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High-latitude eruptions cast shadow over the African monsoon and the

flow of the Nile
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[1] Nile River records indicate very low flow following the
1783—1784 Laki volcanic eruption, as well as after other
high-latitude volcanic eruptions. As shown by climate model
simulations of the Laki eruption, significant cooling (—1° to
—3°C) of the Northern Hemisphere land masses during the
boreal summer of 1783 resulted in a strong dynamical effect
of weakening the African and Indian monsoon circulations,
with precipitation anomalies of —1 to —3 mm/day over the
Sahel of Africa, thus producing the low Nile flow. Future
high-latitude eruptions would significantly impact the food
and water supplies in these areas. Using observations of the
flow of the Nile River, this new understanding is used to
support a date of 939 for the beginning of the eruption of the
Eldgja volcano in Iceland, the largest high-latitude eruption
of the past 1500 years. Citation: Oman, L., A. Robock, G. L.
Stenchikov, and T. Thordarson (2006), High-latitude eruptions
cast shadow over the African monsoon and the flow of the
Nile, Geophys. Res. Lett., 33, L18711, doi:10.1029/
2006GL027665.

[2] “The inundation of 1783 was not sufficient, great part
of the lands therefore could not be sown for want of being
watered, and another part was in the same predicament for
want of seed. In 1784, the Nile again did not rise to the
favorable height, and the dearth immediately became
excessive. Soon after the end of November, the famine
carried off, at Cairo, nearly as many as the plague; the
streets, which before were full of beggars, now afforded not
a single one: all had perished or deserted the city” [Volney,
1788, p. 120]. By January 1785, 1/6 of the population of
Egypt had either died or left the country in the previous two
years [Volney, 1788]. These two years followed the largest
high-latitude volcanic eruption in the last 1,000 years, the
1783—1784 Laki eruption in Iceland [Thordarson and Self,
2003].

[3] It has been known for a while that large tropical
volcanic eruptions produce a change in atmospheric circu-
lation in the Northern Hemisphere (NH) winter, with a
positive phase of the Arctic Oscillation and warming of
the NH continents in the first, and sometimes also second,
winter following the eruption [Robock, 2000]. Here we
show new, strong evidence, from both observations and
climate model simulations, that NH high-latitude eruptions
produce changes in atmospheric circulation in the NH
summer following the eruption, weakening the African
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summer monsoon, reducing precipitation, and reducing
the flow in the Nile and Niger Rivers.

[4] During the summer of 1783 much of Western Europe
experienced very warm conditions, especially in July [Grattan
and Brayshay, 1995; Grattan and Sadler, 1999; Thordarson
and Self, 2003; Luterbacher et al., 2004], and the summer
was also warm across the Middle East [Stothers, 1999]. This
is in contrast to most other areas of the NH which experi-
enced significant negative temperature anomalies, especially
over large portions of Asia and North America. Recon-
structed summer temperatures using tree ring maximum
latewood density data found that 1783 was the coldest
summer of the last 400 years in northwestern Alaska
[Jacoby et al., 1999]. For tree rings over the Polar Urals
and Yamal Peninsula in northwest Siberia, radial growth
was the least for 500—600 years [Hantemirov et al., 2004].
Severe drought conditions were noted across India due to a
weakened monsoon circulation [Mooley and Pant, 1981].
Similar dry conditions were reported across the Nile River
watershed during the summer of 1783 [Hassan, 1998].

[s] An analysis of a Goddard Institute for Space Studies
climate model simulation that included volcanic eruptions
[Hansen et al., 1988] suggested that tropical volcanic
eruptions reduce precipitation over the Sahel region of
Africa, and that the 1982 El Chichdn eruption was partially
responsible for the most severe years of the Sahel drought in
1983 and 1984 [Robock and Liu, 1994]. A more recent
climate simulation, using a model that incorporates detailed
effects of tropospheric aerosols on clouds and radiation,
suggested that the Sahel drought itself, which manifested
itself strongly during the period of solar dimming, was
caused by the radiative effects of those tropospheric aero-
sols, reducing the summer temperature contrast between the
Sahel and the oceans, and weakening the African monsoon
[Rotstayn and Lohmann, 2002]. However, the only previous
climate model simulation of the effects of the Laki eruption
found no significant temperature effects over Africa in the
NH summer of 1783 and did not comment on changes in the
monsoon circulation [Highwood and Stevenson, 2003]. This
was probably because they used too small a stratospheric
input of SO, for Laki [Oman et al., 2006], which did not
stay in the stratosphere very long.

[6] Here we used the Goddard Institute for Space Studies
ModelE general circulation model [Schmidt et al., 2006]
with 4° latitude by 5° longitude horizontal resolution, to
simulate the climate response to the 1783—1784 Laki
eruption in Iceland. This particular version has 23 vertical
levels up to 80 km. The radiation scheme utilizes correlated
k-distribution with 15 noncontiguous spectral intervals in
the shortwave and 33 intervals in the longwave [Lacis and
Oinas, 1991]. Our simulations utilized a g-flux mixed layer
ocean, which allows the sea surface temperatures to adjust
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