Interpreting past hydroclimate
variability from sedimentary records:
Challenges & considerations
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The farther back in time you go, the
more important sediments become.

Marine Sediments Lake Sediments Tree Rings Corals
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Some nice features
of sediment
archives

e Long, continuous records

e Multiple sensors and
proxies can bhe measured




Sedimentary Observations (Proxies)
with hydroclimate information

e Oxygen isotopes (0'30) on foraminifera (marine)
o Lake levels

* Things sensitive to lake levels (Mg/Ca of minerals, 530 of
authigenic carbonate).

e dD of leaf waxes
e Runoff indicators (Ti concentration, varves)

e Microfossil assemblages (pollen, diatoms)



Some challenging
features of
sediment archives

e Age uncertainty is
usually large

e Bioturbation mixes
signals

e The archive itself adds
red noise (e.g. lakes).




Interpreting sedimentary archives:

an overview
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Proper interpretation of hydroclimate data
from sediments requires:

e Proxy (observation) forward model(s)

e An archive model to account for
smoothing/reddening

e A way to deal with age uncertainty



Archive issues:

Age Uncertainty



The time uncertainty continuum

Cross-dated Archives
(Tree rings)

Layer-counted archives
(varves, ice cores, corals)

Radiometrically dated - Gaussian
(U/Th on speleothems,2'°Ph in sediments)

Radiometric dating - non-Gaussian
(1*C on sediments)
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Annually resolved + time certain

Cariaco Basin Age Model
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3-PROXY PC1

LAKE CHALLA, KENYA (VARVE-COUNTED)
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Monte Carlo EOF
East Africa MCEOF1; 10,000 simulations
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Archive issues:

Bioturbation



Unless you have this: You need to account
) L " . for bioturbation!
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The Problem:

Record is only ca. 15 cm long, and is not laminated.
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Using the Suess effect to assess
bioturbation
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Bioturbation models

Typically modeled as an impulse response n  pr77777r7 4 dn
function that describes instantaneous A A
mixing of initial deposition in the H O
“bioturbation layer” (H).

......... Yoo Tltdx
e.g., Berger and Heath (1968) and Bard et 3
al., (1987) model:
dC/dt = 1/H * (Can-Cn) /\/

N\

or, the diffusion model of Guinasso and
Schink, 1975, JGR:

dC/dt = D d?C/dx?2 - v*dc/dx 0

ST S

where D is diffusivity and v is sed rate. Bard et al., 1987, Glim. Dyn.



Archive issues:

Reddening of the signal

(lake level proxies)
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Example: Lake Victoria
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Spectral comparlson
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Ways forward

e Ad-hoc approach: only use/interpret lowest
frequencies (drawbacks: qualitative only, plus
archive creates low frequency, so is this
variability even “real”?)

o Better idea: start forward modeling
sedimentary records from climate models.



Envisioning a S8Ty1 — p= - (SST, — ) + e

hierarchical Level 1: Spatiotemporal ST N(0,%)
process model Nij = o erp(—=lr; — xj|)

model for

sediments

logit(UKNSST = oo+ 8- SST + ¢,

Level 2: Proxy forward model, can be e ~ N(0,7%) TID.

updated to account for age model
uncertainty (Werner & Tingley, 2015, Clim. Past)

Logit(UEYT,SST =a+ 8- AT - SST + e,
e ~ N(0,7%) 1ID.

Level 3: Archive model (bioturbation or
other sedimentary features)

K’ K’ K’
Ustobs|Usr = Z Ustt, 14, * 9(tn) + €(t1),
tn

e(ty) ~ N(0,7%) 1ID.



Shameless Plug:
Awesome Postdoctoral position

available in my lab!

e Part of the “Data Assimilation for Deep Time” Project. We'’re
doing DA from the LGM to present...and also for the PETM!

e Looking for someone with good quant skills, and expertise
in paleoclimate/climate dynamics/climate modeling.



