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Abstract Wavelike banded convection occurs frequently and persistently in southern China, significantly
impacting local weather. This study presents the first multi‐year investigation of wavelike banded convection
associated with ducted gravity waves in southern China from 2013 to 2021 using radar mosaic maps. These
convective bands are highly dependent on the wave ducting environment, which typically exhibits a three‐layer
stratification structure. Out of 112 identified cases, two types were further classified based on the presence of a
wave ducting vertical structure in the soundings: WaveDuct and nonWaveDuct type. Unlike nonWaveDuct
type, the WaveDuct type predominantly happens on winter or spring nights. The phase speeds of WaveDuct
convective bands also show a highly positive correlation with the depth of the ducting layer, consistent with
wave ducting theory. This study provides a climatological understanding of the frequencies, movements, and
environment conditions of wavelike banded convection related to ducted gravity waves over southern China.

Plain Language Summary In southern China, convective morphology sometimes exhibits wavelike
banded features, which can persist for extended period. Recent studies show that the interaction between ducted
gravity waves and convection organizes convection into wavelike banded patterns, and their long‐lived
propagation characteristic has a sustained impact on weather conditions. While previous research has primarily
focused on case studies in southern China, this study further statistically examines the temporal and spatial
distribution characteristics of wavelike banded convection associated with ducted gravity waves in southern
China, offering a broader understanding of these phenomena.

1. Introduction
Gravity waves are widespread atmospheric phenomena associated with significant and disruptive weather
changes (Koppel et al., 2000). Various mechanisms can generate gravity waves, including jet imbalance (Wei &
Zhang, 2014, 2015; Zhang, 2004), shear flow (Bretherton, 1988; Lin & Chun, 1991), terrain (Starr Malkus &
Stern, 1953; Tjernström & Mauritsen, 2009), convection (Lin & Goff, 1988; Yang & Du, 2024; Yang et al., 2023,
2024), and differences in heating between land and sea (Chen & Du, 2024; Du, 2023; Du et al., 2019; Du &
Rotunno, 2015, 2018; Fang & Du, 2022; Lin & Smith, 1986; Rotunno, 1983; Sun & Orlanski, 1981). Convection
plays a crucial role in gravity wave generation (Alexander et al., 1995; Bosart & Cussen, 1973; Du et al., 2024;
Lin & Goff, 1988; Stephan et al., 2016) and often couples with gravity waves to produce wavelike banded
convection (Du & Zhang, 2019; Ruppert et al., 2022). The wavelike convective bands have been observed and
simulated worldwide, including phenomena such as the “morning glory cloud” in Australia (Clarke, 1972), cloud
bands during snow bomb event in northeastern United States (Bosart et al., 1998), across the conterminous United
States (Koppel et al., 2000), and banded convective activities in southern China (Du et al., 2021; Du &
Zhang, 2019).

The coexistence of “wave‐CISK (conditional instability of the second kind)” and “wave ducting” mechanisms
effectively explain the propagation and maintenance of organized mesoscale convective bands (Koch et al., 2001;
Powers & Reed, 1993; Zhang et al., 2001). The term “wave‐CISK” was originally introduced by Lindzen (1974)
and Raymond (1975) to describe the process where low‐level convergence generated by gravity waves triggers
latent heat release, with gravity waves responding positively to the latent heating and further influencing con-
vection. Subsequent research has expanded the wave‐CISK concept to encompass the interaction between gravity

RESEARCH LETTER
10.1029/2024GL112027

Key Points:
• Distinct differences exist between

wavelike banded convection with and
without the presence of a wave duct

• Wavelike banded convection
associated with ducted gravity waves is
most likely to occur on winter or spring
nights

• The phase speeds of these bands show
a positive correlation with the depth of
the ducting layer, consistent with wave
ducting theory

Correspondence to:
Y. Du and J. Wei,
duyu7@mail.sysu.edu.cn;
weijunh@mail.sysu.edu.cn

Citation:
Zhou, X., Du, Y., Wei, J., Chen, Z., &
Yang, H. (2024). Statistical characteristics
of Wavelike banded convection associated
with ducted gravity waves over Southern
China. Geophysical Research Letters, 51,
e2024GL112027. https://doi.org/10.1029/
2024GL112027

Received 16 AUG 2024
Accepted 8 OCT 2024

© 2024. The Author(s).
This is an open access article under the
terms of the Creative Commons
Attribution License, which permits use,
distribution and reproduction in any
medium, provided the original work is
properly cited.

ZHOU ET AL. 1 of 11

https://orcid.org/0009-0008-1754-5476
https://orcid.org/0000-0001-8828-5431
https://orcid.org/0000-0002-6092-5684
https://orcid.org/0000-0001-5731-1617
https://orcid.org/0000-0002-8156-008X
mailto:duyu7@mail.sysu.edu.cn
mailto:weijunh@mail.sysu.edu.cn
https://doi.org/10.1029/2024GL112027
https://doi.org/10.1029/2024GL112027
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


waves and convection (Koch et al., 1988; Lane & Zhang, 2011; Lindzen, 1974; Powers, 1997; Raymond, 1984,
1987; Zhang et al., 2001).

Wave ducting is a classical theory conceptualized by Lindzen and Tung (1976) to explain the maintenance of
long‐lived horizontally propagating gravity waves. It involves a stable low‐level layer acting as the primary
medium for gravity wave propagation and an overlying reflecting layer with negligible static stability, which
effectively redirects wave energy downwards (Ruppert et al., 2022). This reflective layer often forms around a
critical level where the horizontal ground‐relative phase velocity of the wave matches the background horizontal
wind component (U) in the direction of wave propagation, with a Richardson number (Ri) less than 0.25 (Rottman
& Einaudi, 1993). The ducting layer often appears as a thermal inversion layer, while the reflecting layer is
statically neutral and/or conditionally unstable (Lindzen & Tung, 1976; Uccellini & Koch, 1987).

Uccellini and Koch (1987) conducted an observational review based on 13 documented long‐lived lower
tropospheric gravity wave events, and they noted that the observed phase speeds of large‐amplitude mesoscale
gravity waves are in good agreement with theoretical expectations from the Lindzen and Tung (1976) ducted
gravity wave model. The large‐amplitude mesoscale gravity waves are also long‐lived (6–12hr) and can be
associated with dynamical features such as singular waves of depression or wave packets with periods of a few
hours. In addition, Koppel et al. (2000) presented results of a 25‐year climatology of inertia–gravity waves
(IGWs) from large‐amplitude hourly surface pressure changes across the conterminous United States using a
network of hourly surface airways observations (SAOs). The analysis shows IGWs occurrences are most likely
seasonally in winter and spring and most common across the Great Plains and from the Great Lakes toward
western New England.

Mesoscale convective systems (MCSs) in Southern China sometimes exhibit wavelike banded mode, involving a
complex range of processes. Several case studies have been conducted to examine the formation mechanism of
these convective banded structures in MCSs. For instance, Luo et al. (2014) proposed a two‐scale convective
organizational modes that exhibit distinct training effects within a system containing banded convection. Their
study highlighted a possible linkage between a mesoscale cold pool and the nocturnal convective initiation, which
can lead to the development of multiple parallel rain bands (MPRBs) within an MCS. Furthermore, terrain can
significantly influence the development of banded convection, with parallel mountain valleys or gaps playing a
controlling role in the formation of MPRBs by enhancing the cold‐warm airflow interaction (Q. Wang
et al., 2021). A statistical analysis by P. Wang and Meng (2023) further investigated the characteristics of MPRBs.
These special organizations in MCSs exhibit a similar banded pattern with convective bands. The statistical
features of wavelike banded convection associated with ducted gravity waves may exhibit wave‐related char-
acteristics such as horizontal wavelengths, periods, and intrinsic speeds that are consistent with typical gravity
waves. These features may not be observed in MPRBs within an MCS.

While there have been case studies on the mechanisms behind wavelike banded convection associated with
ducted gravity waves in South China, a comprehensive understanding remains unclear. Du and Zhang (2019)
documented a case of banded convective activities near the southern coast of China, where convective bands were
found to be closely related to an episode of mesoscale gravity waves. This case suggested a strong interaction
between convection and gravity waves. However, the general characteristics (e.g., the spatial and temporal
distribution) of wavelike banded convection associated with ducted gravity waves in southern China remain
unknown.

Our study represents a multi‐year analysis of wavelike banded convection associated with ducted gravity waves in
southern China from 2013 to 2021. We aim to answer two key questions: (a) Are there discernible differences
between wavelike convective bands with and without the wave duct? (b) What are the specific characteristics of
wavelike banded convection with the wave duct, such as wavelength, period, intrinsic phase speed, and their
environmental features and locations? The data and the method are introduced in Section 2. The temporal and
spatial distribution is presented in Section 3, and the specific characteristics of wavelike banded convection
associated with ducted gravity waves are displayed in Section 4. The summary and the discussion are provided in
Section 5.
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2. Data and Method
2.1. Data

We utilize radar mosaic maps of basic reflectivity over southern China, produced by the National Meteorological
Center of China Meteorological Administration (CMA), spanning from January 2013 to October 2021. We define
southern China geographically as the region spanning 20–28˚N latitude and 105–121˚E longitude. The basic
reflectivity value for each range and azimuth bin is optimally selected from the lowest three elevation angles (i.e.,
0.5°, 1.5°, and 2.4°), which is also called a “terrain‐based hybrid scan” (Bai et al., 2020; Fulton et al., 1998). These
maps are generated in real time every 10 min since September 18, 2008 (Meng et al., 2013). From 15 June 2016,
the temporal resolution of the radar mosaic maps further increases to every 6 min (Bai et al., 2020).

Additionally, we use radiosonde data from southern China to obtain vertical profiles of relevant atmospheric
variables. For synoptic conditions, we rely on the European Center for Medium‐Range Weather Forecasts
(ECMWF) ERA5 reanalysis data set (Hersbach et al., 2020) with a spatial resolution of 0.25° × 0.25°.

2.2. Identification of Wavelike Banded Convection

The identification of wavelike banded convection follows the methodology outlined by P. Wang and
Meng (2023), with adaptations based on the occurrence of ducted gravity waves. Four conditions are used to
detect wavelike banded convection.

1. Unlike the criteria for radar reflectivity (>40 dBZ) used for MCS in P. Wang and Meng (2023), we require it to
be just greater than 20 dBZ to meet the general convective organization without needing to meet the standard
of MCS, as the banded convection is generally moderate (Du & Zhang, 2019).

2. To ensure that the convective organization can be considered as banded, its aspect ratio must be greater than 2.
3. The angle between two adjacent convective bands must be less than 10° to guarantee that the wavelike

convective bands are sufficiently parallel.
4. There must be at least 3 convective bands coexisting for over 30 min.

When all the four conditions are met, this indicates the start of a banded convective event, and the event ends
when any of these conditions is no longer satisfied. Bands with similar wavelength and phase are treated as part of
the same event. If multiple convective bands appear simultaneously in southern China but differ in spatial dis-
tribution or phase coherence, they are categorized as separate wavelike banded convective events.

Figure 1a illustrates an example of the wavelike banded convection meeting above criteria. Note that a more
practical approach to identifying wavelike banded convection associated with ducted gravity waves is to examine
whether a wave duct exists in the environment. However, determining the presence of the “wave‐CISK”

Figure 1. Identification of wavelike banded convection. (a) An example case of wavelike banded convection in southern China. The shading indicates the basic
reflectivity reproduced from the radar mosaic maps. (b) Skew T‐log p diagram at the location which is the closest to the center of wavelike banded convective marked as
the red star in (a).
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mechanism remains challenging due to the lack of an objective method for a multi‐year observational investi-
gation, even though there are signatures and evidence of wave‐convection interactions as highlighted in the case
study of Du and Zhang (2019) with the aid of numerical simulations. Additionally, to verify the existence of
ducting structure against the conceptual model in Lindzen and Tung (1976), we examine soundings from the
nearest station to the center of the convective bands. It is noted that the nearest sounding station may not fully
capture the environmental conditions in some events due to potential representation errors. However, by
comparing ERA5 soundings with station observations, we found that these stations effectively characterize the
stratification structure of the areas where wavelike banded convection occurs. The ducting structure includes a
lower stable layer, a neutral and/or conditionally unstable middle layer, and a stable layer above (Figure 1b). In
our study, we refer to the lower stable layer in the three‐layer ducting structure as the “low‐level stable layer”. To
identify stability or instability, we compare the lapse rate of an environmental layer (γ) and the moist adiabatic
lapse rate (Γs). The moist adiabatic lapse rate is calculated by the below equation (Stull, 2017):

Γs =
ΔT
ΔP

=

⎡

⎢
⎢
⎢
⎣

a · T + c · rs
P · [1 + (b ·

rs
T2)]

⎤

⎥
⎥
⎥
⎦

(1)

where rs is mixing ratio, a = 0.28571, b = 1.35 × 107 K2, and c = 2,488.4 K. If γ < Γs, the layer is absolutely
stable. Otherwise, if γ ≥ Γs, then the layer is neutral or unstable. As shown in Figure 1b, a three‐layer structure is
evident, with the green shaded part representing a low‐level stable layer overlapped by an unstable or/and neutral
layer shown by orange shading. Using this additional procedure, all identified events are further classified into
two types of wavelike banded convection: the Bands‐WaveDuct type that has the wave ducting stratification
condition supporting ducted gravity waves, and the Bands‐nonWaveDuct type not meeting the wave ducting
conditions.

3. Temporal‐Spatial Distribution
A total of 112 wavelike banded convection events are identified during 2013–2021. Among these, 42 events (i.e.,
37.5% of all events) are considered as the Bands‐WaveDuct type, while the Bands‐nonWaveDuct type account for
62.5% (i.e., 70 events in total). A pronounced monthly variation is observed in both types of wavelike banded
convection (Figure 2a). The occurrences of the Bands‐WaveDuct type are confined from December to April
(winter to mid‐spring), whereas the Bands‐nonWaveDuct type is prevalent year‐round, especially from late spring
to midsummer (May to July). The occurrences of the Bands‐nonWaveDuct type reach a broad minimum from
early fall to early winter (September–December).

Diurnal variation also reveals distinct patterns between the two types (Figure 2b). The Bands‐WaveDuct type
primarily occurs between 00:00 and 04:00 BJT (Beijing Time = UTC+8 hr). The formation of Bands‐WaveDuct
type at night can be attributed to enhanced radiative cooling, which creates a more stable environment conducive
to wave ducting phenomena. Conversely, the Bands‐nonWaveDuct type is more prevalent between 16:00 and
20:00 local time. This phenomenon is partly due to increased convective activity in the afternoon and the training
effect by the cold pool within organized MCS, which can cause banded convection (Li et al., 2021; Liu et al.,
2018; Luo et al., 2014; H. Wang et al., 2014).

Figures 2c and 2d further compare the duration and the convective band numbers between the two types,
respectively. The Bands‐WaveDuct type generally exhibits longer durations, with a higher proportion lasting
above 5 hr. In contrast, the Bands‐nonWaveDuct type tends to be shorter‐lived, mostly lasting 2–3 hr. Moreover,
the Bands‐WaveDuct type contains more convective bands compared to the Bands‐nonWaveDuct type. A large
number of the Bands‐WaveDuct events have 7 or more convective bands, accounting for nearly 59.5% of this
type, with an average number of 7. In contrast, the Bands‐nonWaveDuct events mostly have 4 convective bands,
accounting for 37.1%, with an average number of 5.

The spatial distribution characteristics between the two types are compared in Figures 2e and 2f. The Bands‐
WaveDuct type occurs more frequently along the coastal areas of Fujian Province, in the central and coastal
Guangdong Province, and in the northern Guangxi Province (Figure 2e). Conversely, the Bands‐nonWaveDuct
type tends to occur more often over inland areas (Figure 2f). Geographically, the Bands‐WaveDuct type is
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more prevalent in regions with topographic elevations. The drier lower troposphere over inland regions could
contribute to the occurrence of Bands‐nonWaveDuct, as enhanced precipitation evaporation can induce a stronger
cold pool. Additionally, other factors such as terrain‐induced flow patterns and local wind shear may also
contribute to the development of these wavelike convective bands (Luo et al., 2014; Q. Wang et al., 2021). Due to
the land‐sea contrast, coastal areas typically experience lower temperature than inland areas at night, promoting a
more stable lower atmosphere and thus the occurrence of Bands‐WaveDuct type.

Figure 2. (a) The occurrence number of the Bands‐WaveDuct type and the Bands‐nonWaveDuct type by month. The frequency (%) normalized by the total occurrence
number for each of the two types, categorized by (b) time of day, (c) duration, and (d) band numbers. (e)–(f) Geographical distribution of the frequency of (e) the Bands‐
WaveDuct type, and (f) the Bands‐nonWaveDuct type. The terrain (contoured from 0 to 1,400 m at an interval of 200 m) is represented in the (e) and (f). Banded
convective events during 2013–2021 are binned in 1° × 1° grid boxes. The diurnal and spatial distributions are calculated based on the initial timing and location when
all four conditions are first satisfied, marking the onset of the event.
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4. Wavelike Characteristics and Environment Conditions
Since horizontally propagating long‐lived mesoscale gravity waves require support from the stratification
structure of wave ducting (Koch et al., 1988, 2001; Kusunoki et al., 2000; Powers & Reed, 1993; Ralph et al.,
1993; Zhang et al., 2001), we further focus on the Bands‐WaveDuct type, where the coupling of convection and
gravity waves is likely to occur. We examine their horizontal wavelengths, intrinsic phase speeds, lengths of
individual bands, and periods (Figures 3a–3d). The Bands‐WaveDuct type mainly exhibits horizontal wave-
lengths of 30–40 km, periods of 0.5–1.0 hr, and intrinsic phase speeds of 12–15 m s− 1. The length of an individual
band mainly ranges from 100 to 200 km (Figure 3c), resulting in a relatively wide range of weather impacts. The
bands generally replicate many notable characteristics of the long‐lived lower tropospheric gravity waves
reviewed in Uccellini and Koch (1987) based on 13 observational cases, which are characterized by horizontal
wavelengths ranging from∼50 to 500 km, periods ranging from a few minutes to a few hours, and phase speeds of
10–50 m s− 1. Note that the horizontal wavelengths observed here are generally shorter than those described by
Uccellini and Koch (1987). Topography might be a factor for the difference in wavelength, as the relatively flat
terrain in the U.S contrasts with the rugged terrain in southern China. Additionally, variations in observation data
and identification methods could also explain the discrepancies in measured wavelengths between the two
studies. These differences may also be due to varying wave source mechanisms and/or wave propagating en-
vironments in the different regions.

Propagation speed and movement direction of the convective bands are displayed in Figure 3e. They primarily
propagate northeastward at speeds of 10–20 m s− 1, although occasionally northwestward at slower speeds of 5–
10 m s− 1. Since ducted gravity waves primarily propagate within the ducting layer, the composite synoptic
background in Figure 4b indicates that the 850‐hPa winds over southern China are southwesterly, which may
influence the propagation direction of the Bands‐WaveDuct type convection. According to Lindzen and
Tung (1976), a sufficiently thick stable ducting layer is required to accommodate at least a quarter of the vertical
wavelength corresponding to the observed phase speed. The depth of the ducting layer determines the phase speed
of the gravity wave through the following equation:

Cd,n =
NmD

π(
1
2
+ n)

,n = 0,1,2,…
(2)

where n indicates different vertical modes, Cd,n is the intrinsic ducted wave phase speed, D is the depth of the low‐
level stable layer (i.e., the ducting layer), and Nm is the moist Brunt–Väisälä frequency. Nm has different formulas
depending on whether or not the air is saturated (Du & Zhang, 2019; Durran & Klemp, 1982). In our calculation,
n = 0 means the longest vertical wavelength and dominant wavelength, with a quarter of the wavelength fitting D
(Lindzen & Tung, 1976).

Based on the positive linear correlation between Cd,n and D from Equation 2, we conduct statistical analysis to
examine the relationship between the movement speeds of wavelike bands relative to background wind (corre-
sponding to the intrinsic phase speed of gravity waves) and the depth of ducting layer for all Bands‐WaveDuct
events. As expected, Figure 3f clearly shows a significant positive linear relationship, with a correlation coef-
ficient of 0.70, statistically significant at the 99% confidence level.

Next, we further investigate the synoptic background circulations and environments associated with the Bands‐
WaveDuct type (Figures 4a and 4b). The composite pattern shows a westerly jet at 500 hPa and a northeast‐
southwest oriented shear line at 850 hPa, with both located northwest of the bands. These banded convective
activities are predominantly found on the cold side of the surface cold front. The atmospheric at 950 hPa is moist
and nearly saturated, promoting the convective development. The composite results are in broad agreement with
the signatures identified in the case study of Du and Zhang (2019), which are generally common to occurrences of
wavelike banded convection associated with ducted gravity waves. We also examined the synoptic background
circulations and environmental conditions of the Bands‐WaveDuct type across different months and high‐
frequency regions (not shown) and found them to be generally consistent with the composite synoptic
background.
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Figure 3.
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As anticipated, the composite vertical thermal profile associated with the Bands‐WaveDuct events (Figure 4c)
also exhibits a three‐layer structure characterized by varying static stability based on Nm: the low‐level stable
layer is capped by the middle‐level less stable layer, which is overlaid by an aloft stable layer, consistent with the
wave ducting theory of Lindzen and Tung (1976). Furthermore, we examine other criteria of wave duct high-
lighted in Lindzen and Tung (1976), including a critical level and small Richardson number (Ri) around the
critical level. Here, the critical level refers to a level where the ground‐relative phase speed of the wave equals the
background wind speed in the wave propagation direction. Based on the statistical results mentioned above, the
ground‐based phase speed is primarily in the range of 12–15 m s− 1, as indicated in Figure 4c by the orange
shading areas, which represent the range between these two speeds for the potential existence of the critical level.
Using the composite vertical thermal and wind (U ) profile, we calculate Ri within these levels:

Ri =
N2

m

(∂U∂z)
2 (3)

In the shading areas, Ri ranges from 0.14 to 0.25. Therefore, the critical levels with small Richardson number
around are located in the less stable mid‐level layer (Figure 4c). Such stratification conditions allow gravity waves
to propagate horizontally in the wave duct for a long period of time without significant energy leaking, facilitating
the coupling of convection and gravity waves.

5. Conclusions
This study provides a comprehensive examination of the climatology of wavelike banded convection in southern
China, using operational radar mosaic maps, radiosondes, and ERA5 reanalysis data from 2013 to 2021. It
documents a first multi‐year analysis of the frequency and distribution of wavelike banded convection related to
ducted gravity waves. The investigation was originally motivated by a case study of long‐lasting banded
convective activities resulting from the interaction between convection and gravity waves, as reported by Du and
Zhang (2019) and Du et al. (2021) in the same region.

Key findings and broader implications of this study are summarized as follows.

1. A total of 112 cases of wavelike banded convection are identified using radar mosaic maps. These convective
bands are categorized into two types: Bands‐WaveDuct (associated with ducted gravity waves) and Bands‐
nonWaveDuct (with no apparent vertical duct structure), based on whether they meet ducting stratification
conditions. Nearly one‐third of all cases are identified as the Bands‐WaveDuct type.

2. Bands‐WaveDuct events are predominantly observed during winter and spring (December to April), while
Bands‐nonWaveDuct events are most frequent in summer and autumn (May to July). Diurnally, the Bands‐
WaveDuct type peaks between 00:00 and 04:00 BJT, whereas the Bands‐nonWaveDuct type peaks be-
tween 16:00 and 20:00 BJT. The Bands‐WaveDuct type generally has longer durations with a higher pro-
portion lasting over 5 hr and exhibits a larger number (mostly over 6) of convective bands, compared to the
Bands‐nonWaveDuct type. This difference is possibly due to lower nighttime surface temperature from
December to April, which enhances lower‐tropospheric static stability and ducting potential for the Bands‐
WaveDuct type.

3. The Bands‐WaveDuct type has a higher frequency along the coastal areas of Fujian Province, the central and
coastal parts of Guangdong Province, and northern Guangxi Province. Conversely, the Bands‐nonWaveDuct
type tends to occur more frequently in inland regions.

4. The Bands‐WaveDuct type exhibits characteristics reminiscent of gravity waves, as reported by Uccellini and
Koch (1987), including wavelengths ranging from 30 to 40 km, intrinsic phase speeds of 12–15 m s− 1, and
periods of 0.5–1.0 hr. The length of each individual band typically spans 100–200 km.

Figure 3. (a)–(d) Wavelike characteristics of the Bands‐WaveDuct type: (a) horizontal wavelength, (b) intrinsic phase speed, (c) length of individual band, and
(d) period. The horizontal wavelength refers to the average distance between two adjacent convective bands. Intrinsic phase speed represents the speed of the gravity
wave phase line relative to the background wind speed within the ducting layer, along the horizontal wavenumber vector. The length of individual bands describes the
spatial extent of a single convective band at its maximum development. Period refers to the time between successive appearances of banded convection at the same
location. (e) Wind rose diagram illustrates the direction and the speed (unit: m s− 1) of the propagation of the Bands‐WaveDuct type relative to background winds.
(d) Scatter diagram shows the relationship between the depth of the ducting layer and the intrinsic phase speed of wavelike bands.
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5. Most Bands‐WaveDuct events propagate northeastward at speeds of 12–15 m s− 1. According to wave ducting
theory, intrinsic phase speed is determined by the strength and depth of the low‐level stable layer

(Cd,n =
NmD

π(12+n)
) . The positive correlation between the depth of low‐level stable layer and intrinsic phase speed

found in our statistics provides further quantitative support for wave ducting theory.
6. The occurrence of Bands‐WaveDuct events is closely related to the background circulation patterns, often

featuring a westerly jet at 500 hPa located northwest and a position to the cold side of the surface cold front,
enhancing the stable layer in the lower troposphere necessary for ducted gravity waves. Analysis of the
composite vertical structure of moist Brunt–Väisälä frequency reveals a distinct pattern: the low‐level stable
layer capped by a less‐stable reflecting layer with a critical level where the Richardson number is less than 1/4.

This study does not address the reasons for the preferred locations of wavelike banded convection related to
ducted gravity waves, which will be interesting to explore in future work. Additionally, we will conduct similar
statistical studies over other regions of China and compare their similarities and differences. High‐resolution
observations and cloud‐permitting numerical simulations for multiple cases will further enhance our under-
standing of the detailed factors involved in different regions. Since high‐resolution surface pressure observations
can provide more direct evidence of ducted gravity wave occurrences (e.g., Koch & O’Handley, 1997; Ruppert &
Bosart, 2014), we will focus on collecting and analyzing these data to enhance the investigation of these waves.

Data Availability Statement
The ERA5 reanalysis data (Hersbach et al., 2020) used in this study are publicly available from the Copernicus
Data Store (CDS) (Hersbach et al., 2023a, Hersbach et al., 2023b). The radar mosaic maps of all identified
wavelike banded convective events are achieved at Zhou (2024).
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