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Etna Erupting




The active volcano Laki in Iceland
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Solar irradiance forcing (W m®)

Temperature anomaly (°C wrt 1500-1899)

Volcanic aerosols improve our knowledge of the climate of the past
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The volcano Tambora, in 1815, created the « Year Without Summery (1816)

“Darkness” by Lord Byron (1788-1824)

1 had a dream, which was not all a dream.

The bright sun was extinguish'd, and the stars
Did wander darkling in the eternal space,
Rayless, and pathless, and the icy earth

Swung blind and blackening in the moonless air,
Morn came and went—and came, and brought no
day,

And men forgot their passions in the dread

Of this their desolation, and all hearts

Were chill'd into a selfish prayer for light:

And they did live by watchfires—and the thrones,
The palaces of crowned kings—the huts,

The habitations of all things which dwell,

Were burnt for beacons; cities were consumed,
And men were gather'd round their blazing
homes

1o look once more into each other's face; . . .




Nomogramm of R/G and aerosol optical depth as resulted from the model for three solar zenith
angles calculated for non-volcanic and volcanic aerosols used to calibrate the measurements on
paintings
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Estimated aerosol optical depth at 550 nm corresponding to middle latitudes for each major
volcanic eruption from this paper in comparison with other studies

Volcano Year of the AOD this study Nearest estimate from other studies
Name eruption

Awu 1641 0.35 0.33 (Zielinski, 2000)
Katla 1660 0.29-0.34 N/A

Tongkoko & 1680 0.47 N/A

Krakatau

Laki 1783 ).3( 0.21-0.28 (Robertson et al.,2001)

0.19 (Robock and Free, 1996)
0.12 (Zielinski, 2000)
Tambora 0.33-0.60 0.5 (Robertson et al., 2001)
0.5 (Robock and Free, 1996)
0.2-0.9 (Stothers, 1996)
Babuyan ).28-0.2 0.24 (Zielinski, 2000)
Coseguina ).5: 0.11-0.21 (Robertson et al., 2000)
Krakatau ).37-0.5 0.6 (Deirmendijian, 1973)




Linear correlation between annual mean aerosol optical depth at 550 nm, estimated

from sunset paintings following volcanic eruptions, and mean annual values of DV1.

The errors in the AOD are less than 0.05 for values around 0.1 and can be up to 0.18
for AOD values greater than 0.5.
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Error in AOD estimates derived from the Error in AOD estimates derived from
average R/G variability within a painting a typical error in estimating the SZA
(£0.014) in a painting within £2°

Solar Zenith angle Error Solar Zenith angle AOD  Error

< 0.05 0.1 < 0.05

0.07

0.06 to 0.12 ‘ 0.5

< 0.05 | 0.1 < 0.05
0.1t00.18 0.5 < 0.05




R/G ratios in the painting “Sunset”
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R/G ratio and respective AOD (Unknown volcano ~1809)

1810
R/G ratio=1.021
AOD =022

1809
RUCHELIEENRY
AOD =~ 0.30

Thornes, J.E., “John Constable's Skies: A Fusion of
Art and Science”, University Press, 1999



The famous Minard figurative Map showing winter temperatures and number of troops 1812-1813
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Frozen Thames 1814
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The chromatic understanding of the artist changes after the eruption of Tambora in 1815, and
returns to normal levels after a few years

1817: 2 years after Tambora 1817: 3 years after Tambora

Caspar David Friedrich, Caspar David Friedrich,
"Neubrandenburg"”, 1817 "Schiffe im Hafen von Greifswald",1818
Greifswald, Pommersches Landesmuseum Berlin, Alte Nationalgalerie




Friedrich Caspar David (1774-1840)

Sunset after Tambora Sunset without volcano
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“Woman in front of the Setting Sun”, 1818, Museum “Evening”, 1824, Kunsthalle, Manheim, I 'spuavia
Folkwang, Essen, ['epuavio



JMW. Turner (1775-1851)

Sunset after Babuyan Sunset without volcano
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“Sunset”, 1833, Tate Gallery «Chichester Canaly, 1828, Tate Gallery
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Results from a completely
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Correlation coefficients between volcanic aerosol indices and AOD proxies

1500-2000 AOD AOD
(this study)  (Robertson)

DVI
AQOD (this study) 0.85 102
AOD (Robertson) 0.65 [227

AOD (Crowley and Unterman)  0.57 [154
AOD (Sato) 0. 6\ [ 6
AOD (Stothers)

Sulfate (Gao)

Bold: all the above correlations are significant at the 99 % confidence level (¢ test).
* missing correlations are those possessing less than 30 years of data.
In brackets: number of pairs.

AOD
(Crowley and
Unterman)

1

0.91 [78]
(*) [29]
(*) [24]

AOD
(Sato)

AOD
(Stothers)

Sulfate
(Gao)




The experiment of Hydra island (19 & 20 June 2010)




Passage of a Saharan dust event
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MFR-7 AOD retrievals at 500 nm on 19 and 20
June 2010 at Hydra campaign site. Microtops 11
AOD retrievals at 1020 nm are superimposed

AOD at Hydra
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Aerosol measurements during the two days of the experiment
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Upper: Digitally compressed paintings by P. Tetsis at the Hydra experiment under higher (left
panel) and lower (right panel) AOD conditions. Bottom: Digital camera photos of the landscape.




Percent difference in R/G ratios between the measured at Hydra
Sahara dust mineral aerosol profile and a typical modelled volcanic
aerosol profile. In both cases AOD (500 nm) was set to (.25.
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R/G ratios with and without structural differences after Tambora (1815)

Caspar David Friedrich, Griefswald in the Moonlight, 1817.
Corresponding R/G ratios were averaged inside each box.



R/G ratios with and without structural differences after Tambora (1815)

Karl Friedrich Schinkel, The Banks of the Spree near Stralau, 1817.
Corresponding R/G ratios were averaged inside each box.



R/G ratios with and without structural differences after Tambora (1815)

Caspar David Friedrich, Woman in front of the Setting Sun, 1818.
Corresponding R/G ratios were averaged inside each box.



R/G ratios with and without structural differences after Tambora (1815)

Joseph Mallord William Turner, Red sky and crescent moon, c. 1818.
Corresponding R/G ratios were averaged inside the box.



Volcanic aerosol indices and AOD proxies

N.H. DVI

N.H. AOD
from paintings

AOD

AOD

AOD

AOD

Sulfate
aerosols (Tg)

(Lamb, 1970,
1977, 1983)

(this study)

(Robertson
et al., 2001)

Crowley and
Unterman (2013)

(Sato et al.,
1993)

(Stothers,
1996, 2001)

(Gao et al.,
2008)
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SPE Analysis with key year the volcanic eruption with VEI > 5 for AOD and Temperature

Volcano (eraption)
Laki

Mystery 1809 Mega-
eruption

Mount Tambora (1815
eruption)
Galunggung
Cosiguina

Mount St. Helens
Shiveluch

Askja

Krakatoa

Mount Tarawera
Santa Maria
Ksudach
Novarupta

Colima

Cerro Azul
Kharimkotan
Bezymianny
Mount Agung
Mount St. Helens
El Chichén

Mount Pinatubo
Mount Hudson
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Temperature Anomaly (°C)

---- N.H. AOD from paintings

---#-- Temperature
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Climatic stations: Basel, Berlin, Geneva, Greenwich, Moscow, Paris, Prague, Corfu, St
Petersburg, Stokholm
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Winter mean temperatures at four sites with long term records
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Annual mean temperatures at ten European sites with long term records
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(DVI) Independent index of volcanic aerosols.

(AOD) Absorption of solar radiation in the atmosphere from measurements in paintings.
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