
MIT OpenCourseWare 
http://ocw.mit.edu

15.023J / 12.848J / ESD.128J Global Climate Change: Economics, Science, and Policy
Spring 2008

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms. 

http://ocw.mit.edu
http://ocw.mit.edu/terms


15.023 - 12.848 - 12.308 - ESD.128 

GLOBAL CLIMATE CHANGE : ECONOMICS, SCIENCE, AND POLICY 

THE CLIMATE MACHINE II :

Greenhouse Gas Exchange Rates and 


Dynamics of the Atmosphere and Oceans


R. PRINN, February 25, 2008


1. 	Multiple greenhouse gases and 
their exchange rate 

2. Horizontal Circulations 
3. Vertical Circulations 
4. Ocean-atmosphere Coupling 
5. Fundamental Equations


& Model Integration

6. Accuracy of Coupled Models 



WHAT ARE THE MAJOR HUMAN & NATURAL ACTIVITIES FORCING 

CLIMATE CHANGE IN THE INDUSTRIAL ERA (1750-2005)?


1.6 W m-2 x 5.1 x 1014 m2 = 8.16 x 1014 W = 816 TW (about 
52 times current global energy consumption)! 

Ref: adapted from IPCC 4th Assessment, Summary for Policymakers, Feb. 2, 2007




THE KYOTO

PROTOCOL 

REGULATES 


EMISSIONS OF

CARBON DIOXIDE

AND FIVE OTHER


GREENHOUSE GAS

CATEGORIES




THE KYOTO
PROTOCOL HAS

ADOPTED GLOBAL
WARMING

POTENTIALS TO
DEFINE THE 

“EXCHANGE RATES”
BETWEEN GASES

FOR EMISSION
REDUCTION
PURPOSES

HOW CAN WE 
COMPARE 
EMISSION 

REDUCTIONS OF 
NON-CO2 GASES 

TO CO2 FOR 
POLICY  

PURPOSES?



KYOTO PROTOCOL
ADOPTS A 
100-YEAR 

TIME 
HORIZON

GWP’s VERY 
DEPENDENT

ON THE GAS’s
INSTANTANEOUS

RADIATIVE 
FORCING,LIFETIME

& CHOSEN
TIME HORIZON

IS THIS
SCIENTIFICALLY

JUSTIFIABLE?
(e.g. methane)



THE ATMOSPHERE AND OCEAN ARE 
CIRCULATING FLUIDS WHICH CAN 


TRANSPORT HEAT, MOMENTUM, MASS, 

GREENHOUSE GASES AND PARTICLES 

(cloud droplets, ice crystals, aerosols) 


OVER GREAT DISTANCES.


THE DYNAMICS OF THESE FLUIDS 

AND THE EXCHANGES BETWEEN THEM


PLAY A MAJOR ROLE IN CLIMATE.




WHAT ARE THE 
HORIZONTAL 
CIRCULATIONS? 

ATMOSPHERE 
(lines are height (m) 

of 1 bar surface) 

Images removed due to copyright restrictions. See Figure 
7.1a and Figure 8.1 in: 

Peixoto, Jose, and Abraham Oort. Physics of Climate. New 
York, NY: Springer, 1992. ISBN: 9780883187128. 

OCEAN 



WHAT ARE THE
VERTICAL
CIRCULATIONS?

ATMOSPHERE

OCEAN

Figure by MIT OpenCourseWare.

Deep Atlantic circulation; water filling the North Atlantic basin comes from sources in the high-latitude North Atlantic, the Southern
Ocean near Antarctica, and (at shallower depths) the Mediterranean Sea. (Adapted from E. Berner and R. Berner, Global Environment

[Englewood Cliffs, N.J.   Prentice -Hall, 1996].)
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Images removed due to copyright restrictions. See Figure 
10.2 in:

Peixoto, Jose, and Abraham Oort. Physics of Climate. New 
York, NY: Springer, 1992. ISBN: 9780883187128.



DEEP OCEAN OVERTURNING (THERMOHALINE) CIRCULATION

THIS IS NOT 
THE GULF STREAM!

COMPRISES SINKING 
WATER IN THE POLAR

SEAS (Norwegian, 
Greenland, Labrador,

Weddell, Ross) AND
RISING WATER

ELSEWHERE

VERY IMPORTANT
AS A HEAT AND

CARBON DIOXIDE
SINK

SLOWED BY DECREASED
SEA ICE & INCREASED
FRESH WATER INPUTS

INTO THESE SEAS

INCREASED RAINFALL,
SNOWFALL & RIVER

FLOWS, & DECREASED
SEA ICE, EXPECTED WITH 

GLOBAL WARMING!
Courtesy of Arnold L. Gordon. Used with permission.



COOLING

WARMING

COOLING

AS A RESULT 
OF THESE 
CIRCULATIONS, 
WHERE DOES 
RADIANT 
HEAT ENTER 
AND LEAVE 

THE EARTH? 

USE SATELLITES TO

MEASURE DIFFERENCE


(IN WATT/M2) 
BETWEEN INCOMING 
SOLAR & OUTGOING 

INFRARED RADIATION


RADIANT HEATING OR COOLING AND

INFERRED HORIZONTAL HEAT TRANSPORT
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Net radiation (SW absorbed - LW emitted to space) for December-February,
adapted from Hartmann et al., (1986). 

Figure by MIT OpenCourseWare. 



Fundamental Equations

Models of the earth’s climate are based on laws of physics: 

• Conservation of energy (sensible (temp.), latent (evap./cond.), radiation) 

• Conservation of momentum (north-south,east-west,up-down) 

• Conservation of mass 

• Equation of state (relates pressure, density and temperature) 

• Conservation of chemical elements 

Express the changes in the variables by “budget” or “continuity” 
equations: 
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The local change 
(rate of accumulation) 

of ( ) in the box 

Actual production 
or destruction of ( ) 

within the box 

Change in ( ) due to loss to downstream 
boxes or arrival of ( ) from an upstream 
box (called advection or convection) 



COUPLING OF 
GENERAL 

CIRCULATION 
MODELS (GCM’s) 
OF THE OCEAN 
& ATMOSPHERE 

Atmospheric GCM 

Ocean-atmosphere coupling 

Coupling 
interface 

Ocean GCM 

{ 
{ 

{ 
u, v, w 
T, � 
H2O (g, l, s) 
GHGs 
Aerosols 

u, v, w 
T, Salinity 
Sea ice 

u, v, w = east-west, north-south, up-down winds/currents 
T = temperature 
� = density 
P-E = precipitation minus evaporation 
SST = sea-surface temperature 
GHG = greenhouse gas 

Wind stress, P-E, 
net heat flux 

SST and sea ice 
distribution 

Grid interpolations, Units conversions, Time 
averaging (e.g. one day), Flux corrections (if any) 

Sea ice 
model 

Figure by MIT OpenCourseWare. 



AN EXAMPLE: OCEAN CIRCULATION MODEL 

(CGCS CLIMATE MODELLING INITIATIVE)


CURRENTS AT 15 METERS DEPTH USES NOVEL CUBED SPHERE GRID 



PROBLEMS 

WITH 


CONVECTION

& CLOUDS


ERRORS CAN 

EXCEED 

4MM/DAY


(1.5M/YEAR)!


Courtesy of the Intergovernmental Panel on Climate Change. Used with permission. 

(precipitation in mm/day)




PROBLEMS IN 

COUPLING 


(Flux 

adjustments)


WITHOUT THESE

ADJUSTMENTS


CAN HAVE

REGIONAL


TEMPERATURE 
ERRORS 

EXCEEDING 16oC! 

CORRECTED 

UNCORRECTED 
Courtesy of the Intergovernmental Panel on Climate Change. Used with permission. 

(temperatures in degrees Kelvin) 



Ref: IPCC 4th Assessment, Chapter 8, 2007


Courtesy of the Intergovernmental Panel on Climate Change. Used with permission. 

HAVE MODELS IMPROVED OVER THE PAST SIX YEARS? 


	 THE ATMOSPHERE AND OCEAN ARE CIRCULATING FLUIDS WHICH CAN TRANSPORT HEAT, MOMENTUM, MASS, GREENHOUSE GASES AND PARTICLES (cl
	 Fundamental Equations



