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1) Lessen uit het verleden 

2) Zijn wij een natuurkracht? 

3) CO₂ en klimaat in de 21e eeuw
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T vs height



T vs height

Nimbus-4 satellite

CO₂

also see http://climateconsensarian.blogspot.com/2016/03/modtran-radiative-atmospheric-model.html



T vs height

Modtran model calculations

CO₂



ΔF = 5.35 ln(C/Co)

Myhre et al., 1998



5.35*ln(2)=3.7W/m2



When carbonic acid progresses in geometric progression, 
the temperature will increase in arithmetic progression  

(Arrhenius, 1896, but…)



1) Lessen uit het verleden 

2) Zijn wij een natuurkracht? 

3) CO₂ en klimaat in de 21e eeuw

IPCC 6th assessment report (2022):  

The continued growth of atmospheric CO2 concentrations over the 
industrial era is unequivocally due to emissions from human 

activities. 
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�[CO2]

�t
= Ffossil + Ffire + Focean + Fbiosphere



1 ppm = 2.123 PgC

1 PgC = 0.47 ppm

CO2 is nearly inert

1 PgC = 1015 g = billion tons

�[CO2]
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�[CO2]

�t
= Ffossil + Ffire + Focean + Fbiosphere

The global ocean and biosphere are a net 
sink of carbon dioxide
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Measurements at Mauna Loa, Hawaii
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Measurements at Mauna Loa, Hawaii



O2 mixing ratios

O2/N2 ratio is measured around the globe 
Variations are small (ppm against a background of 21%)  
Used first by R. Keeling, Manning, and Bender (1993-1996) 
(Simplified) Interpretation partitions ocean/biosphere uptake



O2 mixing ratios
A combustion process converts O2 to CO2

7:5 5 CH1.6 + 7 O2 ! 5 CO2 + 4 H2O



O2 mixing ratios
A combustion process converts O2 to CO2 

Photosynthesis (←Respiration) converts CO2 
to O2
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O2 mixing ratios
A combustion process converts O2 to CO2 

Photosynthesis (←Respiration) converts CO2 
to O2 

Ocean exchange does not affect O2/CO2 

7:5

0:1

5 CH1.6 + 7 O2 ! 5 CO2 + 4 H2O

n CO2 + n H2O ! (CH2O)n + n O2

CO2(g) , CO2 ·H2O

CO2 ·H2O , HCO�
3 +H+

HCO�
3 , CO2�

3 +H+

1.1:1
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Figure courtesy Scripps Institute of Oceanography
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Figure courtesy Scripps Institute of Oceanography
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Regional radiocarbon signals (blue = fossil)

“old C”

“new C”
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1) Lessen uit het verleden 

2) Zijn wij een natuurkracht? 

3) CO₂ en klimaat in de 21e eeuw

• Anthropogenic forcing 
• Cloud+aerosol feedback 
• Carbon-cycle feedback(s)



Figure courtesy Robert Rohde,  
source: Clive Best





▪ Permafrost GHG release 

▪ Amazon die-back CO₂ release

Does nature hold surprises?



Airborne Measurements of CO₂ from the Amazon 



Gatti et al., Nature, 2021



Vragen en discussie

Mar-23 2022, Lezing Koninklijk Instituut Van Ingenieurs, Wouter Peters



Tropics are the main driver of “carbon-climate coupling”

Cox et al., 
Nature, 2013

Calculated atm CO₂ 
⬇ ⬆ gross primary production 
⬆ respiration 
⬇⬆ evaporation

Prescribed atm CO₂, 
⬆ fertilization



The carbon cycle

Instantaneous growth rate of CO2

d[CO2]

dt
(t) = Ffossil(t) + Ffire(t) + Focean(t) + Fbiosphere(t)
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dt
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