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Today 

• Climate vs. weather 
• Greenhouse effect 
• Earth’s climate history 



First some basic facts 
•  Greenhouse gases are those that transmit solar 

radiation and absorb infrared radiation 
–  H2O, CO2, N2O, CH4, and more complex molecules 

•  Some are naturally occurring like water vapor 
and others are produced in human processes 
–  Humans have increased the concentration of CO2 by 

more than 40% since the industrial revolution 
–  We can measure this directly over the planet 
–  Proof that warming comes from human activities is 

indirect. I will try and show you the evidence. 



Climate vs. Weather 
Welcome to the anthropocene! 

 

Can we adapt fast enough? 

“The atmosphere is a global commons.”  
Kevin Trenberth, NCAR, Boulder, CO 





Troposphere (where weather develops) 



2. Climate or Weather 

Climate vs. Weather 
Atmospheric dynamics and 

circulation, perspective 



Latitudinal structure of the Tropopause 



Weather vs. Climate 
what’s the difference? 

• If you don’t like the weather: 
–  Wait five minutes! 

• If you don’t like the climate: 
–   Move! 



“Climate is 
what you expect; 
 

www.extremeinstability.com 

weather is 
what you get.” 
 
—Robert Heinlein, 
 1973 in  
  Time Enough for Love   
 
Mark Twain collected amusing 
student responses, one of 
which was 
“Climate lasts all the time and 
weather only a few days.” 



Location!   Location!   Location! 

•  Depends on where you live: 
– Latitude! 
– Altitude (mountains vs valley) 
– What’s upwind (ocean vs land) 

•  Changes very slowly (wrt human timescales) 

•  Very predictable 

•  We can predict that Miami is warmer than 
Minneapolis for precisely the same reasons 
that we can predict a warmer future! 

 

Climate is Place 



Time scales: weather 
or climate? 

•  Weather: days to years 
–  Driven by initial conditions  

•  weather predictions – 10 days 
–  Macro-weather is years (almanac?) 

•  El Niño Southern Oscillation 
•  North Atlantic Oscillation 

•  Climate: 10s of years and beyond (to billions) 
–  It takes decadal (or longer) data sets to establish climate 

trending. 
–  We now have ~50 years of direct measurements 

• We use proxies for longer time scales 
–  Paleo-climate data going back almost a million years 



Climate or Weather 

What Weather Means:  
•  Weather is basically atmospheric behavior.  
•  Weather is temperature, humidity, precipitation, cloudiness, 

brightness, visibility, wind, and atmospheric pressure, as in high and 
low pressure.  

•  Weather predictions few days ahead 

What Climate Means: 
•  Climate is the long-term (usually 30 years) average weather for a 

particular region.  

http://www.nasa.gov/mission_pages/noaa-n/climate/climate_weather.html  

Long periodic oscillations in the ocean such as the  
El Niño Southern Oscillation are thought of as  

climatic oscillations that affect weather patterns worldwide. 



Natural cycles: beware of short time scale thinking 



Different temperature records 
• Lower atmosphere 

–  line of sight satellite through troposphere and 
stratosphere 

• Global average: land and sea surface 
temperatures (NOAA and NASA agree) 
– global temp =      

 0.708 x ocean temp + 0.292 x land temp 

• Ave. global land temp (reanalyzed) 
– e.g. Berkeley group 



Correct for 
“heat 
island” 
effects 



Global surface temperatures 
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Figure SPM.1 |  (a) Observed global mean combined land and ocean surface temperature anomalies, from 1850 to 2012 from three data sets. Top panel: 
annual mean values. Bottom panel: decadal mean values including the estimate of uncertainty for one dataset (black). Anomalies are relative to the mean 
of 1961−1990. (b) Map of the observed surface temperature change from 1901 to 2012 derived from temperature trends determined by linear regression 
from one dataset (orange line in panel a). Trends have been calculated where data availability permits a robust estimate (i.e., only for grid boxes with 
greater than 70% complete records and more than 20% data availability in the first and last 10% of the time period). Other areas are white. Grid boxes 
where the trend is significant at the 10% level are indicated by a + sign. For a listing of the datasets and further technical details see the Technical Summary 
Supplementary Material. {Figures 2.19–2.21; Figure TS.2}
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How do we know aerosols were responsible after WW2? 
We see the aerosol particles in the Artic ice layers! 
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Natural cycles: El Niño and La Niñas 
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Heat goes back and forth from the ocean to the atmosphere. 



Land temp is rising faster 

 
Fig. 6. 12-month, 60-month and 132-month running means of global surface temperature. 

 Global SSTs (blue line in Fig. 7) are now near the level reached at the peak of the 1998 “El Niño of 
the century.”  Land temperature (gold line) is now consistently 1.0°C or more warmer than in 1951-1980. 

 It is of interest to know whether global warming will become more apparent in the near-term.  It is 
notable that the record global warmth of 2014 was achieved in a year in which the tropical Pacific Ocean 
surface temperatures were in a nearly ENSO (El Niño Southern Oscillation) neutral or very weak El Niño 
state (Fig. 1).  There is a high correlation of global temperature with the Niño index, global temperature 
lagging the Niño index by a few months (Fig. 1).  Thus it is expected, as a consequence of the slightly 
elevated Niño index, that the 12-month running mean global temperature will continue to rise in the next 
few months to its highest level in the record, even if the recent weak El Niño continues to fade away. 

 
Fig. 7. Monthly and 12-month running means temperatures and Niño index. 
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Recent year to year variations 

Appendix 
Table 1.  Rankings of annual global temperature in the GISTEMPS analysis. 

2014 0.68 (0.675) Statistical Tie 1-3 

2010 0.66 (0.661) Tie 1-3 

2005 0.65 (0.651) Tie 1-3 

2007  0.62 (0.619) Tie 4-10 

1998 0.61 (0.607) Tie 4-10 

2002 0.60 (0.603) Tie 4-10 

2013 0.60 (0.596) Tie 4-10 

2009 0.59 (0.589) Tie 4-10 

2003 0.59 (0.589) Tie 4-10 

2006 0.59 (0.587) Tie 4-10 

 

 
Fig. 9.  Expanded recent temperatures to clarify year-to-year changes. 
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Reanalysis by “Berkeley Earth” 
Tavg fit by function f( Ln(CO2) - 1.5 x mVS (Tg)) 

mVS = Mass of Volcanic Sulfates in Terragrams 



Me 

Measuring atmospheric temperatures from 
space is a tricky and controversial business. 



Weather! 



Too much water 

Trends in number of reported natural disasters 
World meteorological organization:  

 http://www.itu.int/net/newsroom/wrc/2012/features/natural_disasters.aspx  
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Hurricanes  
(and other tropical storms) 

•  Hurricanes could be slightly stronger now 
•  Climate model predictions have now converged  
• Warmer air 

–  More energy for hurricanes to tap into 
–  But vertical wind shear increases making it harder for 

hurricanes to form 
–  net is only a few % increase in intensity and a 

decrease (by as much as 25%) in number of storms 
by the end of the century 

Bender et al, 2010: http://www.aoml.noaa.gov/hrd/Landsea/gw_hurricanes/  



Bender et al, 2010: http://www.aoml.noaa.gov/hrd/Landsea/gw_hurricanes/  
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