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Kianteata Bwaurerei, 70, has decided not to replant his crops after they were inundated.
https://www.nytimes.com/2016/07/03/world/asia/climate-change-kiribati.html
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https://www.nytimes.com/2016/07/03/world/asia/climate-change-kiribati.html
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HONR 229L: Climate Change: Science, Economics, and Governance

In the news:

https://news.utexas.edu/2019/10/07/ancient-maya-canals-and-fields-show-early-and-extensive-impacts-on-tropical-forests/

• First study to combine airborne lidar imagery with excavation and dating for Maya
• Wetland field complex to be five times larger than previously thought
• Researchers hypothesized that from about 2000 to 1000 years ago:

− expanding wetland complexes added atmospheric CO2 through burning events
− expanding wetland complexes added atmospheric CH4 through creation of wetland farming 

https://news.utexas.edu/2019/10/07/ancient-maya-canals-and-fields-show-early-and-extensive-impacts-on-tropical-forests/
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HONR 229L: Climate Change: Science, Economics, and Governance
AT 10, Q1

Briefly and in your own words, what are the two findings from the 1990 IPCC report that Nate Silver 
describes as being absolutely certain? 

The 1990 IPCC report concluded with absolute certainty that 

1) there exists a natural greenhouse effect on Earth that helps it retain more heat than it 
otherwise would.

2) The report also concluded with certainty that:
a) human activities are adding greenhouse gasses into the atmosphere
b) which, on average, will warm the planet
c) This atmospheric warming will increase the water vapor content in the atmosphere 

which, since water vapor is a greenhouse gas, will cause further warming.

Please note this was all confidently known in 1990 ! 
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Lapse Rate Feedback

4

Troposphere

Stratosphere

Earth’s characteristic “black body”
temperature is ~255 K (−18 °C or −0.67 °F).

If altitude above 255 K warms
then energy will radiate to space

more effectively than in unperturbed state:
negative feedback

RED: Perturbed temperature profile
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Lapse Rate Feedback

5

This figure shows warming at 10 km
is larger than warming at the surface

supporting notion that the
lapse rate feedback is negative

Fig. 1.5, Paris Beacon of Hope
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Best Current Understanding
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HONR 229L: Climate Change: Science, Economics, and Governance
AT 10, Q2

What are the "three prongs" of the critique of IPCC forecasts in the Armstrong and Green paper?

Armstrong and Green the IPCC forecasts on the grounds that:

1) Forecasters do not agree, which is more related to bias than accuracy
2) Complex models are not better than simpler versions
3) Forecasters may be overconfident is their model
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HONR 229L: Climate Change: Science, Economics, and Governance
AT 10, Q3

Explain, in a short essay of 5 to 8 sentences one of these three prongs. Try to use a strong topic 
sentence.

Prong 1:

The first critique of IPCC Forecasts by Armstrong and Green is that agreement among forecasters is not
related to accuracy. By this critique, Armstrong and Green are saying that just because a group of people
agree on a forecast does not necessarily mean that the forecast is accurate. As Armstrong is quoted as
saying, "voting...that's not the way that science progresses". Furthermore, the reading hints that consensus
may be a sign of bias more than anything, but this an especially true point that is worth mentioning. If a
group of forecasters get together and have to agree on a single forecast, some people will be afraid to speak
up if they have an idea different than the group's idea, even if it may actually be correct. Thus, the group's
forecast will likely ultimately be representative of the thoughts of the majority, but that does mean that this
forecast will be accurate and may be missing key aspects that a minority of forecasters were afraid to or
unwilling to bring up. (i.e. groupthink) Thus, Armstrong and Green accurately state that agreement among
forecasters is not necessarily related to accuracy.

Please note a key factor that has likely taken place in the real world of climate modeling is that 
groups thought they knew the "right answer" (i.e, how much the surface had warmed) for part of the 
recent past.  Models were tuned to match these data.  When it became apparent some of this 
change was due to natural variability of ocean circulation, rather than climate feedback, it was too 
late to revise the models.  So many groups proceeded with climate models that warm too fast.! 
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Empirical Model of Global Climate (EM-GC)

Canty et al., ACP, 2013 https://www.atmos-chem-phys.net/13/3997/2013/acp-13-3997-2013.html
updated by Austin Hope & Laura McBride

f TOTAL = 0.67 = 1.41

https://www.atmos-chem-phys.net/13/3997/2013/acp-13-3997-2013.html
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HONR 229L: Climate Change: Science, Economics, and Governance
AT 10, Q3

Explain, in a short essay of 5 to 8 sentences one of these three prongs. Try to use a strong topic 
sentence.

Prong 2:

The global warming problem is complex to predict, but that does not mean that prediction is impossible.
Many wonder how can we predict the climate system decades from now if the weatherman can be wrong
about the weather tomorrow.

The further out in time one goes, the more likely one will need complex models that can factor in 
issues such as future drought, changes in the distribution of ecosystems brought about by climate 
change, or feedbacks that take a long time to manifest (i.e., the ice sheets do not melt instantly).
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HONR 229L: Climate Change: Science, Economics, and Governance
AT 10, Q3

Explain, in a short essay of 5 to 8 sentences one of these three prongs. Try to use a strong topic 
sentence.

Prong 3:

Underestimating uncertainty related to global warming can produce overconfident forecasts. Climate
scientists meticulously account for uncertainties in their models, yet there is still an uncertainty about the
degree of uncertainty. There is initial condition uncertainty, in which short-term factors can cause
temperature fluctuations that make it harder to interpret warming caused by the greenhouse effect. There is
also scenario uncertainty, which increases over time and is associated with the level of greenhouse gases in
the atmosphere. However, the hardest uncertainty to quantify is structural uncertainty in climate models.
This relates to our understanding of the climate system and how successful we can translate these
processes into model equations.

My research group has harped on the inability of the climate modeling world to come to grips with 
the structural uncertainties of their models, which should rise over time much more so than shown 
in Fig 12-3. 
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HONR 229L: Climate Change: Science, Economics, and Governance
AT 10, Q4. In a sentence or two, state what Fig 12-3 shows, and then state how the chosen figure relates 
to the debate about climate change.  Feel free to draw upon the book, other material, or your own intuition.

Figure 12-3 depicts the random factors that are inherent in global warming forecasts, through the three
different types of uncertainty. The uncertainties are initial condition uncertainty, of short term natural
weather influxes, structural uncertainty, of consistently difficult calculations, and scenario uncertainty, of
long term atmospheric composition. This figure helps explain much of the skepticism revolving around
climate change, as well as how some climate models can seem like a drastic over or underestimation. In
class, we discussed the structural uncertainty of climate change predictions, noting that because of the
unknown effect of aerosols in the atmosphere, the [future] increase in global temperature is currently
[difficult to accurately forecast]. Should the aerosols be playing a significant role in limiting the effect of
greenhouse gases already in the atmosphere, when the aerosols disperse the climate will be much
warmer than anticipated and vice versa.
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HONR 229L: Climate Change: Science, Economics, and Governance
AT 10, Q4. In a sentence or two, state what Fig 12-7 shows, and then state how the chosen figure relates 
to the debate about climate change.  Feel free to draw upon the book, other material, or your own intuition.

Figure 12.7 shows global temperatures from 1990 to 2011, relative to a baseline of temperatures from 1951
to 1980. It also shows the IPCC's temperature forecasts from 1990, in the form of two lines showing the
low end and high end of the forecast. Since the statistical uncertainty of climate models levels off after
about 20 years, and 2011 is 21 years after 1990, it was a good time to evaluate the IPCC's earliest forecast
- and there was still a lot of year-to-year fluctuation, the average global temperature tended to tilt towards
the lower line, suggesting that the IPCC's predictions were a bit high - though Silver does mention that
the IPCC's 1990 forecast was based on a "business as usual" trajectory.
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HONR 229L: Climate Change: Science, Economics, and Governance
AT 10, Q4. In a sentence or two, state what Fig 12-11 shows, and then state how the chosen figure relates 
to the debate about climate change.  Feel free to draw upon the book, other material, or your own intuition.

Figure 12-11 shows the global temperatures between 1900 and 2011 with near-term flat-lines and downward
shifts highlighted. The figure mainly illustrates that global warming is not constantly increasing in a linear
line. Instead, there are periods where temperatures flat-line or even decrease, but over time, global
temperatures are still generally rising. This relates to the debate about climate change as some argue that
global temperatures are not rising and point to the periods of time when temperatures flat-line or decline.
However, the issue of global temperature rise should not be looked at under a lens, but instead viewed as
the bigger picture. Even though temperatures might fluctuate, overall they follow an upward trend, which
means that global temperature rise is a long term problem that needs to be solved.
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HONR 229L: Climate Change: Science, Economics, and 
Governance
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Impacts of Climate Change

Luke Lu

8 October 2019
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Impacts of Climate 
Change
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Impacts of Climate 
Change

 Increased wildfires
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Impacts of Climate 
Change

 Increased wildfires

 Sea level rise
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Impacts of Climate 
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Impacts of Climate 
Change

 Increased wildfires

 Sea level rise

 Ocean acidification
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Impacts of Climate 
Change

 Increased wildfires
 Sea level rise
 Ocean acidification
 Spread of diseases

https://www.ucsusa.org/our-work/global-
warming/science-and-impacts/global-warming-
impacts#.W4CXQ8PPyUk

Also:
 Increased droughts and 

flooding
 Melting icecaps and 

glaciers
 Destruction of marine 

ecosystems
 Increased extreme 

weather
 Agricultural disruption
 Water supply disruption
 Environmental migration

21

https://www.ucsusa.org/our-work/global-warming/science-and-impacts/global-warming-impacts#.W4CXQ8PPyUk
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Connection to Climate Change
WWDD: Wet-gets-Wetter, Dry-gets-Drier (WWDD) 
paradigm

22

https://www.cnbc.com/2017/08/28/the-stunning-images-from-record-setting-flooding-in-houston-texas.html

Spatial Distribution of Precipitation Changes, 2081 −2100 relative to 1986−2005

Climate model projections, RCP 8.5 (aggressive growth of GHGs)
IPCC 2013 

https://www.cnbc.com/2017/08/28/the-stunning-images-from-record-setting-flooding-in-houston-texas.html
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Connection to Climate Change
WWDD: Wet-gets-Wetter, Dry-gets-Drier (WWDD) 
paradigm
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http://www.windows2universe.org/vocals/images/HadleyCell_small.jpg

http://www.windows2universe.org/vocals/images/HadleyCell_small.jpg
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Wildfires
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https://www.ucsusa.org/global-warming/science-and-impacts/impacts/infographic-
wildfires-climate-change.html
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https://www.ucsusa.org/global-warming/science-and-impacts/impacts/infographic-wildfires-climate-change.html
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https://www.ucsusa.org/global-warming/science-and-impacts/impacts/infographic-
wildfires-climate-change.html
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https://www.ucsusa.org/global-warming/science-and-impacts/impacts/infographic-wildfires-climate-change.html
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https://www.ucsusa.org/global-warming/science-and-impacts/impacts/infographic-
wildfires-climate-change.html
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https://www.ucsusa.org/global-warming/science-and-impacts/impacts/infographic-wildfires-climate-change.html
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Ocean Acidification
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Caption: (a) Time series of CO2 (global mean as well as amount measured at Mauna Loa Observatory; (b) total anthropogenic emissions of
CO2 from fossil fuel & land use change (green bars) atmospheric growth (blue bars) and major volcanic eruptions (red triangle, for Mt
Agung, El Chichón, Fuego, and Mt Pinatubo); (c) tropical Pacific ENSO 3.4 index (red denotes El Niño events; blue denotes strong La Niña
conditions); and (d) Airborne Fraction of CO2 (i.e., amount that remains in the atmosphere each year), three 3 yr running mean of AF
(black), and trend-line of a least squares fit to the 3 yr running mean (blue).
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Atmospheric CO2 280 ppm
Pre-Industrial

400 ppm
Present Day

560 ppm
2 × Pre-Indus.

pH 8.32 8.19 8.06

https://www.pmel.noaa.gov/co2/story/Ocean%2BAcidification

https://www.pmel.noaa.gov/co2/story/Ocean%2BAcidification
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Doney, The Dangers of Ocean Acidification, Scientific American, March, 2006
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Also, coral: 34

https://www.youtube.com/watch?v=ccYvlbcBlTY

https://www.youtube.com/watch?v=ccYvlbcBlTY
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Sea Level Rise
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https://nsidc.org/data/seaice_index
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What effect do you think 
floating ice has on sea level?

37



Copyright © 2019 University of Maryland. 
This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch.

What effect do you think 
floating ice has on sea level?
 It rises!
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What effect do you think 
floating ice has on sea level?
 It rises!
 Brine rejection – salt doesn’t freeze into ice crystals
 Salt water is denser than fresh water
 Ice is fresh
 Ice melts -> water becomes less salty -> water becomes 

less dense -> water rises

39



Copyright © 2019 University of Maryland. 
This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch.

What effect do you think 
floating ice has on sea level?
 It rises!
 Brine rejection – salt doesn’t freeze into ice crystals
 Salt water is denser than fresh water
 Ice is fresh
 Ice melts -> water becomes less salty -> water becomes 

less dense -> water rises
How much of sea level rise does melting sea ice contribute?

40
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What effect do you think 
floating ice has on sea level?
 It rises!
 Brine rejection – salt doesn’t freeze into ice crystals
 Salt water is denser than fresh water
 Ice is fresh
 Ice melts -> water becomes less salty -> water becomes 

less dense -> water rises
How much of sea level rise does melting sea ice contribute?
 About 1.6%
https://skepticalscience.com/Sea-level-rise-due-to-floating-ice.html
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https://skepticalscience.com/Sea-level-rise-due-to-floating-ice.html
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What effect do you think 
floating ice has on sea level?
 It rises!
 Brine rejection – salt doesn’t freeze into ice crystals
 Salt water is denser than fresh water
 Ice is fresh
 Ice melts -> water becomes less salty -> water becomes 

less dense -> water rises
How much of sea level rise does melting sea ice contribute?
 About 1.6%
 Most sea level rise comes from melting land ice and 

thermal expansion
https://skepticalscience.com/Sea-level-rise-due-to-floating-ice.html
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https://skepticalscience.com/Sea-level-rise-due-to-floating-ice.html
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http://www.atmos.umd.edu/~rjs/class/honr229L/readings/WG1AR5_SPM_FINAL_carbon.pdf

By the way, how much would sea level rise if the entire Greenland 
ice sheet melted?

http://www.atmos.umd.edu/%7Erjs/class/honr229L/readings/WG1AR5_SPM_FINAL_carbon.pdf
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http://www.atmos.umd.edu/~rjs/class/honr229L/readings/WG1AR5_SPM_FINAL_carbon.pdf

By the way, how much would sea level rise if the entire Greenland 
ice sheet melted?
Answer: 7 meters

http://www.atmos.umd.edu/%7Erjs/class/honr229L/readings/WG1AR5_SPM_FINAL_carbon.pdf
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http://www.atmos.umd.edu/~rjs/class/honr229L/readings/WG1AR5_SPM_FINAL_carbon.pdf

By the way, how much would sea level rise if the entire Greenland 
ice sheet melted?
Answer: 7 meters

Note: collapse of the Greenland ice sheet causes sea level to rise because this ice sheet lies on 
top of land: i.e., Greenland is a continental sized land mass.  Sea ice, on the other hand, lies on top 
of the ocean (is buoyant in water).  

http://www.atmos.umd.edu/%7Erjs/class/honr229L/readings/WG1AR5_SPM_FINAL_carbon.pdf
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46Sea level today:

Source: Jeremy Weiss and Jonathan Overpeck, University of Arizona
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Source: Jeremy Weiss and Jonathan Overpeck, University of Arizona

Sea level by 2100 (RCP 8.5 scenario)
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Source: Jeremy Weiss and Jonathan Overpeck, University of Arizona

Sea level if most of Greenland’s ice 
sheet melts:
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Water levels today, 5 feet higher than today, 12 feet, and 25 feet higher 

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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Infectious Disease
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How does global warming 
increase the spread of disease?

51
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How does global warming 
increase the spread of disease?

 Increased rainfall creates more potential 
breeding grounds for mosquitoes

 Increased temperature extends transmission 
season for certain diseases

 Increased droughts cause malnutrition
 Increased droughts and flooding affect clean 

water supply (cholera)
 Habitat destruction brings animals closer to 

humans

52
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Cholera

 Caused by bacteria Vibrio cholerae
 Thrives in aquatic environments
 Can cause vomiting, fever and (extreme) 

diarrhea
 Mainly affects regions with poor water sanitation 

and crowded living conditions

53
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Cholera

 Caused by bacteria Vibrio cholerae
 Thrives in aquatic environments
 Can cause vomiting, fever and (extreme) 

diarrhea
 Mainly affects regions with poor water sanitation 

and crowded living conditions
 High temperatures and rainfall create good 

conditions for bacterial growth
 Rising seas contaminate clean water
 Droughts concentrate the bacteria
 Floods bring bacteria to new places

54
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Ebola

 Caused by ebolaviruses
 Symptoms start about 2-3 weeks after infection, 

with fever, headache, vomiting, and diarrhea
 Leads to internal and external bleeding
 Virus lives in apes and bats

55
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Ebola

 Caused by ebolaviruses
 Symptoms start about 2-3 weeks after infection, 

with fever, headache, vomiting, and diarrhea
 Leads to internal and external bleeding
 Virus lives in apes and bats
 Deforestation causes more animals to come in 

contact with humans
 Habitat destruction causes animals to relocate 

closer to humans

 Global warming may be expanding bat ranges
 Agricultural disruption drives increased bushmeat

consumption

56
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Other diseases affected 
by climate change

 Malaria
 Dengue fever
 Schistosomiasis
 Hantavirus
 Lyme disease
 West Nile virus
 Chikungunya
 Yellow fever
 Rift Valley fever

57
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HONR 229L: Climate Change: Science, Economics, and Governance

Impacts of Climate Change: The Last Word

Ross Salawitch

9 October 2018
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HONR 229L: Climate Change: Science, Economics, and Governance

59

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!

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
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https://www.newsweek.com/sea-level-rise-could-reach-50-feet-2300-devastating-coastal-cities-globally-1160279

https://www.newsweek.com/sea-level-rise-could-reach-50-feet-2300-devastating-coastal-cities-globally-1160279
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https://gracefo.jpl.nasa.gov/resources/33/greenland-ice-loss-2002-2016

Observations obtained by the NASA Gravity Recovery and Climate Experiment (GRACE) showed 
loss of ∼280 gigatons of ice per year from Greenland, causing global sea level to rise

by a total of 0.4 inches between 2002 and 2016 (or 0.03 inches per year)

https://gracefo.jpl.nasa.gov/resources/33/greenland-ice-loss-2002-2016
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Observations obtained by the NASA Gravity Recovery and Climate Experiment (GRACE) showed 
loss of ∼125 gigatons of ice per year from Antarctica, causing global sea level to rise

by a total of 0.18 inches between 2002 and 2016 (or 0.014 inches per year)

−3 −2 −1 10

https://grace.jpl.nasa.gov/resources/31/antarctic-ice-loss-2002-2016

https://grace.jpl.nasa.gov/resources/31/antarctic-ice-loss-2002-2016
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Observations obtained by the NASA Gravity Recovery and Climate Experiment (GRACE) showed 
loss of ∼125 gigatons of ice per year from Antarctica, causing global sea level to rise

by a total of 0.18 inches between 2002 and 2016 (or 0.014 inches per year)

Current rate of sea level rise from satellite altimetry 3.0 ± 0.4 millimetres (0.118 ± 0.016 in) per year, for 1993–2017.
1.18 inch per decade or ~foot per century

https://en.wikipedia.org/wiki/Sea_level_rise
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https://grace.jpl.nasa.gov/resources/31/antarctic-ice-loss-2002-2016

https://en.wikipedia.org/wiki/Sea_level_rise
https://grace.jpl.nasa.gov/resources/31/antarctic-ice-loss-2002-2016
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Possible Impacts of Climate Change
• 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

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

https://www.amazon.com/Six-Degrees-Future-Hotter-Planet
http://www.sustainablewoodstock.co.uk/onetwo%20degrees%20summary.pdf
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Kiribati: Population 118,000 as of 2018

High tide keeps getting higher 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

• Undergoing intrusion of salt water into freshwater supplies
• Some farmers unable to grow food because of saltwater intrusion

https://www.nytimes.com/2016/07/03/world/asia/climate-change-kiribati.html
https://thewire.in/culture/kiribati-migration-climate-change
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Possible Impacts of Climate Change
• 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 Six Degrees: Our Future on a Hotter Planet by Mark Lynas

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

http://fivethirtyeight.com/features/disasters-cost-more-than-ever-but-not-because-of-climate-change/
https://www.youtube.com/watch?time_continue=19&v=Yvkm9t7xRF4
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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

Possible Impacts of Climate Change

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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Reading for Thurs:

Please read either

a) Chapter 2 (30 pages; solar PV)

*OR*

b) Chapter 3 (29 pages; concentrated solar)

but everyone please read from the words “THESE PHOTOVOLTAIC INVENTORS”
on pg 40 to the end of Chapter 2 (middle page 44), because this section on feed-
in tariff, carbon tax, and cap-and-trade are vitally important for the rest of the 
semester.

Abhay will have to read both.  This material is a breeze to read.

Have posted an AT for both chapters; please complete only one.

How many students need a copy of the reading from us?
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Simple equation connects energy and power:

Energy = Power × Time

Size of a power plant is commonly measured in units of power:

kW (kilo: 103 Watts): Home solar

MW (mega: 106 Watts) Industrial

GW (giga: 109 Watts): Massive Hydroelectric

TW (terra: 1012 Watts): Large Nation and/or Global

(Footnote, pg 18, Krupp & Horn)

Output of a power plant in units of energy:

kWh (kilo: 103 W hour)

MWh (mega: 106 W hour)

GWh (gig: 109 W hour)

Capacity Factor: actual output of a power plant (energy) divided
by maximum output if plant could run 24/7/365 at full capacity

(Footnote, pg 47, Krupp & Horn)
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http://www.lightevolution.co.uk/blog/geothermal-visual-capacity-factors-for-assorted-energy-systems/

http://www.lightevolution.co.uk/blog/geothermal-visual-capacity-factors-for-assorted-energy-systems/

	HONR 229L: Climate Change: Science, Economics, and Governance��Discussion #11: Impacts of Climate Change
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance��
	Lapse Rate Feedback
	Lapse Rate Feedback
	Best Current Understanding
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance��
	Empirical Model of Global Climate (EM-GC)
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance
	Impacts of Climate Change
	Impacts of Climate Change
	Impacts of Climate Change
	Impacts of Climate Change
	Impacts of Climate Change
	Impacts of Climate Change
	Connection to Climate Change�WWDD: Wet-gets-Wetter, Dry-gets-Drier (WWDD) paradigm�
	Connection to Climate Change�WWDD: Wet-gets-Wetter, Dry-gets-Drier (WWDD) paradigm�
	Wildfires
	https://www.ucsusa.org/global-warming/science-and-impacts/impacts/infographic-wildfires-climate-change.html
	https://www.ucsusa.org/global-warming/science-and-impacts/impacts/infographic-wildfires-climate-change.html
	https://www.ucsusa.org/global-warming/science-and-impacts/impacts/infographic-wildfires-climate-change.html
	Slide Number 28
	Ocean Acidification
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Also, coral:
	Sea Level Rise
	Slide Number 36
	What effect do you think floating ice has on sea level?
	What effect do you think floating ice has on sea level?
	What effect do you think floating ice has on sea level?
	What effect do you think floating ice has on sea level?
	What effect do you think floating ice has on sea level?
	What effect do you think floating ice has on sea level?
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Infectious Disease
	How does global warming increase the spread of disease?
	How does global warming increase the spread of disease?
	Cholera
	Cholera
	Ebola
	Ebola
	Other diseases affected by climate change
	HONR 229L: Climate Change: Science, Economics, and Governance
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance��
	Possible Impacts of Climate Change
	Kiribati: Population 118,000 as of 2018
	Possible Impacts of Climate Change
	Possible Impacts of Climate Change
	HONR 229L: Climate Change: Science, Economics, and Governance��
	Energy and Power
	Capacity Factor, Various Forms of Energy


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


