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Introduction to Sea Level Rise



https://www.esa.int/ESA_Multimedia/Images/2020/09/Causes_of_sea-level_rise 

https://www.esa.int/ESA_Multimedia/Images/2020/09/Causes_of_sea-level_rise


2 main causes of 
sea level rise:

https://vancouver.ca/green-vancouver/sea-level-rise.aspx 

● Glacial melt

● Thermal expansion

https://vancouver.ca/green-vancouver/sea-level-rise.aspx


Introduction to Presentation and Framing



Cryosphere - why is it important  



Current trends



Ways of mitigation



High Mountain Areas



The cryosphere

https://en.wikipedia.org/wiki/List_of_highest_mountains_on_Earth
https://www.scientificamerican.com/article/why-are-glaciers-melting-from-the-bottom-its-complicated/
https://www.scientificamerican.com/article/why-are-glaciers-melting-from-the-bottom-its-complicated/


Observations of cryospheric 
changes

https://interestingengineering.com/scary-video-

shows-greenland-melting-glaciers-turned-into-a

-charging-river

https://www.google.com/url?sa=i&url=https%3A%2F%2Finterestingengineering.com%2Fscary-video-shows-greenland-melting-glaciers-turned-into-a-charging-river&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAI
https://www.google.com/url?sa=i&url=https%3A%2F%2Finterestingengineering.com%2Fscary-video-shows-greenland-melting-glaciers-turned-into-a-charging-river&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAI
https://www.google.com/url?sa=i&url=https%3A%2F%2Finterestingengineering.com%2Fscary-video-shows-greenland-melting-glaciers-turned-into-a-charging-river&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAI
https://www.google.com/url?sa=i&url=https%3A%2F%2Finterestingengineering.com%2Fscary-video-shows-greenland-melting-glaciers-turned-into-a-charging-river&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAI
https://www.google.com/url?sa=i&url=https%3A%2F%2Finterestingengineering.com%2Fscary-video-shows-greenland-melting-glaciers-turned-into-a-charging-river&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAI
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.usatoday.com%2Fstory%2Fnews%2Fnation%2F2019%2F04%2F08%2Fglaciers-melting-ice-melts-due-global-warming-sea-levels-rise%2F3405569002%2F&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAO
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.usatoday.com%2Fstory%2Fnews%2Fnation%2F2019%2F04%2F08%2Fglaciers-melting-ice-melts-due-global-warming-sea-levels-rise%2F3405569002%2F&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAO
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.usatoday.com%2Fstory%2Fnews%2Fnation%2F2019%2F04%2F08%2Fglaciers-melting-ice-melts-due-global-warming-sea-levels-rise%2F3405569002%2F&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAO
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.usatoday.com%2Fstory%2Fnews%2Fnation%2F2019%2F04%2F08%2Fglaciers-melting-ice-melts-due-global-warming-sea-levels-rise%2F3405569002%2F&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAO
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.usatoday.com%2Fstory%2Fnews%2Fnation%2F2019%2F04%2F08%2Fglaciers-melting-ice-melts-due-global-warming-sea-levels-rise%2F3405569002%2F&psig=AOvVaw0VpYhA3By2WtHiSI7H_3bV&ust=1610372053508000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDSs_i8ke4CFQAAAAAdAAAAABAO


Further about observations 

https://www.backpacker.com/gear/the-esse

ntial-mountaineering-gear-kit

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.backpacker.com%2Fgear%2Fthe-essential-mountaineering-gear-kit&psig=AOvVaw0qo4kBkBbu5XYA5YdWyYXS&ust=1610372754914000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCICD19C_ke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.backpacker.com%2Fgear%2Fthe-essential-mountaineering-gear-kit&psig=AOvVaw0qo4kBkBbu5XYA5YdWyYXS&ust=1610372754914000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCICD19C_ke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.backpacker.com%2Fgear%2Fthe-essential-mountaineering-gear-kit&psig=AOvVaw0qo4kBkBbu5XYA5YdWyYXS&ust=1610372754914000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCICD19C_ke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.backpacker.com%2Fgear%2Fthe-essential-mountaineering-gear-kit&psig=AOvVaw0qo4kBkBbu5XYA5YdWyYXS&ust=1610372754914000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCICD19C_ke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Ftailandfur.com%2Flist-of-15-wild-mountain-animals-with-pictures%2F&psig=AOvVaw3ptALRxEBosCx_kN3Q8T1X&ust=1610372817540000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCLCM6eO_ke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Ftailandfur.com%2Flist-of-15-wild-mountain-animals-with-pictures%2F&psig=AOvVaw3ptALRxEBosCx_kN3Q8T1X&ust=1610372817540000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCLCM6eO_ke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Ftailandfur.com%2Flist-of-15-wild-mountain-animals-with-pictures%2F&psig=AOvVaw3ptALRxEBosCx_kN3Q8T1X&ust=1610372817540000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCLCM6eO_ke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Ftailandfur.com%2Flist-of-15-wild-mountain-animals-with-pictures%2F&psig=AOvVaw3ptALRxEBosCx_kN3Q8T1X&ust=1610372817540000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCLCM6eO_ke4CFQAAAAAdAAAAABAD


Future projections of 
cryospheric changes

https://www.scientificamerican.com/article/why

-are-glaciers-melting-from-the-bottom-its-comp

licated/

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.scientificamerican.com%2Farticle%2Fwhy-are-glaciers-melting-from-the-bottom-its-complicated%2F&psig=AOvVaw18Vc1iPVb2kQAjId89j9yG&ust=1610372900883000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCOCttIvAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.scientificamerican.com%2Farticle%2Fwhy-are-glaciers-melting-from-the-bottom-its-complicated%2F&psig=AOvVaw18Vc1iPVb2kQAjId89j9yG&ust=1610372900883000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCOCttIvAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.scientificamerican.com%2Farticle%2Fwhy-are-glaciers-melting-from-the-bottom-its-complicated%2F&psig=AOvVaw18Vc1iPVb2kQAjId89j9yG&ust=1610372900883000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCOCttIvAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.scientificamerican.com%2Farticle%2Fwhy-are-glaciers-melting-from-the-bottom-its-complicated%2F&psig=AOvVaw18Vc1iPVb2kQAjId89j9yG&ust=1610372900883000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCOCttIvAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.scientificamerican.com%2Farticle%2Fwhy-are-glaciers-melting-from-the-bottom-its-complicated%2F&psig=AOvVaw18Vc1iPVb2kQAjId89j9yG&ust=1610372900883000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCOCttIvAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsnowbrains.com%2Favalanche-cycles-why-avalanche-activity-is-significantly-higher-some-years%2F&psig=AOvVaw1IyxzRBDW89KgSki8wtsLJ&ust=1610373013266000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCMjK9sbAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsnowbrains.com%2Favalanche-cycles-why-avalanche-activity-is-significantly-higher-some-years%2F&psig=AOvVaw1IyxzRBDW89KgSki8wtsLJ&ust=1610373013266000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCMjK9sbAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsnowbrains.com%2Favalanche-cycles-why-avalanche-activity-is-significantly-higher-some-years%2F&psig=AOvVaw1IyxzRBDW89KgSki8wtsLJ&ust=1610373013266000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCMjK9sbAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsnowbrains.com%2Favalanche-cycles-why-avalanche-activity-is-significantly-higher-some-years%2F&psig=AOvVaw1IyxzRBDW89KgSki8wtsLJ&ust=1610373013266000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCMjK9sbAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsnowbrains.com%2Favalanche-cycles-why-avalanche-activity-is-significantly-higher-some-years%2F&psig=AOvVaw1IyxzRBDW89KgSki8wtsLJ&ust=1610373013266000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCMjK9sbAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.scientificamerican.com%2Farticle%2Fwhy-are-glaciers-melting-from-the-bottom-its-complicated%2F&psig=AOvVaw18Vc1iPVb2kQAjId89j9yG&ust=1610372900883000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCOCttIvAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.scientificamerican.com%2Farticle%2Fwhy-are-glaciers-melting-from-the-bottom-its-complicated%2F&psig=AOvVaw18Vc1iPVb2kQAjId89j9yG&ust=1610372900883000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCOCttIvAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.scientificamerican.com%2Farticle%2Fwhy-are-glaciers-melting-from-the-bottom-its-complicated%2F&psig=AOvVaw18Vc1iPVb2kQAjId89j9yG&ust=1610372900883000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCOCttIvAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.scientificamerican.com%2Farticle%2Fwhy-are-glaciers-melting-from-the-bottom-its-complicated%2F&psig=AOvVaw18Vc1iPVb2kQAjId89j9yG&ust=1610372900883000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCOCttIvAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.scientificamerican.com%2Farticle%2Fwhy-are-glaciers-melting-from-the-bottom-its-complicated%2F&psig=AOvVaw18Vc1iPVb2kQAjId89j9yG&ust=1610372900883000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCOCttIvAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsnowbrains.com%2Favalanche-cycles-why-avalanche-activity-is-significantly-higher-some-years%2F&psig=AOvVaw1IyxzRBDW89KgSki8wtsLJ&ust=1610373013266000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCMjK9sbAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsnowbrains.com%2Favalanche-cycles-why-avalanche-activity-is-significantly-higher-some-years%2F&psig=AOvVaw1IyxzRBDW89KgSki8wtsLJ&ust=1610373013266000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCMjK9sbAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsnowbrains.com%2Favalanche-cycles-why-avalanche-activity-is-significantly-higher-some-years%2F&psig=AOvVaw1IyxzRBDW89KgSki8wtsLJ&ust=1610373013266000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCMjK9sbAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsnowbrains.com%2Favalanche-cycles-why-avalanche-activity-is-significantly-higher-some-years%2F&psig=AOvVaw1IyxzRBDW89KgSki8wtsLJ&ust=1610373013266000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCMjK9sbAke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsnowbrains.com%2Favalanche-cycles-why-avalanche-activity-is-significantly-higher-some-years%2F&psig=AOvVaw1IyxzRBDW89KgSki8wtsLJ&ust=1610373013266000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCMjK9sbAke4CFQAAAAAdAAAAABAD


Further about changes 

https://www.mvestnik.ru/newslent/razliv-reki-

mozhet-podtopit-doma-v-belokamenke/

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.mvestnik.ru%2Fnewslent%2Frazliv-reki-mozhet-podtopit-doma-v-belokamenke%2F&psig=AOvVaw2saafwnVTwyc6ZBug0s5nL&ust=1610373174661000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIiblo7Bke4CFQAAAAAdAAAAABAK
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.mvestnik.ru%2Fnewslent%2Frazliv-reki-mozhet-podtopit-doma-v-belokamenke%2F&psig=AOvVaw2saafwnVTwyc6ZBug0s5nL&ust=1610373174661000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIiblo7Bke4CFQAAAAAdAAAAABAK
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.mvestnik.ru%2Fnewslent%2Frazliv-reki-mozhet-podtopit-doma-v-belokamenke%2F&psig=AOvVaw2saafwnVTwyc6ZBug0s5nL&ust=1610373174661000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIiblo7Bke4CFQAAAAAdAAAAABAK
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.mvestnik.ru%2Fnewslent%2Frazliv-reki-mozhet-podtopit-doma-v-belokamenke%2F&psig=AOvVaw2saafwnVTwyc6ZBug0s5nL&ust=1610373174661000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIiblo7Bke4CFQAAAAAdAAAAABAK


Enablers and 
response 
options

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.seedsindia.org%2Fdisaster-relief-and-rehabilitation%2F&psig=AOvVaw0fqUSEhnK3HGA2qVpCUntY&ust=1610373749540000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCNDt-6DDke4CFQAAAAAdAAAAABAJ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.seedsindia.org%2Fdisaster-relief-and-rehabilitation%2F&psig=AOvVaw0fqUSEhnK3HGA2qVpCUntY&ust=1610373749540000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCNDt-6DDke4CFQAAAAAdAAAAABAJ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.seedsindia.org%2Fdisaster-relief-and-rehabilitation%2F&psig=AOvVaw0fqUSEhnK3HGA2qVpCUntY&ust=1610373749540000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCNDt-6DDke4CFQAAAAAdAAAAABAJ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.seedsindia.org%2Fdisaster-relief-and-rehabilitation%2F&psig=AOvVaw0fqUSEhnK3HGA2qVpCUntY&ust=1610373749540000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCNDt-6DDke4CFQAAAAAdAAAAABAJ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsswm.info%2Far%2Fsswm-university-course%2Fmodule-3-ecological-sanitation-and-natural-systems-wastewater-treatment-3%2Fintegrated-water-resources-management-%2528iwrm%2529&psig=AOvVaw3Ea_PSVt_Qt86pgKH8lLJ3&ust=1610373560480000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCLCLrs_Dke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsswm.info%2Far%2Fsswm-university-course%2Fmodule-3-ecological-sanitation-and-natural-systems-wastewater-treatment-3%2Fintegrated-water-resources-management-%2528iwrm%2529&psig=AOvVaw3Ea_PSVt_Qt86pgKH8lLJ3&ust=1610373560480000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCLCLrs_Dke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsswm.info%2Far%2Fsswm-university-course%2Fmodule-3-ecological-sanitation-and-natural-systems-wastewater-treatment-3%2Fintegrated-water-resources-management-%2528iwrm%2529&psig=AOvVaw3Ea_PSVt_Qt86pgKH8lLJ3&ust=1610373560480000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCLCLrs_Dke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsswm.info%2Far%2Fsswm-university-course%2Fmodule-3-ecological-sanitation-and-natural-systems-wastewater-treatment-3%2Fintegrated-water-resources-management-%2528iwrm%2529&psig=AOvVaw3Ea_PSVt_Qt86pgKH8lLJ3&ust=1610373560480000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCLCLrs_Dke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsswm.info%2Far%2Fsswm-university-course%2Fmodule-3-ecological-sanitation-and-natural-systems-wastewater-treatment-3%2Fintegrated-water-resources-management-%2528iwrm%2529&psig=AOvVaw3Ea_PSVt_Qt86pgKH8lLJ3&ust=1610373560480000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCLCLrs_Dke4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsswm.info%2Far%2Fsswm-university-course%2Fmodule-3-ecological-sanitation-and-natural-systems-wastewater-treatment-3%2Fintegrated-water-resources-management-%2528iwrm%2529&psig=AOvVaw3Ea_PSVt_Qt86pgKH8lLJ3&ust=1610373560480000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCLCLrs_Dke4CFQAAAAAdAAAAABAD


Polar Regions



1. a vast share of the world’s ocean and cryosphere

2. 20% of the “global ocean” 

3. more than 90% of the world’s continuous and discontinuous “permafrost” area

4. 69% of the world’s “glacier” area including “ice sheets”, “sea ice”, and land areas 

with the most persistent winter “snow cover”



Physical Changes and Projections 



Arctic sea ice → declines 

all months; (very high 

confidence)

 Mostly → in September

 (very likely –12.8 ± 2.3% 

per decade; 1979–2018) 

are unprecedented in at 

least 1000 years (medium 

confidence)

SST: Sea Surface 

Temperature 



Permafrost

- Permafrost temperature increase

- Disappearance of Arctic near-surface 

permafrost

- Effects of permafrost on vegetation, 

human infrastructure and ecology



The upper ocean (0–10 m) at end of this century (2081–2100), characterised by 

year-round undersaturated conditions for aragonite for the Representative Concentration 

Pathway (RCP)8.5 (a) and RCP2.6 (b) scenarios in the Coupled Model Intercomparison 

Project Phase 5 (CMIP5)





Schematic summary of key drivers that are causing, or are projected to cause, direct effects on Arctic marine ecosystems



Schematic summary of key drivers that are causing or are projected to cause direct effects on Southern Ocean marine ecosystems





Implications for Low-lying Islands, Coasts and 
Communities



Processes of Sea Level Change 



Rignot, E. & Jacobs, S. & Mouginot, 
Jeremie & Scheuchl, B. (2013). 
Ice-Shelf Melting Around Antarctica. 
Science (New York, N.Y.). 341. 
10.1126/science.1235798

Basal melt rates of Antarctic ice 
shelves

1. Ice Sheets and Ice Shelves



Zemp, M. & Frey, Holger & Gärtner-Roer, Isabelle & Nussbaumer, Samuel & Hoelzle, Martin & Paul, Frank & Haeberli, Wilfried & Denzinger, Florian & m, Andreas & Anderson, Brian & Bajracharya, Samjwal & Baroni, Carlo & Braun, Ludwig 

& Cáceres, Bolívar & Casassa, Gino & Cobos, Guillermo & Davila, Luzmila & Delgado Granados, Hugo & Demuth, Michael & Vincent, Christian. (2015). Historically unprecedented global glacier decline in the early 21st century. Journal of 

Glaciology. 61. 745-762. 10.3189/2015JoG15J017. 

2. Glaciers



3. Ocean Processes 

Ocean currents ferry warm and cool water around the globe. The Atlantic Ocean current boosts temperatures in northwestern Europe. But rising 
levels of carbon dioxide in the atmosphere could shut these warming currents down.



https://www.wonderopolis.org/wonder/what-is-el-nino

4. Terrestrial Reservoirs 

https://www.wonderopolis.org/wonder/what-is-el-nino


https://geohipster.com/2018/01/29/anna-riddell-monitoring-relative-sea-level-change-accounting-wiggle-centre-e

arth/

5. Geodynamic Processes 



6. Extreme Sea Level Events 

Florida, USA by 2100



A schematic illustration of the climate and non-climate driven processes that can influence global, regional , relative and 

extreme sea level (ESL) events along coasts.



OBSERVATIONS

Global mean sea level (GMSL) budget over different periods from observations and from climate model base 

contributions. All values are in mm yr–1.



Multi-model mean summer (JJA) warming in the main Paleoclimate Model 
Intercomparison Project (PMIP3) equilibrium time periods, mid-Holocene, Last 
Glacial Maximum (Braconnot et al. 2012), Last Interglacial (Lunt et al. 2012) and 
the mid-Pliocene Warm period (Haywood et al. 2012).



Fig. 20th century simulated regional sea level changes by coupled climate models and comparison with a selection of local tide gauge time series.



Ganges-Brahmaputra-Meghna Delta



Mekong Delta 



PROJECTIONS 

Fig. Median values and likely ranges for projections of global mean sea level (GMSL) rise in metres in 2081–2100 relative to 1986–2005 for three scenarios.



Fig. The effect of regional sea level rise on extreme sea level events at coastal locations. 





RESPONSES



DECISIONS 



Changing Ocean, Marine Ecosystems and 
Dependent Communities



Observations

Carbon emissions 

from human activities

● Ocean warming

● Acidification 

● Oxygen loss

causing

● Affecting marine 

organisms 

● Impacting fisheries



Consequences of ocean warming
Stratification Atmospheric CO2 uptake 

https://public.wmo.int/en/resources/bulletin/annual-global-carbon-budget 

https://blogs.egu.eu/geolog/2013/09/20/momentous-discoveries-in-oceanography/ 

Acidification 

https://ocean.si.edu/conservation/acidification/ocean-acidification-graph 

Oxygen loss 

https://www.researchgate.net/figure/B-The-global-map-showing-coastal-and-o

pen-ocean-where-nutrients-inputs-caused-decline-in_fig2_331275314 

https://public.wmo.int/en/resources/bulletin/annual-global-carbon-budget
https://blogs.egu.eu/geolog/2013/09/20/momentous-discoveries-in-oceanography/
https://ocean.si.edu/conservation/acidification/ocean-acidification-graph
https://www.researchgate.net/figure/B-The-global-map-showing-coastal-and-open-ocean-where-nutrients-inputs-caused-decline-in_fig2_331275314
https://www.researchgate.net/figure/B-The-global-map-showing-coastal-and-open-ocean-where-nutrients-inputs-caused-decline-in_fig2_331275314


Effects on Communities

https://www.sciencedirect.com/science/article/pii/S0960982

219310929 

Human Activities Fisheries 

MSY comparison between (a) RCP2.6 and (b) RCP8.5

https://www.sciencedirect.com/science/article/pii/S0960982219310929
https://www.sciencedirect.com/science/article/pii/S0960982219310929


Projections: Scenarios and Time Horizons

Fig: comparison of RCP2.6 and RCP8.5 scenarios over 3 occasions



Response Options to Enhance Resilience
Blue Carbon Ecosystems 

https://www.earthcorps.org/our-story/key-initiatives/blue-carbon/ 

Ecosystem Based Adaptation 

(EbA) 

https://www.iucn.org/resources/issues-briefs/ecosystem-based-adaptation 

https://www.earthcorps.org/our-story/key-initiatives/blue-carbon/
https://www.iucn.org/resources/issues-briefs/ecosystem-based-adaptation


Extremes, Abrupt Changes and Managing 
Risks



Extreme risk areas







Wind stress



Infographic on teleconnections and impacts due to Atlantic Meridional Overturning 
Circulation (AMOC).



Projections of Ocean and Cryosphere Change and Hazards to 
Ecosystems and Human Society Under Low and High Emission Futures.
➢

➢

➢
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Shared Socioeconomic Pathways
and Conclusions



Scenario Analysis 



Thank you


