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communities in a changing climate:
there's good news and bad news....
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Outline

1. Warming trends in Atlantic Canada

2. Preparing for Good/Bad news: Adaptation Plans/Tools
3. Coastal Vulnerability Tool: CAN-EWLAT, CIVI

4. Ecosystem Vulnerability; Distribution shifts (or not)

5. Next steps

->Public welbsite CIVEZ with vulnerabillity by Economic Zone
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Global Heat Content of the Ocean
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Demonstrates a strong warming of the global ocean since 1970
Source: https://www.nodc.noaa.gov/OCS5/3M HEAT CONTENT/

DFO contributes to this time series through the International Argo Program
http://www.meds-sdmm.dfo-mpo.gc.ca/isdm-gdsi/argo/index-eng.html



https://www.nodc.noaa.gov/OC5/3M_HEAT_CONTENT/
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« Gulf of St. Lawrence sea surface temperature (SST) from satellite observations
(1985-2017) have been used to generate an SST proxy for earlier years based
on recorded air temperatures.

« Ocean temperatures from 200 and 300 m indicate warming in the deep Gulf
of St. Lawrence over the past half century at a rate of about +0.2 degrees
Celsius per decade.




Temperature (Atlantic Ocean)
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Sea surface temperature at Halifax Harbour is presented for the period 1926-2016. The
long-term trend in this time series is noft statistically different from zero.

« Depth averaged ocean temperature (0-20 m) from the Prince 5 station (P5) in the Bay of

Fundy (1924-2016) indicates a long-term warming of 0.16 degrees Celsius per decade,
which is statistically significant.

* The time series at a depth of 250 m on the Scotian Shelf (1950-2016) indicates strong

natural variability with a long term trend of 0.35 degrees Celsius per decade, whichis
statistically significant.




Temperature (Atlantic Ocean)
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Sea surface temperature (at Om) on the Newfoundland Shelf near St. John's for the

p_;eriod 1950-2016 along with the depth averaged ocean temperature (0-175m) from that
site.

Time series in the upper ocean of the central Labrador Sea basin (20-150 m) is presented
for the period of 1948-2016.

All three time series demonstrate warming in the region from 1990 to present, however,
the long-term trends over the whole records are not significantly different from zero.




Faster rate of warming and extremes in this
decade due to Gulf Stream and Labrador
Current Competition

AN Competition at the tail of the
Grand Banks between Gulf
IR TN Stream and Labrador
% Current. Gulf Stream BLOCKS
= ‘ the cold Labrador water,

Labrador
Current

= e 4 \ Warm eddies form and flow
~ KT \, onto Scofian Shelf
) , P

74 est P\ Lige N\ SO —over the long term, we
NG/ ; /) are warming BUT It's
= N L Y [ ‘,O' especially fast in the last
y W\ / decade due to Gulf Stream
influence at tail of Grand
Banks.

Contents lists available at ScienceDirect |= Eonmomy

Continental Shelf Research

FLSEV m fournal www.slsavier ‘

Mechanism for the recent ocean warming events on the Scotian Shelf of m
eastern Canada =z

Gulf Stream

D. Brickman’, D. Hebert, Z. Wang
Fisheries and Oceans Canada, Bedford Ittt of Oceanography, P.0. Bax 1006, Daromouth, N.5. B2Y 442, Canada
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Bad News....
-Some species prefer colder water
(e.g snow crab)

-Sea-level rise/storm surge

... SO we need to plan

Canada



Coastal Vulnerabillity

More rain

storm surge

Intense rain
Severe weather

sea level rise

I _ess shorefast/sea ice
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Global Sea Level Change
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« Increasing global sea level since 1970
« Source: hitps://www.nodc.noaa.gov/OC5/3M HEAT CONTENT/

. TBUT,(;rhe regional frends can be very different compared to the global
rend.



https://www.nodc.noaa.gov/OC5/3M_HEAT_CONTENT/

CAN-EWLAT: Canadian Extreme Water Level
Adaptation ‘ool

« DFO Science and SCH having been
working together to develop climate
change adaptation tools

« Tool provides vertical allowance
advice for DFO Small Craft Harbours
(SCH) marine sites.

 Based on past history of exireme water
levels at SCH site (storm surge + tfides).

* Incorporates future projections of sea
level rise and associated uncertainties.

Labrador

Brunswick

DFO Small Craft Harbours
DFO Real Property

NRCan - CanCoast Shoreline
EEZ

0 300 400
mg— Kilometers




What is an Allowance®?

“Safe” height to build with sea level rise

Allowance
“Safe” height to build without sea level rise

Present building standard

Fixed level or datum

Note: For critical infrastructure, a more conservative approach would be recommended

Li Zhai, Blair J.W. Greenan, John Hunter, Thomas S. James, Guogi Han, Phillip MacAulay & Joseph A. Henton (2015) Estimating Sea-Level Allowances for
Aflantic Canada using the Fifth Assessment Report of the IPCC, Atmosphere-Ocean, 53:5, 476-490, DOI:
10.1080/07055900.2015.1106401
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Ecology Action Cenftre Partnership

« The Educating Coastal Communities About Sea-level Rise
(ECOAS) Project is an initiative designed to franslate scientific
climate change research intfo useable information to educate
coastal communities within Canada about the need for
planning for future sea-level rise impacts. Funded in part by
DFO until March 2019.

* The aims of this project are to:
Help communities learn about sea-level rise and how it affects them

Provide access to tools that have been developed locally with the |latest
climate change information available

lllustrate the need for incorporating sea-level rise into future plans

http://sealevelrise.ca/
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Coastal Infrasiruciure Vulnerablllty Index
(CIVI)

DFO Small Craft Harbours (SCH), DFO Science
and DFO Economic Analysis and Stafistics
Directorate developed CIVI.

« CIVI provides a numerical indication of the
relative vulnerability of a small craft harbour to
the effects of climate change.

_» This vulnerability index was designed with three u
component sub-indices: Exposure (natural forces ;%:4“-"'*2‘
- based on CanCoast), Infrastructure, and Socio- |+ ;f,x A
eCconomics. ¥ 1A,
- Each of the sub-indices incorporates three to five . i
component variables which were scored ona 1 | ‘g

to 5 (not vulnerable to highly vulnerable) scale
depending on the harbour's vulnerability to that
particular variable.

COIl;, SLUI T, \JEBCO, NOAANGPBE!, andiother COntributOrS




Oceanography

Bedford Institute of Oceanography v

BIO Home = CIVI = Coastal Infrastructure Vulnerability Index (CIV1)

Science v | Outreach v

Info for Clients +

Canada

I )

Facilities v

Coastal Infrastructure Vulnerability Index (CIVI)

Download Data

‘ Environmental Vulnerability v

[ Coastal Vulnerability
Environmental Vulnerability

¥ High « Medium¥ Low ¥ N/A

Submit

Socioeconomic Vulnerability
Infrastructure Vulnerability ’ Greenland United Kingdan
- Sea  Noway
~]
- 4 ARCTIC
f® OCEAN Iceland
Kafoalt Nunant
(Denrmark)
Beaufort Baffin
Alaska Sea Bay
YUKON
NORTHWEST
Whitehors &
s oS8 TERRITORIES NUNAVUT Iqaluit P
Yellowknite Seg
NEWFOUNDLAND
&‘ ")FZIUnMSl;: R Hudson ANY B ?
o oy 2= Bay
@ AUBERTA
Edmonton, MANITOBA
"SASKATCHEWAN QUEBEC
PACIFIC " @%? 3 ¢
OCEAN Washingtén R""",’.A ONTARIO \TLANTIC
_Wlnnlp_eq. 4 ‘ ,Ouﬁhgq(‘. il
Oregon Moiie North Dokata : N TTAWA X
Idano Minn A\ VINH
f Michigan Ny, Mass
500 km ) Sath Dakata Wisconsn 01 Joronto_ Conn
T L Wyoming ¢
-31heanay, 37[93283? = 5 7, Penn . NJ 2GeoGrats - Canada Base Mao
e Moo o

Coastal Vulnerability

Filter items |

Showing 1 to 10 of 828 entries | Show[10 v | entries

Legend

w Coastal Vulnerabhility

® High
Medium

® Low

[ NA

Il

18



ts G Google Scholar 3 Aliant Webmail ofp Halfax forecast  ofp HaSfaxradar 480 CECca Player BOOKMARKS $£3 Dropbox - Sxx 0] Shackell, Nancy -Ou %2 En

Bedford Institute of Oceanography + Science v Outreach v Infofor Clients v Facilities

BIO Homa - CIV] = Coastal Infrastructure Vuinerabity Index (CiV1)

Coastal Infrastructure Vulnerability Index (CIVI)

Downicad Data
Coastal Vulnerability v ¥ High © Medium® Low « NA Submit
» Instructions: Map Navigason
S T e Legend
e - r . Muysite Cloan Acres ; "".".” ",..
vy Cheyne SeGemmuid waow Cirove e Mty FLOCHWIE Bietoh -
= sahlb'l'; v 1 e Moww Rows - ‘f}av- S o v C Vul !
= . o T » Tt iy i castal Vulnerabiiity
MOOh Y LN - AaTenetoan ORI PO [ L J -
" “ , ~ W oharn S hor e A
— . ¥R ) Y ’ BSOS | o .u.-.--'.\..» ] Mecium
»an ~ Thon nrie
1 Now Genmmany - Luteesuegy < Low
£ Coastal Vulnerability © .20 000 S -
vy Raver LY Enagen ide « A
Jrcpes ‘ '\'Di"' gg,g ) < Virte .-lA_ ClRrwptat
moxs v a ES!I Score: 2.4
G SESI Score. 3.5 Stand Bevige e
A S R IS! Score: 4 . Dt Moty
\41(( CIVI Score: 3.2 h 4
N — .:‘- Y T = 1"4’ “‘..n; ALl
l_/)d‘_‘.- v\ Mares Sroee
o5 9 ) Detrveous Cove A -\
- Charch Powr 0 "
L1 AT e P ~
BT I .
oot Wmrrgbole $ BN
e g wry 2
O"“.‘. P ‘,sI:A raec)
A3 8t ".-’,‘.
Pt Matund -"'f‘f:; e
ot
[} . n Ml
* YASHOUEN
. g ‘._,- - o
24 (3 .'.. o A
\ Ahadis ’_.‘\hlu'f'\“” \.--.n\l-‘.
‘\ =0 S, '!‘.“"‘4! » Mwtoaaw
220 g &
wm |
503083, 239019 £GeoTets - Conads Bazg Mag
Coastal Vuinerabinty
Filter items [ Showing 1to 10 of 828 entries | Show | 10 v entries

Coastal Vulnerability

Zoom to



Acidification

Warming

Altere:d_ bour]dary current
Stratification

Lower dissolved oxygen

Less ice
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Shackell, N.L., B.W. Greenan, P. Pepin, D. Chabot and A. Warburton (Editors)
2013. Climate Change Impacts, Vulnerabilities and Opportunities (IVO)

Analysis of the Marine Atlantic Basin. Can. Manuscr. Rep. Fish. Aquat.
Sci. 3012: xvii + 366 p.

Rave Reviews

..... riveting plots...
....multiple characters with depth....

.... a hot item only getting hotter....

21



GENERALLY--Southwestern Scotian Shelf is likely to see greater
shifts/impact on species near upper thermal limit of their range
and even greater impacts if heavily fished (e.g. cod, herring).
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Assessing key fish and invertebrate species
vulnerabllity to warming : Who do we need to worry
aboute

I( : I :S International Council for
the Exploration of the Sea

Conse 12l pour

I'Explor

ICES Journal of Marine Science; doi:10.1093 /icesjms /fsv022

Assessing marine species vulnerability to projected warming
on the Scotian Shelf, Canada

Christine H. Stortini'*, Nancy L. Shackell?, Peter Tyedmers', and Karen Beazley'

'School for Resource and Environmental Studies, Dalhousie University, 6100 University Avenue, Suite 5010, PO Box 15000, Halifax, NS, Canada B3H 4R2
*Fisheries and Oceans Canada, Bedford Institute of Oceanography, 1 Challenger Drive, PO Box 1006, Dartmouth, NS, Canada B2Y 4A2

*Corresponding author: tel: +1 902 292 0268; fax: +1 902 426 9710; e-mail: c.stortini@dal.ca




Exposure Sensitivity
A Thermal Latitudinal range
ha::ia’r + —
A Larval Food specificity
thermal L
envelope Habitat specificity
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A Spawning '|'
thermal Population status
envelope loss (CO.SIEW|C)
Resilience (Musick,
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=+
Larval dispersal
=+

Adult mobility

Vulnerability

33 fish and
invertebrate
species
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Coastal Infrastructure Vulnerability Index (CIVI)

* Medium» Low * NA
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Next Steps:
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Add my response

sTAY TUNED....

Coastal Index of Vulnerability by Economic Zone-
(combine fish response assessement with CIVI)



Coastal Index of Vulnerability by Economic Zone (CIVEZ)

Coastal Infrastructure Vulnerability Index (CIVI) Species Vulnerability Assessment

Exposure, Infrastructure, Socio-economics T — Exposure (thermal habitat gain/loss)
Sensitivity (life history/status)

l i :

* Create Basin-wide Species distribution model for 7spp.

eUpdate CIVI database as needed (e.g., harbour * Use ocean temperature projections as change fields
condition indicator) * Create Thermal Response Change Field=Exposure

* Explore other socio-economic indicators ¢

Species Response Assessment
* Response =Exposure (thermal habitat gain/loss) X
Sensitivity (past and current stock status )

v
( Determine Scale of Economic Zones (EZ) _ ]
L L
[ Aggregate CIVI indicators by EZ * Aggregate RESPONSE by EZ }

\ / TR s
: ‘g U} ot

Coastal Index of Vulnerability by Economic Zone (CIVEZ) -\‘ d' I|hé')
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Response Assessment
....starfing with Exposure-

How will thermal habitat change?

Work N
Ppo@(’@éé

"
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Prediction of Suitable Habitat in 2055

High Resolution Simulation of Future Ocean Climate in the Northwest Atlantic
(D. Brickman and Z. Wang)

Current BTemperature (Climatology)

_:ﬂ- . .
IR AN Current Suitable Habitat

other variables

» Species Distribution Model used to identify suitable habitat
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compare
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2055 Delta Bottom T 'o ( :
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* No significant change in suitable habitat predicted for 2055
e This is because the T increase + the ambient temperature, is sfill
within the window of temperature tolerance for juveniles.



Preliminary Results for Offshore Lobster
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Figure 1. Map of the Lobster Fishing Areas in Atlantic Canada using the boundaries identified in the Atlantic fishery regulations
http://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-

DocRech/2017/2017_065-eng.pdf



Offshore Lobster Suﬁoble Habitat
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Offshore Lobster Habitat de/Loss (2055)
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—
Top three species g
Landings by value ) ?

s (average 2011 - 2016)

&

1
Cape Breton - East

Fundy/Saint John

LOBSTER
SCALLOP, SEA
HERRING

SHRIMP, PANDALUS BOREALIS
CRAB, SHNOW
LOBSTER

Eastem Shore 1 .

LOBSTER
ELVERS
SHRIMP, PANDALU S BOREALIS

Fundy/French Shore :

SCALLOP, SEA

SWORDFISH
w/,

ELVERS

LOBSTER
SCALLOP, SEA
CLAMS, QUAHAUGS

LOBSTER
: ELVERS
g HALIBUT

Estimate Species Response by Mgmt area
-report by Economic Zones

SCALLOP, SEA
LOBSTER
HADDOCK




Coastal Infrastructure Vulnerability Index (CIVI)

* Medium» Low * NA
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Coastal Index of Vulnerability by Economic Zone-
(combine fish response with CIVI)



End, questions?




Latitude

GENERALLY-- Populations overly impacted by other stressors (e.g.
fishing) are more likely to be negatively impacted by climate
change than healthy populations

Best Worst Example cod. Annual Proportion Depletion of Cod SSB
[ 0.90
; ——Areal
: 0.80 - 7
| £ 0.70 - - Aeaz
; Eﬁ 0.60 A Area 3
3 & - —o— NArea 4
2 0.50 ‘\'
I = 040 1 ——Area 5
" £ 030 - —e— Area6
' < 0.20 1 Aea 7
010 Area 8
0.00 : . : .
—A— Area 9
1970 1975 1980 1985 1990 1995
70 6 —6'0 5 0

Longitude

Why it matters -> SNE Lobster in decline, GoM lobster increasing-
DIFF is partly because of mgmt measures (throw back large lobster
and V-notching)




