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What about  s(y) , the relative insolation function?

where  β = obliquity.  (Current value is about 23.5°.)
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What about  α(y) , the albedo function?

α = α1 = 0.32  (water and land)
α = α2 = 0.62  (ice)

Suppose that there is a single ice boundary at latitude arcsin(η)Suppose that there is a single ice boundary at latitude  arcsin(η).
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The standard

Ridiculous solution
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Additional assumption: At equilibrium, the average temperature across the 
ice  boundary is Tc = -10 °C 

         0 2 2 1 0
1 1 0c

Q C A
h s s y dy T

B C B B


                 

‐10

‐8

‐6

‐4

‐2

0

2

4

6

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

h
(η
)

η

actual

North

zero

Energy Balance Models

Budyko-Sellers Model

        1 ,
T

R Qs y y A BT C T T
t

 
     



20

30

Equilibrium solutions:

-50

-40

-30

-20

-10

0

10

0.0 0.2 0.4 0.6 0.8 1.0

te
m

p
e

ra
tu

re
 (º

C
)

sin(latitude)

ice free snowball small cap big cap

Equilibrium solutions:

small cap 

large cap

ice free

snowball

Energy Balance Models

Budyko-Sellers Model

        1 ,
T

R Qs y y A BT C T T
t

 
     



Widiasih’s Ice Line Dynamics

What about stability?  
Is there a dynamical process that picks out the appropriate ice line?
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Budyko-Widiasih Model

Widiasih’s Theorem:  For an appropriate function space  E and for 
sufficiently small  ε , the system has an attracting invariant curve.  On the 
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Idea:  First the temperature approaches its 
equilibrium, then the ice line adjusts.

Recall from last time:  an equilibrium solution:

       1
1 , ,T y Qs y y A CT

B C      


         2 2 1 0

1
1 , .T Q A s y dy

B



              
where

          0

1 1
1

2
T T T Qs y A CT

B C                


    *
c

d
T T h

dt 
      so

Energy Balance Models

Budyko-Widiasih Model

 d
h

dt

  

10

20

30

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
-60

-50

-40

-30

-20

-10

0

sine(latitude)

°C

Energy Balance Models

Budyko-Widiasih Model

         0 2 2 1 0
1 1 c

d Q C A
h s s y dy T

dt B C B B

                       


What about the greenhouse effect?

A+BT is the outgoing long wave radiation.  This term 
decreases if the greenhouse gases increase.

We view  A as a parameter. 
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What if  A is a dynamical variable?

Simple equation:
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New system:
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Augmented Budyko-Widiasih Model
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Augmented Budyko-Widiasih Model
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What about the Jormungand model?
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What about the Jormungand model?
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What about the Jormungand model?
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What about the Jormungand model?
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Lots to Ponder


