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Abstract
This is an extended editors’ commentary on the topical collection “Historical and recent 
change in extreme climate over East Asia”, which collects a total of 15 papers related to the 
change and variability of extreme climate events in East Asia over the last few hundreds 
years. The extreme climate events are broadly classified into three categories: temperature 
and extreme warmth/coldness, precipitation and floods/droughts and western North Pacific 
typhoons. This commentary briefly summarizes the main findings presented in each paper 
in this topical collection, and outlines the implications of these findings for monitoring, 
detecting and modeling of regional climate change and for studying climate change impacts 
and adaptability. It also assesses the uncertainties of these studies, as well as the remaining 
knowledge gaps that should be filled in the future. One solid conclusion we can draw from 
these studies is that there was a marked decadal to multi-decadal variability of extreme 
climate events in East Asia in recent history, and the extreme events as observed during the 
last decades of the instrumental era were still within the range of natural variability except 
for some of those related to temperature. More severe and enduring droughts occurred in 
the early 20 th century or the earlier periods of history, frequently leading to great famines 
in northern China. Uncertainties remain in reconstructing historical extreme climate events 
and analyzing the early instrumental records. Further research could focus on the improve-
ment of methodology in proxy based reconstruction of multi-decadal variations of surface 
air temperature and precipitation/drought, the recovery, digitization, calibration and verifi-
cation of the early instrumental records, and the mechanisms of the observed multi-decadal 
variability of extreme climate in the region.
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1 Introduction

Change in the frequency of extreme climate events (ECEs) has received much attention in 
the last few decades. These ECEs have remarkably impacted the global and regional natu-
ral environment and human society, and their changes with time are also the key indicators 
in monitoring, detection, attribution, projection, and vulnerability assessment of climate 
change, at both regional and global scales (Smit et al. 2000; Giorgi et al. 2003; Alexander 
et al. 2009).

The East Asian region, which is characterized by high-density population, rapid eco-
nomic growth, and frequent weather and climatic disasters associated with the unique mon-
soon climate, is highly vulnerable to change in ECEs on various time scales (Gong and 
Han 2004). Most observational studies showed detectable changes in ECEs over the last 
decades (Karl et al. 1996; Peterson et al. 2008; Alexander et al. 2009; Trewin and Vermont 
2010; Zhang et al. 2019). Nonetheless, the studies for East Asia, like those for other regions, 
generally utilized short observational data usually beginning from the 1950s or 1960s due 
to the lack or unavailability of early instrumental data (e.g., Zhai et al. 2005; Ding and Ren 
2008; Choi et  al. 2009; Hulme et  al. 2010; Ren et  al. 2010, 2011; Lee et  al. 2012) and 
high-resolution historical proxy data (Ding et al. 2007; Ge et al. 2016). The insufficiency 
of observations in the pre-1950s has hindered our understanding of the multi-decadal vari-
ability of ECEs in East Asia.

Efforts have been made to collect early instrumental data and high-resolution proxy 
records (Williamson, et  al. 2018; Ge et  al. 2016). Meanwhile, studies have investigated 
changes in ECEs in the historical era, including the last 150 years (Liang et al. 2009; Guo 
et  al. 2011; Qian et  al. 2015; Yu et  al. 2020) and the Little Ice Age in East Asia (Shao 
et al. 2005; Zheng et al. 2006; Mikami 2008; Hao et al. 2010; Qin et al. 2020). The instru-
ment-based analyses generally showed that, during the past 100–150 years, a significant 
trend appears in the time series of extreme temperature indices at a single station or in a 
local area, but no significant trend occurred in those of extreme precipitation, though they 
included remarkable decadal to multi-decadal variabilities (Liang et  al.  2009; Guo et  al. 
2011; Yu et al. 2020). Studies of historical ECEs also revealed that several extremely severe 
droughts happened during the last 500 to 600 years in mainland China (Hao et al. 2010; 
Bai et al. 2019; Qin et al. 2020).

On 4–6 November, 2019, an Asian ACRE (The Atmospheric Circulation Reconstruc-
tion on Earth initiative; ACRE China, ACRE Japan, and ACRE Southeast Asia) Joint 
Workshop was held in Wuhan, China. Later, two additional workshops related to a national 
key R&D project (supported by the Ministry of Sciences and Technology of China) were 
held in December 2019 in Beijing and Wuhan. The project that was initiated in May 2018 
targeted the investigation of the facts and mechanisms of the ECE changes during the last 
600 years over the East Asian monsoon region. These workshops turned out to be fruitful, 
and showcased a series of encouraging findings from past efforts.

This topical collection, entitled “Historical and recent change in extreme climate 
over East Asia,” collects some of the novel research results presented at the above work-
shops. The 15 papers can be broadly classified into three categories: historical varia-
tions in the ECEs based on proxy reconstructions; the fact, mechanism, and impact of 
major historical ECEs in history; and the observed change and variability of ECEs in 
instrumental era. They can also be classified into three categories related to temperature, 
precipitation, and tropical cyclone. Figure  1 shows the distribution of the study areas 
or sites, the time periods or windows analyzed, and the types of data applied. These 
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studies will hopefully increase our understanding of historical and modern change in 
ECEs in this populous region. Specifically, the findings reported in these studies may 
help address the following questions:

1. What are the long-term changes and multi-decadal variabilities of ECEs during the past 
centuries?

Fig. 1  Distribution of study areas and time periods of the studies in this topical collection over East Asia. 
a Study areas or sites. b Time period of each study. Numbers in b denote the start and end years of the data 
series. Also shown in b are the location and the type of these studies
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2. What is the natural variability of mean and extreme temperature during the pre-industrial 
revolution era, or how unusual was the last-half-century warming in comparison with 
historical temperature evolution?

3. What factors or mechanisms drove the observed changes, or abnormalities, of extreme 
climate during the historical era in East Asia?

4. What impacts did the historical mega-drought and severe floods exert on traditional 
agriculture and society, and how did the ancient society adapt to these major ECEs?

In this commentary, we firstly briefly summarize the main findings revealed in the 15 
papers of the three categories mentioned above. We also discuss the implications of these 
findings for monitoring and detecting climate change, as well as the implication for under-
standing impacts and adaptability of climate change in East Asia. Furthermore, we point 
out the uncertainties of these studies, together with the knowledge gaps that should be 
filled in the future.

2  Temperature and extreme cold/warms

In this topical collection, four papers are related to the change or variability in mean and 
extreme temperature in East Asia on varied time scales. These studies were conducted 
based on tree-ring chronologies, historical documents, model outputs, and early instrumen-
tal records (Fig. 1), and they represent new inputs to the knowledge of regional historical 
and modern extreme temperature change.

2.1  Reconstruction of historical minimum temperature series

Based on a composite tree-ring chronology from the Gongga Mountains, southeastern 
Tibetan Plateau, Li et al. (2021) presented a reconstruction of winter (Dec–Mar) minimum 
temperature (Tmin) during the past 367 years (1648–2014). The reconstruction showed three 
major cold periods (1670–1745, 1805–1853, and 1877–1949) and four major warm peri-
ods (1648–1669, 1746–1804, 1854–1876, and 1950–1998) during the past four centuries 
(Fig. 2a). The winter mean Tmin variations reconstructed in the Gongga Mountains have 
a good consistency with those reported by other studies in the nearby areas. They further 
indicated that the Tmin variations in the Gongga Mountains were strongly influenced by the 
shifts in phase of the Atlantic Multidecadal Oscillation (AMO), and the AMO might have 
been a key driving force affecting regional winter temperature over the past few centuries.

This study also showed a strong multi-decadal variability of winter Tmin in the Gongga 
Mountains, with the switch of cold and warm phrases every 20 to 70 years (Fig. 2a). The 
influence of AMO on the winter Tmin is not unexpected, because the study sites are well 
located within the mid- to upper tropospheric westerly belt during the wintertime, and the 
climate signal from northern Atlantic Ocean should be detectable in the tree-ring data. 
The variability of the reconstructed winter Tmin series is consistent with other studies that 
reported a close linkage between the East Asian climate and the AMO on multi-decadal 
time scales (Li and Bates 2007; Li et al. 2009).

The last warm period (1950–1998) seems to be unprecedented in the last 367  years, 
with the winter Tmin rising well above the background level of historical natural variability. 
This abnormal warming in the late twentieth century was also observed in the tree-ring 
studies in the Qilian Mountains, northeastern Tibetan Plateau (Liu et al. 2004) and central 
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Himalayan Mountains (western Nepal) (Gaire et  al. 2020). Assuming the robustness of 
the method used for removing the biological trend of tree growth, the reconstructed rapid 
warming might have been related to the combined effects of multi-decadal variability and 
anthropogenic global warming, as well as the fertilization effect of increased atmospheric 
 CO2 concentration and the drying trend of the last decades in this area. It is also worth 
noting that the study area is located in the western rim of the Sichuan Basin, where annual 
mean and winter/spring mean surface air temperatures have experienced a weak cooling 

Fig. 2  Observed and reconstructed mean and extreme temperature in East Asia since 1400 AD. a Recon-
structed winter (Dec–Mar) mean minimum temperature (Tmin) during 1648–2014 at Gongga Mountains (Li 
et al. 2021). b Monthly mean maximum (red) and minimum (blue) temperatures of the early 6 years (1757–
1762) and the recent 6 years (2014–2019) in central Beijing City (Ren et al. 2021). c Maximum (red), mean 
(black), and minimum (blue) temperatures at Yingkou during 1904–2017 (Xue et al. 2021). d Change in 
diurnal temperature range (DTR) anomalies in East Asia during 1901–2018 (Sun et al. 2021)
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over the last half century (Ren et al. 2012; Wen et al. 2019) mainly due to the high emis-
sion of air pollutants and the calm wind in the lower troposphere to the leeward side of the 
Tibetan Plateau. However, the sampling sites may have well escaped from the influence of 
the aerosols due to the high altitudes (around 3800 m above sea level).

2.2  Extreme temperature events of the pre‑industrial era in Beijing

Instrumental observation-based investigations of extreme temperature change generally uti-
lized daily temperature data of the last few decades or a century. It would be interesting to 
know what happened to the instrument-recorded extreme temperature in the pre-industrial 
era (before the mid-eighteenth century). Ren et al. (2021) presented the first study of daily 
temperature of the mid-eighteenth century as compared to that in Beijing today. The obser-
vation was made by French Missionary Joseph Marie Amiot during 1757–1762 in the Old 
North Church located in central Beijing. This observation is probably the earliest and con-
tinuous daily instrumental temperature record that is longer than 1 year in East Asia. Based 
on an attempted homogenization of this early record with recent (2014–2019) records from 
four urban stations, it appears that the extreme minimum and maximum temperatures dur-
ing the early 6 years were − 15.8℃ (January 12, 1762) and 43.1℃ (June 5, 1760), 1.2℃ and 
1.9℃ higher than during the 2014–2019 period (− 17.0℃ and 41.2℃). The two windows of 
time series are compared in Fig. 2b. It is interesting to note that both the extreme minimum 
and maximum temperatures were higher in those early 6 years than in the recent 6 years of 
the four urban stations.

However, most other extreme temperature indices show a colder climate in the mid-
eighteenth century than today. Within 1757–1762, the annual mean frost day and ice day 
counts were 126  days and 31  days respectively, while they were 110  days and 10  days 
during 2014–2019. The annual mean warm day and warm night counts were 63 days and 
30 days respectively, compared to 65 days and 55 days at present; and the annual mean cool 
days and cold nights were 52 days and 48 days respectively, in comparison of < 40 days 
and < 30 days at present. Compared to those early 6 years, a large increase in warm nights 
(25 days) and a remarkable decrease in cold days (> 12 days) and cold nights (> 18 days) 
can be observed during the recent 6 years.

A similar warming trend in extreme temperature indices appeared in the last 
four to six decades. For example, the annual frost days and ice days decreased at rates 
of − 3.48  days/10  years and − 2.32  days/10  years respectively during 1961–2008 over 
China, equivalent to a decrease of 17  days and 11  days during the 48  years on aver-
age (Zhou and Ren 2011). The annual cold nights decreased significantly with a trend 
of − 8.23  days/10  years; and annual warm nights increased significantly with a trend of 
8.16 days/10 years over the whole of China, equivalent to a decrease of 40 days and an 
increase of 39 days, respectively (Zhou and Ren 2011). Therefore, the mean and extreme 
temperature in Beijing between 1757 and 1762 should be close to the early to mid-twenti-
eth century, since those contrasts in the extreme temperature indices between the early and 
present 6 years were dominantly caused by the warming in the recent few decades. None-
theless, this comparison is rough, without considering the influence of the specific location 
of modern observations, the urbanization effect, and the warming slowdown during the 
post-2000 period in China (Sun et  al. 2017), which may result in an underestimation of 
the modern urban warming at the Old North Church and an overestimation of the warming 
trend in China on a whole during the last 60 years (1961–2020), although the effect would 
be relatively small (Ren and Zhou 2014).
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2.3  The 100‑year plus extreme temperature index series

Continuous and longer than 100-year extreme temperature time series are important in 
understanding the causes and impacts of regional climate change, though they are lacking 
in most areas of East Asia due to the early economic and social systems and wars. Based 
on observations, Xue et  al. (2021) analyzed the mean and extreme temperature changes 
from 1904 to 2017 at Yingkou station, Northeast China, and thus presented an important 
and continuous record longer than 100  years. Quality control and homogenization were 
conducted for the daily temperature data. They found significant warming trends in mean, 
maximum, and minimum temperatures (Fig.  2c). The minimum temperature increased 
(at the rate of 0.33℃/10 years) much more than the maximum temperature (at the rate of 
0.07℃/10 years). Most extreme temperature indices show significant trends during these 
114 years. The cold events witnessed a larger and more significant downward trend, when 
compared to warm events, which show a relatively weaker upward trend. This result agrees 
with the trend not only in China (Qian et  al. 2007; Zhou and Ren 2011) but also in the 
global land area (Alexander et al. 2009; Zhang et al. 2019) during the past decades. They 
also found that the highest maximum temperature (1919) and the lowest minimum tem-
perature (1920) record all occurred in the first half of the twentieth century, suggesting that 
the range of the extreme temperature variability is not getting larger under the background 
of global warming. At Yingkou station, the annual mean diurnal temperature range (DTR) 
showed the opposite trends in the first (positive) and second (negative) half of the twentieth 
century, which is consistent with a previous study of global land areas (Sun et al. 2018), as 
well as another paper of East Asia in this topic collection (Sun et al. 2021).

A stronger warming at the urban station, as compared to those in other regions, was 
noted. It is possible that urbanization around the observational sites has contributed to 
the larger trends, the asymmetric rise of maximum and minimum temperature, and the 
decrease of the DTR, during the entire period.

2.4  Long‑term change in diurnal temperature range (DTR)

Long-term change in DTR is highly sensitive to external forcings. Sun et al. (2021) exam-
ined the long-term trend of DTR and its relationship with precipitation over East Asia from 
1901 to 2018. They show that the daily maximum (Tmax) and minimum temperatures (Tmin) 
had a significant asymmetric warming after the 1940s. The Tmin increased much larger than 
Tmax, thus decreasing the DTR (Fig.2d). These results are consistent with the results in 
many previous studies (e.g., Zhai and Pan 2003; Qian et al. 2007; Ren et al. 2012). How-
ever, the upward trend from 1901 to the mid-1940s in the global land area (Sun et al. 2018) 
was not found over East Asia. They further show that annual total precipitation has a sig-
nificant negative correlation with the annual mean DTR in the East Asian monsoon region, 
indicating that precipitation might have exerted a major influence on the DTR variability 
and trend. Urbanization also had a significant effect on the estimated decreasing trend of 
annual mean DTR since 1950 in China, in particular in North China (Ren and Zhou 2014). 
Preliminary analyses show that the contribution of urbanization was at least 21% to the 
negative DTR trend estimated in East Asia during 1950–2018, which is comparable to the 
earlier estimation for the period of 1961–2008 (Ren and Zhou 2014).

The linkage between the DTR and the precipitation revealed in this study agrees well 
with previous studies (Dai et  al. 1999; Zhou et  al. 2009; Liu et  al. 2016). One of the 
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underlying causes would be anthropogenic global warming, which resulted in the increase 
in atmospheric moisture, cloudiness, precipitation, and soil moisture, leading to the larger 
increase in Tmin than that of Tmax, thus the decrease of DTR. In North China, however, 
urbanization can explain almost all the observed decrease of DTR over the last decades 
(Ren and Zhou 2014), which is closely associated with the enhanced urban heat island 
(UHI) intensity and the more concentrated aerosols in urban areas after the late 1970s.

3  Extreme precipitation and floods/droughts

In this topical collection, using proxy data of stalagmite, tree-ring, and historical docu-
ments, seven papers investigated extreme intense rainfall and floods, and unusually rainless 
years and severe droughts. One paper examines the synchronization of extreme tree-ring 
width values among various sites of East Asia by applying the method of complex network 
analysis. These studies mostly focus on the middle and lower reaches of the Yangtze River 
and the middle and lower reaches of the Yellow River, as well as the North China Plain 
(Fig.  1a). Three of the papers also consider the impacts of these extreme events on the 
social and economic system, together with the adaptation of society.

3.1  Tree‑ring‑based reconstruction of drought in arid areas

Droughts in temperate areas of East Asia have attracted much attention in climatologi-
cal community, since they threaten rain-fed agriculture, water supply, and societal secu-
rity. Based on a tree-ring width chronology of Schrenk spruce (Picea schrenkiana Fisch. 
et Mey.), Wang et  al. (2021a, b) reconstructed the regional September–March Palmer 
Drought Severity Index (PDSI) in Aksu Area in the south slope of the Tianshan Mountains 
during the period of 1466–2013 AD. The mega-drought during the mid-sixteenth century 
(1540 s–1550 s) was especially pronounced, and a rapid wetting trend from the early 1980s 
to 2013 is also notable and consistent with instrumental observations (Fig. 3a). The authors 
identified 12 wet and 12 dry periods over the past 548 years, and the periodicity of 50 years 
and 2–3 years. They suggested that the periodicity might have been related to the moisture 
variability of Central Asia, westerly circulation, and tropical ocean–atmosphere systems.

The rapid wetting trend since the 1980s in the tree-ring reconstruction has been affirmed 
by literatures (Shi et  al. 2003; Ren et  al. 2016) in the last two decades that investigated 
Northwest China including the central to eastern Tianshan Mountains. Although the 
comprehensive investigation by Wang et al. (2015) suggested an extremely unusual wet-
ting trend in the late twentieth century (compared to the previous 250 years), it remains 
uncertain about whether the modern wetting trend as revealed in observations and recon-
structions is unprecedented in the past centuries. This work (Wang et al., 2021a, b) further 
supports the claim that the current increase of precipitation (wetness) in this area is unu-
sual from the historical perspectives, considering the uncertainty inherent in the climate 
reconstruction based on tree-ring and the 50-year periodicity of the PDSI series which may 
have been related to the impact of the AMO. If the conclusion could be further affirmed, 
the observed modern wetting trend in the Tianshan Mountains and probably in Northwest 
China could be more confidently attributed to global warming or local anthropogenic activ-
ities such as the expansion of irrigation and oasis areas on the piedmonts of the Tianshan 
Mountains.
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3.2  Stalagmite‑based reconstruction of flooding frequency

Liu and Li (2021) presented a stalagmite-based reconstruction of flooding frequency in the 
middle Yangtze catchment during the last centuries. Since there is a good correspondence 
between the 11-year running variance in stalagmite growth rate and the local flooding fre-
quency recorded in historical documents, they used the variance in stalagmite growth rate 
as an indicator of local flooding frequency. The reconstruction shows that, in the middle 
Yangtze catchment, the flooding frequency became much higher during the late LIA, when 
compared to the early to mid LIA. Compared to the LIA, the flooding frequency reduced 
in the twentieth century (Fig.  3b). They attributed this higher flooding frequency to the 
regional cooler summer temperature during the LIA, and also suggested a possible linkage 
to El Niño/Southern Oscillation (ENSO).

Recently, Qin et al. (2020) established an updated chronology of Rock Fish emergence 
at White Crane Ridge (Baiheliang), which represents extremely low water levels that 
appeared in the Three-Gorge Area of the Yangtze River. The White Crane Ridge is located 

Fig. 3  Reconstructed mega-drought events since 1400 AD. a Tree-ring-based reconstruction of PDSI series 
in Aksu area, Tianshan Mountains (Wang et al., 2021a, b). b Growth rate variance of the stalagmite in the 
middle Yangtze River basin (with higher values indicating more precipitation and flood frequency) (Liu and 
Li 2021). c Spring–summer precipitation anomaly over 1876–1878 in North China (Hao et al. 2021). d Spa-
tial distribution of average drought categories over 1483–1486 in northern China (Han and Yang 2021). The 
insets to the bottom right of c and d show the relative location of the areas in mainland China
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close to the stalagmite site investigated by Liu and Li (2021). The Rock Fish often sub-
merged during 1501–1900. During the 50 years between 1601 and 1650, the Rock Fish 
never exposed. The lower frequency of emergence (compared to the pre-1501 and after-
1900) indicates fewer hydro-droughts, which is consistent with the relatively more fre-
quent floods during the LIA reported in Liu and Li (2021). Qin et al. (2020) also suggested 
that the East Asian Summer Monsoon (EASM) was generally weak, which would lead to 
Meiyu rainfall becoming stagnant and lingering in the Yangtze and Huaihe River basins.

3.3  Spatial pattern and causes of the 1876–1878 mega‑drought

A severe drought, called Ding-Wu Great Famine, occurred in North China in 1876–1878, 
causing wide range crop failure and millions of deaths. Based on historical documents, 
Hao et al. (2021) present a new investigation of the drought and the possible causes behind. 
They use the reconstructed high-resolution PDSI/precipitation data to examine the spa-
tial patterns and the intensity of the drought. Furthermore, together with simulations, they 
diagnose the linkage between the severe drought and oceanic and atmospheric modes. The 
results indicate that the drought was most severe in the northern Henan province, south-
ern Shanxi province, and northern Shaanxi province, with the spring–summer precipitation 
anomalies below − 30% (Fig. 3c). The authors attribute the 1876–1878 drought in North 
China to the strong El Niño under the background condition of positive PDO. The meridi-
onal disturbance of mid-latitude Rossby wave train accompanying the El Niño might have 
changed the position and strength of the troughs and ridges, blocking the moisture trans-
port towards North China. The extremely abnormal climate that occurred concurrently in 
other regions during the 3 years, including the great famine in India and Southeast Asia, 
might have also been closely associated with the strong El Niño event.

3.4  Impact and adaptation of the Guanzhong mega‑drought

An example of drought impact and adaptation is described by Chen et al. (2021). During 
1927–1932, a mega-drought event occurred in the Guanzhong Plain and its neighboring 
areas, with the least precipitation in 1928–1929 (Liang et al. 2006; Zhang et al. 2011). By 
collecting and synthesizing records from newspapers, the authors were able to reconstruct 
the social impact of the extreme drought events in the Guanzhong Plain from 1927 to 1932, 
and to quantitatively describe the impact and response process. They find that the impact of 
the extreme drought had a cascade effect that did not involve a one-way and “step-by-step 
transfer” process, but a complex interaction of parallel effects. The negative impact was 
firstly felt after the season of summer and autumn harvest, and then was quickly passed 
onto the other sectors of economy and society due to the lack of resilience. The influence 
of any drought event was generally alleviated with the arrival of the harvest season, but in 
the case of successive years of droughts such as the Guanzhong mega-drought, the cumula-
tive effect of the impact increased year by year and the resilience of social system rapidly 
decreased partly due to wars, which finally led to a complete failure of adaptation and a 
serious calamity. The famine caused deaths of more than a million in Shaanxi Province 
alone (Li 2006; Zeng et al. 2009).

The exact cause of the mega-drought needs to be investigated. It might have not been 
related to the ENSO events, as there was only a weaker ENSO event in 1925–1926. Moreo-
ver, it would be interesting to understand if the later deterioration of the economic and 
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societal system during this mega-drought event could have any similarity with the Great 
Depression (1929–1933) in the central and western USA.

3.5  The socio‑economic consequences of a historical mega‑drought

The impact of drought goes far beyond crop failure and water shortage. It could also indi-
rectly result in socio-economic transformation or even the collapse of dynasties in his-
tory. Han and Yang (2021) describe a possible route by which the lasting drought in the 
late fifteenth century might have caused the collapse of the Ming Dynasty. An extreme 
drought occurred in North China during 1483–1486, under the background of the overall 
drying period of the fifteenth century which accompanied the first cold phase (1450–1500) 
of the LIA. The most serious droughts with dryness index (drought grade) of 5th grade 
in 1484–1485 prevailed in most parts of the North China Plain and the Loess Pla-
teau (Fig.  3d). The 4  years might have seen the most severe drought events in the past 
1000 years, according to the authors. The lasting drought led to crop failure in large areas, 
deaths in huge numbers, and waves of migrants, as well as weakness in local and central 
financial reserve. The Ming Dynasty rulers were forced to reform the socio-economic sys-
tem, which involved a transformation of the original military farm and Li Jia (an ancient 
Chinese system established to restrict population migrations) systems. The change relieved 
the pressure faced by the dynasty, but it also caused a wane of the state’s control over soci-
ety, which might have affected the socio-economic governance model of the Ming Dynasty 
and increased the vulnerability of the society to external disturbances, leading to the even-
tual collapse of the dynasty in the mid-seventeenth century when the Manchu troops and 
the new round of severe droughts simultaneously came about.

Here, Han and Yang (2021) present an example that shows the delayed societal system 
response to a historical severe drought. The severe drought could indirectly affect societal 
stability, when the government released an improper adaptation policy and lacked abilities 
in dealing with follow-up impacts of ECEs. This is a new understanding, since it is widely 
held that the Chongzhen mega-drought and the great famine of 1637–1643 were a direct 
or indirect factor in the collapse of the Ming Dynasty. It is also worth noting that both 
mega-droughts of 1484–1485 and 1637–1643 in North China occurred in the relatively 
cold stages of the LIA, and were caused probably by the weakened EASM due to the cool-
ing of the Asian continent.

3.6  The multi‑decadal shifts of the Yangtze Meiyu belt

The Meiyu (Baiu) rainfall is an important feature of the EASM, and its variability is a 
dominant factor for summer precipitation abnormality and floods in the Yangtze and 
Huaihe River basins, Korea, and southern Japan. Based on historical diaries and rain gauge 
measurements, Zheng et  al. (2021) reconstructed the early summer intensive rainfalls at 
Changsha between 1861 and 2017. Changsha is located in the southern rim of the Meiyu 
rain belt. The reconstruction shows a clear inter-decadal to multi-decadal oscillation in the 
southern rim of the Meiyu rain belt. The oscillation can reach or even exceed one- to two-
degree latitude. Between 1931 and 1999, a remarkable shift from the weak to the strong 
Meiyu rainfall happened at 1966–1967 (in the Meiyu rain belt between 28°N and 32.5°N). 
The southern margin of the Meiyu rain belt (26.5–28.5°N) also underwent a weak Meiyu 
rainfall in 1944–1990. The multi-decadal shifts of Meiyu rainfall seem to correlate with the 
EASM strength, and the AMO in a less extent.



 Climatic Change          (2021) 168:22 

1 3

   22  Page 12 of 19

3.7  Impact of traditional culture on adaptation to extreme floods

Floods caused by rainstorms are another major hydro-climatic disaster in the southern 
parts of the East Asian monsoon region. The possibility of more intense precipitation 
under future anthropogenic warming and the approaches to effectively adapting to the 
extreme rainfall and floods have attracted much attention of both academic and govern-
mental sectors. Xu et al. (2021) present a case where the countermeasures taken to cope 
with the severe flood in 1849 in Nanjing, China, were largely affected by traditional cul-
ture in addition to the societal and economic factors.

This rainstorm and flood event mainly occurred in the mid to lower reaches of the 
Yangtze River, causing severe losses in Jiangsu and Anhui provinces (Zhao et al. 2004). 
The scale of the disaster was worsened largely by the previous-year heavy rainfall and 
flood in the region. Xu et al. (2021) found that Feng Shui, also known as Chinese Geo-
mancy, played an important role in the decision of whether or not to build a hydro pro-
ject of drainage canal connecting the Xuanwu Lake with the Yangtze River before the 
flood. The proposed project was finally given up, because the local officials and elites of 
Nanjing city worried about the ruin of Feng Shui, bringing misfortune to local people. 
Without the project, the flood of 1849 inundated almost the whole Nanjing city, causing 
huge losses of residents’ property. Learning from this lesson, however, the hydro pro-
ject was eventually completed in 1931, showing that the relationship between traditional 
culture and the social adaptation to climate extreme has evolved over time.

3.8  Synchronizations of climate events shown in tree‑ring chronologies

Although not specified through calibration and reconstruction, the tree-ring chronolo-
gies established for most areas of East Asia may mainly represent the variations of sum-
mer precipitation, thus regional drought or flood. Using the data of tree-ring width and 
the method of complex network, Wang et  al. (2021a, b) analyzed the extreme values 
of tree-ring width and their synchronizations within different areas in East Asia dur-
ing the past 600 years. The analysis shows stronger synchronizations in tree-ring width 
extremes of the Taiwan and Japan chronologies with those in inland areas of China 
mainland. They also show a remarkable shift in synchronization types within the south 
part and the inland sites during 1850–1950. For example, in-phase synchronizations 
of Taiwan with inland sites shifted to out-of-phase synchronizations after 1850. The 
out-of-phase synchronizations appeared within 5 sites during 1450–1650, but within 27 
sites during the aft-1850 period. The shift suggests a potential reorganization in climate 
teleconnections, and probably a response of the East Asian climate system to global 
climate change.

4  Western North Pacific typhoon

Tropical cyclone (TC) or typhoon is a major extreme weather phenomenon in western 
North Pacific, causing serious damage to the East Asian countries each year. The west-
ern North Pacific is a region with the most frequent occurrences of TCs in the world. 
Although a large number of studies have examined the change of typhoons over the last 
decades, the changes of typhoons on centennial scale remain unclear. In this topical 
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collection, three papers investigated the long-term change in TC (typhoon) frequency 
and tracks in western North Pacific and East Asia.

4.1  Meridional oscillation of TC activity in the western North Pacific

Typhoon maximum intensity in the western North Pacific in recent years has been found 
to have a northward shift based on observational data since the 1970s (Song and 
Klotzbach 2018). Using government observations and ship records, Liu et al. (2021) 
investigated whether such a shift also occurred in TC frequency and during the early 
twentieth century. They found a prominent meridional oscillation of the TC activity in 
the western North Pacific during the past 110 years. During 1943–1963 and 1997–2019, 
the TC numbers were higher near Japan, and lower over the South China Sea (SCS). 
However, an opposite pattern occurred during the periods of 1926–1942 and 1969–1988 
(Fig. 4a, b). They attributed this meridional oscillation to the shifted TC genesis posi-
tions and their subsequent tracks associated with the decadal to multi-decadal variabil-
ity of the large-scale atmospheric and oceanic circulation system.

This finding implies that the frequently reported decrease in the number of TCs in 
China mainland over the last decades, including the decreased precipitation induced by 
the TCs, cannot represent the change in the whole western North Pacific regions. It does 
not mean that other areas of the western North Pacific also underwent a downward trend 
of the TCs during the last decades, nor does it mean that the early period experienced 
a similar decrease in the TC frequency in China’s mainland. The multi-decadal south-
north shift of the TC activity once again indicates the importance of broader spatial 
scale and longer temporal scale in the detection and attribution of the TC change in par-
ticular, and of mean and extreme climate change in general.

It is also worth noting that the finding points out the difficulty in detecting the anthro-
pogenic signal in the regional TC data series, but it indeed helps understand the mecha-
nism of decadal to multi-decadal variability of the TCs, and provides a clue to predict 
the possible trend of the TC frequency in the region in decades to come.

4.2  Change in numbers of annual landfalling TCs in Japan

There is a long observational record of TCs making landfall in Japan, and a potential to 
construct a landfalling TC time series of the past 100 years and more in the mid- to high 
latitude of the western North Pacific. Kubota et al. (2021) reported a long-term TC data 
series from 1877 to 2019, which was obtained by combining the TC track data and the 
early observational data from weather stations and lighthouses. The lower number of 
annual landfalling TCs in Japan during the period from the 1970s to the 2000s as shown 
in this paper (Fig. 4c) is similar to that in China mainland (Ren et al. 2002; Ding and 
Ren 2008). Other periods, including the late nineteenth century, have a generally higher 
number of annual landfalling TCs in Japan. However, no significant trend in landfalling 
TCs is detectable for the entire period, although an increase in TC intensity and a sig-
nificant northeastward shift of the TC landfalling locations could be found for the recent 
period of 1977–2019 (Fig. 4c), which is broadly consistent with the finding of Liu et al. 
(2021).
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4.3  Reconstruction of tropical cyclones affecting Hong Kong

Pre-1950 TC observations are lacking in mainland China. The studies of TC change have 
focused mostly on the last five to six decades, and there is a lack of understanding for TC 
variation on a longer period in this region. Zhang et  al. (2021) used the recently devel-
oped surface air pressure (SAP) data of the twentieth century, and a new methodology by 
defining the pressure-metric thresholds of observational sites affected by landfalling TCs 
at present, to reconstruct the landfalling TCs affecting Hong Kong over 1885–2017. The 
general distance of the detectable landfalling TCs and the SAP thresholds were determined 

Fig. 4  Reconstructed typhoon (tropical cyclone (TC)) events since late-1880s over East Asia. a TC num-
bers near Japan from 1877 to 2019 (Liu et al. 2021). b TC numbers over the South China Sea from 1910 
to 2019 (Liu et al. 2021). c TC landfalls in Japan from 1877 to 2019 (Kubota et al. 2021). d Number of 
TCs affecting Hong Kong from 1885 to 2017 (Zhang et al. 2021). Bold blue curves in a and b indicate the 
average TC numbers during different periods; Green line, blue curve, and red dashed line in d indicate the 
climatological mean, the 5a (5-year) running mean, and the liner trend, respectively
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by utilizing the correlation between the SAP indicators at Hong Kong station and those of 
each landfalling site for all 392 observed TCs during the period of 1951–2016. The recon-
structed annual TC series show a visible long-term downward (but non-significant) trend 
from 1885 to 2017, especially an obvious reduction after the early-1960s (Fig. 4d).

The significance of this work is mainly in the novel methodology for reconstructing 
TCs, which could be applicable in other areas, and would provide a homogeneous TC time 
series wherever the daily surface air pressure data are available. It also presents further 
evidence through the example of Hong Kong reconstruction that the TC frequency experi-
enced no increases over the last 100 years or more, under the background of global warm-
ing since the late nineteenth century in the western North Pacific and China mainland.

To sum up, the TC frequency and intensity of the western North Pacific as a whole did 
not undergo a significant long-term trend during the last 100 years or more, in spite of the 
fact that the TCs decreased in frequency after the 1970s in the southern part of the region. 
The landfalling TCs in the coastal area of southern China also experienced a downward 
trend, but it is weak and non-significant statistically. The multi-decadal variability of TC 
frequency, including the decadal to multi-decadal shift of high-frequency TCs toward the 
north, may have been the main reason that the southern part of the western North Pacific 
saw a decrease in TC frequency and TC-induced precipitation.

Therefore, in the western North Pacific region, the possible response of the TC activity 
to global climate warming can still not be detected in the observations, despite the fre-
quently reported simultaneous sea surface temperature increase in the western tropical 
Pacific and the SCS based on the historical SST observational data (e.g., Hartmann et al. 
2013; Bao and Ren 2014).

5  Concluding remarks

The 15 papers included in the topical collection examine the change and variability of his-
torical and modern ECEs in East Asia based on different sources of data. The results are 
broadly consistent with the previous studies and assessments. However, a number of find-
ings will be conducive to a deeper understanding of regional climate and extreme climate 
change. The following conclusions can be drawn from the studies.

1. Large decadal to multi-decadal extreme temperature variabilities and huge inter-annual 
to decadal precipitation abnormalities occurred in East Asia in the last centuries, with 
some unexperienced in the last 100 years.

2. The extreme temperature change in the last century or decades seems unusual when 
compared to the historical reconstructions, but the recent extreme precipitation events 
are dwarfed by those that occurred in history.

3. Even if only focusing on the last century, changes in extreme temperature and precipita-
tion frequency of the last decades are also different from those that happened in earlier 
decades.

4. The recent decline of the landfalling typhoon frequency in the southern part of East 
Asia is not a continuation of longer period downward trend, and it might have been a 
manifestation of the multi-decadal south-to-north shift of high-frequency TC belt.

5. The ocean–atmosphere-land interaction, including the East Asian monsoon abnormality, 
might be the dominant factor for the variability of the ECEs, but the extreme temperature 
change of the after-1900 period might have been a response to anthropogenic activity.
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6. The historical mega-droughts resulted in far more economic losses and deaths than 
any other ECEs, which might be because of the extremely low resilience of the ancient 
society to the extreme droughts.

Uncertainties still exist in the reconstruction of historical ECEs and the calibration of 
the early instrumental records. Further studies are needed to fill the knowledge gaps and 
reduce these uncertainties, by improving the proxy-based reconstruction methodology of 
multi-decadal temperature and precipitation (dryness index) variations, making an effort 
to recover, digitize, calibrate, and verify the early instrumental records, and exploring the 
mechanisms of the observed multi-decadal variability of extreme climate in the region.
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