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The impact of interactions
between various systems caused
by three consecutive years of La
Nina events on the abnormal
summer high temperatures in
China in 2022

Chai Boyu*

Nanjing University of Information Science and Technology, Nanjing, China

In the summer of 2022, like in many other regions of the world, an
unprecedented period of continuous high-temperature weather occurred in
eastern China. The degree and duration of this event far exceeded normal
standards. Between 2020 and 2022, the tropical Pacific experienced the most
significant three-year consecutive La Nina event recorded in recent decades. We
investigate linkages between these events: the high-temperature response in
eastern China and Asia under the background of such La Nina events.
Development of summer La Nina events contributed to a high-temperature
heat wave during the summer of 2022. Rapid development of these events in the
third year exacerbated negative Indian Ocean Dipole phases because of energy
accumulation from abnormal easterly winds. The combined effects of the
negative Indian Ocean Dipole phase and La Nina provided background field
support that strengthened the West Pacific Subtropical High (WPSH) and the
Iranian High, leading to high terrestrial temperature anomalies. An empirical
orthogonal function (EOF) analysis of the vertical velocity in the middle and low
latitudes of the tropical Indian Ocean and the Asian continent reveals the first two
empirical orthogonal function modes to be conducive to the strengthening of
Walker circulation in 2022. These two main modes jointly reflect the rising
movement of the equatorial East Indian Ocean and South China Sea in 2022,
and the sinking movement to the west of the Tibet Plateau and eastern China,
which was conducive to generating high temperatures in eastern China. Finally,
the South Asian High was affected by the La Nina event that lasted for three years,
showing a strong trend towards the north, thus making an important contribution
to this high temperature.
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1 Introduction

La Nina is a climate phenomenon that affects the Pacific and
other global oceans. The evolution of La Nina events often exerts a
significant impact on global weather and climate change, especially
in regions surrounding the Pacific and Indian oceans. La Nina
events usually last for two years, but they can persist for three,
during which time their impact on global weather can increase.
Consequently, understanding how La Nina cycles, especially longer-
duration ones, affect temperature and weather throughout the Asia-
Pacific region will improve climate predictions, and in doing so, by
increasing preparedness, minimize any potential adverse effect of
extreme climate events on affected humans.

Many studies have investigated El Nifio-Southern Oscillation
(ENSO) changes and high-temperature heatwaves. Combining
theoretical analysis and buoy observation, McPhaden et al. (Hasan
et al., 2022; McPhaden et al., 2023a; McPhaden et al., 2023b) reported
potential processes of consecutive years of La Nina events, and reported
a delayed effect of a preceding El Nifio and anomalous warmth in the
tropical Indian and Atlantic oceans to energize the La Nifia, leading to a
three-year event. Iwakiri (2020) reported data for three consecutive
years of La Nina events in Japan, the first year of high temperatures,
mainly in the southwest of the country from August to October, was
because of abnormal southwest winds caused by lower precipitation in
the equatorial Pacific; in the second year, temperatures during this time
were higher mainly in northeastern parts of the country, this time
caused by barotropic higher pressure caused by lower precipitation in
the equatorial Pacific. Huang et al. (Timmermann et al., 2018; Huang
etal, 2019; Xu et al,, 2023) studied the impact of ENSO on the Western
Pacific Subtropical High (WPSH) and reported changes to be mainly
controlled by ENSO, with a cycle of 4 to 5 years. However, in recent
years, El Nino and La Nina phenomena in the central Pacific have
increased, leading to a significant dipole distribution in the Pacific and
Indian oceans, creating uncertainty in change in WPSH, sea surface
temperature (SST), and precipitation anomalies. A significant negative
correlation was detected between Indian Ocean Dipole Mode index
(DMI), Nino index, SST, and precipitation in the Indo-Pacific Warm
Pool. Fan et al. (2022) investigated interactions between ENSO and
meridional circulation and proposed that ENSO has a strong
association with the Pacific meridional mode. When ENSO causes
changes in thermal convection and SST distribution in the tropical
Pacific, the meridional mode also changes via wind-evaporation-SST
feedback. Hari et al. (2022) found that when precipitation and SST in
the eastern Pacific were low, the strong east wind anomaly that was
triggered caused the tropical Indian Ocean to generate a west wind
anomaly towards the western Pacific that influenced the distribution of
Hadley circulation and induced high temperatures in India. Mondal
etal. (Sharma et al., 2022; Mondal et al., 2023) reported eastern China,
the northwestern United States, and Australia to be new centers of
higher temperature and drought, attributed to changes in ENSO events,
closely related to meridional circulation and geopotential height field,
which produced stronger subtropical high pressure triggering high
summer temperatures, droughts, and fires. Kim and Lee (2022)
investigated conditions that led to high temperatures in the Far East
region of northeast Asia, Russia during La Nina events. These authors
found that when a blocking high occurs in the upstream mid-high

Frontiers in Marine Science

10.3389/fmars.2024.1361782

latitude circulation, and when the geopotential height field is enhanced,
the probability of extreme high temperature weather was greater. He
et al. (2023) reported that a summer high temperature anomaly on the
eastern side of Qinghai-Tibet Plateau in 2022 may be related to a strong
easterly jet over the plateau, which produced abnormal updraft on its
western side and downdraft on its eastern side. Zhang et al. (2022), in
an investigation of SST and precipitation anomalies in the equatorial
eastern Pacific Ocean in response to El Nino events, found that when
the El Nino decayed, areas with more precipitation appeared in the
low-latitude eastern Pacific Ocean north of the equator, producing
abnormal atmospheric circulation. The low latitude temperature on the
west coast of North America falls, while the high latitude temperature
increases. This phenomenon more-often occurs in the eastern than
central type of El Nino. Li et al. (2022) predicted the distribution of
typhoons, floods, and temperatures in the Indo-Pacific over three
weeks based on ENSO-based predictions of MJO activities. McKinnon
and Simpson (2022) investigated the intensity of heatwaves in the
northwest Pacific under the 2021 La Nina background using statistical
methods such as kurtosis and skewness. Meng and Gong (2022)
investigated the impact of North Atlantic SST on high temperature
and drought events in Eurasia for the following spring and summer.
Tuel et al. (2022) investigated a heatwave in eastern Europe and
flooding in western Europe during the summer of 2021 under the
background of La Nina, and reported such events to be related to the
blocking high pressure caused by abnormal circulation patterns and
Rossby waves. Xue et al. (2022) investigated the impact of La Nina on
regional climate including high temperature and precipitation by
analyzing CMIP6 data; this strategy achieved good predictive results.
The Indian Ocean Dipole mode (IOD) of SST is an important
variable influenced by La Nina activity. Xie et al. (2009) found that
warming of the equatorial Indian Ocean may be related to a lag effect
of El Nino and Kelvin waves. Many studies have investigated IOD
and high-temperature heatwaves under the background of ENSO
circulation. For example, after comparing the negative phase of IOD
with and without a La Nina influence using climate models, Jeong
et al. (Qiu et al., 2014; Bian et al., 2022; Toreti and Cammalleri, 2022;
Jeong et al., 2023) reported the negative precipitation anomaly in
southern China disappeared without the influence of La Nina. This
indicates that high temperature and drought in China in 2022 were
caused by the combined influence of La Nina and IOD negative
phases, and that the non-stationary drought in eastern China caused
by this external circulation will enhance high temperatures.
Conversely, when a positive IOD event occurs, cyclones and
southwest wind anomalies appear in the troposphere of southern
China on and downstream of the Qinghai-Tibet Plateau, causing
excessive precipitation in the eastern region of this plateau. Wei et al.
(Sun et al., 2022; Wei et al., 2023) found that heatwave events in
China experienced a transitional period from 1993 to 2000, followed
by a sudden increase in intensity. When considering the southern
region of the Yangtze River in China, the negative phase of IOD and a
La Nina event are conducive to the occurrence of heatwave events.
IOD and ENSO explain 62.35%-70.01% of this increase in heatwaves.
Over the past 20 years, the impact of La Nina events on
heatwaves in the southern region of the Yangtze River has
become increasingly severe, particularly during the early onset of
IOD. Li et al. (2021) reported the negative phase of IOD to
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strengthen the southwest monsoon, thereby strengthening the
upwelling near Sri Lanka and affecting temperature in
southeastern India. Abhik et al. (Cai et al, 2012; Magee and
Kiem, 2020; Abhik et al., 2023) studied the impact of positive
IOD events on drought and heatwaves in Australia, and reported
that an increase in positive IOD increased heatwave and drought
events, but changes in negative IOD had little impact on heatwave
events; they also summarized patterns of tropical cyclones, floods,
drought and heatwave events affecting Australia through statistical
analysis of IOD and ENSO data. Behera et al. (2006) explored
relationships between 10D and ENSO, and found that without an
ENSO influence, the IOD period typically lasted 2 years. However,
ENSO activities can affect the IOD period and the intensity of
Walker circulation related to IOD; 42% of changes in Walker
circulation intensity caused by IOD are related to ENSO. These
findings indicate that the complexity of IOD mainly stems from its
regulation by ENSO; however, the IOD can also influence
circulation via specific mechanisms. As one of the dominant sea-
air coupling modes in the tropical Pacific and Indian oceans,
exploring the connections between IOD and ENSO has practical
significance for improving predictions of heatwaves in East Asia.
Although many studies have investigated the impact of La Nina
and IOD on heatwaves in East Asia, many challenges related to
exploring the mechanisms of their impact remain, especially in
terms of exploring and predicting the mechanisms responsible for
their joint impact on heatwaves in Asia. During the summer of
2022, many regions in East Asia and the Middle East experienced an
unprecedented and prolonged abnormal heatwave (Figure 1).
Previous climate predictions failed in 2022, this was a period in
which La Nina events occurred for three consecutive years, many
institutions failed to predict that East Asia would be so during the
summer of 2022. Significant changes in La Nina and IOD events

10.3389/fmars.2024.1361782

have occurred in recent years. However, these phenomena have not
been successfully linked to Asian heatwaves. We use various
statistical methods, and EOF decomposition and synthesis
analysis to investigate how La Nina and IOD affected circulation
and Asian heatwave events in 2022, and potentially, for predicting
into the future.

We aim to understand the distribution and formation
mechanism of variable fields (e.g., meridional and vertical wind
fields, altitude field) in La Nina years, especially when La Nina
events occur for three consecutive years. We then clarify the
response of negative phase IOD to La Nifa, and the distribution
and formation mechanism of its circulation field in the Indian
Ocean region. We also explore the mechanism of negative IOD and
La Nina on East Asian high temperatures, their relationship with
Walker circulation, Iranian high pressure (a high pressure system
with subtropical properties in the Middle East), and West Pacific
subtropical high by EOF decomposition, synthesis and other
analysis methods, and combine various mechanisms to identify
that mechanism of East Asian high temperature weather in 2022
and similar circulation situations.

During the summer of 2022, many areas in Asia were hit by
heatwaves (Figure 1). When comparing the extreme highest
temperatures from June-August to the mean annual extreme
highest temperature, the eastern China, and many regions in
central and western Asia were significantly warmer (in some
areas by more than 5°C). There was also a significant increase in
the number of days when the temperature was > 35°C in eastern
China and Xinjiang, China, as well as many regions in central and
western Asia, with many areas exceeding 5 days in duration.

There were three consecutive years of La Nina events between
2020 and 2022. Using China as an example, we investigate the
impact of the interaction of various systems for three consecutive
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FIGURE 1

Asian high temperatures from June—August 2022: (A) the anomalous distribution of the highest temperature from June—August, and (B) the
abnormal distribution of days when temperature was > 35°C between June and August.
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years of La Nina events on the abnormally high temperatures
during the summer of 2022.

2 Data and methods
2.1 Data

By performing experimental comparisons, we found that the re-
analysis of data better reflected the effects on both precise and long-
term scales. This indicates that the National Centers for
Environmental Prediction (NCEP) was best suited for historical
reality. Therefore, we selected NCEP data relating to 2 m
temperature from June-August 2022, long-term 2 m temperature,
SST, 500 hPa height field, and meridional wind (v) and zonal wind
(u), and vertical velocity (Omega) data since 1970, simulated by
NCEP with a spatial resolution of approximately 1° x 1°, which we
divided into 19 vertical layers. Additionally, data on 2 m
temperature from June-August 2022 with a time resolution of 1
h, and other climatic data since 1970 with the time resolution of 1
month (Meng and Gong, 2022), were used to verify and analyze La
Nina and IOD data to identify potential relationships with the 2022
heatwave in East Asia. NCEP data were acquired from https://
psl.noaa.gov/data/gridded/data.ncep.reanalysis.html. Oceanic Nifio
Index (ONI) data was obtained from NOAA CPC (Rasmusson and
Carpenter, 1982), origin.cpc.ncep.noaa.gov/products/analysis_
monitoring/ensostuff/ ONI_v5.php, and it is calculated by taking
the three-month moving average of SST in the Nino3.4 area.

2.2 Research region

When we focus on a specific tropical region, we use a method
that averages 5°S/5°N to reflect the spatial distribution of physical
fields on the equator.

2.3 Methods

Based on the Oceanic Nifio Index (ONI), we identified the
consecutive years of La Nina events (1973-1975, 1983-1985, 1998-
2000, and 2020-2022) and ordinary La Nina events (1970-1971,
1988-1989, 1995-1996, 2005-2006, 2007-2008, 2010-2011 and
2017-2018). We then calculated the development characteristics
of SST and zonal wind fields in the Pacific and Indian oceans during
La Nifia events, and vertical wind fields in the Indian Ocean during
La Nina events, using synthetic and EOF analysis. The West Pacific
Subtropical High (WPSH)-Iranian High joint index (h) was defined
and calculated and compared with the DMI index and heatwaves
that occurred in relevant regions of East Asia. The circulation for
three consecutive years of La Nina was regressed, followed by an
analysis and summary of the causes of summer heatwaves in East
Asia under the La Nina event in 2022, and then across three
consecutive La Nina years.

Our research is based on EOF, synthetic, and correlation
analyses, to examine the response of atmospheric circulation in
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the tropical and subtropical region of Asia to La Nifna events,
especially the combined effects of continuous La Nifia events for
more than three years, and for negative IOD phases. The main
scope and occurrence of the Iranian High, WPSH, and the
downdraft area in the subtropical region were determined by
analyzing the distribution range and main formation mechanisms
of East Asia summer heatwaves; this strategy was associated with
high levels of practical significance.

We define DMI as the difference in average SST anomalies
between the tropical Western Indian Ocean (50-70°E, 10°S to 10°N)
and the equatorial Southeast Indian Ocean (90-110°E, 10°S to 0°).

We calculate h as follows:

h= Ha40£—60E + HalOSE—lZSE

In this formula, H,yg ¢r represents the 500 hPa height
anomaly from May-August from 40-60°E, 25-35°N, while
H,1055-125¢ represents the 500 hPa height anomaly from May-
August at 110-130°E, 25-35°N.

3 Results

3.1 The impact of three years of
continuous La Nina events on tropical
ocean wind fields and sea

surface temperature

We analyzed wind fields over the Pacific Ocean (Figures 2A-D)
during the three consecutive years of La Nina events (1973-1975,
1983-1985, 1998-2000, 2020-2022) and anomalies in oceanic
continental wind fields (Figure 2E). With the exception of 1983-
1985, we found that the east wind anomaly over the tropical Pacific
gradually increased over time, and was strongest during the third
year of La Nina events. This strong east wind anomaly may have
carried the energy needed to transmit the abnormal signal to the
East Indies Ocean via the oceanic continent, thus increasing the
temperature of the warm water in the equatorial East Indian Ocean;
this would be conducive to generation of a negative IOD phase. The
abnormality in the 1983-1985 period is because for there were
several months when the ONI index did not reach -0.5, reducing
impact, despite the ONI index being negative throughout the
period. In the summer of the third year, the center of the east
wind anomaly in the western Pacific can also be seen, and it was
closer to the three consecutive years of La Nina events compared to
ordinary La Nina events.

Because the impact caused by La Nina and IOD propagates
from one region to a larger area through teleconnection, this
requires a more detailed analysis of the distribution of variables
in space.

In the tropical Pacific, ordinary La Nina years were generally
associated with a significantly lower SST in the eastern Pacific and a
significantly higher SST in the western Pacific (Figure 3). However,
in 2022, the lower SST in the eastern Pacific did not differ
significantly from other years, while the lower SST in the central
Pacific did difter significantly. This indicates that the central Pacific
type of La Nina may have a greater impact on energy transfer of east
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FIGURE 2

Three consecutive years of U-wind anomalies in the tropical Pacific and oceanic continents under La Nina events: (A) longitudinal-time plot of U-wind
anomalies in the Pacific from 1973-1975; (B—D) U-wind anomalies from 1983-1985, 1998-2000, and 2020-2022, along with composite analysis of
U-wind in oceanic continents under La Nina (E) events. All U-wind anomalies in (A-D) represent average variation in the 5°N to 5°S U-wind.

wind anomalies to the Indian Ocean and land temperatures. Over
recent years, the probability of La Nina events with lower SST in the
Central Pacific has increased (Wei and Ren, 2022), making the
easterly anomalies triggered by continuous La Nina events more

pronounced, leading to an increased probability of summer
heatwaves in East Asia. The 2 m temperatures near 30°N in the
control area of Iran High and the area of East China under the
control of the West North Pacific Subtropical High (WNPSH) were

FIGURE 3

Temperature anomalies near 30°N and SST anomalies in the: (A) 120°E to 120°W region of the Pacific Ocean; and (B) 60-120°E region of the Indian
Ocean during summer of ordinary La Nina years and summer of 2022. Lines: blue solid, SST anomaly in 2022; blue dashed, SST anomaly in ordinary
La Nina years; orange solid, 2 m temperature anomaly near 30°N (25-35°N average) in 2022; orange dashed, 2 m temperature anomaly during
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slightly higher under the average state of La Nina, while under the
influence of La Nina for three consecutive years in 2022, these
temperatures were significantly higher (to more than 1°C).
During La Nina events that persisted for three years, the U-wind
over the tropical Pacific had a larger area and a longer duration in
the summer of the third year, and the east wind anomaly was
strongest in the third year. In the Nino3.4 area, from the winter of
La Nina in the first year to the winter of La Nina in the third year,
east wind anomalies changed in the same direction as the Nino3.4
area. At that time, there was a significant sustained east wind
anomaly and a negative SST anomaly in the Nino3.4 area (Figure 4).

3.2 Contribution of Indian Ocean dipole
mode index, height field anomalies, and
circulation fields to heatwave over three
consecutive years of La Nina

In the tropical Indian Ocean, west wind anomaly effects peaked
from summer to winter during the third year of La Nina; the
corresponding DMI index was lowest at this time, showing a
significant negative phase of IOD. These data indicate that the
third year of La Nina events had a significant corresponding
relationship with the negative phase of IOD. Furthermore, the
continuous La Nina events maintained a high SST in the tropical
East Indian Ocean via the propagation of the tropical Pacific and
Oceanic Continental east wind anomaly and accumulation of
energy. Furthermore, the IOD negative phase was consistent,
producing pressure differences and west wind anomalies, which
strengthened the convergence and upward movement of the
tropical East Indian Ocean, enhancing Walker circulation and the
Iran high. We used the West Pacific Subtropical High-Iran High
Joint Index (referred to as the h Index; unit: gpm) to represent the
synergistic enhancement of the Iran High and WNPSH caused by
enhanced Walker circulation (Figures 5, 6).

In 2022, the DMI was significantly lower than the regular La
Nina year in July and August; however, at the Iranian high pressure

A SST-U in Three Consecutive Years of La Nina
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near 30°N, the 500 hPa height field was significantly higher and
continued throughout the 2022 summer (Figure 5). When a La Nina
event of medium intensity or above occurred, westerlies of 80-90°E
in the equatorial Indian Ocean often developed in the second and
especially third years. This indicates that the east wind anomaly
caused by the continuous La Nina event transported warm water to
the equatorial East Indian Ocean, increasing temperature and
pressure differences between the eastern and western Indian
Oceans of the equator, leading to westerly wind anomalies,
enhanced warm water and ascending flow in the atmosphere of
East Indian Ocean, and strengthened Walker circulation. Analysis
of the V-W wind at 60°E and 90°E (data not shown) reveals that in
years 2 and 3 of continuous La Nina events, there was a stronger
descending flow near 30°N, 60°E, conducive to enhancement of the
Iranian High. Even in the Qinghai-Tibet Plateau region, which
usually does not have descending anomalies at 90°E, there were
obvious descending anomalies in the third year of the La Nina
event, conducive to the connection between the Iranian High and
WNPSH, enhancing the Iranian high pressure and WNPSH, and
increasing h index. Therefore, there was a significant negative
correlation between the h index and DMI (to —0.366). When
DMI was negative and the IOD negative phase occurred, the
Iranian high pressure tended to strengthen, increasing h index.
Although the EOF decomposed and reduced vertical velocity
during the summer in Asia, the contribution of the first EOF mode
was 26.68%, and the second 12.71% (Figure 6). The first and
especially second mode vectors were mainly negative over the
three years. Negative vectors gradually increased from 2020-2022.
For vertical velocity in the tropical Indian Ocean, the ascending part
of the tropical East Indian Ocean was more intense over three
consecutive years of La Nina events; this strengthened Walker
circulation and the Iran high. For EOF1, the equatorial East
Indian Ocean was negative, the western Indian Ocean was
positive, and the Qinghai-Tibet Plateau, southwestern China, and
Persian Gulf Coast were positive. Since 2000, this modal vector has
been mainly positive, although it was negative under the
background of the La Nina year for three consecutive years

C

SST-U in Three Consecutive Years of La Nina U Anomaly and DMI

Uanomaly |
DMl Index

Average variation of the 5°N to 5°S U-wind (solid lines, positive values; dashed lines, negative values) and SST anomaly (contour) over time in the
(A) Pacific Ocean and (C) Indian Ocean over 3-year consecutive La Nina events. (B) Comparison of the variation in mean U-wind in the Nino3.4 area and
Nino3.4 index. (D) Comparison of 5°N to 5°S and 80-90°E mean U-Wind in the Indian Ocean, with DMI index over 3-year consecutive La Nina events.
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FIGURE 5

(A) Changes in the Indian Ocean Dipole Mode index (DMI) during ordinary La Nina decay years (dashed blue line) and May—August 2022 (solid blue line),
and regional average potential height anomalies (per 10 gpm) of the Iranian High and Subtropical High from May—August 2022 (green bar); (B) changes
in average temperature anomalies in eastern China during ordinary La Nina decay years (dashed orange line) and May—August 2022 (solid orange line),
and regional average geopotential height anomalies (per 10 gpm) of the Iranian High and Subtropical High from May—August 2022 (green bar); (C) U-
wind anomaly (solid blue line) and trend (dashed pink line) 80—-90°E of the equatorial Indian Ocean, with years marked by red dots representing
moderate or above intensity La Nina events; and (D) h index (solid blue line) and trend (dashed blue line), and change in DMI (dashed orange line).
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FIGURE 6

EOF analysis of vertical velocity (Omega) anomalies in the tropical Indian Ocean and surrounding areas: (A) the first mode; (B) corresponding eigen
vectors; (C) the second mode; and (D) corresponding eigen vectors. Zonal distributions of (E) the first mode of EOF Omega anomaly in the
equatorial Indian Ocean from 40-120°E (dotted red line), Omega anomalies in this area on the equator under ordinary La Nina events (dotted
orange line), and over three consecutive years of La Nina Events (solid blue line), (F) as well as (E), but showing the EOF second mode as the red
dotted line. Near-surface of vertical velocity is used.
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between 2020 and 2022. In the EOF2, the equatorial East Indian
Ocean was mainly positive to the south of the equator, negative in
areas north of the equator, and positive in the equatorial West
Indian Ocean; the Tibetan Plateau was negative, the Persian Gulf, to
the west, was positive, as were coastal areas of South China and the
South China Sea. Since 2010, this modal vector has been mainly
negative. The configuration of these modes was conducive to the
strengthening of the Iran high and Walker circulation in 2022.
Collectively, the two main modes reflected the rising movement of
the equatorial East Indian Ocean and the South China Sea, and the
sinking movement to the west of the Tibetan Plateau and eastern
China; these events generated high temperatures in eastern China.
This configuration of modes also explains that over recent years,
when the DMI index was negative, there was no significant negative
SST anomaly in the western Indian Ocean.

Circulation during the summers of 1998, 2010, and 2016-2022
with h > 40 were selected for synthetic analysis. During these years,
Asia’s 500 hPa height field was divided into an eastern center, most
obvious on the Chinese mainland and Bay of Bengal, and a western
center, mainly on the Arabian Peninsula. Additionally, anticyclone
circulation anomalies occurred around these two centers. The
western center had a positive anomalous connection in the
geopotential height field, conducive to connection between WPSH
and the Iranian high pressure, enhancing heatwaves. The 100 hPa
height field also had eastern and western centers. The eastern center
was represented by the South Asian High Pressure located in the
north, and the positive center of the geopotential height anomaly was
located in northern China. The entire region of East Asia experienced
a positive anomaly which resulted in increased outflow and latent
heat from the northern side of the Yangtze River Basin. Combined
with the 500 hPa height field anomaly, this led to an exceptionally

Wind and HGT anomoly at 500hPa

50N

10.3389/fmars.2024.1361782

deep and powerful warm high pressure system along the Yangtze
River, and more pronounced high temperatures. Additionally, there
was a negative anomaly of geopotential height in the Ural
Mountains-Barkhash Lake area, and a significant positive anomaly
of geopotential height in the Black Sea and northern regions. This
height field distribution was also conducive to occurrence of common
heatwaves in southern and northern East Asia (Kim et al., 2022).

Analysis of the 100 hPa geopotential height and anomaly fields
reveals the South Asia High at 100 hPa firmly occupied the Qinghai-
Tibet Plateau and surrounding areas, but in the eastern part of Eurasia,
the 100 hPa geopotential height field in the northern area was
significantly higher, by up to 400 gpm, thus strengthening the
upwards movement of the northern side of the high-temperature
area, providing energy for a high-temperature area on its southern
side by releasing latent heat. This strengthened the WNPSH on its
southern side (Le Févre and Tideman, 1931). Analysis of the 500 hPa
geopotential height field and anomaly field revealed a high pressure belt
near the Tibetan Plateau that connected the WNPSH with the Iranian
High, further increasing temperature in East Asia.

4 Discussion and conclusions

We examine heatwave events in subtropical regions of East Asia
for the summer of 2022, and investigate reasons for the joint impact
of La Nifia and IOD events on heatwaves in this region over three
consecutive years of La Nifa events.

Development of La Nina events contributes to high temperature
heatwave events during the summer of 2022. Rapid development of
La Nina events during the third year also exacerbated the
occurrence of negative IOD phases because of accumulation of
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From June—August 2022: (A) 100 hPa geopotential height field, (B) 100 hPa geopotential height anomaly field, (C) the 500 hPa geopotential height
field, and (D) 500 hPa geopotential height anomaly field (dotted area passing the 90% significance test).

energy in easterly anomalies. In recent years, the probability of La
Nina events with lower SST occurring in the central Pacific has
increased, making easterly anomalies triggered by continuous La
Nina events more pronounced. This may have increased the
probability of summer heatwaves in East Asia during 2022, and
this phenomenon may become increasingly frequent. Therefore,
regardless of human influence, East Asian heatwaves may also
become increasingly frequent.

The east wind anomaly caused by La Nina events in the equatorial
East Indian Ocean was conducive to replenishment of warm water,
facilitating occurrence of a negative IOD phase, which would
strengthen the ascending vertical velocity of the equatorial East
Indian Ocean, consequently Walker circulation, and enhance the
Iranian high pressure in the Asian subtropical region (Figure 7). This
in turn would enhance the overall strength of the Asian subtropical
high pressure system and induce the occurrence of high-temperature
and drought events. The combined effect of the negative phase of IOD
and La Nina events provides background field support for the
strengthening of the WPSH and Iranian high, corresponding to high
temperature anomalies on land. From EOF analysis of vertical velocity
in the tropical Indian Ocean and Asian continent at low and middle
latitudes, the first two EOF modes favored the strengthening of Walker
circulation in 2022. These two main modes jointly reflect the ascending
vertical velocity of the equatorial eastern Indian Ocean and South
China Sea in 2022, and the enhanced sinking vertical velocity west of
the Qinghai-Tibet Plateau and in eastern China. These events were
conducive to the generation of high temperatures in eastern China.

High pressure in South Asia was affected by the La Nina events
that lasted for three years, with a strong trend towards the north.
These events also contributed to high temperatures in 2022; the 100
hPa geopotential height field in the northern area was significantly
higher (to 400 gpm). Additionally, the positive center of the
geopotential height anomaly was located in northern China. The
whole of East Asia was a positive anomaly, resulting in increased

Frontiers in Marine Science

outflow and latent heat from the northern side of the Yangtze River
Basin. Combined with the 500 hPa height field anomaly (Figure 8),
this created an exceptionally deep and powerful warm high pressure
system along the Yangtze River, increasing high temperatures in
this region.
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