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Introduction (1): The fate of (fossil fuel) CO, emissions
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Introduction (3): The long tail of CO,

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




Introduction (3): The long tail of CO,

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

Hence the silicate weathering feedback
is formed:




lies, damn lies, and computer models
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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
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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
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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;  ITasseET N years
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solubility.

] O | Fossil fuel CO, released to the
atmosphere1e0quilit;r6:1tes with the U||3per
1 °t ! ti ,
0.9 with CO, primarily comverted fo
0.87 SHeo, +H
8 . followed by upper ocean transport.
> 0.77
O |
& 061
5 057
-6 —
o 047
O 031
U 7] O\
0.21 O
011 |
0.0 : : : : :
10° 10' 10° 10° 10* 10° 10°
timescale (years)
Lord ef 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
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Impulse response function analysis of the ‘long tail’ of CO, .

Geologic CO, removal via carbonate lll:  ~ 1000-10000 years
rocks and marine sediments — occurring
on an increasing protracted tfime-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, .
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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 fime-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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An impulse response function for the ‘long tail’ of CO — IMPLICATIONS

2(excess)

With increasing total CO,
emissions, the response time
of all sinks (bar silicate

1.0 weathering) lengthen, and

1 the shorter time-scale two
0.7 | weaken at the expense of
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IS 1 burial process.
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S 051 persistent as the main short-
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Melting Antarctica
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Melting Antarctica
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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)
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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)

Taylor et al. [2015]
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Enhanced weathering (CO, removal geoengineering)

Carbon dioxide removal geoengineering summary
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Current global o1l
consumption =

90,136x10° barrels per
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— 011 consumption

5.23x10° cm’ year
5.23 km' year

//’
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
= 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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Cycle Dynamics’)

AMEC and Quintessa (results part of Working Group 6 of the IAEA-sponsored
MODARIA Programme)

ERC

\\\

\\\\“‘“\\\\

vy’ "Vb

W’%
A

’);y)
N D& D
J OR = )DEQ v




	180125.PART00_TITLE
	180125.PART01_intro
	180125.PART02_model
	180125.PART03_pulseresponse
	180125.PART04_meltingantarctica
	180125.PART05_enhancedweathering
	180125.PART99_END

