOOD FOR?

Resources to accompany BC Regional Adaptation Collaborative webinar
30 November 2016

Plan2Adapt http://pacificclimate.org/analysis-tools/plan2adapt

PICS short course hittp://pics.uvic.ca/education fclimate-insights-101#quicktabs-
climate_insights 101=1

ClimateBC

*  HectaresBC hitp://www.hectaresbc.org

*  ClimateWNA http://genetics.forestry.ubc.cafcfgc/ClimateWNA/Climate WNA.html

*  ClimateBC Online http://www.genetics.forestry.ubc.ca/cfeg/ClimateBC40/Default.aspx

*  BC Climate Explorer htip:/fwww.bc-climate-explorer.org/

PCIC Data Portals hitps: cificclimate.orgfdata

Data Basin

L&

PACIFIC CLIMATE
IMPACTS CONSORTIUM

PCIC Home | Contact Us

Summary of Climate Change for Fraser-Fort George in the 2050s

Projected Change from 1961-1990 Baseline
Climate Variable
Ensemble Median | Range (10th to 90th percentile)

Mean Temperature (°C) Annual +1.7°C +1.2 °Cto +2.6 °C
Annual 7% 1% to +13%
Precipitation (%) Summer | -1% -8% to +5%
Winter +10% 3% to +18%
Winter 2% -10% to +6%
Snowfall* (%)
Spring -57% 75% to -11%
Growing Degree Days™ (degree days) Annual +245 degree days +152 to +407 degree days
Heating Degree Days™ (degree days) Annual -624 degree days -944 to -432 degree days
Frost-Free Days* (days) Annual +20 days +12 to +31 days

The table above shows projected changes in average (mean) temperature, precipitation and several derived climate
variables from the baseline historical period (1961-1930) to the 2050s for the Fraser-Fort George region. The ensemble
median is a mid-point value, chosen from a PCIC standard set of Global Climate Model (GCM) projections (see the 'Notes'
tab for more information). The range values represent the lowest and highest results within the set. Please note that this
summary table does not reflect the 'Season’ choice made under the 'Region & Time' tab. However, this setting does affect
results obtained under each variable tab.

* These values are derived from temp: and pr . Please select the appropriate variable tab for more
information.

https:/ /nplcc.databasin.org fgalleries/5a3ad24b36badb63b10b8170ealcd 15ekexpand=105363%2C106

698%62C106712%2C110010%2C105359%2C105364

® 2012 Pacific Climate Impacts Consortium

https:// pacificclimate.org/newsand-events/news/2016/webinaclimate-tools



https://pacificclimate.org/news-and-events/news/2016/webinar-climate-tools
https://pacificclimate.org/news-and-events/news/2016/webinar-climate-tools
https://pacificclimate.org/news-and-events/news/2016/webinar-climate-tools
https://pacificclimate.org/news-and-events/news/2016/webinar-climate-tools
https://pacificclimate.org/news-and-events/news/2016/webinar-climate-tools
https://pacificclimate.org/news-and-events/news/2016/webinar-climate-tools
https://pacificclimate.org/news-and-events/news/2016/webinar-climate-tools
https://pacificclimate.org/news-and-events/news/2016/webinar-climate-tools
https://pacificclimate.org/news-and-events/news/2016/webinar-climate-tools
https://pacificclimate.org/news-and-events/news/2016/webinar-climate-tools

Infrastructure Adaptation: Review of What It Means

Lessons Learned

= Next Steps for Island Health
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o T o Do Do Do Po

Gain climate understanding 4 engage climate scientists
Understanding risks and vulnerabilities

Prioritize the risks (Urgent to Least Urgent)

Minimize the risks (engage Risk Reduction Programs)
Evaluate costs and benefits to reduce risks
Communicate to decision-makers

Combining these provides key elements of an Infrastructure Climate Risk
Assessment and Risk Mitigation Plan

eéand its not just for existing infrastrtr
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A Secure strong mandate from management

A Ensures adequate time from subject matter experts i not easy to do in a hospital

A This needs to be an on-going iterative effort

A w.r.t. Standard of Practice and what it means for engineers?
A New information may indicate standards/codes should be reconsidered



9 Principles of Climate Change Adaptation
fOr EnglneerS (source: Engineers Canada)

A Professional Judgment
A Integrate Adaptation into Practice
A Review Adequacy of Current Standards
A Exercise Professional Judgement

A Integrating Climate Information
A Interpret Climate Information
A Work with Specialists and Stakeholders
A Use Effective Language

A Practice Guidance
A Plan for Service Life
A Use Risk Assessment for Uncertainty
A Monitor Legal Liabilities

Note that Engineers Canada does not regulate the engineering profession in BC, EGBC does.
5i
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A Key retrofits/upgrades to pursue include, but not limited to:

A Review and update maintenance procedures

T

Increased cooling capacity, redundancy, and load shedding strategies

A Ability to recirculate 100% of ventilation air with enhanced filtration (reinstall return-
air systems)

A Back-up potable water supply

A On-Site O, generation



A Natural Resources Canada i Climate Change Impacts &
Adaptation Division for partial project funding: $40,000

A Clinical and Facilities staff at NRGH for their time, knowledge, and
active participation in the workshops

A David Lapp for overall guidance, support and encouragement

A The consulting team:

“ SAlvercourt

it natural habitat MAKING BUILDINGS BETTER™

ACT (Adaptation to Climate Change Team| ‘ .."/‘(“ﬂ
SIMON FRASER UNIVERSITYj AW MCEIhanney

59 ENGAGING THE WORLD A W



ENGINEERS &
GEOSCIENTISTS

BRITISH COLUMBIA

Climate Adaptation Research and
Mapping Project

Ting Pan, M.Sc., Sustainability Coordinator AVancouver Island Health Authority
Trevor Murdock, M.Sc.A Paci fic Climate | mpacts Consort.i



