
A = 211.1Wm�2, and B = 1.55Wm�2(oC)�1

s(x) = 1� 0.241(3x2 � 1)
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动⼒力力输送

In equilibrium,

Qs(x)A(T )� I(T ) + F (T ) = 0

The snow line case: infrared cooling I = A+BT

F (T ) = C(T̄ � T )

A(T ) = ↵ = 0.4, for T < Tsnow

= � = 0.7, for T > Tsnow

= ↵+�
2 , for T = Tsnow

Tsnow = �10oC

Assume:

Assignments 2



! Let                  . Keep A and B the same. 
! Determine     such that     remains unchanged for 

current climate (x_s and Q_o); 
! Determine C for the above choice of      and     ; 
! Compute Q(xs); 
! Discuss any difference between these results and 

those obtained for                               . In particular, 
how has the global stability changed and why? 

↵
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In equilibrium,

Qs(x)A(T )� I(T ) + F (T ) = 0

The snow line case - HOMEWORK#2:

↵ = 0.45

� T̄

↵ = 0.4 , � = 0.7

�



Determine the value of �

� = 0.698
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In equilibrium,

Qs(x)A(T )� I(T ) + F (T ) = 0

The snow line case: infrared cooling I = A+BT

F (T ) = C(T̄ � T )

T̄ =

Z 1

0
Tdx Ī =

Z 1

0
Idx F (I) = (C/B)(Ī � I)

Hemisphere average:

Ī/Q =

Z 1

0
s(x)A(x)dx

= (� � ↵)(1.241xs � 0.241x3
s) + ↵

Radiation balance

Unchanged



I/Q =
C
B Ī/Q+ s(x)A(x, xs)

1 + C
B

Determine the value of C

Qo = 340Wm�2, C = 3.16
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In equilibrium,

Qs(x)A(T )� I(T ) + F (T ) = 0

The snow line case:

I(xs) = I(0.95) = I(Tsnow), get the value of
C

B

Determine C using current climate:

C

B
=

Isnow
Qo

� ↵+�
2 s(xs)

Ī
Qo

� Isnow
Qo

相较于原来3.34，减弱



I/Q =
C
B Ī/Q+ s(x)A(x, xs)

1 + C
B

Q(xs) =
(1 + C

B )(A+BTsnow)
C
B Ī/Q+ s(xs)

↵+�
2

Determine the value of C

5授课教师：张洋

Atmosphere

Surface

SW LW

动⼒力力输送

In equilibrium,

Qs(x)A(T )� I(T ) + F (T ) = 0

The snow line case:

Then

Ī/Q =

Z 1

0
s(x)A(x)dx

= (� � ↵)(1.241xs � 0.241x3
s) + ↵



Plot Q(xs), note the choice of Qo

6

↵ increases, � decreases

↵ increases, C decreases

the required variation of Q

to the unstable increases

System becomes more stable !
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I = Qo ⇤ i(x)
i(x) = ioPo(x) + i2P2(x) io = 0.687, i2 = �0.165

Z 1

�1
Qo s(x)(1� �)dx�

Z 1

�1
Idx = 0

� = 0.313

Qo s(x)(1� �)� I =
1

2⇥a2cos⇤

⌅

⌅⇤
f

f = 2⇥a2
Z 1

x
[Qo s(x)(1� �)� I]dx

f = 0.16�a2Qo(sin⇥� sin3⇥) + C



Qo · s(x) · (1� ↵)� I + F = 0

Qos(x)(1� ↵)� I = Frad =
1

2⇡a2 cos�

@

@�
f(�)
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F - 经向能量量输送的辐合辐散

or

能量量平衡满⾜足：

f(�) � meridional energy transport

by atmosphere and oceans



2⇡a2
Z 1

�1
[Qos(x)(1� ↵)� I]dx = 0
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全球积分的⻓长波和短波能量量应该相等：
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