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Effects of Climate Change

AOSC 680
Ross Salawitch

   

Lecture 9
28 September 2023

1.  Rising sea-level threatens many populated coastal regions, including Maryland

2.  Desert are expanding and permafrost is melting, threatening agriculture, Arctic habitat, 
water supply to populated regions 

3.  World is becoming more “tropical”, including poleward migration of ecosystems, weather 
patterns, fire risk and tropical diseases

4.  Hurricane intensity is increasing, affecting populations that reside in coastal regions

5.  Ocean is becoming increasingly acidic, threatening vast portions of the ocean ecosystem

6.  Climate Change, Wildfires, Air Quality, and the Ozone Layer

Class Web Sites: 
 http://www2.atmos.umd.edu/~rjs/class/fall2023 
 https://umd.instructure.com/courses/1347818 

http://www2.atmos.umd.edu/%7Erjs/class/fall2023
https://umd.instructure.com/courses/1347818
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Gap Filling #1
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The notion of photons emitted by a GHG in the upper trop or lower strat having a strong likelihood of reaching
outer space without being re-absorbed is applicable for a “clear sky” (no clouds) atmosphere in which only GHGs 
absorb, because such absorption is wavelength specific

     Key concepts: 1) Clouds absorb and re-emit over broad spectral regions in the thermal IR, in contrast to the 
              energy specific absorption & remission by GHGs 

           2) Interaction of clouds w/ radiative field in thermal IR depends on particle size, concentration
               concentration, whether particles are solid or liquid, if solid particle shape Wang et al., 2020  
                             3) Realistic computation of interaction of clouds with thermal IR requires spatial scales (tiny)
               & temporal scales (brief) not amenable to global climate models.  Also, phase of cloud
               particle existence can be highly non-LTE.  As such, cloud resolving models are used to 

              generate parameterizations used in climate models Zhou et al., 2014 Ceppi et al., 2017 Jin et al., 2019  

Hanel et al., JGR, 1972:  https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/JC077i015p02629

See also: https://earthobservatory.nasa.gov/features/Clouds 

http://hogback.atmos.colostate.edu/cmmap/learn/clouds/climate1.html 

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2019JD032119
https://agupubs.onlinelibrary.wiley.com/doi/pdfdirect/10.1002/2014GL062095
https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.465
https://www.sciencedirect.com/science/article/abs/pii/S002240731930508
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/JC077i015p02629
https://earthobservatory.nasa.gov/features/Clouds
http://hogback.atmos.colostate.edu/cmmap/learn/clouds/climate1.html
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Gap Filling #2

3
Fig. 1.5, Paris Beacon of Hope

1) Stratosphere Cools as the Troposphere Warms
2) Upper Troposphere from about 8 to 10 km warms faster than the Surface
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Kiribati
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https://www.nytimes.com/2016/07/03/world/asia/climate-change-kiribati.html 

https://www.nytimes.com/2016/07/03/world/asia/climate-change-kiribati.html
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Kiribati
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• Population 122,000 as of 2019
• Undergoing intrusion of salt water into freshwater supplies
• Some farmers unable to grow food because of saltwater intrusion

High tide keeps rising on the islands of the Republic of Kiribati – 33 coral atolls in the Pacific Ocean that rest only 
a few feet above sea level. In Kiribati culture, Nareau the Creator scattered stones to the north and south to 
create this mosaic of coral and rock. But, today, the effects of climate change are closing in and there’s no higher 
land to move to. Even as the atolls shrink, Kiribati’s population grows. The country is experiencing baki-aba: 
“land hunger”. In 2014, Kiribati president, Anote Tong purchased 20 square km on Vanua Levu, a Fiji 
island making this the first international land purchase intended for climate refugees.

For Kiribati, adapting to climate change might mean relocating entirely.

Pacific islanders’ identities are very much tied to their ancestral land, the physical islands on which they live. 
Migration may mean a national and cultural loss, especially when most traditions are preserved orally.

https://www.nytimes.com/2016/07/03/world/asia/climate-change-kiribati.html 
https://thewire.in/culture/kiribati-migration-climate-change 
https://www.dw.com/en/fiji-sees-threat-of-coming-climate-exodus/a-41247402 

https://www.nytimes.com/2016/07/03/world/asia/climate-change-kiribati.html
https://thewire.in/culture/kiribati-migration-climate-change
https://www.dw.com/en/fiji-sees-threat-of-coming-climate-exodus/a-41247402
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Jakarta
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https://www.npr.org/2019/04/29/718234878/indonesia-plans-to-move-its-capital-out-of-jakarta-a-city-thats-sinking
See also https://www.bbc.com/news/world-asia-60037163  

Indonesia has announced plans to build a new capital city as its current capital, Jakarta, struggles with pollution, traffic gridlock — and the fact that the city 
is sinking.

After a Cabinet meeting on Monday, planning minister Bambang Brodjonegoro said President Joko Widodo has decided to move the capital out of 
Indonesia's main island, Java.

It's not clear exactly when this will happen, or where the new capital would be located. The idea has been out there for decades, though previous leaders 
have been unable to accomplish the ambitious plan.

"The idea to move the capital city appeared long ago. ... But it has never been decided or discussed in a planned and mature manner," Widodo said before 
the meeting, according to The Associated Press.

Jakarta faces massive challenges. As the BBC has reported, it's the fastest-sinking city in the world, with almost half of its area below sea level.

"If we look at our models, by 2050 about 95% of North Jakarta will be submerged," Heri Andreas, an expert in Jakarta's land subsidence at the Bandung 
Institute of Technology, told the broadcaster.

https://www.npr.org/2019/04/29/718234878/indonesia-plans-to-move-its-capital-out-of-jakarta-a-city-thats-sinking
https://www.bbc.com/news/world-asia-60037163
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Nusantara
"archipelago" in Javanese
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https://www.unescap.org/blog/navigating-challenges-new-city-development-nusantara-indonesias-future-capital 

https://www.unescap.org/blog/navigating-challenges-new-city-development-nusantara-indonesias-future-capital
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Climate Risks of 1.5 °C versus 2.0 °C Warming

https://wwf.panda.org/our_work/climate_and_energy/cop24/ 
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https://wwf.panda.org/our_work/climate_and_energy/cop24/
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Climate Risks of 1.5 °C versus 2.0 °C Warming

https://wwf.panda.org/our_work/climate_and_energy/cop24/ 
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https://wwf.panda.org/our_work/climate_and_energy/cop24/
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Climate Risks of 1.5 °C versus 2.0 °C Warming

https://twitter.com/climateWWF/status/1420396141921935362 
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https://twitter.com/climateWWF/status/1420396141921935362
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Possible Impacts of Climate Change
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• 1°C (already committed to this)
– Loss of glacial waters in Africa & Asia, with regional declines in food production
– Tropical islands such as Tuvalu, Kiribati, Marshall Islands, and Maldives severely threatened

• 2°C (Paris Climate Agreement Upper Limit)
– Polar bear habitat under severe threat
– Glacial melt rate doubles; disappearance of glaciers will create water shortages in places such as 

India, Peru, Ecuador, and Bolivia
– Stability of Greenland ice sheet threatened

https://www.youtube.com/watch?time_continue=19&v=Yvkm9t7xRF4 

https://www.youtube.com/watch?time_continue=19&v=Yvkm9t7xRF4
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Consequences of Climate Change

Maryland:
• more coastline than California !
• more susceptible to sea level rise than all but 2 other states

1.  Rising sea-level threatens many populated coastal regions,
     including Maryland

Present

12
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Consequences of Climate Change

Maryland:
• more coastline than California !
• more susceptible to sea level rise than all but 2 other states

1.  Rising sea-level threatens many populated coastal regions,
     including Maryland

1 meter
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Consequences of Climate Change

Maryland:
• more coastline than California !
• more susceptible to sea level rise than all but 2 other states

1.  Rising sea-level threatens many populated coastal regions,
     including Maryland

2 meter
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Consequences of Climate Change

Maryland:
• more coastline than California !
• more susceptible to sea level rise than all but 2 other states

1.  Rising sea-level threatens many populated coastal regions,
     including Maryland

3 meter
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Consequences of Climate Change

Maryland:
• more coastline than California !
• more susceptible to sea level rise than all but 2 other states

1.  Rising sea-level threatens many populated coastal regions,
     including Maryland

4 meter
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Consequences of Climate Change

Maryland:
• more coastline than California !
• more susceptible to sea level rise than all but 2 other states

1.  Rising sea-level threatens many populated coastal regions,
     including Maryland

5 meter
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Consequences of Climate Change

Maryland:
• more coastline than California !
• more susceptible to sea level rise than all but 2 other states

1.  Rising sea-level threatens many populated coastal regions,
     including Maryland

6 meter
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Consequences of Climate Change

Nickolay Lamm from self-storage search engine StorageFront.com created this visualization of the Jefferson Memorial 
under 0, 5 feet (1.5 meters), 12 feet (3.6 metes), and 25 feet (7.6 meters) of water.

1.  Rising sea-level threatens many populated coastal regions,
     as well of course Washington, D.C.

19

https://www.washingtonpost.com/national/health-science/vulnerable-maryland-weighs-threat-of-sea-level-rise/2013/07/21/37201d50-efe9-11e2-bed3-b9b6fe264871_story.html 

https://www.washingtonpost.com/national/health-science/vulnerable-maryland-weighs-threat-of-sea-level-rise/2013/07/21/37201d50-efe9-11e2-bed3-b9b6fe264871_story.html
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New York
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https://insideclimatenews.org/news/23102017/nyc-sea-level-storm-surge-climate-change-building-codes-sandy 

https://insideclimatenews.org/news/23102017/nyc-sea-level-storm-surge-climate-change-building-codes-sandy
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Boston
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https://www.slideshare.net/SasakiAssociates/sea-change-boston-detailed-overview 

https://www.slideshare.net/SasakiAssociates/sea-change-boston-detailed-overview
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Toronto
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https://dailyhive.com/toronto/toronto-climate-change-impacts-report 

https://dailyhive.com/toronto/toronto-climate-change-impacts-report
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Tampa Bay / St. Petersburg
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https://ss2.climatecentral.org/#11/27.7789/-82.4991?show=satellite&projections=0-DP16_RCP85-SLR&level=2&unit=meters&pois=hide 

https://ss2.climatecentral.org/#11/27.7789/-82.4991?show=satellite&projections=0-DP16_RCP85-SLR&level=2&unit=meters&pois=hide
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Consequences of Climate Change

1.  Rising sea-level threatens many populated coastal regions,
     including Maryland

IPCC (2013)

Compilation of paleo sea level data (purple), tide gauge data (blue, red and green), altimeter data (light blue) and 
central estimates and likely ranges for projections of global mean sea level rise from the combination of CMIP5 
and process-based models for RCP2.6 (blue) and RCP8.5 (red) scenarios, all relative to pre-industrial values.
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Consequences of Climate Change

1.  Rising sea-level threatens many populated coastal regions,
     including Maryland

1 meter = 3.2 feet

If all of Greenland were to melt, SLR would be ~20 feet (6 meters)

If all of Antarctica were to melt, SLR would be ~200 feet (60 meters)

25
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Consequences of Climate Change

1.  Rising sea-level threatens many populated coastal regions,
     including Maryland

1 meter = 3.2 feet

If all of Greenland were to melt, SLR would be ~20 feet (6 meters)

If all of Antarctica were to melt, SLR would be ~200 feet (60 meters)
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Consequences of Climate Change

1.  Rising sea-level threatens many populated coastal regions,
     including Maryland

1 meter = 3.2 feet

If all of Greenland were to melt, SLR would be ~20 feet (6 meters)

If all of Antarctica were to melt, SLR would be ~200 feet (60 meters)
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Consequences of Climate Change

1.  Rising sea-level threatens many populated coastal regions,
     including Maryland

1 meter = 3.2 feet

If all of Greenland were to melt, SLR would be ~23 feet (7 meters)

If all of Antarctica were to melt, SLR would be ~200 feet (60 meters)

28
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Consequences of Climate Change

1.  Rising sea-level threatens many populated coastal regions,
     including Maryland

1 meter = 3.2 feet

If all of Greenland were to melt, SLR would be ~23 feet (7 meters)

If all of Antarctica were to melt, SLR would be ~200 feet (60 meters)
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Consequences of Climate Change

1.  Rising sea-level threatens many populated coastal regions,
     including Maryland

1 meter = 3.2 feet

If all of Greenland were to melt, SLR would be ~23 feet (7 meters)

If all of Antarctica were to melt, SLR would be ~200 feet (60 meters)



Volume of Antarctic and Greenland Ice Sheets
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Volume of Antarctic Ice Sheet ∼26.5 × 106 km3 and volume of cubic Greenland Ice Sheet ∼2.85 × 106 km3 
https://en.wikipedia.org/wiki/Antarctic_ice_sheet & https://en.wikipedia.org/wiki/Greenland_ice_sheet  

https://web.viu.ca/earle/geol305/The%20Greenland%20Ice%20Sheet.pdf 

Radius of Earth = 6371 km; Surface area of Earth = 510 × 106 km2

 70% of earth, or 357 × 106 km2 is covered by water.

The complete collapse of Greenland would lead to sea-level rise of
2.85 × 106 km3 / 357 × 106 km2 = 8 meters according to these numbers.

Since more area would be covered by water following the collapse,
the actual rise in sea level is closer to 7 meters … or 23 feet!

Copyright © 2023 University of Maryland. 
This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch.

https://en.wikipedia.org/wiki/Antarctic_ice_sheet
https://en.wikipedia.org/wiki/Greenland_ice_sheet
https://web.viu.ca/earle/geol305/The%20Greenland%20Ice%20Sheet.pdf


Volume of Antarctic and Greenland Ice Sheets
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Volume of Antarctic Ice Sheet ∼26.5 × 106 km3 and volume of cubic Greenland Ice Sheet ∼2.85 × 106 km3 
https://en.wikipedia.org/wiki/Antarctic_ice_sheet & https://en.wikipedia.org/wiki/Greenland_ice_sheet  

https://web.viu.ca/earle/geol305/The%20Greenland%20Ice%20Sheet.pdf 

Radius of Earth = 6371 km; Surface area of Earth = 510 × 106 km2

 70% of earth, or 357 × 106 km2 is covered by water.

The complete collapse of Antarctica would lead to sea-level rise of
26.5 × 106 km3 / 357 × 106 km2 = 74 meters according to these numbers.

Since more area would be covered by water following the collapse,
the actual rise in sea level is closer to 60 meters … or 200 feet!!!!!!!!!
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https://en.wikipedia.org/wiki/Antarctic_ice_sheet
https://en.wikipedia.org/wiki/Greenland_ice_sheet
https://web.viu.ca/earle/geol305/The%20Greenland%20Ice%20Sheet.pdf


Greenland Ice Mass
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https://svs.gsfc.nasa.gov/31156

Observations obtained by the NASA Gravity Recovery and Climate Experiment (GRACE) showed 
loss of ∼277 gigatons of ice per year from Greenland, causing global sea level to rise

by a total of 0.63 inches between 2002 and 2023 (or 0.03 inches per year)
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https://svs.gsfc.nasa.gov/31156


Antarctica Ice Mass
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Observations obtained by the NASA Gravity Recovery and Climate Experiment (GRACE) showed 
loss of ∼150 gigatons of ice per year from Antarctica, causing global sea level to rise

by about 0.34 inches between 2002 and 2023 (0.016 inches per year)
https://svs.gsfc.nasa.gov/31158

Copyright © 2023 University of Maryland. 
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https://svs.gsfc.nasa.gov/31158


Greenland and Antarctica Ice Mass
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https://svs.gsfc.nasa.gov/31166
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https://svs.gsfc.nasa.gov/31166
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Berkeley Earth Animation of Global Warming

2022 was nominally the 5th warmest year of the modern instrument record

Work of Robert Rohde and the Berkeley Earth Team
http://berkeleyearth.org

Animation at https://youtu.be/XdKQZnhwcTs?si=HTFpIyMEMbf67tPw&t=45 

http://berkeleyearth.org/
https://youtu.be/XdKQZnhwcTs?si=HTFpIyMEMbf67tPw&t=45


https://climatereanalyzer.org/clim/t2_daily 
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2023 Will Almost Certainly Replace 2006 As The Warmest Year On Record

https://climatereanalyzer.org/clim/t2_daily


Antarctica News: September 2020
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https://www.livescience.com/antarctica-ice-free-climate-change.html
https://www.nature.com/articles/s41586-020-2727-5 

See also https://www.cnn.com/2020/09/30/weather/greenland-ice-sheet-melt-carbon-emissions-climate-change/index.html (yikes)
Copyright © 2023 University of Maryland. 
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Antarctica contains more than half of the world's freshwater in its sprawling, frozen ice sheet, but humanity's decisions over the 
next century could send that water irreversibly into the sea.  
If global warming is allowed to continue unchecked, Antarctica will soon pass a "point of no return" that could reduce the 
continent to a barren, ice-free mass for the first time in more than 30 million years, according to a study published in the journal 
Nature.
They found that, if average temperatures rise 7.2 degrees Fahrenheit (4 degrees Celsius) above pre-industrial levels for any 
sustained period of time, much of the ice in West Antarctica will crumble, resulting in 21 feet (6.5 meters) of global sea-level rise; 
that amount of rise would devastate coastal cities like New York, Tokyo and London. This scenario could be a reality within 
decades; a global average temperature rise of 9 F (5 C) is currently considered the “worst-case” warming scenario if current 
greenhouse gas emission levels are allowed to continue through the year 2100, according to the UN’s Intergovernmental Panel 
on Climate Change (IPCC).

29 Sept 2020

https://www.livescience.com/antarctica-ice-free-climate-change.html
https://www.nature.com/articles/s41586-020-2727-5
https://www.cnn.com/2020/09/30/weather/greenland-ice-sheet-melt-carbon-emissions-climate-change/index.html


Antarctica News: September 2023
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https://www.livescience.com/antarctica-ice-free-climate-change.html
https://www.nature.com/articles/s41586-020-2727-5 

See also https://twitter.com/RARohde/status/1706998806582034566 
Copyright © 2023 University of Maryland. 
This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch.

Figure 2. The graph above shows Antarctic sea ice extent as of September 10, 2023, along with 
daily ice extent data for four previous years and the record maximum year. 2023 is shown in blue, 
2022 in green, 2021 in orange, 2020 in brown, 2019 in magenta, and 2014 in dashed brown. The 
1981 to 2010 median is in dark gray. The gray areas around the median line show the interquartile 
and interdecile ranges of the data. Sea Ice Index data.

https://www.livescience.com/antarctica-ice-free-climate-change.html
https://www.nature.com/articles/s41586-020-2727-5
https://twitter.com/RARohde/status/1706998806582034566
http://nsidc.org/data/seaice_index
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Consequences of Climate Change

2.  Desert are expanding and permafrost is melting, threatening
     agriculture, Arctic habitat, water supply to populated regions 

3.  World is becoming more “tropical”, including poleward migration of
     ecosystems, weather patterns, and tropical diseases

40
http://www.ux1.eiu.edu/~cfjps/1400/circulation.html

Lecture 3

http://www.atmos.umd.edu/%7Erjs/class/spr2010/
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Connection to Climate Change
WWDD: Wet-gets-Wetter, Dry-gets-Drier (WWDD) paradigm

http://www.windows2universe.org/vocals/images/HadleyCell_small.jpg 

http://www.windows2universe.org/vocals/images/HadleyCell_small.jpg


As CO2 and other GHGs rise:
        Hadley Cell becomes more energetic
        WWDD: Wet gets wetter, dry gets drier
        Deserts expand poleward

42

Change in the latitudinal width of the tropics relative to 1981-2010 mean from satellite observations (red)  and climate models 
(thin black lines), along with the multi-model mean (thick black).  The blue dashed lines show the 2σ range of the width of the 
tropics due to natural variability for pre-industrial levels of GHGs.

From Staten et al., Nature Climate Change, 2018. https://www.nature.com/articles/s41558-018-0246-2 
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https://www.nature.com/articles/s41558-018-0246-2
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Forest Fires and Climate Change

https://www.ucsusa.org/resources/infographic-wildfires-and-climate-change 
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https://www.ucsusa.org/resources/infographic-wildfires-and-climate-change
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Recent papers linking fires to climate change

Linear trends in wetting rain days (left top),
the logarithm of area burned (left bottom), and
wetting rain days versus logarithm of area burned (right) 

https://www.pnas.org/content/115/36/E8349 
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https://www.pnas.org/content/115/36/E8349
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Forest Fires and Climate Change

https://www.nytimes.com/2022/02/23/climate/climate-change-un-wildfire-report.html
https://www.unep.org/resources/report/spreading-wildfire-rising-threat-extraordinary-landscape-fires 
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https://www.nytimes.com/2022/02/23/climate/climate-change-un-wildfire-report.html
https://www.unep.org/resources/report/spreading-wildfire-rising-threat-extraordinary-landscape-fires


Forest Fires and The Ozone Layer
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https://www.science.org/doi/abs/10.1126/science.add2056 
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https://www.science.org/doi/abs/10.1126/science.add2056


https://www.who.int/globalchange/summary/en/index6.html 
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Infectious Disease
How does climate change impact public health?

● Creates more favorable conditions for some disease-carrying insects, like mosquitoes
● Increases flooding, which leads to standing water and the contamination of water 

sources
● Destroys habitats of animals, bringing them into contact with humans more frequently

Figure: Estimated effects of climate change on health 
through number of Disability Adjusted Life Years 
(DALYs) -- the sum of years of potential life lost due to 
premature death, and the years of productive life lost 
due to disability, associated with climate change.   
                Credit: WHO
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Insect Vectors: Dengue Fever
● Transmitted by Aedes mosquitoes 

○ Typically inhabits tropical and subtropical regions
● As of 2017, the CDC reports finding conditions favorable to the survival and reproduction 

of Aedes aegypti as far north as Pennsylvania
○ Result of the expanding tropics phenomenon

● Increasing temperatures, rainfall, and humidity will increase mosquito survival worldwide, 
exacerbating the spread of many of the diseases they carry

Change in the latitudinal width of the tropics relative to 1981-2010 mean from satellite observations (red)  and climate models 
(thin black lines), along with the multi-model mean (thick black).  The blue dashed lines show the 2σ range of the width of the 
tropics due to natural variability for pre-industrial levels of GHGs.

From Staten et al., Nature Climate Change, 2018. https://www.nature.com/articles/s41558-018-0246-2 
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Insect Vectors: Malaria
● Impacts on insect host similar to Dengue
● In warmer temperatures, mosquitoes take blood meals more frequently
● Warmer temperatures cause the plasmodium parasite to digest blood and 

reproduce more quickly
● Higher rainfall and humidity levels may allow for incidences of malaria in areas 

where the parasite previously could not survive

Projection of precipitation changes by 2100 with aggressive growth of GHGs

Copyright © 2023 University of Maryland. 
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https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_Chapter_11.pdf
See also https://www.preventionweb.net/news/explainer-what-new-ipcc-report-says-about-extreme-weather-and-climate-change  

https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_Chapter_11.pdf
https://www.preventionweb.net/news/explainer-what-new-ipcc-report-says-about-extreme-weather-and-climate-change
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Insect Vectors in North America
● Freezes in the winter usually cause massive decreases in insect populations
● The average freeze season in the United States was a month shorter in 2016 than 

in 1916 (Weather.com)
● Higher external temperatures cause insects to have higher metabolic rates
● These two factors mean that with rising global temperature, more insects will 

survive the winter and reproduce- with a need to take more meals

https://www.nytimes.com/interactive/2017/03/08/climate/early-spring.html 

Regions in the US that experienced blooming by the end of Jan (left) and Feb (right) 2017
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https://twitter.com/ryans_wx/status/1629863144502747139 

https://twitter.com/ryans_wx/status/1629863144502747139
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Insect Vectors: Lyme Disease
● Infects over 20,000 people annually in the US
● Transmitted by deer ticks

○ Active in temperatures above 45 degrees F 
○ Thrive in 85% humidity or greater (EPA)

● Ticks are not being killed off as significantly due to shorter/milder winters
● Earlier arrival of spring extends their active period; warmer temperatures cause ticks to 

feed on humans and deer more frequently
● Conditions favorable to deer ticks are becoming more frequent/widespread in the US

https://www.epa.gov/climate-indicators/climate-change-indicators-lyme-disease 

Distribution of reported cases of Lyme disease in 1996 and 2014. Each dot represents an individual case placed
according to the patient’s county of residence, which may be different than the county of exposure. Maps focus on the
parts of the United States where Lyme disease is most common. (EPA)
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Consequences of Climate Change
4.  Hurricane intensity is increasing, affecting populations that reside in    
     coastal regions

• Projection of the effect of global warming on hurricanes requires conducting
calculations on a ~20-km grid (“serious supercomputer”)

• Some simulations project that at end of century, rising GHGs will lead to:
a) ~ 30% decrease in annual mean occurrence number of tropical cyclones, due to larger    

increases in T at 250 mbar than at surface, which causes a more stable atmosphere,
as well as a reduction in the mid-latitude to tropical temperature gradient

b) increase in maximum surface winds of the tropical cyclones that do occur:
i.e., hurricanes less frequent but more powerful
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Consequences of Climate Change
4.  Hurricane intensity is increasing, affecting populations that reside in    
     coastal regions

Oouchi et al., Journal Meteor. Soc. Japan, 2006
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as well as a reduction in the mid-latitude to tropical temperature gradient

b) increase in maximum surface winds of the tropical cyclones that do occur:
i.e., hurricanes less frequent but more powerful
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Consequences of Climate Change
4.  Hurricane intensity is increasing, affecting populations that reside in    
     coastal regions
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Confounding factor:

http://www.c2es.org/science-impacts/extreme-weather/hurricanes 

• Projection of the effect of global warming on hurricanes requires conducting
calculations on a ~20-km grid (“serious supercomputer”)

• Some simulations project that at end of century, rising GHGs will lead to:
a) ~ 30% decrease in annual mean occurrence number of tropical cyclones, due to larger    

increases in T at 250 mbar than at surface, which causes a more stable atmosphere,
as well as a reduction in the mid-latitude to tropical temperature gradient

b) increase in maximum surface winds of the tropical cyclones that do occur:
i.e., hurricanes less frequent but more powerful

http://www.c2es.org/science-impacts/extreme-weather/hurricanes
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Consequences of Climate Change

5.  Ocean is becoming increasingly acidic, threatening vast portions
     of the ocean ecosystem
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Consequences of Climate Change
6a.  Air Quality

58
https://iopscience.iop.org/article/10.1088/1748-9326/ac4a34 

https://iopscience.iop.org/article/10.1088/1748-9326/ac4a34
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Consequences of Climate Change
6a.  Air Quality
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https://www.nature.com/articles/s41586-023-06522-6
https://www.nature.com/articles/d41586-023-02794-0
https://wapo.st/45c97SF 

https://wapo.st/45c97SF
https://wapo.st/45c97SF
https://wapo.st/45c97SF
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Consequences of Climate Change
6b.  Stratospheric, Arctic Ozone Loss
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Consequences of Climate Change
6b.  Stratospheric, Arctic Ozone Loss
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Cold Arctic Winters Tend to Exhibit Larger PFP as a Function of Time



Copyright © 2023 University of Maryland. 
This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch.

Possible Impacts of Climate Change
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Book: https://www.amazon.com/Six-Degrees-Future-Hotter-Planet
Summary: http://www.sustainablewoodstock.co.uk/onetwo%20degrees%20summary.pdf 

• 1°C (already committed to this)
– Loss of glacial waters in Africa & Asia, with regional declines in food production
– Tropical islands such as Tuvalu, Kiribati, Marshall Islands, and Maldives severely threatened

• 2°C (Paris Climate Agreement Upper Limit)
– Polar bear habitat under severe threat
– Glacial melt rate doubles; disappearance of glaciers will create water shortages in places such as 

India, Peru, Ecuador, and Bolivia
– Stability of Greenland ice sheet threatened

https://www.amazon.com/Six-Degrees-Future-Hotter-Planet
http://www.sustainablewoodstock.co.uk/onetwo%20degrees%20summary.pdf
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Possible Impacts of Climate Change
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• 3°C (occurs in ~2050 according to IPCC climate models using RCP 8.5)
– 80% of Arctic sea ice melted
– Loss of Himalayan glaciers threaten water supply of Pakistan & China’s hydro-electric industry
– Indian monsoon, essential to 60% or world’s population, more variable and possibly fails on a 

persistent basis
– Many plant species become extinct if they can not adapt, an ecological catastrophe but also another 

source of atmospheric carbon
• 4°C (occurs in ~2080 according to IPCC climate models using RCP 8.5)

– Mass displacement of populations from places such as Bangladesh, Egypt, etc
– Major flooding in Mumbai, Shanghai, Boston, New York, London, etc
– Australia supports little to no agriculture
– Stability of Antarctic ice sheet threatened

• 5°C (possibly end of this century)
– Stability of all of world’s ice sheets threatened, leading to drastic change in coast line geography
– Risk of methane release from hydrates, a strong positive feedback that is considered one of several 

tipping points
– Possible massive decline in supportable, global population

• 6°C (next century)
– Sea level rise could be 20 meters (65 feet!)
– Dystopian world

Six Degrees: Our Future on a Hotter Planet by Mark Lynas 

http://fivethirtyeight.com/features/disasters-cost-more-than-ever-but-not-because-of-climate-change/
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