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ABSTRACT Given the limited knowledge about the dynamics of the drought-migration nexus
with social change, this study revisited the extreme droughts of 1743, 1877, and 1920 CE in North
China based on multiple written sources and compared the characteristics of climate-related
migration at different stages of sociocultural transformation between the mid-18" and early 20™
centuries. It was found that the pathway of precipitation deficits — harvest failure — famine
— migration was always strictly followed, revealing low precipitation and fleeing hunger as the
initial trigger and root motivation for climate-related migration, while changes in management
and transport changed the size and distance of the migration along the abovementioned pathway
by influencing the possibility and necessity of moving. Additionally, a broader comparison in-
cluding the outstanding droughts of 1911 and 1921 in Germany suggests that ensuring individual/
household food consumption security was a core task for minimizing drought-induced migration.

KEYWORDS climate-related migration - drought - social change - comparative study - North China

ZHANG, D., CHEN, S., GLASER, R., FANG, X. (2025): Drought, hunger, and migration: A retrospect
of North China from the mid-18® century to the early 20 century. Geografie, 130, 3, 339-368.
https://doi.org/10.37040/geografie.2025.012
Received March 2025, accepted August 2025.

© Cesk4 geografickd spole¢nost, z.s., 2025


mailto:diyang.zhang@geographie.uni-freiburg.de
mailto:ruediger.glaser@geographie.uni-freiburg.de
mailto:ruediger.glaser@geographie.uni-freiburg.de
mailto:siyu.chen@unibe.ch
mailto:xfang@bnu.edu.cn
mailto:xfang@bnu.edu.cn
https://doi.org/10.37040/geografie.2025.012

340 GEOGRAFIE 130/3 (2025) / D. ZHANG, S. CHEN, R. GLASER, X. FANG

1. Introduction

Climate and weather-related hazards are considered a key driver of vast human
displacements worldwide (Estok 2023) and are projected to create tens or even
hundreds of millions of displaced persons throughout the 21* century (Rigaud
etal. 2018). Thus, growing attention from both academics and policymakers has
been paid to migration (Kaczan, Orgill-Meyer 2020), as a strategy to manage en-
vironmental uncertainties or a remedy when in situ adaptation to climate shocks
fails (Jennings, Gray 2015; Hoggarth et al. 2017; McLeman 2018; Ivanova et al.
2024). Especially in recent years, studies from historical and modern perspec-
tives have made important progress in this field, unfolding migratory behavior as
a multi-causal phenomenon, recognizing changes in the role of climatic factors in
population mobility, and underscoring the context-specific process of migration
decision-making (Glaser, Himmelsbach, Bésmeier 2017; Falco, Donzelli, Olper
2018; Hermans, Garbe 2019; Damette, Goutte, Pei 2020; McLeman et al. 2022;
Merchant, Grace 2024).

Among various climate shocks, drought is most likely to facilitate migration.
Unlike rapid-onset events (e.g., floods) that tend to immediately deplete household
resources and constrain the capacity to move, the slow-onset nature of drought
usually gives individuals time to obtain enough resources for relocation (Kaczan,
Orgill-Meyer 2020). The strong relationship between drought and migration
has been illustrated in a number of cases under different socio-environmental
conditions. Historically, drought was considered the driver of tribal migrations
to or passed Roman borders between the 1°* century BC and the 5% century CE
(Drake 2017), Anasazi’s (pre-Columbian Native American) abandonment of long-
inhabited region in the late-13* century (Benson, Petersen, Stein 2007), and the
large-scale population movements in northern China in the late-15™ century
(Han, Yang 2021). During the 1930s, the Dust Bowl caused a mass exodus from the
drought-stricken rural areas in the Great Plains (Worster 2004; Gilbert, McLeman
2010; Gutmann et al. 2016). While in recent decades, drought has remained an
existential threat, resulting in increased human mobility are still observed in
northern Ethiopia (Hermans, Garbe 2019) and Central American Dry Corridor
(Fuerte Celis, Bolafios Guerra, Olivera-Villarroel 2024).

Nevertheless, drought-migration nexus is nonlinear (i.e., the relationship be-
tween variables is not proportional) and dynamic (i.e., the relationship between
variables is not static). In other words, the magnitude and manner in which
migration occurs do not consistently match the severity of precipitation deficits
(Kaczan, Orgill-Meyer 2020). The mediation of non-climatic factors, involving
livelihoods, economic conditions, social networks, and political circumstances, is
an evident source of such nonlinearity, which has been elaborated in a series of
case studies (Ivanova et al. 2024). Overall, it contributes to diverse mechanisms for
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drought-induced migration and, in a few cases, to relatively counterintuitive out-
comes, such as decreases in households deciding to relocate (Quifiones, Liebenehm,
Sharma 2021) and temporary increases in male migrants heading to affected areas
(McLeman et al. 2022). As for dynamics, alterations in the strength and/or direction
of lower precipitation influencing migration over time have been pointed out by sev-
eral studies based on long-term demographic data (Gutmann et al. 2005; Jennings,
Gray 2015; Gray, Hopping, Mueller 2020), which are hardly detected in single cases.
However, knowledge of which components and why the effects of drought on migra-
tion have changed remains inadequate, as these time series analyses generally do
not carry details that often support reconstructing and explaining various processes
of migration decision-making in empirical case studies.

In light of this, the current study designed longitudinal multi-case research to
present detailed answers to the question of whether, how, and why the drought-
migration nexus changes with social change. In brief, a literature-based retrospect
was first organized within a limited scope, i.e., three representative drought events
in North China from the mid-18™ to early 20 centuries, focusing on the course
of events and the characteristics of migration. During this period, the region not
only underwent a transition from national prosperity to political chaos but also
witnessed the transformation from agrarian to early industrial societies. Next,
a cross-event comparison was conducted to explore and explain commonalities
and differences in decision-making processes and migration patterns under differ-
ent social circumstances in North China around 1743, 1877, and 1920 CE. Finally, the
drought-migration nexus uncovered in North China was re-examined under the
outstanding droughts of 1911 and 1921 in Germany, two events with similar climatic
conditions but somewhat different outcomes to the North China droughts, in an
effort to identify core tasks for minimizing drought-induced migration.

Constrained by the low availability of historical data at the individual/house-
hold level, migration here was broadly defined as the act of people leaving their
usual places for others, regardless of whether incomers stayed temporarily or
permanently in host destinations (Ma 2016). This definition is able to capture
the mainstream of population flows, which reflects the common purposes, direc-
tions, and routes of people moving in a particular situation, and meet the needs
of research from a historical perspective (Ge 1997).

2. Data and methods

2.1. Study area

North China has been a traditional agricultural region since ancient times (Fang
etal. 2021) and the political center of China for nearly 800 years. In this study, it
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Fig. 1 - An overview of the study area. Only railways confirmed to pass through North China in 1920
(Far Eastern Geographical Establishment, Dingle 1917) are displayed in the maps.

refers to six present-day administrative divisions, including two municipalities
(i.e., Beijing and Tianjin) and four provinces (i.e., Hebei, Henan, Shandong, and
Shanxi; Fig. 1). This area is mostly located on the North China Plain, with a gradual
increase in elevation from southeast to northwest in general, and is mainly covered
by the Hai River, Yellow River, and Huai River basins from north to south. As
dominated by the East Asian monsoon, precipitation here shows a concentration
(approximately 60% of annual precipitation totals) in summer months and a high
inter-annual variability, resulting in frequent spring droughts, high risks of multi-
season droughts, and strong likelihoods of compound drought-heatwave events
(Ding et al. 2013; Zheng et al. 2019; Kong et al. 2020).

As a densely populated zone in China, North China had been a major region of
population outflow throughout the Chinese history of migration. From this region,
millions of migrants headed to the Yangtze River Basin before the 14™ century,
and over ten million population migrated to borderlands in northeast and western
China between the mid-19™ and mid-20™ centuries (Xing 2000). North China was
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also known for its intra-regional population movements, especially when disasters
(e.g., droughts, floods, and wars) threatened local livelihoods. As factors that could
exacerbate social destabilization and even directly cripple the central government
in Beijing, climate extremes and subsequent displaced persons in North China
tended to receive more attention, and, in many cases, became indispensable parts
of official records and popular topics for later research. The abundant documenta-
tion enabled the re-examination of climate-migration linkages in this area from
along-term perspective.

2.2. Reconstructing the progression of the representative drought events

This study took the 1743, 1877, and 1920 droughts, three rare intense dry events in
North China over the past 300 years (Zheng et al. 2018), as representative cases.
The representativeness of these events depended on the severity of precipitation
deficits and the socioeconomic situation of the country. More specifically, all three
events experienced four seasons of precipitation deficits in their peak years (i.e.,
1743,1877, and 1920), together with a summer precipitation anomaly ranging from
-53% to -32%, which was considered the worst of the 29 extreme dry years during
1736-2000 CE (Fig. 2a). Meanwhile, these events occurred in the prosperous era
(1731-1790), during the collapse (1851-1911), and a decade after the fall of the Qing
Dynasty (1644-1911), respectively, providing profiles of climate-migration link-
ages in the transition from a strong management and generous relief to a power
vacuum and humanitarian neglect (Fuller 2013, Xiao 2020).

Reconstructing the progression of a given extreme event, namely its onset,
development, and cessation, was the first step in examining the climate-migration
linkages it implied. Here, two types of written documents contributed to the re-
construction of event progression. The first was subject-specific databases, compi-
lations, and reports that provided the original content of drought narratives. The
second was secondary research on drought impacts and social responses, includ-
ing monographic studies and peer-reviewed articles (Table 1). Therefrom, five
categories of textual information on climate phenomena and their effects, mostly
containing temporal information at a seasonal scale, were extracted, which were:
(1) abnormal weather conditions, such as precipitation deficits (i.e., a period of
low precipitation or dry conditions, for example “spring drought, no rain until the
sixth month of the Chinese calendar”) and heatwaves (i.e., abnormally hot weather
thatlasted for days to months, for example “the fifth month of the Chinese calendar
was extremely hot”); (2) climatic effects on ecosystems, represented by vegetation
damage and locust outbreaks; (3) unsatisfactory crop performance (e.g., harvest
failure), indicating that agricultural systems were affected; (4) inadequate water
supply in hydrological systems, manifested by low water levels in rivers, lakes, and
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Fig. 2 - Analytic framework of this study, including (a) seasonal precipitation anomaly percentage for
the 29 extremely dry years in the North China during 1736-2000, according to Zheng et al. (2018);
(b) conceptual impact chains representing the propagation of a given climate stimulus through the
socio-ecological systems; and (c) push-mooring-pull framework for analyzing migratory movements
during each extreme drought event.
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wells; and (5) climate-induced problems in socioeconomic systems, ranging from
food insecurity (e.g., famine) to health challenge (e.g., death) to social instability
(e.g., migration). Accordingly, the timeline of each event could be pieced together
based on the chronological order of these climate-related descriptions.

2.3. Establishing impact chains from climate to migration

An impact chain is a general representation of how a particular climatic stimu-
lus propagates through a system via its direct and indirect impacts (ci:grasp 2.0:
https://www.pik-potsdam.de/cigrasp-2/ic/ic.html). Impact chains can be applied
to visualize the pathways through which a climatic impact-driver (CID), namely
the physical climate system condition that affects an element of socio-ecological
systems (IPCC 2021), may cascade (Estoque et al. 2022). Meanwhile, they can also
be used as an analytical tool to help reveal the factors that trigger particular risks
or effects in the system of concern (GIZ 2018). Although the impact chain method is
considered inadequate in quantitative modeling and simulation (Menk et al. 2022)
capturing, systemizing, and prioritizing factors contributing to climate risks are
essential for developing cause-oriented climate risk and vulnerability assessments
(CRVA, it is well-suited for literature-based studies where non-numerical data
are common.

Thus, this study adopted the concept of impact chain to structure different
forms of climate-related descriptions (Fig. 2b). Specifically, for a given event, every
documented phenomenon of abnormal weather conditions was first considered as
a potential CID of migration and the beginning of an impact chain. Then, effects of
each potential CID on ecosystems, agricultural systems, hydrological systems, and
socioeconomic systems were sorted in a causal order to act as intermediate links
of impact chains. Lastly, impact chains starting with abnormal weather condi-
tions and ending with migration were identified, which served as the basis for
analyzing the causes of migratory movements in extreme events. In particular,
social responses to climate-induced socioeconomic issues were also considered in
the impact chains, as they might emerge new risks or impacts (IPCC 2022) that
promoted or inhibited migration.

2.4. Comparing migratory movements in the push-pull-mooring framework

The push-pull-mooring (PPM) framework is a dominant paradigm in human
migration studies, revealing the interactive factors that lead to the movement
of persons from one place to another in a certain period of time (Bansal, Taylor,
James 2005). It is developed from the push-pull theory (Bogue 1969), a simple
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causal model that has served as a theoretical basis for climate-migration research
from the long-term perspective (Pei, Zhang 2014), and allows further considera-
tion of intervening obstacles (Lee 1966) or rather mooring variables in migration
decision-making (Moon 1995). In short, this framework interprets the motivations
behind population movement by evaluating the negative (push) factors at the
origin and the positive (pull) factors at the destination (Lewis 1982), while con-
sidering mooring factors that may facilitate or hinder migration decisions under
different personal and social circumstances (Jackson 1986). Admittedly, the push-
pull theory on which the PPM framework is grounded is an early contribution to
the field of migration studies and, as a functionalist model, is difficult to interpret
migration decisions not rooted in optimization strategies (e.g., migrating out of
preferences and aspirations; de Haas 2021). However, the “push-pull” perspective
is still considered valuable in the context of climate-related migration, especially
for those driven by extreme events, as migrants in such circumstances are more
likely to be forced to leave due to dangerous situations, rather than leaving out of
individual preferences or aspirations.

In this study, the PPM framework was applied as a unifying framework for
analyzing various migratory movements mentioned in different extreme drought
events (Fig. 2c), to ensure comparability between cases regardless of changes in
social contexts and carries of historical information. Here, the push factors at the
origin were captured based on the previously established impact chains, with a
particular focus on the initial triggers, inevitable links, and root motivations for
drought-stricken persons to leave their places of usual residence. To be specific,
CIDs that started an impact chain containing migration were regarded as initial
triggers. Intermediate links that commonly existed in different impact chains
of climate-related migrations were considered inevitable. Meanwhile, the last
link before migration on each impact chain was a main basis for exploring root
motivations. For the pull factors at the destination, special attention was given to
benefits that displaced persons expected, opportunities that might help migrants
out of their predicament, or other resources that were scarce in drought-stricken
areas but obtainable in new places. As for the mooring factors, management and
transport were taken as social elements that could have a major influence on the
possibility and necessity of migrating. The former involved the government’s long-
term policies and short-term attitudes towards migratory movements, as well as
its disaster relief efforts, while the latter referred to the means of transporting
both migrants and relief supplies. Due to little documentation at the individual/
household level, this study did not cover personal elements of mooring factors
such as family structure and wealth.

On this basis, climate-related migrations during each extreme drought event
could be characterized in a comprehensive and uniform manner by the explanato-
ry factors in the PPM framework, along with the order of magnitude of migration
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flows (i.e., size) and general migration routes (i.e., direction and distance; Fig. 2c).
Later, migration decision-making processes and migration patterns were com-
pared among events to identify similarities and differences in climatic effects on
migration under different circumstances, as well as to analyze possible causes of
changes over time.

3. Results
3.1. From drought to migration during the 1743 event

The 1743 event, characterized by severe spring-summer droughts coupled with
unbearable summer heat, occurred at a time when the national finances were
doing well and public order was steady. In its peak in 1743, abnormal dry condi-
tions affected two-thirds of the study area, and almost all plains in North China
suffered from severe precipitation deficits (Fig. 3a). The lack of precipitation
started in spring 1743 and intensified strongly in the following summer (Fig. 3b).
Drought effects on ecosystems, agricultural systems, hydrological systems, and
socioeconomic systems occurred immediately, manifesting themselves in veg-
etation damage and locust plagues, crop wilting and harvest failures, low water
levels in rivers and wells, and famines. Simultaneously, the deadly heatwave in July
1743, during which Beijing witnessed its highest summer temperature (44.4°C) in
the past 700 years (Zhang, Demarée 2004), not only exacerbated drought effects
on ecosystems and agricultural systems but also directly caused infrastructure
damage (e.g., metal components of buildings melted) and widespread death (Tao
etal. 2024a). Afterward, precipitation deficits persisted at a relatively moderate
level over the next two seasons, worsened again in spring 1744, and ended in late
July 1744 with abundant rainfall. During this period, locust plagues were reported
several times as not a serious threat to crops, the drying up of wells was mentioned
again but without seasonal information, and famines recurred as a result of suc-
cessive poor harvests and led to deaths from toxic food substitutes (e.g., died from
eating flour made from fruits of Tribulus and burnt straw).

Two waves of migration, mainly towards Beijing and eastern Inner Mongolia
(Fig. 3a), occurred during the passage of summer to autumn in 1743 and at the
beginning of 1744. The two waves shared the pathway of harvest failure - famine
— migration, although their CIDs were not exactly identical (Fig. 3c). Specifically,
the earlier wave of migration was induced by a combination of precipitation
deficits and heatwaves, while precipitation deficits in 1743 were the only CID
of the latter wave of migration. In the face of over tens thousands of displaced
persons (Xiao 2020), the central government showed strong willingness and
made considerable efforts to tackle food insecurity and subsequent displacement
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Fig. 3 - General information on the 1743 event, including (a) drought extent in 1743, according to the
semi-quantitative reconstruction of dry-wet grades at 120 stations in China (Chinese Academy of
Meteorological Sciences 1981), and main directions of migrating during the whole event; (b) develop-
ment of abnormal weather conditions and their impacts at a seasonal scale; and (c) impact chains
from climate to migration.

in drought-stricken areas. Grains surplus to requirements were allocated from
less affected areas to drought-stricken areas mainly via the Grand Canal (Fig. 1),
which was an arterial route for material exchange between the north and the south
from the 7 century to the mid-19™ century (Li 2007). Meanwhile food and work
relief were organized in several cities (esp. Beijing) and towns in the hardest-hit
areas. In addition, the government twice silently relaxed the prohibition on Han
people relocating to Northeastern China on a limited basis, making it possible for
migrants to reach the less affected and under-exploited lands in eastern Inner
Mongolia. This prohibition was first issued in 1688 CE and strictly enforced from
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1740, with the aim of ensuring the possession of rich land resources in Northeast
China by the Manchus (i.e., the ethnic group of Qing emperors; Xiao 2020). These
timely and sufficient responses succeeded in preventing catastrophic starvation
and maintaining social order while unintentionally increasing the attractiveness
of specific destinations to displaced persons. Nevertheless, throughout the 1743
event, neither the coincidence with deadly heatwave nor the implementation of
famine mitigation made a noticeable difference to the propagation from climatic
impacts to migration - heatwave did not result in intermediate links independent
of existing drought effects, while multiple reactive responses to famine remained
insufficient to completely disrupt the chain from hunger to migration (Fig. 1c).

3.2. From drought to migration during the 1877 event

The 1877 event, also known as the Ding-Wu Great Famine (] %%} 7it), took place
in the late Qing Dynasty when the central government was losing the capacity for
addressing disasters. Overall, it was one of the most serious droughts in North
China over the last 300 years due to its prolonged duration, extensive affected
areas, and huge population losses (around 17% of the population in North China;
Cao 1997, Hao et al. 2010). Unusual dry conditions dominated most seasons from
spring 1875 to summer 1878 and affected the study area and neighboring provinces
widely at its peak in 1877 (Fig. 4a, 4b). Precipitation deficits set on in the spring
1875, followed by a life-threatening heatwave in the summer (Tao, Su, Kang 2021).
Drought effects on ecosystems (e.g., locust plague) and agricultural systems (e.g.,
harvest failure) were immediate, while its serious effects on socioeconomic sys-
tems became evident in 1876, manifesting as high food prices and food shortages
due to poor harvests. The consequences of insufficient rainfall aggravated to the
worst in 1877 and heatwaves reoccurred. In the face of extremely food scarcity
after consecutive harvest failures, the price of food substitutes (e.g. tree roots)
was even higher than grain prices in normal times. Deaths caused by famine and
plague were seen almost everywhere between the summers of 1877 and 1878, and
the occurrence of human cannibalism in the later phase of the food crisis revealed
the collapse of social morality. Finally, the drought in most areas moderated after
the summer of 1878, and the autumn crop harvest recovered to close to normal
levels (Hao et al. 2010).

Massive migratory movements had already occurred in 1876 and continued
between spring 1877 and summer 1878, during which over 20 million people were
believed to leave their hometowns for survival (Morse 2006). As with the 1743
event, the pathway of harvest failure - famine - migration triggered essentially
by precipitation deficits and exacerbated by heatwaves was considered indispensa-
ble in the impact chains from climate to migration during the 1877 event (Fig. 4c).
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Fig. 4 - General information on the 1877 event, including (a) drought extent in 1877, according to the
semi-quantitative reconstruction of dry-wet grades at 120 stations in China (Chinese Academy of
Meteorological Sciences 1981), and main directions of migrating during the whole event; (b) develop-
ment of abnormal weather conditions and their impacts at a seasonal scale; and (c) impact chains
from climate to migration.

Differently, in this case, frequent locust plagues put additional pressure on crop
performance, while low water levels in the canal system obstructed the trans-
port of relief grain and thus hindered famine mitigation in migrants’ origins.
Furthermore, the route to Shanxi province, one of the hardest-hit areas that were
inaccessible by canals, was described as “a nightmare to travel” (Li 2007) due to
its frightful disorder. This made it difficult to transport relief grain by carts and
wagons as well. Consequently, social responses to food insecurity, such as grain
allocation and food relief that worked well in the previous event, were no longer
effective in this event, due to a significant weakened government’s capacity for
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disaster assessment, cross-regional coordination, and financial support (Li 2007;
Xiao, Huang, Wei 2012). But nonetheless, soup kitchens in cities (e.g., Beijing) and
towns (e.g., Tongguan) still contributed to the rural-to-urban migration within
drought-stricken areas. Untimely and inadequate relief, together with the pro-
longed and widespread nature of the disaster, resulted in a spillover of displaced
persons to less affected regions (e.g., Anhui) at a distance from the hardest-hit
areas regardless of poor transport conditions (Xiao, Huang, Wei 2012). Meantime,
the liberalization of migration policy since the 1860s (Cao 1997) and temporary
recruitment efforts (Fig. 4c) encouraged migrants to relocate to under-exploited
lands in the heartland of Northeast China and Inner Mongolia (Fig. 4a).

3.3. From drought to migration during the 1920 event

The 1920 event was marked by a yearlong drought amid an era of fragmentation,
military conflict, and foreign interference. In terms of affected areas and popula-
tions in North China, this event could almost be viewed as a repeat of the 1877
event (Li et al. 1994). Precipitation deficits started in the autumn 1919, lasted for
the following five seasons, and got alleviation after spring 1921 (Fig. 5b). When the
event reached its peak in 1920, the lack of precipitation was reported in the entire
study area and neighboring provinces (Fig. 5a). Drought effects on ecosystems,
agricultural systems, hydrological systems and socioeconomic systems were re-
ported intensively in autumn 1919 and summer 1920. At that time, the food system
in North China had become too fragile to endure the combined shocks of dryness,
locust plague, etc., due to the expansion of cash crops and opium after decades
of wars (Li et al. 1994). As a result, the vast majority of Beijing, Hebei and Henan
provinces suffered from crop harvests that were at least 50% below average in two
consecutive harvest seasons, leading to severe food shortages and massive popula-
tion deaths from starvation, toxic food (e.g., potato tops) and diseases (Lambuth
1921, Li et al. 1994). The huge amount of starving people had no choice but to sell
their clothes, livestock, farming tools, land, and even family members (into con-
cubines, servant, prostitutes, etc.) at very low prices in exchange for limited food
or travelling expenses to escape from hunger. However, a large number of them
were still killed by hunger, epidemic, and coldness in the winter of 1920/1921,
even though that winter was described as “not being particularly harsh” (Lambuth
1921, Xia 2000).

A large outflow of population from the drought-stricken areas began in sum-
mer 1920 and lasted until winter 1920/1921, involving approximately one million
of affected individuals (Yang 1996). Precipitation deficits were the only CID in
the impact chain of climate-related migration in this event, but the pathway of
harvest failure — famine — migration was found to be as inescapable as in earlier
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Fig. 5 - General information on the 1920 event, including (a) drought extent in 1920, according to
the semi-quantitative reconstruction of dry-wet grades at 120 stations in China (Chinese Academy of
Meteorological Sciences 1981), and main directions of migrating during the whole event; (b) develop-
ment of abnormal weather conditions and their impacts at a seasonal scale; and (c) impact chains
from climate to migration.

events, with locust plagues likewise engaged in the manner of aggravating un-
satisfactory crop performance (Fig. 5c). In addition, local authorities, regional
military leaders (i.e., warlords), and non-government relief organizations (e.g.,
China International Famine Relief Commission) replaced the central government'’s
dominance in disaster response at the time, but their efforts to alleviate famines
remained traditional and insufficient (Lambuth 1921, Fuller 2013). Consequently,
major cities in the hardest-hit areas (e.g., Beijing and Tianjin) continued to be
popular destinations for starving people owing to the availability of soup kitch-
ens and shelters, and provinces adjacent to North China were again hit by the
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influx of migrants (Fig. 5a). The involvement of railways, a more time-efficient
and drought-resilient transport mode than canals, in disaster relief was a unique
feature of the 1920 event, as reflected in the transport of both relief supplies and
displaced persons. Railway construction in China since 1881 had not only strength-
ened intra-regional connections in North China but also enhanced its accessibility
to Northeast China, Northwest China, and the Yangtze River Basin during the
1920 event (Li 1993, American National Red Cross 1921; Fig. 1). Accordingly, mov-
ing along the railways became an emerging pattern of migration. Some migrants
wandered within the affected areas and gathered at train stations in the hope of
obtaining relief grain, while others traveled by trains, either spontaneously or
organized, to make a living in unaffected regions (e.g., Zhejiang) or to resettle in
the sparsely settled lands in the hinterlands of Northeast and Northwest China
(Fig. 5a).

4. Discussion

4.1. Cross-event comparison of migration pattern
and decision-making process in North China

Section 3 have provided pictures of drought propagations and migratory move-
ments in North China in the 1743, 1877, and 1920 events, respectively. Here, drought
severity, PPM factors of migration decisions, and consequent migration char-
acteristics were abstracted from each event and presented together in Table 2,
in order to systematically compare decision-making processes under different
circumstances and analyze possible causes of similarities and differences in mi-
gration patterns.

Indicators of drought severity implied dissimilarities between the extreme
events of 1743, 1877 and 1920 in terms of duration, extent, and intensity (Table 2).
Amidst those events, the 1743 event was characterized by a relatively short du-
ration (six months), limited coverage (76.2% of stations), and low intensity of
abnormal dry conditions (Pa for summer 1743: -32.7%), but it was accompanied
by the worst heatwave. The 1877 event was highlighted by the most prolonged
(14 seasons) and intense precipitation deficits (Pa for summer 1877: -53.2%), along
with extensive affected areas (95.2% of stations) and severe summer heat. As for
the 1920 event, it experienced a continuous lack of rainfall (8 seasons) that had
similar coverage to the 1877 event (100% of stations) and similar intensity to the
1743 event (Pa for summer 1920: -35.6%).

Despite distinct severity of droughts, commonalities were found in both deci-
sion-making processes and patterns of migration (Table 2). Comparisons in the
PPM framework revealed the common push and pull factors across all three events
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that prompted drought-stricken populations to migrate. For push factors, insuf-
ficient precipitation was identified as the CID that initially triggered migratory
movements. Crop failures and subsequent food crises were considered inevitable
links in the pathway from climate to migration. Escaping from the life-threatening
hunger was the root motivation for individuals fleeing from their origins. Neither
compound or secondary hazards of drought nor social responses to drought were
able to significantly influence the impact chain of precipitation deficits — harvest
failure - famine — migration in North China during the mid-18™ to the early
20™ centuries. Hence, although drought severity and socioeconomic situations
differed from case to case, places where starving people could be fed directly, get
jobs to earn food, or obtain resources for food production were always attrac-
tive, making food relief, work opportunity, and uncultivated land the identical
pull factors for migration destinations. As a result, three similar directions of
migratory movements were observed across drought events: (1) flocking to cities,
towns, etc., within the affected areas, where food and/or work relief were avail-
able; (2) wandering through the affected areas and gradually spreading to nearby
less affected areas; and (3) relocating to under-exploited lands outside the affected
areas, where the human-land contradictions were less tension.

However, changes in management and transport, two mooring factors that
could increase or decrease the possibility and necessity of moving, contributed
to differences in the size and distance of migration among the events. During the
sociocultural transformation between the mid-18™ and the early 20™ centuries,
North China witnessed the weakening of state capacity, the shift in the official
attitude to population movement, the functional decline in the canal system,
and the emergence of the railway system as an important means of transport.
Consequently, a negative relationship was found between the size of migration
flow and the efforts of disaster relief, while the distance of movement often in-
creased with the relaxation of migration policy and the improvement of transport
conditions (Table 2). As Lewis (1982) argued, “the basis of any decision to migrate
is the households’ belief that the level of satisfaction obtainable elsewhere is
greater than its present level of satisfaction”. Timely and sufficient in situ famine
mitigation, typified by the positive government actions in the 1743 event, could
effectively alleviate the pressure of life-threatening hunger on drought-stricken
populations, making migration less necessary for many starving people. Regarding
migration policies (incl. long-term regulations and short-term attitudes) and
transport conditions, they acted more as thresholds for migratory movements.
As demonstrated in the 1920 event, migrating across multiple administrative
and even geographical boundaries became possible when lax mobility rules and
relatively convenient transport conditions reduced the cost of individuals to move,
especially over long distances. In summary, the bidirectional effect of mooring
factors on the possibility and necessity of affected individuals to could explain



356 GEOGRAFIE 130/3 (2025) / D. ZHANG, S. CHEN, R. GLASER, X. FANG

(Q1281e1) skemyiey suo3em ‘syied ‘sjeued) (Quiew) sjeued saljddns jaiay (uodsuen)
urety Aq 3004 uQ 1e0q Aq 3004 UQ 1004 UQ syuesipy Supioopy
e yeam Kiap Buouys A1ap JEIEN
uonresSiw a8einoduy uonesSiw a8einoduy uolzesSiw aAuU0) wJ)-30ys (uswaSeuew)
Ayiqow 1o113524 Ajadeg Ayiqow 32143594 K)25007] Aaiqow 1a13s94 Apo13s wua3-8uo Bupioopy
pue) pajeaiynaun pue) pajeainaun pue) pazealynaun 224n0say
FENEIRILIN FENEIRILIN FENEIRILIN Ayunyioddo
Ja1]24 poo4 o114 poo4 4a1]24 poo4 1yauag 1Ind
Ja3uny wouy adedsy Ja3uny wouy adedsy Ja3uny wouy adedsy uol3eAIzOW 300y
aulWey ‘dunjiey }santeH aulWey ‘dunjiey }santey aulWey ‘unjiey }santey sy|u) a)qemaau|
sydyap uoiiedidaig sypyap uonieydivalg sudyap uopieydivalg 128313 Jeny| ysnd 510128} Wdd
ange)d 1oasul aaipdnuisaq  andejd 10asul 9A1INIISAQ ange)d 3sndo7 Kiepuodag
aAEMIEIH aABM]EDY DIINIS anemieay A|peaq punodwo) spJezey JuaLINdU0D)
%95'5€- %CTES- %CLTE- (ed) @dueLiep
0Z6T Jowwng //8T Jawwng €/ T Jawwng yead «« fy1sua3u|
0T6T Ul %8ETS LL8T U %5608 EPLT U %YT LS Aap Kz
0¢6T Ul %00T LLBT W %YT'S6 EVLT Ul %6T'9L fia ( 3U9IX3
Tz6T Sunds 8/8T Jawwng /T Jowwng uoljessad)
6T6T UWNINy G/8T 8unds €t/ 1 8unds 19suQ uolednQg Kyanss y3noig
1UaA2 0Z6T UaAd //8T UMD €9/ T SOENEE

0C6T puUe //8T ‘€¥/T JO SIUDAS dWDIIXD 9y} m:t:v eulyd
Y3oN ul suidiied uones3iw Jo $213514910€4RYD pUE ‘SUOISIIDP UOIIBIZIW JO S103DE) A<<n_av Suuoow-)jnd-ysnd ‘A31aAas 3ySnoup jo sioledlpu| - g 3jqeL



357

: NORTH CHINA (18 TH-20TH CENTURY)...

DROUGHT, HUNGER, AND MIGRATION

‘paresiw uoieindod 1e303 ay3 jo uonuododd y3nod e apiaoid 03 Japuo Ul UaleRIBY DYIL) BUIYD JO UOIS3I P3IRAIFINI JRUOIIIPEI}
ay3 ur wy 0T Aq wy QT jo uoinjosal jerteds e y3m suonnquisip uonejndod pappuid ‘suelolsiy Aq pa12a.lod pue paulwiexs ajam ey ejep uoiejndod jeariosiy pue japow
SIy} yum ‘Ajjeurd ‘wyiioB)e uoissaa3al 159104 WOpPUE 93U} UO paseq |apow uolnquisip jelreds uoiejndod e pa3oniisuod usyjy pue siskjeue 1032939p0oan Y3noiyl uolINgLIsIp
uoizendod ay3 393ye Aj3UBIYIUBIS JBYY SI030B) [BIUSWILOIIAUS U3 PRy 3uap! 354y Apnis siy3(zz0z) 1e 32 Bueyz wouy paaLap 0Z6T PUe ‘£ /8T ‘€ /T 03 Sieak 3saleau ayy ul
euly) yuon jo uonendod je303 ay] "apniudew Jo JapJo ue ul Ajuo auay pajuasald sem Juans ydea Sulnp sjues3iw Jo azis ay3 ‘Uosiiedwod JUaA-SSOID pIemioiy3ie)s e o4 ¢

(8107) e 12

8uayz 03 Buipiodde Yead s31 paydeal JUSAS Y3 YdIYM Ul Uoseds ay3 1oy (ed) a3ejuadiad Ajewoue uonendidaid ay3 Aq pajussaidal sem juaas 3ySnolp yaes jo Aysusiuiayl 'z
"SUOI3eIS 3S3Y3 JO U0NINGL3SIp Je3eds ay3 pajuasaid aaey eg pue ey ‘Bg 24n314 (T86T) S2U31IS |ed130]040333 1 O Awapedy asaulyd uo
paseq ‘paxead JuaAs ay3 uaym Jeak ay3 ul eulyd YHoN Ul suoizels Tz ay3 Suowe (Kip L1an) Aip Buizsodad suoiess jo a8ejuadsad ay3 se umoys sem 3ySnop yaes jo Juaixa ayl T

19J0N
3uo7 wnipsyy 1oys ?Juelsiq
spue) spue] pajiojdxa spue] pajlojdxa
_uwto_n_xw.\_w_u:_J 0] 9]ed0]9y -iapun 0] a1e3019y -iapun 0] a1e3019y
seale paldaye seale paldaye seale paldaye
ss9] AgJeau o3 peasds ssa9] AgJeau o3 peasds ss9] AgJeau o3 peasds
SUMO} pUE S3I}1D 03 %20]4  SUMO]} PUE S3I}ID 03 320]  SUMO] pUE S31312 03 320]4 uoipalIQ
(OT6T Ul o €T'T) (088T Ul 4o;xS0'T) (9LLT Ul 40;x28°0) (uonreindod 1e3o3)
sjuesdiw 0T sjuesdiw 0T sjuesdiw 0T « 9215 sutayed uonesdipy
UMD 0Z6T UMD //8T JUBAD £/ T sjuawWa|g




358 GEOGRAFIE 130/3 (2025) / D. ZHANG, S. CHEN, R. GLASER, X. FANG

why the pattern of drought-induced migration in North China was not always
determined by the extremity of climate hazards, although such effect was not
enough to eliminate the influence of push and pull factors on the overall desire
to migrate.

4.2. Drought, hunger, and migration: a definitive outcome unique to North China?

When placing the drought-migration nexus uncovered above into a broader
context, it is not difficult to see that the pathway from drought to migration via
hunger is not unique to North China, at least on the eve of modernity. Barely
a year after the onset of the 1920 North China drought, an exceptional drought
with similar characteristics challenged societies on the other side of the Eurasian
continent, i.e., the European drought of 1921. With regard to climatic conditions,
this European drought also stood out for its yearlong uninterrupted precipitation
deficits (i.e., from autumn 1920 to autumn 1921), its coincidence with remarkable
summer heatwave, and its wide spatial extent (i.e., across Europe; van der Schrier
etal. 2021). Particularly in Germany, it has been detected as one of the most out-
standing droughts since 1500 CE, considering both the extremity of dryness and
the magnitude of impacts (Glaser, Kahle 2020).

The climatic information and migration outflows shown in Figure 6, together
with drought-related reports from weather chronicles and newspapers, offered
a glimpse of climate-society interactions in Germany at that time. From late au-
tumn 1920, drought effects arose gradually in ecosystems (e.g., withered meadow,
insect plague, and wildfire), agricultural systems (e.g., fodder shortage and harvest
failure) and hydrological systems (e.g., low river level and insufficient reservoir
storage) and culminated in socioeconomic systems during the extraordinary hot
summer of 1921 (Nees, Kehrer 2002; Bundesanstalt fiir Gewisserkunde 2025). In
addition to drastic increases in heat-related infant deaths, exorbitant prices of
basic foodstuffs also plagued the vulnerable post-war society (Berliner Tageblatt
1921). Despite a series of consultations and negotiations surrounding harvest fail-
ures and subsequent escalation of food prices (Freiburger Zeitung 1921a), food
crisis still turned unmanageable as the effectiveness of disaster relief was gener-
ally diminished under the pressure of war reparations, restrictions imposed by
the Treaty of Versailles, and overall tough sociopolitical circumstances. Moreover,
pervasive profiteering and panic buying worsened the predicament (Freiburger
Zeitung 1921c), and some governmental actions, such as abolishing official bread
prices and raising wages, even further pushed up bread prices by 40% (Freiburger
Zeitung 1921a, 1921b). In this situation, hunger became an everyday experience
for many, and moving elsewhere, especially where lands and/or jobs were more
available, was a popular escape from poverty and starvation. Accordingly, German
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emigrants exceeded 23,000 in 1921 alone, almost reached 37,000 in 1922, and
surged to over 115,000 in 1923 (Statistisches Reichsamt 1933), a number last seen
in the early 1890s (Fig. 6b). North America was the destination for over three-
quarters of these emigrants (Lumpe, Lumpe 2017).

Nevertheless, the comparison between North China and Germany is not in-
tended to strengthen the impression that migration is doomed to occur in the face
of extreme droughts, regardless of human agency and ability to cope with disaster.
On the contrary, the propagation from climatic stimuli to migration is possible to
stop partially or even completely when in situ mitigation efforts, especially those
protecting drought-stricken populations from hunger, take timely and adequate
effect, as in the 1743 North China drought where positive government actions
prompted many starving people to stay and wait for relief.

In this regard, another outstanding drought in Germany, which occurred a dec-
ade prior to the 1921 European drought and also coincided with deadly summer
heatwave, provides additional empirical evidence. Throughout 1911, although
drought and heat damage to ecosystems, hydrological systems, agricultural
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Fig. 6 - Dry-wet conditions and migratory movements in Germany during 1871-1932, including (a) the
reconstructed 12-month standardized precipitation index (SPI-12) for Germany (Glaser, Kahle 2020),
and (b) the official statistics on German emigrants registered at German ports (mainly Hamburg and
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Reichsamt 1890; 1900; 1910; 1933)
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systems, and health were widely reported as it was in 1921 (Berliner Tageblatt
1911a, 1911b; Neue Hamburger Zeitung, 1911; Nees, Kehrer 2002; Bundesanstalt
fiir Gewasserkunde 2025), prices of basic foodstuffs except for perishable dairy
products remained relatively stable, and the number of German emigrants
maintained its downward trend since 1890s (Fig. 6b). An explanation was that,
in addition to slightly milder precipitation deficits (Fig. 6a), the 1911 drought took
place in the context of better governance and a more resilient society. Unlike the
fraught years after World War I, trade and import of foodstuffs were conveni-
ent and extensive in the early 1910s (Hungerland, Wolf 2022)with new data on
all products, all trade partners, quantities, and values, at annual frequency,
1880-1913. Historical product categories are reclassified according to the Standard
International Trade Classification (SITC, and coordination between surplus and
shortage areas were efficient within a more structured political framework.
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Additionally, a state-sponsored insurance system also offered individuals some
protection against damages. All of these contributed to timely compensation of
harvest losses, effective food price containment, and sufficient assistance to those
suffering. Consequently, government’s responses to drought-induced increases
in living expenses (e.g., reducing tariff and railway freights on basic foodstuffs)
were considered productive (Daily Herald 1911). Poverty and starvation were less
of a concern, and moving seemed less necessary and worthwhile.

Despite different types of migration in North China (internal) and Germany
(external), a conceptual model of drought-migration nexus shared by the five cases
described above could be distilled, at the core of which was food security (Fig. 7).
Here, the state of food was considered insecure at two levels - low availability and
low access - and two processes were identified in the propagation of climate im-
pacts to local societies. The first process was the progression from climate shocks
to food production insecurity (i.e., low availability), which took place outside the
socioeconomic systems. Within this process, insufficient precipitation served as
the initial trigger for harvest failures, the sign of food production insecurity; while
heatwaves acted as a multiplier and, together with the environmental consequenc-
es of drought, expedited the process. The second process was the development
from food production insecurity to food consumption insecurity (i.e., low access),
which largely depended on the available resources and organizational capacity of
societies. In other words, non-climatic factors, as represented by management and
transport, began to play an active role.

Migration was not the first option for many when sufficient allocable resources,
efficient cross-regional coordination, and speedy transport of relief supplies could
minimize the impact of harvest failures on food consumption security to a manage-
able level, as seen in the 1743 North China drought and the 1911 German drought.
However, if in situ mitigation failed to address imbalances in local food supply and
demand, food access for affected individuals/households would gradually decline
to a survival-threatening level. At this point, despite great attention and consider-
able effort, relief was always insufficient compared with actual needs, and leaving
became the last choice for those still able to act. Whether crossing national borders
or not, such movements showed common directions: (1) heading to places where
food was obtainable directly or through work, with the intention of temporarily
escaping from hunger; and (2) relocating to places where resources or opportuni-
ties were readily accessible, in the hope of re-establishing stable livelihoods.

5. Conclusion

To better understanding the drought-migration nexus in the context of social
change, this study revisited climate-society interactions during the exceptional
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droughts of 1743, 1877, and 1920 in North China and compared characteristics of
climate-related migration at different episodes of the significant sociocultural
transformation since the mid-18™ century. Based on multiple sources of written
documents, the retrospect found that:

(1) Insufficient precipitation was the initial trigger of migration, as evidenced
by the impact chain of precipitation deficits - harvest failure — famine —»
migration being the only pathway leading to migration, independent of the
severity of concurrent hazards (e.g., heatwave and insect plague).

(2) Fleeing life-threatening hunger was the root motivation that pushed drought-
stricken populations to leave for places with higher access (e.g., disaster relief)
or availability (e.g., land resources) for food, such as nearby cities and under-
exploited remote areas.

(3) Management and transport showed mooring effects on the size and distance
of migration, contributing to the mismatch between drought extremity and
migration characteristics. Competent management and efficient transporta-
tion would ensure timely and adequate disaster relief and thus reduce the
necessity for leaving; while relaxed migration policies and improved transport
conditions could lower the threshold and cost of moving, thereby increasing
the maximum distance of migration.

Moreover, the outstanding droughts of 1911 and 1921 in Germany were incorpo-
rated into a broader comparison, as they had similar climatic characteristics to
North China droughts but showed partially different outcomes due to divergent
responses. The comparison demonstrated that the abovementioned pathway of
drought-induced migration was observable in many sociocultural contexts, with
precipitation deficits, heatwaves, and disaster responses acting as the trigger,
multiplier, and regulator of migratory movements, respectively. Although com-
mon, the propagation from drought to migration was preventable when in situ
mitigation accomplished the core task of ensuring individual/household food
consumption security, which required sufficient allocable resources, efficient
cross-regional coordination, and speedy transport of supply. However, once
hunger spread, relief efforts would lose the persuasiveness of getting starving
people to stay and wait.
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