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Glacier mass balance (m w.e.)

A it's goi
% Summer 2024: ...how it’s going!
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August Temperature Switzerland since 1864
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ALFRED DE QUERVAIN’S SWISS GREENLAND EXPEDITIONS, 1909 AND 1912 371
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Fig. 2. Map showing routes of de Quervain’s 1909 and 1912 expeditions, and of various
earlier expeditions on the Greenland ice cap (based on map in de Quervain 1914).

o
-

W. Barr (2015): Alfred de Quervain's Swiss Greenland expeditions, 1909 and 1912



B Rhyolite

Andesite/Dacite




Volcanic Eruptions (VEI, M)

Volume of volcanic
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Average 2-yr annual temperature response to the 18 largest volcanic eruptions since 1400 CE

Annual Temperature Anomaly (Composite) Ref = 1500-2000 °C
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Data from Valler et al. 2024, SciData



Stratosphere (lifetime 1-3 yrs)
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Ozone
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Mass Independent

) Stratosphere (lifetime 1-3 yrs) Fractionation
e Sulfur isotope
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Mass Independent

) Stratosphere (lifetime 1-3 yrs) Fractionation
e Sulfur isotope
. A33S %0
analysis P
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Mass Dependent - -~ .
Eractionation C o OTephra geochemical
ARS =0 analysis

Ice Sheet

v When did the eruption occur?
v Where did it happen?

v"How much SO, was injected?
v'How much into the stratosphere?



Volcanism during the Common Era

sensing

cryptotephra
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4 ice cores 13 ice cores 17 ice cores (1979-)
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Volcanism during the Holocene
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Name: ZavaritsKii

Region: Kurils
Year: 1831
S (Tg): 13

\ATP#: 152 /

Zavaritskii caldera (Simushir Island), Kurils

v’ Largest eruption in the past 200 years, since Tambora 1815

v’ Youngest eruption seen in ice cores not linked to a source volcano
v’ Droughts, crop failures & famines in Africa, India & Japan

v Extreme weather in the Alps

v’ Glacier advances (Little Ice Age) Hutchison et al.. in review



Jakob Ludwig Felix Mendelssohn Bartholdy

* 3. Februar 1809 in Hamburg
4. November 1847 in Leipzig

A Midsummer Night's Dream - Scherzo

Composer: Felix Mendelssohn
Arranger: A.J. Johnson
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Felix Mendelssohn’s
Alpenreise 1831

19.7.-5.9.

Walter Bersinger, pers.
communications




«Desolate weather, it has rained again all night and all

morning, it is as cold as in winter, there is already deep
snow on the nearest hills. ..

Good night, it strikes eight o’clock in F minor and rains
and storms in F-sharp minor or G-sharp minor in all

possible sharp keys.»

Sargans, Switzerland, September 3™ 1831
(Sarg P
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Gabriel et al., 2024 Communications Earth & Environment
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Toohey et al. 2019, Nat. Geosci.; McConnell et al. 2020, PNAS, Pearson et al. 2022; PNAS Nexus; Burke et al. 2020, PNAS.
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70 _E ........ . Mortgages | e e

Financial Crisis

S|  424BCE |

Number of dated mortgages per year in the Murasa archive, 456 — 406 BCE.
Based on ML.W. Stolper, Entrepreneurs and Empire: The Murasd Archive,
the Murasi Firm, and Persian Rule in Babylonia

“If the [Murasd] Archive presents a
fair picture of the firm's business, it is
plain that the change was not gradual
and evolutionary; it was sudden and
dramatic. It needs to be explained by
a short-term cause and the cause of
these circumstances must have been
external to the business.”

Matthew W. Stolper, Entrepreneurs and Empire.
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Number of dated mortgages per year in the Murasa archive, 456 — 406 BCE.
Based on ML.W. Stolper, Entrepreneurs and Empire: The Murasd Archive,
the Murasi Firm, and Persian Rule in Babylonia



Volcanism during the Common Era
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Mazama (Crater Lake) — the Greatest of all time?

Deposit Type b Zdanowicz et al., 1999
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"" :MZ%% e Gilgamesh is the semi-mythic King of
; et Uruk the hero of The Epic of

Gilgamesh (c. 2150-1400 BCE)

Gilga mesc , by Walter Jonas 1943
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Ludlow et al., EGU 2020
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Arid Mesopotamia (“land between the rivers”) is heavily
dependent upon the Tigris and Euphrates rivers, with intense
innovation in irrigation networks (canals, dykes, basins).

The region is prone to floods e.g. in 628 CE to the south of
Wasit, following a large volcanic eruption from October 626-27
CE.
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40-60% of global crop production (wheat, soybean, rice, maize) are from
China, India, U.S.A. & Russia

Annual Temperature Anomaly (Composite) Ref = 1500-2000 °C
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Average 2-yr annual temperature response to the 18 largest volcanic eruptions since 1400 CE

ModE-RA data, Valler, Franke et al., (2024)



Risk = Impact x Frequency




Global Population Density

The height of the spikes relates to the number of ople living in an ars ehly 2km x 2km

IERO
HUNGER

(44
4

v'High Exposure
v'High Probability

Data: GH i‘l'_:-l"_ EL
Software: .'" iahed
Author: Alas -11|r Raa




Global catastrophic risk from lower

magnitude volcanic eruptions,

Mani et al,, 2021, Nature Communications
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v Agnculture



Learning from the Past

(1) “More must be done to forecast and try to manage globally disruptive volcanic eruptions.
The risks are greater than people think!” (cassidy & Mani, Nature 2022)

(2) Volcanic eruptions are more than just a “year without a summer”

(3) Often, it’s not the prominent “celebrity volcanoes” that matter (e.g. Thera, Vesuvius) but
previously under-researched volcanoes (e.g. Katla, Okmok, Aniakchak)




<<,

* X 5 ' s
* *
* * ¥
* * e
* e * L T
European Research Council

Established by the European Commission

Timing of Holocene Volcanic Eruptions
and Radiative Aerosol Forcing

e

SR TY




European Research Council

Established by the European Commission

<,

TH4RA

Timing of Holocene Volcanic Eruptions
and Radiative Aerosol Forcing

b

> -~ A )
Frozen memories of past eruptions reveal the u
global risks of future ones b
Michael Sigl, Peter Abbott, Imogen Gabriel, Evelien Van Dijk g'E"I"‘IGERS”AT

Klima- und Umweltphysik & Oeschger-Zentrum fir Klimaforschung, Universitat Bern
OESCHGER CENTRE

CLIMATE CHANGE RESEARCH
michael.sigl@unibe.ch @THERA_4ever



Witterungsberichte Schweiz 1910 — 1919

Witterung im Auqust

nur im aussersten Sudwesten des Landes (Genf), wo das Defizit etwas geringer
war, 1asst sich ein
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Summer (JJA) 939 CE
—=- 80, g) Aerosol optical depth anomaly
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a) Precipitation change JAS 939 CE
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3 km3 DRE on land / century

0.3 km3 DRE 0.3 km3 DRE on land / century

Hrafnkatla 762/63 Eldgja 939-40 Katla 1755
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Oladéttir, B. A, et al.,
Qin Bull. Volc., 2018

Dvke




Multi-decadal cooling following large eruptions

MPI-ESM Model w PMIP4 volcanic forcing — NH 2m air temperature
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“Here was the big winter” Anglo-Saxon Chronicle, 763-764.

“A great snowfall which lasted almost three months.” Annals of Ulster, 764.
“A great scarcity, and famine.” Annals of Ulster, 764.

“An abnormally great drought.” Annals of Ulster, 764.
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Spatially Averaged Anomaly for ModelE diagnostics

Precipitation (Base Units:%, Region:Tigris-Euphrates, Season:Monthly)
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Northern Hemisphere Annual Mean Temperature Anomaly (Relative to 1750-1850 CE)
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SAT (°C, wrt 1700-1800 CE)

Holocene Northern Hemisphere (0-90°N) Climate
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SAT (°C, wrt 1700-1800 CE)

Holocene Northern Hemisphere (0-90°N) Climate
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Temperature Anomaly (°C, wrt 1700-1800 CE)

Late Holocene Northern Hemisphere: Climate & Volcanism
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#4 Late Antique Little Ice Age (536-660) and Justinian Plague (from 541)
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