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De invloed van CO2 op het klimaat

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




udy
'7,_
y |

1) Lessen uit het verleden
2) Zijn wij een natuurkracht?

3) CO, en klimaat in de 21e eeuw
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Figure courtesy Wikipedia, Glen Fergus
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Ice-core data before 1958. Mauna Loa Data after 1958.
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Radiation Transmitted by the Atmosphere
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=~ T vs height

Nimbus-4 satellite
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2 also see http://climateconsensarian.blogspot.com/2016/03/modtran-radiative-atmospheric-model.html



Modtran model calculations
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"radative forcing" watts/m2
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1) Lessen-uit-hetverleden
2) Zijn wij een natuurkracht?
3) CO, 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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Carbon dioxide concentration at Mauna Loa Observatory

Full record ending March 9, 2022
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A[COo]
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Ffossil + Fﬁre + Focean + Fbiosphere




udur

A[COo]
At

Ffossil + Fﬁ]re + Focean + Fbiosphere

CO: is nearly inert

1 PgC = 105 g = billion tons

1 PgC =0.47 ppm

1 ppm =2.123 PgC




— Ffossil + Fﬁre + Focean + Fbiosphere
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The global ocean and biosphere are a net
Sink of carbon dioxide

A[COq
[ ] = Fiossil + Faire + Focean + Fbiosphere
At
395 —342 1
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Measurements at Mauna Loa, Hawaii
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Measurements at Mauna Loa, Hawaii
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Measurements at Mauna Loa, Hawaii
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O2 mixing ratios

o 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

by
#7/4—
" —



O2 mixing ratios

® A combustion process converts Oz to CO2

7.5 5 CH1.6 + 7 02 — b COQ + 4 HQO
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) O2 mixing ratios

® A combustion process converts Oz to CO»

7:5 5 CH1.6—|—702 — 5C02+4H20
® Photosynthesis («Respiration) converts CO>
to O2
1.1:1 DCOQ+HHQO — (CHQO)D+H OQ
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O2 mixing ratios

® A combustion process converts O2 to CO2

7:5 5! CH1,6—|—702 — 5C02+4H20
® Photosynthesis («Respiration) converts CO>
to O2
1.1:1 n COz2 +n H,O — (CH20), +n O

@ Ocean exchange does not affect O2/CO2
. COQ(g) <~ COQ . HQO

0:1 COy-H,0 & HCO; +HF
:3’5—_ HCO; & CO3 +H'




O2 mixing ratios

Keeling et al.,
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O2 mixing ratios

Keeling et al.,
Nature, 1996 R Observed
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Keeling et al.,

Nature, 1996
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O2 mixing ratios

Keeling et al.,
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Keeling et al.,
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Mauna Loa Observatory, Hawaii and South Pole, Antarctica
Monthly Average 5'3C Trends
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Mauna Loa Observatory, Hawaii and South Pole, Antarctica
Monthly Average 5'3C Trends
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b) Change in global surface temperatures [annual average, as observed and
simulatec usirg human & natural and only natural factors (ooth 1350-2020)
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1) Lessen-uit-het-verleden
D) A e enme b lera e

3) CO, en klimaat in de 21e eeuw

* Anthropogenic forcing
 Cloud+aerosol feedback
e Carbon-cycle feedback(s)
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Temperature Change vs. 002 Concentration

| 1

!

-2
R

138~

136

134 -

® 1850

Figure courtesy Robert Rohde,

source: Clive Best

and

T T
320 340 380 380

CO2 Concentration in the Atmasphere (ppmv)

400

420




Global surface temperature increase since 1850-1200 (°C) as a function of cumulative CO, emissions (GtCO,)
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Does nature hold surprises?
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Airborne Measurements of CO, from the Amazon
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11" Deforestation
& Precipitation ASO
ﬁ Temperature ASO

Total C flux (g C m=d™")
NBEC flux @ C m™d™)

FreCflux(@Cm=<=d"

Gatti et al., Nature, 2021
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Mar-23 2022, Lezing Koninklijk Instituut Van Ingenieurs, Wouter Peters




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

d|{CO
[dt 2] (t) — Ffossil (t) + Fﬁre (t) + Focean (t) + Fbiosphere (t)

Instantaneous growth rate of CO:z
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Carbon Dioxide Measurements
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