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An old saying….
“Climate is what you expect, weather is what you get”

 Climate is the average of weather.

 The (predicted) high temperature today, August 29th, is 65F

 The average high temperature is 79F.   This is calculated by taking the
average of several (usually 30) August 29th highs.

(T on Aug 29th, 1979) + (T on Aug 29th, 1980) + … +  (T on Aug29th, 2008))

30

Similar calculation for average rainfall, wind, humidity, etc.



Our weather is constantly changing.   Its part of a large
continuous motion called the “General Circulation”.



The ocean also plays a role in determining the global climate.
(and can effect regions in the Midwest!)



As does Sea Ice….



And the land surface

Amount of sunlight reflected

Web Movie



Measuring the climate is not easy!

 Should cover the whole planet from the bottom of the ocean to the top of
the atmosphere

 Need to measure many variables

 Must take measurements for decades.

We do not come close to meeting all these goals!



Atmospheric Radiation Measurement Program

See instruments
in tent outside
building 203!



The Argo Project: Measuring the global ocean



Satellites

Shortcomings:
-Only a few years
-2D pictures



Long records of climate come from a few
individual instruments.



To simulate the local climate…..must simulate the whole
climate system!   Over the entire earth!



Cover the Earth with a grid on boxes.
Each box has center point.



Calculate properties of atmosphere in each grid box

 Similarly for ice,
ocean and land



How many calculations?

 Millions of points!
– 1000’s of calculations at each point
– Calculations based on equations describing air motion, solar

radiation, clouds, heat transfer.

 Do all of the above over a million times to simulate a 100 years
of climate!
– Start with temperatures, winds, etc. taken from observations.
– Calculate all the changes that will occur over a single time
step, typically 20 minutes

– Apply the changes to the initial values.
– Repeat!

 1,000,000,000,000,000 calculations to simulate a year of climate!



Parallel computing.
give pieces of the grid to many computers



Output from models…..lots of numbers!
 223.362, 223.764, 224.1115, 224.5439, 224.5656, 223.9968, 223.7262,
   224.2046, 224.5399, 224.2258, 223.9569, 223.9783, 223.7589, 223.4754,
    223.6427, 223.7941, 223.4224, 223.054, 223.095, 223.156, 223.023,
    222.8659, 222.7837, 222.9756, 223.4682, 223.6496, 223.1233, 222.3855,
    221.9646, 221.8624, 221.926, 221.8928, 221.5121, 221.0303, 220.8322,
    220.7594, 220.4812, 220.0464, 219.6401, 219.3402, 219.2399, 219.4123,
    219.7477, 219.98, 219.9244, 219.7155, 219.6883, 220.0072, 220.5665,
    221.1325, 221.4808, 221.6149, 221.7957, 222.1266, 222.3447, 222.2338,
    221.9978, 222.0197, 222.285, 222.3004, 221.8621, 221.4616, 221.4126,
    221.3637, 221.2348,
  222.4258, 222.3933, 222.0668, 221.7442, 221.6565, 221.75, 222.0944,
    222.5789, 222.7387, 222.6366, 222.76, 222.9376, 222.7787, 222.5771,
    222.597, 222.5675, 222.5127, 222.8409, 223.4433, 223.7373, 223.5978,
    223.4629, 223.4375, 223.1232, 222.6187, 222.5662, 222.9093, 222.9972,
    222.8131, 222.6937, 222.5674, 222.4761, 222.64, 222.7861, 222.6722,
    222.6264, 222.7009, 222.5093, 222.1662, 222.1053, 222.2608, 222.3566,
    222.3959, 222.3752, 222.1551, 221.8345, 221.8091, 222.287, 222.9222,
    223.1581, 222.9421, 222.7378, 222.7128, 222.5144, 222.1462, 222.1838,
    222.6462, 222.7989, 222.5299, 222.5364, 222.9905, 223.5199, 224.132,
    224.797, 225.0561, 224.9347, 224.8888, 224.7442, 224.2887, 224.1973,
    224.7517, 225.0084, 224.5329, 224.0975, 223.9639, 223.6495, 223.3291,
    223.3239, 223.1608, 222.8089, 222.9991, 223.5091, 223.4892, 223.2126,
    223.3138, 223.5839, 223.8138, 223.9708, 223.5738, 222.6539, 222.1026,
    222.0918, 222.0135, 221.8427, 221.7665, 221.4879, 221.0019, 220.7099,
    220.5742, 220.3051, 219.9495, 219.6971, 219.6551, 219.8253, 220.019,
    220.1354, 220.3952, 220.8722, 221.2389, 221.3769, 221.6804, 222.3217,
    222.7814, 222.7207, 222.7165, 223.2403, 223.6748, 223.4009, 222.8786,
    222.7186, 222.8299, 222.9409, 222.8504, 222.3648, 221.7709, 221.6347,
    221.9239, 222.2339,
  223.2152, 222.5935, 222.129, 222.3194, 222.6984, 222.6143, 222.4422,
    222.6076, 222.667, 222.5498, 222.7474, 222.9903, 222.8018, 222.5513,
    222.5335, 222.5389, 222.6894, 223.1325, 223.4667, 223.4584, 223.404,
    223.484, 223.4701, 223.121, 222.7043, 222.7889, 223.2758, 223.4452,
    223.1173, 222.6967, 222.3905, 222.252, 222.303, 222.389, 222.5214,
    222.8272, 223.0195, 222.8271, 222.5279, 222.3775, 222.292, 222.2384,
    222.2085, 222.1112, 222.0363, 222.1912, 222.6017, 223.0785, 223.2849,
    222.9883, 222.4562, 222.2483, 222.4624, 222.6396, 222.5831, 222.6085,
    222.6952, 222.4516, 222.2378, 222.7917, 223.736, 224.2796, 224.6902,
    225.2656, 225.3688, 224.904, 224

Typically instruct the
model to write out the

average values of
100 variables at
each point every
simulated month



Understand output through visualization



Test climate models with 20th century simulation.



A simple experiment

100 year simulation:   CO2 = constant

100 year simulation:  CO2 increases

Output at each year.

Subtract output from the “increase” simulation from
the output at the same time from the “constant” simulation

Vis5d



Test our knowledge by applying different models to the
same problem



Challenge:   Resolving regional climate changes
 The Central U.S. (Ohio, Illinois, Indiana, West Virginia) experienced

their coolest July ever in 115 years of records.   Wisconsin and
Michigan had second coolest.
– Arizona had 3rd warmest, New Mexico and Washington had 9th

warmest
– Southern Texas has had extreme or exceptional drought for weeks.

 Globally, July 2009 was the 5th warmest on record.
– Global surface ocean temperatures

were warmest on record.
Broke record set in 1998.

– Land temperatures were 9th warmest.



Regional climate needs more points!

 Requires more computer power (See BlueGene/P)

 Outputs more data (Petabytes).  A huge visualization challenge!

 Early attempts are promising.


