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ABSTRACT The massive migration in 1628 CE marked the first wave of migration from the
Chinese mainland to Taiwan. The drought of 1628 was moderate in Fujian Province as a whole
but was followed by a great famine and massive migration. We examined the causal link be-
tween drought in 1628 and the massive migration event. It seems that population pressure was
not high in Fujian during the early 17 century, and therefore it was not responsible for the
famine. The maritime bans policy was issued by the Ming Dynasty to reduce piracy. However,
the policy prohibited maritime fisheries and trade, thus making the life of the residents even
more vulnerable to crop failure and famine. The temporary tax imposed by the Ming Dynasty
exhausted the coffers and warehouses. Zheng Zhilong, a leading warlord on the Taiwan Strait,
took advantage of the drought and famine, and carried tens of thousands of famine refugees
from Fujian Province to Taiwan in 1628.
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1. Introduction

It is commonly known that the majority of the inhabitants in Taiwan Island were
immigrants from Chinese mainland during different historical periods. Sporadic
migration from Fujian and other provinces of Chinese mainland to Taiwan Island
can be traced back to thousands of years ago, and a total of a few thousand Chinese
already migrated to Taiwan Island prior to the early 17* century (Lin 1985). Fujian
Province lies on the west side of the Taiwan Strait, about 200 km northwest of
Taiwan Island. It has similar mountainous topography and humid subtropical
monsoon climate with Taiwan, and Fujian people shares similar food, culture,
religion and language with Taiwan people. From the early 17 century, the amount
of migration significantly increased, and the majority of the immigrants were
from Fujian Province. The peaks of migration occurred around 1628 CE, late 17
century, late 18" century and late 19 century (Lien 1945). The year of 1628 marked
the beginning of massive migration of Chinese from mainland to Taiwan. Here we
conducted a careful and detailed case study examined the causal link and mecha-
nism between drought in 1628 CE and the massive migration event.

2. Data and methods

Human migration in history was an important adaptation to climate change.
Climate driven migrations over the past millennium have long been studied in the
past decades (Hsu 1998; Zhang et al. 2007; Pei, Lee, Zhang 2018; Fang et al. 2019;
Damette, Goutte, Pei 2020; Degroot, Anchukaitis, Bauch 2021; Brook 2023). The
mechanism between historical climate change and migration was actually quite
complex. Chronology comparison and Statistics analysis indicated that massive
migration was caused by a combination of crop failure, famine and population
pressure. Careful case studies would be helpful to reveal the multi-faced interac-
tion in detail.

The Ming Dynasty was a Chinese dynasty that lasted from 1368 to 1644 CE. The
climatic downturn, social unrest and the collapse of the Ming Dynasty in the early
17" century has long been discussed by previous researches (Parsons 1970; Mote,
Twitchett 1998; Li 2014; Ren et al. 2024). However, few researches focused on the
climatic downturn and social effects on the Taiwan Strait during the late Ming
Dynasty.

The potential causes of migration from Chinese mainland to Taiwan were
actually quite complex, including climatic downturn, famine, population pres-
sure, as well as warfare in Chinese mainland and other policy factors (Li 2004).
The massive migration in 1628 CE was the first wave of migration from Chinese
mainland to Taiwan. China is well known for abundant historical literatures. Here
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we carefully examined the climatic background as well as the complex historical
backgrounds of this event, based on a careful and extensive searching and exami-
nation of various historical literatures:

(i) Chinese national chronicles, as for example:

(a) Annals of the Ming Dynasty (Wang 1629): This source also known as the
Veritable Records of the Ming Dynasty (Ming Shilu) represents an official
chronological history of imperial courts of the Ming Dynasty (1368-1644).
The relevant records come from the Annals of Emperor Chongzhen, which
is a part of the Annals of the Ming Dynasty. The compilation of the book
was officially organized and the authors were not definitely known (the
book was finished around 1644). Emperor Chongzhen (1611-1644, reigned
in 1627-1644) was the last emperor of the Ming Dynasty.

(b) Full Annals of the Chongzhen Reign Period (Wang 1629): This book is dif-
ferent from the above-mentioned Annals of Emperor Chongzhen, which
isa part of the Annals of the Ming Dynasty. As a whole, it is more detailed
and complete.

(ii) Local chronicles (e.g. Chronicle of Zhangzhou Prefecture);

(iii) Military books (e.g. Concise Records of Maritime Defense);

(iv) Collections of personal works (e.g. Collection of Qicao);

(v) Korean historical chronicles as e.g. Annals of the Choson Dynasty. These an-
nals, also known as the Choson Wangjo Sillok, were the official chronicle of
the Choson Dynasty (1392-1910) in Korea. Here, the relevant records come
from the Annals of King Injo, which was a part of the Annals of the Choson
Dynasty. King Injo (1595-1649, reigned in 1623-1649) was the 16™ King of the
Choson Dynasty;

(vi) Antique maps, as e.g. Descripcion del Puerto de Los Olandeses en Ysla Hermosa
(Vera 1626). This Spanish map was printed in Manila, the Philippines, and in
digital form it is archived in Academia Sinica, Taipei. It is one of the earliest
maps of Taiwan.

With regard to historical climate information, we not only tried to find historical
records, but also collected tree ring, lacustrine, stalagmite chronologies as well as
integrated climate and volcanism chronologies in China as well as the Northern
Hemisphere. Prior to examining original historical records and specific chro-
nologies, relevant paleoclimate databases were consulted (Wang, Lin, Liao 2018;
Burnette 2021; Cook et al. 2024).
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3. Results
3.1. Drought and famine in 1628 CE

Historical literatures recorded that widespread drought with famine occurred in
1628 CE in Fujian Province. The Fujian Provincial Governor, Xiong Wencan, felt
difficulty about how to deal with the famine and relief the famine refugees. Zheng
Zhilong, also known as Nicolas Iquan (1604-1661), was a powerful Chinese warlord
on the Taiwan Strait. Zheng suggested to carry the refugees to Taiwan Island. This
suggestion was approved by Xiong, and tens of thousands of famine refugees were
therefore shipped to Taiwan by Zheng’s fleet (Lien 1945).

Was the drought of 1628 in Fujian Province an extreme disaster, or just a mod-
erate one? Historical literatures were examined systematically, and most of the
historical records regarding the drought of 1628 CE were identified in historical
local chronicles.

Historical local chronicles recorded that a great famine occurred in 1627 in
Longxi, Zhangpu, Haicheng, Nanjing and Changtai counties (modern Zhangzhou,
Zhangpu, Haicheng, Nanjing and Zhangzhou counties/cities; Wei, Cai 1715). In
addition, a famine occurred in 1626 in Changtai County (Zhang, Lai 1750).

Apart from the local chronicles, a military book titled Jinghai Jilve recorded
the drought in Tong’an County in detail (Cao, c. 1653). ‘During the past two years
(1626-1627 CE), we always had poor harvests. There was a great drought in last summer
and autumn, and all the crops shriveled... There were successive droughts and famines
in the past two years (1626-1627 CE) in Tong'an County. The fields were bare, and the
residents fell into great famine... Wheat seeds were not planted, because the rain did not
come this winter (1627 CE).’

As a whole, it seemed that the drought of 1628 in Fujian Province was not
extreme, whereas southern Fujian Province was badly hit, and a few counties
in southern Fujian Province suffered successive drought and famine from 1626
(Fig.1).

The Annals of the Ming Dynasty recorded that during the late Tianqi Reign
Period (1621-1627), Zheng Zhilong took advantage of the famine in Fujian, re-
cruited famine refugees. Zheng Zhilong was always good at recruiting famine
refugees and beefing up his team. After his submission to the Ming Dynasty in
early 1628, he was backed by the local authority. He therefore recruited even more
refugees and shipped them to Taiwan.

An evaluation was conducted from the spatial and temporal perspectives. We
carefully examined the records in local chronicles regarding the floods, droughts,
famines and bumper harvests in Fujian Province over the period 1551-1650 (Fig. 2).
We employed the number of historical records as an alternative indicator of the
severity of the disaster. It seemed that the drought of 1628 was moderate, whereas
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Fig. 2 - Number of historical records about drought (A), flood (B), famine (C) and bumper harvest (D)
in Fujian Province over 1551-1650 in local chronicles
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the famine was one of the severest over the period 1551-1650. From the perspective
of spatial comparison, drought occurred in northern China, Korea, and northwest
China. The drought in Fujian Province was apparently not severe.

As a whole, the drought of 1628 in Fujian Province was moderate, whereas the
famine was severe.

3.2. Migration driven by population pressure?

Previous researches suggested that a combination of climate change and popula-
tion pressure resulted in migrations in historical and modern times (Hsu 1998;
Zhang et al. 2007; Fang et al. 2019; Pei, Lee, Zhang 2018; Damette, Goutte, Pei 2020;
Degroot, Anchukaitis, Bauch 2021). However, it seemed that this mechanism was
not applicable to this case.

Here we analysed the population size variabilities of Fujian and Taiwan. We
employed the historical population data of the entire Fujian Province (Fig. 3). The
territory of Fujian Province was quite stable during the past centuries, though
those of the prefectures and counties changed constantly. The population pressure
in Fujian Province in early 17 century was not very high. Actually, the population
size during the 16-17" centuries was only about half of 12-14™ centuries, and it
did not significantly increase during the two centuries.

There was a population decline in Fujian Province during the 15-16™ centuries,
which was caused by the endless plundering and slaughtering by the Japanese pi-
rates (commonly known as Wako). On the other hand, Dutch and Spanish colonists
reached Taiwan and began to colonise the island from 1624. Chinese national hero
Zheng Chenggong (1624-1662. Son of Zheng Zhilong) liberated Taiwan in 1662
and ended the 38-year Dutch rule. Until 1683, Zheng Chenggong’s son, Zheng Jing
(1642-1681), submitted to the Chinese Qing Dynasty. The population size did not
significantly increase until the early 18 century, when the population policy of
the Qing Dynasty (1644-1911) changed and the head tax was cancelled.

The chronology of the population size change of Taiwan was reconstructed
(Fig. 3). The data of 1624 comes from an early Taiwan map drawn by a Spanish re-
corded that the settlement had a population size of 5,000 Chinese and 160 Japanese
(Fig. 4). The inscription of the map was a little ambiguous, 5,000 also looks like
51,000, however, 5,000 was more reasonable (Zhuang 2001). The number of fam-
ine refugees migrated to Taiwan in 1628 was recorded as ‘tens of thousands’, and
we give a number 10,000. Therefore, the population size in 1628 was estimated
as 15,000. It is noteworthy that the population size of Taiwan did not include
those of Taiwanese aboriginals, as no data were available. It is assumed that the
population size of the Taiwanese aboriginals did not change significantly during
the 17* century (Lien 1945).
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Fig. 3 - Variability of the population sizes of Fujian (In million. red squares) and Taiwan (In million.
blue dots) over the past millennium. The population data of 1628 come from this study, and data of
Taiwan come from Pedro de Vera (1626), Lien (1945), and Yang (2021).

Fig. 4 - An early Taiwan Map showing the Chinese settlement on the island (Vera 1626, in Spanish)

3.3. Negative effects of the maritime bans policy

During the Ming Dynasty (1368-1644), the settlements and ports along the Chinese
coast were attacked and plundered by the Japanese pirates. It was really difficult
for the imperial troops to react to the endless piracy. The Ming authority therefore
enacted maritime bans policy (known as Hanjin in Chinese).
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The problem was that the life of residents in southern Fujian province relied on
not only agriculture, but also maritime fisheries and trade (Lin 2015). The maritime
bans policy significantly increased the hardships for the coastal population and many
people lost their livelihood, therefore their life was fragile to climate variability.

The maritime bans policy was once canceled in 1567, but later it was imposed
and canceled repeatedly. Due to the harassment of pirates, it was imposed again in
1627, and canceled in 1631. Maritime fisheries and trade were therefore prohibited
during 1627-1631. This period coincided with the drought and famine; therefore,
the life of the residents became even more fragile to climate downturn.

We employed the amount of Sino-Philippines trade as an alternative indicator
of the maritime trade of Fujian Province. It is noteworthy that most of the cargo
exported from the Yuegang Port (Moon Port), Zhangzhou City, southern Fujian
Province. The Yuegang developed into a major maritime trade ports of China in
the early 15 century. It became the primate maritime trade port of China during
the middle 15® century and middle 17** century (Huang 2005; Su, 2018). The bulk
cargo exported from China to the Philippines were silk, porcelain and tea.

The amount of cargo that was exported from China to the Philippines was ab-
normally low during 1626-1630 (Chuan 1968; Fig. 5). The possible cause would be
maritime bans in southern Fujian Province.

3.4. Temporary tax emptied the coffers and warehouses

Liaoxiang was a temporary special tax that was charged for supporting the warfare
in northeastern China by the Ming Dynasty (Zheng 1998). The warfare between
the Ming Dynasty and Manchu broke out in 1618. The Manchu descended from
a horse-riding nomadic people in northeastern China and established the Qing
Dynasty (1644-1912 CE). The outcome of the Ming Dynasty therefore significantly
increased. In order to balance the budget, a temporary tax, named Liaoxiang, was
imposed nationwide from 1618.

The rate of Liaoxiang Tax gradually increased. The amount increased to that of
annual regular tax from 1620, that is, the tax burden of the Ming Dynasty almost
doubled. The data of annual mounts of Liaoxiang was not available, instead, we
employed the annual income/outcome of the national treasury (Taicang Yinku)
of the Ming Dynasty as an alternative indicator (Fig. 6).

At first, the Fujian Province used the provincial coffers to cover the Liaoxiang
Tax. However, the percentage of the Liaoxiang Tax that was covered by provincial
coffers decreased year after year, until the tax had to be totally imposed on the
residents in Fujian from 1628, as the provincial coffers were used up.

Both the provincial and prefecture coffers and warehouses were almost emptied
by the Liaoxiang Tax, and neither money nor foodstuff was available for relief
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late Ming Dynasty. The unit is liang, and 1 liang = 37 grams.

(Zhou, c. 1640). These coincided with the drought in Fujian in 1628. When crop
failures and famine came, no relief were available from the local authorities,
therefore the situation worsened. Historical literatures recorded that ‘When the
famine refugees gave up to wait for the relief from the local authorities, they
eventually joined Zheng Zhilong’s group (Gu 1658).
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3.5. Preconditions of massive migration from Fujian to Taiwan

Zheng Zhilong’s group was a leading power on the Taiwan Strait. Zheng and his
superior Yan Siqi (1589-1625) landed on Taiwan in the year 1624. After Yan's
death in 1625, Zheng became the leader of the group (Lien, 1945). They established
a Chinese quasi-military settlement in Bengang (modern Beigang, near Tainan),
which included ten stockaded villages (Iwao 2001). As mentioned above, an early
Taiwan map in Spanish recorded that the settlement had a population size of 5,000
Chinese and 160 Japanese (Fig. 4).

The Dutch colonists also arrived in Taiwan in 1624, who formed a tactical coa-
lition with Zheng Zhilong’s group. Zheng also maintained a subtle relationship
with the Ming Dynasty, until he submitted to the latter in February 1628 after
negotiation (Wang 1629), and was appointed as a Coastal Commander (Based in
Amoy. Known as Haifang Youji in Chinese). He thereby became the overlord across
the Taiwan Strait, on the back of the Ming Dynasty (Campbell 1951). This was
actually an important precondition of massive migration from Fujian to Taiwan.

4. Discussion: Climatic background

Historical records indicated that severe drought occurred in Shaanxi Province in
1628 and resulted in social unrest in northern China. It lasted until early 1640s, fol-
lowed by rebellions, and eventually resulted in the collapse of the Ming Dynasty in
1644, which has been extensively studied by historians and geographers (Parsons
1970; Mote, Twitchett 1998; Li 2014; Brook 2023). New tree ring chronologies and
modeling results also indicated that summer monsoon was weak and precipitation
was low in late 1620s in Shaanxi Province, Beijing, and adjacent areas (Ren et al.
2024, Chen et al. 2024).

The sediments of Lake Huguang Maar in Guangdong Province, southern China,
recorded the east Asian monsoon variability over the past 16,000 years, and the
early 17 century was identified as a period of weak summer monsoon (Yancheva
etal. 2007).

The 8'®0 record of the stalagmite from Wanxiang Cave in southern Gansu
Province indicated that the 1620s was a period with weak summer monsoon in
northern China (Zhang et al. 2008). The thickness of micro-laminae of the stalag-
mite from Shihua Cave in the west suburb of Beijing indicated that the 1620s was a
relatively dry period (Qin et al. 1999). However, recent research suggested that the
growth of this stalagmite was affected by human activity and local environment,
and the interpretation should be cautious (Duan et al. 2023).

According to the records in the Annals of the Ming Dynasty, the spring and early
summer of 1628 was dry in northern China, and the emperor of Ming Dynasty
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prayed for rain successively in Beijing. According to the records in the Annals of
the Choson Dynasty, the spring and summer of 1628 was also dry in Korea, and
the King of Korea Kingdom also prayed for rain successively in Seoul. As a whole,
the drought in the spring and summer was a large-scale event. It seemed that the
warm-humid summer monsoon was weak, and the cold-dry winter monsoon was
strong (Burnette 2021; Cook et al. 2024).

Integration of the summer precipitation in northern China indicated that the
1620-1630s was relatively dry (Yi et al. 2012). As for Taiwan Island, the destina-
tion of the migration, it seemed that no severe drought occurred in 1620s. In
southern Taiwan, an annual resolved and well-validated East Asian summer mon-
soon precipitation proxy from 1533 CE to 2011 was developed based on tree ring
chronologies. On decadal scale, the precipitation condition in early 17 century
was below average, but that of 1628 was not abnormally low (Hau et al. 2023).
On the other hand, Lacustrine sediments and stalagmites in Taiwan also gave the
1620s a picture of a mild and humid climate (Chen et al. 2009, Chen et al. 2018,
Li et al. 2015, Wang et al. 2013). In addition, no historical records about drought
were identified in Taiwan, though historical literatures were not abundant in
early 17 century.

A modeling study of climatic change in eastern China over the past 1,000 years
(east of 105 °E) suggested that temperature was low and precipitation was normal
in 1620s (Wang et al. 2011). Similar result was indicated by synthesis research
of climatic change in southeastern China over the past 2,000 years (Wen, You,
Xue 2021).

Asawhole, East Asian summer monsoon was weak and precipitation was very
low in northern China and more or less low in southeastern China in late 1620s.
On the other hand, Indian summer monsoon was weak during the 1620s (Kathayat
etal. 2022).

In terms of temperature variability on decadal time scale, tree ring chronolo-
gies indicated that 1620s was cold in the whole northern Hemisphere (Moberg
et al. 2005; Osborn, Briffa 2006). 1620s was also cold in the reconstruction of
the winter-half year temperature of eastern China based on an integration of
historical literatures (Ge et al. 2013, 2017).

On decadal scale, solar activity was normal in the 1620s, but volcanic erup-
tions were frequent (Xiao, Zhou, Zhao 2012; Stoffel et al. 2015; Sigl, Winstrup,
McConnell 2015). volcanic eruptions were capable of resulting in abrupt cooling
on annual and decadal scales (Marshall et al. 2022). The causal link between vol-
canic eruptions and East Asian summer monsoon and Indian summer monsoon
was complex, depending on the locations and seasons of the volcanic eruptions
(Stevenson et al. 2017; Man et al. 2021; Liu et al. 2022). In addition, tree ring
chronologies indicated that no significant El Nifio/La Nifia occurred around 1628
(D’Arrigo et al. 2005; Gergis, Fowler 2009).
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5. Conclusions

Based on historical literatures and other relevant environmental indicators, we
carefully examined the causal link and mechanism between climate downturn in
1628 CE and the massive migration from Fujian Province to Taiwan Island, which
is known as the first wave of massive migration from Chinese mainland to Taiwan
Island in history. The drought in 1628 was moderate in Fujian Province as a whole,
whereas the southern Fujian was badly hit.

From the perspective of East Asia, northern China and Korea also experienced
droughts in 1628; however, it seemed that drought did not occur in Taiwan, the
destination of migration. On decadal timescale, 1620s was a period of cold and
dry, and the summer monsoon was possibly weak.

Interestingly, the moderate drought was followed by a great famine, and mas-
sive migration. The potential causes included the negative effects of the maritime
bans policy and temporary tax imposed by the Ming Dynasty.

In order to reduce piracy along the coast, the Ming authority enacted the
maritime bans policy. This policy was also responsible for the famine. Maritime
fisheries and trade were prohibited; therefore, the life of the residents became
even more fragile to crop failure and famine. The temporary tax imposed by Ming
Dynasty exhausted the coffers and warehouses. When crop failures and famine
came, no relief were available from the local authorities.

A leading warlord, Zheng Zhilong, took advantage of the famine, and ferried
about 30,000 famine refugees to the Taiwan Island, which was the first wave of
massive migration from Chinese Mainland to Taiwan. The preconditions of this
wave of migration included, (1) Zheng established a few settlements on the Taiwan
Island in 1624; (2) Zheng achieved great power on the Taiwan Strait backed by the
Ming Dynasty since February 1628.

In addition, the population size of Fujian Province did not significantly increase
in the 16-17" centuries, so population pressure was not responsible for the famine
and migration.

The mechanism between historical climate change and massive migration could
be quite complex. Multidisciplinary and quantitative approaches will be helpful
to evaluate the mechanism in further detail.
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