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The 1600 AD Huaynaputina eruption in Peru was one of the largest volcanic eruptions in history over the past 2000 years. This
study operated on the hypothesis that this event dramatically affected the weather and environment in China and the Korean
Peninsula. Over the course of this research the Chinese and Korean historical literatures as well as dendrochronology records were
examined.The historical evidence points to the conclusion that the eruptionwas followed by an abrupt cooling period and epidemic
outbreaks in 1601 AD within both China and the Korean Peninsula. These records manifested themselves in unseasonably cold
weather resulting in severe killing frosts in northern China in the summer and autumn of 1601 AD. In southern China (Zhejiang
and Anhui Provinces and Shanghai Municipality), July was abnormally cold with snow, with an autumn that saw anomalously
hot weather. In addition, there was unseasonable snowfall that autumn within Yunnan Province. Widespread disease outbreaks
occurred in August, September, and October in northern and southern China. In Korea, the spring and early summer of 1601 AD
were unusually cold, and conditions led to further widespread epidemics occurring in August.

1. Introduction

Volcanic eruptions eject massive amounts of gas and ash into
the stratosphere and troposphere, reducing solar insolation
and resulting in climatic and environmental effects [1–8].
Major volcanic eruptions are capable of affecting short-term
climatic change on hemispheric and global scales.

For example, the 1991 AD Pinatubo eruption (Philip-
pines) caused the largest perturbation of the 20th century to
the particulate content of the stratosphere; and the radiative
influence of the injected particles put an end to several
years of globally warm surface temperatures [9, 10]. The 1883
AD Krakatoa eruption (Indonesia) caused dimmed suns and
blood red skies in the Northern Hemisphere [11]. Similar
disturbances have been reported after other major volcanic
eruptions, for example, 1815 AD Tambora eruption and the
unidentified eruptions in 1452 AD and circa 626 AD [12–
17]. Even 2000 years ago, Plutarch and others surmised that
the eruption of Mount Etna in 44 BC dimmed the sun and
suggested that the resulting cooling caused crops to fail and

even created famine within the Roman Empire and Egypt
[6, 18]. Within China, there were dimmed suns, anomalously
cold temperatures, crop failures, and famine the following
year, in 43 BC, following the 44 BC Etna event [19].

Research on climatic effects using Chinese historical lit-
erature, written followingmajor historical volcanic eruptions,
has achieved encouraging progress during the past decades.
Cao et al. (2012) identified evidence of climatic downturn in
China following the 1815 AD Tambora eruption [20]. Fei and
Zhou (2006) suggested that abrupt cooling occurred in 939–
941 AD in China following the prolonged 934–939 ADEldgjá
eruption, Iceland [21].

The relationship between volcanic eruptions and abrupt
cooling is therefore evident, and, recently, increasing atten-
tion has focused on the possible cause and effect relationship
between volcanic eruptions and precipitation anomalies [22,
23]. It has been suggested that extreme droughts in China
could be related to the volcanic eruptions during the past 500
years, because large volcanic eruptions possibly reduced the
summer monsoon in East Asia [24, 25].
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The epidemic effects of major volcanic eruptions have
also long intrigued volcanologists [5, 26–28]. Stothers (1999)
examined seven major volcanic eruptions during the past
two millennia and found that most of them were followed
by several years containing epidemics in Europe and the
Middle East [4]. The 1783-1784 AD Laki (Lakigiga) eruption
(Iceland) caused dense volcanic dry fog and a significant shift
in regional climate systems that are potentially responsible for
endemic diseases and high mortality rates seen in England
and France during that time [29–31]. However, as a whole,
the possible epidemic effects of volcanic eruptions during the
past 2000 years have not been discussed in detail, and the
mechanisms of contagion and spread of such epidemics have
not yet been identified.

In addition, volcanic eruptions result in local disease
outbreaks in the vicinity of volcanoes, due to poor hygiene
and limited access to drinking water which has been con-
taminated with volcanic ash and debris. An example of this
is following the 1815 AD Tambora volcanic eruption where
populations suffering from violent diarrhea were prevalent
in the vicinity of the volcano [16]. Another was a regional
outbreak of measles that occurred after the eruptions of Mt.
Pinatubo in 1991 AD [27].

2. The 1600 AD Huaynaputina Eruption, Peru

Huaynaputina Volcano (16.6∘S, 70.9∘W) is located in south-
ern Peru, South America. The eruption in 1600 AD was the
largest volcanic eruption in South America spanning the past
2000 years [32–36]. The eruption started on February 19,
1600 AD, and lasted until March [32–34, 37]. The economy
of southern Peru was severely disrupted and did not recover
during most of the 17th century [38, 39].

The sustained eruption column was estimated to be 27–
35 km high during the Plinian phase on February 19-20,
1600 AD.The eruption reached a significantly higher altitude
than the tropopause, thus making it capable of affecting the
atmospheric environment on a global scale [34].

The eruption produced ∼70Mt. of global average strato-
spheric H

2
SO
4
loading, which makes it one of the largest

volcanic eruptions in world history over the past two millen-
nia [32, 40]. For example, that of the 1815 Tambora eruption
was estimated at 60Mt. [13], 93–118Mt. [41], and 108Mt. [42].
However, stratospheric H

2
SO
4
loading of the Huaynaputina

eruption was much higher than those of the 1883 Krakatoa
(22Mt. [42]) and 1991 Pinatubo eruptions (30Mt. [42]).

Thevolcanic ash fromHuaynaputina formed awidespread
lobe of ∼95,000 km2 within the 1-cm isopach [34]. Historical
accounts indicate significant ash fall in Lima (∼850 km north
of the volcano) and on a ship 1,000 km off the Peruvian coast
[32]. The fine ash and volcanic glass from the eruption were
also identified in the South Pole ice core in Antarctica and
possibly the GISP2 ice core in Greenland [32, 34, 43, 44].

Signals corresponding to the Huaynaputina eruption
were identified in a large number of Antarctic and Greenland
ice cores, thus indicating the potential global influence of
the eruption. Volcanic acidity peaks corresponding to the
Huaynaputina eruption were identified in the Greenland ice
cores of Crete [45, 46], GRIP [47], and Summit [48]. Excess

SO
4

2− peaks corresponding to the Huaynaputina event were
also identified in the Greenland ice cores of GISP2 [49], and
Antarctic ice cores of Law Dome [50], Plateau Remote [51],
SP2001 [52], PS1 (near the Amundsen-Scott Base) [43], Talos
Dome (East Antarctica) [53], and Dome Fuji [54].

It is well known that the other three tropical eruptions
produced abrupt global cooling [13, 16, 55]. Considering
the magnitude of the Huaynaputina eruption, it should
have been capable of producing significant global climatic
effects. Previous research has revealed that the Huaynaputina
eruption was followed by abrupt cooling in many regions in
the world [32, 36].

A series of dendroclimatology studies have brought
robust evidence to bear to support dramatic abrupt cooling
in 1601 AD. Briffa et al. (1998) suggested that the sum-
mer of 1601 AD has the potential of being the coldest on
record over the past 600 years according to a synthesis of
dendrochronological data in northern Eurasia and North
America [55]. Scuderi (1990) identified that 1601 AD was
abnormally cold according to the temperature-sensitive tree-
ring chronologies in the Sierra Nevada [56]. Jones et al.
(1995) synthesized a temperature-sensitive network of tree-
ring chronologies inNorth America andWestern Europe and
suggested that 1601 AD possessed the summer with the most
dramatic shifts to unseasonably cold weather patterns [57].

Low temperature was shown around 1600 AD in a ring-
width record derived from the June–August Alpine temper-
ature proxy over 951–1527 AD in the Swiss and Austrian
Alps [58]. 1601 AD was shown to be extremely cold in
the maximum latewood density data from trees at thirteen
temperature-sensitive sites along the northern tree line of
North America [59]. In the centre of Spain, 1601 AD was
the most unfavourable for tree growth, representing the
minimum index in the regional chronology [60].

Evidences of dramatic cooling in 1601 AD also exist in
the light ring and frost ring chronologies, which record
abnormally low temperature in growing seasons. LaMarche
Jr. and Hirschboeck (1984) identified a very significant frost
ring in 1601 AD in western USA [61]. Filion et al. (1986) and
Yamaguchi et al. (1993) identified a significant light ring event
in 1601ADnear Bush Lake, Canada [62, 63].Hantemirov et al.
(2004) also identified significant frost and light rings in 1601
AD in the Polar Urals and Yamal Peninsula in northwestern
Siberia [64].

The review of historical records corresponds to a dramatic
global cooling event from the data collected above, and
the historical sources indicate that the summer of 1601 was
unusually cold in England and Italy [65]. The winter of 1601
was very severe inRussia, Latvia, andEstonia [36]. In Sweden,
record amounts of snow in the winter of 1601 were followed
by a rainy spring. The resulting harvest was insufficient to
feed the population leading to hunger and disease [66]. Fei
and Zhou (2009) investigated the possible climatic effects in
northern China following the Huaynaputina eruption. It was
discovered that killing frost occurred in 1601 AD and resulted
in widespread crop failures throughout the region [67].

Here we investigate the possible climatic and epidemic
effects in China and Korea following the 1600 AD Peruvian
Huaynaputina eruption. After a careful literature survey, we
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found that significant abrupt cooling and epidemics occurred
mainly in 1601 AD in China and Korea.

3. Materials and Methods

Our study of the possible climatic and epidemic effects of the
Huaynaputina eruption in China and Korea is mainly based
on the available historical literature.The Chinese and Korean
historical texts were examined systematically. A few thousand
literary sources were examined, though it turned out that
only a small fraction of the historical record contains useful
information.

Most of our records were discovered in the Chinese
historical local gazetteers (Di fang zhi) (Tables 1, 2, and 3).
This type of historical source material is unique and very
substantial, especially for the history of the Ming (1368–1644
AD) and Qing (1644–1911 AD) dynasties. There are a few
thousand extant historical local gazetteers in China [68]. The
printed and/or electronic copies are available in the Libraries
of FudanUniversity, the Libraries of the University of Science
and Technology of China, and the Shanghai Library.

Some of the records were found in the historical diaries
(Table 1). This type of source is particularly valuable as it
contains first-hand accounts of climatic and epidemic events.

The climatological and epidemiological records in Korea
were discovered in the Annals of the Choson Dynasty (also
known as Choson Wangjo Sillok) (Table 3), which comprises
25 parts and 1,893 volumes and covers 472 years (1392–
1863 AD) of the history of the Choson Dynasty (1392–1910
AD). The annals are in classical Chinese and adopt the
Chinese lunar calendar. The compilations were commenced
at a specific time following shortly after a king’s death by
the Office for Annals Compilation of Korea. Therefore the
Annals of the ChosonDynasty are highly reliable.TheAnnals
of the King Seonjo (Seonjo Sillok) are a part of this record. It
comprises 263 volumes and covers the reign of King Seonjo
(r. 1567–1608 AD).

In addition, European and American historical records
of climatic and epidemic events were also examined; most of
these were carried over from relevant previous studies.

Dendrochronology recordswere examined extensively, in
order to give a general scenario of the climatic effects around
the world.

Volcanic related signals in ice cores in Greenland and
Antarctica were examined carefully in order to verify the
potential global influence of the eruption.

4. Abrupt Cooling and Epidemics in 1601 AD
in Southern China

The year of 1601 AD witnessed anomalous summer and
autumn seasons in southern China. It was cold in the
summer and abnormally hot in the autumn. Following the
cold summer and hot autumn, widespread disease broke out
(Figures 1, 2, and 3; Tables 1, 2, 3, and 4).

The contemporary record of the abnormal weather in the
summer and autumn of 1601 AD was found in a book titled
Notes on Experience (Jian wen za ji) (Figure 1). The book is
actually a diary, and it was finished in circa AD 1610 by Le Li,

a retired scholar and official. (Le Li, Jian wen za ji.This book
was written in circa 1610 AD. Here “Le” is the given name,
and “Li” is the surname. Similarly hereinafter.) Le Li lived in
Wuzhen (a town in Tongxiang County, Zhejiang Province)
after retirement; thus the location of most of the events in
the book was Wuzhen, including the record of the abnormal
weather in 1601 AD.

This record is seen as the most original record of the
epidemic and abnormal weather of 1601 AD, whereas similar
descriptions of the event are also found in the local gazetteers
of a few regions of Zhejiang Province. These regions include
Hangzhou and Huzhou Prefectures (modern Hangzhou and
Huzhou Cities) and Tongxiang County and Nanxun Town
(modern Nanxun County of Huzhou City) (Table 1).

However, the descriptions in the Gazetteer of Shidai
County (modern Shitai County, Anhui Province) and Gazet-
teer of Songjiang Prefecture (modern Songjiang County,
Shanghai Municipality) are different from that of the Notes
on Experience and should be independent from it. It is also
worth noting that these two literatures were written a few
decades later than the Notes on Experience (Table 1).

The spatial scale of the epidemics proved to be even
larger than anticipated.We identified a plethora of records on
epidemic outbreaks in 1601 AD in Anhui, Zhejiang, Fujian,
Jiangxi, Hunan, and Guizhou Provinces of southern China
(Figure 2). Some records indicated that the epidemics were
related to drought and famine, whereas the causal link with
abrupt cooling caused by the Huaynaputina event is not very
clear (Table 1).

Separate from the above evidence, records were also
found which described abrupt cooling which occurred in
Kunming City (Yunnan Province). There was an abnormal
snowfall in the autumn of 1601 AD in the area (Chengxun
Fan and Jiwen Wang, General Gazetteer of Yunnan Province
(Yunnan tong zhi) (1691), Vol. 28).

5. Abrupt Cooling and Epidemics in 1601 AD
in Northern China

5.1. Historical Records. Our previous research has suggested
that there were severe killing frosts in the Shanxi and Hebei
Provinces in the summer and early autumn of 1601 AD
(Fei and Zhou, 2009) [67]. Here we further supplemented
our material with the records from Shaanxi, Gansu, and
Qinghai Provinces and discovered that epidemics occurred
in Shanxi and Shaanxi Provinces in 1601-1602 AD (Figures
1, 2, and 3; Tables 2 and 4). The epidemics in Shanxi and
Shaanxi Provinces were possibly caused by a combination
of killing frosts and drought. Supporting this information is
the appearance of severe killing frosts and great epidemics
in northern China in the summer and autumn of 1601 AD
(Figures 1, 2, and 3; Tables 2 and 4).

It is noteworthy that killing frosts in the summer and
autumn of 1601 AD in northern China were the result of
outbreaks of cold waves that usually cover a large area.
In some counties with records of epidemics, but without
records of frost disasters (e.g., Yangqu, Qingxu Counties, and
Shanxi Province), it is highly probable that frost disasters also
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Table 3: Historical records of the abrupt cooling and epidemics in Korea in 1601 AD.

Location Description Source

†Kangwon
Prefecture, Korea

The Magistrate of the Gangneung City (Gangneung Bu, a city of the Kangwon
Prefecture, i.e., Kangwon Do), Si Sin, reported that chilly wind was always blowing,
and the weather was always gloomy and hazy since the late spring. The seedlings
rotted and faded away.
It rained and snowed on the 5th day of this month (May 6, 1601 AD). The
mountains and plains were in white. This is really abnormal as it is summer now.
(The date of this report was Jiawu day, 4th month, 34th year, Seonjo Reign Period,
i.e., May 28, 1601 AD.)

Annals of King
Seonjo, Vol. 136.

†Hwanghae
Prefecture, Korea

The Governor of the Hwanghae Prefecture (Hwanghae Do), I-Mun Seong, reported
that there were severe droughts in all of the counties from the spring to summer. It
shined one moment and rained the next, and the chilly wind always blew.The wheat
failed to flower, and the rice failed to grow. The paddy fields were very dry and
could not be ploughed. In the seeded fields, the seeds did not sprout. We really
worried about the farm work. (The date of this report was Bingshen day, 4th month,
34th year, Seonjo Reign Period, i.e., May 30, 1601 AD.)

Annals of King
Seonjo, Vol. 136.

∗Near Seoul, Korea

King Seonjo said that it was very hot and wet these days, and numerous people fell
ill. We should take good care of ourselves, so that the patients would recover and no
longer feel miserable. (The record does not mention the location. It should refer to
the entire Korean Peninsula or at least the vicinity of the capital, Seoul, because this
record is an order of the king.) (The date of this report was Renyin day, 7th month,
34th year, Seonjo Reign Period, i.e., August 4, 1601 AD)

Annals of King
Seonjo, Vol. 139.

†Counties with abrupt cooling. ∗Counties with epidemics.

Table 4: Temporal distribution and weather background of the epidemics in China and Korea in 1601 AD.

County, province Weather background Time
Xincai, Henan Cold Spring∗ (February 3–May 1, 1601 AD)
Nankang, Jiangxi n/a 4th month (May 2–May 31, 1601 AD)
Korea (State) Abnormally hot and wet 7th month (July 29–August 27, 1601 AD)
Guizhou (Province) Drought 7th month (July 29–August 27, 1601 AD)
Shitai, Anhui Abnormally cold and then abnormally hot 7-8th month (July 29–September 1601 AD)
Wuzhen, Zhejiang Abnormally cold and then abnormally hot 7–9th month (July 29–October 25, 1601 AD)
Hangzhou, Zhejiang Abnormally cold and then abnormally hot 7–9th month (July 29–October 25, 1601 AD)
Huzhou, Zhejiang Abnormally cold and then abnormally hot 7–9th month (July 29–October 25, 1601 AD)
Tongxiang, Zhejiang Abnormally cold and then abnormally hot 7–9th month (July 29–October 25, 1601 AD)
Nanxun, Zhejiang Abnormally cold and then abnormally hot 7–9th month (July 29–October 25, 1601 AD)
Xinhua, Hunan n/a Autumn (7th–9th month, i.e., July 29–October 25, 1601 AD)
Dingxiang, Shanxi Drought Autumn (7th–9th month, i.e., July 29–October 25, 1601 AD)
Xingguo, Jiangxi Drought n/a
Qingxu, Shanxi Drought n/a
Linyou, Shaanxi Drought n/a
Yangqu, Shanxi n/a n/a
∗In Chinese and Korean historical literatures, particularly histories, chronicles and gazetteers, spring refers to the 1st–3rdmonths of the Chinese lunar calendar,
and summer, autumn, and winter refer to the 4th–6th, 7th–9th, and 10th–12th months, respectively.

occurred in these counties if there were killing frosts in the
surrounding areas.

In addition, we identified a record of disease outbreaks
in early 1601 AD. In the early spring of 1601 AD, excessive
snows hit Xincai County (Henan Province) and resulted in
the outbreak and rapid spread of disease (Tables 2 and 4;
Figures 1 and 2).

The epidemics ended in 1601 AD in China, except in
the Lishi County (Shanxi Province, Table 2), where disease
outbreakswere reported again in the spring of 1602AD.There

were no further signs or data of widespread abrupt cooling
and epidemics after 1602 AD.

5.2. Dendrochronology Records on the Northeast Tibetan
Plateau. Past dendrochronological analyses were shown to
be an exceptional source of information for tracking potential
periods of dramatic or abrupt cooling and abnormal weather
patterns. In addition, a few rigidly dated tree ring chronolo-
gies have been developed, which reveal past temperature
changes on the northeast Tibetan Plateau, China (Figure 1).
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Figure 1: Abrupt cooling in 1601 AD in China and Korea. Dots denote records of abrupt cooling and epidemics, and different dots denote
different seasons. Squares denote sites of relevant tree ring chronologies.

Liu et al. (2005) reconstructed the winter half-year (prior
December to current April) temperature change history of
SunanCounty (99∘56E, 38∘26N),GansuProvince, northeast
Tibetan Plateau [69]. Zhu et al. (2008) established a tree
ring width chronology at Wulan County (98∘40E, 37∘03N),
Qinghai Province, thus reconstructing the winter half-year
(prior September to current April) temperature change his-
tory over the past 1000 years in this region [70]. Liu et
al. (2009, 2011) established a new chronology of annual
temperature change over the past 2485 years at Dulan and
Wulan Counties (98-99∘E, 36-37∘N), Qinghai Province, east
Tibetan Plateau [71, 72].

However, 1601-1602ADwas not abnormally cold or warm
in these three chronological records.

6. Abrupt Cooling and Epidemics in Korea

After a careful literature survey, we identified a total of three
records on abnormal weather and disease outbreaks in Korea
in 1601 AD (Tables 3 and 4; Figures 1 and 2). Accordingly,
the spring and early summer of 1601 AD were anomalously
gloomy and cold. The middle summer was hot and wet, with
a resulting epidemic ensuing in the prevalent conditions of
the time.
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Figure 3: Seasonal variation of the number of records of epidemic
in 1601 AD in southern China, northern China, and Korea.

7. Discussion

According to the records with detailed dates, we identify a
very interesting phenomenon in many areas of China and
Korea; that is, most of the epidemics occurred in the summer
and autumn (Table 4, Figure 3).The areas include the Korean
Peninsula and the provinces of Zhejiang, Anhui, Shanxi,
Guizhou, andHunan inChina (Figure 2).The epidemicswere
recorded simultaneouslywith the abnormalweather patterns,

thus indicating a weather background and a possible causal
link.

However, if the epidemics were related to the anomalous
weather background, why did the epidemics break out almost
simultaneously in different weather backgrounds (Table 4,
Figure 3)? In Korea, the background was abnormally hot
and wet weather. In Zhejiang and Anhui Provinces, the
backgroundwas an abnormally cold July and a hot autumn. In
Guizhou and Shanxi Provinces, the background was drought
(Table 4). In Hunan province, the weather background was
unidentified (Table 4).

With regard to the spatial distribution for the spread
of endemic diseases, it is interesting that Korea, Zhejiang
and Anhui Provinces, Shanxi Province, Guizhou, and Hunan
Province are thousands of kilometres apart from each other
(Figure 2). The epidemics in these four regions should
be independent of one another. That is to say, weather
backgrounds were different, and regions were independent;
however, the records correlate multiple epidemics breaking
out almost simultaneously across these regions.

It may seem to be overreaching to directly attribute
the potential cause of these disease outbreaks to the 1600
AD Huaynaputina eruption. However, because the eruption
reduced solar insolation and resulted in global abrupt cool-
ing, it is not reasonable to exclude it as one of the major
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causes of the epidemics in China and Korea in August,
September, and October, 1600 AD. In other words, while
investigating the possible causes of the epidemics, the effects
of the Huaynaputina eruption should not be neglected.

8. Conclusion

Historical records on the abrupt cooling and epidemics in
1601 AD in China and Korea were investigated, and its causal
relationship with the 1600 AD Peruvian Huaynaputina erup-
tion is discussed. We suggest that abrupt cooling occurred
in 1601 AD in China and Korea following the Huaynaputina
eruption. Near, thereafter, widespread epidemics occurred in
the summer and autumn of 1601 AD in China and Korea.

There were severe killing frosts in the summer and
autumn of 1601 AD in Shanxi, Hebei, Shaanxi, and Gansu
Provinces of northernChina, as well as an unseasonable snow
in that summer in Hebei Province.

In Zhejiang and Anhui Provinces, and Shanghai Munic-
ipality in southern China, July of 1601 AD was abnor-
mally cold with unseasonable snows, differentiated from
August, September, and October which were abnormally hot.
There were widespread epidemics following this anomalous
weather. Simultaneously, disease outbreaks also occurred in
Guizhou and Hunan Provinces.

In Korea, the spring and early summer of 1601 AD were
abnormally cold; however, middle summer was hot and wet,
which was followed by epidemics.

It is worth further discussion that widespread epidemics
occurred almost simultaneously in Korea and the Chinese
provinces of Zhejiang, Anhui, Guizhou, Hunan, and Shanxi.
Apparently, the weather background of the epidemics was
different; however, we suppose that the Huaynaputina erup-
tion possesses a major burden of responsibility for these
concurrent epidemic outbreaks.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

The authors gratefully acknowledge support from the
National Natural Science Foundation of China (Grant no.
41202125) and the Chinese Academy of Sciences (Grant no.
KLSLRC-KF-13-DX-4). Special thanks are due to Professor
Clive Oppenheimer and the anonymous reviewers for the
constructive comments and suggestions.

References

[1] H. H. Lamb, “Volcanic dust in the atmosphere; with a chronol-
ogy and assessment of its meteorological significance,” Philo-
sophical Transactions of the Royal Society of London A, vol. 266,
pp. 425–533, 1970.

[2] P.M.Kelly andC. B. Sear, “Climatic impact of explosive volcanic
eruptions,” Nature, vol. 311, no. 5988, pp. 740–743, 1984.

[3] C. B. Sear, P. M. Kelly, P. D. Jones, and C. M. Goodess, “Global
surface-temperature responses to major volcanic eruptions,”
Nature, vol. 330, no. 6146, pp. 365–367, 1987.

[4] R. B. Stothers, “Volcanic dry fogs, climate cooling, and plague
pandemics in Europe and the Middle East,” Climatic Change,
vol. 42, no. 4, pp. 713–723, 1999.

[5] D. K. Chester, M. Degg, A. M. Duncan, and J. E. Guest, “The
increasing exposure of cities to the effects of volcanic eruptions:
a global survey,” Environmental Hazards, vol. 2, no. 3, pp. 89–
103, 2000.

[6] A. Robock, “Volcanic eruptions and climate,” Reviews of Geo-
physics, vol. 38, no. 2, pp. 191–219, 2000.

[7] G. A. Zielinski, “Use of paleo-records in determining variabil-
ity within the volcanism-climate system,” Quaternary Science
Reviews, vol. 19, no. 1–5, pp. 417–438, 2000.

[8] W. S. Atwell, “Volcanism and short-term climatic change in
East Asian and World history, c. 1200–1699,” Journal of World
History, vol. 12, no. 1, pp. 29–98, 2001.

[9] M. P. McCormick, L. W. Thomason, and C. R. Trepte, “Atmo-
spheric effects of the Mt Pinatubo eruption,” Nature, vol. 373,
no. 6513, pp. 399–404, 1995.

[10] A. Robock, “Pinatubo eruption: the climatic aftermath,” Science,
vol. 295, no. 5558, pp. 1242–1244, 2002.

[11] S. Self and M. R. Rampino, “The 1883 eruption of Krakatau,”
Nature, vol. 294, no. 5843, pp. 699–704, 1981.

[12] R. B. Stothers and M. R. Rampino, “Volcanic eruptions in the
Mediterranean before A.D. 630 fromwritten and archaeological
sources,” Journal of Geophysical Research, vol. 88, no. 8, pp.
6357–6371, 1983.

[13] R. B. Stothers, “The great Tambora eruption in 1815 and its
aftermath,” Science, vol. 224, no. 4654, pp. 1191–1198, 1984.

[14] R. B. Stothers, “Cloudy and clear stratospheres before A.D. 1000
inferred from written sources,” Journal of Geophysical Research,
vol. 107, no. D23, article 4718, 2002.

[15] K. D. Pang, “Climatic impact of the mid-fifteenth century
Kuwae caldera formation, as reconstructed from historical and
proxy data,” Eos, vol. 74, p. 106, 1993.

[16] C. Oppenheimer, “Climatic, environmental and human con
sequences of the largest known historic eruption: Tambora
volcano (Indonesia) 1815,” Progress in Physical Geography, vol.
27, no. 2, pp. 230–259, 2003.

[17] J. B. Witter and S. Self, “The Kuwae (Vanuatu) eruption of
AD 1452: potential magnitude and volatile release,” Bulletin of
Volcanology, vol. 69, no. 3, pp. 301–318, 2007.

[18] P. Y. Forsyth, “In the wake of Etna, 44 B.C,” Classical Antiquity,
vol. 7, no. 1, pp. 49–57, 1988.

[19] P. J. Bicknell, “Blue suns, the son of heaven, and the chronology
of the volcanic veil of the 40s B.C.,”TheAncient History Bulletin,
vol. 7, pp. 2–11, 1993.

[20] S. Cao, Y. Li, and B. Yang, “Mt. tambora, climatic changes, and
China’s decline in the nineteenth century,” Journal of World
History, vol. 23, no. 3, pp. 587–607, 2012.

[21] J. Fei and J. Zhou, “The possible climatic impact in China
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