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European summer temperature from TRW and MWD
- proxies (Luterbacher et al. 2010).

s T
=

IJ_“

Calendar year (Bce/ce)

100 0O 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
I 1 I 1 | 1 1 1 1 I 1 I 1 I 1 I 1 1 I 1 ]
Early Medieval Pluvial

Late Medieval
Pluvial

[Late Roman
tls; Pluvial

Little Ice Age
Pluvial

JJA scPDSI

Celtic LALIA

Drought :
4 - ¢ Drought Medieval

Drought

Danaiceanna Nrarinht l




Regional to global

Sample depth ST
R L _— * Uncertainties in global temperature
8200 [Joiserice reconstruction
© [ Lake Sediment
gﬂ)o_-Other
g I Coral R
0T e 400 600 800 1000 1200 1400 1800 1800 2000 Global mean annual temperature reconstruction
(PAGES 2k Consortium 2019; AR6 IPCC, 2021).
Latitude -
2(5) I B T T T T T T T T T 1 -— RECONSTRUCTION
8 eol T : UNCERTAINTY
= - - 5[
<< 30
_|15—’—‘ ’_H_AM—MEDIAN —— QR
01 2(IJO 4(I)0 660 8(;0 1 0I00 1 2I00 1 460 1 660 1 8I00 2000 I
Time resolution _05?2921, T T . M 4 LM
;.‘33:100 e . ‘ ‘ . . ‘ ‘ . . 1 500 1000 1500 2000
gysm YEAR CE
> a
;; 50W Properties of 210 proxies used in the global temperature
& % —— m reconstruction (from Anchukaitis & Smerdon, 2022).
gg 01 200 400 600 800 1000 1200 1400 1660 1850 2000

YEAR



Tree-ring proxy
of solar activity
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Reconstruction of solar irradiance
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Near 10,000-year reconstruction of total
solar irradiance (blue) from 4C tree rings
using the SATIRE-M (red). Solanki et al 2013.

Data Source: International 4C calibration curves
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3000-year reconstruction of total solar irradiance from
16-14C (blue), 1°U-19Be (green) and their composite (black).
Wu et al. 2013.
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Normalized *C

Solar modulation
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1,000-year annual record of atmospheric *4C concentration
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From annual A¥™C records to reconstruction of solar magnetic field

(Brehm et al. 2021).
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Reconstruction of sunspot numbers

* Tree-ring *C
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Near 660 BCE 14C spike

Park et al. 2017 reports a rapid A 14C increase ~13%o over six years near
660 BCE measured on annual time series of 14C from German oak.
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10Be (red) and 3¢Cl (blue) series from two Greenland ice cores

~660 BCE (O’Hare et al. 2019). 3-4 factor concentration peaks.
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Signature of A 14C ~660 BCE, Sakurai et al. 2020.
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Surface distributions of modeled posterior probability of spike
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Replication of near 660 BCE spike
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Production rate (atoms cm?s—1)

Amplitude of 663 BCE spike

from Altai tree rings

I
—680

I
—670

!
—660

Year

!
—650

!
—640

Global average
2 atoms cm?/s

14C production rate calculated
with parametric fitting of 11-box
carbon model.



delta’C

25

20

15

\ /M
i WW/\ M\i\f\d
I v

(=

5t

-10 &

Further replication of 663 BCE spike
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14C content of tree rings from 5 locations (NHZ1 and NHZ3).

start date PDF

257

1.5}

0.57

D I

I Onset

L !
i h
ip ff/J L
T .

——

-666

-664 -662

Astro-year

-660

Radiocarbon production rate modeled with
13-box carbon model as described in Buntgen et al 2018.
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Range of 663 BCE *C-spike parameters
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Scaling the spike signal with Dynamic Time Warping

1052 CE or 1054 CE?
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of tree rings from CA sequoia (blue-brown), Finnish pine
(magenta), English oak (green).
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Elastic matching of the signals with DTW,
Panyushkina et al 2022.



2023 Sun-Climate Symposium

Final remarks

14 C spike research has ignited the development of long annually-resolved 4C
measurements from tree rings.

Common Era delta *C high- resolution datasets are already available for modeling
solar activity.

Continuous long-term/annual delta-“C data is in high demand, BUT our efforts must be
coordinated to address the spatial and temporal biases in tree-ring availability, seasonality.

There is no need to wait for the next version of the IntCal radiocarbon curve
to be released in 6-8 years from 2023 to experiment with high-resolution and long-term
reconstructions of sunspots and total solar irradiance.
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14C variations cand changes in global carbon cycle

From 1980s: box-diffusion model for the carbon cycle is used to estimate the
magnitude of 14C variations caused by changes of reservoir sizes and exchange fluxes
in the

global carbon system. The influence of changes in atmospheric CO2 concentration,
biomass, CO2 exchange rate between atmosphere and ocean, and ocean mixing is
considered

Significant variations of reservoir parameters can be expected
during periods of major climatic change.

build-up of biosphere in Anthropocene
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