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Motivation: The Ecological “Problem”
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J. Schmitt, et. al. “Carbon Isotope Constraints on The Deglacial CO, Rise from Ice Cores.” Science. (2012)
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1. Background

(i) The Carbon Cycle
(ii) Carbon Isotopes
(iii) Peatlands

2. Addressing the Problem
3. Continuing Work



Background: The Carbon Cycle

Atmosphere: CO, = 600 Pg C

T(atm-surt) = 10 YT Tatm-terr) = 6 Y1

Export: Corg =4 Pg Cyr™ I CaCO3=1PgCyr'

CaCO; burial: 0.2 Pg C yr™'

D. Sigman and E. Boyle. “Glacial/interglacial variations in atmospheric carbon dioxide.” Nature. (2000)
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Background: Carbon Isotopes

carbon-13
(stable) (radioactive} )

@7 CH]

» Measure isotope ratio relative to a standard
1375
> BC= <(”C)samm - 1) - 1000%0

B¢
(W)PDB
» Carbon’s standard is PeeDee Belemnite
» relatively high in 13C
» most 6'3C values are negative
» Different physical /biological processes prefer one isotope over
the other



Background: What is peat?




Background: Why do we care about peat?

» < 3% of total
terrestrial land areal3

» 1/3 of all carbon in
terrestrial biosphere
stored in peatlands®!

» observed .096
PgC/year
sequestration ratel3!
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Quiz: Is the peatland data consistent with Schmitt et al.'s

data?
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Approach #1: Use someone else's model
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P. Tans et al. “Oceanic 13C/12C Observations.” Gl. Biogeochem. Cycles. (1993)

» Assumptions about terrestrial biosphere, atmosphere, ocean
organic matter, and calcite give the carbon content and
isotopic ratio of the ocean for depth z

» Adjust assumptions to give us information about the
atmosphere?



Approach #2: Simplified Box Model

X = (poe = Phio) r(t)
)./ = (p}éc - p}t:io) r(t)
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Approach #3: Something Mysterious

x(t)
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(ape + (1= @) = i) (1) [ ]
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Results: o = .275
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Results: o« = .275
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Results: o depends on t

« decreases from 1 to 0
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But atmospheric carbon isn't constant

X(t) = (a(t)poe + (1 = a(t))pmp — Piio) r(t) + anz(riza(t)
m(t)(c1 + c2a(t))
1+ 1+ oaf(t)

y(t) = (e(t)pte + (1 — () oy — o) (1) +
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Results: « and carbon depends on t

« decreases from 1 to .33 at -7ka then stays constant
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Current Work

We know what's happening in the atmosphere
» Inverse problem to find a?

» Newton's method in function space

Qpew = Olgyess — (Df(aguess))ilf(aguess)

where f(guess) is

y(t.a) o+ft s,a)ds
x(t, @) x0—|-ft0 s,a)ds
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