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Regulation of global climate
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Regulation of global ciizs<ire carbon cycling

From: Honisch et al. [2012]
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Regulation of global ciizs<ire carbon cycling
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Regulation of global ciizs<ire carbon cycling
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Regulation of global ciizs<ire carbon cycling
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Regulation of global ciizs<ire carbon cycling

Terrestrial weathering can be (approximately
equally) divided into carbonate (CaCO,) and
calcium-silicate ('CaSiO,’') weathering:

(1) 2CO,., + H,0 + CasSiO, — Ca* + 2HCO, + SiO,
(2) CO,u, +H,0+CaCO, — Ca™ +2HCO,

Ultimately, the (alkalinity: Ca*) weathering
products must be removed through carbonate
precipitation and burial in marine sediments:

(3) Ca* +2HCO, — CO,,, +H,0 + CaCo,

It can be seen that in (2) + (3), that the CO,
removed (from the atmosphere) during
weathering, is returned upon carbonate
precipitation (and burial). In (1) + (3) (silicate
weathering) CO, is permanently removed to the
geological reservoir. This CO, must be balanced by
mantle (/volcanic) out-gassing on the very long
term.

2(aq




Regulation of global ciizs<ire carbon cycling

Furthermore, the rate of silicate
weathering should scale with climate.

Hence the silicate weathering feedback
is formed:
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lies, damn lies, and computer models

! calculate carbonate alkalinity

loc ALK DIC = dum ALK &
& - loc H4BO4 - loc OH - loc HPO4 - 2.0*loc PO4 - loc_H3SiO4 - loc NH3 - loc HS &
& + loc_H + loc_HSO4 + loc_HF + loc_H3PO4

! estimate the partitioning between the aqueous carbonate species

loc zed = ( &

& (4.0*loc_ALK DIC + dum DIC*dum carbconst(icc_k) -

loc_ ALK DIC*dum carbconst(lcc k))**2 + &

s 4. 0*(dum carbconst(icc_k) - 4.0)*loc ALK DIC**2 &

& )**0.5 loc_conc_HCO3 = (dum DIC*dum carbconst(lcc k) -
loc_zed)/ (dum carbconst(lcc k) - 4.0)

loc_conc _CO3 = &

& (&

& loc ALK DIC*dum carbconst(icc_k) - dum DIC*dum carbconst(icc_k) - &
& 4. 0*loc ALK DIC + loc_zed &

&) &

& /(2.0* (dum_carbconst(icc_k) - 4.0))

loc_conc_CO2 = dum DIC - loc ALK DIC + &

& (&

& loc ALK DIC*dum carbconst(icc_k) - dum DIC*dum carbconst(icc_k) - &
& 4.0*loc_ALK DIC + loc_zed &

&) &

& /(2.0*(dum_carbconst(icc_k) - 4.0))

loc_H1 = dum carbconst(icc_kl) *loc_conc_CO2/loc_conc_HCO3

loc_H2 = dum carbconst(icc_k2) *loc_conc_HCO3/loc_conc_CO3
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lies, damn lies, and computer models
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lies, damn lies, and computer models
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Impulse response function analysis of the ‘long tail’ of CO, .
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Impulse response function analysis of the ‘long tail’ of CO, .
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Impulse response function analysis of the ‘long tail’ of CO

CO, fraction removed

1.0

0.9
0.8
O.7:-
0.6
0.5
0.4
0.3
0.2
0.1

0.0

Cross-plot of the fraction of total CO, emissions
to the atmosphere removed by a particular
process (carbon sink), vs. the characteristic (e-

folding) time-scale of that process (log,, scale).

10° 10° 10° 10° 10° 10°

timescale (years)

10°

2(excess)




Impulse response function analysis of the ‘long tail’ of CO

CO, fraction removed
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Impulse response function analysis of the ‘long tail’ of CO

CO, fraction removed
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Impulse response function analysis of the ‘long tail’ of CO, .

Response of fraction of CO, removed vs. the
characteristic time-scale, as a function of
total emissions, ranging from 1,000 PgC (dark
blue) to 20,000 PgC (yellow).
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Impulse response function analysis of the ‘long tail’ of CO, .

Depletion of mixed layer carbonate buffer; I: T ~ 10-100 years
ocean stratification and reduced surface
mixing. Warming and reduced CO, solubility.
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Impulse response function analysis of the ‘long tail’ of CO, .

Ocean stratification and collapse of the AMOC Il: © ~100-1000 years
(in this parficular model).
Threshold reached @ ~4000 PgC?¢
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Impulse response function analysis of the ‘long tail’ of CO, .
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Impulse response function analysis of the ‘long tail’ of CO, .
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Impulse response function analysis of the ‘long tail’ of CO, .

Geologic CO, removal via carbonate rocks and
marine sediments — occurring on an increasing
profracted time-scale.
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Impulse response function analysis of the ‘long tail’ of CO, .
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Impulse response function analysis of the ‘long tail’ of CO, .

Age relative to the PETM (Ma)
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Impulse response function analysis of the ‘long tail’ of CO

15 16 17 18

2(excess)

Walvis Ridge

3 14

16 17 18

ASas in e Al AR e T

9 200 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
~ T e AT

19 20 21 22 23

AT

o
@

Depth (m)

F"ZD 21 22 23 24 25 26 2i 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 57

T —

. a i = A A
RV 80 Y MR 45 g = & e S i . T T N

p— e - 2
A T e e —_— —

20 21 22 23 24 25 26 27 28 12 33 3435 36 37 38 39 40) 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58
- a b " = s o= «H T s "},,, ' , il > - -7’ "

PRIy T Ty At
F YT

Sediments spanning the Palaeocene-Eocene boundary from ODP Leg 208 (Walvis Ridge)
Picture courtesy of Dani Schmidt (University of Bristol)




Impulse response function analysis of the ‘long tail’ of CO, .

Silicate weathering (no time-scale responsel).
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Impulse response function analysis of the ‘long tail’ of CO, .
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Impulse response function analysis of the ‘long tail’ of CO,y b .
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— IMPLICATIONS

An impulse response function for the ‘long tail’ of CO

2(excess)
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09+ emissions, the response time of
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Melting Antarctica

atm&spheré
. 2D ehergy-‘mois@énce C{:E})

i (no clouds, dynamics()é:{gb : oa&
LI

< H H »o
y® % | terrestrial )
% biota

simplified 1
thermo-dynamic| ‘
sea ice ! ogen ocean

i cceENE P

www.seaoZ.infolmycgenie.html&
C i
e g

Earth system model Downscaling lce sheet model
(CO, and mean SST trajectories) (SO SST and regional climate)

Winkelmann et al. [2015] (Science Advances)



Melting Antarctica
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Melting Antarctica
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Melting Antarctica
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Enhanced weathering (CO, removal geoengineering)
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Enhanced weathering (CO, removal geoengineering)

_ Taylor et al. [20135]
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Enhanced weathering (CO, removal geoengineering)

_ Taylor et al. [20135]
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Enhanced weathering (CO, removal geoengineering)
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Enhanced weathering (CO, removal geoengineering)
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Enhanced weathering (CO, removal geoengineering)

Current global o1l
consumption =

90,136x10° barrels per
day

1.0 barrel = 159 1
= 159%10° cm’

— 011 consumption

5.23x10° cm’ year
5.23 km' year

//’
How many blue whales worth? ’

(or Olympic sized swimmling pools?)




Enhanced weathering (CO, removal geoengineering)

Current global o1l
consumption =

90,136x10° barrels per
day

1.0 barrel = 159 1
_ 150%10° e How many Yosemlite Valleys?

(equivalent volume)
— 011 consumption

5.23x10° cm’ year
5.23 km' year




Enhanced weathering (CO, removal geoengineering)

Current global o1l
consumption =

90,136x10° barrels per
day

1.0 barrel = 159 1
= 159%10° cm’

— 011 consumption

= 5.23x10"7 cm’ year
5.23 km' year

Yosemite Valley
(Wikipedia) :

1,200m deep x 1,600m
across, 12.0 km long

—
volume

1.2x1.6x12.0
23.0 km’

How many Yosemite Valleys?
(equivalent volume)
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