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4a. Results: Individual Ice Core Calibration
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Motivation

«They offer a valuable record of North Pacific and Arctic
climate variability because they sample the same synoptic
scale phenomena at different elevations (Figs. 1 and 2)

+To obtain the best reconstructions from the Eclipse and Mt.
Logan ice cores, we must first understand the types of
seasonal atmospheric circulation patterns that produce their

Background

*Mt. Logan annual [Na‘] (1948-1998) varies linearly
with the strength of the Aleutian Low (r=0.50, p<0.05)!
+Eclipse and Mt. Logan ice core records are not well
correlated, because they sample different air masses??
(Fig. 2)

«Stable isotope records and models suggest the
moisture source at Mt. Logan is more distant than
Eclipse®®

*The ~10% highest and lowest ice core values for
Eclipse cold-season isotopes and accumulation, and
Mt. Logan accumulation are consistently associated
with strong and weak Aleutian Low strength,
respectively®’$

“Here, we develop a novel calibration technique to
isolate the climate value of these highest and lowest
ice core values and allow for spatial nonlinearities by
calculating the frequency of sea-level pressure
anomaly patterns for small groups of ranked ice core
values

ice core records 6
upper isofopic layer
ig 2 Map o cipresnd e € 0
Loga b ol o wth | 2 e otopic layer
respect to sotopic ayersinan 5 |
extratropical cyclone as 3
proposed by Holdsworth 8
(2008)2. Adapted from B
Holdsworth 20082, w 3 =

Tiower isolopic .
layer Eclipse - 3017 m
2

sEclipse® and Mt. Logan!* ice core data
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3. Methodology

We divided the ranked ice core values (1872-2001) into 10
groups of 13 years (Fig. 2)

«For each group, we examined the frequency of +/- SLP
anomalies at each grid point to identify common SLP patterns
«Composite mean SLP anomalies were plotted with the SLP
anomaly frequencies to identify regions where high magnitude
SLP anomalies occur frequently — these are called “frequency
plots”

«Groups that have high frequency (>70%) SLP anomalies and
statistically significant composite SLP anomalies overlapping for
a minimal synoptic scale area (2000 km x 2000 km = 4,000,000
km?) are considered to have a significant SLP anomaly signal
«Eclipse accumulation and Mt. Logan [Na*] are the only variables
associated with a significant SLP anomaly pattern

«The groups associated with significant SLP anomaly patterns
were used to reconstruct these SLP anomaly patterns

- Time period 1004 AD - 2001 AD 14000 yr BP - 1998
b J 1 sample resolution 1015 cm 1-5cm
Reference horizons
[ . since 1872 0 0
n Dating Error back
. ating Error back to . o
Ut “‘/\‘u‘m‘“; 1 1600 AD 3 2
oty I Accumulation, D, Na*, Accumulation, 50, k',
— - - Mg, K, Ca?*, I, NO5, Mg, Nat, Ca?*, CI,
e W | pnalyzed

S0, NH,* NOy, SO, NH,*

1030nPa

~iots

Fig. 4. Mean DJFM sea-level pressure (SLP) for 1872-2008 based on the
20" Century Reanalysis model-derived data’. SLP anomalies calculated
in Figures 4-7 are calculated using this mean. The solid black circle
identifies the location of the Eclipse and Mt. Logan ice core sites.

4b. Result
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Fig. 6. Frequency plots for ) the four years shared by the highest accumulation group and the two highest [Na‘] groups, b) the nine unshared high accumulation years, and
<) the [Na'] years for [Na] group.
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lowest groups exhibit significant climate anomalies. The other groups (27¢-39%,
40°-52% and 5365 highest and lowest values; not shown) do not have
significant climate anomalies.

*The two highest and two lowest [Na‘] groups contain

consistent spatial SLP anomaly patterns (90-100% of

years) of high average magnitude (Fig. 5)

«Spatial nonlinearities are evident between high and low

ice core values (Figs. 5 and 6), and between the two

highest [Na*] groups

«Short atmospheric residence time of Na* may explain C
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group Fig. 7. Frequency plots for a) the five years shared by the lowest accumulation group.
the 21 unshared high [Na'] years. Colored squares correspond to those i Fig. 8.

<Surprisingly, increased storminess (-SLP anomalies)

occurred in the western Pacific, far from Eclipse, for high

accumulation winters
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*Multiple modes of winter SLP anomaly patterns are revealed when separating shared and unshared years

+The ~SLP anomalies (Fig. 6) are colocated with two regions of high Pacific cyclogenesis?, therefore, high accumulation and high
[Na*] could be indicators of North Pacific cyclogenesis

+Frequency plots of high and low accumulation, and high and low [Na*] exhibit spatial nonlinearities

+Different dynamical characteristics of individual winter storms likely explain the different years of similar SLP anomaly patterns
between Fig. 6b and 6¢c

«The calibrated ice core records agree with the winter North Pacific Index (NPI): 41 winters correct (21 high NPI, 20 low NPI), 12
incorrect, 49 winters without calibrated ice core values

5. Conclusions

+Our new calibration technique identified multiple SLP modes that produce these ice core signals

“Because the highest [Na*] and accumulation groups have
overlapping ~SLP anomalies, and the lowest [Na*] and
accumulation groups have overlapping +SLP anomalies,
frequency plots were made for shared and unshared
years (Figs. 6 and 7) to help develop conceptual models
that explain how these ice core records are built

«Increased winter storminess nearby and in the western Pacific produce high accumulation at Eclipse
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Fig. 5. Winter SLP anomaly frequency plots for groups of ranked annual [Na‘] years at Mt.
Logan for 18721998
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*The relationship between ice core values and SLP is nonlinear; spatial nonlinearities were found
between high and low groups of ice core values, and between the first and second highest [Na'] groups
*These ice core records may indicate the strength of cyclogenesis in the two dominant cyclogenic
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Shading: indicates positive (orange) and negative (green) average
SLP anomalies at 0.5 hPa intervals starting at +/-0.5 hPa.

“Perform intraseasonal analysis of meteorological features (e.g., storm tracks, moisture flux) to understand the
types of cyclones and anticyclones that are responsible for these ice core signals, especially high on at
Eclipse

Gray dashed line encloses statistically significant SLP anomalies

<0.05). - N N "

(<005) «Use these results to constrain error bars on the Osterberg et al. (in review)! reconstruction of Aleutian Low
strength

+Perform this new calibration on North Atlantic ice cores



