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Signal vs. Noise:

Obtaining a representative 620 record in a low-
accumulation region

13 A 2D view of Antarctic 3180

1A Trenchl

Single ice cores from low-accumulation regions in The trench approach (Fig. 1):

Antarctica may not be representative recorders of 2 firn trenches of 45 m length x 5

the Holocene climate evolution (Karl6f et al., 2006). 1.2 m depth

Similarly, Gfeller et al. (2014) found ionic aerosol * excavated at Kohnen station,

proxies from a single firn core at the Greenland Dronning Maud Land g _

NEEM site recording only 30 % of the inter-annual (see picture on the top right) gl . é

atmospheric variability. * spatial separation 500 m % oo
e jisotopic sampling of 38, >0 80

Both findings show that the climate signal in firn respectively 4, profiles

cores is obscured by noise processes on different 100 ~55 [

spatial and temporal scales (Fisher et al., 1985; | | | |
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» We aim at a better understanding of noise in firn cores to allow
a reliable estimate of the climate signal recorded.

Y A representative firn record
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Single isotope profiles of trench 1 show a broad
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distribution of correlations with the single profiles

¥ A model for stratigraphic noise

|
|
|
B : obtained from trench 2 (Fig. 2A).
|
|
|

515- I
= ] 3A lateral trench variance
5 ‘|’ To obtain a representative isotopic signal for our S I ~ raionzn | The signal and noise content of the trench
o| o —|_|_I study site, the spatial mean of all single isotopic 59 record is expressed by the down-core
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D J\  profie correlaton ater optimal shifin) profiles from the two firn trenches is calculated g 2 variance, the lateral variance (Fig. 3A) and the
year (Fig. 2B). The 38 trench 1 profiles are spaced g 151 spatial covariance of the variability.
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2B ° 20 40 60 80 100 Assuming independence of signal and noise, the inter-profile correlation as
depth foml well as the correlation between two sets of profile averages can then be
given analytically for AR(1) noise:
Impllcatlons a Var(S) 4 ala:—yl/Alvar(g)
upper bound of correlation with climate signal TXY — S (2)
The correlation of single profiles in trench 1 (Fig. 3B) as 2 — Var( ) -+ VEJI(E)
. . \\\.30\.’}*}%\%'?&
well as that between the trenches (Fig. 3¢) is well R R S x 2 x 2 —1/2
D e S rs™ P ok
. S s S / 7 var(e) 0y var(e) oy
captured by our AR(1) model of the stratigraphic noise. s 7 / y roo 2 1 - 1 4 (3)
> ERELHS XY | 2 | 9
- % var(S) Ng var(S) N2
Letting Ny—>e< in Eq. (3) yields the correlation with a S &+ :
hypOtheSISed true Cllmate Slgnal (red dOttEd Ilne In Flg 4) < 3B inter-profile correlation 3C correlation with trench2 profile set
. . . . © ] —— 2 m profile spacing —=—— Trench1 1.0 trench results
For annual 6180 time series, the vertical noise structure — i%g)psrﬁglaenizz?i:gise o ;;e:;flim)noise theoretical curves for AR(1) noise
. . . dependent subannual noise
has to be known. Due to the limited vertical extentofthe &4 - seasonal signal for 20 m profile spacing
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trench record, it can only be approximated. In the best 1 ° 0 ° 20 5 <
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AR(1) process (dashed lines, Fig. 4), in the worst case we assume a complete dependenceonthe § = o = ~ol__ .
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sub-annual time scale (dash-dotted lines, Fig. 4). . — s
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Key findings: (l) ; 1|o 1|5 2|0 2|5 30 3|5 Elu 1|o 1|5 2|o
. . . . . . . inter-profile spacing [m] number of required profiles
e Dune-induced stratigraphic noise is the most ¢ the lateral noise structure is well-modelled B o
important noise component on spatial by an AR(1) process Model Parameters:
scales of at least 500 m * the vertical noise structure needs to be * noise variance var(g); given by the * autocorrelation parameter g;
: : : : : lateral trench variance ' '
» Seasonal and annual 60 time series from further investigated to constrain the repre- . . . estlm.ated from autocorrelation
, , . . _ * signal variance var(S); given by the function of the lateral trench
single firn cores show low representativity sentativity on annual and longer time scales : .
down-core variance reduced by var(g) variance
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