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Cycles in climatic parameters (?)

Periodic seasonal cycle (temperature).
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Cycles in climatic parameters (?)

Periodic seasonal cycle (temperature). Quasi-periodic oscillations (e.g. ENSO).
data: http://www.bom.gov.au/climate/current/soihtm1.shtml
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Cycles in climatic parameters (?)

Periodic seasonal cycle (temperature). Quasi-periodic oscillations (e.g. ENSO).
data: http://www.bom.gov.au/climate/current/soihtm1.shtml
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Similar “cycles” in East Antarctic isotope profiles
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Similar “cycles” in East Antarctic isotope profiles
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Similar “cycles” in East Antarctic isotope profiles
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Similar “cycles” in East Antarctic isotope profiles
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Similar “cycles” in East Antarctic isotope profiles
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Similar “cycles” in East Antarctic isotope profiles

Accumulation rates differ by a factor of four between
sites, but distances between maxima are rather constant
(~18-24 cm within the first metres of snow).

Casado et al. (2017), Cryosphere Disc.
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Understanding observed cycles

1. Mathematics for crossing statistics
of random noise: Rice’s formula

2. Model for signal formation of
isotope profiles
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Rice’s formula

How often does a random time series cross the zero line / have maxima?
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Rice’s formula

How often does a random time series cross the zero line / have maxima?

47 White noise of variance 1
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Rice’s formula

How often does a random time series cross the zero line / have maxima?

» Formula by S. O. Rice (Rice, 1944, 1945):
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Isotope profiles qualitatively
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w8 0On local scale: large spatial variability
peptn L o 3 Created in depositional process.
N S — .. Modified from: Miinch et al. (2018), Cryosphere

With depth: smoothing due to
diffusional mixing of vapour
within the snow and firn column.

 Adapted from:
. Centre for Ice and Climate, University of Copenhagen
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Isotope profiles qualitatively

0m »
w8 0On local scale: large spatial variability
oeptn L | £ 3 Created in depositional process.
am .. Modified from: Minch et al. (2018), Cryosphere

O™ orgontal postion 0 > Null hypothesis:
Rice’s formula for
diffused white noise:

With depth: smoothing due to 5
Amax — 27‘-\/;

74, diffusional mixing of vapour o
5! within the snow and firn column.
~ 100 m ':\i'\ N
Diffusion length
3 B égﬁgrfcfiofrnl)gand Climate, University of Copenhagen nJ S|m||ar aCFOSS SlteS.

Ice Laepple et al. (2018), Cryosphere

Thomas Miinch

* . . -
@ Nv/ Similarity and apparent cycles of |
East Antarctic isotope variations tmuench@awi.de



(More realistic) Forward model for isotope profiles

1. Isotopic seasonal cycle driven by local temperatures.

l

2. Part of variance (fraction &) transferred to noise in
depositional process.

l

3. Diffusion and densification of signal.
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Structure of isotopic signal & cycle length

& =0, periodic input signal
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Structure of isotopic signal & cycle length

& =0, periodic input signal & =1, white noise
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Structure of isotopic signal & cycle length

& =0, periodic input signal & =1, white noise & = 0.5, mixed input signal

densification only
580 anom. ( %o)

Depth dependency of
“cycle length” informs
about nature of signal.
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Observed vs. theoretica
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Observed vs. theoretical “cycle lengths”

Cycle lengths increase with depth nearly everywhere,
suggesting noise-dominated isotope signal.

Laepple et al. (2018), Cryosphere
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Summary

 Similar “cycle lengths” across East Antarctic are no

direct climatic features but effect of diffusional
smoothing.

o180

-364
-404

» This suggests a mostly noise-dominated isotope signal. ot

484
504

 Similar smoothing effects could be important for other
proxies, e.g. bioturbation in marine sediments. M
« for more details: =

Laepple, Mlnch, et al. (2018), The Cryosphere, Depth
12(1), 169-187.
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Similar power spectra across Antarctic sites
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