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Satellite Data — Observations, Model and Theory

Miklos Zagoni1

1Affiliation not available

November 21, 2022

Abstract

Over the past fifteen years, the NASA Clouds and the Earth’s Radiant Energy System (CERES) satellite mission has provided

the scientific community with the most reliable Earth radiation budget data. This presentation offers quantitative assessment

of the published CERES Energy Balanced and Filled (EBAF) Edition 2.8 and Edition 4.0 data products, and reveals several

internal patterns, ratios and regularities within the annual global mean flux components of the all-sky and clear-sky surface and

atmospheric energy budgets. The found patterns, among others, include: (i) direct relationships between the top-of-atmosphere

(TOA) radiative and surface radiative and non-radiative fluxes (contradicting the expectation that TOA and surface fluxes

are physically decoupled); (ii) integer ratios and relationships between the absorbed and emitted surface and atmospheric

energy flow elements; and (iii) definite connections among the clear-sky and the all-sky shortwave, longwave and non-radiative

(turbulent) flux elements and the corresponding greenhouse effect. Comparison between the EBAF Ed2.8 and Ed4.0 SFC and

TOA data products and trend analyses of the normalized clear-sky and all-sky greenhouse factors are presented. Longwave

cloud radiative effect (LW CRE) proved to be playing a principal role in organizing the found numerical patterns in the surface

and atmospheric energy flow components. All of the revealed structures are quantitatively valid within the one-sigma range

of uncertainty of the involved individual flux elements. This presentation offers a conceptual framework to interpret the found

relationships and shows how the observed CERES fluxes can be deduced from this proposed physical model. An important

conclusion drawn from our analysis is that the internal atmospheric and surface energy flow system forms a definite structure

and seems to be more constrained to the incoming solar energy than previously thought.
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All-sky CERES EBAF 
Ed 4.0 

EBAF  
Ed 2.8 

Edition 
MZ N 

Ed 4.0 – 
Ed MZ 

Ed 2.8 – 
Ed MZ 

Ed 4.0 – 
Ed 2.8 

TOA LW 240.1 239.6 240.1 9 0.0 -0.5 0.5 

SFC SW net 163.7 162.3 160.1 6 3.6 2.2 1.4 

SFC LW down 345.0 345.2 346.8 13 -1.8 -1.6 -0.2 

SFC SW+LW  508.7 507.5 506.9 19 1.8 0.6 1.2 

SFC LW up 398.3 398.3 400.2 15 -1.9 -1.9 0.0 

SFC SW+LW net 110.3 109.2 106.7 4 3.6 2.5 1.1 

2OLR + LWCRE 511.1 508.1 506.9 19 4.2 1.2 3.0 

G 158.2 158.7 160.1 6 -1.9 -1.4 -0.5 

Clear-sky CERES  

TOA LW 268.1 265.4 266.8 10 1.3 -1.4 2.7 

SFC SW net 213.9 214.3 213.4 8 0.5 0.9 0.4 

SFC LW down 314.1 316.3 320.2 12 -6.1 4.1 -2.2 

SFC SW+LW 528.0 530.6 533.6 20 -5.6 -3.0 -2.6 

SFC LW up  397.6 398.4 400.2 15 -2.6 -1.8 -0.8 

SFC SW+LW net 130.4 132.2 133.4 5 -3.0 -1.2 -1.8 

2OLR 536.2 530.8 533.6 20 2.6 -2.8 5.4 

G 129.5 133.0 133.4 5 -3.9 -0.4 -3.5 

LW CRE  

TOA 28.0 25.8 26.68 1 1.3 -0.9 3.2 

SFC 30.9 28.9 26.68 1 4.2 2.2 2.0 
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There are patterns in these fluxes.

Pattern 1: The SFC absorbed energy (SW down – SW up + LW down) in the clear-sky

equals to 2OLR, with a difference of 0.6 Wm-2 in Ed2.8 and 8.3 Wm-2 in Ed4.0.  

Pattern 2: The net (non-radiative) energy at the surface in clear-sky = SFC Net =

SW down – SW up + LW down – LW up equals to the G greenhouse effect =

SFC LW up – TOA LW up with Diff = -0.6 Wm-2 (Ed2.8) and 0.9 Wm-2 (Ed4.0)
Pattern 3: Ed 2.8 Clear-sky integer ratios: G = SFC LW up – TOA LW up =132.8 (��; 

TOA LW up = 265.6 (��,   SFC LW up = 398.4 (��;   E(SFC) = 530.6 (��.  

Pattern 4: Pattern 1 is valid for the all-sky by adding surface LW cloud radiative effect:

SW net + LW down = 2OLR + SFC LWCRE. Diff = 0.7 (Ed2.8), 0.9 (Ed4) Wm-2

Pattern 5: All-sky integer ratios: with ���	 = OLR(all-sky)/9 = 240.1/9 = 26.68 W/m2 (Ed4)

CERES EBAF TOA and SFC Ed2.8 and Ed4.0 data
Global Means (Mar2000-Feb2016) (Rose et al. 2017)

http://www.globalenergybudget.com

Pattern 1

Pattern 2

Wild et al. (2017) Our additions: blue arrows

Stephens et al (2012)

Wild et al. (2015) Our additions in white textboxes

SFC (SW + LW) absorbed, all-sky = 2OLR(all-sky) + LWCRE

6 + 13 = 4 + 15 = 19 = 2 × 9 + 1
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CERES_EBAF-Surface_Ed4.0 
Data Quality Summary (May 26, 2017)

Fred Rose et al



Clear-sky, Ed2.8
Surface energy absorbed

SW + LW (Wm-2):

(SW down – SW up) + LW down 

= (244.06 – 29.74) + 316.27  
= 214.32 + 316.27

= 530.59

TOA LW out = 265.59

2 × TOA LW out =
= 531.18

Diff = –0.59 Wm-2
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214.32 + 316.27 = 2 × 265.59 – 0.59
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��	����
� �� �	�	× ���	��	���

Clear-sky, Ed2.8, time period 2001-2015, climate year:

214.34 +316.27 = 530.61 = 2 × 265.60 – 0.59

E(SFC in, clear-sky) = (SW down – SW up) + LW in = 2OLR – EEI



TOA and SFC fluxes from independent data sources

CERES 26th STM October 2016, Martin Wild, slide #36

solar absorbed surface + thermal down surface = 2 × thermal outgoing TOA

CERES 26th STM October 2016, Martin Wild, slide #36

216 + 314 � 2 × 266



Energy (surface in, clear sky) = SW� abs + LW� abs = 2 × OLR

a = 1 –

sin 45
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TOA and SFC fluxes from independent data sources

CERES 26th STM October 2016, Martin Wild, slide #36



G = ULW – OLR = 398 – 266 = 132
SFC Net (SH + LH) = 216 + 314 – 398 = 132

G = SFC Net (turb, non-rad)

G = 398 – 266

132

216  +  314  =  398  + 132

Clear-sky ratios

G / OLR / ULW / E(SFC) = 133 / 266 / 399 / 532 = �	�	�	�	�	�	�



Clear-sky, Ed2.8, climate year, 2001-2015

ULW – G = OLR (def.); Data: G = Net SFC (= SH+LH)
ULW + G = 2OLR, Diff = 0.01 (!!!) W/m2 =>

G = OLR/2 <=> g = G/ULW = 1/3

Greenhouse effect and normalized greenhouse factors,
years 2001 – 2015, g = G/ULW. 

Integer ratios: g(all) = 6/15 = 2/5 = 0.4; g(clear) = 5/15 = 1/3



� = 1 – sin 45° 0.33338

Costa and Shine (2012) Line-By-Line

• ULW = 386 Wm-2

• OLR = 259 Wm-2

• ATM = 194 Wm-2

• G = 127 Wm-2

• STI =  65 Wm-2

STI G ATM OLR ULW 2OLR

CS12 =   65     127 194 259 386 518

Pattern 65  / 130 / 195 /  260  / 390 /  520

Ratios �		/ � / � /    � /   � /   �

Diff 0 3 1         1 4 2 (Wm-2)

������� ��		� ���!"#� ����
��	�����"



1. E(SFC, clear) = 2OLR(clear)
2. G(clear) = SFC Net (clear) 
3. G(clear) = OLR(clear)/2

These are NOT universal planetary rules.
• They cannot be deduced from the known 

energy in = energy out balance requirements

• They describe a unique, very specific state

• They are far from being valid, for example, on the 
Mars:

• The Martian ULW is 123 Wm-2, 
OLR = 110, G = 13 Wm-2, therefore
ULW + G << 2OLR
ULW – OLR << 2OLR – ULW
G << OLR/2.

Energy (surface, Mars) = SW in + LW in << 2OLR; 2G = 26 W/m2 << OLR

Read et al. (2015) QJRMS, our additions in textboxes



They belong to a specific geometry

• It is like the IR-opaque limit:
a planet surrounded by a

SW-transparent
LW-opaque
non-turbulent

“glass-shell” atmosphere. 

• The surface radiation here is exactly twice
the outgoing longwave radiation because of 
the construction:

Model: an idealized glass-shell geometry
SFC (SW in + LW in) = SFC LW out = 2 TOA LW out



After Mashall and Plumb (2008, Fig. 2.7)
SW-transparent, LW-opaque, non-turbulent

F(SW) + A(LW) = S(LW) = 2A(LW)
G = S – A = A = F

All-sky Ed2.8
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SFC energy in:

SW in = 162.35 W/m2

LW in = 345.15 W/m2

SFC (SW in + LW in)

= 507.5

SFC energy out:
LW up + Net = 
= 398.3 + 109.2

2OLR = 2 × 239.6 

= 479.2 W/m2

Diff = 507.5 – 479.2

= 28.3 W/m2



28 W/m2 difference…

• How much was the cloud longwave radiative 
effect (LWCRE)?

• LWCRE = 28 W/m2.

• What we have here it is this:
SFC energy in (SW + LW) = 
= 2OLR(all) + SFC LWCRE.

• Now THAT might be meaningful :

• The surface energy budget in the all-sky
has the same form as in the clear-sky case, 
PLUS one LW cloud radiative effect.

SFC (SW in + LW in) = 2OLR(all) + LWCRE (-0.73 W/m2)

������� ��		$%
��&	�	���'%�  &	(	���'$



Stephens and L’Ecuyer 2015, Atmos Res
(my additions in white textboxes).

E(SFC, all) = LW in + SW in = 2OLR(all) + LWCRE + IMB  - 0.05 (!!!) W/m2

344   +  163    = 2 x 240     +   26.6     + 0.45 - 0.05

SFC energy in

(SW + LW ) =

= 162.34 + 345.15 

= 507.49

=

2 x TOA LW out

+ SFC LWCRE

= 2 x 239.6 + 28.88 = 

508.08

Diff =

–0.59 W m-2–��������
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All-sky Ed2.8



All-sky, Ed4.0

Energy absorbed SFC 

(W m-2): 

SW in + LW in = 

163.67 + 344.97 = 
508.64

2 x OLR + SFC LWCRE = 

2 x 240.14 + 30.90 = 
511.18

Diff = –2.54 W m-2
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Ed4.0

Clear-sky, Ed4.0
SFC Net = G

SFC Net = 
SW in + LW in – LW up

= 528.0 – 397.6 
= 130.4 W m-2

G = ULW – OLR = 

397.6 – 268.1 

= 129.5 W m-2

Diff = 0.9 W m-2.��������
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Ed4.0



Clear-sky: SFC Net = G

SFC Net = SW in + LW in – LW up = 213.9 + 314.1 – 397.6 = 130.4 W m-2

G = ULW – OLR = 397.6 – 268.0 = 129.6 W m-2

Diff = = 0.8 W m-2

Ed4.0

������� )�		�  !"#� ����
��	�����"

Stephens et al. (2012)



Diff = 0.4 W/m2

Diff = 0.3 W/m2

Diff = 1.7 W/m2

Diff = 0.2 W/m2

Diff = 0.2 W/m2
Diff = 1.0 W/m2

F = N × UNIT;    UNIT = OLR(all-sky)/9



Is it possible 
to satisfy all the patterns 

with one data set?

Let’s try.

Model data set: EdMZ

All-sky pattern positions
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EdMZ all-sky integer ratios
F = N × UNIT

UNIT = OLR(all-sky)/9

Model data set: EdMZ

Clear-sky pattern positions
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EdMZ clear-sky integer ratios
F = N × UNIT

UNIT = OLR(clear-sky)/4

Clear-sky fluxes in all-sky units

F = N × UNIT(all-sky)
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The patterns as integers

Pattern1 (clear-sky): SFC (SW + LW) (in) = 2 × OLR
� + �� = 2 × �+

Pattern 2 (clear-sky):SFC Net  = ULW – OLR = G
�+ – �) =  �) – �+ = )
� – � =   � – � = �

Pattern3 (clear-sky):  STI / G / ATM / OLR / ULW / E(SFC)    
� �	� �			� �			� �				� �				�

Pattern4 (all-sky): SFC (SW + LW) (in) = 2OLR  + LWCRE
� + �� = 2 × * +    �

Pattern5 (all-sky): F = � × UNIT, UNIT = OLR(all-sky) / 9.

��)�&��12�+3,�4,5�6���"	��� 	�#�7	����!2�! ��	7�
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Deduction of EdMZ
from the Closed Shell Geometry

Step 0 Starting point: SW-transparent, LW-opaque, non-turbulent

Solar Absorbed Surface (SAS) = 1 goes into G = ULW – OLR = 1



Step 1 Unit change: 1 => 3

Solar Absorbed Surface (SAS) = 3 goes into G = ULW – OLR = 3

Step 2 Allow ONE atmospheric SW-absorption: SAA = 1, SAS = 2

Solar Absorbed Atmosphere (SAA) = 1, Solar Absorbed Surface (SAS) = 2

Climate quarks

1/3  2/3  3/3  4/3  5/3



Step 3 Solar Absorbed Surface (SAS = 2) goes into G = ULW – OLR = 2

‘SAS = G’ property kept

Climate quarks

1/3  2/3  3/3  4/3  5/3

1   2   3   4   5

SAS (6) = G (6)

Climate quarks

1/3  2/3  3/3  4/3  5/3

3   6   9  12  15

Step 4 Unit change: 3 => 9. 
Solar Absorbed Surface (SAS = 6) goes into G = ULW – OLR = 6



Step 5  Allow ONE partial LW-transparency …

Incl. clouds

Step 6 … fade the window with ONE up and down LW cloud effect

Incl. cloudsLW CRE

�

�



Step 7 … and close the balance with turbulence.
Atmosphere: E(SFC) + 2 UNITS = 21 = emitted up (8) + down (13)

Surface: E(SFC) = 2 OLR + 1 UNIT = 19

Incl. cloudsLW CRE

�

�

The pattern. Basic energy flow routes and integer rates. 



ASR = OLR = 9 = 240, SAA = 3 = 80, SAS = 6 = 160 

ULW = 15 = 400, G = 6 = 160, SFC Net = 4 = 107

DLR = 13 = 346, LW Cooling = -7 = -187  

1 = UNIT = 26.68 (W m-2)

Loeb (2015)

240.14 = 9

-186.8 = -7

80.04 = 3

26.68 = 1

106.7 = 4

80.04 = 3

240.4

UNIT = 26.68 W m-2 = 1

LW up

400.2 = 15

LW down all

346.84 = 13

LW down clear

320.16 = 12

)348  ��8�! 	�

OLR (clear)

266.8 = 10

Solar Absorbed Surface = 160.1 = G = 6



EdMZ with ISR = 340.0 and OLR = 240.1 Wm-2

Specific geometries



SW

I think the Blue Marble (Glass Shell) is better:

a

0.29289938



Climate sudoku

Wild et al

(2015)

g



� = 26.6 W/m2, �max(Wild-EdMZ) = -3.8 W/m2 (DLR)

• There are robust patterns in the annual global means.

• EdMZ is an idealized data set representing the pattern,

belonging to a time-independent geometry. 

• The integer ratios follow from the closed-shell geometry.

• The corresponding physical state has some reasonable

theoretical basis. 

• The largest bias between Ed4.0 and EdMZ is -6.1 Wm-2 

(2%) in DLR(clear) and 3.6 Wm-2 (2.2%) in SFC SW(all).

• Size and time-scale of fluctuations around — or systematic

deviations from — the pattern positions are not yet known.

Summary



gThe Blue Quantum Marble

Thank you CERES Science and Data Teams!

e-mail: 

miklos.zagoni@t-online.hu



Stephens et al. (2012) Nat Geosci Suppl Fig S2 (c)

30 Wm-2 CMIP5 model projected increase in DLR

Backup slides

30 Wm-2 increase in DLR would falsify EdMZ



g


