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Abstract The evident connection between human evolu-
tion and climatic changes has been concurred by scientists.
Although many people are trying to forecast the impacts of
climatic changes on our future society, there are not any
studies to quantitatively scrutinize the interrelation between
climatic changes and social developments by using historical
data. In line with this knowledge gap, this study adopted a
scientific approach to compare the paleoclimatic records
with the historical data of wars, social unrests, and dynastic
transitions in China spanned from the late Tang to Qing Dy-
nasties. Results showed that war frequency in cold phases
was much higher than that in mild phases. Besides, 70%—
80% of war peaks and most of the dynastic transitions and
nationwide social unrests in China took place in cold phases.
This phenomenon could be attributed to the diminishing
thermal energy input in cold phases resulting in the fall of
land-productivity and hence, the deficiency of livelihood re-
sources across society. Accompanied with certain social cir-
cumstances, this kind of ecological stress was transformed
into wars and social unrests, followed by dynastic transitions
in most of the cases. By closer examination, it was even found
that war frequency was negatively correlated with tempera-
ture anomaly series. As land carrying capacities vary from
one climatic zone to another, the magnitude of war-tempera-
ture association also differed among different geographic
regions. It is suggested that climatic change was one of the
most important factors in determining the dynastic cycle and
alternation of war and peace in ancient China.

Keywords: climatic change, war, social unrest, dynastic cycle,
temperature anomaly.

DOI: 10.1360/03wd0641

The alternation of war and peace accompanied by
dynastic transitions was shown to be the rhythm of social
developments throughout Chinese history. Western schol-
ars attempted to use the “Dynastic Cycle” theory to expli-
cate why the socio-economic development in China was
embedded in such a historical rhythm* . Dynastic cycle
theory states that any dynastic rise-and-fall, social ac-
cord-and-discord, and economic upturn-and-downturn are
closely related to the trend of societal development and
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the quality of emperor’s governance. However, there are
not any quantitative evidences to sustain the theory. Be-
sides, it cannot explain why history always repeats itself.
We considered that the theory itself simply relies on hu-
manistic conception to interpret history, while the influ-
ence of physical environment upon human society is ba-
sically ignored. Nevertheless, many scientists have al-
ready accentuated the importance of climatic fluctuation
upon the socio-economic development in human society.
For instance, Cowie!® showed that climatic fluctuation
was significant in controlling the emergence and collapse
of culture. Hsul® also considered that human civilization
has once been rigorously clouted by climatic fluctuation.
Recently, some scholars even used high-resolution paleo-
climatic data to elucidate the fall of ancient cultures in
some places before historical record started” . Yet, no
one has tried to employ the notion of paleoclimatic fluc-
tuation to scientifically construe the documented wars,
social unrests, and dynastic changes for a long historical
period. Indeed, dynastic cycle in ancient society was usu-
ally accomplished by wars and social unrests. War is not
simply a socially organized armed-conflict but an impor-
tant means in facilitating societal evolutiont?. How-
ever, most of the historians used to seek the explanations
of war from political, economic, cultural, or even ethnic
perspectivest™ 8. They concluded that social unrests
should be the consequences of class struggle or mis-gov-
ernance®®?. We regarded that physical environmental
changes play a very important role in human civilization
in that land productivity, which has its links to a number
of socio-economic parameters, is mediated by one of the
environmental factors, climate. These linkages are par-
ticularly noticeable in densely populated ecologically-
sensitive areas of ancient agrarian society. When land
productivity diminished, famines, migrations, or even na-
tion’s declines would follow. Wars and social unrests then
became predestined consequences, which might even
bring out dynastic transitions.

China has a vast territory that is separated by differ-
ent climatic belts. Climatic characteristics are also re-
vealed via the livelihood and residential distinctiveness
across the nation. Therefore, climatic changes deemed to
have profound effects in shaping Chinese history®. “Fa-
vourable climate”, which means climatic condition in
sense, was regarded as one of the most important factors
in determining the destiny of emperor’s governance in
ancient China. In that way, China is believed to be an ar-
chetype for investigating the association between climatic
changes and societal transitions.

In this study, we explored the interrelation between
climatic changes and societal transitions from a new per-
spective. By the means of high-resolution data comparison,
both the inceptions of historical events and the pertinent
environmental conditions would be quantitatively scruti-
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nized in order to seek out the ultimate cause in shaping
human history. These events were defined in terms of wars,
social unrests, and dynastic transitions. The events can be
accurately verified by historical documentations and mir-
ror the important changes occurring in ancient China. We
believed that this kind of analytical approach could scien-
tifically uncover the connection between the climatic and
societal rhythms in China.

1 Data and method

Recently, there are a number of studies aiming to
provide high-resolution temperature reconstruction re-
cords for the past 1000—1150 al?2~%%]. Despite their diver-
sified sources of data and the associated methods of re-
constructions, the strikingly high congruence among the
reconstructed records warranted their validity and reliabil-
ity. Briffa and Osborn exemplified climatic changes by
contrasting seven of the most representative paleotem-
perature reconstruction records of Northern Hemisphere
(NH) for the last millennium. In this research, five paleo-
temperature anomaly series spanned more than 1000 a
used by Briffa and Osborn were employed to set the
benchmark for examining climatic fluctuations®!. Those
series were reconstructed by using the proxy data derived
from tree ring, coral, ice-core, borehole, and historical
documentation, with China to be one of the sampled areas.
Briefly, the proxy data were first recalibrated with the AD
1881—1960 mean annual temperature observations over
the land area north of 20°N via linear regression, and then
smoothed by a 50-a low-pass filter to give the recon-
structed climatic records. Out of the five chosen series,
two with the first data point started from AD 850, whilst
the remaining three series started from AD 1000. In order
to delineate the boundaries between cold and mild cli-
matic phases, we averaged the five paleotemperature
anomaly time-series at the very beginning. From AD 850
to 1000, the average was worked out from Esper’s and
Briffa’s time-series’®*?"). From AD 1000 to 1980, all five
times-series were used to calculate the averaged figures.
Based on the figures’ value and variability, a cycle of cold
and mild phases would be confirmed if the averaged tem-
perature anomaly had an amplitude exceeding 0.14
However, only if the averaged figures were below —-0.35
could the period be categorized into cold phases. Based on
this principle, the boundary between cold and mild phases
would be the mid-point between the maximum and the
minimum averaged temperature anomaly of each cold-
mild cycle. From AD 850 to 1911, the aggregate duration
of cold phases was 549 a and that of warm phases was 512
a respectively. Besides, 16 climatic phases were also iden-
tified (Fig. 1(a)).

In China, there is also a considerable progress in the
field of paleoclimatic study. Yang et al.®® recapitulated
the recently published paleoclimatic reconstruction re-
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cords to produce the 10-a resolution temperature anomaly
time-series of China. Ge et al.® also used a vast amount
of historical documentations to reconstruct the tempera-
ture anomaly time-series of eastern China (30-a resolution)
(Fig. 1(d)). Both of the time-series show a good match
with the air temperature in the area north of 20°N, except
that there is a remarkable discrepancy regarding the tem-
perature in the 13th century. Yang et al. and Ge et al. des-
ignated that the period was relatively warm, while the
figures from the NH’s temperature anomaly series were
revealed to be the opposite. Furthermore, other studies
regarding the temperature anomaly of eastern China also
attested the coldness of the period®™>*3]. Due to these dis-
putes, together with the low-resolution of the recon-
structed data, the temperature anomaly series of Yang et al.
and Ge et al. were just included for comparison.

A multi-volume book entitled “Tabulation of Wars in
Ancient China” is believed to be the most comprehensive
existing documentation in listing the warfare in China®*.
However, in order to avoid any inconsistency and dis-
crepancy that might result from the diversification of in-
formation sources, only the date, number, type of partici-
pant, and location of wars listed in the book were consid-
ered to be reliable for data analyzing. Based on such in-
formation, the frequency, participant-type, and geographic
distribution of wars were converted into time-series. The
classification of wars was based on the types of participant
(particularly the leaders) of the two sides in any armed
conflicts, with two categories formed: rebellions or other
wars. In order to quantitatively illuminate the interrelation
between temperature anomaly and war frequency, we
conducted a series of Pearson’s correlation analysis at
different temporal scales. To the operational definition of
social unrests, only those historically documented nation-
wide social unrests (with more than five provinces af-
fected at a time) caused by the unanimous underlying fac-
tor were included in this study. The records of dynastic
transitions were entirely based on “Zhongguo Tongshi”
compiled by Fan®?”. One noteworthy point is that the in-
cluded dynasties were not only the main dynasties (e.g.
Ming, Qing, etc.), but also the subsidiary dynasties (e.g.
Xixia) formed by minorities who had once governed five
provinces or even larger areast®.

Seeing the spatial disparity of climatic condition,
China is physically divided into three macro regions in
this study, namely: (i) Northern China with continental
humid, semi-humid, semi-arid, and arid temperate influ-
enced by both the monsoons and westerlies. Major agri-
cultural activities are wheat farming and grazing. (ii) Cen-
tral China with its climate dominated by the monsoons.
The region serves as China’s major rice production area.
(iii) Southern China with subtropical and tropical climates.
Cultivation enjoys a long growing season and with double
or even triple cropping for paddy annually. All of wars and
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Fig. 1. Climatic changes and the incidence of wars in China. (a) Normalized temperature anomaly records for the land areas north of
20°N from AD 850 to 1980: Mann (pink), Briffa (turquoise), Jones (dark blue), Cowley and Lowery (dark red), Esper (blue), and the av-
erage of these five series (black). (b) Frequency of wars (dark blue) and rebellions (pink) in the whole China. (c) Frequency of wars in
northern China (dark blue), central China (pink), and southern China (yellow). (d) Temperature anomaly series of China of Yang et al.
(dark blue) and Ge et al. (pink). Cold phases are shaded as gray strips.
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rebellions in China were categorized into the regions of
northern China, central China, or southern China accord-
ing to their places of inception.

2 Result

(i) Interrelation between war frequency and climatic
variation. Both NH’s climatic variations and the war
frequency of China (a turbulent period followed by a rela-
tively tranquil one) demonstrated a cyclic pattern (Fig. 1(a)
and (b)). From Fig. 1(b), we can see that all three distinc-
tive war peaks (>50 wars in 10 a) took place in cold
phases, while two of the related cold phases were in the
“Little Ice Age” (AD 1583—1717 and 1806—1912, with
the temperature anomaly consecutively dropped below
-0.5 ). Six out of the eight cold phases encompassed one
or two high war peaks. Generally, those war peaks started
within 5—30 a after the beginning of cold phases. Only
two (in the 16th century) out of the 10 high war peaks
(>25 wars in 10 a) were outside cold phases. When com-
paring the war frequency of China with the paleotempera-
ture records of Yang et al.*” it can also be found that
seven out of the 10 war peaks occurred in the troughs of
their temperature anomaly series. With reference to the
eastern China temperature reconstruction record of Ge et
al.BY there were also eight war peaks during the relatively
cold period (<0 ). Therefore, it is prudent to state that
most of the wars erupted in cold phases. Warfare in China
was principally dominated by rebellion (46%), with its
frequency fluctuating in accordance with the oscillation of
temperature anomaly (Fig. 1(b)). It was also found that
four distinctive rebellion peaks (>20 rebellions in 10 a)
were located in cold phases. Additionally, the geographic
pattern of wars was shown to be very apparent (Fig. 1(c)).
In the humid southern China, the correlation between war
frequency and temperature fluctuation was very weak. In
northern China, most of the wars started in cold phases.

From AD 1300 to 1600, war frequency in northern China
remained at a relatively high level. In central China, six
out of the seven war peaks (>20 wars in 10 a) took place
in cold phases. Viewing from the geographic perspective,
in northern China, when cold phases approached, war
peaks followed immediately, except in the 14th and 19th
centuries when China was ruled by northern nomadic
tribes (the Mongol and the Manchu) at the time. In con-
trast, war peaks in central China generally came with a
5—15-a time lag behind the ones in northern China or a
10—50-a time gap after the start of cold phases.

When dichotomizing the entire study period (i.e. AD
850—1912) into 16 cold and mild climatic phases, the
results of Person’s correlation analysis revealed that the
maximum frequencies of wars/rebellions in whole China
and also wars in central China were significantly associ-
ated with the minimum and average temperature anomaly
of NH, with the correlation coefficients being —0.56 or
over (Table 1). At annual scale, the lagged correlation co-
efficients (from 0—30-a time lags) between the frequen-
cies of wars/rebellions in whole China and the tempera-
ture anomaly of NH were significant. This relationship
was also held for the wars in central China. In short, the
correlation coefficients ranged from —0.109 to —0.190,
with their highest numbers in 10—15-a time lag. We also
conducted a series of Person’s correlation analyses be-
tween war frequencies and the two temperature anomaly
series of China created by Yang et al. and Ge at al. respec-
tively. Various war frequencies were also significantly
correlated to the temperature record of Yang et al.E”! (Table
3). But to the temperature anomaly series of eastern China
reconstructed by Ge et al.®M, only the rebellion frequency
in whole China was significantly correlated to it. This may
be due to the regional limitation and low-resolution of the
temperature record.

Table 1 Pearson’s correlation coefficients between the maximum war frequency and the minimum/average temperature anomaly ()
in the 16 climatic phases

Total Rebellion Northern China Central China Southern China
Minimum temperature anomaly/ -0.612% -0.564% -0.440 -0.591? -0.438
Average temperature anomaly/ -0.664% -0.628% -0.441 -0.635% 0.490

a) P < 0.05 (two tailed).

Table 2 Pearson’s correlation coefficients between temperature anomaly and war frequency at annual scale

Time lag/a Total Rebellion Northern China Central China Southern China
0 -0.109% -0.158? 0.013 -0.1449 -0.051
5 -0.1349 -0.169? -0.001 -0.171? -0.043
10 -0.148? -0.185? -0.011 -0.186? -0.036
15 -0.146? -0.190? —0.009 -0.185? -0.037
20 -0.1349 -0.182? 0.003 -0.172? -0.049
25 -0.118% -0.164% 0.018 -0.157% -0.059
30 -0.102? -0.1459 0.030 -0.143% -0.062"

a) P < 0.01 (two tailed); b) P < 0.05 (two tailed).
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Table 3 Pearson’s correlation coefficients between temperature anomaly and war frequency at 10- and 30-a scales

Temperature anomaly time-series Total Rebellion Northern China Central China Southern China
Yang et al.* -0.302? -0.262" -0.207" -0.223" -0.295?
Geetal Y -0.228 -0.5229 -0.009 -0.244 -0.259

a) P < 0.01 (two tailed), b) P < 0.05 (two tailed).

(i) Interrelation between societal changes and cli-
matic phases. Since AD 850, all of the seven nationwide
social unrests were found in cold phases (Table 4). Be-
sides, 24 dynastic changes during the study period also
occurred in cold phases, except the collapse of the Yuan
Dynasty and the establishments of Ming and Xixia Dynas-
ties. Actually, the replacement of Yuan by Ming was the
direct consequence of peasant uprisings starting in the late
Yuan Dynasty (in the AD 1334—1359 cold phase) and the
incident happened just 8 a after the ending of the cold
phase (AD 1368). In the eight cold phases, seven of them
led to nationwide social unrests and the subsequent dynas-
tic transitions. Regarding the temperature anomaly series
of China, 86% nationwide social turbulences and 59%
dynastic transitions were in the troughs of the temperature
series of Yang et al.”% while 100% nationwide social
turbulences and 54% dynastic transitions were also posi-
tioned in the relatively cold periods as indicated by the
temperature series of Ge et al.® (<0 ).

3 Discussion
(i) War frequency and temperature variation. By

comparing war frequency with temperature anomaly se-
ries, it can be found that the considerable match-up be-
tween cold phases and war peaks is by no means acciden-
tal. We consider that the reduction of thermal energy in
cold phases was the root cause to induce the upsurge of
wars and the debilitation of social stability. During the
“Little lce Age”, there were famines in many places of the
world®831 which even caused large-scale migration’®.
Ancient China was a traditional agrarian society. This kind
of social structure implies that the whole nation was en-
tirely sustained by agricultural production that was con-
tingent upon climatic conditions. The reduction of thermal
energy input would definitely lead to the shrinkage of ag-
ricultural production. Compared with AD 1730—1770
(mild phase), the agricultural production in AD 1840—
1890 (cold phase) was dropped by 10%—25%"® because
the reduction of thermal energy input led to a series of
chain effects, including the lengthening of frost periods,
increase of cold strikes, and shortening of growing sea-
sons. Both of these effects hampered agricultural produc-
tion. This phenomenon was also apparently shown in
the planting history of double-cropping paddy in the

Table 4 Interrelations between climatic variations, wars, dynastic transitions, and nationwide social unrests from the late Tang to Qing Dynasties
Average temperature . . . . L N .
Year (AD) anomaly/ Climatic phase Duration/a  No. of wars  No. of wars/a Dynastic transition and nationwide social unrest
850—875 -0.518 cold 26 10 0.38 Huang Chao Rebellion
876—901 -0.335 mild 26 7 0.27
902—965 —0.423 cold 64 93 1.39 Collapse of Tang, chaos of Five Dynasties &
Ten Kingdoms, establishments of Song, Liao,
and Dali
966—1109 -0.233 mild 143 169 1.20 Establishment of Xixia
Establishment of Jin, Fang Na Rebellion, col-
1110—1152 -0.368 cold 43 93 2.16 lapses of North Song and Liao
1153—1193 -0.315 mild 41 41 1.00
1194—1302 -0.419 cold 109 252 231 Establishment of Great Mongol, collapses of
Xixia, Jin, South Song, establishment of Yuan,
collapses of Dali and Tufan
1303—1333 —-0.362 mild 31 33 1.07
1334—1359 —0.454 cold 26 90 3.46 Late Yuan peasant uprising
1360—1447 —0.345 mild 88 189 2.15 Collapse of Yuan and establishment of Ming
1448—1487 -0.461 cold 40 89 2.23
1488—1582 —-0.392 mild 95 208 2.19
1583—1717 —-0.534 cold 135 266 1.97 Late Ming peasant uprising, collapse of Ming,
establishment of Qing, revolt of the three local
governors
1718—1805 -0.413 mild 88 72 0.82
1806—1912 —0.456 cold 106 204 1.93 Taiping Rebellion, Xinhai Revolution, collapse

of Qing, establishment of the Republic of China
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Changjiang region. Double-cropping paddy was first
planted in China since the Tang Dynasty (AD 618—906),
and became prevalent in the Ming Dynasty (AD 1368—
1643). During the period from AD 1620 to 1720, the
paddy could not be planted in Changjiang region due to
cool temperature. But, in the period from AD 1720 to
1800, double-cropping paddy became widespread again in
the middle and low reaches of Changjiang River. In the
19th century, despite the Qing government’s effort in ad-
vancing the planting techniques of double-cropping paddy,
the end result was poor as the climate at that time was not
warm enough®%.

The possible consequences of diminishing agricul-
tural production would be famines, the diminution of tax
revenue, or even the weakening of nation’s power. The
population growth facilitated by the previous mild phase
might further exacerbate the shortage of livelihood re-
sources. In Webster’s view, war is an adaptive ecological
choice under the synthesis of population growth and
shortage of resources®!. Therefore, the outbreaks of wars
and rebellions were highly concentrated in cold phases.
The rebellions in China were largely composed of peasant
uprisings in cold phases. The rebellion fluctuation in Fig.
1(b) shows that three distinctive war peaks corresponded
to the three renowned peasant uprising periods in history
(i.e. late Yuan, late Ming, and Taiping Rebellion). Some
historians also admitted that one of the underlying causes
of these uprisings was natural hazards and famines!®”.

The lagged correlation results between war fre-
quency and climatic variation have implications upon the
societal bearing capacity. As the agricultural surplus stored
in mild phase could be used to relieve famines and sustain
nation’s power for a period of time, the shrinkage of agri-
cultural production in cold phases therefore would not
immediately debilitate social instability in a sense.

(ii) Geographic pattern of wars. The analysis stated
in the previous section can be further substantiated by the
geographic pattern of wars. Reduction of temperature in
cold phases would have little effect on the subtropical
coastal regions and tropic regions where the heat energy
and moisture supply are abundant. Even though tempera-
ture reduction could adversely affect harvest, more alter-
native crops could be adapted within the agricultural sys-
tem in southern China and thereby, temperature reduction
would not have tremendous impacts upon local society.
By contrast, the climate of central China is controlled by
cold and arid Siberian air mass in winter, while in summer
it is controlled by warm oceanic air mass. Thus, tempera-
ture fluctuation could have an enormous impact on agri-
cultural production. Nevertheless, as the agricultural sur-
plus stored in mild phases could be consumed for a period,
it would take some time to reach the threshold of war out-
break after the commencement of cold phases. This con-
clusion can explain why the short cold phase in the 15th
century did not lead to a higher ratio of war outbreak. In
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Fig. 1(b), we can see that war frequency was the highest in
the mid of or shortly after the long cold phases (14th, 16th,
and 19th centuries). There were also some studies to ex-
plicate the association between aridity and war outbreak
using individual cases™. We also observed that China
was in arid period during the 12th and 13th centuriest®?,
and the frequent dynastic transitions and soaring war fre-
quency in nothern China during this period might be more
related to aridity in a sense. However, there are also many
paleoclimatic studies to indicate that in China, cold and
arid winter monsoon was more influential in cold phases,
while in mild phases the country was dominated by warm
and humid summer monsoon*. Consequently, cold
phases often coincided with arid period in China. Indeed,
the regional variability of precipitation is much more
various and complex than that of temperature. Up to now,
there are not any published high-resolution pa-
leo-precipitation records. In that way, the quantitative re-
lationship between war frequency and paleo-precipitation
awaits to resolution.

In northern China, people livelihoods were primarily
supported by pastoral activities. Yet, pastoral production is
highly sensitive to temperature reduction. Besides, the
reduction will lead to not only the drop of animal pro-
duces, but also desertification and land degradation re-
sulting in the collapse of regional ecological system. In
addition, pastoral products could not be stored for a long
period and hence, war peaks would follow right away
when cold phases commenced (except in the 14th and
19th centuries). Numerous wars in northern China were
related to the invasion of nomadic tribes in capturing the
fertile land resources in China. Superficially, there should
be a high association between war frequency and cold
phases in northern China. However, by closer examination,
the statistical associations between the war data and pa-
leoclimatic record were not significant. One possible ex-
planation is that from the late Tang to Qing Dynasties,
northern nomadic tribes had ruled China for more than
400 a. In addition, during the South Song, nomadic tribes
occupied nearly half of central China. To sum up, in
nearly half of the study period, China was directly under
the rule of nomadic tribes. In the cold phases during these
periods, the ruling northern nomadic tribes could migrate
southward or in reverse, the livelihood resources could be
transported northward from southern China. Consequently,
the chance of war outbreak in northern China was largely
diminished during the periods, which also leads to the
insignificant correlation between wars and climate.

Population growth is another factor to induce eco-
logical stress. It was not until AD 1741 when the Baojia
system was adopted the reliable population data of China
became available*”!. Based on this data, we noticed that in
the later half of the 18th century (mild phase), the annual
population growth rate was up to 2%. In the first half of
the 19th century (cold phase), though the rate was dropped
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but there was still a 0.64% increase per year. In AD 1850,
total population in China had reached the high of 0.43
billion. Eventually, this led to the Taiping Rebellion,
which cut the total population back to 0.26 billion in AD
186211, Migration can be taken as a means to liberate
ecological stress. From AD 1000 to the 19th century,
northern hemispheric temperature had been gradually re-
ducing as shown in Fig. 1(a). This helped to make clear
why the major trend of internal migration in China was a
southward onef®!. Compared with the paddy-farming re-
gions, the wheat-farming and pastoral regions could only
support fewer populations. Since the Tang Dynasty, the
economic and cultural centers in China were also gradu-
ally moved to the south of China, especially the fertile
middle and lower reaches of Changjiang River since the
Song Dynasty, 60% of the China population had been re-
siding in central and southern China. It was not until AD
1984, the population in central and southern China was
reduced to 57% of the country’s total. This was stemmed
from the northeastward internal migration from the
densely populated Shandong, Henan, and other provinces
during the early 20th century. Actually, this migration
trend also mirrored the upward trend of temperature start-
ing from the early 20th century. Fang™® also regarded that
climatic cooling drove the internal migration within China
in the past two millennia.

(iii) Dynastic cycle and climate. Climatic cooling
reduced the harvests of agricultural produces. When such
a reduction lasted for a period, the resultant ecological
stress would be transformed into famines, the diminution
of tax revenues, and the dwindling of nation’s power. In
turn, these incidents further intensified societal conflicts,
which could only be resolved by dynastic transitions with
wars and social unrests to be the means. Thereby, the es-
tablishments and collapses of dynasties were often
achieved via social unrests and invasions by northern no-
madic tributes in ancient China. In the boundary regions
of China, some dynasties were also established by tribal
expansions. Many scholars also recognized that this kind
of primary level dynastic establishments resulted from
ecological stress!****. This viewpoint can be further evi-
denced by the fact that the establishment of six out of the
seven subsidiary dynasties and all nationwide social un-
rests in ancient China were found in cold phases (Table 4).
When Yang et al.’s and Ge et al.’s temperature anomaly
series were compared with the data of dynastic changes,
the dynastic transition ratio in cold phases was not very
impressive. But, when the regional disparity between the
temperature records of eastern and western China was
taken into account™®!, the dynastic transition ratio in cold
phases could reach 75% because most of the dynastic
changes occurred in western China. The “Dynastic Cycle”
theory simply attributes dynastic transitions to the matters
of military strength, the quality of governance, incoming
tax revenue, and the changes of national stability. But,
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from the fundamental perspective, apart from the quality
of governance, all the other factors are related to the base
of economy, agricultural production. Skinner has pointed
out the possibility of how climatic cycle determined the
economic cycle in ancient China. He said that if this
supposition can be proven by the future research, then the
notion of long-term climatic cycle can be used to elucidate
why there was a cyclic pattern of economic development
throughout Chinese history!.

4 Conclusion

The period from the late Tang Dynasty to the fall of
Qing Dynasty spanned 1061 a. In this period, it was found
that war frequencies, war peaks, nationwide social unrests,
and dynastic transitions all highly corresponded to the
cold phases in NH and the paleo-temperature reconstruc-
tion records of China. Such a concurrence demonstrates
that the historical changes in ancient China were closely
related to paleo-temperature fluctuation. The key explana-
tion is that ancient China was a traditional agrarian society
with the agricultural output largely controlled by climate.
Any climatic fluctuations would be directly translated into
ecological stress in debilitating societal stability. Despite
the fact that we can identify the immediate causes of every
war and social unrest from political, economic, cultural, or
even ethnical reasoning, the ecological stress engendered
by the deficiency of livelihood resources in cold phases
that expedited the outbreak of wars, nationwide social
unrests, or even dynastic transitions should not be over-
looked. From a macro point of view, climatic change was
one of the most important factors to determine the occur-
rence of war outbreaks, nationwide social unrests, and
dynastic transitions. As climatic changes can be expressed
in terms of the cyclic alternations of temperature (cold vs.
warm) and precipitation (dry vs. humid), this partly eluci-
dates why there was also a cyclic pattern of societal tran-
sitions in ancient China. We are neither the zealots of
Darwinism nor the endeavourers of Environmental De-
terminism. Nonetheless, through the quantitative com-
parison and systematic scrutiny between paleoclimatic
data and several social parameters, we realized that cli-
matic change has played a more important role in human
civilization than what has so far been suggested.
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