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Abstract

Despite the effort made by historians and archaeologists to investigate cannibalism in human societies, large-N statistical analysis of
cannibalism and its triggering factors in pre-industrial societies is still missing in the literature. In this study, I base on 1194
cannibalism incidents in northern China in 1470-1911, together with other fine-grained paleo-climate and historical war datasets,
to verify quantitatively the driving factors of cannibalism in pre-industrial societies. Granger causality, wavelet coherence, and phase
analyses are employed. The key findings are that in historical northern China, cannibalism was primarily caused by drought and war,
but their relationship is non-stationary and is mediated by environmental and socio-political contexts. The positive feedback between
war and cannibalism is also revealed, indicating that they are mutually reinforced. The above findings supplement Malthusian theory
with empirical evidence of the non-stationary influence of natural disasters on positive checks and how positive checks interact with
and reinforce each other. The results also refine our knowledge about the regional environment-human nexus in northern China.
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Introduction

Cannibalism is an inherent part of natural history and a natural
feature of the animal world. The phenomenon is found in more
than 1500 species, including humans (Schutt 2017). There are
an increasing number of studies demonstrating that cannibalism
was practiced widely by our ancestors (Stoneking 2003), not
only in prehistoric times (Cole 2017; Rougier et al. 2016), but
also in historic and recent times (Diamond 2000). The practice
of cannibalism is often a desperate response to starvation.

In China, incidents of cannibalism are recorded in historical
documents including official dynastic histories (e.g.,
Historical Records, New Tang Books, Zizhi Tongjian, Ming
History) and local chronicles. Some of the records are trans-
lated as follows:
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In the autumn in the 20™ year in Chenghua Reign
(1484), there was severe drought and hunger in
Sha’anxi and Shanxi. People ate each other. (Volume
14, History of the Ming Dynasty)

In the 14 year of Chongzhen Reign (1641), Zuo
Maodi managed and monitored water transportation.
During his journey, he mumbled: “When I travelled
from Jinghai to Linqing, I saw three people who died
of hunger, three people who died of epidemic, and
four people who stole. Rice per stone costed 24 tales
of'silver, people ate dead body. Hope that our emperor
would care about it.” (Volume 295, History of the
Ming Dynasty)

In the 12" year of Daoguang Reign (1832), there was
great famine in Ziyang, and people ate each other.
(Volume 44, Historical Manuscripts of the Qing

Dynasty)

Despite the abundance of historical records of canni-
balism, historians tend to illustrate cannibalism from a
general point of view (Huang 2005; Ke 2012; Zhao
2011). In parallel, cannibalism has also been investigated
by archaeologists. Their primary focus is to prove the
ancient practice of cannibalism based on human remains
in archaeological sites (Boulestin et al. 2009; Mead et al.
2003; Rougier et al. 2016). Despite their efforts in
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researching the topic, the temporal pattern of cannibalism
overextended consecutive periods has not been precisely
traced. And large-N statistical analysis of cannibalism
and its triggering factors in pre-industrial societies is still
absent in the literature. In this study, I seek to quantita-
tively verify the driving factors of cannibalism in histor-
ical China by using fine-grained historical data and sta-
tistical methods. The verification is done in two steps.
First, as climate-induced starvation and subsistence crisis
are often cited as the triggering factors of cannibalism
(Ballard 1986; Billman et al. 2000), I will compare sta-
tistically the effect of various climatic variables on can-
nibalism. In addition to climatic factors, war is also iden-
tified as an important human catastrophe and a factor in
causing famine (O Grada 2010). Therefore, the effect of
war on cannibalism will be included for comparison.
Second, for those factors that are proven to have a sig-
nificant effect on cannibalism, the temporal consistency
of their effect on cannibalism will be further explored.
The ultimate purpose is to determine in a scientific man-
ner under what circumstances humans turn to (or turn
away from) “abnormal” behaviors.

Scope of research, study area, and study
period

The practice of cannibalism can be related to survival. Also, it
can be out of psychotic or criminal activities, aggressive be-
haviors, spiritual or ritual practices, gastronomic or dietary
preferences, and medicinal objectives (Cole 2017). In this
study, I will focus on the one for survival or necessity, as the
overwhelming majority of historical cannibalism incidents are
caused by starvation (Huang 2005). Furthermore, this study
seeks to measure the influence of various factors in inducing
cannibalism in history in a macro perspective. The associated
findings are mainly for the aggregate of cases, not for individ-
ual cases.

The study focuses on northern China, which is delineated
as the current territories of the following provinces in China:
Gansu, Ningxia, Sha’anxi, Shanxi, Shandong, Henan, and
Hebei (including Beijing and Tianjin) (Fig. 1). This is because
northern China is the region with the highest number of re-
ported historical cannibalism incidents, including more than
40% of the records in the period of 1470-1911 (Zhang 2004).
The region locates north of the Yangtze River, which is also
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Fig. 1 Map showing the study area, which is highlighted in yellow color
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the fringe belt of the East Asian monsoon and an area marked
by high rainfall variability and drought hazards (Xiao et al.
2018). Northern China is traditionally considered as the
wheat-cultivating region in China, in contrast to the rice-
cultivating region south of the Yangtze River. The two regions
are significantly different in terms of agricultural practices as
well as the psychology of people (Talhelm et al. 2014). The
study period is delimited as 1470-1911 (Ming and Qing dy-
nasties), which is commonly covered in all our datasets (see
the “Data” and “Methods” sections). Such spatio-temporal
setting places this research within the context of historic agrar-
ian society. In addition, the study period is overlapped with the
“Little Ice Age” (c. 1400-1900), which can help control the
centennial to multi-centennial effect of climate change on
cannibalism.

Data

The variables employed in this study are climate, war, and
cannibalism. Climate consists of flood, drought, temperature,
and precipitation. Details of those variables are provided
below:

Drought and flood

The data of drought and flood are obtained from the Yearly
Charts of Dryness/Wetness in China for the Last 500-year
Period (Chinese National Meteorological Administration
1981), which contains dryness/wetness grade series for
120 sites in China in 1470-1979, and the Yearly Charts of
Dryness/Wetness in NW China for the Last 500-year Period
(AD 1470-2008) (Bai et al. 2010), which contains the up-
dated dryness/wetness grade series of the 12 sites and the
dryness/wetness grade series of seven new sites in north-
western China. The above year charts apply a five-point
grading system to describe local climatic conditions rang-
ing from extremely wet to extremely dry (1-5). In this
study, I combine two yearly charts, with 35 sites located
in our study area. The quantification of drought and flood
is done by counting the number of sites that have data in any
given year whose dryness/wetness grade is 5 (extremely dry
= drought) and 1 (i.e., extremely wet = flood) in the study
area, respectively (Lee 2018; Lee et al. 2017).

Temperature and precipitation

The temperature and precipitation data are obtained from Yi
et al. (2012), who combine tree-ring chronologies and histor-
ical flood/drought records to reconstruct the summer growing
season (June—July—August) climatic conditions covering the
main part of north-central China (108-115° E, 33—41° N). So
far, Yi et al.’s (2012) reconstructed temperature and

precipitation indices are the only publicly available regional
paleo-climate indicators for the study area.

War

For war, the data come from a multi-volume compendium,
Tabulation of Wars in Ancient China (Editorial Committee
of Chinese Military History 1985), which exhaustively re-
cords information on the wars in China in 800BC-ADI1911.
This dataset has been employed repeatedly in previous studies
(Zhang et al. 2005, 2007). In this study, I define war as differ-
ent types of organized violent conflicts, including the invasion
of nomadic tribes such as Mongol and Manchu, peasant re-
bellions, or miscellaneous armed conflicts taking place within
the study area. It is counted in terms of the number of battles
(Lee 2018; Lee et al. 2017).

Cannibalism

The cannibalism data are obtained from a multi-volume com-
pendium Collection of Meteorological Records in China over
the Past Three Thousand Years (Zhang 2004). As the canni-
balism incidents in the compendium are closely related to
starvation, they have been taken as an indicator of famine
(Lee 2018; Lee et al. 2016b; Xiao et al. 2015). Following
the previous practice (Lee 2018; Lee et al. 2016b), cannibal-
ism is counted according to the number of counties with can-
nibalism in a year (Figs. 2b and 3b).

Methods

Two statistical methods are employed in this study:

Granger causality analysis

Granger causality analysis (GCA) is a method designated in
analyzing the relationship of two time series by including their
lagged values in bi-variate regression modeling (Granger
1988, 2001). It is grounded on the principle that the cause
should have happened before the effect. Such method has
been applied to validate the conceptual models pertinent to
historic climate-society nexus (Lee 2018; Lee et al. 2016a;
Pei et al. 2016). The carry-over effect of the independent var-
iable on the dependent variable, which is revealed by their
time lag, is statistically identified and compared based on the
chosen lag length in GCA. Akaike’s information criterion
(AIC) lag is employed to determine the appropriate lag length
(Akaike 1974). Before GCA, Augmented Dickey-Fuller
(ADF) test is employed to check the stationarity of the data
(Zhang et al. 2011). The GCA analysis is conducted via Stata
version 15.
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Fig. 2 Wavelet coherence analysis. a Wavelet coherency between
drought and cannibalism. b Wavelet coherency between war and
cannibalism. The statistically significant wavelet coherency and its
relative phase relationship are indicated by the red arrows (p < 0.1)

Wavelet coherence and phase analyses

Those significant causal linkages (i.e., an association between
cannibalism and its driving factors) identified via GCA will be
further examined by wavelet coherence analysis to sort out the
non-stationary relation between, and the temporal evolution
of, cannibalism and its driving factors. The mechanism of the
wavelet coherence analysis is that by performing continuous
wavelet transformation, the signal in time series is
decomposed into both time and frequency components. The
association and synchrony between two time series in specific
periodic cycles can be found by calculating the wavelet power
spectrum in the time-frequency domain and the distribution of
the variance of the time series (Cazelles et al. 2008; Grinsted
et al. 2004). Furthermore, the dependency between the two
time series in terms of their association (in phase or out of
phase) and synchrony (positive or negative) can be further
revealed by phase analysis (Cazelles et al. 2008, 2007;
Torrence and Compo 1998). Wavelet coherence and phase
analyses have been applied to scrutinize the association be-
tween climate change and Malthusian checks in pre-industrial
China (Lee et al. 2016b, 2017) and Europe (Yue and Lee
2018a, b). Morlet wavelet is employed to decompose signals,
which is generally regarded as an efficient means of detecting
variations in the periodicities of geophysical signals along
time series in a continuous manner (Rigozo et al. 2008). The
significance level is set as the 10% level (P < 0.1) based on

@ Springer

a - Drought Cannibalism --- phase difference_
® /2 + 1 ’ ’ A‘ 1
s 0 r[ LIl I/
a -n/2f l i .
-k 1 | : 1 1 =
1500 1600 1700 1800 1900

b T Drought - Cannibalism ---_phase difference
o /2 ZA 1 / 1

%] i

8 0 } ( I/ 1
o -m/2 | 5 .
- E ! N I / N N |
1500 1600 1700 1800 1900

(7 75 Drought Cannibalism --- phase differen‘ce_
g 2| ! VE
g Or L 117 71 1
Q -n/2 ‘ 1
-k . L4
1500 1600 1700 1800 1900

d Drought Cannibalism ---_phase difference
T y =

o n/2 / |
s o ~tF1; '
S -m/21 i 1
-TE ! L v, L =
1500 1600 1700 1800 1900

e T E Drought —— Cannibalism ---_phase difference
31 i i
g wer g Z || 1
s o Z T T 1
S -m/2 s ‘ al 1
] — v i . L
1500 1600 1700 1800 1900

Fig. 3 Phase analysis between drought and cannibalism. The phases of
drought and cannibalism are computed in the a 8-year, b 16-year, ¢ 32-
year, d 64-year, and e 128-year periodic cycles, respectively. The red solid
lines show the drought phases, the blue solid lines indicate the cannibal-
ism phases, and the black dashed lines represent their phase differences.
Only the statistically significant phase differences are plotted (» <0.1) (cf.
Fig. 2a)

1000 bootstrapped series. The wavelet coherence and phase
analyses are conducted via R version 3.5.1.

Results

Figure S1 presents graphically the variables employed in this
study, while Table S1 presents the descriptive statistics of
those variables. Focusing on cannibalism, there are 1194 inci-
dents in northern China in 1470-1911. There are nine peak
years of cannibalism during which the reported cannibalism
incidents occur in more than 30 counties in 1 year, namely
1484 (42 counties), 1485 (34 counties), 1528 (36 counties),
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1615 (36 counties), 1639 (31 counties), 1640 (199 counties),
1641 (112 counties), 1877 (52 counties), and 1878 (32).
Pinpointing to the year 1640 that has the highest count of
cannibalism incidents, in terms of the number of counties
affected, approximately 24% of northern China was in ex-
treme starvation in that year. Using the year 1644 in which
the Ming dynasty is transited to the Qing dynasty as the di-
vide, seven out of the nine peak years of cannibalism occur
before 1644, while the remaining two occur after 1644.
Besides, the maximum number of cannibalism incidents be-
fore 1644 is 199, while the one after 1644 is 52. Furthermore,
80% of the cannibalism incidents in northern China in 1470—
1911 concentrate in the Ming period. Such differences be-
tween the two periods may reflect the advancement of human
societies in buffering subsistence shortage over time.

The temporality of the possible linkages from climate
change and war to cannibalism is verified by GCA. ADF test
results show that all the time series employed in this study are
stationary. Hence, the differencing of the time series is not
required (Table S2). The GCA lag of the linkages (null hy-
potheses) is determined by AIC lag (Table S3). Generally, the
AIC lag between those climate variables and cannibalism is
shorter, indicating the effect of climate change on cannibalism
to be more instantaneous. The GCA results show that only
drought (p < 0.1) and war (p < 0.05) Granger-cause cannibal-
ism in northern China in the historical period (Table 1). The
linkages between flood and cannibalism, temperature and can-
nibalism, and precipitation and cannibalism could not pass the
GCA (p > 0.1). Considering the possible positive feedback
between war and cannibalism, I also test the link from canni-
balism to war. The result shows that cannibalism, which may
imply the occurrence of extreme starvation, could Granger-
cause war in northern China (p < 0.05) (Table 1).

Given that only drought and war have a significant effect in
triggering cannibalism as indicated by GCA, I proceed to in-
vestigate the temporal consistency of their influence on can-
nibalism by using wavelet coherence analysis. The results are
presented in Fig. 2. The regions of statistically significant
wavelet coherency are covered with red arrows on the wavelet
coherence plots. The drought-cannibalism coherency is

Table 1 Granger causality analysis (GCA) about the influence of cli-
mate and war in causing cannibalism in northern China

Null hypothesis F P
Drought does not Granger-cause cannibalism 2.640%* 0.048
Flood does not Granger-cause cannibalism 2.072 0.101
Temperature does not Granger-cause cannibalism  0.827 0.479
Precipitation does not Granger-cause cannibalism  0.202 0.895
War does not Granger-cause cannibalism 10.245***  0.000
Cannibalism does not Granger-cause war 5.714%%* 0.000

All of the data are in annual units. **p < 0.05; **¥p < 0.01

mainly significant in the decadal to multi-decadal periodic
cycles (Fig. 2a), while the war-cannibalism coherency is
mainly significant in the multi-decadal to centennial periodic
cycles (Fig. 2b). On the two wavelet coherence plots (Fig.
2a, b), both of the significant wavelet coherency regions are
largely located in the first half of our study period. Also, in the
period of 1600-1700, the era during which the Manchu in-
vaded China, the drought-cannibalism and the war-
cannibalism nexus exhibit strong coherency in various peri-
odic cycles (ranged from decadal to centennial).

I further examine the drought-cannibalism and the war-
cannibalism nexus by looking into the relative phase relation-
ship between two time series. On the wavelet coherence plots,
the relative phase relationship between the two time series is
indicated by the direction of the red arrows. The arrows point
to the right (left) when the two time series are in-phase (anti-
phase) or are positively (negatively) correlated. The arrows
also show the phase lead-lag relationship. The arrows point
down (up) when the first variable leads (lags) the second
variable.

For the drought-cannibalism coherency (Fig. 2a), all of the
arrows point right, meaning that drought and cannibalism are
in-phase and positively correlated. More drought events will
cause more cannibalism incidents. For the war-cannibalism
coherency (Fig. 2b), the directions of the arrows are more
diversified. The majority of the arrows point right, meaning
that they are in-phase and positively correlated. More wars
will cause more cannibalism incidents. Besides, in the seven-
teenth century, for the inter-annual to decadal (2—16 years)
periodic cycles, the arrows point down, meaning that war
leads cannibalism (i.e., war happens before cannibalism).
But, in the late Qing period, for the multi-decadal (32—-64
years) periodic cycles, the arrows point up, meaning that war
follows cannibalism (i.e., war happens after cannibalism).

I further compute the five specific periodic cycles (includ-
ing 8-year, 16-year, 32-year, 64-year, and 128-year) of the
drought-cannibalism coherency (Fig. 3) and the war-
cannibalism coherency (Fig. 4), respectively. Those periodic
cycles cover the variability ranged from decadal to centennial
time scale. On the phase evolution plots (Figs. 3 and 4), phase
differences are indicated by the black dashed lines. A zero
phase difference means that the periodic cycles of the exam-
ined time series overlap and move together. Positive
(negative) phase difference means that the first variable leads
(lags) the second variable. It should be noted that the phase
differences that are not statistically significant should be ig-
nored. Therefore, only statistically significant phase differ-
ences are shown on the phase evolution plots.

As shown by the drought-cannibalism phase evolutions,
the two variables co-vary significantly in the decadal (8-year
and 16-year) periodic cycles in three alternative periods,
namely the Chenghua Reign (c. 1465-1487), the late Ming
period (1600—1644), and the late Qing period (1870-1911)
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Fig. 4 Phase analysis between war and cannibalism. The phases of war
and cannibalism are computed in the a 8-year, b 16-year, ¢ 32-year, d 64-
year, and e 128-year periodic cycles, respectively. The red solid lines
show the war phases, the blue solid lines indicate the cannibalism phases,
and the black dashed lines represent their phase differences. Only the
statistically significant phase differences are plotted (p < 0.1) (cf. Fig. 2b)

(Fig. 3a, b). For the 32-year periodic cycle, the coherency is
significant in 1530-1680 and the late Qing period (Fig. 3c).
For the 64-year periodic cycle, the coherency is significant in
the seventeenth century period (1600—1700) (Fig. 3d). For the
abovementioned coherency, drought and cannibalism are
phase-locked (i.e., phase difference centers on 0, with the
drought and cannibalism phases overlapped), indicating that
they move together synchronously. For the centennial (128-
year) periodic cycle, the drought-cannibalism coherency is
significant from 1470 to 1740, and drought leads cannibalism
(Fig. 3e).

Regarding the war-cannibalism phase evolutions, there are
apparent time gaps between war and cannibalism (phase
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difference deviate way from 0) in general. For the decadal
(8-year and 16-year) periodic cycles, war and cannibalism
co-vary significantly in the late Ming (1600-1644) and the
late Qing periods (1870-1911), and war follows cannibalism
(Fig. 4a, b). For the multi-decadal (32-year and 64-year) peri-
odic cycles, the war-cannibalism coherency is significant in
the seventeenth century and the late Qing period, and war
leads cannibalism, except for the coherency in the 32-year
periodic cycle in the seventeenth century (Fig. 4c, d). For
the centennial (128-year) periodic cycle, the coherency is sig-
nificant in 1470-1790, and war follows cannibalism (Fig. 4¢).
However, as the positive feedback between war and cannibal-
ism at the interannual to decadal-scale has been detected by
GCA (Table 1), the phase difference between war and canni-
balism for their 8-year and 16-year periodic cycles may be a
chicken-and-egg situation, say war lags cannibalism by 7t
(phase difference = — ) could also be interpreted as war leads
cannibalism by 7 relative to the in-phase (phase difference =
) (Grinsted et al. 2004). Hence, the short-term war-cannibal-
ism connection should be interpreted with caution.

Discussion

The key findings in this study are as follows: in northern
China in 1470-1911, cannibalism is caused by drought and
war. There is also positive feedback between war and canni-
balism, which are mutually reinforced (Table 1). But, their
relationship is non-stationary (i.e., only significant in certain
periods) (Figs. 2, 3, and 4). My findings are in accord with the
fact that drought and war are prime catalysts in contributing to
significant human-ecological catastrophes in human history
(Ballard 1986; Billman et al. 2000; Liu et al. 2018).

The decadal and multi-decadal coherency of the drought-
cannibalism (Fig. 3a—d) and the war-cannibalism (Fig. 4a—d)
relationship is significant in alternate periods, which may be
attributable to governance matters. It should be noted that
those periods of significant coherency are coincident with
the downturn of the government, particularly the late Ming
and the late Qing periods. In historical China, governmental
capacity is critically important for reducing the vulnerability
of the social system to natural disasters and external shocks.
For instance, in the heydays of the Qing dynasty, the govern-
ment played a very active role in disaster relief in northern
China. The government could mitigate the negative impacts of
floods and droughts through the allocation and distribution of
funds and food, in addition to conventional means such as tax
cuts (Fang et al. 2013). Yet, during the downturn of the Ming
and Qing dynasties, financial crisis, nomadic invasion, and
peasant rebellion are often in evidence, and hence, the capac-
ity of the government is drastically weakened. Disaster relief
is also debilitated (Xiao et al. 2015). Hence, when both mega-
droughts and immense wars occurred in northern China in the
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late Ming and late Qing periods, there are peak years of can-
nibalism incidents during the time.

My findings help to sort out the vicious cycle between
famine and war proposed in previous studies (Lee 2014; Lee
and Zhang 2010, 2013) and illustrate its associated dynamics.
At the decadal scale, cannibalism leads war (Fig. 3a, b). At the
multi-decadal scale, war leads cannibalism (Fig. 3c, d). At the
centennial scale, it switches back to cannibalism leading war
(Fig. 3e). The relationship “cannibalism leads war” generally
follows the Malthusian theory, which states that subsistence
shortage is the root cause of positive checks in historical
China. This has been substantiated by empirical studies (Lee
2014) and mathematical modeling (Chu and Lee 1994). But,
historical evidence also shows that war can disrupt agricultur-
al production by greatly shrinking the agrarian workforce,
leaving a serious carry-over effect on the harvest level
(Zhang et al. 2006). This may explain why war can cause
cannibalism, resulting in positive feedback between famine
and war.

There exist an unusually strong drought-cannibalism and
war-cannibalism coherency across different periodic cycles in
the seventeenth century period (Fig. 2a, b). The seventeenth
century period is the coldest period in China and in the
Northern Hemisphere over the last two millennia (Mann and
Jones 2003; Yang et al. 2002). In this period, structural change
in the macro-economy in Europe is also observed, which is
brought by temperature change (Pei et al. 2015). In northern
China, cold climate and its associated agricultural shrinkage
significantly worsen the socio-economic well-being of people,
which may have further exacerbated the effect of drought and
war in elevating subsistence pressure. Together with the ex-
ogenous shock brought by the Manchu invasion during this
time, such synthesis may have made human societies very
vulnerable to natural disasters and human catastrophes at
whatever time scales. This explains why the drought-
cannibalism and the war-cannibalism coherency also extends
to cover the shorter periodic cycles in the seventeenth century
period.

Human beings can use various institutional devices to re-
lieve subsistence pressure brought by drought and war. But,
this is true only if governance is sufficiently strong and vi-
brant, as revealed in my findings. Indeed, my findings do not
deny the progress achieved by historical societies. In the Ming
dynasty, the food production system in northern China was
more sensitive to perturbations, as the dominant cropping sys-
tem was one crop a year. In the Qing dynasty, with the culti-
vation of winter wheat, soybean, and millet/sorghum, the
dominant cropping system was changed to three crops per 2
years. Besides, the widespread cultivation of American crops
such as maize, potato, and sweet potato, which are character-
ized by high yield per unit area and high adaptability to crop-
land, significantly increases the resilience of agriculture to any
perturbations in northern China (Xiao et al. 2015). On the

other hand, institutional measures may play a part in detaching
the drought-cannibalism and the war-cannibalism nexus. For
instance, after the Boxers Movement in 1900, the central gov-
ernment formally terminated the quarantine policy for
Manchuria and Mongolia. When any perturbations happen,
people in northern China can obtain a piece of arable land
and resettle outside the Great Wall as a buffer (Xiao et al.
2015). This matches the drastic reduction (both the mean
and the maximum number) of cannibalism incidents in the
Qing dynasty (Fig. S1f), which may help to explain why the
low-frequency (centennial) coherency in the drought-
cannibalism and war-cannibalism nexus disappears in the late
imperial period (Figs. 3e and 4e).

This study contributes knowledge in two aspects. First,
previous studies demonstrated the linear relationship among
various positive checks such as war, famine, and epidemics in
the whole of China as a single spatial aggregate (Lee 2014;
Lee and Zhang 2013). This study enriches the understanding
of Malthusian theory with the empirical data of the northern
China region in history. Also, it supplements the Malthusian
theory (Malthus 1798) by measuring the non-stationary influ-
ence of natural disaster (which is considered as an external
shock by Malthus) on the positive checks and assessing how
different types of positive checks interact with and reinforce
each other in different periodic cycles. Second, in previous
studies, the proposed environment-human nexus in northern
China can be summarized as drought/flood = famine = war,
which is contingent upon the vitality of social systems and
institutional measures (Fang et al. 2013; Xiao et al. 2018,
2015). This study complements the finding that famine is
mainly caused by drought and war as shown in the following
paths: drought = famine <= war.

Nowadays, human societies have been getting more devel-
oped and civilized. Cannibalism incidents are extremely rare.
But, in underdeveloped regions such as sub-Saharan Afica,
food insecurity is currently driven by more frequent climatic
extremes and social instability, which is in line with the topic
investigated in this study. This is also the issue upfront waiting
to be resolved (Sasson 2012). Perhaps the results presented in
this study may serve as a sample for analyzing the link be-
tween food insecurity and its driving factors in a quantitative
manner.

Conclusions

So far, large-N statistical analysis of cannibalism and its trig-
gering factors in pre-industrial societies is still absent in the
literature. Based on 1194 cannibalism incidents in northern
China in 1470-1911, together with fine-grained historical
datasets and statistical analyses, I find that drought and war
play a significant role in causing cannibalism in history. But,
the relationship is not stationary and is mediated by the
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environmental and socio-political context. The positive feed-
back between war and cannibalism is also shown. The above
findings supplement the Malthusian theory with empirical ev-
idence of the interaction among natural disasters and positive
checks. This study is grounded on the historical data of north-
ern China and focuses on cannibalism as a survival necessity.
Further research should be conducted to learn whether the
above findings hold in different geographic regions and at
different geographic levels. Also, it may be equally important
to interpret historical cannibalism in social and cultural
perspectives.

Acknowledgements This research is supported by the Improvement on
Competitiveness in Hiring New Faculties Funding Scheme (4930900)
and Direct Grant for Research 2018/19 (4052199) of the Chinese
University of Hong Kong. Last but not least, a special thanks to
Professor Christopher Reyer, Dr. Nicolas Maughan, and three anonymous
reviewers for their valuable comments on the manuscript.

References

Akaike H (1974) A new look at the statistical model identification. IEEE
Trans Autom Control 19:716-723. https://doi.org/10.1109/TAC.
1974.1100705

Bai H, Dong A, Zheng G (2010) Zhongguo Xibei Diqu Jin Wubainian
Hanlao Fenbu Tuji (1470-2008) [ Yearly charts of dryness/wetness in
NW China for the last 500-year period (1470-2008)]. China
Meteorological Press, Beijing

Ballard C (1986) Drought and economic distress: South Africa in the
1800s. J Interdiscip Hist 17:359-378. https://doi.org/10.2307/
204770

Billman BR, Lambert PM, Leonard BL (2000) Cannibalism, warfare, and
drought in the Mesa Verde region during the twelfth century A.D.
Am Antiq 65:145-178. https://doi.org/10.2307/2694812

Boulestin B, Zeeb-Lanz A, Jeunesse C, Haack F, Arbogast R-M, Denaire
A (2009) Mass cannibalism in the Linear Pottery Culture at
Herxheim (Palatinate, Germany). Antiquity 83:968-982. https://
doi.org/10.1017/S0003598X00099282

Cazelles B, Chavez M, de Magny GC, Guégan JF, Hales S (2007) Time-
dependent spectral analysis of epidemiological time-series with
wavelets. ] R Soc Interface 4:625-636. https://doi.org/10.1098/rsif.
2007.0212

Cazelles B, Chavez M, Berteaux D, Ménard F, Vik JO, Jenouvrier S,
Stenseth NC (2008) Wavelet analysis of ecological time series.
Oecologia 156:287-304. https://doi.org/10.1007/s00442-008-
0993-2

Chinese National Meteorological Administration (1981) Yearly charts of
dryness/wetness in China for the last 500-year period. Chinese
Cartographic Publishing House, Beijing

Chu CYC, Lee RD (1994) Famine, revolt, and the dynastic cycle - pop-
ulation dynamics in historical China. J Popul Econ 7:351-378.
https://doi.org/10.1007/BF00161472

Cole J (2017) Assessing the calorific significance of episodes of human
cannibalism in the Palaeolithic. Sci Rep 7:44707. https://doi.org/10.
1038/srep44707

Diamond JM (2000) Talk of cannibalism. Nature 407:25-26. https://doi.
org/10.1038/35024175

Editorial Committee of Chinese Military History (1985) Zhongguo
Junshishi [Tabulation of wars in ancient China]. Jiefangjun
Chubanshe, Beijing

@ Springer

Fang X, Xiao L, Wei Z (2013) Social impacts of the climatic shift around
the turn of the 19th century on the North China Plain. Sci China
Earth Sci 56:1044—1058. https://doi.org/10.1007/s11430-012-4487-
z

Grada CO (2010) Famine: a short history. Princeton University Press,
Princeton

Granger CWJ (1988) Some recent development in a concept of causality.
J Econ 39:199-211. https://doi.org/10.1016/0304-4076(88)90045-0

Granger CWJ (2001) Essays in econometrics: collected papers of Clive
W.J. Granger. Cambridge University Press, Cambridge

Grinsted A, Moore JC, Jevrejeva S (2004) Application of the cross wave-
let transform and wavelet coherence to geophysical time series.
Nonlinear Process Geophys 11:561-566. https://doi.org/10.5194/
npg-11-561-2004

Huang W (2005) Zhongguo Shirenshi [Cannibalism history in China].
Qianwei Chubanshe, Taibei

Ke Y (2012) Zhongguo gudai “shiren” qianxi [Preliminary analysis of
cannibalism in ancient China]. J Soc Sci Jiamusi Univ 30:109-112

Lee HF (2014) Climate-induced agricultural shrinkage and overpopula-
tion in late imperial China. Clim Res 59:229-242. https://doi.org/10.
3354/cr01215

Lee HF (2018) Internal wars in history: triggered by natural disasters or
socio-ecological catastrophes? The Holocene 28:1071-1081.
https://doi.org/10.1177/0959683618761549

Lee HF, Zhang DD (2010) Changes in climate and secular population
cycles in China, 1000 CE to 1911. Clim Res 42:235-246. https://
doi.org/10.3354/cr00913

Lee HF, Zhang DD (2013) A tale of two population crises in recent
Chinese history. Clim Chang 116:285-308. https://doi.org/10.
1007/510584-012-0490-9

Lee HF, Zhang DD, Pei Q, Fei J (2016a) Downscaling and disaggregating
NAO-conflict nexus in pre-industrial Europe. Chin Geogr Sci 26:
609—-622. https://doi.org/10.1007/s11769-016-0817-y

Lee HF, Zhang DD, Pei Q, Jia X, Yue RPH (2016b) Demographic impact
of climate change on northwestern China in the late imperial era.
Quat Int 425:237-247. https://doi.org/10.1016/j.quaint.2016.06.029

Lee HF, Zhang DD, Pei Q, Jia X, Yue RPH (2017) Quantitative analysis
of the impact of droughts and floods on internal wars in China over
the last 500 years. Sci China Earth Sci 60:2078-2088. https:/doi.
0rg/10.1007/s11430-017-9084-0

Liu Q, Li G, Kong D, Huang B, Wang Y (2018) Climate, disasters, wars
and the collapse of the Ming Dynasty. Environ Earth Sci 77:44-15.
https://doi.org/10.1007/s12665-017-7194-4

Malthus TR (1798) An essay on the principle of population. Printed for J,
Johnson

Mann ME, Jones PD (2003) Global surface temperatures over the past
two millennia. Geophys Res Lett 30:1820. https://doi.org/10.1029/
2003GL017814

Mead S, Stumpf MPH, Whitfield J, Beck JA, Poulter M, Campbell T,
Uphill JB, Goldstein D, Alpers M, Fisher EMC, Collinge J (2003)
Balancing selection at the prion protein gene consistent with prehis-
toric kurulike epidemics. Science 300:640—643. https://doi.org/10.
1126/science.1083320

Pei Q, Zhang DD, Li G, Lee HF (2015) Climate change and the macro-
economic structure in pre-industrial Europe: new evidence from
wavelet analysis. PLoS ONE 10:e0126480. https://doi.org/10.
1371/journal.pone.0126480

Pei Q, Zhang DD, Lee HF (2016) Contextualizing human migration in
different agro-ecological zones in ancient China. Quat Int 426:65—
74. https://doi.org/10.1016/j.quaint.2015.12.007

Rigozo NR, da Silva HE, Nordemann DJR, Echer E, de Souza Echer MP,
Prestes A (2008) The Medieval and Modern Maximum solar activity
imprints in tree ring data from Chile and stable isotope records from
Antarctica and Peru. J Atmos Sol Terr Phys 70:1012—-1024. https://
doi.org/10.1016/j.jastp.2008.01.002


https://doi.org/10.1109/TAC.1974.1100705
https://doi.org/10.1109/TAC.1974.1100705
https://doi.org/10.2307/204770
https://doi.org/10.2307/204770
https://doi.org/10.2307/2694812
https://doi.org/10.1017/S0003598X00099282
https://doi.org/10.1017/S0003598X00099282
https://doi.org/10.1098/rsif.2007.0212
https://doi.org/10.1098/rsif.2007.0212
https://doi.org/10.1007/s00442-008-0993-2
https://doi.org/10.1007/s00442-008-0993-2
https://doi.org/10.1007/BF00161472
https://doi.org/10.1038/srep44707
https://doi.org/10.1038/srep44707
https://doi.org/10.1038/35024175
https://doi.org/10.1038/35024175
https://doi.org/10.1007/s11430-012-4487-z
https://doi.org/10.1007/s11430-012-4487-z
https://doi.org/10.1016/0304-4076(88)90045-0
https://doi.org/10.5194/npg-11-561-2004
https://doi.org/10.5194/npg-11-561-2004
https://doi.org/10.3354/cr01215
https://doi.org/10.3354/cr01215
https://doi.org/10.1177/0959683618761549
https://doi.org/10.3354/cr00913
https://doi.org/10.3354/cr00913
https://doi.org/10.1007/s10584-012-0490-9
https://doi.org/10.1007/s10584-012-0490-9
https://doi.org/10.1007/s11769-016-0817-y
https://doi.org/10.1016/j.quaint.2016.06.029
https://doi.org/10.1007/s11430-017-9084-0
https://doi.org/10.1007/s11430-017-9084-0
https://doi.org/10.1007/s12665-017-7194-4
https://doi.org/10.1029/2003GL017814
https://doi.org/10.1029/2003GL017814
https://doi.org/10.1126/science.1083320
https://doi.org/10.1126/science.1083320
https://doi.org/10.1371/journal.pone.0126480
https://doi.org/10.1371/journal.pone.0126480
https://doi.org/10.1016/j.quaint.2015.12.007
https://doi.org/10.1016/j.jastp.2008.01.002
https://doi.org/10.1016/j.jastp.2008.01.002

Cannibalism in northern China between 1470 and 1911

Rougier H, Crevecoeur I, Beauval C, Posth C, Flas D, Willing C,
Furtwéngler A, Germonpré M, Gémez-Olivencia A, Semal P, van
der Plicht J, Bocherens H, Krause J (2016) Neandertal cannibalism
and Neandertal bones used as tools in Northern Europe. Sci Rep 6:
29005. https://doi.org/10.1038/srep29005

Sasson A (2012) Food security for Africa: an urgent global challenge.
Agric Food Secur 1:2. https://doi.org/10.1186/2048-7010-1-2

Schutt B (2017) Cannibalism: a perfectly natural history. Algonquin
Books, Chapel Hill

Stoneking M (2003) Widespread prehistoric human cannibalism: easier to
swallow? Trends Ecol Evol 18:489—490. https://doi.org/10.1016/
S0169-5347(03)00215-5

Talhelm T, Zhang X, Oishi S, Shimin C, Duan D, Lan X, Kitayama S
(2014) Large-scale psychological differences within China ex-
plained by rice versus wheat agriculture. Science 344:603—-608.
https://doi.org/10.1126/science.1246850

Torrence C, Compo GP (1998) A practical guide to wavelet analysis. Bull
Am Meteorol Soc 79:61-78. https://doi.org/10.1175/1520-
0477(1998)079<0061: APGTWA>2.0.CO;2

Xiao L, Fang X, Zheng J, Zhao W (2015) Famine, migration and war:
comparison of climate change impacts and social responses in North
China between the late Ming and late Qing dynasties. The Holocene
25:900-910. https://doi.org/10.1177/0959683615572851

Xiao L, Fang X, Zhao W (2018) Famine relief, public order, and revolts:
interaction between government and refugees as a result of drought/
flood during 1790-1911 in the North China Plain. Reg Environ
Chang 18:1721-1730. https://doi.org/10.1007/s10113-018-1298-6

Yang B, Bracuning A, Johnson KR, Shi Y (2002) General characteristics
of temperature variation in China during the last two millennia.
Geophys Res Lett 29:1324. https://doi.org/10.1029/2001GL014485

YiL, YuH, GeJ, Lai Z, Xu X, Qin L, Peng S (2012) Reconstructions of
annual summer precipitation and temperature in north-central China

since 1470 AD based on drought/flood index and tree-ring records.
Clim Chang 110:469—498. https://doi.org/10.1007/s10584-011-
0052-6

Yue RPH, Lee HF (2018a) Climate change and plague in European his-
tory. Sci China Earth Sci 61:163—177. https://doi.org/10.1007/
s11430-017-9127-x

Yue RPH, Lee HF (2018b) Pre-industrial plague transmission is mediated
by the synergistic effect of temperature and aridity index. BMC
Infect Dis 18:134. https://doi.org/10.1186/s12879-018-3045-5

Zhang D (2004) Zhongguo Sanqiannian Qixiang Jilu Zongji [Collection
of meteorological records in China over the past three thousand
years]. Fenghuang Chubanshe, Nanjing

Zhang D, Jim CY, Lin CS, He YQ, Lee F (2005) Climate change, social
unrest and dynastic transition in ancient China. Chin Sci Bull 50:
137-144. https://doi.org/10.1007/BF02897517

Zhang DD, Jim CY, Lin GCS, He YQ, Wang JJ, Lee HF (2006) Climatic
change, wars and dynastic cycles in China over the last millennium.
Clim Chang 76:459-477. https://doi.org/10.1007/s10584-005-
9024-z

Zhang DD, Zhang J, Lee HF, He YQ (2007) Climate change and war
frequency in Eastern China over the last millennium. Hum Ecol 35:
403-414. https://doi.org/10.1007/s10745-007-9115-8

Zhang DD, Lee HF, Wang C, Li B, Pei Q, Zhang J, An Y (2011) The
causality analysis of climate change and large-scale human crisis.
Proc Natl Acad Sci U S A 108:17296-17301. https://doi.org/10.
1073/pnas.1104268108

Zhao B (2011) “Shiren” jiqi renlei xue jiedu [Cannibalism and its antho-
logical interpretation]. Gansu Soc Sci 2011:183-185

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1038/srep29005
https://doi.org/10.1186/2048-7010-1-2
https://doi.org/10.1016/S0169-5347(03)00215-5
https://doi.org/10.1016/S0169-5347(03)00215-5
https://doi.org/10.1126/science.1246850
https://doi.org/10.1175/1520-0477(1998)079<0061:APGTWA>2.0.CO;2
https://doi.org/10.1175/1520-0477(1998)079<0061:APGTWA>2.0.CO;2
https://doi.org/10.1177/0959683615572851
https://doi.org/10.1007/s10113-018-1298-6
https://doi.org/10.1029/2001GL014485
https://doi.org/10.1007/s10584-011-0052-6
https://doi.org/10.1007/s10584-011-0052-6
https://doi.org/10.1007/s11430-017-9127-x
https://doi.org/10.1007/s11430-017-9127-x
https://doi.org/10.1186/s12879-018-3045-5
https://doi.org/10.1007/BF02897517
https://doi.org/10.1007/s10584-005-9024-z
https://doi.org/10.1007/s10584-005-9024-z
https://doi.org/10.1007/s10745-007-9115-8
https://doi.org/10.1073/pnas.1104268108
https://doi.org/10.1073/pnas.1104268108

	Cannibalism in northern China between 1470 and 1911
	Abstract
	Introduction
	Scope of research, study area, and study period
	Data
	Drought and flood
	Temperature and precipitation
	War
	Cannibalism

	Methods
	Granger causality analysis
	Wavelet coherence and phase analyses

	Results
	Discussion
	Conclusions
	References


