Eftects of volcanism on climate

Paul Withers — 2000.02.18
Dave Kring’s volcanology class
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Early volcanism-climate relations

e Etha, 44BC
e Laki, Iceland, 1783, and Franklin

e Tambora, Indonesia, 1815, Year without
Summer Frankenstein, and Turner’s
sunsets

 Krakatoa, Indonesia, 1883, lots of optical
effects
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Contents of volcanic plumes

e Ash, irrelevant (cf Kuwalit)

» Gases — 80% }D, 10% CQ, 5% SQ,
traces of halogens

e Entrained air
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y = 782 * 10N(-3.25¢-4x) R=0.90

R, MICRON

GRAIN DIAME

0 1000 2000 3000
DISTANCE FROM SOURCE, KM

Figure 2. Atmospheric transport of tephra or volcanic ash from explosive
volcanic eruptions. The diagram shows grain diameter (um) versus dis-
tance along the down-wind axis (km). Note the much greater dispersal of
tephra from eruptions during glacial stages, as compared to the two
Holocene events. This may be attributed to increased atmospheric vigor
during glacial stages, as column heights of, for example, the Campanian
and Minoan Mediterranean volcanic events are similar. In case of the
Toba eruption (75 ka), data is shown for the mean grain size and the
maximum grain size observed down-wind (Ninkovich and others, 1978).
The equation gives the exponential relation of grain size and distance for
the maximum component of the Toba fallout. Data for the Campanian
eruption in Italy (38 ka) show the grain size of the coarse mode of the
bimodal deposit (Cornell and others, 1983). Data for the Minoan (3,500
B.P.) and Mount St. Helens (1980) events are also for the coarse modes
of the bimodal fallout (Sparks and Huang, 1980; Carey and Sigurdsson,
1982).



Sulphur

/5% H,S0O,— 25% HO liquid aerosols,
submicron size

Injected into stratosphere with month-long
residence times

Interacts with radiation to give tropospheric
cooling and stratospheric heating

Surfaces provide reaction sites for
chemistry



1.5
I.u - ------:--.I- B T R . SR

0.5 =

_u_j - -..-.... Y — :.

4 i i i i 1 1 . r . .
I ! i i i : ; ! 1 : i i i I
B 1 e e T e T e B e R
i ; ' 1 d : ] I ! ] : i i i
I i i i i i i I } ! : ! I I

T —

-1.5 1 I T T 1 ) T | 1 T | T
1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 199] 1992 1993 1994

L ower stratosphere temperature anomalies,
85S-85N, 1982-1991 base period




(1861 [® 19 JoS 191J8) suon
-dnia £1mu2o Yranuami pue yiusejaumu 981R[ SWOS 1a1je puUE 210Jaq A[@1eIpawun sieak h_._&
Y1 Ut 210y dsIUS ] uIayIoN a1 10] anyredap arnjesadwa) ay1 jo 101d EK&EQU [ 2anbiy

103k uondnua = 3
o o 5 P

-2 0-

c96| ol

\
\
966l \
Lp6l 7
206l \N%
€881

G.8l

cesl
sisl 20+

AN
NN

NN
N

0 (Do) 1V

- 10+

NN

sioak
uondni 3 K pree 241+ 3 |- 2- € b-

Ll SHALNIM DINVOTOA



Clampe in radiativie flux
AF A m)
.
1

=

AF - (W m

Change in net mdiative Mux

Particle radiug, ryp (o

Figure 182  Theorehcal models of chirmle loraing by a strtosphenc sersnl Toeer Guber §acis e ol
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Important factors

Eruption volume

Magma sulphur content (1 ppm to 1 wt%,
more mafic, more sulphur)

Eruption style (injection into stratosphere)
Volcano location (global wind patterns)
Tdecrease = 6e-5 (S/gramsjoughly...
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EXPLAMATION -

# MLS column above 21 kilometers

+ MLS layer at 21 kilometers

& MLS layer at 26 kilometers

X MLS layer at 31 kilometars =

& TOMSE column -

¢ Aircraft column (Mankin and others, 1992)

0O SBUV column (McPeters, 1993)

10.00

TOTAL 50, IN MEGATONS
a8
I

[|1]]1] RS —— . - .. S ]

1111 | ! | L | L I i I 1 1 1 1 L |

TIME AFTER ERUPTION, IN DAYS

M easurements of the SO, produced by the June 15, 1991,
Pinatubo eruption from MLS, TOMS, and SBUV determination
between June 1991 and March 1993.
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