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N N × Unit
Observed

Table 2-1

Observed –

Modeled

Clear-Sky

TOA

LW 40/4 266.7 265.9 -0.8

SW 8/4 53.3 53.8 0.5

Net 3/4 20.0 20.3 0.3

Clear-Sky

Surface

LW down 12 320.0 317.2 -2.8

LW up 15 400.0 398.2 -1.8

LW Net -3 -80.0 -81.0 -1.0

SW down 9 240.0 240.7 0.7

SW up 1 26.67 29.1 2.4

SW Net 8 213.3 211.6 -1.7

SW + LW Net 5 133.3 130.6 -2.7

CERES EBAF Ed.4.1 Data Quality Summary, Table 2-1, clear-sky with ΔC

(July 2005-June 2015) 1 = 26.67 Wm-2, largest difference 2.8 Wm-2



All-sky N N × Unit
Observed
Table 4-1

Observed –
Modeled

TOA

SW insolation 51/4 340.0 340.0 0.0

SW up 15/4 100.0 99.1 -0.9

LW up 36/4 240.9 240.1 -0.8

TOT Net 0 0 0.71 0.71

Surface

SW down 7 186.7 186.6 -0.1

SW up 1 26.67 23.2 -3.5

SW Net 6 160.0 163.3 3.3

LW down 13 346.7 344.8 -1.9

LW up 15 400.0 398.3 -1.7

LW Net -2 -53.3 -53.5 -0.2

TOT Net 4 106.7 109.8 3.1

CRE

TOA

SW -7/4 -46.7 -45.3 1.4

LW 1 26.67 25.8 -0.9

TOT -3/4 -20.0 -19.6 0.4

CERES EBAF Ed.4.1 Data Quality Summary, Table 4-1, all-sky

(July 2005-June 2015) 1 = 26.67 Wm-2, largest difference 3.5 Wm-2



-

CERES EBAF Ed4.1, 264 months (Mar 2000 – Feb 2022)

UNIT = 1 = 26.68 Wm-2; Largest difference at TOA = 1.44 Wm-2 (SW CRE)

N × UNIT
Diff

2022 October



Unit = 1 = 26.68 Wm-2; Largest difference at surface = -3.60 Wm-2 (SW Net all-sky)

2022 October

Flux name
22-year mean

N
N × unit

Difference

CERES EBAF Ed4.1, 264 months (Mar 2000 – Feb 2022)
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Modeling

• What follows here is my approach
• Neither complete nor compelling
• Explains a simple idea in its simplest form
• Consists of four radiative transfer equations
• Each based on Schwarzschild’s

• But I would be more interested in YOUR thoughts



• Max Planck chaired a meeting in Berlin on Nov. 5, 1914, where
Einstein delivered a paper in the absence of the author,
Karl Schwarzschild, who served as a soldier in World War I.

• This is the paper that introduced the equation of radiation transfer.



Liou (1980) An introduction to atmospheric radiation



E emission of a layer, A upward beam, B downward beam

A0 emerging flux at TOA,  τ optical depth

In an earlier paper, Schwarzschild (1906) presented the
two-stream approximation to the same problem:



Eq. (1)  A – E = ΔA = A0 /2   Net radiation at the surface, independent of τ

ΔBg = Bg – B0 = Beff /2

Chamberlain (1978, Fig. 1.4)
Theory of Planetary Atmospheres, 

Academic Press

SFC SW net + LW net = HS + HL = OLR/2 

• Radiative Equilibrium: Discontinuity; Radiative-Convective Equilibrium: Convection + Evaporation (Emden 1913)
• Net radiation at the surface and the corresponding convective activity are set unequivocaly to OLR/2

Houghton (1977, Eq. 2.13)

The Physics of Atmospheres, 

Cambridge Univ Press

=

Goody (1964, Eq. 2.115)



Dennis Hartmann (1994) Global Physical Climatology
pp. 61-63, two-layer radiative equilibrium model

Emission temp Te = 255 K;  Air adjacent to surface TSA = 320 K; Surface temp TS = 335 K

TOA



With Hartmann’s data,
Eq. (1) is justified within 0.31 Wm-2

Fig. 3.11

Eq. (1) A – E = ΔA = A0 /2

Emission temp Te = 255 K;  Air adjacent to surface TSA = 320 K; Surface temp TS = 335 K

Eq. (1)   σTS
4 – σTSA

4 =  σTe
4 /2

5.67 [(3.35)4 – (3.20)4] = 5.67(2.55)4

714.11 – 594.54  = 119.56 = 119.87 – 0.31 Wm-2

Simple geometry
Independent of τ
No reference to GHGs



Eq. (1) A – E =    ΔA =     A0/2

530.59 – 398.40 = 132.19 = 265.59 /2

Is it valid in general?
CERES EBAF Ed2.8, 192 months (Mar 2000 – Feb 2016)

Global means from Rose et al. (2017)
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530.59 – 398.40 = 132.19 = 265.59 /2 –0.60 Wm-2

CERES EBAF Ed2.8, 192 months (Mar 2000 – Feb 2016)
Global means from Rose et al. (2017)

Is it valid in general?



Eq. (1) A – E =    ΔA =     A0/2

530.59 – 398.40 = 132.19 = 265.59 /2 –0.60 Wm-2

CERES EBAF Ed2.8, 192 months (Mar 2000 – Feb 2016)
Global means from Rose et al. (2017)

Is it valid in general?

Loeb et al. (2012): Earth heat uptake for July 2005–June 2010 is 0.58 ± 0.38 Wm-2



Eq. (1) A – E =    ΔA =     A0/2

530.59 – 398.40 = 132.19 = 265.59 /2 –0.60 Wm-2

Loeb et al. (2012): Earth heat uptake for July 2005–June 2010 is 0.58 ± 0.38 Wm-2

It is a verified radiative transfer constraint equation from Schwarzschild
• Connects net radiation at the surface and convective activity to OLR/2
• Missing from Manabe-Wetherald (1967) convective adjustment
• Missing from the Charney Report (1979)
• Not there in the IPCC Reports (1990-2022)
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Eq. (1) A – E =    ΔA =     A0/2

530.59 – 398.40 = 132.19 = 265.59 /2 –0.60 Wm-2

Loeb et al. (2012): Earth heat uptake for July 2005–June 2010 is 0.58 ± 0.38 Wm-2

It is a verified radiative transfer constraint equation from Schwarzschild
• Connects net radiation at the surface and convective activity to OLR/2
• Missing from Manabe-Wetherald (1967) convective adjustment
• Missing from the Charney Report (1979)
• Not there in the IPCC Reports (1990-2022)
• Ought to be incorporated into the CMIP and ECHAM models …?

CERES EBAF Ed2.8, 192 months (Mar 2000 – Feb 2016)
Global means from Rose et al. (2017)

Is it valid in general?



Dr. Graeme Stephens wanted to have it thirty years ago:
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(Goody and Yung, 1989)







Eq. (1)    A – E = A0/2 (clear-sky, net)

Eq. (2)    A = A0(2 + τ)/2 (clear-sky, total)



Eq. (2) A = 2A0 E = 3A0/2;      B = A0then

A = 2A0

Hartmann (1994, Fig. 2.3)

ΔA

σTs
4 = 2σTA

4

Just realize that if τ = 2



Eq. (1) A – E =    ΔA =     A0/2

530.59 – 398.40 = 132.19 = 265.59 /2 –0.60 Wm-2

Eq. (2) A =      2A0

530.59 = 2 × 265.59

CERES EBAF Ed2.8, 192 months (Mar 2000 – Feb 2016)
Global means from Rose et al. (2017), clear-sky



Eq. (1) A – E =    ΔA =     A0/2
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Eq. (1) A – E =    ΔA =     A0/2

530.59 – 398.40 = 132.19 = 265.59 /2 –0.60 Wm-2

Eq. (2) A =      2A0

530.59 = 2 × 265.59 –0.59 Wm-2  

ΔA : A0 : E : A = 1 : 2 : 3 : 4  (clear-sky)  justified within EEI

CERES EBAF Ed2.8, 192 months (Mar 2000 – Feb 2016)
Global means from Rose et al. (2017), clear-sky



Eq. (1)     SFC Net = A – E = A0/2 (clear-sky, net)

Eq. (2)     SFC Tot =        A = 2A0 (clear-sky, total at τ = 2)

Separating atmospheric radiation transfer from the longwave cloud effect (LWCRE):

Eq. (3)    SFC Net = A – E = (A0 – L)/2 (all-sky, net, incl LWCRE)

Eq. (4)    SFC Tot =       A = 2A0 + L (all-sky, total at τ = 2 incl LWCRE)

Creating the all-sky versions



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

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

240.8725 – 29.0808 + 317.4004 – 398.5133 = 266.0126 /2

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

240.8725 – 29.0808 + 317.4004 = 2 × 266.0126

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

186.8481 – 23.1638 + 345.0120 – 398.7454 = (240.2435 – 25.7691)/2

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

186.8481 – 23.1638 + 345.0120 = 2 × 240.2435 + 25.7691

4 decimal places from netCDF3



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

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

240.8725 – 29.0808 + 317.4004 – 398.5133 = 266.0126 /2 –2.3275

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

240.8725 – 29.0808 + 317.4004 = 2 × 266.0126 –2.8332

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

186.8481 – 23.1638 + 345.0120 – 398.7454 = (240.2435 – 25.7691)/2 +2.7139

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

186.8481 – 23.1638 + 345.0120 = 2 × 240.2435 + 25.7691 +2.4403



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

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

240.8725 – 29.0808 + 317.4004 – 398.5133 = 266.0126 /2 –2.3275

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

240.8725 – 29.0808 + 317.4004 = 2 × 266.0126 –2.8332

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

186.8481 – 23.1638 + 345.0120 – 398.7454 = (240.2435 – 25.7691)/2 +2.7139

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

186.8481 – 23.1638 + 345.0120 = 2 × 240.2435 + 25.7691 +2.4403

Mean bias of the four equations =                                –0.0016 Wm-2
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No. There are large interannual fluctuations

Mean annual bias of the four equations [-0.82, 1.41]

Years
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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: No reference to GHGs



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



CERES EBAF Ed4.1, 264 months, March 2000 — Feb 2022 data

Best fit:   1 unit = 1 = LWCRE = 26.68 ± 0.02 Wm-2

Fit model to observation



Clear-sky N N × Unit (Wm-2) Observed (Wm-2) Difference (Wm-2)

TOA LW up 10 266.80 266.01 -0.79

SFC SW net 8 213.44 211.79 -1.65

SFC LW down 12 320.16 317.40 -2.76

SFC LW up 15 400.20 398.51 -1.69

All-sky

TOA LW up 9 240.12 240.24 0.12

SFC SW net 6 160.08 163.68 3.60

SFC LW down 13 346.84 345.01 -1.83

SFC LW up 15 400.20 398.75 -1.45

Mean difference -0.81

Observing and Modeling Earth’s Energy Flows, 2022
Observed:   CERES EBAF Ed4.1 Version 3, March 2000 – February 2022

Modeled:    Eq. (1)  8 + 12 – 15 = 10/2;         Eq. (2)  8 + 12 = 10 × 2;   1 = 26.68 Wm-2

Eq. (3)  6 + 13 – 15 = (9 – 1)/2;  Eq. (4)  6 + 13 =    9 × 2 + 1



Earth Radiation Budget Atomium



Summary
• I think one of the greatest achievements of the CERES mission is the 

accurate verification of the four equations
• They can be deduced without referring to GHGs
• They reproduce the observed global mean CERES fluxes closely

• I do hope Aqua and Terra will continue working until 2026
• I am deeply interested in the development of the mean values
• I expect the difference to remain close to zero

• There are open questions in the theory
• I got my own suggestions (not before Adjourn).
• What are yours? (Send replies to miklos.zagoni@t-online.hu)

mailto:miklos.zagoni@t-online.hu

