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Table S1. Overview, characteristics, and conservation objectives of the marine conservation areas in the North-West Atlantic Oceans. OECM = Other Effective area-based Conservation Measure; MPA = Marine Protected Area.
	ID
	Marine conservation area 
	Location
	Appr. Size [km2]
	Year 
	Conservation objective
	Reference

	1
	OECM, Disko Fan Conservation Area
	Eastern Arctic Bioregion
	7,485
	2011
	Minimize impacts on wider food source and overwintering habitat for narwhal
	https://tinyurl.com/4dpz5w2j 

	2
	OECM, Davis Strait Conservation Area
	Eastern Arctic Bioregion
	17,298
	2017
	Conserve sensitive benthic areas
	https://tinyurl.com/jcw99n63 

	3
	OECM, Hatton Basin Conservation Area
	Eastern Arctic and Newfoundland-Labrador Shelves Bioregions
	42,459
	2017
	Conserve sensitive benthic areas
	https://tinyurl.com/57zjn4m5 

	4
	OECM, Hopedale Saddle Closure
	Newfoundland-Labrador Shelves Bioregion
	15,411
	2017
	Protect corals and sponges and contribute to the long-term conservation of biodiversity
	https://tinyurl.com/2p8pz5tu 

	5
	OECM, Hawke Channel Closure
	Newfoundland-Labrador Shelves Bioregion
	8,837
	2018
	Conserve benthic habitat and Atlantic cod
	https://tinyurl.com/32rj339b 

	6
	OECM, Northeast Newfoundland Slope Closure
	Newfoundland-Labrador Shelves Bioregion
	55,353
	2017
	Protect corals and sponges and contribute to the long-term conservation of biodiversity
	https://tinyurl.com/5n8nk8rv 

	7
	OECM, Funk Island Deep Closure
	Newfoundland-Labrador Shelves Bioregion
	7,274
	2017
	Conserve benthic habitat and Atlantic cod
	https://tinyurl.com/y3d4heex 

	8
	OECM, Gander Bay Lobster Closure
	Newfoundland-Labrador Shelves Bioregion
	76
	2017
	Increase lobster spawning and egg production
	https://tinyurl.com/2fu8jkt6 

	9
	OECM, Mouse Island Lobster Closure
	Newfoundland-Labrador Shelves Bioregion
	0.37
	2017
	Increase lobster spawning and egg production
	https://tinyurl.com/2fu8jkt6

	10
	OECM, Glovers Harbour Lobster Closure
	Newfoundland-Labrador Shelves Bioregion
	0.86
	2017
	Increase lobster spawning and egg production
	https://tinyurl.com/2fu8jkt6

	11
	OECM, Gooseberry Island Lobster Closure
	Newfoundland-Labrador Shelves Bioregion
	0.03
	2017
	Increase lobster spawning and egg production
	https://tinyurl.com/2fu8jkt6

	12
	OECM, Penguin Islands Lobster Closure
	Newfoundland-Labrador Shelves Bioregion
	15.53
	2017
	Increase lobster spawning and egg production
	https://tinyurl.com/2fu8jkt6

	13
	OECM, Division 3O Coral Closure
	Newfoundland-Labrador Shelves Bioregion
	10,422
	2017
	Protect corals and sponges
	https://tinyurl.com/2p8wx97h 

	14
	OECM, Lophelia Coral Conservation Area
	Scotian Shelf Bioregion
	15
	2004
	To protect the only known living Lophelia pertusa coral reef in Canada’s Atlantic waters
	https://tinyurl.com/ykwh6d46 

	15
	OECM, Western/Emerald Banks Conservation Area or “Haddock Box”
	Scotian Shelf Bioregion
	10,234
	1987
	Support productivity objectives for groundfish species (esp. haddock in NAFO Division 4VW); Manage disturbance of benthic habitat to support juvenile/adult haddock/other groundfish species
	https://tinyurl.com/yc7tdnfp 

	16
	OECM, Emerald Basin Sponge Conservation Area
	Scotian Shelf Bioregion
	197
	2009
	Protect Vazella pourtalesi glass sponges
	https://tinyurl.com/ms3acj86 

	17
	OECM, Sambro Bank Sponge Conservation Area
	Scotian Shelf Bioregion
	62
	2009
	Protect Vazella pourtalesi glass sponges
	https://tinyurl.com/ms3acj86 

	18
	OECM, Corsair and Georges Canyons Conservation Area
	Scotian Shelf Bioregion
	8,797
	2016
	Protect cold water corals
	https://tinyurl.com/dahptbbz 

	19
	OECM, Northeast Channel Coral Conservation Area
	Scotian Shelf Bioregion
	391
	2002
	Protect cold water corals
	https://tinyurl.com/2p9xnbrm 

	20
	OECM, Jordan Basin Conservation Area
	Scotian Shelf Bioregion
	49
	2016
	Protection of cold-water corals
	https://tinyurl.com/2p8f9e8p 

	21
	OECM, Saguenay Fjord Upstream Closure*
	Estuary and Gulf of St Lawrence Bioregion
	109
	1998
	Protect habitat for the beluga whale and avoid stirring up contaminants contained in the river’s sediments
	https://tinyurl.com/mrxs7uff 

	22
	OECM, Scallop Buffer Zone (SFA 21, 22, 24)
	Estuary and Gulf of St Lawrence Bioregion
	5,835
	1996
	To protect juvenile lobster habitat
	https://tinyurl.com/3sh6cw4d 

	23
	OECM, Miramichi Bay Closure
	Estuary and Gulf of St Lawrence Bioregion
	1,553
	2017
	Protect adult Atlantic salmon and an important migration corridor
	https://tinyurl.com/yrxe5ne2 

	24
	OECM, Western Honguedo Strait Coral Conservation Area
	Estuary and Gulf of St Lawrence Bioregion
	496
	2017
	Cold-water coral protection
	https://tinyurl.com/2p8d2cz3 

	25
	OECM, Parent Bank Sponge Conservation Area
	Estuary and Gulf of St Lawrence Bioregion
	530
	2017
	Cold-water sponge protection
	https://tinyurl.com/mrxebnwb 

	26
	OECM, Jacques-Cartier Strait Sponge Conservation Area
	Estuary and Gulf of St Lawrence Bioregion
	346
	2017
	Cold-water sponge protection
	https://tinyurl.com/5d2n3ras 

	27
	OECM, Eastern Honguedo Strait Coral and Sponge Conservation Area
	Estuary and Gulf of St Lawrence Bioregion
	2,338
	2017
	Cold-water sponge protection
	https://tinyurl.com/3jbyken2 

	28
	OECM, North of Bennett Bank Coral Conservation Area
	Estuary and Gulf of St Lawrence Bioregion
	821
	2017
	Cold-water coral protection
	https://tinyurl.com/2wezmdaj 

	29
	OECM, South-East of Anticosti Island Sponge Conservation Area
	Estuary and Gulf of St Lawrence Bioregion
	845
	2017
	Cold-water coral protection
	https://tinyurl.com/bdcr5r9x 

	30
	OECM, Magdalen Islands 6 Lagoons Closures
	Estuary and Gulf of St Lawrence Bioregion
	136
	2014
	Protects lobster habitat and conserve herring spawning areas
	https://tinyurl.com/mwa7by5a 
https://www.protectedplanet.net/555651728 

	31
	OECM, East of Anticosti Island Sponge Conservation Area
	Estuary and Gulf of St Lawrence Bioregion
	939
	2017
	Cold-water sponge protection
	https://tinyurl.com/2zxnc293 

	32
	OECM, Central Gulf of St Lawrence Coral Conservation Area
	Estuary and Gulf of St Lawrence Bioregion
	1,284
	2017
	Cold-water coral protection
	https://tinyurl.com/4yt97uev 

	33
	OECM, Slope of Magdalen Shallows Coral Conservation Area
	Estuary and Gulf of St Lawrence Bioregion
	335
	2017
	Cold-water coral protection
	https://tinyurl.com/yc6xfm2h 

	34
	OECM, Eastern Gulf of St Lawrence Coral Conservation Area
	Estuary and Gulf of St Lawrence Bioregion
	423
	2017
	Cold-water sponge protection
	https://tinyurl.com/39p947nn 

	35
	OECM, Beaugé Bank Sponge Conservation Area
	Estuary and Gulf of St Lawrence Bioregion
	215
	2017
	Cold-water sponge protection
	https://tinyurl.com/2ke3hmn7 

	36
	OECM, Bay of Islands Salmon Migration
	Estuary and Gulf of St Lawrence Bioregion
	218
	1981
	Protect salmon migratory area
	https://tinyurl.com/yckznu3w 

	37
	OECM, Shoal Point Lobster closure
	Estuary and Gulf of St Lawrence Bioregion
	0.65
	2017
	Increase lobster spawning and egg production
	https://tinyurl.com/2fu8jkt6 

	38
	OECM, Trout River Lobster closure
	Estuary and Gulf of St Lawrence Bioregion
	0.65
	2017
	Increase lobster spawning and egg production
	https://tinyurl.com/2fu8jkt6 

	39  
	OECM, Fisheries closure in the Les Demoiselles nursery, Plaisance Bay, Magdalen Islands
	Estuary and Gulf of St Lawrence Bioregion
	0.3
	2016
	To protect habitat used as a nursery ground for juvenile lobster
	https://tinyurl.com/mrjym9fa 
https://www.protectedplanet.net/555651689 

	40
	Gilbert Bay MPA
	Southeast coast of Labrador; Newfoundland-Labrador Shelves Bioregion.
	60
	2005
	Conservation and protection of the Gilbert Bay cod and its habitats.  
	https://tinyurl.com/42nkvv9c 

	41
	 Eastport MPA
	Northeast coast of Newfoundland; Newfoundland-Labrador Shelves Bioregion.
	2
	2005
	Maintain a viable population of American lobster and ensure the conservation and protection of threatened or endangered species. 
	https://tinyurl.com/4ehw4pa8 

	42
	Laurentian Channel MPA
	Off the southwest coast of Newfoundland and Labrador; Newfoundland and Labrador Shelves Bioregion.
	11,580
	2019
	Protect corals from harm due to human activities. Protect Black dogfish (Centroscyllium fabricii), Smooth skate (Malacoraja senta), Porbeagle shark (Lamna nasus), Northern wolffish (Anarhichas denticulatus), and Leatherback sea turtles (Dermochelys coriacea).
	https://tinyurl.com/29cd4prk 

	43
	The Gully MPA
	East of Nova Scotia’s Sable Island; Scotian Shelf Bioregion.
	2,363
	2004
	Manage human activities to minimize impacts on cetaceans, other commercial and non-commercial living resources, and seafloor habitat. Maintain and monitor the quality of water and sediments of the Gully
	https://tinyurl.com/yckjw9fu 

	44
	Musquash Estuary MPA
	Bay of Fundy, New Brunswick; Scotian Shelf Bioregion
	7
	2006
	Maintain species productivity and biodiversity of individual species, communities, and populations; safeguard habitat
	https://tinyurl.com/mrxdw4cn 

	45
	St Anns Bank MPA
	East of Cape Breton Island, Nova Scotia; Scotian Shelf Bioregion.
	4,364
	2017
	Protect all major benthic, demersal, and pelagic habitats; protect areas of high biodiversity at the community, and ecosystem functioning. 
	https://tinyurl.com/2s3a5mc9 

	46
	Basin Head MPA
	Eastern tip of Prince Edward Island; Estuary and Gulf of St. Lawrence Bioregion.
	9
	2005
	Maintain the marine ecosystem structure and functioning, supporting the healthy biomass of Irish moss (Chondrus crispus). 
	https://tinyurl.com/t8uk2mwy 

	47
	Banc-des-Américains MPA
	Off the eastern tip of the Gaspé Peninsula; Estuary and the Gulf of St. Lawrence bioregion.
	1,000
	2019
	Promote productivity and diversity of fisheries resources and the recovery of species at risk. 
	https://tinyurl.com/86ejed6z 




Table S2: List of global marine ecosystem models participating in the study, and differences relative to previous round of analysis. All models produce monthly outputs on a 1x1 degree grid (except DBEM which produces yearly outputs on a 0.5x0.5). Modified from Tittensor et al., 2021.
	Marine ecosystem model
	Model type (see Tittensor et al. 2018)
	Key forcing variables used 
	Taxonomic groups included
	Key reference(s)

	Apex Predators ECOSystem Model (APECOSM)
	Composite (size- and trait-based; functional group structure)
	Carbon concentrations (small phytoplankton, large phytoplankton, small zooplankton, large zooplankton), particulate organic matter (small and large), zonal and meridional currents, turbulent mixing, temperature, water density, dissolved oxygen concentration, light irradiance. All fields 3-dimensional and monthly.
	Epipelagic fish; migratory mesopelagic fish; resident mesopelagic fish;
	Maury (2010); Maury & Poggiale (2013)

	BiOeconomic mArine Trophic Size-spectrum model (BOATS)
	Size-based
	Mean temperature 0-75m, NPP
	All commercially fished species, both finfish and invertebrates
	Carozza et al. 2016

	Dynamic Bioclimate Envelope Model (DBEM)
	Species distribution model
	Surface and bottom O2, pH, Salinity, and Temperature. Ice cover, Advection U and V. NPP, NPP pico and NPP diat. All variables on a yearly basis.
	956 species of exploited fishes and invertebrates
	Cheung et al., (2011)

	Dynamic Benthic-Pelagic Model (DBPM)
	Size-based
	Surface and bottom temperature, Phytoplankton carbon groups
	Pelagic and demersal fishes and invertebrates
	Blanchard et al., (2012)

	EcoOcean
	Composite (trophodynamic species distribution model)
	SST, SBT, Column average ST, Phytoplankton carbon groups
	51 functional groups representing the whole spectrum of marine organisms from bacteria to whales; integrates explicit information of additional 3400 species of vertebrates, invertebrates and primary producers
	Christensen et al. 2015; Coll et al. 2020

	EcoTroph
	Trophic-based
	NPP, SST, Integrated mesozooplankton carbon
	Implicitly all groups, including pelagic and demersal fishes and invertebrates
	Gascuel et al., 2011; Du Pontavice et al., 2021

	Fisheries Size and Functional Type Model (FEISTY)
	Composite
	Seafloor temperature, Seafloor detritus flux, Mean temperature 0-100m, Integrated mesozooplankton carbon 0-100m.
	Small pelagic fish, large pelagic fish, demersal fish, benthic invertebrates
	Petrik et al. 2019

	Macroecological
	Size-based
	NPP, SST
	Implicitly all marine organisms from 1 gram to 1 tonne
	Jennings & Collingridge (2015)

	Zooplankton Model of Size Spectra (ZooMSS)
	Composite (size- and trait-based; functional group structure)
	Chlorophyll-a, SST
	Flagellates, cilliates, omnivorous copepods, carnivorous copepods, larvaceans, salps, chaetognaths, euphausiids, jellyfish, fish
	Heneghan et al. (2020)
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Fig. S1. Projected relative changes and areas of high [x] or low [△] relative change in key environmental variables across Earth System Models (n=2) under SSP5-8.5 in the Northwest Atlantic Ocean. All changes are 2050-59 relative to the historical reference period 1990-99. (a) Surface temperature [°C], (b) Bottom temperature [°C], (c) Surface oxygen concentration [%], (d) Bottom oxygen concentration [%], (e) Surface pH [-], (f) Bottom pH [-]. Areas of high or low relative change: 10% of highest/lowest mean change (increase and decrease) in the ensemble projections. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M.
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Fig. S2. Model agreement (%) of ensemble mean, mid-century (2050-2059) changes under SSP5.8.5 for (a) Surface temperature [°C], (b) Bottom temperature [°C], (c) Surface oxygen concentration [%], (d) Bottom oxygen concentration [%], (e) Surface pH [-], (f) Bottom pH [-]. 100% represents both models indicate the same direction of change, and 50% indicates that the two models changed in opposite directions. [x] indicate areas of high rates of projected total marine biomass change. [△] indicate areas of projected low rates of projected total marine biomass change. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M. 
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Fig. S3. Model agreement (%) of ensemble mean, end-century (2090-2099) changes under SSP5.8.5 for (a) Surface temperature [°C], (b) Bottom temperature [°C], (c) Surface oxygen concentration [%], (d) Bottom oxygen concentration [%], (e) Surface pH [-], (f) Bottom pH [-]. 100% represents both models indicate the same direction of change, and 50% indicates that the two models changed in opposite directions. [x] indicate areas of high rates of projected total marine biomass change. [△] indicate areas of projected low rates of projected total marine biomass change. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M.
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Fig. S4: Projections of sea surface and bottom temperature mid-century (2050-59) changes [°C] for two Earth System Models (ESMs): GFDL-ESM4.1 and IPSL-CM5A-LR. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M. 
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Fig. S5: Projections of sea surface and bottom temperature end-century (2090-99) changes [°C] for two Earth System Models (ESMs): GFDL-ESM4.1 and IPSL-CM5A-LR. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M.
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Fig. S6: Projections of sea surface and bottom oxygen concentration mid-century (2050-59) changes [%] for two Earth System Models (ESMs): GFDL-ESM4.1 and IPSL-CM5A-LR. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M. 
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Fig. S7: Projections of sea surface and bottom oxygen concentration end-century (2090-99) changes [%] for two Earth System Models (ESMs): GFDL-ESM4.1 and IPSL-CM5A-LR. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M. 
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Fig. S8: Projections of sea surface and bottom pH mid-century (2050-59) changes for two Earth System Models (ESMs): GFDL-ESM4.1 and IPSL-CM5A-LR. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M. 
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Fig. S9: Projections of sea surface and bottom pH end-century (2090-99) changes for two Earth System Models (ESMs): GFDL-ESM4.1 and IPSL-CM5A-LR. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M. 
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Fig. S10. Ensemble changes (n=2) in marine physical variables by mid-century (2050-59) under SSP5-8.5 across MPAs, OECMs, and the focus region (NOT PROTECTED). Changes are relative to the historical reference period (1990-99) for surface temperature [°C], bottom temperature [°C], surface oxygen concentration [%], bottom oxygen concentration [%], surface pH [-], and bottom pH [-]. Note different axes between panels. Boxplots: the upper and lower hinges correspond to the first and third quartiles; the upper/lower whiskers extend to the highest/lowest value within 1.5 times the interquartile range; horizontal lines within boxes correspond to the median; diamonds represent the mean; outlier dots represent data beyond the end of the whiskers. Overview of changes across individual conservation measures are shown in Fig. S11.
[image: ]
Fig. S11. Ensemble projections (n=16) of mean change in key physical variables by mid-century (2050-59) relative to 1990-99 under SSP5-8.5 across individual marine conservation areas in the focus region. Note different axes and units between panels: Surface and bottom temperature [°C], surface and bottom oxygen concentration [%], surface and bottom pH [-]. Boxplots: the upper and lower hinges correspond to the first and third quartiles; the upper/lower whiskers extend to the highest/lowest value within 1.5 times the interquartile range; horizontal lines within boxes correspond to the median; diamonds represent the mean; outlier dots represent data beyond the end of the whiskers. Information on conservation area IDs is in Table S1. 
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Fig. S12. Ensemble projections (n=16) of mean change in key physical variables by end-century (2090-99) relative to 1990-99 under SSP5-8.5 across individual marine conservation areas in the focus region. Note different axes and units between panels: Surface and bottom temperature [°C], surface and bottom oxygen concentration [%], surface and bottom pH [-]. Boxplots: the upper and lower hinges correspond to the first and third quartiles; the upper/lower whiskers extend to the highest/lowest value within 1.5 times the interquartile range; horizontal lines within boxes correspond to the median; diamonds represent the mean; outlier dots represent data beyond the end of the whiskers. Information on conservation area IDs is in Table S1. 
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Fig. S13. Projected relative changes [%] and areas of high [x] or low [△] relative change in (a) phytoplankton carbon concentration, (b) zooplankton carbon concentration, (c) net primary production across Earth System Models (n=2) under SSP5-8.5 in the Northwest Atlantic Ocean, and (d) across MPAs,OECMs and the focus region (NO PROTECTION) for phytoplankton carbon concentration (PHYC), zooplankton carbon concentration (ZOOC), and net primary production (NPP). Overview of changes across individual conservation measures shown in Fig. S10. All changes are 2050-59 relative to the historical reference period 1990-99. Areas of high or low change: 10% of highest/lowest mean change (increase and decrease) in the ensemble projections. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Boxplots: the upper and lower hinges correspond to the first and third quartiles; the upper/lower whiskers extend to the highest/lowest value within 1.5 times the interquartile range; horizontal lines within boxes correspond to the median; diamonds represent the mean; outlier dots represent data beyond the end of the whiskers. Overview of changes across individual conservation measures shown in Fig. S10 and S11. Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M.
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Fig. S14: Projections of net primary production mid-century (2050-59) changes [%] for two Earth System Models (ESMs): GFDL-ESM4.1 and IPSL-CM5A-LR. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M. 
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Fig. S15: Projections of net primary production end-century (2090-99) changes [%] for two Earth System Models (ESMs): GFDL-ESM4.1 and IPSL-CM5A-LR. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M. 
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Fig. S16: Projections of phyto-, and zooplankton carbon concentration mid-century (2050-59) changes [%] for two Earth System Models (ESMs): GFDL-ESM4.1 and IPSL-CM5A-LR. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M. 
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Fig. S17: Projections of phyto-, and zooplankton carbon concentration end-century (2090-99) changes [%] for two Earth System Models (ESMs): GFDL-ESM4.1 and IPSL-CM5A-LR. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M. 
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Fig. S18. Model agreement (%) of ensemble mean, mid-century (2050-2059) changes for (a) phytoplankton carbon concentration, (b) zooplankton carbon concentration, and (c) net primary production, under SSP5-8.5. 100% represents all models indicating the same direction of change, and 50% indicates half the models indicating one direction of change and half indicating the opposite. [x] indicate areas of high rates of projected total marine biomass change. [△] indicate areas of projected low rates of projected total marine biomass change. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M. 
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Fig. S19. Model agreement (%) of ensemble mean, end-century (2090-2099) changes for (a) phytoplankton carbon concentration, (b) zooplankton carbon concentration, and (c) net primary production, under SSP5-8.5. 100% represents all models indicating the same direction of change, and 50% indicates half the models indicating one direction of change and half indicating the opposite. [x] indicate areas of high rates of projected total marine biomass change. [△] indicate areas of projected low rates of projected total marine biomass change. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M. 
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Fig. S20.  Ensemble projections (n=16) of mean change [%]in key biogeochemical variables by end-century (2050-59) relative to 1990-99 under SSP5-8.5 across individual marine conservation areas in the focus region. Information on conservation area IDs is in Table S1.
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Fig. S21. Ensemble projections (n=16) of mean change [%]in key biogeochemical variables by end-century (2090-99) relative to 1990-99 under SSP5-8.5 across individual marine conservation areas in the focus region. Information on conservation area IDs is in Table S1.
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Fig. S22. Ensemble projections (n=16) of total marine biomass change [%] by mid-century (2050-59) relative to 1990-99 under SSP5-8.5. (a) Biomass changes and areas of high [x] or low [△] of total marine animal biomass in Northwest Atlantic Ocean and (b) biomass changes across MPAS, OECMs and the focus region (NO PROTECTION). Areas of high/low change: 10% of highest/lowest mean change (increase and decrease) in the ensemble projections. Overview of changes across individual conservation measures shown in Fig. S15a. Boxplots: the upper and lower hinges correspond to the first and third quartiles; the upper/lower whiskers extend to the highest/lowest value within 1.5 times the interquartile range; horizontal lines within boxes correspond to the median; diamonds represent the mean; outlier dots represent data beyond the end of the whiskers. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M.
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Fig. S23. (a) Inter-model standard deviation (SD, %) of ensemble mean biomass changes under SSP5-8.5 in 2050-59. [x] indicate areas of high rates of projected total marine biomass change. [△] indicate areas of projected low rates of projected total marine biomass change. (b) Ensemble biomass changes [%] under two Earth System Models (ESMs): GFDL-ESM4.1 and IPSL-CM5A-LR. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M
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Fig. S24. Model agreement (%) of ensemble mean biomass changes under SSP5-8.5, where 100% represents all models indicating the same direction of change, and 50% indicates half the models indicating one direction of change and half indicating the opposite. Model agreement in (a) Mid-century (2050-59) and (b) end-century (2090-99). [x] indicate areas of high rates of projected total marine biomass change. [△] indicate areas of projected low rates of projected total marine biomass change. Blue outlines: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink outlines: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). Grey lines: bathymetry contours, provided by ETOPO1 1-Arc Minute Global Relief Model http://doi.org/10.7289/V5C8276M.








[image: ]
[image: ]
Fig. S25. Ensemble projections (n=16) of mean total marine biomass change [%] by (a) end-century (2050-59) and (b) end-century (2090-99) relative to 1990-99 under SSP5-8.5 across individual marine conservation areas in the focus region. Information on conservation area IDs is in Table S1. Boxplots: the upper and lower hinges correspond to the first and third quartiles; the upper/lower whiskers extend to the highest/lowest value within 1.5 times the interquartile range; horizontal lines within boxes correspond to the median; diamonds represent the mean; outlier dots represent data beyond the end of the whiskers.
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Fig. S26. Cumulative environmental impacts indicating climate hotspots or climate refugia across the Northwest Atlantic ecosystems under SSP5-8.5 and current marine conservation areas in Canada’s EEZ. Biomass changes [%] indicate relative ensemble mean changes of total consumer biomass in 2050-59 relative to the historical reference period 1990-99. ‘+’ signs: Climate hotspots where three drivers are changing with a high relative change. ‘–‘ signs: Climate refugia where three drivers are changing with a low relative change. Square outlines around +/- indicate changes in 4 or more drivers. Blue shapes: Other Effective Area-Based Marine Conservation Measures (OECMs). Pink shapes: Oceans Act Marine Protected Areas (MPAs). Shapefiles for marine conservation areas provided by the Canadian Protected and Conserved Area Database (https://bit.ly/2UHjdNd). For an overview of the specific environmental variables that change within the respective climate hotspots and refugia, refer to Table S3.








Table S3.Mid-century changes (2050-59) within climate hotspots and climate refugia across the focus region. 
		CLIMATE HOTSPOTS

	Lon
	Lat
	Variable
	Change

	-48
	43
	Zooplankton C conc.
	-27.4273

	
	
	Surface oxygen
	-10.5601

	
	
	Surface temperature
	3.4518

	-49
	43
	Surface temperature
	3.8918

	
	
	Zooplankton C conc.
	-28.1529

	
	
	Surface oxygen
	-12.0933

	-49
	60
	Phytoplankton C conc.
	-28.4663

	
	
	Zooplankton C conc.
	-24.8562

	
	
	Bottom oxygen
	-19.4836

	-50
	43
	Surface oxygen
	-12.4236

	
	
	Zooplankton C conc.
	-27.2229

	
	
	Surface temperature
	3.9536

	-51
	42
	Zooplankton C conc.
	-19.6894

	
	
	Surface temperature
	3.1300

	
	
	Surface oxygen
	-8.7964

	-51
	43
	Zooplankton C conc.
	-28.4988

	
	
	Surface temperature
	3.6533

	
	
	Surface oxygen
	-11.9300

	-51
	44
	Bottom temperature
	4.0000

	
	
	Bottom oxygen
	-18.6452

	
	
	Zooplankton C conc.
	-37.8840

	-51
	45
	Bottom pH
	-0.2194

	
	
	Zooplankton C conc.
	-38.0267

	
	
	Net primary production
	-22.4648

	
	
	Phytoplankton C conc.
	-24.8045

	-52
	43
	Zooplankton C conc.
	-26.2273

	
	
	Surface oxygen
	-11.8483

	
	
	Surface temperature
	3.4951

	-52
	44
	Surface oxygen
	-9.9246

	
	
	Zooplankton C conc.
	-33.4339

	
	
	Surface temperature
	2.5635

	-52
	71
	Bottom pH
	-0.3783

	
	
	Bottom oxygen
	-76.3015

	
	
	Surface pH
	-0.2248

	-53
	43
	Surface oxygen
	-11.1885

	
	
	Surface temperature
	3.2297

	
	
	Zooplankton C conc.
	-22.9173

	-53
	44
	Zooplankton C conc.
	-30.3732

	
	
	Surface oxygen
	-11.6700

	
	
	Surface temperature
	2.8477

	-53
	45
	Bottom temperature
	4.0000

	
	
	Zooplankton C conc.
	-29.1643

	
	
	Bottom oxygen
	-16.0169

	-53
	59
	Bottom oxygen
	-15.0548

	
	
	Phytoplankton C conc.
	-32.2713

	
	
	Zooplankton C conc.
	-24.1071

	-53
	69
	Bottom pH
	-0.2235

	
	
	Zooplankton C conc.
	-26.7033

	
	
	Surface pH
	-0.2243

	-54
	43
	Surface oxygen
	-9.9949

	
	
	Zooplankton C conc.
	-20.7360

	
	
	Surface temperature
	2.8187

	-54
	44
	Zooplankton C conc.
	-26.8966

	
	
	Surface temperature
	3.0104

	
	
	Surface oxygen
	-11.9287

	-54
	59
	Zooplankton C conc.
	-24.2128

	
	
	Bottom oxygen
	-15.1305

	
	
	Phytoplankton C conc.
	-32.2181

	-54
	67
	Surface pH
	-0.2247

	
	
	Bottom pH
	-0.2274

	
	
	Zooplankton C conc.
	-26.6926

	
	
	Net primary production
	-25.9935

	-55
	44
	Surface temperature
	2.8390

	
	
	Zooplankton C conc.
	-23.9015

	
	
	Surface oxygen
	-11.0420

	-55
	45
	Surface temperature
	2.6608

	
	
	Zooplankton C conc.
	-27.3887

	
	
	Surface oxygen
	-11.4014

	-55
	47
	Bottom pH
	-0.2276

	
	
	Surface temperature
	2.5116

	
	
	Bottom temperature
	4.0000

	-56
	44
	Surface oxygen
	-10.2960

	
	
	Surface temperature
	2.7430

	
	
	Zooplankton C conc.
	-23.1323

	-56
	45
	Surface oxygen
	-10.7064

	
	
	Surface temperature
	2.6537

	
	
	Zooplankton C conc.
	-25.1624

	-56
	46
	Phytoplankton C conc.
	-24.6035

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	2.5487

	
	
	Zooplankton C conc.
	-30.0714

	-56
	47
	Surface temperature
	2.5271

	
	
	Bottom pH
	-0.2287

	
	
	Bottom temperature
	4.0000

	-57
	44
	Zooplankton C conc.
	-22.6635

	
	
	Surface temperature
	2.7804

	
	
	Surface oxygen
	-9.9609

	-57
	45
	Surface oxygen
	-10.3387

	
	
	Surface temperature
	2.7109

	
	
	Zooplankton C conc.
	-22.8020

	-57
	46
	Phytoplankton C conc.
	-23.9612

	
	
	Surface temperature
	2.5625

	
	
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-10.0063

	
	
	Zooplankton C conc.
	-29.1896

	-57
	47
	Bottom temperature
	4.0000

	
	
	Surface temperature
	2.5070

	
	
	Bottom pH
	-0.2189

	-57
	48
	Bottom pH
	-0.2191

	
	
	Bottom oxygen
	-20.3949

	
	
	Zooplankton C conc.
	-20.7149

	-57
	67
	Zooplankton C conc.
	10.6863

	
	
	Phytoplankton C conc.
	2.0631

	
	
	Net primary production
	39.0526

	-57
	68
	Net primary production
	40.5320

	
	
	Phytoplankton C conc.
	6.8528

	
	
	Zooplankton C conc.
	20.7336

	-58
	44
	Surface temperature
	2.8319

	
	
	Zooplankton C conc.
	-23.3700

	
	
	Surface oxygen
	-9.7680

	-58
	46
	Bottom oxygen
	-19.0553

	
	
	Surface oxygen
	-10.0606

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	2.6664

	-58
	47
	Bottom temperature
	4.0000

	
	
	Zooplankton C conc.
	-25.9892

	
	
	Surface temperature
	2.5090

	
	
	Bottom oxygen
	-16.5295

	-58
	48
	Zooplankton C conc.
	-22.3450

	
	
	Bottom temperature
	4.0000

	
	
	Bottom oxygen
	-19.1512

	-58
	67
	Phytoplankton C conc.
	6.6314

	
	
	Net primary production
	41.6449

	
	
	Zooplankton C conc.
	7.9947

	-58
	68
	Zooplankton C conc.
	14.7922

	
	
	Net primary production
	43.6341

	
	
	Phytoplankton C conc.
	10.5712

	-59
	46
	Bottom oxygen
	-19.4605

	
	
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-10.2012

	
	
	Surface temperature
	2.6818

	-59
	47
	Bottom temperature
	4.0000

	
	
	Surface temperature
	2.6331

	
	
	Surface oxygen
	-10.0551

	
	
	Bottom oxygen
	-21.3310

	-59
	48
	Zooplankton C conc.
	-23.6981

	
	
	Bottom oxygen
	-21.7369

	
	
	Bottom temperature
	4.0000

	-60
	46
	Surface oxygen
	-10.6287

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	2.7341

	-60
	47
	Bottom oxygen
	-15.7954

	
	
	Surface temperature
	2.7288

	
	
	Surface oxygen
	-10.5801

	
	
	Bottom temperature
	4.0000

	-60
	48
	Bottom temperature
	4.0000

	
	
	Surface temperature
	2.6107

	
	
	Bottom oxygen
	-23.0789

	-60
	49
	Bottom temperature
	4.0000

	
	
	Surface temperature
	2.5950

	
	
	Bottom oxygen
	-23.7752

	-60
	50
	Surface temperature
	2.5906

	
	
	Bottom temperature
	4.0000

	
	
	Bottom pH
	-0.2261

	
	
	Bottom oxygen
	-22.8914

	-61
	46
	Surface oxygen
	-10.7251

	
	
	Surface temperature
	2.7123

	
	
	Bottom pH
	-0.2276

	
	
	Bottom temperature
	4.0000

	-61
	47
	Bottom pH
	-0.2392

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	2.6987

	-61
	49
	Bottom oxygen
	-25.1138

	 
	
	Bottom temperature
	4.0000

	 
	
	Surface temperature
	2.5002

	-61
	50
	Bottom oxygen
	-22.7806

	
	
	Bottom pH
	-0.2193

	
	
	Surface temperature
	2.4925

	
	
	Bottom temperature
	4.0000

	-62
	45
	Surface oxygen
	-10.6137

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	2.8540

	
	
	Bottom oxygen
	-14.0601

	-62
	46
	Bottom temperature
	4.0000

	
	
	Bottom pH
	-0.2224

	
	
	Surface oxygen
	-10.8954

	
	
	Surface temperature
	2.8985

	-62
	47
	Surface temperature
	2.7508

	
	
	Bottom pH
	-0.2274

	
	
	Bottom temperature
	4.0000

	-62
	48
	Bottom pH
	-0.2290

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	2.5877

	-62
	49
	Bottom pH
	-0.2198

	
	
	Bottom temperature
	4.0000

	
	
	Net primary production
	23.0877

	
	
	Bottom oxygen
	-19.2023

	-62
	50
	Bottom temperature
	4.0000

	
	
	Bottom pH
	-0.2385

	
	
	Bottom oxygen
	-19.6920

	
	
	Net primary production
	20.5940

	-63
	45
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-8.0503

	
	
	Bottom oxygen
	-13.1179

	
	
	Surface temperature
	2.6733

	-63
	47
	Bottom pH
	-0.2354

	
	
	Surface temperature
	2.7137

	
	
	Bottom temperature
	4.0000

	-63
	48
	Surface temperature
	2.6355

	
	
	Bottom pH
	-0.2282

	
	
	Bottom temperature
	4.0000

	-63
	49
	Bottom temperature
	4.0000

	
	
	Net primary production
	23.3457

	
	
	Bottom pH
	-0.2257

	
	
	Bottom oxygen
	-17.1651

	-63
	50
	Bottom temperature
	4.0000

	
	
	Bottom pH
	-0.2350

	
	
	Bottom oxygen
	-16.8406

	
	
	Net primary production
	24.0794

	-64
	44
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-10.2611

	
	
	Surface temperature
	3.0941

	-64
	45
	Bottom oxygen
	-13.2978

	
	
	Surface temperature
	2.7150

	
	
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-7.8633

	-64
	46
	Surface pH
	-0.2376

	
	
	Bottom temperature
	3.9498

	
	
	Bottom pH
	-0.2377

	-64
	48
	Bottom pH
	-0.2270

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	2.5310

	-64
	50
	Bottom temperature
	4.0000

	
	
	Bottom pH
	-0.2369

	
	
	Bottom oxygen
	-14.1192

	-65
	45
	Surface oxygen
	-7.2186

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	2.5988

	-66
	46
	Surface pH
	-0.2250

	
	
	Surface temperature
	2.5205

	
	
	Bottom pH
	-0.2310

	
	
	Bottom temperature
	4.0000

	-66
	77
	Phytoplankton C conc.
	-25.1878

	
	
	Net primary production
	-32.1590

	
	
	Surface pH
	-0.2241

	-67
	63
	Zooplankton C conc.
	22.5861

	
	
	Net primary production
	31.2910

	
	
	Phytoplankton C conc.
	20.5464

	-67
	64
	Zooplankton C conc.
	22.1714

	
	
	Net primary production
	48.8124

	
	
	Phytoplankton C conc.
	15.9718

	-68
	43
	Surface temperature
	2.5705

	
	
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-9.7730

	
	
	Net primary production
	21.0816

	-69
	42
	Surface oxygen
	-9.9124

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	2.6752

	-69
	43
	Net primary production
	18.8853

	
	
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-9.9924

	
	
	Surface temperature
	2.6867

	-69
	71
	Net primary production
	-19.6936

	
	
	Zooplankton C conc.
	-26.2967

	
	
	Surface oxygen
	-10.4316

	-69
	78
	Bottom temperature
	3.7411

	
	
	Net primary production
	-32.5847

	
	
	Bottom pH
	-0.2174

	
	
	Phytoplankton C conc.
	-37.7928

	-70
	42
	Surface temperature
	2.6869

	
	
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-9.9775

	-70
	43
	Surface temperature
	2.7558

	
	
	Bottom pH
	-0.2172

	
	
	Surface oxygen
	-10.0169

	-70
	44
	Bottom pH
	-0.2247

	
	
	Surface oxygen
	-10.2077

	
	
	Surface temperature
	2.7118

	-70
	78
	Phytoplankton C conc.
	-33.9279

	
	
	Net primary production
	-31.2817

	
	
	Bottom temperature
	3.8972

	-71
	42
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-9.9384

	
	
	Net primary production
	20.5723

	
	
	Surface temperature
	2.7598

	-71
	43
	Surface oxygen
	-10.5915

	
	
	Bottom pH
	-0.2249

	
	
	Net primary production
	18.6710

	
	
	Surface temperature
	3.0297

	-71
	77
	Phytoplankton C conc.
	-22.6027

	
	
	Bottom temperature
	3.3731

	
	
	Net primary production
	-28.5149

	-73
	42
	Surface pH
	-0.2603

	
	
	Surface temperature
	2.5594

	
	
	Bottom pH
	-0.2595

	
	
	Bottom temperature
	4.0000

	-76
	39
	Surface temperature
	2.5286

	
	
	Surface oxygen
	-8.5682

	
	
	Bottom temperature
	4.0000

	-76
	40
	Bottom pH
	-0.2337

	
	
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-9.0460

	
	
	Surface temperature
	2.6009

	
	
	Surface pH
	-0.2333

	-77
	36
	Net primary production
	-40.5275

	
	
	Zooplankton C conc.
	-45.5692

	
	
	Bottom temperature
	3.8987

	
	
	Phytoplankton C conc.
	-43.9119

	-77
	38
	Net primary production
	11.7062

	
	
	Surface oxygen
	-9.1552

	
	
	Surface temperature
	2.5693

	
	
	Bottom temperature
	4.0000

	-77
	39
	Bottom temperature
	4.0000

	
	
	Net primary production
	12.1955

	
	
	Surface temperature
	2.5161

	-77
	75
	Surface oxygen
	-11.4687

	
	
	Phytoplankton C conc.
	10.8544

	
	
	Zooplankton C conc.
	13.3126

	-78
	75
	Phytoplankton C conc.
	13.8387

	
	
	Surface oxygen
	-11.9805

	
	
	Zooplankton C conc.
	14.5483

	-79
	75
	Phytoplankton C conc.
	16.8630

	
	
	Zooplankton C conc.
	17.9405

	
	
	Surface oxygen
	-12.4208

	-80
	75
	Surface oxygen
	-12.8896

	
	
	Phytoplankton C conc.
	20.5294

	
	
	Zooplankton C conc.
	21.8380



		CLIMATE REFUGES

	Lon
	Lat
	Variable
	Change

	-46
	44
	Bottom oxygen
	-0.7361

	
	
	Phytoplankton C conc.
	-3.3231

	
	
	Bottom temperature
	0.04126

	-47
	44
	Bottom oxygen
	-1.1096

	
	
	Phytoplankton C conc.
	-4.071

	
	
	Bottom temperature
	0.03469

	-48
	57
	Net primary production
	-7.5133

	
	
	Surface oxygen
	-3.9242

	
	
	Surface temperature
	1.007

	-49
	58
	Surface oxygen
	-4.1653

	
	
	Surface temperature
	1.03137

	
	
	Net primary production
	-5.9187

	-50
	36
	Bottom pH
	-6E-05

	
	
	Net primary production
	-23.438

	
	
	Bottom temperature
	0.09415

	-50
	58
	Surface oxygen
	-4.0537

	
	
	Surface temperature
	1.01399

	
	
	Net primary production
	-5.287

	-50
	62
	Surface temperature
	0.64701

	
	
	Surface oxygen
	-0.9407

	
	
	Zooplankton C conc.
	-4.1271

	-53
	70
	Surface oxygen
	-2.2582

	
	
	Surface temperature
	0.88933

	
	
	Net primary production
	2.28043

	-56
	48
	Surface temperature
	1.03459

	
	
	Surface oxygen
	-3.761

	
	
	Net primary production
	-7.4545

	-57
	74
	Surface temperature
	0.93684

	
	
	Surface oxygen
	-4.5183

	
	
	Net primary production
	-0.6056

	-57
	75
	Surface temperature
	0.90691

	
	
	Net primary production
	-7.6567

	
	
	Surface oxygen
	-4.0678

	-58
	36
	Bottom pH
	-2E-05

	
	
	Zooplankton C conc.
	-11.598

	
	
	Surface pH
	-0.1723

	-58
	74
	Surface oxygen
	-3.8033

	
	
	Bottom oxygen
	-15.396

	
	
	Surface temperature
	1.01608

	-58
	75
	Surface temperature
	0.93911

	
	
	Net primary production
	-0.7306

	
	
	Surface oxygen
	-3.9425

	-59
	40
	Surface pH
	-0.1719

	
	
	Bottom temperature
	0.05895

	
	
	Zooplankton C conc.
	-6.2058

	-59
	72
	Bottom oxygen
	-6.1034

	
	
	Net primary production
	17.3236

	
	
	Phytoplankton C conc.
	7.52992

	-60
	40
	Surface pH
	-0.1712

	
	
	Zooplankton C conc.
	-5.5534

	
	
	Bottom temperature
	0.05687

	-61
	39
	Bottom temperature
	0.04106

	
	
	Net primary production
	0.305

	
	
	Surface pH
	-0.1718

	-61
	41
	Surface pH
	-0.1707

	
	
	Zooplankton C conc.
	-0.7107

	
	
	Bottom temperature
	0.0453

	-61
	77
	Surface oxygen
	-4.0135

	
	
	Net primary production
	-8.9397

	
	
	Surface temperature
	0.83072

	-62
	41
	Surface pH
	-0.1697

	
	
	Bottom temperature
	0.04065

	
	
	Zooplankton C conc.
	2.04374

	-62
	57
	Bottom oxygen
	-4.7772

	
	
	Surface oxygen
	-4.8993

	
	
	Zooplankton C conc.
	-7.4282

	-62
	58
	Phytoplankton C conc.
	-7.3807

	
	
	Surface oxygen
	-5.2427

	
	
	Zooplankton C conc.
	-6.9752

	-63
	41
	Bottom temperature
	0.03524

	
	
	Surface pH
	-0.1696

	
	
	Phytoplankton C conc.
	-1.8947

	
	
	Zooplankton C conc.
	3.38639

	-63
	59
	Bottom oxygen
	-4.4651

	
	
	Zooplankton C conc.
	-11.334

	
	
	Surface oxygen
	-5.8098

	
	
	Phytoplankton C conc.
	-11.762

	-63
	66
	Surface temperature
	0.89871

	
	
	Surface oxygen
	-2.4992

	
	
	Bottom oxygen
	-1.6773

	-63
	67
	Surface oxygen
	-1.8282

	
	
	Surface temperature
	0.73428

	
	
	Bottom oxygen
	-1.6422

	-64
	41
	Bottom temperature
	0.02864

	
	
	Phytoplankton C conc.
	-0.3999

	
	
	Zooplankton C conc.
	0.35154

	
	
	Surface pH
	-0.1703

	-64
	42
	Phytoplankton C conc.
	-5.9323

	
	
	Zooplankton C conc.
	-8.2413

	
	
	Surface oxygen
	-4.4717

	-64
	66
	Bottom oxygen
	-3.1917

	
	
	Surface temperature
	0.91532

	
	
	Surface oxygen
	-3.5004

	-65
	41
	Bottom temperature
	0.02949

	
	
	Surface pH
	-0.1719

	
	
	Phytoplankton C conc.
	-1.2332

	-65
	42
	Phytoplankton C conc.
	-4.4919

	
	
	Surface temperature
	0.89785

	
	
	Surface oxygen
	-4.6444

	
	
	Zooplankton C conc.
	-9.8994

	-66
	42
	Surface oxygen
	-5.6347

	
	
	Surface temperature
	0.91439

	
	
	Phytoplankton C conc.
	-5.2637

	-66
	50
	Surface oxygen
	-3.9422

	
	
	Zooplankton C conc.
	-2.1211

	
	
	Phytoplankton C conc.
	-6.9895

	-66
	68
	Surface temperature
	0.89853

	
	
	Net primary production
	-3.2703

	
	
	Zooplankton C conc.
	-0.3198

	-67
	66
	Surface temperature
	0.91068

	
	
	Net primary production
	-0.8028

	
	
	Surface oxygen
	-2.7679

	-68
	39
	Zooplankton C conc.
	5.36803

	
	
	Surface pH
	-0.1702

	
	
	Bottom temperature
	0.01141

	-69
	64
	Bottom oxygen
	-1.5297

	
	
	Surface temperature
	0.75426

	
	
	Surface oxygen
	-2.0505

	-70
	37
	Bottom temperature
	0.04293

	
	
	Phytoplankton C conc.
	-5.0377

	
	
	Surface pH
	-0.1709

	-73
	37
	Phytoplankton C conc.
	2.32209

	
	
	Surface pH
	-0.1684

	
	
	Bottom oxygen
	-4.3889

	-74
	37
	Surface pH
	-0.1681

	
	
	Zooplankton C conc.
	-1.7029

	
	
	Phytoplankton C conc.
	-2.7521







Table S4. End-century changes (2090-99) within climate hotspots and climate refugia across the focus region.
	
	CLIMATE HOTSPOTS


	Lat
	Lon
	Variable
	Change

	-44
	48
	Zooplankton C conc.
	-28.5029

	
	
	Bottom oxygen
	-20.9843

	
	
	Surface temperature
	4.0000

	-44
 
 
	49
 
 
	Net primary production
	-25.0841

	
	
	Surface temperature
	4.0000

	
	
	Zooplankton C conc.
	-32.1991

	-45
 
 
	48
 
 
	Bottom oxygen
	-20.3704

	
	
	Surface temperature
	4.0000

	
	
	Bottom temperature
	4.0000

	-45
 
 
	49
 
 
	Surface temperature
	4.0000

	
	
	Net primary production
	-24.9828

	
	
	Bottom oxygen
	-18.2245

	-46
 
 
	48
 
 
	Bottom oxygen
	-20.7648

	
	
	Surface temperature
	4.0000

	
	
	Bottom temperature
	4.0000

	-46
 
 
	50
 
 
	Net primary production
	-25.4941

	
	
	Zooplankton C conc.
	-27.8906

	
	
	Phytoplankton C conc.
	-29.1375

	-48
 
 
	43
 
 
	Zooplankton C conc.
	-27.4273

	
	
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-10.5601

	-48
 
 
	51
 
 
	Zooplankton C conc.
	-28.1762

	
	
	Phytoplankton C conc.
	-33.5267

	
	
	Bottom oxygen
	-17.4580

	-49
 
 
	43
 
 
	Surface oxygen
	-12.0933

	
	
	Surface temperature
	4.0000

	
	
	Zooplankton C conc.
	-28.1529

	-50
 
 
	43
 
 
	Surface oxygen
	-12.4236

	
	
	Surface temperature
	4.0000

	
	
	Zooplankton C conc.
	-27.2229

	-50
 
 
	48
 
 
	Surface pH
	-0.4826

	
	
	Surface temperature
	4.0000

	
	
	Bottom pH
	-0.4826

	-51
 
 
	43
 
 
	Zooplankton C conc.
	-28.4988

	
	
	Surface oxygen
	-11.9300

	
	
	Surface temperature
	4.0000

	-51
 
 
	48
 
 
	Surface temperature
	4.0000

	
	
	Bottom pH
	-0.4892

	
	
	Surface pH
	-0.4892

	-52
 
 
	44
 
 
	Zooplankton C conc.
	-33.4339

	
	
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-9.9246

	-52
 
 
	45
 
 
	Bottom temperature
	4.0000

	
	
	Surface temperature
	4.0000

	
	
	Zooplankton C conc.
	-26.5089

	-52
 
 
	47
 
 
	Surface pH
	-0.4849

	
	
	Bottom pH
	-0.4849

	
	
	Surface temperature
	4.0000

	-52
 
 
	48
 
 
	Surface pH
	-0.4953

	
	
	Bottom pH
	-0.4953

	
	
	Surface temperature
	4.0000

	-52
 
 
	49
 
 
	Bottom pH
	-0.4886

	
	
	Surface temperature
	4.0000

	
	
	Surface pH
	-0.4886

	-52
 
 
	71
 
 
	Bottom pH
	-0.7000

	
	
	Bottom oxygen
	-76.3015

	
	
	Surface pH
	-0.7000

	-53
 
 
	44
 
 
	Zooplankton C conc.
	-30.3732

	
	
	Surface oxygen
	-11.6700

	
	
	Surface temperature
	4.0000

	-53
 
 
	47
 
 
	Bottom pH
	-0.4840

	
	
	Surface temperature
	4.0000

	
	
	Surface pH
	-0.4840

	-53
 
 
	48
 
 
	Surface pH
	-0.4910

	
	
	Bottom pH
	-0.4910

	
	
	Surface temperature
	4.0000

	-53
 
 
	49
 
 
	Bottom pH
	-0.4871

	
	
	Surface temperature
	4.0000

	
	
	Surface pH
	-0.4871

	-53
 
 
	69
 
 
	Surface pH
	-0.5057

	
	
	Bottom pH
	-0.5057

	
	
	Zooplankton C conc.
	-26.7033

	-54
 
 
	44
 
 
	Surface oxygen
	-11.9287

	
	
	Zooplankton C conc.
	-26.8966

	
	
	Surface temperature
	4.0000

	-54
 
 
	45
 
 
	Surface temperature
	4.0000

	
	
	Zooplankton C conc.
	-28.4187

	
	
	Surface oxygen
	-11.1284

	-54
 
 
	66
 
 
	Net primary production
	-27.6809

	
	
	Bottom pH
	-0.4851

	
	
	Surface pH
	-0.4851

	-55
 
 
	45
 
 
	Surface temperature
	4.0000

	
	
	Zooplankton C conc.
	-27.3887

	
	
	Surface oxygen
	-11.4014

	-55
 
 
	46
 
 
	Surface oxygen
	-9.8584

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	4.0000

	-55
 
 
	51
 
 
	Surface pH
	-0.5024

	
	
	Bottom pH
	-0.5024

	
	
	Surface temperature
	4.0000

	-56
 
 
	52
 
 
	Bottom pH
	-0.4941

	
	
	Surface pH
	-0.4941

	
	
	Surface temperature
	4.0000

	-56
 
 
	53
 
 
	Surface pH
	-0.4967

	
	
	Bottom pH
	-0.4967

	
	
	Surface temperature
	4.0000

	-56
 
 
	54
 
 
	Bottom pH
	-0.4926

	
	
	Surface pH
	-0.4926

	
	
	Surface temperature
	4.0000

	-56
 
 
	55
 
 
	Surface pH
	-0.4826

	
	
	Surface temperature
	4.0000

	
	
	Bottom pH
	-0.4826

	-56
 
 
	70
 
 
	Bottom pH
	-0.4912

	
	
	Surface temperature
	4.0000

	
	
	Surface pH
	-0.4912

	-57
 
 
	55
 
 
	Surface pH
	-0.4822

	
	
	Bottom pH
	-0.4822

	
	
	Surface temperature
	4.0000

	-57
 
 
	68
 
 
	Net primary production
	40.5320

	
	
	Surface temperature
	4.0000

	
	
	Zooplankton C conc.
	20.7336

	-57
 
 
	69
 
 
	Surface temperature
	4.0000

	
	
	Net primary production
	28.5854

	
	
	Zooplankton C conc.
	25.2969

	-57
 
 
	70
 
 
	Zooplankton C conc.
	20.2786

	
	
	Surface temperature
	4.0000

	
	
	Net primary production
	27.7192

	-58
 
 
	69
 
 
	Phytoplankton C conc.
	12.2914

	
	
	Surface temperature
	4.0000

	
	
	Net primary production
	28.9148

	-58
 
 
	70
 
 
	Phytoplankton C conc.
	12.4972

	
	
	Surface temperature
	4.0000

	
	
	Net primary production
	27.3888

	-59
 
 
	48
 
 
	Surface temperature
	4.0000

	
	
	Bottom oxygen
	-21.7369

	
	
	Bottom temperature
	4.0000

	-60
 
 
	45
 
 
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-10.1798

	
	
	Bottom temperature
	4.0000

	-60
 
 
	46
 
 
	Surface oxygen
	-10.6287

	
	
	Surface temperature
	4.0000

	
	
	Bottom temperature
	4.0000

	-60
 
 
	47
 
 
	Surface temperature
	4.0000

	
	
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-10.5801

	-61
 
 
	45
 
 
	Surface oxygen
	-10.4209

	
	
	Surface temperature
	4.0000

	
	
	Bottom temperature
	4.0000

	-61
 
 
	46
 
 
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-10.7251

	
	
	Surface temperature
	4.0000

	-61
 
 
	47
 
 
	Bottom temperature
	4.0000

	
	
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-10.8535

	-61
 
 
	48
 
 
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-10.4387

	
	
	Surface temperature
	4.0000

	-61
 
 
	57
 
 
	Bottom pH
	-0.4839

	
	
	Surface pH
	-0.4839

	
	
	Surface temperature
	4.0000

	-61
 
 
	58
 
 
	Surface pH
	-0.4834

	
	
	Bottom pH
	-0.4834

	
	
	Surface temperature
	4.0000

	-62
 
 
	45
 
 
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-10.6137

	
	
	Bottom temperature
	6.0547

	-62
 
 
	46
 
 
	Bottom temperature
	4.0000

	
	
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-10.8954

	-62
 
 
	47
 
 
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-10.9269

	
	
	Bottom temperature
	4.0000

	-62
 
 
	59
 
 
	Surface pH
	-0.4860

	
	
	Surface temperature
	4.0000

	
	
	Bottom pH
	-0.4860

	-62
 
 
	60
 
 
	Bottom pH
	-0.4828

	
	
	Surface temperature
	4.0000

	
	
	Surface pH
	-0.4828

	-63
 
 
	44
 
 
	Surface oxygen
	-10.3667

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	4.0000

	-63
 
 
	48
 
 
	Surface oxygen
	-10.4618

	
	
	Surface temperature
	4.0000

	
	
	Bottom temperature
	4.0000

	-63
 
 
	50
 
 
	Bottom temperature
	4.0000

	
	
	Bottom oxygen
	-16.8406

	
	
	Surface temperature
	4.0000

	-63
 
 
	60
 
 
	Surface temperature
	4.0000

	
	
	Bottom pH
	-0.4920

	
	
	Surface pH
	-0.4920

	-64
 
 
	44
 
 
	Surface oxygen
	-10.2611

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	4.0000

	-64
 
 
	48
 
 
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-9.8495

	
	
	Surface temperature
	4.0000

	-66
 
 
	75
 
 
	Zooplankton C conc.
	23.5187

	
	
	Net primary production
	31.7767

	
	
	Phytoplankton C conc.
	14.7047

	-67
 
 
	69
 
 
	Net primary production
	-23.6510

	
	
	Surface oxygen
	-10.2221

	
	
	Surface temperature
	4.0000

	-68
 
 
	42
 
 
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-9.7897

	
	
	Bottom temperature
	4.0000

	-68
 
 
	43
 
 
	Surface oxygen
	-9.7730

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	4.0000

	-69
 
 
	42
 
 
	Surface oxygen
	-9.9124

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	4.0000

	-69
 
 
	43
 
 
	Bottom temperature
	4.0000

	
	
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-9.9924

	-69
 
 
	44
 
 
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-9.8202

	
	
	Surface temperature
	4.0000

	-69
 
 
	76
 
 
	Net primary production
	41.1423

	
	
	Zooplankton C conc.
	21.1672

	
	
	Phytoplankton C conc.
	12.0772

	-70
 
 
	41
 
 
	Bottom temperature
	4.0000

	
	
	Surface temperature
	4.0000

	
	
	Bottom oxygen
	-18.0360

	-70
 
 
	42
 
 
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-9.9775

	
	
	Surface temperature
	4.0000

	-71
 
 
	42
 
 
	Bottom temperature
	4.0000

	
	
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-9.9384

	-71
 
 
	43
 
 
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-10.5915

	
	
	Surface temperature
	4.0000

	-76
 
 
	40
 
 
	Surface temperature
	4.0000

	
	
	Bottom temperature
	4.0000

	
	
	Surface pH
	-0.4797

	-77
 
 
	36
 
 
	Net primary production
	-40.5275

	
	
	Zooplankton C conc.
	-45.5692

	
	
	Phytoplankton C conc.
	-43.9119

	-77
 
 
	75
 
 
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-11.4687

	
	
	Phytoplankton C conc.
	10.8544

	-78
 
 
	75
 
 
	Phytoplankton C conc.
	13.8387

	
	
	Surface oxygen
	-11.9805

	
	
	Surface temperature
	4.0000

	-79
 
 
	75
 
 
	Surface temperature
	4.0000

	
	
	Phytoplankton C conc.
	16.8630

	
	
	Surface oxygen
	-12.4208

	-47
 
 
 
	50
 
 
 
	Bottom oxygen
	-19.6541

	
	
	Zooplankton C conc.
	-26.9802

	
	
	Net primary production
	-24.6912

	
	
	Phytoplankton C conc.
	-28.3562

	-48
 
 
 
	50
 
 
 
	Bottom oxygen
	-16.1526

	
	
	Zooplankton C conc.
	-26.4769

	
	
	Phytoplankton C conc.
	-31.2909

	
	
	Net primary production
	-24.1475

	-51
 
 
 
	44
 
 
 
	Surface temperature
	4.0000

	
	
	Zooplankton C conc.
	-37.8840

	
	
	Bottom oxygen
	-18.6452

	
	
	Bottom temperature
	4.0000

	-51
 
 
 
	71
 
 
 
	Surface pH
	-0.5538

	
	
	Net primary production
	42.6256

	
	
	Bottom pH
	-0.5538

	
	
	Phytoplankton C conc.
	16.9087

	-54
 
 
 
	46
 
 
 
	Bottom temperature
	4.0000

	
	
	Surface pH
	-0.4812

	
	
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-9.4967

	-54
 
 
 
	47
 
 
 
	Surface pH
	-0.4850

	
	
	Surface temperature
	4.0000

	
	
	Bottom temperature
	4.0000

	
	
	Bottom pH
	-0.4850

	-54
 
 
 
	67
 
 
 
	Zooplankton C conc.
	-26.6926

	
	
	Bottom pH
	-0.5085

	
	
	Net primary production
	-25.9935

	
	
	Surface pH
	-0.5085

	-55
 
 
 
	69
 
 
 
	Surface temperature
	4.0000

	
	
	Zooplankton C conc.
	20.2224

	
	
	Bottom pH
	-0.4874

	
	
	Surface pH
	-0.4874

	-56
 
 
 
	46
 
 
 
	Surface oxygen
	-9.8832

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	4.0000

	
	
	Zooplankton C conc.
	-30.0714

	-56
 
 
 
	68
 
 
 
	Surface pH
	-0.4827

	
	
	Surface temperature
	4.0000

	
	
	Bottom pH
	-0.4827

	
	
	Net primary production
	35.1155

	-56
 
 
 
	69
 
 
 
	Surface temperature
	4.0000

	
	
	Surface pH
	-0.4819

	
	
	Net primary production
	27.8103

	
	
	Zooplankton C conc.
	21.4144

	-56
 
 
 
	74
 
 
 
	Bottom pH
	-0.5022

	
	
	Surface pH
	-0.5022

	
	
	Phytoplankton C conc.
	-30.8513

	
	
	Net primary production
	-27.3934

	-58
 
 
 
	46
 
 
 
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-10.0606

	
	
	Bottom oxygen
	-19.0553

	
	
	Surface temperature
	4.0000

	-58
 
 
 
	47
 
 
 
	Surface oxygen
	-9.6353

	
	
	Surface temperature
	4.0000

	
	
	Bottom temperature
	4.0000

	
	
	Bottom oxygen
	-16.5295

	-59
 
 
 
	45
 
 
 
	Bottom oxygen
	-16.8242

	
	
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-10.0766

	
	
	Bottom temperature
	4.0000

	-59
 
 
 
	46
 
 
 
	Bottom oxygen
	-19.4605

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-10.2012

	-59
 
 
 
	47
 
 
 
	Surface oxygen
	-10.0551

	
	
	Bottom oxygen
	-21.3310

	
	
	Surface temperature
	4.0000

	
	
	Bottom temperature
	4.0000

	-60
 
 
 
	48
 
 
 
	Surface oxygen
	-10.2442

	
	
	Bottom temperature
	4.0000

	
	
	Bottom oxygen
	-23.0789

	
	
	Surface temperature
	4.0000

	-60
 
 
 
	49
 
 
 
	Bottom oxygen
	-23.7752

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-10.3441

	-60
 
 
 
	50
 
 
 
	Bottom oxygen
	-22.8914

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-10.2433

	-61
 
 
 
	49
 
 
 
	Bottom oxygen
	-25.1138

	
	
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-10.0094

	
	
	Surface temperature
	4.0000

	-61
 
 
 
	50
 
 
 
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-9.8428

	
	
	Bottom oxygen
	-22.7806

	
	
	Bottom temperature
	4.0000

	-62
 
 
 
	49
 
 
 
	Bottom oxygen
	-19.2023

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-9.8281

	-63
 
 
 
	49
 
 
 
	Bottom temperature
	4.0000

	
	
	Bottom oxygen
	-17.1651

	
	
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-9.6876

	-65
 
 
 
	64
 
 
 
	Zooplankton C conc.
	-38.1391

	
	
	Bottom pH
	-0.4893

	
	
	Net primary production
	-28.2302

	
	
	Surface pH
	-0.4893

	-67
 
 
 
	64
 
 
 
	Zooplankton C conc.
	22.1714

	
	
	Phytoplankton C conc.
	15.9718

	
	
	Net primary production
	48.8124

	
	
	Surface pH
	-0.4819

	-69
 
 
 
	78
 
 
 
	Net primary production
	-32.5847

	
	
	Surface pH
	-0.4964

	
	
	Phytoplankton C conc.
	-37.7928

	
	
	Bottom pH
	-0.4964

	-73
 
 
 
	42
 
 
 
	Surface temperature
	4.0000

	
	
	Surface pH
	-0.5264

	
	
	Bottom temperature
	4.0000

	
	
	Bottom pH
	-0.5264

	-80
 
 
 
	75
 
 
 
	Phytoplankton C conc.
	20.5294

	
	
	Surface temperature
	4.0000

	
	
	Zooplankton C conc.
	21.8380

	
	
	Surface oxygen
	-12.8896

	-53
 
 
 
	45
 
 
 
	Surface temperature
	4.0000

	
	
	Bottom temperature
	4.0000

	
	
	Bottom oxygen
	-16.0169

	
	
	Surface oxygen
	-9.8721

	-53
 
 
 
	45
 
 
 
	Zooplankton C conc.
	-29.1643

	
	
	Surface oxygen
	-9.5972

	
	
	Surface temperature
	4.0000

	
	
	Bottom temperature
	4.0000

	-55
 
 
 
	47
 
 
 
	Surface pH
	-0.4839

	
	
	Bottom pH
	-0.4839

	
	
	Bottom pH
	-0.4856

	
	
	Surface oxygen
	-9.5345

	-56
 
 
	47
 
 
	Bottom temperature
	4.0000

	
	
	Surface pH
	-0.4856

	
	
	Surface temperature
	4.0000

	-57
 
 
 
 
	46
 
 
 
 
	Surface temperature
	4.0000

	
	
	Bottom oxygen
	-19.0251

	
	
	Surface oxygen
	-10.0063

	
	
	Bottom temperature
	4.0000

	
	
	Zooplankton C conc.
	-29.1896

	-62
 
 
 
 
	48
 
 
 
 
	Bottom pH
	-0.4843

	
	
	Surface temperature
	4.0000

	
	
	Surface oxygen
	-10.5303

	
	
	Surface pH
	-0.4843

	
	
	Bottom temperature
	4.0000

	-62
 
 
 
 
	50
 
 
 
 
	Bottom oxygen
	-19.6920

	
	
	Bottom pH
	-0.4864

	
	
	Surface pH
	-0.4864

	
	
	Bottom temperature
	4.0000

	
	
	Surface temperature
	4.0000

	-63
 
 
 
 
	47
 
 
 
 
	Surface temperature
	4.0000

	
	
	Bottom pH
	-0.4820

	
	
	Surface pH
	-0.4820

	
	
	Bottom temperature
	4.0000

	
	
	Surface oxygen
	-10.6990

	-64
 
 
 
 
	47
 
 
 
 
	Surface oxygen
	-10.0627

	
	
	Bottom pH
	-0.4946

	
	
	Bottom temperature
	4.0000

	
	
	Surface pH
	-0.4946

	
	
	Surface temperature
	4.0000

	-67
 
 
 
 
	63
 
 
 
 
	Phytoplankton C conc.
	20.5464

	
	
	Surface pH
	-0.4826

	
	
	Net primary production
	31.2910

	
	
	Zooplankton C conc.
	22.5861

	
	
	Bottom pH
	-0.4826



	
	CLIMATE REFUGES

	  Lat
	Lon
	Variable
	Change

	 -44.5 
	52.5
	Bottom temperature
	0.0020

	
	
	Bottom pH
	-0.0025

	
	
	Bottom oxygen
	-1.6891

	-44.5
	58.5
	Surface temperature
	2.3270

	
	
	Bottom temperature
	0.0091

	
	
	Surface oxygen
	-3.9111

	-45.5
	43.5
	Phytoplankton C conc.
	-3.3231

	
	
	Bottom oxygen
	-0.7361

	
	
	Bottom temperature
	0.0413

	-45.5
	52.5
	Bottom temperature
	0.0307

	
	
	Bottom oxygen
	-1.1561

	
	
	Bottom pH
	-0.0009

	-46.5
	43.5
	Bottom temperature
	0.0347

	
	
	Phytoplankton C conc.
	-4.0710

	
	
	Bottom oxygen
	-1.1096

	-46.5
	59.5
	Surface oxygen
	-4.1724

	
	
	Net primary production
	-1.0241

	
	
	Surface temperature
	2.4790

	-47.5
	41.5
	Bottom oxygen
	-1.2311

	
	
	Net primary production
	-1.3123

	
	
	Bottom pH
	-0.0022

	-48.5
	40.5
	Net primary production
	-1.4462

	
	
	Bottom oxygen
	-2.2350

	
	
	Bottom pH
	-0.0022

	-50.5
	41.5
	Bottom temperature
	0.0492

	
	
	Net primary production
	-1.9499

	
	
	Bottom pH
	-0.0065

	-50.5
	63.5
	Surface oxygen
	-0.5756

	
	
	Surface temperature
	0.7354

	
	
	Zooplankton C conc.
	-2.7031

	-50.5
	69.5
	Bottom oxygen
	-0.4901

	
	
	Zooplankton C conc.
	-1.7059

	
	
	Surface temperature
	1.2244

	-51.5
	63.5
	Zooplankton C conc.
	0.2866

	
	
	Surface temperature
	0.8228

	
	
	Surface oxygen
	-0.9183

	-52.5
	68.5
	Bottom oxygen
	-0.2655

	
	
	Surface temperature
	1.3450

	
	
	Surface oxygen
	-1.3964

	-53.5
	41.5
	Bottom temperature
	0.0333

	
	
	Net primary production
	-0.6050

	
	
	Bottom pH
	-0.0001

	-53.5
	65.5
	Bottom oxygen
	-0.4981

	
	
	Surface oxygen
	-2.3133

	
	
	Surface temperature
	1.3430

	-53.5
	66.5
	Surface temperature
	1.8063

	
	
	Bottom oxygen
	-1.0711

	
	
	Surface oxygen
	-2.9412

	-53.5
	68.5
	Bottom oxygen
	-0.2864

	
	
	Surface temperature
	1.8772

	
	
	Surface oxygen
	-2.8507

	-53.5
	69.5
	Bottom oxygen
	-0.1864

	
	
	Surface temperature
	0.9448

	
	
	Surface oxygen
	-3.1649

	-54.5
	42.5
	Net primary production
	2.6143

	
	
	Bottom oxygen
	-2.1849

	
	
	Bottom temperature
	0.0363

	-54.5
	66.5
	Surface oxygen
	-2.8977

	
	
	Bottom oxygen
	-1.0243

	
	
	Surface temperature
	1.7484

	-54.5
	69.5
	Surface temperature
	1.8818

	
	
	Surface oxygen
	-2.2640

	
	
	Bottom oxygen
	-0.8387

	-60.5
	65.5
	Zooplankton C conc.
	0.6836

	
	
	Phytoplankton C conc.
	0.0877

	
	
	Net primary production
	-0.4202

	-60.5
	75.5
	Surface temperature
	2.4370

	
	
	Surface oxygen
	-3.6637

	
	
	Zooplankton C conc.
	-1.4997

	-61.5
	41.5
	Bottom oxygen
	-2.1277

	
	
	Bottom temperature
	0.0276

	
	
	Bottom pH
	-0.0024

	-61.5
	64.5
	Net primary production
	-0.3636

	
	
	Zooplankton C conc.
	-1.8260

	
	
	Phytoplankton C conc.
	-0.0622

	-61.5
	76.5
	Surface temperature
	2.5181

	
	
	Surface oxygen
	-4.1528

	
	
	Zooplankton C conc.
	-2.6454

	-62.5
	65.5
	Bottom oxygen
	-1.6773

	
	
	Surface oxygen
	-2.4992

	
	
	Surface temperature
	2.4224

	-63.5
	40.5
	Bottom temperature
	0.0286

	
	
	Zooplankton C conc.
	0.3515

	
	
	Phytoplankton C conc.
	-0.3999

	-63.5
	76.5
	Zooplankton C conc.
	-2.1124

	
	
	Surface temperature
	2.5110

	
	
	Surface oxygen
	-3.7845

	-64.5
	39.5
	Phytoplankton C conc.
	-4.2928

	
	
	Bottom temperature
	0.0467

	
	
	Zooplankton C conc.
	-0.3156

	-64.5
	40.5
	Phytoplankton C conc.
	-1.2332

	
	
	Bottom oxygen
	-2.0734

	
	
	Bottom temperature
	0.0295

	-64.5
	65.5
	Surface oxygen
	-3.2189

	
	
	Surface temperature
	2.5237

	
	
	Bottom oxygen
	-2.2266

	-64.5
	76.5
	Surface oxygen
	-3.2496

	
	
	Zooplankton C conc.
	1.3431

	
	
	Surface temperature
	2.2964

	-65.5
	67.5
	Surface temperature
	2.0953

	
	
	Zooplankton C conc.
	-0.3198

	
	
	Bottom oxygen
	-1.8556

	-65.5
	76.5
	Surface temperature
	2.4450

	
	
	Zooplankton C conc.
	-1.5141
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Fig S27. Sensitivity analysis to determine areas of high and low projected change in sea surface and bottom temperature under SSP5-8.5 for mid (2050-59), - and end-century (2090-99), based on the 90th (10%), 95th (5%) and 98th (2%) percentile of gride cells showing the larges/smallest projected increase/decrease.
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Fig S28. Sensitivity analysis to determine areas of high and low projected change in sea surface and bottom oxygen under SSP5-8.5 for mid (2050-59), - and end-century (2090-99), based on the 90th (10%), 95th (5%) and 98th (2%) percentile of gride cells showing the larges/smallest projected increase/decrease.
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Fig S29. Sensitivity analysis to determine areas of high and low projected change in sea surface and bottom pH under SSP5-8.5 for mid (2050-59), - and end-century (2090-99), based on the 90th (10%), 95th (5%) and 98th (2%) percentile of gride cells showing the larges/smallest projected increase/decrease.
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Fig S30. Sensitivity analysis to determine areas of high and low projected change in phytoplankton and zooplankton carbon concentration and net primary production under SSP5-8.5 for mid (2050-59), - and end-century (2090-99), based on the 90th (10%), 95th (5%) and 98th (2%) percentile of gride cells showing the larges/smallest projected increase/decrease.
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