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• Landmasses

• Oceans

• Ice sheets and polar caps



The climate system consists 
of the atmosphere, 
cryosphere, land, and 
oceans, each of which can be 
characterized by a set of 
state variables. Climate 
change is said to occur when 
a forcing generates an 
intercomponent flux of 
energy, mass, or momentum 
that inflicts prolonged 
changes to one or more state 
variables. The forcing may 
originate from within the 
climate system itself or from 
a source such as solar, 
volcanic, or human activity. 
(Adapted from ref. 4 .)
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The Climate System
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• Latitude
• Elevation
• Topography
• Reflectivity
• Land use

Forests have an albedo (reflectivity) of 10-15% 
while grasslands have an albedo of 15-20%.
In comparison, sandy deserts have an albedo of 

25-40%.



Simulations of atmospheric conditions over 
a 7000 km2 swath of the US Great Plains on 
15 May 1991 demonstrate the intimate link 
between the landscape and weather 
patterns. (a) A simulation of the terrain in 
its actual state—covered with a mix of 
shortgrass, farmland, and brush—predicts 
the formation of rain-generating 
cumulonimbus clouds. (That model 
prediction bore out in real life.) The dryline 
marks the boundary between the moist 
eastern air (green) and the dry desert air 
(brown) to the west. (b) In an alternate 
scenario where the land is covered entirely 
by dry shortgrass, towering cumulus clouds 
form but no storms develop. (Courtesy of 
Conrad Ziegler, NOAA.)
Citation: Phys. Today 69, 11, 40 (2016)



Earth’s natural landscape has been 
increasingly converted to cropland 
and pasture over the past 500 
years. The color key gives the local 
relative fraction of land converted 
to agricultural use. The analysis 
techniques used to create the map 
continue to undergo refinement. 
For example, in Australia too much 
landscape is shown as pasture. 
(Adapted from ref. 5 .)
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The urban heat-
island effect, driven 

largely by the replacement 
of forests with roads and 
buildings, gives rise to 
temperatures in London 
that are as much as 6 °C 
warmer than those in the 
surrounding open country. 
Shown here are the low 
temperatures on a typical 
day in May. (Adapted from 
ref. 18 .)
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Figure 1: Atmospheric CO2 levels measured at Mauna Loa, Hawaii (NOAA) 

and Stratospheric Aerosol Optical Thickness at 50nm (NASA GISS).

The Mount Pinatubo eruption emitted 42 million tonnes of CO2 (Gerlach et 

al 1996). Compare this to human emissions in 1991: 23 billion tonnes

of CO2 (CDIAC). The strongest eruption over the last half-century 

amounted to 0.2% of human CO2 emissions in that year.

https://www.skepticalscience.com/volcanoes-and-global-warming-intermediate.htm

http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://data.giss.nasa.gov/modelforce/strataer/
http://vulcan.wr.usgs.gov/Projects/Emissions/Reports/Pinatubo/pinatubo_abs.html
http://cdiac.ornl.gov/trends/emis/overview_2006.html








The global ocean overturning circulation, shown here in a simplified illustration, distributes heat 
through the oceans. In the Atlantic Ocean, the circulation carries warm water (red arrows) 
northward near the surface and cold deep water (blue arrows) southward. Credit: NASA/JPL

Read more at: http://phys.org/news/2016-06-ocean-circulation-implicated-abrupt-climate.html#jCp

http://phys.org/news/2016-06-ocean-circulation-implicated-abrupt-climate.html#jCp


…so you want to measure the temp of the 
surface of the planet? how to do 
this? Oceans dominate, are more 
homogeneous, somewhat mixed 
(equilibrated), high specific heat, etc. 

So use
old bucket data,
ship intake data,
newer buoy data,
add satellite data,

and then Argo data.....



Advanced very-high-resolution 

radiometer



http://www.ospo.noaa.gov/Products/ocean/sst/anomaly/anim_2mw.html

http://www.ospo.noaa.gov/Products/ocean/sst/anomaly/anim_2mw.html


Argo float network for ocean temperature 
monitoring







Figure 1 - The CMIP5 multi-model mean ocean heat content change from 1865 to 2015 expressed as a 
percentage for 3 ocean depth layers. The gray bars indicate the 1-standard deviation uncertainty and 
the black triangles along the bottom denote simulated large volcanic eruptions (which disperse light-
scattering sulfate particles). Gray triangles show the many unsimulated small & moderate volcanic 
eruptions after 2000. Image from Gleckler et al (2016).

https://skepticalsci
ence.com/Industri
al-era-ocean-heat-
uptake-has-
doubled-since-
1997.html

Ocean heat content
-modeled

https://skepticalscience.com/Industrial-era-ocean-heat-uptake-has-doubled-since-1997.html
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Industrial 
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Estimated change in sea water pH caused by human created CO2 between the 

1700s and the 1990s, from the Global Ocean Data Analysis Project(GLODAP) 

and the World Ocean Atlas

https://en.wikipedia.org/wiki/PH
https://en.wikipedia.org/wiki/Global_Ocean_Data_Analysis_Project
https://en.wikipedia.org/wiki/World_Ocean_Atlas




Greenland calving fronts





Mountain glaciers



https://www.epa.gov/climate-indicators/climate-change-indicators-glaciers

https://www.epa.gov/climate-indicators/climate-change-indicators-glaciers




Sample from the Taylor Dome core in Antarctica. The depths are indicated, and scale is shown.
Credit: Alley, R.B. and J.J. Fitzpatrick. Conditions for bubble elongation in cold ice-sheet ice. Journal of Glaciology 45(149), 147-154 
(1999).
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Dwindling Artic Sea Ice



In November 2016, Arctic sea ice 
extent averaged 9.08 million square 
kilometers (3.51 million square 
miles). This is 800,000 square 
kilometers (309,000 square miles) 
below the previous record low in 
November 2006 – about the size of 
France and the United Kingdom 
combined.




