Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

Low-level Jet Observed over the East China Sea
during the Bai-u Season

Megumi OYAMA
Fukuoka Regional Headquarters

Noriyuki NISHI

nornishi®@fukucka—u, ac, jip

Fukuoka University

Atsuyoshi MANDA
Mie University

Short Report

Keywords:

Posted Date: July 1st, 2026

DOI: https://doi.org/10.21203/rs.3.rs-10136034/v1

License: € ® This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Additional Declarations: No competing interests reported.

Page 1/14


https://doi.org/10.21203/rs.3.rs-10136034/v1
https://doi.org/10.21203/rs.3.rs-10136034/v1
https://doi.org/10.21203/rs.3.rs-10136034/v1
https://creativecommons.org/licenses/by/4.0/

Abstract

We analyzed the south-westerly strong jet with maxima below 900 hPa over the central East China Sea
during the Bai-u season. The jet has a maximum occurrence rate from the end of June to the beginning
of July. We focused on events in which the geostrophic component exhibits remarkable shear above the
wind speed peak below 900 hPa. Most of them are detected far from low-pressure systems and the Bai-
u front and are not directly related to them. We showed that warm air advected by the strong westerly
inherent to this season over the heated Asian continent produced the steep temperature gradient,
strengthening vertical shear through the thermal wind relation. This mechanism is similar to a well-
known coastal jet close to the continent, but the jet is located far from the continental coast. The
occurrence frequency exhibits a pronounced diurnal cycle, attaining a maximum at 02 LT, which
precedes the period of frequent heavy rainfall over Kyushu in southwestern Japan, and a minimum at 20
LT. This cycle coincides with variations in the southerly ageostrophic wind near the surface. The
combination of the geostrophic component produced through the thermal wind relation and the
ageostrophic one inherent to the East China Sea produces a very strong low-level jet.

1. Introduction

The Bai-u front is established around Japan during May, June, and July, and serious disasters caused by
heavy rainfall often affect us. Then, warm and very humid air is advected from the southwest toward the
front (e.g. Kato 2020, Watanabe et al. 2024). Kato (2020) suggested that vapor flux at 500 m is a key
parameter defining the environmental conditions favorable for heavy rainfall events in Japan. Such
events are typically accompanied by a pronounced westward extension of the Bonin High and a trough
over the Korean Peninsula. The resulting intensified pressure gradient strengthens southwesterly winds
near Kyushu, thereby enhancing vapor flux in the lower troposphere and increasing static instability.

As for the strong wind in the lowermost (lower than 900 hPa) levels, Tu et al. (2019) investigated the
mechanism of strong wind near the continental coast in the South China Sea. They pointed out the
presence of the low-level jets whose maxima are located between 900 and 950 hPa. It can be well
explained by the geostrophic balance associated with the pressure gradient between the Bonin High and
the Mei-yu trough over the continent. Such coastal boundary jets have been studied worldwide (Ranjha et
al. 2013), and many of them are related to the thermal contrast between land and sea (e.g., Du et al.
2015). As will be shown later in this paper, many similar events are found in the central East China Sea,
several hundred kilometers from the coast. This study presents statistics of these events and aims to
elucidate their underlying mechanisms.

Low-level jets over the East China Sea have been the subject of numerous studies. However, most
previous studies have focused on jets at relatively higher altitudes (around 850 hPa) and/or on
ageostrophic winds associated with meso- or synoptic-scale low-pressure systems (e.g., Tai-Jen Chen
and Yu 1988). In contrast, this study focuses on a much lower-level jet characterized primarily by a near-
geostrophic balance, rather than ageostrophic forcing.

Page 2/14



2. Data

The JRA-55 reanalysis produced by the Japan Meteorological Agency (Kobayashi et al. 2015) was used
for June and July during 1989-2018 over the region 18°N-40°N, 110°E-140°E. Six-hourly data of three-
dimensional wind, temperature and geopotential height on 37 mandatory pressure levels, with a
horizontal resolution of 1.25°, were analyzed. To complement the JRA-55 analysis, ERAS reanalysis data
(Hersbach et al. 2020) were also used.

3. Results
3.1 Distribution and structure of the low-level jets

Strong-wind events with their wind-speed maximum below 900 hPa are frequently detected over the East
China Sea during the Bai-u season. An illustrative case is shown in Fig. 1a. Two regions of strong winds
are identified: one around 32°N, 128°E and the other around 35°N, 124°E. The latter is located just south
of an extratropical cyclone centered near 37°N, 124°E, and can be regarded as part of that synoptic
system. In contrast, the former is spatially separated from the cyclone accompanied by the Bai-u front
(not shown).

Figure 1

The vertical structures of the two jets are markedly different (Fig. 1b). The northern jet (around 36°N)
exhibits a vertically deep structure, with its core located above 600 hPa. In contrast, the southern jet
(around 32°N) has a relatively shallow structure, is confined near the surface, and attains its maximum
wind speed around 925 hPa. This southern, shallow jet is the primary focus of the present study. As
discussed later, the three-dimensional structure of this jet resembles that of a so-called coastal jet,
similar to those analyzed by Tu et al. (2019) over the South China Sea (see their Figs. 2 and 5). Our
interest lies in such independent low-level jet-like events occurring (1) far from low-pressure systems
(2) in the central part of the East China Sea.

We tried to identify such low-level jet events with a similar criterion to Tu et al. (2019). Our criteria are as
follows. (1) the maximum wind speed within the levels below 900 hPa is greater than 15 ms™! and (2)
the wind speed must decrease by at least 3 ms ! from 900 hPa to 700 hPa. Because the selection of
events is based on only the vertical distribution of the wind speed and does not take the horizontal
structure into account, the selected strong wind regions do not necessarily have horizontally narrow
structures. We further limited the analysis to cases in which the wind direction at 900 hPa was between
west and south and the minimum geopotential height at 1000 hPa within a 12.5°x 12.5° square centered
on the point was higher than - 70 m, in order to exclude the conditions of typhoons and strong low-
pressure systems. Events selected using these criteria are referred to as Type-J events.

Figures 2b—2f show the occurrence ratio of Type-J events for each 10-day calendar period over the 30-
year analysis period. The occurrence ratio remains low until 11-20 June (Fig. 2b), but increases rapidly
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during 21-30 June, extending from the Taiwan Strait to the southern part of the East China Sea (Fig. 2c).
Subsequently, the region with frequent occurrence shifts northward, and the occurrence reaches its
maximum in 1-10 July (Fig. 2d). The ratio gradually decreases after 11-20 July (Figs. 2e and f). During
the period with frequent occurrences, from late June to early July, many heavy rainfall events occur over
southern Japan, which is the lee side of this strong wind.

Figure 2

3.2 Formation processes of the low-level jets

The results in the previous section raise the question of what triggers the strong wind below 900 hPa.
One possible answer is the thermal wind balance in large-scale monsoon systems, as seen in coastal jet
cases. Another possibility is convection systems around the cyclones and fronts, which are
accompanied by strong convergence winds in the lower troposphere. An interesting event supports the
idea of thermal wind balance, as shown by the temperature fields at 900 hPa (Fig. 1c). The region of very
warm air (temperature higher than 23 ° C) extends eastward from the Asian continent to just west of
the strong wind belt. The resulting thermal wind balance may be the main cause of the strong wind in the
lowermost levels.

To confirm this hypothesis, we divided the wind field into geostrophic and ageostrophic parts and
examined their vertical profile at a point in the central East China Sea: 126.25° E, 30° N (hereafter
referred to as Point-A), which is in the eastern part of the region where jet events occur frequently

(Fig. 2a) and where an impact on rainfall in Japan is expected. Analyzing the strong winds of this place
is also interesting because it is far from the continental coast, and the idea of the coastal jet is difficult
to apply simply. Hereafter, we focus on the cases in which the type-J criterion is satisfied at Point A.

When we checked the vertical profile of each event of the Type-J category carefully, we found that they
are roughly divided into two categories. Figure 3 shows the profiles of the typical events of each
category. The first category shows the gradual increase of the wind speed downward from 700 hPa

(Fig. 3a). In this category, the shear of the wind can be well represented by that of the geostrophic
component. The second category (Fig. 3b) shows a minimum of wind speed around 850 hPa. In such
category, we cannot detect the enhancement of the geostrophic wind speed in the lowest levels. In this
study, we concentrated on the first type, whose mechanism can be explained in the context of
geostrophic dynamics. For that purpose, we added one more criterion for the selection of events: the
geostrophic wind should be enhanced near the ground. The geostrophic component along x-axis at 900
hPa is larger than that at 700 hPa plus 2 m s~ 1. We call this sub-category of type-J events Type-JG. The
number of Type-JG events is 167, which is more than half of the number of Type-J events: 297. We
compared the statistical characteristics of Type-JG with Type-J (Table 1). While the geostrophic shear
along the z-axis of Type-JG is about 1 m s~! larger than that of Type-J, the ageostrophic share of Type-
JGis about 1 m s~ weaker. Other parameters are almost the same.
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Table 1

Selected wind parameters of the composite Type-J and Type-JG events. All

wind data are resolved into components parallel (X) and perpendicular (Y) to

the 800-hPa geostrophic wind. Values are expressed as a + b, where a is the
mean and b the standard deviation.

Geostrophic wind (X) at 800hPa Type-J(IE')  Type-JG(In")
129+3.3 12.3+3.2
Ageostrophic wind (X) at 800hPa 1.1+£1.7 1.1+£1.6
Ageostrophic wind (Y) at 800hPa 1.2+1.6 1.1+£1.6
Shear: Geostrophic (X) 700hPa-900hPa -21+1.8 -3.3%+1.2
Shear: Geostrophic (Y) 700hPa-900hPa -21+1.6 -2.0+1.6
Shear: Ageostrophic (X) 700hPa-900hPa -2.4+1.7 -1.5+1.4
Shear: Ageostrophic (Y) 700hPa-900hPa 0.3+1.8 -02+1.8

Figure 3

3.3 Formation mechanism of the warm air

Warmer air west of the jet axis is needed for the generation of the jet through the thermal wind relations.
To reveal the origin of the warm air extending from the continent, we analyzed the seasonal change of
the temperature at 900 hPa (Fig. S1). A warm region (over 22 ° C) is not detected over the continent in
1-20 June; an isolated warm region with temperatures higher than 22 ° C appears around 27 ° N near
the east coast in 21-30 June. The region moves northward to 30 ° N in July. The timing of the formation
of the isolated warm region coincides with the appearance of the low-level strong jet over the East China
Sea. The warm air over the continent may be responsible for the formation of strong winds.

For further examination of this relationship, we compared the temperature distributions between normal
condition and the average of the type-JG cases at Point A during 21 June - 20 July (Fig. 4). While the
local maximum temperature in normal conditions (Fig. 4a) is less than 23° C over the continent region,
the maximum in Type-JG cases (Fig. 4b) is about 24.5° C near the coastline at 30 ° N. The difference
between the two (Fig. 4c) is the largest in the NE-SW oriented zone from 30° N, 122° E to

33° N, 126° E, and its magnitude is about 2.4 ° C. We also prepared the longitude-vertical
temperature sections at 30 ° N (Fig. S2). The zonal temperature gradient is enhanced at levels below 850
hPa in the Type-JG cases. The longitude of maximum temperature difference is shifted eastward with
height from the ground to 800 hPa. This is possibly related to the westerly wind speed; the westerly is
important for the advection of this warm air over the East China Sea.

Figure 4
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After we examined the distribution of the temperature and wind fields around Point-A in some typical
cases of Type-JG events, we found that the westerly is stronger and the temperature is higher around the
coast of the Asian continent than under normal conditions (not shown). To confirm this property
statistically, we made a scatter plot of temperature and zonal wind at 900 hPa on the coastal point
(122.5 ° E, 30 ° N) located west of Point-A (Fig. 5). In the Type-JG cases, the westerly tends to be
stronger, and the temperature is higher than on other days. We analyzed the ERA-5 layered cloud amount
data and found that the lower and medium level cloud amounts are smaller than normal in most of the
Type-JG (not shown). The increase in solar insolation may be an important factor in this warming.

Figure 5

3.4 Diurnal variations of the low-level jet

The occurrence ratio of the strong jet exhibits a distinct diurnal variation. We calculated the number of
strong-wind cases at Point A at each local time (UTC + 8 hours at 120E) for Type-J and Type-JG (Fig. 6a).
The largest number is detected at midnight, at 02 LT (182), preceding the period of increased likelihood
of heavy rainfall over Kyushu in southwestern Japan (Kato 2024), while the smallest number is detected
in the early evening, at 20 LT (122). Interestingly, a synchronized diurnal cycle is detected in the mean
speed of ageostrophic wind, but not in that of the geostrophic one (Figs. 6b and c). The south and west
components of the ageostrophic wind are largest at 18Z and smallest at 12Z. These components make
the jet stronger (weaker) around 900 hPa. The diurnal variation of the ageostrophic wind can be
observed not only on the days of strong thermal wind shear but also on many days in the Bai-u period
(not shown). Fujinami et al. (2026) made a good review of the diurnal component of the vapor flux in the
lower troposphere in this season and discussed the possibility that the diurnal change may result from
inertial oscillation. Further analysis is needed to clarify the generation mechanism of this ageostrophic
component with a clear diurnal variation.

Figure 6

Both the thermal wind shear caused by warm air advection from the continent, as elucidated in the
present study and the ageostrophic wind system shown in previous studies contribute to the very strong
low-level jet over the central East China Sea.

4. Concluding Remarks

We analyzed the low-level jet events over the central East China Sea in the Bai-u season. First, we
identified a category of low-level jet (Type-J) events that have large wind speeds below 900 hPa and a
distinct decrease in wind speed with height. Type-J events frequently appear during late June and early
July in the region north of Taiwan and extend northeastward to 31°N. We concentrated on the events in
the central East China Sea.
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About half of the Type-J cases have distinct vertical shear in the geostrophic wind component. We called
the events in this sub-category Type-JG events and made further analyses of this category. When Type-
JG events occur, a positive temperature anomaly in the lower troposphere extends from the Asian
continent to the central East China Sea. The combination of strong solar heating over the continent and
the strong westerly over there can produce warm air advection toward the central East China Sea. This
results in a large temperature gradient. Through the thermal wind relation, this creates the vertical shear,
which brings the wind maximum below 900 hPa. We did not find clear evidence that Type-JG events are
directly related to heavy-rain events over the western Pacific (not shown). This could partly be attributed
to the fact that the climatological mean position of the Bai-u front is far north of the low-level jet
analyzed in this study.

While about half of the wind shear can be explained by the geostrophic component, the remaining half is
related to the ageostrophic component, which may be independent of the warm air advection from the
continent. The enhancement of the jet at midnight (182) can be explained by the latter factor.
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Figure 1

(a) Geopotential height (contours, m), horizontal wind speed (color shading), and wind vectors (m s-7) at
900 hPa; (b) latitude—height cross section of wind speed (m s-") along 126.25°E; and (c) temperature
(color shading, °C) at 900 hPa at 18 UTC on 5 July 2012. In (c), the thick blue dashed line represents the
16 m s~'wind speed contour at 900 hPa.
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Figure 2

The occurrence rate (%) of low-level jet events (type-J) during (a) 21 June -20 July, and the 10-day
periods of (b) 11-20 June, (c) 21-30 June, (d) 1-10 July, (e) 11-20 July, and (f) 21-30 July for 1989-2018.
See the text for the definition of the low-level jet events.

Page 10/14



(a)Wind Wind(Geostro) 126.25E 30N 18z04Jul2013 (b)Wind Wind(Geostro) 126.25E 30N 00Z05Jul2011
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Figure 3

Example of the vertical profiles of the actual wind speed (black) and geostrophic wind speed (green) for
(a) Type JG case at 18Z on 4 Jul 2013 and (b) Type J but not Type-JG case at 00Z on 5 Jul 2011.
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Figure 4

Temperature (°C) at 900 hPa. (a) Climatology for 21June-20 July during 1989-2018 and (b) the average
of Type-JG jet events during the same period. (c) Difference between (a) and (b) at each point.
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Figure 5

The zonal wind component (m s*(-1) )and the temperature (K) at 900 hPa at a point near the coast of the
Asian continent (122.5°E,30°N). Each point indicates a value at 6-hour intervals during 21 June — 20 July
of 1989-2018. Red and blue crosses indicate Type-JG cases and the other cases, respectively. The red
and black circles show the average for type-JG events and other days, respectively.
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Figure 6

Diurnal variation averaged over 21 June - 20 July for 1989 - 2018. (a) Total number of type-J and Type-
JG cases at each hour of the day. Climatological (b) zonal and (c) meridional wind components at 900
hPa (m s*(-1) ) at each hour of the day. Blue and red bars show the geostrophic and ageostrophic
components, respectively.

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

e BaiuWindSupplement60.docx

Page 14/14


https://assets-eu.researchsquare.com/files/rs-10136034/v1/1776e814c4267b5958cc19fd.docx

