
Learning Objectives (LO) 

Lecture 20:  Climate Change 
Read:  Chapter 14  
Homework due Tuesday Nov. 10 

What we’ll learn today:!
1. 1. Identify some patterns and consequences of climate change!
2. 2. Explain how global warming is affecting the oceans, weather, glaciers!
3. 3. List forms of energy used in modern society!



iClicker Question 

Which one your greatest concern? 
a.  Increasing air temperature      d.  Melting snow/glaciers? 
b.  Increasing sea surface temperature?      
c.  Rising sea level?        e.  Increasing land temperature? 



Prediction of Future Climate 
From Carbon Emissions 



Where is anthropogenic carbon coming from? 
Mostly Petroleum (oil). 

Oil is formed by buried plankton 

Oil Window: 760-4880 m burial, and 65-150°C  

Oil can be recovered if it accumulates in geologic formations: 
Reservoirs in pore-spaces of rock or in “traps”. 



Discovered Oil                Consumption 

We have already  
discovered most 
of Earth’s oil. 

Peak Oil: The point at which maximum oil production occurs 



The US imports oil. 

US Oil consumption 
has 

started to decrease. 



Alternatives to Oil? 

Energy use  
in the United States 



•  Dense layers of organic matter 
than has been pressurized 
and heated into rock 

•  The US has a 300 year supply of 
coal (at current consumption rates) 

•  Problem: Coal use produces a lot 
of pollution! 
  Carbon dioxide 
  Sulfur dioxide 
  Soot 
  Nitrogen oxide, ozone 
  Mercury, lead 

Coal 



•  Radioactive decay of U-235 
  

•  Induced Radioactive Fission 
Collision of U-235 with a neutron causes 
fission and additional neutrons.  

•  Problems: 
Radioactive products 
are dangerous and 
difficult to store 

Nuclear Power 



•  Ultimately comes from the sun 
• Advantage: no CO2 pollution! 

• Problems: expensive 
      depends on weather 
      limited capacity 

James Hansen Carbon Fee (14:25-end): http://www.ted.com/talks/james_hansen_why_i_must_speak_out_about_climate_change.html  

Renewable Energy 



Which country do you think contributes 
 the highest percentage of global carbon emissions?  

iClicker Question 

a. United States 
b. China 
c. Russia 
d. India 
e. Canda 



Which country do you think contributes 
 the most tons of carbon per person each year? 

iClicker Question 

a. United States 
b. China 
c. Russia 
d. India 
e. Canda 



•  Greenhouse Emitters: ~83% of global human greenhouse gas emissions 
are produced by 25 countries 

• The US has the highest per capita output 

Global Carbon Footprint 



Demand for fossil fuels is likely to keep 
growing for at least another 20 years. 

•  Consumption of raw fossil fuels will increase 37% 
by 2040 

•  Growing demand in Asia, Africa, the Middle East 
and Latin America 

•  Coal demand will level off in the 2020s (thanks to 
air pollution concerns - China) 

•  Oil demand will plateau in the 2040’s 
•  Natural gas will continue growing past 2040’s 
•  Nuclear power will decline due to safety concerns 

and lack of options to dispose of radioactive 
waste 

•  By 2040, ~25% of energy will come from low 
carbon sources (mostly wind and solar) 

•  By 2040 1 trillion tons of carbon dioxide will be 
added to the atmosphere. 

•  This will push us past the 2oC threshold. 



Earth’s atmospheric temperature has risen by about 0.9°C in 
the past 100 years. 

- Atmospheric CO2 is greater now than it ever has been in the past ? Yrs 
- Earth is warmer now than at any time in the past 1,300 years. 



5 Things To Know About 
Climate Change 



The Arctic has warmed by ~2.7°C in the last 30 years, 
nearly 5 times faster than the global average.   

Why is warming happening faster at the poles? 

iClicker Question 

a. More ozone causes faster warming 
b. Melting ice reflects less heat 
c. Magnetic field lines are more intense 
d. Sea level rises first there 
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Lots of arctic ice Little arctic ice 

•  Lower reflectivity  more absorption of Sun’s heat  warming 

•  “Arctic amplification” 

Why is warming happening  
faster at the poles? 

•  Melted ice no longer reflects the sun’s energy. 
•  This causes change in Earth’s albedo, or reflectivity. 

Higher reflectivity Lower reflectivity 



Weird weather: Added heat in the Arctic (sea ice retreat)  
influences the jet stream and may make extreme weather 

and climate events more likely. 



What are the major impacts of climate 
change? 

• Dangerous weather events (floods & heat waves) 
• Changes in freshwater availability 
•  Sea level rise 
•  Increased storminess 
• Changes in ecosystem services 



Global extreme rainfall has increased 7% 

K. Willett, et al., 2007, Nature 449: 710–712, doi:10.1038/nature06207; P. Durack, et al., 2012, Science 336, no. 6880:455, DOI:10.1126/science.121222 



•  Extreme rainfall and flooding have increased 8 to 9% in the U.S. 

U.S. Trend in Heavy Precipitation 



U.S. Precipitation Change 



Hawaiian rainfall decreased 6% per decade 



U.S. temperature has 
increased 1.3 to 

1.9oF. 

U.S. Temperature Change 



Hawaii Temperatures 

All Stations 
0.3oF/decade 

High elevation 
0.48oF/decade 



The global percentage of land area in 
drought has increased 10% 

P. W. Thorne, J. R. Lanzante, T. C. Peterson, D. J. Seidel, K. P. Shine, “Tropospheric Temperature Trends: History of an Ongoing Controversy,” 
Wiley Interdisciplinary Reviews: Climate Change 2010, doi: 10.1002/wcc.80. 



Heat Waves  
A new global threat 



Europe – 2003 (104oF) 
70,000 deaths 



Russia – 2010 (110oF) 
55,000 deaths 



Mountain glaciers – all regions losing mass 
combined loss of Greenland and Antarctica  

= 30% of observed sea level rise 



Global Sea Level Rise 



From Satellite Altimetry  
global sea level rise: average 3.2 mm/yr 



Honolulu Projected Heights (95% confidence) 
  
 Year      Min       Mean      Max  
 2030   9 cm     (0.3 ft) 15 cm     (0.5 ft)   21 cm     (0.7 ft)  
 2050 18 cm     (0.6 ft) 30 cm     (1.0 ft)   44 cm     (1.4 ft)  
 2100 48 cm     (1.6 ft) 87 cm     (2.8 ft) 141 cm     (4.6 ft)  
  

Kopp, R.E., et al., 2014 Probabilistic 21st and 22nd century sea-level projections at a global network of tide 
gauge sites. Earths Future. DOI:10.1002/201/4EF000239  



NOAA SLR viewer 
http://www.csc.noaa.gov/digitalcoast/tools/slrviewer 

Honolulu Sea Level Rise 



Beach 
Erosion 

Romine, B., et al., 2013, Are beach erosion rates and sea level rise related in Hawaii? Global and Planetary Change. P. 149-157. 



Storm drains 
back up at 
high tide. 





Drainage 
problems 

Road 
access 

Isolated 
communities 

Evacuation 
routes and 

shelters 

Salt water 
intrusion 

Wave 
overtopping Flash 

flooding 

New 
wetlands 

Coastal 
erosion 

Sea level +3 ft 



Tropical cyclones to increase 

Murakami, H., et al., 2013 Projected increase in tropical cyclones near Hawaii, Nature Climate Change, May 5, DOI:10.1038/NCLIMTE1890 

Historical 2075-2099 



Tropical cyclone maximum intensity 
shifting poleward by 35 miles/

decade 

Kossin et al., 2014 The poleward migration of the location of tropical cyclone maximum intensity, Nature, 509, 349–352 (15 May) 





Ecosystem 
Disruptions 

Invasive species 

Reefs 

Marine food chain 



Fish species have moved 
towards the poles to find cooler 

water 

Malin L. Pinsky, et al. Marine Taxa Track Local Climate Velocities. Science, September 2013 DOI: 10.1126/
science.1239352] 

Fish 



What can we do? 
Mitigation 
Adaptation 

•  U.S. has doubled solar and wind energy and will double again by 2020. 
•  U.S. carbon pollution has fallen to its lowest level in 20 years. 
•  U.S. cars are required to reach 54.5 mpg by 2025. 
•  We are conserving water and building in safer places. 
•  By responding to climate change we can make the world a better place. 


