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Cloud cover change 
explains 63% 

changes in aerosols and water vapor 37%
of the 1.8 W/m2 surface warming (0.35 0C) 

Green House Effect over 2001-2020
ΔGHE = 0,297 W/m2 is 7% of the near surface warming

Surface warming:
changes in clear and cloudy skies

Clear-sky change = changes aerosols + water vapor
Cloud change = change cloud cover

at the surface: warming SW clear-sky and warming cloud effect reinforce, 
at the top: cooling LW clear-sky and warming cloud effect cancel out

Latest advancements
-Emission fraction near surface (es) as a function of 
solar absorption fraction (A):  es =  Az

-Emission fraction top atmosphere (ea) as a linear 
function of es: ea= p.es
-Radiative mean temperature:  Tm = (ΣTi

4/n)0,25

Calibrated spring temperature difference

KNMI data Ts(grC) Ta(grC) Ts - Ta (grC)

2001-2010 11.667 10.534 1.134

winter 3.830 3.458 0.373

spring 12.549 9.927 2.623

summer 18.481 17.565 0.916

fall 10.761 11.053 -0.291

2011-2020 11.874 10.972 0.902

winter 4.998 4.733 0.266

spring 12.199 10.110 2.090

summer 18.729 17.667 1.062

fall 10.536 11.265 -0.729

Measured and calculated input data z =    0.261

CERES data A(-) Cloudfract (-) es = Clfz

2001-2010 0.338 0.696 0.9096

winter 0.433 0.757 0.9300

spring 0.321 0.661 0.8976

summer 0.328 0.660 0.8970

fall 0.365 0.705 0.9128

2011-2020 0.331 0.688 0.9070

winter 0.438 0.758 0.9301

spring 0.304 0.639 0.8897

summer 0.323 0.663 0.8984

fall 0.366 0.692 0.9085

Energy and radiation balance Top Atmosphere (W/m2)

Top Atmosphere S -r1.(1-A)S -(1-a).r2.SSR -eaσToa4 -(1-es).eg.σTs4 FCO2 -N sum 

2001-2010 276.3 -88.31 -17.76 -217.12 -10.08 1.79 55.18 0.000

2011-2020 276.3 -85.42 -18.23 -218.20 -10.69 1.97 54.27 0.000

Energy and radiation balance Atmosphere (W/m2)

Atmosphere S -RSR -OLRi FCO2 -(1-r2)SSR -esσTa4 eg.σTs4 Evap+H W sum

initial 2001-2010 276.3 -106.07 -227.20 1.79 -94.99 -334.06 366.82 57.63 59.78 0.000

actual 2011-2020 276.3 -103.65 -228.89 1.97 -97.49 -335.16 368.61 59.37 58.94 0.000

Energy and radiation balance Surface (W/m2)

Surface SSR -r2.SSR esσTa4 -eg.σTs4 -Evap -H -Psynth sum

initial 2001-2010 117.3 -22.28 334.06 -366.82 -45.71 -11.92 -4.60 0.000

clear sky 184.3 -35.01 303.99 -355.61 -73.21 -19.10 -5.34 0.000

actual 2011-2020 120.4 -22.87 335.16 -368.61 -47.08 -12.28 -4.67 0.000

clear sky 192.7 -36.61 304.45 -359.65 -75.71 -19.75 -5.43 0.000

63%
37%

Composition All sky downward radiation to the surface 2001-2020 and Total Cloud Effect

Flux W.m-2 type All sky Clear sky Cloudy sky TCE(W/m2)

initial 2001-2010 Short Wave (SSR) 117.3 187.0 -69.7

Long Wave down 334.3 290.2 44.1

Short Wave (SSR) 120.4 189.2 -68.9

Long Wave down 335.2 289.4 45.7

Long wave and short wave contributions to change in All sky downward radiation   2001-2020

Forcing W.m-2.dec-1type Δ All sky Δ Clear sky Δ Cloudy sky ΔTCE

actual - initial ΔShort Wave (SSR) 3.1 2.2 0.9

ΔLong Wave (esσTa4) 0.9 -0.7 1.6

Δtotal downward 4.0 1.5 2.5

-25.6

actual 2011-2020 -23.2

2.5

Error propagation

Surface SW All sky SW Clear sky 2001-2020 LW All sky LW Clear sky SW All sky SW Clear sky 2011-2020 LW All sky LW Clear sky

add data           Ta     283.7 285.17 284.12 284.82

component SSR SSRclear Ta Taclear SSR SSRclear Ta Taclear

stdev 4.033 21.04 0.6 1.63 5.836 27.227 0.58 1.333

SE SE(SSR) SE(SSRclear) SE(LWdown) SE(LWclear) SE(SSR) SE(SSRclear) SE(LWdown) SE(LWclear)

SE 1.275 6.653 0.860 2.141 1.845 8.610 0.861 1.740

SE( CE) SE(SCE)= 6.774 SE(LCE)= 2.307 SE(SCE)= 8.806 SE(LCE)= 1.941

SE(TCE) SE(TCEinit)= 7.156 SE(TCEinit)= 9.017

SE(ΔTCE) SE(ΔTCE) W/m2 11.5

Atmosphere

 component W/m2 warming %

irradiance sun ΔS 0.000

reflected solar -ΔRSR 2.417 39.4%

net Solar Surf -Δ(1-r2)SSR -2.503

out longwave i -ΔOLRi -1.688

forcing CO2 ΔFCO2 0.188 3.1%

LW-up surface Δeg.σTs
4

1.797 29.3%

evap+conv -Δ(Evap+H) 1.736 28.3%

lateral wind ΔW -0.844

total forcingΣΔFi  = ΔesσTa
4

1.102 100.0%

ΔTa (grK) 0.438

-2.517 W/m2.K-1

-2.519 W/m2.K-1

actual - initial

feedback = - ΔF/ΔTa

f = -( des/dTa.σTa
4+ 4esσTa

3)
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