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ABSTRACT This study examines migration across the Great Wall of China in response to climate
change in Chinese history during the Little Ice Age (1500-1850 ad) and assesses the effective-
ness of the Great Wall as a barrier based on the push-pull theory. It empirically analyzes the
spatiotemporal patterns of migration across the Great Wall based on datasets on precipitation,
temperature, population size, and migration events. Here we show that more migration events
occurred during the cooling climate period. Furthermore, more migrants came from farther
north to cross the Great Wall during dry periods. These results imply the general ineffective-
ness of the Great Wall in blocking migration. The findings serve as a reminder that if human
survival is threatened (e.g., by climatic events), barriers may not successfully block migration.
Thus, evaluating the effectiveness of barriers in accordance with the stressors of migration is
important when applying the push-pull model.
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1. Introduction

Recent studies have examined historical migration and relevant driving factors
from multiple perspectives (Van Mol, De Valk 2016; Manning, Trimmer 2020).
Apart from the discussions that focused on social (Carleton, Hsiang 2016), eco-
nomic (Kwilinski et al. 2022), and political (Urbariski 2022) factors, the role of
climate change in interpreting historical migration has been emphasized more in
recent years (Drake 2017; Damette, Goutte, Pei 2020). Although existing studies
have explained past migration events from diverse viewpoints, push-pull theory
has been largely considered a key theoretical framework for reviewing climate-
migration relationship in global human history (Daoust, Selby 2024).

The core concept of the push-pull theory is that migration is determined by both
push and pull factors, which could be economic, social, political or environmental
(Kline 2003; Fouberg, Murphy, De Blij 2015; Jones 2016; Khalid, Urbanski 2021). In
the push-pull theory, migrant’s decisions will consider the factors of origin, destina-
tion, intervening obstacles and personal preferences (Lee 1966; Bean, Brown 2014).
More specifically, the push factor involves conditions that force people to leave their
homes; and the pull factor attracts people to move to destinations (Zanabazar, Kho,
Jigjiddorj 2021; Urbariski 2022). Between the origin places and destinations, there
stands intervening obstacles, which are the barriers that migrants have to overcome
in their migration. The intervening obstacles may include geographical barriers,
social barriers, political barrier, financial barrier and cultural barrier (Lisec et al.
2008; Myslicki 2016; Klaus, Pachocka 2019). Lee (1966) argues that migration occurs
when the potential benefits of the destination outweigh the costs of crossing the
barriers. Therefore, barrier is a factor that needs to be examined and evaluated in
migration analysis, which influences migration decisions to a certain extent.

Although the push-pull theory has been widely used to explain historical mi-
gration, several aspects have not yet been sufficiently discussed. First, only a few
studies have focused on the role of barriers in the framework of push-pull theory,
even though barriers are considered critical intermediate elements to influence
the migration process (Castelli 2018; Klaus, Pachocka 2019; Khalid, Urbariski 2021).
Second, quantitative attempts to uncover the role of barriers in blocking migration
are limited. Although some studies have focused on the role of barriers, such as
language (Davda, Gallagher, Radford 2018) and political (King 2018) barriers, they
have only been conducted in a qualitative manner or on a case study basis. Third,
research that has adopted a climate perspective to examine historical migration
across barriers remains limited. The driving forces of climate change should be
connected more with the role of barriers in the migration process to improve
current knowledge in the framework of push-pull theory.

To advance critical evidence and findings from such case studies, recent research
has investigated long historical time series to holistically reinterpret pre-1900 CE
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social dynamics under climate change (Hsiang, Burke, Miguel 2013). China has
typically elicited considerable academic attention because of its rich records on past
migration events. Furthermore, the Great Wall of China acted as a barrier to block
agricultural and pastoral zones from 7 BC (Hang 2018). It was rebuilt as a military
barrier roughly around the new boundaries in Ming Dynasty (Bai, Arabadzhyan, Li
2022) and inherited by the Qing Dynasty (Chen, Dong 2016). Therefore, the Great
Wall is a perfect example for reinterpreting historical migration and the role of
barriers in the framework of the push-pull theory (Fig. 1). In this frontier region
of arid and semiarid land, ancient Chinese suffered from limited living resources
because of climate change and sought survival through migration.

To address these existing gaps, the current study set the study period from
1500 CE to 1850 CE. The selected study period not only fits the background of
the Great Wall but is also within the Little Ice Age to emphasize the influence of
climate change in the past (Mann 2002; Chen et al. 2015). Moreover, this time
span can be reasonably associated with the specific socioeconomic formation of
imperial China before the widespread change brought about by the Opium War
(Qiu et al. 2024). The Great Wall’s adjacent regions, particularly Inner Mongolia
and Manchuria, and Northern China set as the study area. The macroscale in the
study will uncover temporal and spatial patterns of migration across the Great
Wall under climate change in an empirical manner.

The current study is primarily based on empirical evidence from the quantitative
analysis using paleoclimate data series and historical migration records across the
Great Wall. Notably, this research is conducted on a macroscale, and the findings
are concluded from a long time and a large spatial scale. Therefore, the findings may
differ from the findings of existing studies conducted at a short term, a relatively
small spatial scale or a case-based study. Our study does not reject and deny current
knowledge or findings if a different scale in geography is being shared. This study
only aims to supplement current knowledge on migration under climate change
when facing the barrier of the Great Wall in historical China. Although limited in
certain aspects, this broad-brush approach suits the study within the context of
historical China to examine the effect of climate change on migration and evaluate
the role of the Great Wall as a barrier in the framework of push-pull theory.

2. Data sources
2.1. Climate indicators: Precipitation and temperature
Precipitation and temperature are the two primary variables that determine cli-

matic conditions (Gimmi et al. 2007). Therefore, the current study uses precipita-
tion and temperature to reflect paleoclimatic conditions. In the present work,
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climate change largely refers to drought and cooling, which have been disastrous
to human society in the past (Hsiang, Burke, Miguel 2013; Parker 2013; Degroot
etal. 2021).

Precipitation in this study is indicated by the drought and flood indices (Fig. 2A)
used by Yang (2024). Drought and flood indices by Yang (2024) from 57 monitoring
stations were selected across North, Northwest, and Northeast China, which cov-
ered the regions of migration events that occurred during the study period. There
are five levels to indicate the drought to flood: Level 1 is flood, Level 2 is relatively
flood, Level 3 is normal, Level 4 is relatively drought, and Level 5 is drought. The
determination of Level 1 requires clear records of flood disasters - large-scale or
prolonged heavy precipitation leading to floods that cause significant socioeco-
nomic losses and impacts. The determination of Level 5 is a long period without
precipitation, and severe socioeconomic losses and impacts.

During the study period, the selected data by Yang (2024) is largely from the
book A Compendium of Chinese Meteorological Records of Past 3,000 Years (Zhang
2013), which encompasses the weather and disaster data in the official histories
and local gazetteers. It is currently the most comprehensive and available collec-
tion of climate data in China (Xia 2015; Yang 2024). Yang (2024) applied the 5-level
classification to assess drought and flood conditions based on historical records in
China. The method of Yang (2024) was commonly accepted and firstly applied in
the Atlas of Drought and Flood Distribution in China Over the Past Five Hundred Years
(Chinese Academy of Meteorological Sciences 1981) and has been proven to be
feasible and scientifically robust (Shen et al. 2007; Yi et al. 2012).

The book A Compendium of Chinese Meteorological Records of Past 3,000 Years edited
by Zhang (2013) is widely recognized as an important resource for paleoclimate
reconstruction (Yin, Su, Fang 2016). At present, many studies have conducted
precipitation reconstruction based on the work by Zhang (2013), such as recon-
struction of May - September precipitation field in China (Shi et al. 2017) and
reconstruction of grid precipitation anomaly field from 1501 to 1900 CE (Zhang,
Wang, Sun 2003). This study thus followed the current practice to use drought and
flood indices by Yang (2024) to represent the precipitation anomaly. Any missing
value will be assigned as Level 3 in accordance with the current common practice
(He et al. 2016). Then, the drought and flood indices will be reversed by multiplying
-1Dbefore conducting statistical analysis. Finally, the five-level drought and flood
indices from the 57 stations will be annually summed and averaged to produce the
regional series for this study.

Temperature in this study (Fig. 2B) is adopted from the reconstruction by Ge
etal. (2013), which was based on multiple proxies, including sediments, stalag-
mites, historical documents, tree rings, and ice cores. Furthermore, this tempera-
ture reconstruction is regarded as one of representative climatic reconstructions
in China (Mauelshagen 2014).
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Notably, paleoclimate reconstructions only reflect precipitation and tempera-
ture anomalies, but not actual instrumental records. Researchers have recon-
structed paleoclimate conditions based on different proxies, including documents,
tree rings, lake sediments, and ice cores (Mann et al. 2008, 2009). These climate
reconstructions only capture and reflect the climatic fluctuations but not absolute
temperature or precipitation values in the past climate conditions (Ljungqvist
etal. 2012, 2016). Although there are regional differences in climate conditions,
the fluctuation patterns follow similar trends across the regions with a large-scale
reconstruction (Ge et al. 2013). Therefore, reconstructed climate anomalies are
scientific indicators of paleoclimatic conditions, which can be adopted to explore
the relationship between climate change and migration when facing the barrier.

2.2. Population size

Population has increased rapidly since the 17 century (Ho 1959), resulting in ten-
sion between access and use of resources (Lee, Campbell 1997). Therefore, popula-
tion pressure must be included to understand the phenomena of past migration
patterns across the Great Wall. Considering both the trajectory of the Great Wall
and the regions from which the drought and flood indices were derived, the study
uses population data from Northwest, North, and Northeast China to enable a more
regionally accurate analysis. Data on population (Fig. 2C) are retrieved from The
History of Chinese Population by Zhao and Xie (1988) to estimate the size of his-
torical Chinese population. The population data of Zhao and Xie (1988) have been
recognized as the most reliable population data series at present (Turchin 2005).

However, many data are missing in the population records. To interpolate
missing data, the common logarithm of data points is obtained, linearly inter-
polated, and anti-logged to create an annual time series. This method prevents
any distortions in the population growth rate that originate from the linear data
interpolation process because population growth follows exponential changes.
The log transformation stabilizes the variances of these variables (Durbin et al.
2002). Such a practice follows the traditional interpolation method on missing
population data (Galloway 1986; Zhang et al. 2011).

2.3. Migration

Migration events (Fig. 2D) are collected from the latest chronology The History
of Chinese Migration (Ge 2022), which provides migration events for the entirety
of China from 2100 BC to 2000 CE based on the works of ancient Chinese royal
historians and scientists. Migration is broadly defined and includes most human
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A - Drought and flood
indices (Yang 2024).

B - Temperature anoma-
ly (°C; Ge et al. 2013).
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(Zhao, Xie 1988).
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tion events across the
Great Wall (number of
events; Ge 2022).

F - Southward migra-
tion events across the
Great Wall (number of
events; Ge 2022).
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movement in historical China, including information on departure, destination,
or migrant identity (Ge, Wu, Cao 1997). This latest chronology also has updated
a previous version on Chinese migration in history by Ge, Wu, Cao (1997), which
has been extensively used in studies on Chinese migration (Campbell, Lee, Elliott
2002; Pei et al. 2019), because these historical records on migration across the
Great Wall have been collected from sources based on official histories.

Chinese records provide detailed information on locations of departure and
arrival, and thus, the direction of migration is regarded as northward migration
across the Great Wall (Fig. 2E) and southward migration across the Great Wall
(Fig. 2F). The two directions have been identified as the major spatial preference
in migration studies of China’s history (Bai, Kung 2011; Pei, Zhang, Lee 2016).
Moreover, the latitude of departure, longitude of departure, latitude of arrival,
and longitude of arrival are determined in accordance with information on de-
parture and destination locations in migration events.

3. Methodology

The current study will conduct statistical analyses on the temporal and spatial
scales by Poisson regression and one-way analysis of variance (ANOVA). For tem-
poral patterns, data on migration from historical documents are recorded in the
format of count data. Poisson regression is thus used in this study because it is
the most appropriate method for processing and validating count data (Cameron,
Trivedi 2013), which is designed use the logarithm model format (Brouhns,
Denuit, Vermunt 2002). Moreover, Poisson regression in this study is designed
as a non-linear multivariate model (Pei, Lee, Zhang 2018) with climate variables,
population, and migration counts. The dependent variable is the number of migra-
tion events that crossed the Great Wall, while the independent variables include
decadal anomalies of temperature, drought and flood indices, and population size.
These variables were selected to capture the core climatic and demographic factors
that may influence large-scale migration dynamics. The statistical significance
criterion is set as 0.05 (95%) in the current study.

Notably, the temporal analysis is conducted at the decadal scale to maintain
consistency with the temporal resolution of previous studies (Fang, Liu 1992; Pei
etal. 2024). The decade-scale research is a good balanced temporal scale to review
past social dynamics, because the historical miseries and collapse of past dynasties
typically represent multi-annual to multi-decadal temporal shifts of environmen-
tal or demographic state (Fan 2015). In addition to theoretical considerations, the
decadal scale also avoids the problem of numerous zeros in Poisson regression at
the technical level (Hall 2000). In sum, such temporal resolution of decadal scale
to quantitatively analyze climate-society relationship in historical China has been
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widely applied (Feng et al. 2019). Therefore, we make the data series of drought
and flood indices, temperature, population, and migration into 10-year intervals
in the current study. All datasets have been standardized for statistical analysis.

For spatial patterns, this study employed the one-way analysis of variance
(ANOVA) to statistically assess potential differences of migration origins and
destinations across distinct climatic conditions. This method is appropriate be-
cause ANOVA tests for statistically significant differences in the means of variables
(departure/arrival latitude and longitude) between defined categorized climatic
groups (wet/dry, and mild/cold; Zhang et al. 2020). Notably, we use “mild” instead
of “warm” in below categorization of climatic phase, because the Little Ice Age is
generally a cold period, and we hope to establish a name that is different from the
current “warming” trend of climate change. Therefore, using the “mild” to indicate
a climatic condition above the average temperature during the study period is
better.

Moreover, the study uses provinces as the basic unit because historical records
are typically compiled based on current provinces, and thus, the provincial scale
can achieve a good balance between spatial resolution and accuracy (Ge, Wu, Cao
1997). Therefore, the latitude and longitude of departure and arrival are calculated
in accordance with each provincial centroid to examine the spatial patterns of
migration in the current study.

ANOVA tests were conducted for each of the four primary geographic coordi-
nates: departure latitude, departure longitude, arrival latitude, and arrival longi-
tude. The independent variables were defined as classified climatic conditions. The
first classification is dry and wet periods, determined by comparing drought and
flood indices against the average value across the research period (periods above
average termed as “Wet”, and below as “Dry”). The second classification is mild and
cold periods, which also use reconstructed temperature values compared to the
average value to determine (periods above average termed as “Mild”, and below as
“Cold”). Consequently, each geographic coordinate was independently tested for
significant differences between wet and dry period, and separately between mild
and cold period, resulting in totally eight ANOVA analyses as shown in Tables 2
and 3.

4. Results
4.1. Temporal patterns of migration across the Great Wall under climate change
The statistical results provided in Table 1 show that all migration events across the

Great Wall exhibit a significantly negative relationship with temperature rather
than with precipitation. When temperature was lower, more migration events
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Table 1 - Poisson regression results of climate change and migration

All migration events across ~ Northward migration events ~ Southward migration events

the Great Wall across the Great Wall across the Great Wall
Constant -0.150 -0.537* -6.635*
Precipitation -0.155 0.050 -0.880*
Temperature -0.363* -0.281 -0.797*
Population -0.510* -0.187 -7.921*

* Significant at 0.05 level.

occurred during the study period. When considering the direction of migration,
southward migration across the Great Wall exhibits a significantly negative rela-
tionship with precipitation and temperature. That is, less precipitation or lower
temperature drives more southward migration across the Great Wall. Meanwhile,
northward migration across the Great Wall exhibits no direct linkage with climate
change, as indicated by the insignificant results in Table 1.

In accordance with the results, migration across the Great Wall, particularly
southward migration, is significantly related to climate change. The migrants
who crossed the Great Wall in a southward direction were definitely from the
north of China, where the local ecosystem was more vulnerable to climate change
(Soussana et al. 2013). Reduced rainfall and decreased temperature can lead to land
degradation and even desertification (Zhang et al. 2007). Therefore, southward
migration from the north across the Great Wall is more sensitive to climate change.
Generally speaking, temperature is more important to affect migration across the
Great Wall according to our results because temperature is significant to both all
migration events and southward migration events. The cooling climate during the
Little Ice Age made social communities along the Great Wall particularly vulner-
able to temperature decrease, which was also the case worldwide during the same
climatic epoch (Atwell 2002; Fan 2015).

However, northward migration across the Great Wall presented a different
image. In Chinese history, northward migration across the Great Wall was more
affected by many political and social factors (Reardon-Anderson 2000; Ye, Fang,
Aftab U Khan 2012; Xiao, Fang, Ye 2013). During the Qing Dynasty, some farmers
were even driven by the Qing government to move northward across the Great Wall
(Fang, Yin 2007; Jia, Li, Fang 2018). Therefore, the results do not completely refute
the importance of climate change in northward migration across the Great Wall,
but it only exerted a limited driving effect compared with other socioeconomic
factors to northward migration.
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4.2. Spatial patterns of migration across the Great Wall under climate change

As mentioned earlier, ANOVA is employed to check whether a significant differ-
ence exists in the spatial patterns of migration during the wet-dry and mild-cold
periods. The statistical results presented in Tables 2 and 3 indicate that departure
and arrival information in space are checked in accordance with the wet or dry
and mild or cold periods. When comparing the latitude of departure, longitude
of departure, latitude of arrival, and longitude of arrival during the wet and dry
periods, the latitude of departure, latitude of arrival, and longitude of arrival
are significant via the ANOVA test. Therefore, the ANOVA results indicate that
precipitation exhibits a closer association with the spatial patterns of migration.

In particular, the latitude of departure during the dry period is significantly
higher than that during the wet period because more migrants in the north suf-
fer from drought. Therefore, drought will cause more migrants to travel from
even farther north to cross the Great Wall. The latitude of arrival during the dry
period is significantly lower than that during the wet period, while the longitude
of arrival during the dry period is significantly higher than that during the wet
period. Drought will cause migrants to travel to more southern regions where
they may eventually have sufficient heat and water. Many migrants originate from
Northeast China, and thus, they will move westward if they come to Central China,
where climate is warmer and wetter.

From the analysis of the temporal and spatial patterns of migration across the
Great Wall, temperature and precipitation have demonstrated significant effects

Table 2 - ANOVA results on departure and arrival locations between wet and dry periods

Wet Dry Comparison F-test P-value
Latitude Departure 38.149 40.237 Wet < Dry 5.944 0.027*
Longitude Departure 115.330 119.584 — 3.471 0.081
Latitude Arrival 45.017 40.012 Wet > Dry 6.235 0.024*
Longitude Arrival 110.579 117.866 Wet < Dry 5.335 0.035%

* Significant at 0.05 level.

Table 3 - ANOVA results on departure and arrival locations between mild and cold periods

Mild Cold Comparison F-test P-value
Latitude Departure 39.053 40.308 — 2.969 0.104
Longitude Departure 117.176 119.725 — 1.826 0.195
Latitude Arrival 43.172 39.683 — 4.462 0.051
Longitude Arrival 117.859 115.883 - 0.391 0.541

* Significant at 0.05 level.
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on migration. Temperature is more related to temporal patterns, while precipita-
tion is more associated with spatial patterns. From a climatic perspective, the push
factors are social and economic crisis derived by climate change (Pei, Lee, Zhang
2018). The pull factors are the mild and wet climatic conditions, such as rice region
and wheat region in the south of pastoral region (Pei, Zhang, Lee 2016).

5. Discussion
5.1. Migration across the Great Wall as an adaptive choice to climate change

Temperature and precipitation are important for understanding migration across
the Great Wall. Although the study period is set during the Little Ice Age, any
further decrease in temperature will cause historical Chinese people to suffer
more from climatic stressors in accordance with Table 1. However, the Little Ice
Age lasted for hundreds of years. Despite the ability of humans to adapt to climatic
effects, institutional and social buffering mechanisms will be ultimately exhausted
by recurrent subsistence crises caused by long-term climate change (Orlove 2005).

In accordance with our results, migration to a mild or wet region will be pre-
ferred as an adopted adaptation under climatic stress, despite the barrier posed by
the Great Wall. Although social institutions and technology can improve resilient
capacity to climate change, cultural adaptation is a difficult and time-consuming
process for any society, and it takes several decades to thousands of years to ac-
complish (Burton, Kates, White 1993). By contrast, migration is an instantaneous
way of adapting to climate-generated ecological stress. However, drought plus
coldness will cause migrants to travel longer distances, as indicated in Tables 2
and 3. That is, the regions in the south of the Great Wall may not be suitable under
unfavorable climate. Migrants have to face more uncertainties to cross the Great
Wall and look for suitable destinations in the farther south as shown in Tables 2
and 3. Therefore, migration is still not a pleasant adaptive choice during climate
change, and it may even lead to other form of social chaos through a domino effect
(Feng et al. 2019).

5.2. Revisiting the role of the Great Wall from a climate perspective

The Great Wall was built in the 7 BC to protect against invaders as a military
barrier (Di Cosmo 1993). The history of the Great Wall involves the relationship
between the so-called civilized agricultural China and the barbarians from Central
Asia, Mongolia, and Manchuria, i.e., the group of nomads mentioned in the begin-
ning of this paper. During the Ming Dynasty, the Great Wall was rebuilt to make
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a complete defense system made up of passes, forts, watchtowers and beacon
towers (Tackett 2008, Zhang 2015). Moreover, the Great Wall has very long walls
built along mountain ridges on steep slopes and surrounded by forests and other
unvisited places (Bai, Arabadzhyan, Li 2022).

However, the Great Wall has been proven as a failure in achieving this goal as
indicated by our results in Tables 1-3. Migration across the Great Wall is signifi-
cantly associated with changing climate. As shown in Figure 2, climate has always
been changing over decades and centuries (Huggett 1991; Pei at al. 2017). Within
these time scales, macroscale climatic changes have markedly affected human
society during prehistoric and historic periods (Bell, Walker 2014). In reality, the
Great Wall never succeeded in blocking interactions among different regions (Jing
2015). Therefore, the Great Wall could be interpreted more from the perspective
of cultural symbol (Di Cosmo 1993) or a farming divide (Liu, Gao, Yang 2003). As
amilitary defense against the invasion of people from the north (Gao et al. 2023),
the Great Wall did not successfully prevent their southward migration, as further
supported by our results.

The current study uses climate change as an essential factor to explain migra-
tion across the Great Wall. In this regard, our study claims that the Great Wall
should be interpreted more as an ecological divide as already emphasized in
academia (Su et al. 2016). The Great Wall roughly coincides with the 400 mm
precipitation line in China (Zhu, Chen, Guo 2018; Wang et al. 2022), signifying
that the regions along the Great Wall overlap with the agricultural and pastoral
transitional zone in Northern China (Wang et al. 2024). Therefore, when the
climate becomes cold and dry, this transitional zone shifts southward, reaching
areas with relatively sufficient water and heat, and accompanying the migration
of residents. Furthermore, the differences between the two ecological environ-
ments have led people to make different cultural choices to adapt to their survival
needs, resulting in the divergence between nomadic and agrarian cultures (Pei,
Lee, Zhang 2018).

5.3. Reviewing the barrier of the push-pull theory from the lessons of China’s past

The significant association between climate change and migration across the Great
Wall indicates that barriers cannot effectively block migrants if they are under
survival pressure. Climate change directly and strongly affects human lives and
living quality (Edwards, Kerber, Wirsching 2013). This phenomenon was even
true in past societies with high vulnerabilities. Studies on climate change may be
generalized to other types of fatal natural stressors, such as sea floods and heat
waves, which cause people to migrate. These migrants who are facing “live or dead”
situations are usually forced to cross all barriers for survival.
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However, the findings from China’s past do not refute the role and importance
of barriers in the framework of pull-push theory. Existing research considers
that barriers can block migration mostly from the cultural and linguistic aspects
(Klugman 2009; Wang, De Graaff, Nijkamp 2018). Moreover, economic barriers are
also among the crucial barriers in the migration process (Li et al. 2016). In addition,
migration has legal, physical, and other barriers (Choudhury, Khanna 2012; Wang,
Benjamin 2019). However, these aforementioned barriers, which can successfully
block most migration events, are not accompanied by survival pressure.

In summary, the study on China’s past has provided a reminder for scholars
when using the push-pull theory for migration studies in the future. If push or pull
factors are related to survival, then the barrier may be unable to block migrants.
When analyzing migration in the future, assessing first whether the pressure
of push and pull factors is related to basic survival needs is necessary. If a push
or pull factor is linked to survival, then barriers will not be effective in blocking
migration. However, many factors in the past, present, and even future may affect
human survival and drive mass migration. Among these factors, climate change
is one of the fundamental driving forces.

6. Conclusion

The current study identifies the effect of climate change on migration across the
Great Wall during the Little Ice Age from 1500 CE to 1850 CE. More migration
events occurred during the unfavorable climate period, particularly southward
migration across the Great Wall. Furthermore, more migrants came from even
farther north to cross the Great Wall and reach farther south during the dry peri-
ods. These results suggest that the Great Wall did not effectively block migration as
a political, physical, or military barrier, indicating that barriers can be overcome
when people are forced by driving factors from survival pressure. The Great Wall
should be regarded more as an ecological divide from a climate perspective as
claimed in this study, which supplements the current views on the Great Wall. In
this regard, this study suggests that the application of push-pull theory should
first assess whether pressure from push and pull factors is related to basic survival
needs.

As claimed, the present study is different from existing ones in terms of spa-
tiotemporal scale and adopted methods. It does not claim that climate change is
the only or most important trigger behind migration events that occur across the
Great Wall. This study adopts a macro view and recognizes the importance of other
factors to understand the history of climate and society (White et al. 2023). The
findings will add an environmental value to advance current knowledge from
a climatic perspective.



CLIMATE CHANGE AND MIGRATION ACROSS THE GREAT WALL OF CHINA... 313

At present, we are facing ambiguous changes in climatic conditions. Certain
countries and regions may still share a development level similar to that in his-
torical China during our study period. The findings of this study can serve as
a historical reference, offering insights into contemporary climate migration.
Moreover, more migration events will possibly occur in the future due to climate
change, and the phenomenon of “environmental migration” will worsen in the
coming years (Warner et al. 2008; Kartiki 2011). For example, people from Kiribati
and Tuvalu are migrating across the ocean barrier to New Zealand in search of
refuge from the existential threat posed by rising sea levels due to global warm-
ing (Yates et al. 2023). However, given the complex immigration system, many
migrants are currently living in invisible space as illegal immigrants, trapped in
a state of “deportability” purgatory (Menjivar, Abrego 2012). In recent years, the
construction of the U.S. border wall has been shown to increase cross-border mi-
gration flows (Schon, Leblang 2021). These contemporary migration phenomena
demonstrate that natural, physical, political, and economic barriers are ineffective
in consequence under the current climate change and other survival crises. In
addressing contemporary climate migration, survival pressure should be closely
monitored. Once survival pressure exceeds a critical threshold, potential arrival
locations for climate migrants should focus on their proper resettlement rather
than on constructing barriers to block them. The latter will be ineffective and can
even provoke conflicts and unrest in accordance with our historical reference.
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