+ BermudaRedCross

& QBE | Foundation

Bermuda Red Cross, in partnership with QBE Foundation, is pleased to invite the
general community to attend a presentation on “Climate Change and Bermuda”:

1. Date Thursday, 6 July 2023
St. Paul’s AME Church Hall (Central)
Time 5:30pm-7:00pm
~ A
2. Date Thursday, 13 July 2023
Penno’s Wharf, St. George’s (East)
g Time 5.30pm-7.00pm P
3. Date Tuesday, 25 July 2023
St. James Church Hall (West)
Time 6.00pm — 7.30pm
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Some definitions

: The state of the atmosphere at a
given time, mainly with respect to its effects
on life and human activities.

* Minutes to days

* Climate: Slowly-varying aspects of the
atmosphere-hydrosphere-land surface system
* Average of conditions
* Years-Decades-Centuries... and longer




Scenarios

Outlook
Predictions
Guidance

Threats
Assessments

Forecasts

Watches
Warnings & Alert
Coordination

Weather

Response & Relief
Operations

—

Centuries

Decades

Years

Seasons

e.g. Public/Marine
Forecasts

e.g. Gale Warnings,

Hurricane Warnings

Forecast
Uncertainty

Source: WMO DRR
Programme based on
adaptation of a figure from
the WMO Strategic Plan
(2012 - 2015)

Humanitarian

Preparedness Strategic Planning &
Planning Scenario Building

Applications




Some definitions
Greenhouse effect, global warming and climate change

Carbon Dioxide &
* In the absence of an atmosphere, our other ‘greenhouse &
gases’ absorb and ce M

average global temperature would be then reemit solar
infrared radiation molecule

around -18°C or -0.4°F!

* Thankfully we have the Greenhouse

Effect:

* | Sunlight penetrates the atmosphere, but
some of the outgoing heat is trapped under
a ‘blanket’ of greenhouse gases (GHGs),
such as Carbon Dioxide (CO,).

MBH Proportion of solar
 Actual average global temperature is B et Pediaing From earne ey Tadiation is trapped by

GHGs
around 15°C or 59°F.

Graphics source: US National Center for Atmospheric Research



Some definitions

Greenhouse effect, global warming and climate change

 GHGs have been increasing in concentration since the Industrial Revolution
* This is due to burning of fossil fuels (coal, oil, natural gas)
 More GHG = More Greenhouse Effect = Hotter planet

GLOBAL TEMPERATURE & CARBON DIOXIDE
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Some definitions  Detected trends Projections & Impacts  What can we do?

Global Warming, driven by an Enhanced Greenhouse Effect
Is a leading influence of Climate Change.

Climate Change

_ Ocean lce melt
Increasing \C/)V(;?%ri]n Acidification acceleration
GHG Sen Level J Increases in
Emissions i e"e/ o e water vapor
Extreme
‘ \ weather
changes
Enhanced Jet Stream
Greenhouse changes

Effect



Climate Change and

Bel"mUda Climate Change

and Bermuda

Climate Change | |

and Bermuda

« Synthesis of a decade of science and
research.

« Local and international student
interns contributed to the work Part |
presented in the report. .Scienceand Physical Hazards

Part Il

Impacts and Societal Risk

Sponsored by:

4X) HsBe

https://bios.edu/research/projects/natural-hazards-and-risk-prediction/
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Storms and Floods - exposures &

vulnerabilities
Strong Building Code

- i+ @ Bermuda Code (110 mph, fastest-mile at 33 feet)
% 50 4 | O ASCE 7-95 (150 mph, 3-second gust at 33 feet)
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"o o oo o1 ez o5 1 N T Bermuda'’s building code is engineered to withstand stronger storms
Retumn Pericd (years)

than we currently experience.
Average return period
Ho and Mara, 2014
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Storms and Floods — exposures &

vulnerabilities
Disaster Risk Governance

TEW, \ GO
. ;

« Forecasting/warning has improved year on year

« Business interruption and economic impacts mitigated by
frequent communications from EMO

NHC Official Annual Average Track Errors
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Increasing trends in frequency and intensity of Bermuda

Hurrlcanes

1961-1980 2001-2020

Above: Tropical cyclone tracks within 100 nm of Bermuda.
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Storms and Floods — exposures &

vulnerabilities
Wind Risk

* Despite Bermuda's resilience...

 We see a 5-7% increase in potential
average wind damage losses now (early
215t century) vs long term average risk
(1877-2018)...BUT

e ...uncertainty is an order of magnitude
greater, and also increases,

 due to hazard record deficiencies, small
sample size, etc.

BIOS 7\~

Annual Exceedance

Probability (%)

08 1.0
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Sounds helpful — but wait! Huge uncertainty,
that grows as well as the modelled risk.

. Loizou et al. 2022
. Simple Hurricane ' Wind Risk
" Model for Bermuda,

55 6.0 6.5 70 75 8.0 8.5
Modelled Damage Loss Potential ($Bill)

https://github.com/PinelopiLoizou/Risk Mo
del



https://github.com/PinelopiLoizou/Risk_Model
https://github.com/PinelopiLoizou/Risk_Model

Storms and Floods - exposures &
vulnerabilities
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Changes in rainfall = increases in road flooding potential
Current climate (based on 2005-2015 records): flooding threshold
reached every 2 months on average. Johnston et al. 2018
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Storms and Floods — exposures &

vulnerabilities

Bermuda Hurricanes™ by Month (1842-2019)

*Tropical cyclones that
passed within 100nm of
Bermuda and reached
hurricane intensity at some
point during their lifecycle
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September

36

October

2
|

Movember

season hurricanes
are more impactful to
local crop production.
Farmers take 100% of the
economic loss on
themselves, due to a lack of
crop insurance options.

O’Farrell, 2022
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Percent of Workers in Outdoor Jobs that Lack Health Insurance
33 v.s All Jobs
Bermuda Maximum of
Monthly Mean Heat Index 16 Government of Bermuda, 2017
NCEP Reanalysis -1948-2021 32 14
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— Heatindex (Heatind mining, & quarrying
* Increased (heat)

Heat — exposures & vulnerabilities

Effects of Heat Stress

* Higher exposure for outdoor workers

* Higher vulnerability in the form of lower pay, less health insurance.

=>» greater risk of heat-related conditions for outdoor workers.

Working on a

WARMER

planet

The impact of heat stress

on labour productivity
and decent work

O’Farrell, 2022



Properties exposed to the second
ESL threshold (0.79 m above MSL)

The Impacts of Sea Level Rise |
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The Impacts of Sea Level Rise = #*

200f°  Rcp2s6 236
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The Impacts of Sea Level Rise

Some assisted living facilities vulnerable to coastal hazards and sea level rise
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Elevations (dots, in metres) and distance from shore
(bars, in metres) of all the assisting living facilities.

O’Farrell, 2022
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The Impacts of Sea Level Rise

Sea level rise leads to increased groundwater salinity

BIOS 7|\<
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Month (2019-2020)

Alexander, 2022
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Ocean Temperature
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The Marine Environment

Coral Reefs

- Marine Heatwaves can lead to
coral bleaching events

ol B
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The Marine Environment

Atmospheric
carbon dioxide

co,

. mall Fish &
Phytoplankton \ Larger Invertebrates
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Courtesy of Dr. Amy Maas, BIOS
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Risks to Supply Chain, Tourism and

Travel

Food and Agricultural Supply Chain

Map of exporters of agricultural goods to Bermuda.
In 2020 the island imported 88.1 million dollars’
worth of food, an increase from 42.4 million in
2000. Source: resourcetrade.earth

$88.1m

Tops
1 United

s75m N
2 United Kingdom to Bermuda
I

ssom
3 Brozilto Bermuda
I

Canada s=m 4 New Zealand to Bermuda

I

S 00 2005 200 205 2020 5 CanadatoBermuds

United States

Bermuda

X\
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O’Farrell, 2022 (unpub.)

Agricultural Yields (% change)

- T T 1 1 T _

-90 -50 -30 -20 -10 O 10 20 30 45

% change in corn, wheat, soy, cotton yields under the RCP
8.5 scenario in 2080-2099 (Hsiang et al., 2017).
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Risks to Supply Chain, Tourism and

Travel

St. Geoige's

Aviation and Air Travel A
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More extreme
weather causes
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Risks to Supply Chain,

Travel

Surging RISK ZONE MAP https: //sealevel cllmatecentral org

English (US) ~ 9 * [
: - : & o -.

Ports and Shlpplng“

Water ~
vt D ¥

With unchecked pollution,
factoring in Antarctic
research, the median
projection for when sea level
rise leads to a 50% annual
risk of flooding above 3 ft at
Fernandina Beach is 2050.

© Get more data
® Seefull tool

()

Show current coast

L
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Tourism and

— P — Somers Isles Shipping Ltd.



https://sealevel.climatecentral.org/
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Risks to Supply Chain, Tourism and
Travel

Qet L2017

F= ==
S

- Beach erosion and
iInundation of popular
tourist attractions will
become more
prevalent

King’s Square
St. George's |

- The normal high tide
iIn ~20 years:

BIOS 7|\<
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Opportunities?

- Showcase our resilience against
storm activity.

- Climate risk finance activities (but
must demonstrate and celebrate
climate action locally).

- Ecotourism and regenerative
tourism to highlight sustainabllity
Initiatives.

\\/2

BIOS 7~
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Summary of reports
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Physical Hazards Resulting Impacts and Risk
- Hurricane wind risk up this century 5-7% vs.

long term averages, with increasing
uncertainty

- More frequent and stronger
hurricanes (Cat 4s more likely)

Rain, thunderstorm days &
heavy downpours increasing ‘ Rainfall ﬂOOding event frequency Curl‘enﬂy ~

. Sea level rising (+ 1 foot in 20 2months. Expect this to increase over time.

years) =) - About $3 mill more of ARV exposed coastal
flooding events in the next 50 years.
Properties at or below 1m above today’'s sea
level particularly exposed — expect

BIOS 7‘/\.\\- considerably more risk in next 2-3 decades.



Summary of reports

e Amaral Farms

Outdoor labour increasingly at risk from heat-related
health problems.

Agriculture is increasingly stressed by storm and rainfall
variability, with limited mitigants (e.g. insurance)

Marine heatwaves mean greater likelihood of bleaching
events, perhaps mitigated by deeper (cooler) coral
refuges.

Impacts to aviation, shipping are not just local; supply
chain and tourism risk assessments should include
ports of departure.

N\
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Bermuda
Carbon dioxide emissions, World, tonnes per capita 8 ) 58 to n n es Of C 02
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The Good News...

- Disaster governance and storm
resilience is good (for today’s
climate).

- Corals may have deep water refugia.

- Recent storm and coastal flooding
events give us an early heads-up of
what’s down the road

N\
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Opportunities exist to lead by
example to increase local
resilience and security (food,
water, energy, etc.)...

...and build the economy by
supporting global efforts in
climate risk finance

‘A Climate Summit

sented by Bermuda Business Development Agency
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+ BermudaRedCross @ QBE Foundation

Bermuda Red Cross, in partnership with QBE Foundation, is pleased to invite the
general community to attend a presentation on “Climate Change and Bermuda”:

1. Date Thursday, 6 July 2023
St. Paul’s AME Church Hall (Central)
Time 5:30pm-7:00pm
2. Date Thursday, 13 July 2023
Penno’s Wharf, St. George’s (East)
Time 5.30pm-7.00pm
~ R
3. Date Tuesday, 25 July 2023
St. James Church Hall (West)
g Time 6.00pm — 7.30pm P




RS :

- . =
~ ' .
Climate Change and Bermuda - References o 4 )
Alexander, C.* (2022), Climate Change and Water Supply in Bermuda, Bermuda Institute of O@Eanlgcrsﬁs BfS Research Intern report "B
Bates, N. R., & Johnson, R. J. (2020). Acceleration of ocean warming, salinification, deoxygenationg and\addrfrcatron in the surface subtroprc&North Atlantic Ocean. Nature
Communications Earth & Environment, 1(1), 33. https://doi.org/10.1038/s43247-020-00030-5 - »¥

Boza, X.* (2019), Hurricane Storm Surge and Sea Level Rise - Exposure Assessment in Bermuaa. Bermuda Institute of Ocearl §ciences, BIOS Research Intern report
Coffel, E., & Horton, R. (2015). Climate change and the impact of extreme temperatures on aviation. Weather, CIimate',’and Society, 7(1), 94-102.
https://doi.org/10.1175/WCAS-D-14-00026.1

Friedlingstein, P. et al., Global Carbon Budget 2022, Earth Syst. Sci. Data, 14, 4811-4900, https://doi.org/10.5194/essd-14-4811-2022,2022

Government of Bermuda. (2017). Population and Housing Census. www.gov.bm/department/statistics - t

Hallam, S.*, Guishard, M., Josey, S. A., Hyder, P., & Hirschi, J. (2021). Increasing tropical.cyclone intensity and potential intensity in the subtropical Atlantic around Bermuda
from an ocean heat content perspective 1955-2019. In Environmental' Research Letters (Vol. 16, Issue 3). IOP Publishing Ltd. https://doi.org/10.1088/4i748-9326/abe493

Ho, E., & Mara, T. (2014). Wind Engineering: Wind Tunnel Testing, Climate Analysis and Design Deliverables. Bermuda Royal Inst. of Charter gmés?o@ Property Forums
Panel Presentation on Hurricane Simulation Models, Wind Tunnels & Wind Climate Analysis in the Design for Storm Loading on Structures & Buildings. Implrcatlons,.[or
Bermuda. .t-’ I TR “‘__‘ % 4
Hobday, A. J., Alexander, L. v, Perkins, S. E., Smale, D. A., Straub, S. C., Oliver, E. C. J., Benthuysen, J. A., Burrows, M. T., Donat Mf@"l‘:en M., Holbr,%.N Jy, Moore
P.J., Scannell H. A., sen Gupta, A., & Wernberg, T. (2016). A hierarchical approach te defining marine heatwaves. Progress in G‘CEanography, 141, 32742 "
https: /idoi. org/https://doi.org/10.1016/j.pocean.2015.12.014 t e D
Hsiang, S., Kopp, R., Jina, A., Rising,.J., Delgado, M., Mohan, S., Rasmussen, D. J., Muir-Wood, R., Wilson, P., Opp ?—.\mer M., Larséfs K Hou@r T (2017).
Estimating economic damage from climate €hange in the United States. Science, 356(6345), 1362—1369. https: //dor g/lO 1126/screg§é}a]9&(_5/

—294

Johnston, M. C.*, Guishard; M. P Penate, |.*, &Cume I. D. (20148) Ioodlng threshold rainfall events in Bermuda-W é};’z‘
Kopp, R. E., Horton, R. M., Little, C. M., Mrtrovrca J. X Oppenhermer M., Rasmussen D.J., Strauss B. H. aldi; €. Probabilistic 21st an(fZan century sea-
* level projections at a global network-of trde‘-gamge sites. E ’s Future, 2(8), 388 .0 .0ng/Hitps: /I.d%%ZZOMEFOOOZ%
Loizou, P.*, Guishard, M., Mayall, K., ‘Vidale, P. lges, K. I., & Dierer, S. (20225 by ‘ ,i } n-Source Hurricane Wind Risk Model for Bermuda with a
Sensitivity Test on Decadal Variability. InJ M ns&J M. D@e (Eds.), Hurrican | e GHEg . ate (pp. 143-160). Springer. ht%‘//dor 0rg/10.1007/978-3-031-

08568-0_7

O’Farrell, K.* (2022), Bermuda & Climate Ch‘ange S{pcretal Exposure and Vulnerabrlrt yi r Astitute of Ocean Sciences, BIOS Research Intern report

Puempel, H., & Williams, P. (2016). The Imp?&dlmate Eﬁange on Avratro G f ﬁ *Challenges and Adaptation Pathways. In: ICAO Environmental Report 2016.
=

Silbiger, N. J., Goodbody-Gringley, G., Bruno, ’ utnam H 2019 ;)), @emparative thermal performance of the reef-building coral Orbicella franksi at its latitudinal
range limits. Marine Biology, 166(10). https://doi.0 .

4007/ i 19:3

-



	Slide 1: Bermuda Red Cross, in partnership with QBE Foundation, is pleased to invite the general community to attend a presentation on “Climate Change and Bermuda”:    1.   Date      Thursday, 6 July 2023                St. Paul’s AME Church Hall (Central
	Slide 2: Climate Change and Bermuda  Dr. Mark Guishard
	Slide 3
	Slide 4
	Slide 5: Greenhouse effect, global warming and climate change 
	Slide 6: Greenhouse effect, global warming and climate change 
	Slide 7
	Slide 8: Climate Change and Bermuda
	Slide 9: Climate Change and Bermuda
	Slide 10: Storms and Floods – exposures & vulnerabilities
	Slide 11: Storms and Floods – exposures & vulnerabilities
	Slide 12: Increasing trends in frequency and intensity of Bermuda Hurricanes
	Slide 13: Storms and Floods – exposures & vulnerabilities
	Slide 14: Storms and Floods – exposures & vulnerabilities
	Slide 15: Storms and Floods – exposures & vulnerabilities
	Slide 16: Heat – exposures & vulnerabilities
	Slide 17: The Impacts of Sea Level Rise 
	Slide 18: The Impacts of Sea Level Rise 
	Slide 19: The Impacts of Sea Level Rise 
	Slide 20: The Impacts of Sea Level Rise 
	Slide 21: Ocean Temperature
	Slide 22: The Marine Environment
	Slide 23: The Marine Environment
	Slide 24: Risks to Supply Chain, Tourism and Travel
	Slide 25: Risks to Supply Chain, Tourism and Travel
	Slide 26: Risks to Supply Chain, Tourism and Travel
	Slide 27: Risks to Supply Chain, Tourism and Travel
	Slide 28: Opportunities?
	Slide 29: Summary of reports
	Slide 30: Summary of reports
	Slide 31: Summary
	Slide 32: The Good News…
	Slide 33: Climate Change and Bermuda  Dr. Mark Guishard
	Slide 34: Climate Change and Bermuda
	Slide 35: Bermuda Red Cross, in partnership with QBE Foundation, is pleased to invite the general community to attend a presentation on “Climate Change and Bermuda”:    1.   Date      Thursday, 6 July 2023                St. Paul’s AME Church Hall (Centra
	Slide 36

