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Outline of this talk

• I read on your website (ceres.larc.nasa.gov/science): 

”Globally averaged, the surface has a net surplus of radiant energy 
while the atmosphere has a net loss. To make up for this imbalance, 
sensible (conduction & convection) and latent heat (evaporation) 
are transferred from the surface to the atmosphere.”

• How much is the surplus? 

• In the literature, there is an expectation for that.

• I control it on your data.

https://ceres.larc.nasa.gov/science


Liou (2002)

Figure 8.9 Vertical distributions of radiative and radiative–convective equilibrium temperatures in clear (a) 

and average cloud (b) conditions, simulated from a one-dimensional radiative–convective climate model.



Emden (1913)

Discontinuity = 20 °C = Convection
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An atmosphere in radiative equilibrium 

(see Fig. 2.11) produces essentially a 

discontinuity (of about 20 K) between the 

Earth’s surface temperature and the near–

surface atmospheric temperature.

the mean intensity can be expressed as

J = I+−f/2π.

Radiation and Climate
Vardavas and Taylor 

Oxford Univ Press (2007)
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Joseph Chamberlain
Theory of Planetary Atmospheres (1978, 1987)
Academic Press, Fig. 1.4, Eq. 1.2.29

(1.2.29)
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Andrews: An Introduction to Atmospheric Physics 
Cambridge (2010), pp 85-86.

Tg
4 – Tb

4 = Te
4/2  

Inclusion of convection in the model removes the temperature discontinuity
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Harvard (2018)

University Lecture Notes



惑星大気学_放射   
(2022-05-02)

9

University of Tokyo 



University exam task for A+
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Graeme L. Stephens: Radiative Transfer Notes AT 622 
Colorado State Univ (1992-2013)

“This radiative equilibrium profile is unstable w.r.t. vertical motion and is destroyed by convection”

https://reef.atmos.colostate.edu/~odell/AT622/stephens_notes/AT622_section06.pdf

Net surplus of radiant energy at the surface = Convection = 
F∞

2

https://reef.atmos.colostate.edu/~odell/AT622/stephens_notes/AT622_section06.pdf


Data

CERES EBAF Ed2.8, Ed4.2.1
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 CERES EBAF-Surface Ed2.8 Data Quality Summary (March 27, 2015)

Eq. (1) Surface Net (clear-sky) = TOA LW (clear-sky) /2 – TOA Net (all-sky)

 132.2     = 265.7 /2 – 0.65 Wm-2  
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 CERES EBAF-Surface Ed2.8 Data Quality Summary (March 27, 2015)

Eq. (1) Surface Net (clear-sky) = TOA LW (clear-sky) /2 – TOA Net (all-sky)

 132.2     = 265.7 /2 – 0.65 Wm-2  
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 Eq. (1) Surface Net (clear-sky)   = TOA LW (clear-sky) /2
 SFC SW dn  – SW up + LW dn  – LW up = TOA LW /2

        244.06 – 29.74 + 316.27 – 398.40 = 265.59/2

CERES EBAF Ed2.8, 192 months (Mar 2000 – Feb 2016)
F. Rose et al., 27th STM (2017)



17

 Eq. (1) Surface Net (clear-sky)   = TOA LW (clear-sky) /2
 SFC SW dn  – SW up + LW dn  – LW up = TOA LW /2 within TOA Net (all-sky)

        244.06 – 29.74 + 316.27 – 398.40 = 265.59/2 – 0.60 Wm-2

CERES EBAF Ed2.8, 192 months (Mar 2000 – Feb 2016)
F. Rose et al., 27th STM (2017)
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Eq. (1) Summary

Globally averaged, the surface has a net surplus of radiant energy

and it equals TOA LW /2 in the clear-sky.



It follows that …

• The net surplus of radiant energy at the surface, compared to the TOA,
called the greenhouse effect, G = Surface LW up – TOA LW up, 

• is also balanced by convection in the atmosphere, CONV = G (clear).

=> Surface Net = G = TOA LW/2 (clear).

• Since Surface LW up  ≡ TOA LW up + G =>

Surface LW up (clear-sky) = (3/2) TOA LW up (clear-sky).

• Let’s see on your data.



Surface Net (clear-sky) = 132.2 = SFC LW up – TOA LW up ≡ G = 398.0 – 265.7 = 132.3, difference 0.1 Wm-2 



Surface Net (clear-sky) = 132.2 = SFC LW up – TOA LW up ≡ G = 398.0 – 265.7 = 132.3, difference 0.1 Wm-2 

But the EBAF-TOA LW up is 265.8 Wm-2; using this value, G = 132.2 Wm-2, the difference is 0.0

Surface Net (clear-sky) = G (clear-sky).



CONV = G = TOA LW/2
=> ULW = (3/2) TOA LW 

water

Surface Net (clear-sky) = 132.2 = SFC LW up – TOA LW up ≡ G (clear-sky) = 398.0 – 265.8 = 132.2 Wm-2

=> Surface LW up ≡ TOA LW up (clear-sky) + G (clear-sky) = (3/2) TOA LW up (clear-sky) 



Surface Net (clear-sky) = 132.2 = SFC LW up – TOA LW up ≡ G (clear-sky) = 398.0 – 265.8 = 132.2 Wm-2

=> Surface LW up ≡ TOA LW up (clear-sky) + G (clear-sky) = (3/2) TOA LW up (clear-sky) 

=> Surface LW up + Surface Net (clear-sky) = Surface Total (clear-sky) =  2 × TOA LW up (clear-sky) (Eq.2)

=> ULW + CONV = 2 TOA LW  (Eq.2)

CONV = G = TOA LW/2
=> ULW = (3/2) TOA LW 

water



CERES EBAF Ed2.8 Global means (Mar 2000 – Feb 2016)
Clear-sky Rose et al., 27th STM (2017)

24

Eq. (1) Surface Net = TOA LW Up /2 
244.06 – 29.74 + 316.27 – 398.40 = 265.59 /2 – 0.60 Wm-2

Eq. (2) Surface Total = 2 × TOA LW Up
244.06 – 29.74 + 316.27 = 2 × 265.59



CERES EBAF Ed2.8 Global means (Mar 2000 – Feb 2016)
Clear-sky Rose et al., 27th STM (2017)
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Eq. (1) Surface Net = TOA LW Up /2 
244.06 – 29.74 + 316.27 – 398.40 = 265.59 /2 – 0.60 Wm-2

Eq. (2) Surface Total = 2 × TOA LW Up
244.06 – 29.74 + 316.27 = 2 × 265.59 – 0.59 Wm-2



CERES EBAF Ed2.8 Global means (Mar 2000 – Feb 2016)
Clear-sky Rose et al., 27th STM (2017)
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Eq. (1) Surface Net = TOA LW Up /2 
244.06 – 29.74 + 316.27 – 398.40 = 265.59 /2 – 0.60 Wm-2

Eq. (2) Surface Total = 2 × TOA LW Up
244.06 – 29.74 + 316.27 = 2 × 265.59 – 0.59 Wm-2

=>  Surface LW Up = 3 × TOA LW Up /2
398.40 = 1.5 × 265.59 – 0.01 Wm-2



CERES EBAF Ed2.8 Global means (Mar 2000 – Feb 2016)
Clear-sky Rose et al., 27th STM (2017)
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Surface Net : TOA LW Up  :  SFC LW Up  :  Surface Total
1 :        2 :        3 :         4

For example
133 :      266 :      399 :         532     (Wm-2)  

Eq. (1) Surface Net = TOA LW Up /2 
244.06 – 29.74 + 316.27 – 398.40 = 265.59 /2 – 0.60 Wm-2

Eq. (2) Surface Total = 2 × TOA LW Up
244.06 – 29.74 + 316.27 = 2 × 265.59 – 0.59 Wm-2

=>  Surface LW Up = 3 × TOA LW Up /2
398.40 = 1.5 × 265.59 – 0.01 Wm-2



CERES_EBAF_Ed4.2.1_Subset_200101-202412.nc
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Clear-sky N Geometry CERES

Surface LW up 3 399 398.9818

TOA LW up 2 266 265.9905

G 1 133 132.9913

g 1/3 1/3 0.33333



V. Ramanathan and Anand Inamdar

The radiative forcing due to clouds and water vapor

in: Frontiers of Climate Modeling 
eds. J. T. Kiehl and V. Ramanathan (Cambridge 2006)

“The global average Ga is 131 Wm-2 or the normalized ga is 0.33, i.e., the atmosphere 

reduces the energy escaping to space by 131 Wm-2 (or by a factor of 1/3).”



V. Ramanathan and Anand Inamdar

The radiative forcing due to clouds and water vapor

in: Frontiers of Climate Modeling 
eds. J. T. Kiehl and V. Ramanathan (Cambridge 2006)

“The global average Ga is 131 Wm-2 or the normalized ga is 0.33, i.e., the atmosphere 

reduces the energy escaping to space by 131 Wm-2 (or by a factor of 1/3).”

This is a “truth”, even a “groundtruth”.



Implications

=> Eqs. (3) and (4): all-sky versions of Eqs. (1) and (2).

=> Integer solution of the four equations.

=> Extended set of integers incl. components not involved in the eqs.



Eq. (1) SFC SW down – SW up + LW down – LW up (clear) = TOA LW (clear)/2 Difference

240.8680  – 29.0724 + 317.4049 – 398.5211 = 266.0122 /2 – 2.3267

241.0362 –29.6972 + 318.1063 – 398.8026 = 265.9732/2 – 2.3439

Eq. (2) SFC SW down – SW up +  LW down (clear) = 2 × TOA LW (clear)

240.8680   – 29.0724 + 317.4049  = 2 × 266.0122 – 2.8238

241.0362 –29.6972 + 318.1063 =  2 × 265.9732 – 2.5012

Eq. (3) SFC SW down – SW up + LW down – LW up (all) = [TOA LW (all) – LWCRE]/2

186.8544     – 23.1629 + 345.0108 – 398.7550 = (240.2450 – 25.7672)/2 + 2.7083

187.1513 – 23.4547 + 346.3226 – 398.6131 = (240.3894 – 25.5835)/2 + 4.0032

Eq. (4) SFC SW down – SW up +  LW down (all) = 2 × TOA LW (all) + LWCRE

186.8544    – 23.1629 + 345.0108        = 2 × 240.2450 + 25.7672 + 2.4450

187.1513 – 23.4547 + 346.3226 = 2 × 240.3894 + 25.5835 + 3.6565

Mean          0.0007

0.7036

Verification of the four equations
CERES EBAF Ed4.1 Version 3, 22 years (April 2000 – March 2022) (Wm-2)

CERES EBAF Ed4.2.1 Version 1, 24 years (April 2000 – March 2024) (Wm-2)



Eq. (1) SFC SW down – SW up + LW down – LW up (clear) = TOA LW (clear)/2 Difference

240.8680  – 29.0724 + 317.4049 – 398.5211 = 266.0122 /2 – 2.3267

241.0362  – 29.6972 + 318.1063 – 398.8026 = 265.9732/2 – 2.3439

Eq. (2) SFC SW down – SW up +  LW down (clear) = 2 × TOA LW (clear)
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187.1513     – 23.4547 + 346.3226 – 398.6131 = (240.3894 – 25.5835)/2 + 4.0032
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ΔA = A0/2.   E = 3A0/2

Eq. (1) SFC Net = A0 /2 Eq. (3) SFC Net = (A0 – L)/2
Eq. (2) SFC Tot  = 2A0 Eq. (4) SFC Tot  = 2A0 + L

The N-numbers as solution of the equations
Pure geometry       1 : 2 : 3 : 4 No reference to GHGs

Eq.(2)   A = 2A0 Eq.(1)  ΔA = A – E = A0/2 
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The flux components with LWCRE = 1

TOA LW clear-sky = 10 TOA LW all-sky = 9

SFC LW up clear-sky = 15 SFC LW up all-sky = 15

SFC LW down clear-sky = 12 SFC LW down all-sky = 13

SFC LW net clear-sky = –3 SFC LW net all-sky = –2

SFC SW net clear-sky = 8 SFC SW net all-sky = 6

SFC SW+LW net clear-sky = 5 SFC SW+LW net all-sky = 4

SFC SW+LW total clear-sky = 20 SFC SW+LW total all-sky = 19

G greenhouse effect clear-sky = 5 G greenhouse effect all-sky = 6

SWCRE (surface) = –2 LWCRE (surface, TOA) = 1 
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CERES EBAF Ed4.2.1 V1, 288 months, Jan 2001 — Dec 2024 data

Best fit:   1 unit = 1 = LWCRE = 26.683 ± 0.01 Wm-2

Fit model to observation
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N N × Unit EBAF Ed4.2.1
Difference

(Wm-2)

Clear-Sky

TOA

LW 40/4 266.83 265.9905 -0.84

SW 8/4 53.37 53.7494 0.38

Net 3/4 20.01 20.4678 0.46

Clear-Sky

Surface

LW down 12 320.20 318.3238 -1.88

LW up 15 400.25 398.9818 -1.27

LW net –3 –80.05 –80.6580 0.62

SW down 9 240.15 240.9545 0.80

SW up 1 26.683 29.6533 2.97

SW net 8 213.46 211.3012 -2.16

SW + LW net 5 133.42 130.6432 -2.78

CERES EBAF Edition 4.2.1, 24 years
January 2001 – December 2024, 1 = 26.683 Wm-2

G =    TOA LW /2 – 0.004 Wm-2

Surface LW up = 3 TOA LW /2 – 0.004 Wm-2



All-sky N N × Unit
EBAF

Ed4.2.1

Difference 

(Wm-2)

TOA

SW insolation 51/4 340.21 340.21 0.00

SW up 15/4 100.06 98.98 -1.18

LW up 36/4 240.15 240.45 0.30

TOT net 0 0 0.88 0.88

Surface

SW down 7 186.78 187.11 0.33

SW up 1 26.683 23.42 -3.26

SW net 6 160.10 163.69 3.59

LW down 13 346.88 346.50 -0.38

LW up 15 400.25 398.78 -1.47

LW net –2 –53.37 -52.28 1.09

TOT net 4 106.73 111.41 4.68

CRE

TOA

SW –7/4 -46.70 -45.13 1.57

LW 1 26.683 25.54 -1.14

TOT –3/4 -20.01 -19.59 0.42

CERES EBAF Edition 4.2.1, 24 years; 1 = 26.683 Wm-2



TOA N N × Unit
EBAF

Ed4.2.1

Difference 

(Wm-2)

Solar 51/4 340.21 340.21 0.00

SW up clear 8/4 53.37 53.75 0.38

LW up clear 40/4 266.83 265.99 -0.84

Net clear 3/4 20.01 20.47 0.46

SW up all 15/4 100.06 98.88 -1.18

LW up all 36/4 240.15 240.45 0.30

Net all 0 0 0.88 0.88

SW CRE –7/4 -46.70 -45.13 1.57

LW CRE 4/4 26.683 25.54 -1.14

Net CRE –3/4 -20.01 -19.59 0.42

CERES EBAF Edition 4.2.1, 24 years
January 2001 – December 2024, 1 = 26.683 Wm-2

TSI 
51
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36/4 = 240.15

  51/4 = 340.20

  15/4 = 100.05

ΔOLR = 0.20

ΔTSI = 0.00

ΔRSW = –1.05

ΔASR = +1.05

Net = +0.85



TOA imbalance 0.6±0.4
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TOA imbalance 0.6±0.4



51/4 
340.2

15/4 
100.06

36/4
240.14

26.68   1 80.05   3
186.78   7

160.09   6 26.68   1
400.24   15

346.87  13

LWCRE
1

26.682

0.00 0.14 -0.64

2.78 1.28 -1.05

1.77
0.46

Eq. (3) Sensible heat + Evaporation = (Outgoing LW – LWCRE)/2
25.4 +       81.1 = (239.5 – 26.68)/2 + 0.1

Eq. (4) Absortbed SW + All-sky emission =  2 × Outgoing LW + LWCRE
160.7 +     345.1 = 2 × 239.5 + 26.68 + 0.1

0.61
3.38

Stephens et al. 
(2023, BAMS)



CERES EBAF Edition 4.2.1, 24 years
January 2001 – December 2024, 1 = 26.683 Wm-2

Surface N N × Unit
EBAF

Ed4.2.1

Difference

(Wm-2)

SW down clear 9 240.15 240.95 0.80

SW up clear 1 26.68 29.65 2.97

SW net clear 8 213.46 211.30 -2.16

LW down clear 12 320.20 318.32 -1.88

LW up clear 15 400.25 398.98 -1.27

LW net clear -3 -80.05 -80.66 -0.61

Total net clear 5 133.42 130.64 -2.78

SW down all 7 186.78 187.11 0.33

SW up all 1 26.68 23.42 -3.26

SW net all 6 160.10 163.69 3.59

LW down all 13 346.84 346.50 -0.34

LW up all 15 400.20 398.78 -1.42

LW net all -2 -53.37 -52.28 1.09

Total net all 4 106.73 111.41 4.68 (largest)



N N×unit ΔEd4.2   ΔEd4.1

51/4 340.10 0.00 0.10

7 186.72 -0.28 0.12

1 26.675 3.17 3.47

6 160.05 -3.45 -3.35

13 346.77 1.17 1.93

15 400.12 2.12 1.82

-2 -53.35 -0.95 0.15

4 106.70 -4.40 largest -3.10

3 80.02 2.62 2.52

-7 -186.72 1.08 -0.12

-4 -106.70 3.60 2.40

9 240.07 -1.03 -0.63

1 26.675 -3.12 -2.42

8 213.40 2.10 1.80

12 320.09 2.69 2.89

15 400.12 1.82 1.92

-3 -80.02 0.88 0.98

5 133.37 2.87 2.77

11/4 73.35 -1.65 -1.25

-7 -186.72 -1.52 -1.82

-4 -106.70 -3.50 -3.60

within uncertainty

Kato et al. (2025)



• Your Science-page:  „Globally averaged, the surface has a net surplus of radiant energy”

Ramanathan (1995): … and it equals OLR/2 in the clear-sky

• Inamdar and Ramanathan (2006):   „The global average normalized ga is 0.33, i.e., 
the atmosphere reduces the energy escaping to space by a factor of 1/3.”

g(clear, theory) = 1/3;    g(clear, CERES 24-yr) = 0.33333

• Theory: Surface LW up (clear) = (3/2) TOA LW up (clear)

CERES 24-yr:    398.9818 = (3/2) 265.9905 – 0.004 Wm-2.

=> TG (all, theory) = 34.76°C, TG(all, CERES) = 34.41°C



• Your Science-page:  „Globally averaged, the surface has a net surplus of radiant energy”

Ramanathan (1995): … and it equals OLR/2 in the clear-sky

• Inamdar and Ramanathan (2006):   „The global average normalized ga is 0.33, i.e., 
the atmosphere reduces the energy escaping to space by a factor of 1/3.”

g(clear, theory) = 1/3;    g(clear, CERES 24-yr) = 0.33333

• Theory: Surface LW up (clear) = (3/2) TOA LW up (clear)

CERES 24-yr:    398.9818 = (3/2) 265.9905 – 0.004 Wm-2.

=> TG (all, theory) = 34.76°C, TG(all, CERES) = 34.41°C

=> EBAF Ed4.2.1 DATA vs. THEORY
consistent within uncertainty
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