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Abstract

In recent years a sequence of papers has discussed the impact of volcanic eruptions upon global
environments. Emphasis has been placed upon their potential role in depressing hemispheric temperatures
and affecting global weather patterns. Many researchers have related ecological, environmental and
historical phenomena to individual eruptions. However, the linking of spatially and temporally disparate
phenomenon to eruption chronologies involves several levels of supposition and at each level in the
argument greater potential for error arises. This paper examines critically a number of important issues that
arise from these studies. How valid are the linkages that are drawn? Do they establish a dependent
relationship or merely coincidence? The validity of linking volcanic activity with disparate spatial and
temporal events in the climatic, historical and palaeoecological records is addressed. There can be little
doubt that volcanoes have a great effect on proximal climates and environments, but their global impact is
less well understood. The scale and magnitude of responses to large eruptions such as the historically
notorious Tambora_1815.and Mt. Pinatubo_1991.is far from consistent. This paper urges the adoption of a
more critical perspective when considering these issues.

Keywords: volcanoes; climate change; environmental change; temperature change; volcanic aerosols

1. Introduction

Volcanic eruptions have been invoked as a major
causal factor in a range of studies that examine
palaeoenvironmental processes. A necessarily vague
temporal framework has been adopted in many such
studies and this has been considered sufficiently
accurate to allow speculation as to the environmental
impact and magnitude of individual eruptions. There
is an inherent danger in linking disparate and geographically
dispersed palaeoenvironmental data to

known eruptions. For example, a run of bad sum-
mers_Stommel and Stommel, 1979., an increase in
sea ice off America_Catchpole and Hanuta, 1989.,
narrow rings in dendrochronological sequences
_LaMarche and Hirschboek, 1984; Baillie, 1989,
1994; Scuderi, 1990., and neoglaciations_Porter,
1981, 1986; Nesje and Johannessen, 1992., can all
be linked to temporally convenient climate forcing
by volcanic aerosols. Speculation as to the likely
effect of these eruptions on fauna and flora _Black-
ford et al., 1992; Charman et al., 1995. and human
societies _Burgess, 1989; Kuniholm, 1990; Grattan
and Gilbertson, 1994; White and Humphreys, 1994,
may involve further supposition. A few notable exceptions
provide more cautionary interpretations

_Mass and Portman, 1989; Zielinski et al., 1994,
1995..

The role of precursor climatic andror environ-
mental conditions is frequently overlooked _Nicholls,
1988, 1990; Hansen and Lacis, 1990. and given the
background level of volcanic activity outlined by
McClelland et al., _1989., it is valid to question
whether the relationships established are fortuitous

rather than dependant. Renfrew_1979: p. 582.summarised
the problem succinctly:

““...itis necessary to recognise and discount the
common tendency among archaeologists and historianswand
other researchersxto assume a causal link

between the distant and often widely separated events

of which they have knowledge. An eruption here, a
destruction there, a plague somewhere else— all are

too easily linked in hasty surmise.”’

This paper examines these issues and reviews critically
the climatic, dendrochronological, historical and
palaeoecological evidence that has sought to establish

the role of volcanic eruptions as an agent for

sudden, severe environmental change.

2. Climate studies

The potential climatic impact of large volcanic
eruptions has stimulated much erudite discussion and
speculation _Lamb, 1970; Mass and Schneider, 1977,
Self et al., 1981; Kelly and Sear, 1984; Angell, 1985;
Sear et al., 1987; Angell and Korshover, 1988;
Chester, 1988; Bradley and Jones, 1992.. It is clear
that eruptions which emit large volumes of sulphur,
rather than particulate matter, may have clear climatic
signatures and several have been observed to

have depressed global temperatures _Rampino and
Self, 1982, 1984; Devine et al., 1984; Rampino,
1988; Sigurdsson, 1990; Fig. 1..

The assumption that climatically effective volcanic
eruptions will result automatically in cooling at

the Earth’s surface is common in many studies that
attempt to establish volcanic impacts upon the environment.
However, recent modelling of the Mt.



Pinatubo eruption in 1991, has indicated that the
relationship between volatile emission and climate
fluctuations is not a simple one _Bekki and Pyle,
1994. and is not solely related to the volume of
sulphur emitted. The optical depth _Lacis et al.,
1992. and residence time of the aerosol layer are

also important. In some cases, atmospheric warming
of both the stratosphere and troposphere _Lacis et al.,
1992; Lary et al., 1994; Grattan and Sadler, 1997. is
possible. The perturbation of the zonal wind which
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Fig. 1. Total sulphur load versus decrease in temperature (after Palais and Sigurdsson. 1989)
results from the regionally variable reduction in solar
energy may also result in regional warming rather
than cooling _Robock and Mao, 1992, 1995; Mc-
Cormick et al., 1995.. This contradicts the assumption
of cooling which is a fundamental tenet of many
volcanorenvironment studies. Historic temperature
records provide a suitable starting point for assessing
whether volcanic aerosols have significantly affected
global temperatures.

2.1. Temperature records

Where a reduction in surface air temperature has

been observed or modelled, the scales of such reductions
rarely support assumptions of related instances

of temperature driven environmental change. Kelly

and Sear_1984.assessed the climatic signal of eruptions
between 1887 and 1980 and noted that the

average depression in surface temperatures during

the first twelve months after an eruption was be-

tween 0.3-0.48C. In a further study _Sear et al.,

1987., the data set was extended to include marine

and southern hemispheric data, and provided corroboratory
evidence of slight, short term temperature
perturbations. Bradley 1988.utilised an homogenous
set of high quality gridded temperature data and
observed short-lived drops in summer and autumn
temperatures after major eruptions. He noted also

that the effect decreased latitudinally away from the
location of the eruption. None of the temperature
fluctuations observed in these studies were in excess

of the naturally occurring variability in surface air

temperatures.

In a critical study, Mass and Portman _1989.

analysed the impact of nine volcanic events between
1883 and 1982 Krakatau 1883, Tarawera 1886, Mt.
PeleerSoufriererSanta Maria 1902, Ksudach 1907,
Katmai 1912, Agung 1963, Awu 1966, Fuego 1974,
and El Chicho'n 1982. and concluded that, whilst for
the largest eruptions there was a suggestion of a post
eruptive cooling of 0.38C in the composite temperature
records, there was no obvious volcanic signal in
atmospheric pressure and precipitation patterns _cf.
Parker, 1985.. Of great significance in this study was
the observation that surface temperature declines

were underway already prior to several of the eruptions.
The role of precursor climatic conditions are

clearly important and cannot be ignored when suggesting
that volcanic eruptions are responsible for
environmental change_Rampino et al., 1982..

It has been suggested that the EI Nin“orSouthern
Oscillation_ENSO.circulation anomaly may obscure
the surface temperature signal that is anticipated
following large volcanic eruptions. Indeed, the

removal of the ENSO signal from these data enhances
the apparent impact of several of the larger
eruptions_Parker, 1985.. A more direct link between
the ENSO and volcanic eruptions has been noted by
Handler_1986.who hypothesised that the modified
heating patterns, caused by the injection of volcanic
aerosols in high and low latitudes, results in the
anomalous temperature gradients and sea level pressures
for land and ocean that drive the ENSO. These
conclusions have been challenged by some re-
searchers. Nicholls_1988, 1990.observed the presence
of a precursor signal that indicates the onset of

an ENSO event in the months before the volcanic
eruptions that were held responsible. Nicholls also
noted the poor quality of the ENSO chronology used
by Handler to establish a relationship between the
climate phenomenon and the proposed forcing mech-
anism. Handler_1989., p. 247, has acknowledged

that the hypothesis required further analysis to determine
its validity, although a further study provided
additional corroboratory data _Handler and And-

sager, 1994..

The poor quality of chronologies that detail volcanic
events and climatically notable phenomenon

makes the pursuit of association between the two
problematic. It is also important to note that *“empirical
analyses cannot prove a physical link between

volcanic eruptions and surface climate but the statis-
tical evidence strongly suggests such a link.”” _Sear

et al., 1987, p. 366.. The empirical studies discussed
above highlight two main points; firstly, that volcanic
eruptions are associated with surface temperature
anomalies that generally fall within the normal
seasonal statistical variation_Angell, 1990.. Secondly,



Table 1

Summer temperatures (degrees celius) at selected stations indicating the coldest years (Landsberg and Albert, 1974)

Station Pericd Mean (°C) Standard deviation Coldest temperature Year
Mew Haven 1780-1952 209 09 184 1816
Philadelphia 17381972 23.6 0.6 21 1764
Edinburgh 17711960 123 13 15.2 1832
Copenhagen 12011970 162 1.1 129 1840
Wilno 1781-1960* 174 12 14.5 192

Berlin 1756—-1970* 12.0 12 14.8 1732
Viemma 1775-1969 192 12 16.7 1913
Hehenpeissenburg 1771-1960 14.0 13 11.4 1816
Budapest 17811970 23 10 18.7 1913
Fome 181119692 235 09 20.9 1953

*Indicates an intermupted sequence of years.

that while there exists a considerable amount

of data that suggests that volcanic eruptions are
related to historical temperature and circulation
anomalies_Ellsaesser et al., 1986., serious questions
remain as to the cause, scale and patterns of the
cooling. One can illustrate this point by examining
regional responses to the eruption of Tambora in
1815, an event that is considered to have caused
widespread cooling of 0.78C_cf. Harington, 1992.
and precipitated the notorious ‘year without a sum-
mer’ in the United States _Stommel and Stommel,
1979, 1983..

2.2. The Tambora eruption and Northern Hemisphere
climate anomalies in 1816

The summer of 1816 in the United States is
notorious for frosts and snowfalls that ruined the
harvest. Severe weather and frosts occurred on June
6th, which left three to six inches of snow on the
ground; similar additional events occurred July 9th,
August 21st and August 30th. The June of 1816 was
recorded as the coldest ever in the city of New
Haven,_CT, U.S.A.., but the temperatures recorded
fall within the range of statistical normality _Lands-
berg and Albert, 1974.. This picture is less clear cut
when other North American temperature records are
considered and 1816 is seen to be typical of its
decade rather than unique_Baron, 1992..

How typical were the experiences of New Haven

for New England in general? Smith et al._1981.has
constructed a temperature series for Maine that allows
the climatic trend to be reconstructed with

some accuracy. For the whole period 1785-1885, the
climate of Maine was cool with short periods of
warmer weather. In Maine, May frosts were not
uncommon, and occasionally they were noted in
June and August. June frosts occurred in 1778, 1794,
1797, 1800, 1807, 1816, 1817, 1832, and 1833.
August frosts occurred in 1796, 1816, 1835 and
1836. With these conditions not uncommon, seeds
were often planted indoors and transplanted after all

chance of frosts appeared to have passed. Summer
frosts then, were not isolated events on northeastern
seaboard of the United States of America and their
occurrence in 1816 need not be interpreted as indicating
climate forcing by the Tambora eruption.
This point is reinforced by a consideration of
temperature data from North America and Europe as
shown in Table 1. All the stations report temperatures
below the average for 1816, most fall within
two standard deviations of the mean and cannot be
considered to be manifestations of extreme or freak
weather. Hohenpeissenberg, Bavaria, which like New
Haven experienced its coldest year, is a high altitude
station, and one might expect it to be more sensitive
to any climatic perturbation than low level stations.
In Europe, the eruption of Tambora has also been
held responsible for bad weather. A cold and wet
summer was experienced in many parts of the British
Isles, and in France, Germany, the Netherlands, and
Switzerland_Wood, 1965; Post, 1977; Pfister, 1992..
To confuse this convenient picture of European stress,
at the same time that eastern and central Europe
suffered from poor weather and low harvest yields,
northern Europe was experiencing mild, clement
weather. Neumann_1990., noted that 1816 was not
the year of temperature minima, and the Baltic states
had a surplus of grain to export in the years that the
climatic impact of the eruption was at its greatest
potential, 1816-1817. Atmospheric circulation ano-
malies such as observed in Europe in 1816 _Kelly et
al., 1984. may occur following volcanic eruptions
_Lamb, 1970.and bring unseasonable cold and wet
England _1765-1830. _Manley, 1974..
weather to some areas, but clearly the same disruption
will bring drier and warmer conditions to others
_Kington, 1992; Lamb, 1992.and this possibility
must be considered when modelling the palaeoenvironmental
impact of volcanic eruptions.
The summer of 1816 in Europe was certainly
memorable for the miserable weather experienced in
many areas, but were the conditions truly exceptional
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Fig. 2. Mean summer (a) and winter (b) temperature anomslies in Edinburgh (1800-1830) (Mossman, 1896).
and of a degree for which it is reasonable to invoke
an external forcing mechanism? In Scotland and
England the winters of 1783-1784 _the Laki Fissure
eruption. and 1815-1816 cannot be considered exceptional
when compared to the longer timeseries.
Many colder winters are indicated for which no
external forcing mechanism has been invoked _Figs.
2 and 3.. The summer of 1815-1816 was cool, but
should be interpreted in the light of a cool decade
_Fig. 3.and other cold summers are indicated in
1823 and 1830, again for which no volcanic forcing
mechanism has been invoked.
There is therefore a body of data that suggests
that the summer of 1816 was not as exceptional as
has been reported by some authorities. The bad
weather phenomena reported cannot be indiscriminately
assigned to the eruption of Tambora. The
conditions experienced in some areas in 1816 appear
to be the end of a series of poor years that started in
the early 1810s_Jones and Bradley, 1992.. The
suggestion_Lamb, 1970; Kelly and Sear, 1984.that
low latitude eruptions such as Tambora will cause a

southward displacement of north Atlantic circulation
in the year following the eruption may account for
some of these phenomena. It is extremely difficult,
however, to isolate the climate signal from the back-
ground ‘weather noise’ _Hansen and Lacis, 1990;
Lacis et al., 1992.. Groisman_1992. has addressed
this question and identified some consistent weather
patterns associated with nine large eruptions during
the last two centuries_Table 2.. Mean surface air
temperature anomalies indicate that Central Europe
had warmer than usual winters after major eruptions,
whereas Northeastern United States was subjected to
a colder than average winters. Of importance here is
the understanding that volcanic alteration of weather
patterns can generate a regionally diverse series of
conditions in which poor and clement weather may
be experienced synchronously. This is in contrast to
the assumption of an hemisperically homogenous
deterioration that currently underlies many studies.
An analysis of dendrochronological studies supports
this picture of regional anomalies pointing to alteration
in specific environmental conditions pertinent

to particular trees in specific locations, rather than to
climate deterioration on a wide scale.

3. Dendrochronological evidence

The physiological response of trees to environmental
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Table 2
Mean surface air temperature anomalies after large volcanic emiptions (after Groisman, 1992)

Region Winter Summer
Sign of anomaly  Sigm of anomaly  Sign of the anomaly  Sign of anomaly
sigmificant at significant at
95% level 93% level
Central Europe (part of Fussia) + Yes — Yes
Ukraine + No = Tes
Western Europe (excl. the Mediterranean region) + No — Mo
Mortheastern United States = Ne = Tes

Tabl

2 3

Largest temperanwe anomalies and trends in Fermoscandia (after
Briffa et al, 1990)

Positive Year Negative Tear

Anamaly (°C) Anomaly (*C)

Individual summers

207 1761 - 165 1139

205 1831 -158 1109

1.59 1703 -157 961

1.7 1937 -153 800

Twenty year mean

0.78 1138-1177 -0.93 1127-1144

0.79 1748-1767  -0.73 795-814

0.67 740768 — 065 1601-1620
.52 1087-1106  —0.35 B42-267

0.49 1531-1570 - 0.53 1344-1363

Fifty year mean

0.35 1152-1201 —038 1108-1157

034 1403-1452 042 1576-1623

0.33 1750-1799 -034 TR0-214

0.29 T19-768 -031 1867-1914

027 926-1011 =023 1345-1304

stress is recorded in their annual growth

increment. Studies of ring-width _LaMarche, 1974;
LaMarche et al., 1984; Baillie, 1988., ring-colour
_Filion et al., 1986., isotopic ratio _Epstein and
Krishnamurthy, 1990., damaged annual rings
_LaMarche and Hirschboek, 1984.and late and
early-wood density _Conkey, 1986; Graumlich and
Brubaker, 1986; Briffa et al., 1988a,b, 1990; Scud-
eri, 1990., allow the reconstruction of the macro and
micro environmental influences on a tree’s location.
The longevity of particular tree species, the survival
of others in fossil form and their wide latitudinal and
geographical distribution, permits the reconstruction
of climatic change _LaMarche, 1974; Fritts et al.,
1979, 1981. and has encouraged attempts to assess
of the climatic significance of individual eruptions.

European dendrochronological studies have reconstructed

long term temperature trends in some

detail, but largely fail to record an anomalous growth
year in either 1783-1784 or 1815-1816 _Briffa et
al., 1988a.. This work identified several years where

significant departure from the mean occurred _Table
3. but these are not associated with volcanic forcing
of climate. For example, 1782 is recorded as a poor
year in Scandinavia, and this was a year of crop
failure in Britain, but a significant volcanic eruption
is not recorded in the ring sequence for this year
_Hughes et al., 1984.. In the Finnish tree-ring record
the summer of 1783 was recorded by narrow rings,
caused by extremely high temperatures and drought
rather than by cool wet conditions. Recent research
_Briffa and Schweingruber, 1992., has indicated that
the summer of 1783 was warmer than the 1951-1970
mean.

The work of Schove_1950, 1954.similarly fails

to indicate a significantly narrow tree-ring for 1816
but confirms the instrumental data discussed above,
that the 1810s saw the beginning of a short cool
period in Europe _Briffa et al., 1988a,b; Briffa and
Schweingruber, 1992; Grayhbill and Shiyatov, 1992..
Briffa etal. _1990., reconstructed Fennoscandian
summer temperatures for the past 1400 years, based
on raw mean ring widths and the maximum latewood
density of conifers from the Tornetr"ask region of
northern Sweden_Table 4.. Growing at high latitudes
this record is sensitive to climate change and is
worth considering in detail. Clearly none of the
worst individual summers in Fennoscandia correlate
with acid peaks in the Greenland ice core _Hammer
et al., 1980, 1981.. Equally neither the worst twenty
years nor the worst fifty years in their reconstruction
can be linked to known volcanic activity and to
imply a volcanic agency for these events therefore is
doubtful. The tree-ring evidence suggests that Europe
experienced cold conditions between 1810-1817

and 1832-1838 and slight warming between 1819-
1828 and 1868-1875.

Many North American chronologies present a
broadly similar picture to that noted in Europe of
cooling in the early 1800s, and warming from the
mid 1800s _LaMarche and Stockton, 1974; LaMarche
et al., 1984; Jacoby et al., 1985, 1988; D’Arrigo and
Jacoby, 1992.. In continental locations such records
of climatic conditions are widely replicated; the re-
construction of Villalba_1990.climate in northern
Patagonia also indicates a cold period in the early



Table 5

MNarrow and hght mngs in Northermm Hemusphere dendrochromological sequences that are coimncident with the Laki fissure emaption m 1783

and Tambora m 18153

Region Laki 1783 Tambaora 1813
Eurcpe: N—5 transect Greece to Finland (Brffa et al | 1988a k) O O

Morth and central (Briffa et al., 1990, 1992; Briffa and Schwesingmber, 1952) ™NO O

Paussia M. Urals (Graybill and Shiyatow, 1992) MO o

Asia: Himalaya (Hughes, 1992) NO Cold spring
China (W, 1992) NO MO

USA: MNorth west (Fritts and Shao, 19592) O NO

Great Plamms (Meko, 1992) NO NO
Califorma, Wewvada (LaMarche and Hirschboelk 1924) O YES

Sierra Nevada (Scuderi, 16900 YES TES

Merth East (Cook et al., 1992) ™NO Drought (but > ENSO svent)
Alaska (Oswalt, 1957) YTES N0

Canada (D" Armigo and Jacoby, 1992) NO YES

Chaebec (Filion et al., 1986) TES YES

M. Quebec (Jacobv et al., 1988) ™NO YES

1800s, and warming since 1850. In North America
limited tree-ring evidence for a poor summer in 1816
can be found and many chronologies present contradictory
evidence for environmental stress in eruption

years _Jacoby and Ulan 1982; Jacoby et al., 1985,
1988; Conkey, 1986; Graumlich and Brubaker, 1986;
Cleaveland, 1992; Jacoby and D’Arrigo, 1989, 1992;
Fayle et al., 1992; Lough, 1992.. In most cases the
response of each chronology was conditioned by
environmental factors particular to each tree’s location
rather than climatic change on a large scale.

Some chronologies claim to have identified a
persistent volcanic signal in the tree ring record but
these are necessarily hampered by incomplete eruption
chronologies and by the poor relationship between

the different studies that pursue this theme.

LaMarche and Hirschboek 1984.identified 17 frost
rings in the period 2035 BC-1884 AD, and suggested
that these indicated climatic stress caused by

volcanic eruptions. Attractive as this work is, their
correlations linking frost damage to volcanic events
are highly questionable. Not all damaged rings are
associated with years of volcanic eruptions. Major
eruptions, among them Laki and Tambora do not
appear to have caused frost damage whereas rela-
tively minor eruptions appear to have done so _Parker,
1985.. If one accepts that sulphur content is a main

Table 4
Years with a depariwe greater than 1 °C from the 1951-1970
mean. (after Bruffa et al., 1988a.b)

United kingdom Scandinavia Central Ewrope
— + - + — +
1761
1772
1782 1782
1799
1812
1814
1816 1816
1829 1829
1831
1838
1852
1860
1864
1867
1868

factor in determining the climatic impact of eruptions
then this point is significant because Laki and
Tambora would have been the most effective volcanic
agents of climate change in the Holocene. It

must be stressed, however, that present knowledge of
prehistoric eruptions is very limited.

Scuderi_1990, 1992., linked a physiological response
in trees to the presence of volcanic aerosols

in the upper atmosphere, and a subsequent increase

in optical depth, and decrease in solar receipts at the
surface _Baldwin et al., 1976; Mass and Schneider,
1977; Self et al., 1981; Pollack, 1981; Deepak and
Newell, 1982; Rampino and Self, 1982, 1984; Sato
et al., 1993.. Ninety-one severe ring width events are
observed in the period 500 BC-1980 AD. Forty-six
of these correlate with volcanic eruptions. As with
the work of LaMarche and Hirschboek_1984.no
narrow rings are associated with eruptions that are
known to have emitted large amount of acidic
volatiles, such as Tambora or Laki. The failure of the
tree ring minima to record these events suggests that
the technique is not infallible as a proxy record of
volcanic eruptions_cf. Pyle, 1992..

The occurrence of ‘light rings’ in the black spruce
tree_Picea mariana.growing at the tree-line in
northern Quebec, has been taken to indicate a short-
ened growing season_Filion et al., 1986.. Sixty five
light-rings were identified in the period AD 1308—
1982, of which 43 were correlated with volcanic
eruptions identified by Simkin et al._1981.with a
Volcanic Explosivity Index_VEI.of )4. Light-rings
occurred in 1784 and in 1816 and 1817 that suggests
that the eruption of the Laki fissure and Tambora
may be recorded by this tree-ring study. Similar to
other tree-ring studies the occurrence of this diagnostic
feature is sporadic and not all the trees sampled

have produced light-rings in eruption years. However,
the sporadic occurrence of the marker ring

makes the simple correlation of an anomalous narrow
tree-ring with a volcanic eruption an insufficient
indication that one may be dependent on the other.
The examples discussed above highlight the pitfalls
involved in assessing the palaeoclimatic impact

of any volcanic eruption. Each demonstrates the role
and importance of the local environment in conditioning
the response to external environmental stress.

The environmental record of stress in eruption years
is far from consistent. It is relevant that eruptions
such as Laki 1783 and Tambora 1815, which are



thought to be climatically significant failed to trigger
a consistent response in many of the chronologies
_Table 5.and that the intensively studied Mt Pinatubo
eruption caused warming in some areas of the north-
ern hemisphere_Robock and Mao, 1992, 1995.. If
one accepts that there are difficulties in isolating
global climate responses to individual eruptions in
climatically sensitive organisms, then doubt can be
cast upon the hypothesis that the cumulative impact
of several eruptions upon can affect climatically
sensitive phenomena such as glaciers?

4. The cumulative effect of volcanic eruptions
There is some support from decadal studies of
glaciers_e.g., Porter, 1981, 1986.and tree rings
_Scuderi, 1990, 1992.to indicate that cumulative
effects of volcanic aerosol are important in forcing
climatic variations. Nesje and Johannessen_1992.
have considered this question in detail and suggested
that volcanic aerosol loading of the stratosphere
throughout the Holocene has been a major factor
influencing climate and hence glacier advance. The
implicit assumption is that the Greenland ice-core
evidence gives an overall assessment of the numbers
of eruptions_with large sulphur components.in the
world since Late Glacial times. They produced a
correlation between the acidity record from the Cre"ate

and Camp Century ice cores and global glacier fluctuations

and solar insolation. The resultant coefficient

for acidity against glacier advances is very
strong_rs0.71.and when the insolation data is

added it rises to a very high level_rs0.90..

There are problems with such an approach in that

it does not utilise ice-core data from elsewhere in the
world _e.g., Petit et al., 1990; Mosley-Thompson,
1992; Peel, 1992; Tarussov, 1992; Thompson, 1992..
Perhaps more importantly, however, work on major
eruptions has indicated that their impact is shortlived.
For there to be significant volcanic effects on

low frequency temperature changes, explosive eruptions
of the magnitude studied here would have to

recur in short intervals_-3 years.and there is no
evidence that this has happened over the last 100
years_Bradley, 1988.. Similarly, Self etal. 1981, p.
41. noted that “‘temperatures do not remain depressed
for a longer period after a series of closelytimed
eruptions than after single events’’. Once the
background levels of acidity are removed from the

record, correlations are considerably less impressive
_rsy0.23._Crowley et al., 1993.. These results

corroborate the conclusions of Wigley 1991.who

suggests that the pooled effect of frequent eruptions

Table &

The expected global erupiion frequency every thousand years.
(Data from McClelland et al, 1989), the Velcanic Explosivity
Index (WVEI) {Simkin et al., 1981; MNewhall and Self 1982) ranks
veleanic emptions on veleanclogical criteria to assess their magni-
tude, intensity, dispersive power and destructiveness. The scale of
an emuption 15 ranked fTom 1-8, with 8 being the largest

Empticn frequency (per 1000 years)
12,000

12-16.000

4-5,000

600

635

25

1-5

=] O LA = Lad B

may have been overestimated. VVolcanic activity is
not the sole external forcing mechanism operating
upon the earth’s environment and the potential of
these to cause the phenomena described should not
be lightly dismissed _cf. Eddy, 1992; Stuiver and
Braziunas, 1992.

5. Discussion

It is clear from data discussed above, that while a
climatic signal may be detectable following a volcanic
eruption, the scale of temperature fluctuations
observed fall within the normal range and is not
extreme. Studies of environmental phenomena observed
to occur following major volcanic events

suggest that any environmental impacts are spatially
heterogeneous rather than homogenous. It follows on
from this that linking disparate spatial events to large
eruptions has associated difficulties. Work on erupJ.
tion frequencies in the Twentieth century _McClel-
land et al., 1989; Table 6., gives a total expected
eruption rate of approximately 30,000 per 1000 years,
many of which have gone unrecorded _Simkin et al.,
1981.. Baillie_1991, p.12. highlights cleverly one

the problems with his dual concepts of suck in and
smear out. He notes that the “‘specification of a



Table 7

Phenomena associated with Insh mng-width nunima (Data from Bryson and Goodman, 1920; Stothers and Fampino, 1983ab; Pang =t al.,

1937, 1928, 19289; Baillie, 1988, 1989, 1994; Baillie and Munro, 1988; Burgess, 1989; Kumholm, 1900; Wamer, 1990)

Irish cak rng width minima

Associated phenomena

1159 BC The Hekla 3 eruption. Greenland acidity peak, 1120 4+ 30 BC.
Abandonment of the Strath Of Kildonan. Late 12th Century BC.
Movement of the “Sea People” Ca. 1200 BC.
Fall of Mycenas. Ca. 1200 BC.
Plague m Ireland 11801131 BC.
Hittites leave Anatolian Platean. 13th Century BC.
Libyan peoples nugrate towards Egypt. Ca. 1200 BC.
CatasTophic floeding in Hungary. Ca. 1200 BC.
Fise in level of the Caspian Sea. Ca. 1200 BC.
Wide tree nngsz in Turkey. 1139 BC.
Deepemng of lakes in Turkey. 1200-1100 BC.
Lowered snowline in MNorway. Ca. 1200 BC.
Crop failure in China.

207 BC Unknown eruption. Greenland acidity peak. 210 £ 30 BC.
Insh mnrain of cattle. 210200 BC.
Stars ivisible in China. 208 BC.
Chmese fanmes. 207-204 BC.
Chmese dymastic change. 202 BC.
Frost ring event. 206 BC.

340 AD Unknown emuption. Greenland acidity peak. 516 + 4 AD.
Ewropean Mystery Cloud. 536 AD.
Chimesze atmosphenc dishurbance 540 AD.

dendrochronological horizon tends to suck in
loosely-dated archaeological, environmental and even
ancient-historical information- the dated event being
used to explain a wide spread of previous observations’”.
The converse can also be true and “‘truly

synchronous events in the past may have gone unrecognised

because the dating- mostly radiocarbon

based- has smeared the ‘event’ into a “period’”” _op
cit, 1991, p.12.. However, caution is also needed
when specific dendrochronological dates are used to
link spatially disparate phenomena_Table 7.. This
kind of association is at best only indicating coincidence
in time and requires further critical evaluation.
Correlations between tree-ring minima and volcanic
eruptions must specify the mechanism by which the
eruption was able to trigger a response in the grow-
ing tree. Grattan_1994.and Grattan and Gilbertson
1994 .have argued persuasively for acid deposition
upon acid sensitive environments being a contributory
cause of such phenomena. Associations such as

these, however, must be based on correlations with
ice-core acidity records _Hammer, 1977, 1984; Ham-
mer et al., 1980, 1981.. Calculation of the complete
ionic balance and isolation of the SO2ysignal by the 4
use of statistical methods _Mayewski et al., 1993;
Zielinski et al., 1994., the location of identified
tephra in particulate meltwater-extracts _e.g., Fiacco
et al., 1994., has enabled researchers to relate the
electrical conductivity and SO2- timeseries in ice 4
cores to known eruptions_Zielinski et al., 1995.,

thereby improving chronological resolution. Such
work must also be linked with estimates of volcanic
degassing _Devine et al., 1984; Palais and Sigurds-
son, 1989.. Only then may it be possible to measure
effectively the ability of an eruption to force such
climatic change.

There are difficulties of relating eruption
chronologies to the archaeological and palaeoecological
records even where one is dealing with a known
tephra horizon_Lotter and Birks, 1993.. It is not
enough to fit a the local picture derived from single
events into the wider context of a global change
hypothesis. Similarly, works of synthesis defining
global hypotheses tend to overlook the detailed local
variations that may have occurred in the past. The
undoubted improvement in eruption chronologies in
terms of temporal and spatial coverage must go hand
in hand with detailed studies examining the evolution
and distribution of volcanic aerosols after major
events. Factors such as the amount of sulphur gases
emitted and micro-physical processes of particle
growth and coagulation is known to be important
_Pinto et al., 1989.. Moreover, recent modelling
indicates that the residence time for aerosols after
large eruptions is no greater than with smaller events,
because feedback processes permit aerosols to grow
quickly and fall out faster_Pyle et al., 1997.. This is
of some significance for assessing the impact of past
eruptions, where global temperatures are thought to
respond to SO2y in a near linear fashion. There is 4



considerable scope for further work dealing with the
local impacts of particular volcanic events coupled
with research into the cumulative effect of eruptions
on the longer time scales of decades, centuries and
millennia.

6. Conclusion

There is little doubt that volcanic activity has a
climatic effect but the historical temperature record
indicates a surface cooling that in most cases falls
within expected annual variation. When these data

are considered closely the patchy nature of change is
emphasised. Instrumental and tree-ring data fail to
demonstrate a coherent and consistent response to
volcanic climate-forcing. What is clear is that volcanic
eruptions are capable of exerting a profound

influence upon environmental systems that are sensitive
to such forcing. Hence trees that are particularly
stressed in respect of one or more aspects of their
environment may respond negatively to a slight increase
in atmospheric optical depth, whilst trees that

are not sensitive and may be considered to be complacent
in respect of their environment fail to record

eruption years as significant. It is the sensitivity of

the tree rather than the effectiveness of the volcanic
eruption that is being indicated in such a case and it

is the failure to recognise this that undermines many
dendrochronological studies. Instrumental data also
indicates a disparate rather than homogenous response
to volcanic forcing of weather. An analysis of

many of the studies above makes it clear that any
attempt to extrapolate a regional or hemispheric response
to volcanic eruptions from data that may be

recording very local response is problematic.

The real power of studies that use volcanic eruptions
as an agent of past environmental change will

lie in the construction of models of environmental
response that are based on a synthesis of many
studies. These studies must emphasise not only the
scale and magnitude of the eruption, but also the
sensitivity of the responding phenomena to the, often
slight, degree of forcing applied.
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