Assignments 2
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f(¢) — meridional energy transport
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Assignments 2

Question #2:
Qs(x)A(T) — I(T)+ F(T) =0

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

F(T)=C(T-T)

Assume: A(T) = o= 047 for T' < T snow
— 6 — ()77 for T > Tsnow
— atp for T' = Tsnow

Tsnow = —10°C
s(x) =1—0.241(3z% — 1)
A=2111Wm 2, and B =155 Wm ™ 2(°C)~!
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Simple energy balance
climate models

In equilibrium, SW LW
Qs(x)A(T) — I(T)+ F(T) =0

The snow line case - Question #2:
Let o = 0.43 . Keep A and B the same.
Determine (3 such that T remains unchanged;
Determine C for the above choice of & and (3 ;

Atmosphere

PALIpeS

Compute Q(xs);

Discuss any difference between these results and those
obtained for « = 0.4 , 8 = 0.7. In particular, how has

the global stability changed and why?

Surface
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SW LW

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

F(T)=C(T —-1T)
Hemisphere average:

T:/Td:v [:/Ida:'dF(I):(C/B
0 0 - e———

Radiation balance ___________ e

; 1

I/Q = / s(x)A(x)dx |
Unchanged | / 0 (@) Ale) Ja
8 = 0.699 = (8- a)(1.241z, — 0.24123) + o |
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SW LW

Atmosphere

Determine C using current climate:

o) 714
C
I(zs) = 1(0.95) = I(Tspow), get the value of —

B
c By - Ps(a)

B

l _ Isnow
Qo Qo
Qo =340 Wm™2, C = 3.23, 1HIRTEK3.34, CIHI5
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Then

IQ = /O 5(2) Az)dx
= (B—a)(1.241x, — 0.24123) + o

SW LW
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Surface
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Plot Q(xs), note the choice of @,

0.2+

0.1

=} 4X Redg=0.69801

ax0.40\Qelas0.69858

a=Q a3 bera=0.69915

a<0.4 ™ eeta=0.69972

a=0.2%eeta=07

" —— Default Q(xs)

—— Q(xs) with new parameters

« increases, 0 decreases

a increases, C' decreases

critical xsmoves equatorwards

the required variation of ()

to the unstable increases

3=0.38 beta=0.70057

3.95

Q(Xs)

1.2 1.25 1.3
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Simple energy balance ﬁ

climate mandoele

1_

The snow line case: 0.8

(1+ £)(A+ BTsnow) "

%I_(xs) T S(ajs)aTw |

Q(ajs) —

If C is nonzero, .

0.9~
0.8~

The destabilizing effect

0.7

of heat transport 06
x” 0.5
There is a minimum value 0.4}
of Q, below which the 0.3
climate will unstably 0.2
proceed to a snowl/ice 0.1 ,
covered earth. 8o '

| | |
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Qc/Qo Q/Q,
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