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Abstract:
Our research aims at finding the relationship between climatic cycle-changes and the human activities in ancient 
China. Most climatic changes show shifts in the precipitation volume and alternations between warm and cold periods. 
Through other research findings, we find the precipitation volume is closely connected with alternations of warm and 
cold periods. This report presents a linear comparison between the population of ancient China and the east Asia climate 
variables and chooses tree rings as the main indicator of the paleo-climate. Through the literature review and the data 
analysis, we find that (1) The dominant climate pattern in East Asia is East Asia Summer Monsoon system, causing 
centennial scaled climate periodicities, affecting the ecosystem and the society. (2) There are certain cycles of climate 
change, in which the warm period and the cold period have a certain influence on the population change. (3) The 
precipitation has a certain correlation with the population change. However, single temperature and precipitation cannot 
directly affect the population change, but also need to be combined with social and historical factors specific analysis.
Keywords: climate change, paleoclimate data, human civilization.

1. Introduction
1.1 Driving Mechanism of the Climate Cycle
The climate pattern of the East Asia is known to be dom-
inated by East Asia Summer Monsoon system [1], and 
the fluctuation of the intensity of the monsoon will cause 
decadal-centennial scaled climate periodicities, which 
plays a substantial role in east Asia by affecting both the 
ecosystem and the anthropogenic activities [2].
Several studies have been carried out to reconstruction 
decadal and centennial scale periodic climate shifting [3-
4], and the driving mechanisms of the oscillations, sep-
arated as internal forcing and external forcing [5], have 
been examined. And the pivotal role regular climate shifts 
play in intervening human civilization have been noticed. 
However, though a number of research has been carried 

out to demonstrate the interaction between cyclic climate 
change and the rise and fall of civilization in East Asia 
[6] and the Tibetan Plateau [7], they mainly focus on a 
specific time period, such as the Medieval Warm Period 
or the Little Ice Age, and few of them have made a linear 
comparison between the climate and the civilization under 
a relatively long time coverage. This is partly because the 
dearth of a consistent index that can reflect the prosperity 
of civilization. Thus, Further research is needed to bring a 
broader view of climate-civilization relationship.
The growth of tree rings are affected by a numbers of 
factors, including climate variables such as temperature, 
precipitation, sunlight and wind. Due to its high resolution 
and stable reliability, tree-rings are considered important 
proxy in paleo-climate reconstruction [8], particularly in 
those with relatively short time coverage. In recent years, 
several research using tree-rings data were conducted, but 
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they were either limited to specific regions like the Qin-
ghai-Tibetan Plateau [9] or covered a short time period, 
making it hard to make a long-term reconstruction of pa-
leo-climate in east Asia.

1.2 The Relationship between Climate 
Change and Human Activities
China is an ancient and culturally rich civilization with 
a long history. We can find numerous historical records 
related to climate change, which provide essential data for 
studying historical climate patterns [10-11]. This makes 
it highly valuable to explore the impact of climate change 
on ancient Chinese civilization, as there are rich case stud-
ies of climate variations and civilization development on 
this land.
By analyzing these documents, we summarize climate 
changes mainly into variations in precipitation and alter-
nations between cold and warm periods. According to his-
torical records, in the past two thousand years, the overall 
trend in China’s precipitation has been a decrease. This 
decrease is primarily due to the reduction in forest cover-
age. Regional changes in humidity, frequency of droughts 
and floods, have alternated roughly on a centennial scale 
with climate changes, a trend we call “gradual drying 
amid fluctuations.” [12] In periods of low precipitation, 
irrigation systems were under significant pressure, and 
seasonal droughts were frequent, directly causing reduced 
grain production.
Returning to the alternation between cold and warm pe-
riods, we find that the pattern of climate cold and warm 
periods aligns with the changes in dryness and wetness. 
For example, cold periods are often times of significant 
drought and flood occurrences. As is well known, the 
growth of crops is influenced not only by precipitation but 
also by temperature. Therefore, lower temperatures could 
lead to the southward migration of the agricultural-pas-
toral transition zone, greatly reducing arable land. Con-
versely, during warm periods, some border areas became 
suitable for farming, increasing arable land and boosting 
grain production.
It is often said that food security is the foundation of a 
nation and the basis for economic development and social 
stability. Ancient China was an agricultural country, and 
the climate changes mentioned above can be traced back 
to food security issues of that time. Due to the influence 
of climate, grain production directly affected rice prices, 
with the two often showing an inverse relationship. In 
summary, during cold periods, lower temperatures, less 
precipitation, frequent droughts and floods, and lower 
grain production led to higher rice prices, significantly 
increasing people’s subsistence pressures. Severe famines 
causing large-scale unrest meant that society entered an 

unstable phase, shaking the foundations of civilization, 
suggesting a decline.
Research shows that major historical events leading to dy-
nastic changes, such as the An Lushan Rebellion (755-763 
AD) at the end of the Tang Dynasty, the Jingkang Incident 
(1127 AD) during the transition between the Song and Jin 
dynasties, and the peasant uprising at the end of the Ming 
Dynasty (1627-1664 AD), correspond to historical cold 
periods, which were also times of frequent droughts and 
floods. Further analysis of the frequency of wars in Chi-
nese history shows that periods of high warfare coincide 
with these periods. In general, “cold suppresses, warmth 
flourishes” [12] is a rough reflection of the development 
of ancient Chinese civilization. Additionally, population 
changes also serve as important evidence of this centen-
nial-scale pattern, with population growth and reduction 
influenced mainly by natural disasters and wars. Although 
China’s population has consistently increased over time, 
growth rates and short-term population numbers were 
affected by these factors. The population in ancient China 
was mainly distributed in areas with high grain produc-
tion, such as the saying in the Song Dynasty: “When Su-
zhou and Huzhou are ripe, the world is full.” Therefore, 
during cold periods, the population would migrate south-
ward to regions with abundant grain production.
In conclusion, climate change had multifaceted impacts 
on the development of ancient Chinese civilization, in-
cluding grain production, the rise and fall of civilizations, 
outbreaks of wars, dynastic changes, and population fluc-
tuations. We can understand history through climate and 
infer historical climate conditions from historical events. 
In further research, we hope to use modern technological 
methods to more accurately reconstruct historical climate 
data and explore the complex relationship between cli-
mate change and social development in depth.

2. Materials and Methods
To reconstruct historical climate data for China over the 
past 2000 years, this article utilized a combination of pa-
leoclimatic proxies and historical documents. According 
to the study, since 1980, more than 600 papers have been 
published on the reconstruction of temperature and precip-
itation (including humidity and runoff) across China, us-
ing evidence from tree rings, ice cores, stalagmites, corals 
and high-resolution lake deposits. Preliminary estimates 
of sampling sites covered by this literature have exceeded 
500. In particular, tree ring, as a key indicator, has be-
come one of the important proxy evidence for quantitative 
reconstruction of climate change in China over the past 
100 to 1000 years due to its significant advantages such 
as high temporal resolution, wide distribution, accurate 
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dating and easy reproduction [12]. Therefore, this paper 
will mainly use tree rings as key indicators, supplemented 
by ice core and pollen data. Since it is difficult to find the 
reconstructed air temperature and precipitation data with 
high resolution in the existing database, this paper will 
analyze the effects of air temperature and precipitation on 
population in China in the past 2000 years by using pre-
vious literature data. Both temperature and precipitation 
data were obtained from the National Centers for Environ-

ment Information Official website, The temperature data 
was obtained based on the database “Dataset of China 
Temperature reconstruction from 1 C.E. to 2000C.E.”[13] 
(Fig.1). The Precipitation data were extracted from the 
database of “China Regional 22,000 Annual Temperature 
and Precipitation Reconstructions” [14] (Fig.2) The popu-
lation data is obtained by integrating recommended litera-
ture and recommended data from Wikipedia (Fig.3)

Figure 1: The PCA data of China temperature over the past 2000 years

Figure 2: The data of China precipitation over the past 2000 years
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Figure 3: The data of China population over the past 2000 years
To prepare the datasets for analysis, extensive preprocess-
ing was required. For the temperature data, the relevant 
results will be based on the literature review and the re-
gression analysis. The precipitation data underwent clean-
ing, with metadata rows omitted and columns realigned to 
ensure each column accurately represented a region’s pre-
cipitation measurements. As for the the population data, 
it was cleaned and structured to include columns for the 
year, population count, and population growth rate. Then 
the cleaned temperature, precipitation, and population 
datasets were merged on the “Year” column, aligning the 
data points across the different datasets. Finally, two sepa-
rate regression analyses were conducted to investigate the 
relationships between climate variables (temperature and 
precipitation) and population growth rate.
The second regression model examined the effect of 
precipitation on population growth rate, with precip-
itation measurements from various regions (Region1 
to Region24) serving as the independent variables and 
population growth rate as the dependent variable. This 
model also included a constant term (intercept) and was 

evaluated using similar statistical metrics to the tempera-
ture model, focusing on the significance of each region’s 
precipitation data through p-values.

3. Results
3.1 Temperature Cycle
According to Ge et al. (2013), based on the integration of 
28 sequences and the reconstruction of the latest series of 
temperature changes in China in the past 2000 years by 
using two regression calibration methods and its wave-
let analysis results (Fig.4.), researches find that in the 
past 2000 years, the maximum interdecadal variation of 
temperature change in China is 1.1 ℃, and the intercen-
tennial variation is 0.6 ℃There are significant periods of 
quasi-700 years and 200-300 years; There are four warm 
and cold periods of one hundred feet. The beginning and 
ending times of the four warm periods are roughly: AD1-
200, 550-760, 950-1300 and the 20th century; The four 
cold periods are roughly in order: AD210-350, 420-530, 
780-940, and 1320-1900 [11].
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Figure 4: Temperature changes in China (a) and its wavelet (b) during the past 2000 years (Ge 
et al., 2012).

At the same time, notable periods include the Medieval 
Warm Period (800-1300 AD) and the Little Ice Age (1300-
1850 AD). Temperature reconstructions indicate warmer 
conditions during the Tang Dynasty (618-907 AD) and 
cooler conditions during the Ming Dynasty (1368-1644 
AD). Precipitation patterns showed substantial regional 
variability, with notable droughts during the late Ming 
Dynasty and increased rainfall during the Southern Song 
Dynasty (1127-1279 AD).
The first regression analysis focused on the relationship 
between temperature (including Principal Component 
Analysis (PCA) temperature) and population growth rate. 
The Ordinary Least Squares (OLS) regression model in-
cluded temperature as the independent variable and pop-
ulation growth rate as the dependent variable. The model 
was evaluated using R-squared, adjusted R-squared, F-sta-
tistic, and p-values for the coefficients (Fig.5)

•  R-squared: The model’s R-squared value was 0.046, 
indicating that only 4.6% of the variance in population 
growth rate could be explained by the temperature 
variable.

•  A djusted R-squared: The adjusted R-squared value 
was -0.090, suggesting that the model’s explanatory 
power decreased when accounting for the number of 
predictors.

•  F-statistic: The F-statistic value was 0.337 with a 
p-value of 0.580, indicating that the overall model was 
not statistically significant.

•  Coefficients: The temperature coefficient was 0.0018 
with a p-value of 0.998, and the PCA temperature 
coefficient was 0.4828 with a p-value of 0.580. These 
p-values indicate that neither temperature nor PCA 
temperature significantly impacted population growth 
rate.

Figure 5: Regression Analysis of Temperature and Population Growth Rate
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The results suggest a limited relationship between tem-
perature and population growth rate. The low R-squared 
and adjusted R-squared values, coupled with the non-sig-
nificant p-values for the temperature coefficients, imply 
that temperature variations had minimal influence on pop-
ulation growth over the past 2000 years.

3.2 The Relationship between Precipitation 
and Population
The second regression analysis (Fig.6.) examined the im-
pact of precipitation on population growth rate. This OLS 
regression model included precipitation measurements 
from multiple regions (Region1 to Region 24) as the in-
dependent variables and population growth rate as the de-
pendent variable. Simultaneously, the model was assessed 
using similar statistical metrics.
•  R-squared: The model’s R-squared value was 0.294, 

indicating that 29.4% of the variance in population 
growth rate was explained by the precipitation vari-
ables.

•  Adjusted R-squared: The adjusted R-squared value 

was 0.034, showing a substantial decrease, which sug-
gests that many of the predictors may not be contribut-
ing significantly to the model.

•  F-statistic: The F-statistic value was 1.129 with a 
p-value of 0.340, indicating that the overall model was 
not statistically significant.

•  Coefficients: The analysis revealed that precipitation 
in Region2 (coefficient: -0.1963, p-value: 0.049) and 
Region18 (coefficient: 0.1235, p-value: 0.037) had 
statistically significant impacts on population growth 
rate.

However, the other regions did not show significant 
effects, as indicated by their high p-values. The model 
demonstrated a moderate explanatory power with an 
R-squared of 0.294, but the adjusted R-squared of 0.034 
suggests overfitting with many non-significant predictors. 
Only two regions (Region2 and Region18) showed a sig-
nificant relationship with population growth rate, imply-
ing that specific regional precipitation patterns may have 
influenced demographic changes.

Figure 6: Regression Analysis of Precipitation and Population Growth Rate

4. Discussion
4.1 Temperature Impact
The past 2000 years have seen significant warm and cold 
periods in China, and population data have also changed 
dramatically in these years. It shows that climate cycle 
has certain influence on human activities. However, the 
results of regression analysis show that the correlation 
between temperature change and population change is 
not very strong. In other words, the influence of climate 
change on socio-economic development does not consti-
tute a straightforward causal relationship of “stimulus-re-
sponse”[11]. Instead, the effects of climate change on 
socio-economic development are contingent upon both the 
nature of climate change itself and the level of vulnerabil-
ity exhibited by social systems in the face of such change. 
The vulnerability of social systems is further contingent 

upon the responsiveness and sensitivity displayed by indi-
viduals and communities.

4.2 Water Availability and Societal Stability
The precipitation model indicated a somewhat stronger 
relationship, with a few regions showing significant im-
pacts on population growth rates. This finding highlights 
the potential influence of regional precipitation patterns 
on agricultural productivity and, consequently, population 
dynamics. However, the overall model’s low adjusted 
R-squared value and lack of significance suggest that oth-
er factors, possibly socio-economic or political, played 
more crucial roles in shaping population trends.
To some extent, these results underscore the complexity of 
historical population dynamics and the need for multi-fac-
eted analyses that incorporate various environmental, so-
cial, and economic variables. Future research could bene-
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fit from integrating additional data sources and exploring 
non-linear relationships to better understand the interplay 
between climate and population changes over extended 
periods.

5. Conclusion
In summary, it is found that there are cycles of climate 
change, wherein the periods of warmth and cold exert a 
discernible impact on the dynamics of population change. 
Plus, the regression analyses revealed that historical cli-
mate variables, specifically temperature and precipitation, 
had a limited and region-specific impact on population 
growth rates in China over the past 2000 years. As for the 
precipitation, the precipitation model indicated a some-
what stronger relationship, with a few regions showing 
significant impacts on population growth rates, which 
highlights the potential influence of regional precipitation 
patterns on agricultural productivity and, consequently, 
population dynamics. However, the overall model’s low 
adjusted R-squared value and lack of significance suggest 
that other factors, possibly socio-economic or political, 
played more crucial roles in shaping population trends.
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