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The 17,180 |sotopic composition of CO, is mainly
controlled by H2O because of its abundance

Most contact between water and CO, occurs inside
leave stomata, and a bit less in ocean and solls

This makes thelr interpretation very complex: one needs
a full water-cycle isotope model including vegetation,
solls, and atmosphere

However, a recent discovery has sparked excitement...
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 Because most physical processes discriminate
depending on mass of a molecule, the relative
abundance of %0, 170 and 80 in H20 and CO, follows

a fixed ratio

A'7O = In(d'"O+1)-A In(0'80+1)
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 Because most physical processes discriminate
depending on mass of a molecule, the relative

abundance of 60, 170 and 80 in H-O and CO, follows
a fixed ratio

* But in the stratosphere (>12km), a chemical reaction
involving Os discriminates independent of mass, giving
an ‘excess’ of C170O0 relative to the expected fixed ratio

A'7O = In(d'"O+1)-A In(0'80+1)



0 ""Ogmow [%o]

120 B
O3 strato.
100 -
80 =
60 -
NO;
40 =02
strato.
20 L H202 <— CO, tropo.
S04 ~<———Air O,
<«————Bulk Earth's silicate
0 ~— T T l
Standard mean ocean water
20 - Atmospheric H,O
-50 0 50 100 150 200

& "*Ogmow [%o]

Thiemens et al., 2006



CINAS

Unexpected variations in the triple oxygen isotope
composition of stratospheric carbon dioxide

Aaron A. Wiegel®, Amanda S. Cole®", Katherine J. Hoag"?, Elliot L. Atlas, Sue M. Schauffler?, and Kristie A. Boering®"?

Departments of *Chemistry and PEarth and Planetary Science, University of California, Berkeley, CA 94720; “Division of Marine and Atmospheric Chemistry,
Rosenstiel School of Marine and Atmospheric Science, University of Miami, Miami, FL 33149; and 9Earth Observing Laboratory, National Center for
Atmospheric Research, Boulder, CO 80307

Edited by Mark H. Thiemens, University of California, San Diego, La Jolla, CA, and approved July 16, 2013 (received for review February 26, 2013)

O3 +hv—=O('D) + 0x('A), [2]
O('D) 4+ CO, = CO; —= O(*P) +COs, [3a]

40 | | | | | | | | | | | | | *
38 - 5 - R
3 o % "
= 36 - o ® .
=
2 . -
0 v Balloon 2004
8 32 A SOLVE troposphere| |
o~ SOLVE midlatitude
r - A SOLVE vortex -
O ¢ Thiemens
= 28 o Zipfand Erdman |
€ ®m Lammerzahl
uw 26 O Alexander B
e ® Kawagucci
= - — mixing line i
22 v Endmember A "
A& Endmember B
20 | | | | | | 1 1 | | | | |

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
In"°0 = In(3"°0 + 1) (%0 vs. VSMOW)

A'70O = In(0'7O+1)-A In(0'80O+1)



LU ncrease

0.522)

rate (ppm/yr) Al70 (%0, Coeff.

ENSO Indices

0.20 .' | N S S B S T T T T i i
_ Measured A''O (La Jolla) (@) j
0.15 A
" %
0.05 W
0.00 |
-0.05 F ; pepe————
- Average CO, Increase Rate BIGGEST ENSO ()
3k e
5 Ny
s N
- PINATUBO Q Q '\\\ \ ]
: ;‘\ \1/ N \ \ \ N \ g
0 :\ = N\ & BN k N &
2 F -
1E -

Measurements

91 92 93 9% 95 96 97 98 99

Sample Collection Year

Thiemens et al., 2014



Measurements

8
%

Gottlngen (o) & Mt. Br ocken (@)

I
glblmdl

r

ik

07/2010  01/2011 07/2011

01/2012 07/2012

Hofmann et al., 2012



A170 surface sink

atmosphere

stomata

noneq

eq

LA

Fal-FLa = GPP




Two global box models: Hoag (2005), Hoftmann (2012)

stratosphere Al170 = 0.6

troposphere AI70 = 17

leaf water Al70 = -0.07




Modeling the tropospheric A''O
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Modeling the tropospheric A''O
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A170 %o (A = 0.522)
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Tropospheric A170 with TM5 & SIBCASA
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SIBCASA (lvar van der Velde) can provide 1x1 degree global:
Ci/Ca, GPP, C3/C4 vegetation, Reco, RH

TMS5 can provide
transport, STE, source term?



Surface A170 in TM5
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One year simulation of A170O with TM5, p=500 hPa
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Try to simulate/understand the data from Mt Brocken
Contrast simulated Amazon and Arctic signals
Improve stratospheric source description

Work on soil invasion flux & leaf-water A170

Future plans
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Triple oxygen isotope composition of tropospheric carbon dioxide as a
tracer of terrestrial gross carbon fluxes

K. J. Hoag,' C. J. Still,> 1. Y. Fung,' and K. A. Boering'

stratosphere Al170 = 0.6

Fst = 100

leaf water Al70 = -0.07




