A Two-Box Climate Model: EPcm
Environmental Physics 2007-2008
Model documentation –v2
(February 2008)

http://www.sp.ph.ic.ac.uk/~arnaud/EP_ClimateModel.html

Motivation
The following is a simple Two-Box Climate model, designed for pedagogical purposes. It aims at predicting the time dependent response of Tropical and Extra-Tropical surface temperatures to a given time-dependent change in atmospheric greenhouse gas concentration. The model includes a representation of atmospheric and oceanic heat transport and storage, and a single positive feedback: the water vapour feedback.  The model is coded with MATLAB (see http://www.sp.ph.ic.ac.uk/~arnaud/EP_ClimateModel for download)
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Version 2 improvements
-Time dependent atmospheric CO2 concentration

-New parameterization of atmospheric circulation strength 

-New graphics

-Boolean variable for Water Vapour Feedback turned on/off

Model variables
Average atmospheric temperature (whole column of air)
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 is surface pressure.
Average oceanic temperature (upper ocean)

[image: image3.wmf]ò

-

º

0

1

o

h

o

o

Tdz

h

T

   in which 
[image: image4.wmf]m

h

o

500

»

is the warm layer (“thermocline”) thickness.
Surface temperature (assumed to be ocean)
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measures a fixed (vertical) oceanic temperature gradient
Atmospheric and oceanic heat transport
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measures the strength of the circulation and 
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is the temperature difference between Tropics (Eq-30N) and Extra-Tropics (30N-90N).
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Model Equations
Top of the atmosphere radiative fluxes (Box 1&2) 
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Surface fluxes (vertical convection parameterization)
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Atmospheric circulation strength (diffusive parameterization)
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Heat transports (Ocean & Atmosphere)
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Energy conservation for Atmosphere (Box 1&2)
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Energy conservation for Ocean  (Box 1&2)
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Surface temperature (Box 1&2)
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Control Climate parameter values
Ocean:
Thickness of thermocline layer
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Vertical temperature gradient
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Atmosphere:
Relative humidity (Box 1&2) 
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Effective heat capacity 
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Critical vertical temperature gradient
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Circulation strength parameter
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Emissivity parameter for water vapour 
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Emissivity parameter for carbon dioxyde 




[image: image50.wmf]3

10

5

.

1

-

´

=

b


Carbon concentration 
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Ocean / Atmosphere coupling:
Ratio of mass transport
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Solar input:
Emission temperature (Box 1) 
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Emission temperature (Box 2) 
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Fudge factor

Large number for convective parameterizations 
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Control Climate results
Surface temperature of Tropics
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Surface temperature of Extra-Tropics
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Global surface temperature
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Atmospheric circulation strength
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Atmospheric heat transport
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Oceanic heat transport
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Total Heat transport  
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2XCO2 Experiment minus Control
Surface temperature of Tropics
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Surface temperature of Extra-Tropics



 
[image: image64.wmf]K

T

S

38

.

2

2

=

D


Global surface temperature
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Atmospheric circulation strength
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Atmospheric heat transport
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Oceanic heat transport
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Total Heat transport  
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2XCO2 Experiment minus Control (no water vapour feedback)
Surface temperature of Tropics
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Surface temperature of Extra-Tropics
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Global surface temperature
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Atmospheric circulation strength
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Atmospheric heat transport
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Oceanic heat transport
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Total Heat transport  
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Implied water vapour feedback
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MATLAB code

Generalities

The Two-Box climate model is modular. The main program is TwoBox_Main.m. In it, you decide the length of integration and the model forcing (emission temperatures 
[image: image78.wmf]2

1

,

E

E

T

T

; CO2 concentration). The other important routine is TwoBox_Param.m in which you set the value of the model parameters. These are the two main routines you are likely to change when playing with the model. Some experiments are already stored on the website and can be used to initialize the model (MATLAB binary files):

(i) Output_CTRLv2.mat (the model control simulation as described in this document)
(ii) Outputv2_2XCO2step_nonoise.mat: a 300-yr long integration starting from the control state with a step increase of CO2  to 560ppm.
(iii) Outputv2_2XCO2ramp25yr_nonoise.mat: a 300-yr long integration starting from the control state with a slow increase of CO2 up to 560ppm.

(iv) Outputv2_2XCO2step_nonoise_nowavafdk.mat: same as (ii) but with the water vapour feedback artificially removed.

(v) Outputv2_2XCO2ramp25yr_nonoise_nowavafdk.mat: same as (iii) but with the water vapour feedback artificially removed.
Model Architecture:
TwoBox_Main.m

          TwoBox_Param.m

set model parameters

          TwoBox_Init.m

initial conditions before time integration (default is CTRL run)

          TwoBox_Run.m 

time-loop over Nt timesteps

                calc_EPSA.m

compute emissivities

                calc_Psi.m 

compute strength of atmospheric & oceanic circulations

       calc_Fs.m

compute net surface heat flux

                 calc_Ft.m 

compute net TOA radiative flux


        calc_Fa.m

compute Atmospheric heat transport

                 calc_Fo.m

compute Oceanic heat transport

          TwoBox_Diagnos.m
a few diagnostics (global average, etc)
          TwoBox_Plots.m

displays model outputs

          TwoBox_Save.m                   store model outputs in MATLAB binary file

Running the model
Just decide the length of integration and the CO2 forcing in TwoBox_Main.m and then type 

>> TwoBox_Main

on the MATLAB window. Enjoy!
� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





Atmosphere





Ocean








Tropics





 Extra


Tropics





� EMBED Equation.3  ���





� EMBED Equation.3  ���











[image: image79.wmf]1

O

T

[image: image80.wmf]2

O

T

[image: image81.wmf]1

A

T

[image: image82.wmf]2

A

T

[image: image83.wmf]1

S

T

[image: image84.wmf]2

S

T

[image: image85.wmf]A

H

[image: image86.wmf]O

H

[image: image87.wmf]1

S

T

[image: image88.wmf]2

S

T

[image: image89.wmf]1

A

T

[image: image90.wmf]2

A

T

[image: image91.wmf]1

O

T

[image: image92.wmf]2

O

T

[image: image93.wmf]A

H

[image: image94.wmf]O

H

_1231253266.unknown

_1231501449.unknown

_1231659437.unknown

_1263899568.unknown

_1263899765.unknown

_1263899783.unknown

_1263899817.unknown

_1263899596.unknown

_1263899391.unknown

_1263899439.unknown

_1263899375.unknown

_1231501743.unknown

_1231502250.unknown

_1231502447.unknown

_1231502625.unknown

_1231502350.unknown

_1231502183.unknown

_1231502234.unknown

_1231502199.unknown

_1231502133.unknown

_1231501680.unknown

_1231501710.unknown

_1231501659.unknown

_1231499449.unknown

_1231499722.unknown

_1231501068.unknown

_1231501104.unknown

_1231501425.unknown

_1231501259.unknown

_1231501088.unknown

_1231499785.unknown

_1231500994.unknown

_1231501042.unknown

_1231501003.unknown

_1231500967.unknown

_1231499748.unknown

_1231499544.unknown

_1231499638.unknown

_1231499524.unknown

_1231253543.unknown

_1231253690.unknown

_1231253708.unknown

_1231253553.unknown

_1231253357.unknown

_1231253425.unknown

_1231253529.unknown

_1231253367.unknown

_1231253315.unknown

_1231251678.unknown

_1231252808.unknown

_1231253039.unknown

_1231253169.unknown

_1231253187.unknown

_1231253141.unknown

_1231252847.unknown

_1231252288.unknown

_1231252403.unknown

_1231252412.unknown

_1231252780.unknown

_1231252332.unknown

_1231252035.unknown

_1231252273.unknown

_1231251846.unknown

_1231251916.unknown

_1231251760.unknown

_1231243674.unknown

_1231248125.unknown

_1231251425.unknown

_1231251498.unknown

_1231248284.unknown

_1231247442.unknown

_1231247452.unknown

_1231245095.unknown

_1231245340.unknown

_1231245580.unknown

_1231245301.unknown

_1231244328.unknown

_1231241714.unknown

_1231243586.unknown

_1231243617.unknown

_1231243414.unknown

_1231243496.unknown

_1228374611.unknown

_1228374643.unknown

_1228373496.unknown

