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What is Set 1?
• Wielicki et al. (1996) (BAMS), Clouds and the Earth's Radiant Energy System (CERES):

"Obtaining surface fluxes from measured TOA fluxes, CERES investigations are examining two independent approaches"

Approach 1. Establishing direct relationships between TOA radiative fluxes and surface fluxes.

Approach 2. Surface fluxes can be calculated by radiative transfer computations.

• CERES ATBD Algorithm Overview (Wielicki and Barkstrom, 1996):

• The first set, using parametrization, is described in Subsystems 4.6.1–4.6.3 (1997):

• Subsystem 4.6.1 is an empirical estimate of shortwave (SW) Surface Radiation Budget (SRB)

• Subsystem 4.6.2 is an empirical estimate of longwave (LW) SRB

• Subsystem 4.6.3 is an algorith for LW SRB total sky

• My Set 1 is a theoretical estimate of partitioning TSI into SW and LW, clear-sky, all sky and  now, cloudy TOA and SFC 
RB in the annual global mean, based on an integer solution of four radiative transfer constraint equations; from which the 
first is well-known from Schwarzschild (1906), Goody (1964), Houghton (1977), Stephens (1992), etc.; the others are 
simple consequences. 

• TOA SW are not there in the equations, they need another explanation; the method will be geometrization.



Four direct TOA/Surface relationships
CERES EBAF Ed4.1 Version 3,    22 years (April 2000 – March 2022) (Wm-2)
CERES EBAF Ed4.2.1 Version 3, 25 years (April 2000 – March 2025) (Wm-2) 

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

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

240.4417 – 29.6710  + 318.2640   – 398.9301 = 266.0004 /2 – 2.3531 

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

240.4417   – 29.6710  + 318.2640                               = 2 × 266.0004 – 2.4236 

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

187.1294   – 23.4327 +  346.4731 – 398.7367           = (240.4417 – 25.5587)/2 + 3.9915 

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

187.1294   – 23.4327 +  346.4731                               = 2 × 240.4417 + 25.5587 + 3.7276

Mean 0.0007

0.7356



Four direct TOA/Surface relationships
CERES EBAF Ed4.1 Version 3,    22 years (April 2000 – March 2022) (Wm-2)
CERES EBAF Ed4.2.1 Version 3, 26 years (April 2000 – March 2026) (Wm-2) 

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

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

240.9690 – 29.6514  + 318.3627   – 399.0068 = 266.0064 /2 – 2.3297 

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

240.9690   – 29.6514  + 318.3627                               = 2 × 266.0064 – 2.3325 

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

187.1344   – 23.4117 +  346.4731 – 398.8196           = (240.4708 – 25.5356)/2 + 4.0017 

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

187.1344   – 23.4117 +  346.4731                               = 2 × 240.4708 + 25.5356 + 3.8117

g(clear) = (398.5211 – 266.0122)/398.5211 = 0.33250                     Mean 0.0007

g(clear) = (399.0068 – 266.0064)/399.0068 = 0.33333 0.7878



ΔA = A0/2.   E = 3A0/2

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

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

Eq.(2)   SFC Tot = 2OLR Eq.(1)  SFC Net = OLR/2 
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1= 26.684 Wm-2 Set 1 Set 2 Difference

Surface N N × Unit
EBAF Ed4.2.1

Aug 2000 – July 2026

Set 2 – Set 1

(Wm-2)

Solar 51/4 340.22 340.22 0.00

SW net all 6 160.10 163.73 3.63

LW down all 13 346.84 346.62 -0.22

LW up all 15 400.20 398.88 -1.32

LW net all -2 -53.37 -52.26 1.11

SW net clear 8 213.46 211.32 -2.14

LW down clear 12 320.20 318.44 -1.76

LW up clear 15 400.25 399.07 -1.18

LW net clear -3 -80.05 -80.63 -0.58

geoid

wg = 4.0034

Set 1 and Set 2 of CERES Data Products, Surface

Solar flux

The only input 
parameter

51



1= 26.684 Wm-2 Set 1 Set 2 Difference

TOA N N × Unit
EBAF Ed4.2.1

Aug 2000 – July 2026

Set 2 – Set 1

(Wm-2)

Solar 51/4 340.22 340.22 0.00

SW up all 15/4 100.06 98.82 -1.24

LW up all 36/4 240.15 240.49 0.34

Net all 0 0 0.92 0.92

SW up clear 8/4 53.37 53.73 0.36

LW up clear 40/4 266.84 266.00 -0.84

Net clear 3/4 20.01 20.49 0.48

SW CRE –7/4 -46.70 -45.11 1.59

LW CRE 4/4 26.684 25.52 -1.16

Net CRE –3/4 -20.01 -19.58 0.43

Set 1 and Set 2 of CERES Data Products, TOA

geoid

wg = 4.0034

Solar flux

The only input 
parameter

51



1= 26.684 Wm-2 Set 1 Set 2 Difference

TOA N N × Unit
EBAF Ed4.2.1

Aug 2000 – July 2026

Set 2 – Set 1

(Wm-2)

Solar 51/4 340.22 340.22 0.00

SW up all 15/4 100.06 98.82 -1.24

LW up all 36/4 240.15 240.49 0.34

Net all 0 0 0.92 0.92

SW up clear 8/4 53.37 53.73 0.36

LW up clear 40/4 266.84 266.00 -0.84

Net clear 3/4 20.01 20.49 0.48

SW CRE –7/4 -46.70 -45.11 1.59

LW CRE 4/4 26.684 25.52 -1.16

Net CRE –3/4 -20.01 -19.58 0.43

TOA SW are not in the eqs — need explanation

geoid

wg = 4.0034

Solar flux

The only input 
parameter

51



TOA all-sky was exact already in Wielicki et al. (1995) 

LW CRF =  26.68 Wm-2 =  4/4
SW CRF = -46.69 Wm-2 = -7/4
NET CRF = -20.01 Wm-2 = -3/4
TOA Net Clear = 20.01 Wm-2 =  3/4

α(Theory)  = 15/51

α(Wielicki) = 100/340 ≡ 15/51

All-sky Clear-sky
Incident   SW = 340 Wm-2 = 51/4 Incident   SW  = 340 Wm-2 = 51/4
Reflected SW = 100 Wm-2 = 15/4 Reflected SW  = 53.33 Wm-2 =    8/4
Absorbed SW = 240 Wm-2 = 36/4 Absorbed SW  = 286.67 Wm-2 = 43/4
Emitted    LW = 240 Wm-2 = 36/4 Emitted   LW   = 266.66 Wm-2 = 40/4



Same as in Stephens & L'Ecuyer (2015)

α(Theory) = 15/51

α(St&L'E)  = 100/340 ≡ 15/51

340.0
51/4

100.0
15/4



Same as in AMS Monograph (2018)

0.294 = 100/340 ≡ 15/51



Same as in Wild (2020) / IPCC (2023)

340.0 
51/4

53.3
8/4

340.0
51/4

100.0
15/4

α(Theory) = 15/51

α(IPCC)     = 100/340 ≡ 15/51

TOA Net Clear = 3/4 = 20.01 Wm-2

240.0
36/4

266.7
40/4



CERES_EBAF_Ed4.2.1_Subset_200008-202607.nc



Libera will tell us how much they really are 

Hakuba (2024)

340.0
51/4

100.0
15/4

240.0
36/4



A geometric greenhouse model
Starting from the simplest radiative structure

Hartmann (1994), Fig. 2.3 

1

1

2

1

1



TSI
4

DLR
4

SAS
4

OLR
4

ULW
8

Multiply by 4



TSI
5

DLR
4

RSR
1

SAS
4

OLR
4

ULW
8

Introduce 1 unit RSR, add 1 to TSI 

No reference to any surface or atmospheric reflectivity



TSI
5

DLR
5

RSR
1

SAS
3

ASR
4

OLR
4

ULW
8

Allow 1 unit SAA (Solar Absorbed Atmosphere)

SAS (Solar Abs Surface) will be 3, DLR will be 5

SAA
1



TSI
5

DLR
5

RSR
1

SAS
3

ASR
4

OLR
4

ULW
6

Introduce CONV by Eq. (1)

g = 1/3

SAA
1

CONV
2

Eq. (1) 2 = 4 / 2 
Eq. (2) 2 + 6 = 4 × 2



TSI
50

DLR
50

RSR
10

SAS
30

ASR
40

OLR
40

ULW
60

Convert to "red" units, 1 = 10

Before spherical weighting

SAA
10

CONV
20

Eq. (1) 20 = 40 / 2 
Eq. (2) 20 + 60 = 40 × 2



TSI
50

DLR
50

RSR
10

SAS
30

ASR
40

OLR
40

ULW
60

Allow 3 units for Clear-sky TOA imbalance
Wielicki et al. (1995), Wild (2023): Clear TOA IMB = 3/4 = 20 Wm-2

Hiatus 3 is created at TOA

SAA
10

CONV
20

Eq. (1) 20 = 40 / 2 
Eq. (2) 20 + 60 = 40 × 2

IMB
3



TSI
50+1

DLR
50

RSR
10-2

SAS
30

ASR
40+3

OLR
40

ULW
60

Solving the hiatus: Add 1 to TSI, decrease RSR by 2

ASR increased by 3

SAA
10

CONV
20

Eq. (1) 20 = 40 / 2 
Eq. (2) 20 + 60 = 40 × 2

IMB
3



TSI
50+1

DLR
50-2

RSR
10-2

SAS
30+2

ASR
40+3

OLR
40

ULW
60

Re-distribute ASR +3 as +1 in atm, +2 at surface

Decrease DLR by 2

SAA
10+1

CONV
20

Eq. (1) 20 = 40 / 2 
Eq. (2) 20 + 60 = 40 × 2

IMB
3



TSI
50+1

DLR
50-2

RSR
10-2

SAS
30+2

ASR
40+3

OLR
40

ULW
60

Ready. This is the clear-sky system.

On the disk (before spherical weighting)

SAA
10+1

CONV
20

Eq. (1) 20 = 40 / 2 
Eq. (2) 20 + 60 = 40 × 2

IMB
3



TSI
50+1

DLR
50-2

RSR
10-2

SAS
30+2

ASR
40+3

OLR
40

ULW
60

How much is the window?

SAA
10+1

CONV
20

Eq. (1) 20 = 40 / 2 
Eq. (2) 20 + 60 = 40 × 2

IMB
3

ATM WIN



A reference in Stephens et al. (2012):



STIclr = 65 Wm-2, OLR = 259 Wm-2 => OLR = 4STIclr

=> Clear-sky unit = STIclr = OLR(clear)/4 = 266.80/4 = 66.70 Wm-2 = 10/4 = 1

A reference in Stephens et al. (2012):



G clear) Surface emission

266.80
10

4

400.20
15

6

133.40
5

2 

+Clear-sky OLR =

STIclr = 66.70 Wm-2 = 1

OLRclr = 266.80 Wm-2 = 4 Gclr = 133.40 Wm-2 = 2 SFC LW up = 400.20 Wm-2 = 6

Clear-sky unit = STIclr = 266.80/4 = 66.70 Wm-2 = 1



G clear) Surface emission

266.80
10

4

6

400.20
15

6

9

133.40
5

2

3

STIclr = 66.70 Wm-2 = 1

OLRclr = 266.80 Wm-2 = 4 Gclr = 133.40 Wm-2 = 2 SFC LW up = 400.20 Wm-2 = 6

+Clear-sky OLR =

All-sky unit / Clear-sky unit = 2 / 5 => 2 = 5

All-sky unit / Cloudy unit = 3 / 5 => 3 = 5

“Geometric cloud area fraction” βg = 3 / 5

Clear-sky unit = STIclr = 266.80/4 = 66.70 Wm-2 = 1



266.80
10

4

6

400.20
15

6

9

133.40
5

2

3

G clear) Surface emissionClear-sky OLR + =

1 = Cloudy unit = LWCRE(total) = OLR (clear) – OLR(cloudy) = LWCRE / βg = 26.68/0.6 = 44.467 Wm-2

Clear-sky OLR (6)  – LWCREtotal (1) = Cloudy OLR (5)

OLR(cloudy) = 5 = 266.80 – 44.467 = 222.33 Wm-2 (FluxByCldTyp?)



CERES_EBAF_Ed4.2.1_Subset_200004-202603.nc (26 years)

Clear-sky N
Clear-sky unit

STIclr = 66.5
Cloudy-sky unit
LWCREfull= 44.3

All-sky unit
LWCRE = 26.6

Geometry CERES

Surface LW up 3 6 9 15 399 399.0068

TOA LW up 2 4 6 10 266 266.0064

G 1 2 3 5 133 133.0004

g 1/3 1/3 1/3 1/3 1/3 0.33333



CERES_EBAF_Ed4.2.1_Subset_200004-202603.nc (26 years)

Clear-sky N
Clear-sky unit

STIclr = 66.5
Cloudy-sky unit
LWCREfull= 44.3

All-sky unit
LWCRE = 26.6

Geometry
Set 1

CERES
Set 2

Surface LW up 3 6 9 15 399 399.0068

TOA LW up 2 4 6 10 266 266.0064

G 1 2 3 5 133 133.0004

g 1/3 1/3 1/3 1/3 1/3 0.33333

This is one of my (or, 
dear CERES Science 
Team, our) most 
important slides ever



TSI
20

DLR
20

RSR
4

SAS
12

ASR
16

OLR
16

ULW
24

The clear-sky system, in its own units, without transfer

SAA
4

CONV
8

Eq. (1) 8 = 16 / 2 
Eq. (2) 8 + 24 = 16 × 2

ATM
12

WIN
4

g = 1/3



TSI
20+1

DLR
20-2

RSR
4-2

SAS
12+2

ASR
16+3

OLR
16

ULW
24

The clear-sky system, with energy transfer

SAA
4+1

CONV
8

Eq. (1) 8 = 16 / 2 
Eq. (2) 8 + 24 = 16 × 2

IMB
3ATM

12
WIN
4

g = 1/3



TSI
50+1

DLR
50-2

RSR
10-2

SAS
30+2

ASR
40+3

OLR
40

ULW
60

The clear-sky system, in "red" units

On the disk (before spherical weighting)

SAA
10+1

CONV
20

Eq. (1) 20 = 40 / 2 
Eq. (2) 20 + 60 = 40 × 2

IMB
3ATM

30
WIN
10



Clear-sky

16

1 – βg = 2/5 

The clear-sky system, without transfer

Clear-sky contribution = 
1

5
×

2

5
=

2

25

α(clear-sky) (without transfer) = 4/20 = 1/5 α(cloudy-sky) (without transfer) = 1/3 



16

1 – βg = 2/5 

Define cloudy albedo as 1/3

3 2

2

1

Clear-sky Cloudy sky

Clear-sky contribution = 
1

5
×

2

5
=

2

25
Cloudy contribution   = 

1

3
×

3

5
=
1

5
=

5

25

α(clear-sky) (without transfer) = 4/20 = 1/5 α(cloudy-sky) (without transfer) = 1/3



α(clear-sky) (without transfer) = 4/20 = 1/5 α(cloudy-sky) (without transfer) = 10/30 = 1/3 

16

1 – βg = 2/5 

Convert to cloudy units

30 20

20

10

Clear-sky Cloudy sky

Clear-sky contribution = 
1

5
×

2

5
=

2

25
Cloudy contribution   = 

1

3
×

3

5
=
1

5
=

5

25



16

1 – βg = 2/5 

The all-sky albedo, without transfer

30 20

20

10

Clear-sky contribution = 
1

5
×

2

5
=

2

25
Cloudy contribution   = 

1

3
×

3

5
=
1

5
=

5

25

All-sky albedo (without transfer) =  
2

25
+

5

25
=

7

25
= 0.280

Clear-sky Cloudy sky

α(clear-sky) (without transfer) = 4/20 = 1/5 α(cloudy-sky) (without transfer) = 10/30 = 1/3 



α(clear-sky) (without transfer) = 10/50 = 1/5 α(cloudy-sky) (without transfer) = (50/3)/50 = 1/3

Convert to "red" units

Clear-sky contribution = 
1

5
×

2

5
=

2

25
Cloudy contribution   = 

1

3
×

3

5
=
1

5
=

5

25

All-sky albedo (without transfer) =  
2

25
+

5

25
=

7

25
= 0.280

50 10 40

40

1 – βg = 2/5 

50 100/3

100/3

50/3

Clear-sky Cloudy sky

30 20

20

10

10 = 50/3
20 = 100/3
30 = 50

4 = 10

16 = 40

20 = 50

20 16

16

4



Allow IMB (energy transfer from clear to cloudy)

50 10 40

40

1 – βg = 2/5 

50 100/3

100/3

50/3
IMB
3

IMB
2

α(clear-sky) (without transfer) = 10/50 = 1/5 α(cloudy-sky) (without transfer) = (50/3)/50 = 1/3

Clear-sky contribution = 
1

5
×

2

5
=

2

25
Cloudy contribution   = 

1

3
×

3

5
=
1

5
=

5

25

All-sky albedo (without transfer) =  
2

25
+

5

25
=

7

25
= 0.280

Clear-sky Cloudy sky



Re-distribute IMB

50+1 10-2 40

43

1 – βg = 2/5 

α(clear-sky) = 8/51 α(cloudy) = (50/3 + 3)/51 = (59/3)/51

Clear-sky contribution = 
8

51
×

2

5
=
16

5
×

1

51
Cloudy contribution = 

59

3
×

1

51
×

3

5
=

59

5
×

1

51

IMB
3

IMB
2

Clear-sky: +1 to TSI, –2 from RSR Cloudy: +1 to TSI, +3 to RSR

100/3

100/3 – 2

50/3 + 350+1



The all-sky albedo.

50+1 10-2 40

43

1 – βg = 2/5 

α(clear-sky) = 8/51 α(cloudy) = (50/3 + 3)/51 = (59/3)/51

Clear-sky contribution = 
8

51
×

2

5
=
16

5
×

1

51
Cloudy contribution = 

59

3
×

1

51
×

3

5
=

59

5
×

1

51

All-sky albedo =
16

5
×

1

51
+

59

5
×

1

51
=

75

5
×

1

51
= 15/51 = 0.294

100/3

100/3 – 2

50/3 + 3
IMB
3

IMB
2

Clear-sky: +1 to TSI, –2 from RSR Cloudy: +1 to TSI, +3 to RSR

50+1



Clear-sky Cloudy-sky

α(clear-sky) = 1/5 = 4/20 α(cloudy-sky) = 1/3 = 10/30

16 10

50 50

α(all-sky) [without transfer] = 
4

20
×

2

5
+

10

30
×

3

5
= 14/50 = 14/50= 0.280

1 – βg = 2/5 

TSI = 1361.84 Wm-2

= 51

= 20 + 1
= 30 + 1
= 50 + 1

TSI = 1361.84 Wm-2

= 51

=> 1 = 66.70 Wm-2

=> 1 = 44.46 Wm-2

=> 1 = 26.68 Wm-2

In their own units, without transfer



Clear-sky Cloudy-sky

α(clear-sky) = (4–2)/(20+1) α(cloudy-sky) = (10+3)/(30+1)

16 10

51 51

α(all-sky) [without transfer] = 
4

20
×

2

5
+

10

30
×

3

5
= 14/50 = 14/50= 0.280

1 – βg = 2/5 
βg = 3/5 

+1 –2

+3
3          2

+1 +3

–2

α(all-sky) = 
8

51
×

2

5
+

59

3
×

1

51
×

3

5
= (

16

5
+

59

5
)/51 =

75

5
/51 = 15/51= 0.294

TSI = 1361.84 Wm-2

= 51

= 20 + 1
= 30 + 1
= 50 + 1

TSI = 1361.84 Wm-2

= 51

=> 1 = 66.70 Wm-2

=> 1 = 44.46 Wm-2

=> 1 = 26.68 Wm-2

In their own units, with energy transfer



Units on the disk, without transfer

βg = 3/5 

Clear-sky Cloudy-sky

ATM LW 
Cooling
–12

ATM LW 
Cooling
–18

SW reflection = 1/3
SW absorption = 1/3
SW transmission = 1/3 

SW reflection = 1/5
SW absorption = 1/5
SW transmission = 3/5



Units on the disk, with transfer

Clear-sky

SW reflection = (10 + 3)/ 51 = (20 – 1/3) / 51
SW absorption = (10 – 4)/ 51 = (13 – 1/3) / 51
SW transmission = (10 + 2)/ 51 = (19 – 1/3) / 51

131.18 222.33
222.33 0

13.34 208.99

+1 +3

–2

–4

+2 –2

84.49

124.51 88.93 400.20
364.63

βg = 3/5 

Cloudy-sky, Version 1

ATM LW 
Cooling
–18+2
–186.76

340.17340.17 53.36 266.80
200.10 66.70

20.01

73.37

213.44 133.40 400.20
320.16

286.81

+1 –2

+3

+1

+2

Eq.(1) 8 = 16 /2
Eq.(2) 8 + 24 = 2 × 16

Clear-sky

ATM LW 
Cooling
–12

–186.76

–2

+2

SW reflection =    (4 – 2) / 51 =   8 / 51
SW absorption =    (4 + 1) / 51 = 11 / 51
SW transmission= (12 + 2) / 51= 32 / 51

3 2

Eq.(3) 8 = (20 – 4)/2
Eq.(4)  8 + 36 = 2 × 20 + 4



TSI = 1361.84 Wm-2

= 51

= 20 + 1
= 30 + 1
= 50 + 1

ULW = 6 = 9 = 15 = 400.2 Wm-2

1 = 66.70 Wm-2

1 = 44.46 Wm-2

1 = 26.68 Wm-2

(geodetic weighting factor = 4.0034)

Solar flux

Eq.(3) 16 = (36 – 4)/2
Eq.(4)  16 + 60 = 2 × 36 + 4

3 2

340.17 53.36 266.80
200.10 66.70

20.01

73.37

213.44 133.40 400.20
320.16

286.81

131.18 222.33
222.33 0

13.34 208.99

+1 –2

+3

+1

+2

+1 +3

–2

–4

+2 –2

84.49

88.93 400.20
364.63

Set 1 (units on the disk, data on the sphere in Wm-2)

TOA Net CRE
–3

–20.01
340.17 100.05

240.12

80.04

160.08 106.72 400.20 346.84

240.12

Eq.(1) 8 = 16 /2
Eq.(2) 8 + 24 = 2 × 16

Eq.(3) 8 = (20 – 4)/2
Eq.(4)  8 + 36 = 2 × 20 + 4

βg = 3/5 

Clear-sky Cloudy-sky, Version 1

All-sky

213.44 26.68

ATM LW 
Cooling
–28

–186.76

ATM LW 
Cooling
–12

–186.76

ATM LW 
Cooling
–18+2
–186.76

340.17

–2

+2

124.51
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