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Data 
CERES EBAF Ed4.1, 240 months (Dec 2000 – Nov 2020) 

 
 

Theory 
Schwarzschild (1906, Eq. 11) 



Theory    

 
 On the Equilibrium of 

the Sun’s Atmosphere  

 

Schwarzschild (1906) 

Radiative equilibrium 

 

Two-stream 

A upward beam 

B downward beam 

E emission of the layer 







Houghton (1977): 

Goody and Yung (1989): 

A – E = 
𝐴
0

2
  independent of τ 



(1977) 

(2002) 

(Houghton 1977, 2002) 







Radiative equilibrium: discontinuity 

Radiative-convective equilibrium: 

Surface net radiation balanced by non-radiative 

fluxes, constrained unequivocally to OLR/2 



Goody and Yung  (1989) 







Houghton (1977) 

Clear-sky at  χ* = 2  =>  Bg = 2ϕ/π  



My all-sky versions 

Eq. (1)  Schwarzschild (1906, Eq. 11), Houghton (2.13), net, clear-sky: 
  A – E = ΔA = A0 /2 

Eq. (2)  Schwarzschild (1906, Eq. 11), incl LWCRE, net, all-sky: 
  A – E = ΔA = (A0 – L) /2 

Eq. (3)  Schwarzschild (1906, Eq. 11), at τ = 2, Houghton (2.15), total, clear-sky:
 A = 2A0  

Eq. (4)  Schwarzschild (1906, Eq. 11), at τ = 2, incl LWCRE, total, all-sky: 
  A = 2A0 + L 
 



DATA: The four equations 
CERES EBAF Ed4.1, 240 months, Global Means, Dec 2000 – Nov 2020 

 

Eq. (1) SFC (SW net + LW net)    (clear)  = OLR(clear)/2  – 2.29 

 

Eq. (2) SFC (SW net + LW net)    (all)      = [OLR(all) – LWCRE)/2]    + 2.77 

 

Eq. (3) SFC (SW net + LW down) (clear) = 2OLR(clear)              – 2.82 

 

Eq. (4) SFC (SW net + LW down) (all)     = 2OLR(all) + LWCRE        + 2.46 

 

           Mean bias:  – 0.03 

 
Surface SW net is NOT resolved into its downward and upward components 

Wm-2 



Eq. (1) Surface SW net(clear) + LW down(clear) – LW up(clear)   = OLR(clear) / 2 

 

             x1    x2          x3  x4  

 

Eq. (1)   x1 + x2 – x3 = x4/2 

 

Eq. (2) Surface SW net(all) + LW down(all) – LW up(all) = [OLR(all) – LWCRE] /2 

 

            x5  

Definitions: Surface LW down (all) = Surface LW down(clear) + LWCRE 

         Surface LW up (all)   = Surface LW up (clear)  

          OLR (all)   = OLR(clear) – LWCRE 

 

Let be LWCRE at TOA = LWCRE at the surface = 1 

 

Eq. (2)   x5 + x2 + 1 – x3 = (x4 – 2)/2 = x4/2 – 1 

Theory: Global mean energy budget components 



Eq. (3) Surface SW net(clear) + LW down(clear)= 2OLR(clear) 

 

x1 + x2 = 2x4 => x3 = 3x4/2 

 

 

Eq. (4) Surface SW net(all) + LW down(all) = 2OLR(all) + LWCRE 
= 2OLR(clear) – LWCRE 

 

x5 + x2 + 1 = 2x4 – 1 

 

From now, unit = LWCRE = 1 

 



Integer solution 
LWCRE at surface = LWCRE at TOA  =   1 

 

X1 = Surface SW net        (clear-sky) =   8 

X2 = Surface LW down        (clear-sky) = 12 

X3 = Surface LW up  (all-sky, clear-sky) = 15 

X4 = TOA LW up        (clear-sky) = 10 

X5 = Surface SW net            (all-sky)  =   6 

 

TOA LW up     (OLR)            (all-sky) =   9 

Surface LW down (DLR)           (all-sky) = 13 

Greenhouse effect:  

G(all) :     Surface LW up – TOA LW up (all)     = 15 –  9  = 6. 

G(clear) : Surface LW up – TOA LW up (clear) = 15 – 10 = 5. 



Integer solution best fit 

CERES EBAF Ed4.1, 240 months, Dec 2000 — Nov 2020 data, best fit: 

    LWCRE = 1 unit = 1 = 26.68 ± 0.01 Wm-2. 



CERES 20-year 

clear-sky (with ΔC) 
Data N × UNIT Theory  Diff 

SFC SW net 211.74 8 × 26.68 213.44 –1.70 

SFC LW down 317.51 12 × 26.68 320.16 –2.65 

SFC LW up 398.53  15 × 26.68 400.20 –1.67 

TOA LW up 266.04 10 × 26.68 266.80 –0.76 

SW+LW net 130.72 5 × 26.68 133.40 –2.68 

G 132.49  5 × 26.68 133.40 –0.91 

Eq. (1)  8 + 12 – 15 = 5 = 10/2      –2.29 

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



CERES 20-year 

all-sky 
Data N × UNIT Theory  Diff 

SFC SW net 163.63 6 × 26.68 160.08 3.55 

SFC LW down 345.13 13 × 26.68 346.84 –1.71 

SFC LW up 398.75  15 × 26.68 400.20 –1.45 

TOA LW up 240.26 9 × 26.68 240.12 0.14 

LWCRE 25.78   1 × 26.68 26.68 -0.90 

SW+LW net 110.01 4 × 26.68 106.72 3.29 

Eq. (2)  6 + 13 – 15 = 4 = (9 – 1)/2       2.77 

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



CERES 20-year 

clear-sky (with ΔC) 
Data N × UNIT Theory  Diff 

SFC SW net 211.74 8 × 26.68 213.44 –1.70 

SFC LW down 317.51 12 × 26.68 320.16 –2.65 

SW net + LW down 529.25 20 × 26.68 533.60 –4.35 

TOA LW up 266.04 10 × 26.68 266.80 –0.76 

Eq. (3)  8 + 12 = 20 = 2 × 10                      –2.82 

Eq. (3) SFC SW net + LW down (clear) = 2 × TOA LW up (clear)  



CERES 20-year 

all-sky 
Data N × UNIT Theory  Diff 

SFC SW net 163.63 6 × 26.68 160.08 3.55 

SFC LW down 345.13 13 × 26.68 346.84 –1.71 

TOA LW up 240.26 9 × 26.68 240.12 0.14 

LWCRE   25.78 1 × 26.68 26.68 -0.90 

SW net + LW down 508.76 19 × 26.68 506.92 1.84 

2OLR + LWCRE 506.30 19 × 26.68 506.92 –0.62 

Eq. (4)  6 + 13 = 19 = 2 × 9 + 1               2.46 

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



Mean bias of the four equations  
CERES EBAF Ed4.1, Dec 2000 – Nov 2020 

• Net (clear-sky) ΔEq1 = -2.29 

• Net (all-sky)  ΔEq2 =  2.77 

• Gross (clear-sky)     ΔEq3 = -2.82 

• Gross (all-sky)  ΔEq4 =  2.46 

                mean = 0.03 Wm-2 

 

• Clear-sky (net) ΔEq1  = -2.29 

• Clear-sky (gross)     ΔEq3  = -2.82 

• All-sky (net)  ΔEq2 =  2.77 

• All-sky (gross) ΔEq4 =  2.46 

              mean = 0.03 Wm-2 

} 
} 

} 
} 

 0.24 

-0.18 

-2.55 

 2.61 



Month OLR(clear) ULW G(clear) g(clear) 
Dec 2019 263.904 391.744 127.84 0.3263 
Jan 2020 263.279 390.911 127.632 0.3265 
Feb 2020 264.479 392.926 128.447 0.3269 
Mar 2020 264.877 396.008 131.131 0.3311 
Apr 2020 265.558 400.41 134.852 0.3368 

May 2020  267.679 404.095 136.416 0.3376 
Jun 2020 269.113 407.299 138.186 0.3393 
Jul 2020 270.143 408.587 138.444 0.3388 

Aug 2020 270.527 407.728 137.201 0.3365 
Sep 2020 268.54 405.008 136.468 0.3370 
Oct 2020 266.475 399.627 133.152 0.3332 
Nov 2020 264.73 394.438 129.709 0.3288 

Data 266.61 399.90 133.29 0.3333 

Theory 266.80 400.20 133.40 0.3333 

THEORY: g(clear) 
Eq.(1) Bg – B0 = Beff/2 
Eq.(3) Bg = 2Beff   
BG = B0 – Beff => 
BG : Beff : B0 : Bg = 
 
 1  :  2   :  3  : 4 = 
5 :  10 :  15 :  20 
G : OLR : ULW  = 
5 :  10 :  15 = 
 1 :    2   :   3     => 
g = G/ULW = 1/3 
1 = 26.68 Wm-2 

DATA: Greenhouse Effect  

CERES 12 months, Dec 2019 – Nov 2020 



DATA: TOA SW up is integer 
CERES EBAF Ed4.1, Dec 2000 – Nov 2020 

TOA Flux (clear-sky with ΔC )    N Data Theory Diff 

SW up clear-sky 8 / 4 53.72 53.36 0.36 

SW up all-sky 15 / 4 98.97 100.05 -1.08 
LW up clear-sky 40 / 4 266.04 266.80 -0.76 
LW up all-sky 36 / 4 240.26 240.12 0.14 
TOA SW CRE -7 / 4 -45.25 -46.69 1.44 
TOA LW CRE 4 / 4 25.78 26.68 -0.90 
TOA Net CRE -3 / 4 -19.47 -20.01 0.54 
Albedo, clear 8 / 51 0.158 0.157 0.001 
Albedo, all 15 / 51 0.291 0.294 -0.003 

With TSI = 51, each flux is an integer on the intercepting cross-section disk. 

Clear-sky:  SW up =    8     SW in = 43    LW up = 40    TOA Net IMB  =  3      

All-sky:      SW up  = 15     SW in = 36    LW up = 36    TOA Net CRE = –3 

51 

N 



TSI = 51 => 1 = LWCRE (spherical weighting) 
TSI = 51 => UNIT = (TSI/51) × 4/4.0034 (geodetic weighting) 

TSI = 1361.03 => 1 = LWCRE= 26.69 (spherical weighting) 
TSI = 1361.03 => UNIT = 1   = 26.67 (geodetic weighting) 

Data: TSI 

4.0034 

SORCE 

N 



Greg’s TSI Page 

TSI composite created by G. Kopp on 4 Sept. 2020  

(1361.63/51) × (4/4.0034) = 1 = 26.68 ± 0.01 Wm-2 



The Greenhouse Effect of Clouds: ΔF(CERES) = –0.09 Wm-2 

LWCRE Theory 
TSI = 51 

1 = 26.68 Wm-2 

4 Eqs 20-yr 
1 = 26.68 Wm-2  

Stephens  
et al. (2012) 

LWCRE mean 
= 26.65 Wm-2 

ΔF(Stephens) =  
–0.03 Wm-2   

OLR all-sky              LWCRE at TOA      OLR clear-sky 
 240.26          25.78          266.04 

LW net clear         LWCRE at surface       LW net all-sky 
  81.02           27.40                     53.62 

      LWCRE CERES Mean    LWCRE Theory 

      26.59         26.68 



The Shielding Effect of Clouds: ΔF(CERES) = 1.44 Wm-2 

     RSR all-sky      SWCRE at TOA           RSR clear-sky 
  CERES   98.97       –45.25            53.72 

N-position    SWCRE TOA N-position           N-position 
15/4 = 100.05  –7/4 = –46.69   8/4 = 53.36 

   TOA Net CRE = LWCRE + SWCRE = 

= OLR(clear) – OLR(all) + RSR(clear) – RSR(all) = 

= OLR(clear) – OLR(all) + ISR – ASR(clear) – [ISR – ASR(all)] = 

= [ASR(all)   – OLR(all)] – [(ASR(clear) – OLR(clear)] = 

= TOA Net IMB(all) – TOA Net IMB(clear) 

1 
26.68 

-3 3 

TOA Net CRE    TOA IMB(clear)    



The Shielding Effect of Clouds: ΔF(CERES) = 1.44 Wm-2 

 

=> EEI = TOA Net CRE + TOA Net IMB (clear) 
 
DATA 25.78 – 45.25   = TOA Net CRE     = – 19.47 Wm-2  
 340.01 – 53.72 – 266.04   = TOA Net IMB (clear)     =    20.25 Wm-2 
                EEI    = TOA Net IMB (all)     =      0.78 Wm-2 
 
THEORY TOA Net CRE                  =   4/4  + 8/4 – 15/4 = –3/4  = –20.01 Wm-2 
 TOA Net IMB (clear)     = 51/4 – 8/4 – 40/4 =    3/4  =   20.01 Wm-2 

3/4  3/4 

N-position    SWCRE TOA N-position           N-position 
15/4 = 100.05  –7/4 = –46.69   8/4 = 53.36 

     RSR all-sky      SWCRE at TOA           RSR clear-sky 
  CERES   98.97       –45.25            53.72 


