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Regulation of global climate




Regulation of global climate

From: Honisch et al. [2012]
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Regulation of global ciizacite carbon cycling

From: Honisch et al. [2012]
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Regulation of global cimsacite carbon cycling
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Regulation of global ciizacite carbon cycling
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Regulation of global ciizacite carbon cycling
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Regulation of global ciima<ite carbon cycling -




Regulation of global ciizacite carbon cycling

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

(1) 2CO,,.., + H,O + CaSiO, - Ca™ + 2HCO, + SiO,
(2) CO,., +H0O+CaCO, — Ca™+ 2HCO,

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

(3) Co* +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)

¥i(ele))




Regulation of global ciizacite carbon cycling

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

Hence the silicate weathering feedback
is formed:




O
<

Jre carbon cycl

-
[ I S

I

Regulation of global ci:

QIR0 D
0100 ® o g

(wdd) ‘0D ousydsowly

200

100




Regulation of global ciizacite carbon cycling
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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_ﬂ + loc_ﬂso4 + loc_ﬂF + loc_ﬁ3PO4

! 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))

R

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_Hl1 = 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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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

CO, fraction removed

1.0
091
0.8
071
0.6
0.5
0.41
031
0.2
0.1-

[ 'AR4

0.0
10°

10°

10° 10° 10°
timescale (years)

10°

10°

2(excess)



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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(2) Fit each CO, decay curve

with a series (4 optimal) of
exponentials. Extract the
fraction of CO, and time-scale

associated with each.

Atmospheric pCO, (ppm)

(The resulting empirical model
: : : : : can be used in place of a
10° 10 10? 10° 10* 10° 10¢ mechanistic model for
t | projecting the long-term fate of
Lord et al. [2015a,b] Imisscele ([eers) carbon release.)




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

Response of fraction of CO, removed vs. the
characteristic fime-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 strafification and reduced surface
mixing. Warming and reduced CO, solubility.
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Impulse response function analysis of the ‘long tail’ of CO, ..

®lelSlelgiyi(elili[elefilelgNelgloRelell[e]eNCHOIRIGICIVVIOJGREN ||: - ~ 100-1000 years
(in this particular model).
Threshold reached @ ~4000 PgC?¢

1.0 ’ ey On time-scales of 10" to 10°
I 5o ich surface waters a6
09 T mixzed into the ocean interior.
0.8
8 |
> 0.77
g ]
5 057 /
S 0.41 v
O 03¢t
U i
0.271
0.1t
0.0 i i i i i
10° 10' 10° 10° 10° 10° 10°

timescale (years)
Lord et al. [20150,b]



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
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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, ..

evidence@¢

1.0

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

CO, fraction removed

0.1 Ca

OO I I I I I
10° 10' 10° 10° 10° 10° 10°
timescale (years)

Lord et al. [20150,b]



Impulse response function analysis of the ‘long tail’ of CO,pey b
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Evidence for climate-CO, weathering feedback?

v ~9 Ma interval of pronounced (~4°C) and
progressive warming of the Earth's surface.

Plio. Miocene Oligocene

Eocene

Paleocene

| | |
0 10 20 30

Age (Ma)

|
40

|
50

|
60

0J9}IUILIDIO} DIYjusg

o
®
O
N
2



Evidence for climafe-CO, weathering feedback?

v Increasing atmospheric pCO.,.

Atmospheric CO, (ppm)

2000 —

1500 —

1000 -

500

Age (Ma)

@ Paleosols ¢ Phytoplankton @ Stomata ABoron A lLiverworts| OSodium carbonate
Beerling and Royer [2011]
A .
(%
{1 % —{1
i
X o
g N
&
A .
< .
V
[P >
IR % @i. o A 5
\V “ ' l' .- E J ‘I”;l g :
. %mgif;\ ) oy o | _-7"“&.‘? Bl .’o"‘%‘ % T {( =
‘r"‘r:;:f" o SLEIESZ s S Vo !V;’Avf v, XN
Plio. Miocene Oligocene Eocene Paleocene
1 1 T 1 1 I
0 10 20 30 40 50 60




Evidence for climate-CO, weathering feedback?

v Mostly ... characterized by declining §°C values, ¢
consistent with net input of isotopically light carbon.

Benthic foraminifera

ymer et.all [2009]
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Evidence for climate-CO, weathering feedback?

Slightly deepening CCD ... but much less than
box models predict (e.g. Komar et al. [2013]).

Very sparse data coverage, not meaningfully Van Andel [1975]

updated since 1975.
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Evidence for climate-CO, weathering feedback?
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Evidence for climafe-CO, weathering feedback?
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Evidence for climate-CO, weathering feedback?

Three data slices spanning LPEE interval (and avoiding PETM).
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Evidence for climate-CO, weathering feedback?

Site distribution (and existing crust older than 55 Ma).
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Evidence for climafe-CO, weathering feedback?

'‘CCD’ plots.
H,: warming (=> increasing weathering?)
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Evidence for climafe-CO, weathering feedback?

Paleodepth (km)

'‘CCD’ plots.
H,: warming (=> increasing weathering?)
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increased CO, out-gassing

> higher atm pCO, and weathering @ steady state
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! 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(lcc k) -

loc ALK DIC*dum carbconst(icc _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 . L_carbconst (icc k) - &

& 4. O*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. O*loc_ALK DIC + loc_zed &

&) &

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

loc_H1l =
dum carbconst(icc_kl) *loc_conc_CO2/loc_conc_
HCO3

loc_H2 =
dum_carbconst(icc_k2)*loc_conc_HCO3/loc_conc

_co3




Evidence for climate-CO, weathering feedback?

v *lack of* pronounced CCD deepening
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Evidence for climate-CO, weathering feedback?

CANADA NAMIBIA AUSTRALIA
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An impulse response function for the ‘long tail’ of CO — IMPLICATIONS

2(excess)

].O_ With increasing total CO,

0.9+ emissions, the response tfime of
] all sinks (bar silicate

0.87 weathering) lengthen, and the
] shorter time-scale two weaken

0'7:_ at the expense of the ~10,000
0.6 year CaCQO, burial process.

0.57 / Elevated atmospheric pCO,

7 v hence becomes more
0.4 | persistent as the main short-
034 term CO, feedbacks weaken.

| A
- O
AN £
! .

CO, fraction removed

024 The majority of carbon removal
— beyond ~10,000 PgC is

0.1t removed only on time-scales

0.0 i i

| | . exceeding 10,000 years.
10° 10 10° 10° 10* 10° 10°

timescale (years)

Lord ef al. [20150,b]
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Current global o1l

consumption =
90,136x10° barrels per
day

1.0 barrel = 159 1

= 159x10°

— 011 consumption

5.23x10° cm’ year
5.23 km' year

3
Cm

How many blue whales worth?
(or Olympic sized swimmling pools?)
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Enhanced weathering (CO, removal geoengineering)

Current global o1l
consumption =

90,136x10° barrels per
day

1.0 barrel = 159 1
= 159x10° 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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