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Therefore, the mean temperature is a factor F = 0.4
p

2 ⇡ 0.566 lower than 288 K as stated at (3) and would be T = 163 K.5

The standard EBM in Fig. 1 has imprinted into our thoughts and lectures. We should therefore be careful and pinpoint the

reasons for the failure. What happens here is that the heat capacity of the Earth is neglected and there is a strong non-linearity

of the outgoing radiation.

3 The heat capacity and fast rotating body

The energy balance reads if take the heat capacity into account:10

Cp @tT = (1 � ↵)S · cos' · cos⇥ �✏�T
4 for � ⇡/2 < ⇥ < ⇡/2

= �✏�T
4 elesewhere (9)

with Cp representing the heat capacity multiplied with the depth of the atmosphere-ocean layer (Cp is in the order of 107 �

108JK
�1

m
�2). To simplify (9), the energy balance is integrated over the longitude and day, T̃ = 1

2⇡

2⇡R

0
T d⇥ . If we consider

the zonal mean and averaged over the diurnal cycle, we can assume that the heat capacity is mainly given by the atmosphere15

and the uppermost ocean and soil. Observational evidence is that the diurnal variation of the ocean surface is in the order of

0.5-3 K with highest values at favorable conditions of high insolation and low winds (Stommel, 1969; Anderson et al., 1996;

Kawai and Kawamura, 2002; Stuart-Menteth, et al. 2003; Ward, 2006). Therefore, we assume that the variation due to the

diurnal cycle is weak:

Cp @t T̃ = (1 � ↵)S cos' · 1

2⇡

⇡/2Z

�⇡/2

cos⇥d⇥

| {z }
2

�✏�
1

2⇡

2⇡Z

0

T
4
d⇥

| {z }
⇡T̃ 4

= (1 � ↵)
S

⇡
cos' � ✏�T̃

4
. (10)20

The approximation is valid in the climate system as seen (Fig. S1) ✏�
1
2⇡

2⇡R

0
T

4
d⇥ and ✏� T̃

4 using hourly data in the ERA-

interim reanalysis data (Berrisford et al., 2011).

4

If we calculate the zonal mean of (6) by integration at the latitudinal cycles we have

T (') =

p
2

2⇡

⇡/2Z

�⇡/2

(cos⇥)1/4d⇥

| {z }
p
⇡�(5/8)/�(9/8)

4

r
(1 � ↵)S

4✏�
(cos')1/4 =

1p
2⇡

�(5/8)

�(9/8)| {z }
⇡0.608

· 4

r
(1 � ↵)S

4✏�
(cos')1/4 (7)

as a function on latitude (Fig. 3). � is Euler’s Gamma function with �(x+1) = x�(x). When we integrate this over the latitudes,

T =
1

2

⇡/2Z

�⇡/2

T (') cos'd' =
1

2

�(5/8)p
2⇡�(9/8)

· 4

r
(1 � ↵)S

4✏�

⇡/2Z

�⇡/2

(cos')5/4d'

| {z }
p
⇡�(9/8)/�(13/8)

=
1

2

1p
2

�(5/8)

�(13/8)| {z }
p

2
4

8
5=0.4

p
2

· 4

r
(1 � ↵)S

4✏�
. (8)

Therefore, the mean temperature is a factor F = 0.4
p

2 ⇡ 0.566 lower than 288 K as stated at (3) and would be T = 163 K.5

The standard EBM in Fig. 1 has imprinted into our thoughts and lectures. We should therefore be careful and pinpoint the

reasons for the failure. What happens here is that the heat capacity of the Earth is neglected and there is a strong non-linearity

of the outgoing radiation.

3 The heat capacity and fast rotating body

The energy balance reads if take the heat capacity into account:10

Cp @tT = (1 � ↵)S · cos' · cos⇥ �✏�T
4 for � ⇡/2 < ⇥ < ⇡/2

= �✏�T
4 elesewhere (9)

with Cp representing the heat capacity multiplied with the depth of the atmosphere-ocean layer (Cp is in the order of 107 �

108JK
�1

m
�2). To simplify (9), the energy balance is integrated over the longitude and day, T̃ = 1

2⇡

2⇡R

0
T d⇥ . If we consider

the zonal mean and averaged over the diurnal cycle, we can assume that the heat capacity is mainly given by the atmosphere15

and the uppermost ocean and soil. Observational evidence is that the diurnal variation of the ocean surface is in the order of

0.5-3 K with highest values at favorable conditions of high insolation and low winds (Stommel, 1969; Anderson et al., 1996;

Kawai and Kawamura, 2002; Stuart-Menteth, et al. 2003; Ward, 2006). Therefore, we assume that the variation due to the

diurnal cycle is weak:

Cp @t T̃ = (1 � ↵)S cos' · 1

2⇡

⇡/2Z

�⇡/2

cos⇥d⇥

| {z }
2

�✏�
1

2⇡

2⇡Z

0

T
4
d⇥

| {z }
⇡T̃ 4

= (1 � ↵)
S

⇡
cos' � ✏�T̃

4
. (10)20

The approximation is valid in the climate system as seen (Fig. S1) ✏�
1
2⇡

2⇡R

0
T

4
d⇥ and ✏� T̃

4 using hourly data in the ERA-

interim reanalysis data (Berrisford et al., 2011).

4

If we calculate the zonal mean of (6) by integration at the latitudinal cycles we have

T (') =

p
2

2⇡

⇡/2Z

�⇡/2

(cos⇥)1/4d⇥

| {z }
p
⇡�(5/8)/�(9/8)

4

r
(1 � ↵)S

4✏�
(cos')1/4 =

1p
2⇡

�(5/8)

�(9/8)| {z }
⇡0.608

· 4

r
(1 � ↵)S

4✏�
(cos')1/4 (7)

as a function on latitude (Fig. 3). � is Euler’s Gamma function with �(x+1) = x�(x). When we integrate this over the latitudes,

T =
1

2

⇡/2Z

�⇡/2

T (') cos'd' =
1

2

�(5/8)p
2⇡�(9/8)

· 4

r
(1 � ↵)S

4✏�

⇡/2Z

�⇡/2

(cos')5/4d'

| {z }
p
⇡�(9/8)/�(13/8)

=
1

2

1p
2

�(5/8)

�(13/8)| {z }
p

2
4

8
5=0.4

p
2

· 4

r
(1 � ↵)S

4✏�
. (8)

Therefore, the mean temperature is a factor F = 0.4
p

2 ⇡ 0.566 lower than 288 K as stated at (3) and would be T = 163 K.5

The standard EBM in Fig. 1 has imprinted into our thoughts and lectures. We should therefore be careful and pinpoint the

reasons for the failure. What happens here is that the heat capacity of the Earth is neglected and there is a strong non-linearity

of the outgoing radiation.

3    The heat capacity and fast rotating body

The energy balance reads if take the heat capacity into account:10

Cp @t T = (1 � ↵)S · cos' · cos⇥ �✏�T
4 for � ⇡/2 < ⇥ < ⇡/2

= �✏�T
4 elesewhere (9)

with Cp representing the heat capacity multiplied with the depth of the atmosphere-ocean layer (Cp is in the order of 107 �

108JK �1
m

�2). To simplify (9), the energy balance is integrated over the longitude and day, T̃ = 1
2⇡

2⇡R

0
T d⇥ . If we consider

the zonal mean and averaged over the diurnal cycle, we can assume that the heat capacity is mainly given by the atmosphere15

and the uppermost ocean and soil. Observational evidence is that the diurnal variation of the ocean surface is in the order of
0.5-3 K with highest values at favorable conditions of high insolation and low winds (Stommel, 1969; Anderson et al., 1996;
Kawai and Kawamura, 2002; Stuart-Menteth, et al. 2003; Ward, 2006). Therefore, we assume that the variation due to the
diurnal cycle is weak:

Cp @t T̃ = (1 � ↵)S cos' · 1

2⇡

⇡/2Z

�⇡/2

cos⇥d⇥

| {z }
2

�✏�
1

2⇡

2⇡Z

0

T
4
d⇥

| {z }
⇡T̃ 4

= (1 � ↵)
S

⇡
cos' � ✏�T̃

4
. (10)20

The approximation is valid in the climate system as seen (Fig. S1) ✏�
1
2⇡

2⇡R

0
T

4
d⇥ and ✏� T̃

4 using hourly data in the ERA-

interim reanalysis data (Berrisford et al., 2011).

4

If we calculate the zonal mean of (6) by integration at the latitudinal cycles we have

T (') =

p
2

2⇡

⇡/2Z

�⇡/2

(cos⇥)1/4d⇥

| {z }
p
⇡�(5/8)/�(9/8)

4

r
(1 � ↵)S

4✏�
(cos')1/4 =

1p
2⇡

�(5/8)

�(9/8)| {z }
⇡0.608

· 4

r
(1 � ↵)S

4✏�
(cos')1/4 (7)

as a function on latitude (Fig. 3). � is Euler’s Gamma function with �(x+1) = x�(x). When we integrate this over the latitudes,

T =
1

2

⇡/2Z

�⇡/2

T (') cos'd' =
1

2

�(5/8)p
2⇡�(9/8)

· 4

r
(1 � ↵)S

4✏�

⇡/2Z

�⇡/2

(cos')5/4d'

| {z }
p
⇡�(9/8)/�(13/8)

=
1

2

1p
2

�(5/8)

�(13/8)| {z }
p

2
4

8
5=0.4

p
2

· 4

r
(1 � ↵)S

4✏�
. (8)

Therefore, the mean temperature is a factor F = 0.4
p

2 ⇡ 0.566 lower than 288 K as stated at (3) and would be T = 163 K.5

The standard EBM in Fig. 1 has imprinted into our thoughts and lectures. We should therefore be careful and pinpoint the

reasons for the failure. What happens here is that the heat capacity of the Earth is neglected and there is a strong non-linearity

of the outgoing radiation.

3    The heat capacity and fast rotating body

The energy balance reads if take the heat capacity into account:10

Cp @tT = (1 � ↵)S · cos' · cos⇥ �✏�T
4 for � ⇡/2 < ⇥ < ⇡/2

= �✏�T
4 elesewhere (9)

with Cp representing the heat capacity multiplied with the depth of the atmosphere-ocean layer (Cp is in the order of 107 �

108JK
�1

m
�2). To simplify (9), the energy balance is integrated over the longitude and day,T̃ = 1

2⇡

2⇡R

0
T d⇥ . If we consider

the zonal mean and averaged over the diurnal cycle, we can assume that the heat capacity is mainly given by the atmosphere15

and the uppermost ocean and soil. Observational evidence is that the diurnal variation of the ocean surface is in the order of
0.5-3 K with highest values at favorable conditions of high insolation and low winds (Stommel, 1969; Anderson et al., 1996;
Kawai and Kawamura, 2002; S(tuart-Menteth, et al. 2003; Ward, 2006). Therefore, we assume that the variation due to the
diurnal cycle is weak:

Cp @t T̃ = (1 � ↵)S cos' · 1

2⇡

⇡/2Z

�⇡/2

cos⇥d⇥

| {z }
2

�✏�
1

2⇡

2⇡Z

0

T
4
d⇥

| {z }
⇡T̃ 4

= (1 � ↵)
S

⇡
cos' � ✏�T̃

4
. (10)20

The approximation is valid in the climate system as seen (Fig. S1) ✏�
1
2⇡

2⇡R

0
T

4
d⇥ and ✏� T̃

4 using hourly data in the ERA-

interim reanalysis data (Berrisford et al., 2011).

4

(a)

(b)


