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a b s t r a c t 

Low-level jets (LLJs) are widespread across China and significantly shape warm-season precipitation. This study 

provides the first observational climatology of two LLJ types —boundary-layer jets (BLJs) and synoptic-system- 

related LLJs (SLLJs) —using nationwide high-vertical-resolution radiosonde data with from April to September 

during 2008–2017. LLJs occur most frequently in Northeast and South China, with BLJs concentrated in moun- 

tainous and coastal regions influenced by strong thermal contrasts, and SLLJs primarily in Southwest and South 

China under active synoptic disturbances. BLJs and SLLJs reach their maximum occurrence at ∼0.7 km and 1.9 

km above ground level, respectively. The diurnal peak in LLJ frequency shifts earlier with increasing latitude, 

consistent with inertial oscillation theory. Statistical analyses of spatial distributions, wind directions, and ERA5 

diagnostics indicate that both BLJs and SLLJs are jointly modulated by topography, monsoon background flows, 

and synoptic systems. These nationwide observational results provide a comprehensive and realistic view of LLJ 

variability and their synoptic context across China. 

� �

� � � � (LLJ) � � �����, ��� � � �� � � �. � �� � � 2008–2017 � 4–9 �� ������� � � , �

� ���� � � � (BLJ) �� ����� � � � � (SLLJ) � � LLJ �� �� ��� �� . ��� �, LLJ � ���� 

� � � ������, � � BLJ �� � ������� ��� � ��� ��, SLLJ ������ �� ���� ��

�� ��� � � .LLJ �����	�� ���
 ���� . �� ���, ���ERA5 � � ���� �, BLJ �SLLJ �

�� � � , � ��� �� �� ����� ���. 
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. Introduction 

Low-level jets (LLJs), characterized by strong wind shear and high

ind speeds in the lower troposphere, are a globally observed phe-

omenon ( Doubler et al., 2015 ; Lima et al., 2022 ; Ranjha et al., 2013 ;

ife et al., 2010 ; Stensrud, 1996 ). They exert a pronounced influence

n warm-season precipitation by enhancing moisture transport and in-

ucing low-level convergence near their terminus ( Du and Chen, 2018,

019 ; Ferguson, 2022 ; Fu et al., 2022 ; Luo, Du, 2023 ; Monaghan et al.,

010 ; Su et al., 2025 ; Li et al., 2024 ). 
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The spatial and temporal distributions of LLJs have been extensively

nvestigated using various datasets, including radiosonde observations,

ind profiler radar, and reanalysis products. Using radiosonde data,

LJs over the U.S. Great Plains were systematically characterized by

onner (1968) , with Whiteman et al. (1997) exploring their seasonal

ariations. More recent studies have leveraged reanalysis products for

roader spatial coverage. For global studies, Rife et al. (2010) mapped

octurnal LLJs via a downscaled reanalysis and a new LLJ index,

hile Luiz and Fiedler (2024) estimated LLJs frequencies with ERA5
ic Science Letters. 
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In China, the distribution of LLJs has been studied through numerical

imulations and reanalysis datasets. Du et al. (2014) , using numerical

imulations of early summer in China, identified frequent LLJ activity

ver the Northeast Plain, southeastern coastal regions, the Tarim Basin,

nd the Tibetan Plateau. Shu et al. (2024) used ERA5 data to study

he horizontal and vertical distributions of LLJs in Northeast China and

ound that warm-season LLJs in this region occur most frequently in

he central region, peaking near 925 hPa with prevailing southwest-

rly winds. LLJs in China are typically categorized into two types based

n their altitude and formation mechanisms: (1) boundary-layer jets

BLJs), typically found below 1 km; and (2) synoptic-system-related LLJs

SLLJs), usually occurring between 900 and 600 hPa ( Chen et al., 1994 ;

ui et al., 2023 ; Du et al., 2014 , 2012 ). Du et al. (2014) further dis-

inguished these types in China, showing that SLLJs are prevalent in

ortheastern and southern China and migrate northward from May to

uly along with the mei-yu front, while BLJs occur more frequently over

levated terrain and coastal regions. 

Despite these insights, direct observational studies distinguishing

LJ types remain limited, and most have been confined to individ-

al stations. Some studies have classified LLJs by wind speed into in-

ensity categories ( Whiteman et al., 1997 ; Yan et al., 2021 ), but such

chemes do not directly reflect the underlying physical mechanisms

s BLJ/SLLJ classification does. For example, Miao et al. (2018) an-

lyzed four intensity-based LLJ types in Beijing and Guangzhou us-

ng wind profiler data. Cui et al. (2023) investigated BLJs and SLLJs

ver Wuhan using radiosonde data. In contrast to these site-specific ob-

ervational studies, Yan et al. (2021) conducted a nationwide analy-

is using radiosonde data and identified LLJs hotpots over the North-

ast Plain, southeastern coastal areas, the Huai River basin, and north-

estern China. However, their study did not distinguish between BLJs

nd SLLJs. 

The formation mechanisms of LLJs also vary by type. BLJs are

trongly influenced by diurnal variations, including: (1) inertial oscilla-

ions following the weakening of boundary-layer turbulence after sunset

 Blackadar, 1957 ); (2) diurnal thermal contrasts between land and sea

r mountain and valley ( Holton, 1967 ); and (3) orographic effects such

s flow blocking and channeling ( Kong et al., 2020 ; Li et al., 2018 ). In

ontrast, SLLJs are closely associated with synoptic-scale weather sys-

ems, especially during the warm season in China, including the western

acific subtropical high (WPSH), the Southwest Vortex, and the mei-

u front ( He et al., 2016 ; Stensrud, 1996 ; Zhao, 2012 ). However, the

istinct characteristics of BLJs and SLLJs remain insufficiently under-

tood due to the scarcity of observational analyses that explicitly sepa-

ate them. 

The objective of this study is to investigate the spatiotemporal

istributions and associated synoptic conditions of warm-season BLJs

nd SLLJs across China using nationwide radiosonde data with high

ertical resolution. Section 2 introduces the data and methodology.

ection 3 presents the spatial distributions, wind direction, and diurnal

ariations of BLJs and SLLJs. Section 4 discusses the synoptic conditions

nfluencing LLJ formation based on ERA5. Conclusions and implications

re summarized in Section 5 . 

. Data and methods 

.1. Data 

This study utilizes radiosonde observations collected during the

arm season (April–September) from 2008 to 2017. The dataset con-

ists of minute-level vertical profiles with a vertical resolution of ∼300
, which is finer than the standard pressure-level data in the Integrated

lobal Radiosonde Archive (IGRA). Twice-daily soundings were ob-

ained at 0000 UTC (0800 Beijing Time, BJT) and 1200 UTC (2000 BJT)

rom 123 L-band radiosonde stations operated by the China Meteorolog-

cal Administration (CMA). Each observational record provides vertical

rofiles of wind speed, wind directions, and height above ground level
2

AGL). In addition, typhoon-affected days were excluded based on the

MA Tropical Cyclone Best Track Dataset. 

.2. Identification of LLJs 

LLJs were identified using criteria adapted from Du et al. (2014) : (1)

he presence of a wind speed maximum exceeding 10 m s− 1 below 4 km

GL; and (2) a decrease in wind speed of at least 3 m s− 1 between the

et core and the overlying minimum. 

Based on the height of the jet core, LLJs were further classified into

wo types: BLJs with jet cores located below 1.3 km AGL, and SLLJs

ith core heights at or above 1.3 km AGL. This classification follows

he approach of Cui et al. (2023) , with thresholds adjusted according to

he vertical distribution patterns observed in our dataset. 

. Characteristics of LLJs 

.1. Climatological distributions of BLJs and SLLJs 

First, we present a comprehensive analysis of the spatial distributions

nd wind characteristics of LLJs, including BLJs and SLLJs. Fig. 1 (a) il-

ustrates the horizontal distributions of LLJ occurrence frequency across

hina. The highest frequencies are observed over Northeast and South

hina, with regional means of 22% and 21% , respectively. This distri-

ution broadly agrees with Du et al. (2014) in the main high-frequency

egions, but deviates over the Tibetan Plateau, where LLJs show the

owest occurrence (11%), consistent with Yan et al. (2021) . 

In Northeast China, the high frequency of LLJs is primarily at-

ributable to the prevalence of BLJs ( Fig. 1 (b)), which are influenced

y inertial oscillations and mountain–valley circulations ( Shu et al.,

024 ). Two additional BLJ hotspots are observed near the Tarim Basin

n Northwest China and along the coastal regions in South China (near

ainan Island), as also reported by Du et al. (2014) . These patterns are

haped by significant thermal gradients between mountain and valley or

and and sea, with canyon effects probably enhancing the Tarim Basin

otspot and hydraulic jump effects affecting the southern coastal area

 Kong et al., 2020 ). 

In contrast, SLLJs occur most frequently in Southwest and South

hina, with regional occurrence frequencies of ∼14% ( Fig. 1 (c)). South-

est China emerges as a newly identified high-frequency area for SLLJs.

hese jets are closely associated with synoptic systems prevalent in the

arm season, including mei-yu fronts and the Southwest Vortex, the

PSH, and monsoonal flows ( Chen and Chen, 1995 ; Du et al., 2014 ;

e et al., 2016 ; Liu and Wang, 2012 ; Wang et al., 2003 ; Zhao et al.,

003 ). 

The vertical distribution of LLJ occurrence ( Fig. 1 (d)) highlights a

rimary peak at around 0.7 km AGL and a secondary peak at around

.9 km AGL. Mean maximum wind speeds occur near 0.7 km AGL for

LJs and 2.5 km AGL for SLLJs, with both types reaching ∼13 m s− 1 . 

Fig. 1 (e–g) summarizes the wind directions and speed characteris-

ics. Overall, LLJs are dominated by southwesterly winds with speeds

f 10–20 m s− 1 . BLJs show a relatively higher fraction of northeast-

rly winds, likely influenced by regional topography, while SLLJs fea-

ure stronger westerly components and occasionally exceed 30 m s− 1 ,

eflecting their synoptic-scale nature. 

.2. Regional variability of LLJ occurrence and vertical structure 

To further examine the regional variability highlighted in

ection 3.1 , Fig. 2 presents the occurrence frequencies of BLJs

nd SLLJs and the vertical distributions of LLJ core heights across

ifferent regions of China. Overall, SLLJs dominate in most areas

 Fig. 2 (a)), possibly due to their broader vertical range of occurrence.

n contrast, BLJs are more prevalent along the coasts of North China

nd Central China, the western Tibetan Plateau, the eastern part of

orthwest China, and central Northeast China. These regional contrasts
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Fig. 1. (a-c) Horizontal distribution of LLJs, BLJs, and SLLJs across seven subregions: Northwest China (NWC), North China (NC), Northeast China (NEC), Tibetan 

Plateau (TP), Central China (CC), Southwest China (SWC), and South China (SC). (d) Vertical distribution of LLJ occurrence frequency (blue bars), with mean wind 

vertical profiles for BLJs (blue lines) and SLLJs (red lines). (e–g) Wind direction and speed distributions of all LLJs, BLJs, and SLLJs in China. 
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rovide additional support for the spatial distribution characteristics of

LJs identified in Fig. 1 . 

Fig. 2 (b–h) details the vertical distribution of LLJ core occurrence

requencies within the seven subregions. A double-peak structure is ob-

erved in Northwest China, North China, the Tibetan Plateau, and Cen-

ral China, whereas the other regions exhibit a single peak ( Fig. 2 (b, c, e,

)). Although the secondary SLLJ peak is generally less pronounced than

he primary BLJ peak, it still represents a local maximum in occurrence

requency and should not be negligible. In contrast, the remaining re-

ions exhibit a single peak ( Fig. 2 (d, g, h)). Notably, the Tibetan Plateau

hows an additional SLLJ peak, different from Du et al. (2014) . 

In regions with a single peak, LLJ cores in Southwest China are con-

entrated near 1.9 km AGL, with relatively few BLJs ( Fig. 2 (g)). This

ight be attributable to the higher elevation of the region, where en-

anced sensible heat flux raises the boundary layer height during the

arm season ( Guo et al., 2019 ; He et al., 2016 ; Su et al., 2018 ; Wang and

iang, 2020 ). As a result, some BLJs are not captured below the 1.3 km

hreshold used for identification. 

In South China, where dominant synoptic systems differ seasonally,

LJs are analyzed separately for the pre-summer and post-summer rainy

easons ( Fig. 2 (h)). During the pre-summer rainy season (April–June),

he vertical distribution is bimodal, with peaks at approximately 0.7

m and 1.6 km AGL. In contrast, the post-summer rainy season (July–

eptember) shows a single peak near 1 km AGL. The enhanced frequency

f SLLJs during the pre-summer rainy season may be partly due to la-

ent heat release associated with enhanced precipitation along the mei-

u front (Fig. S2) ( Chen, 1982 ; Chen et al., 2022 ). In addition during
3

his period, the eastward propagation of the southern branch trough of

he westerlies and Tibetan Plateau vortices, together with the westward

osition of the WPSH, enhances the low-level pressure gradient and con-

ergence over South China, thereby promoting the formation and inten-

ification of SLLJs ( Chen et al., 2025 ; Fu et al., 2019 ; Liang et al., 2019 ;

in et al., 2013 ; Lu et al., 2020 ; Ma et al., 2020 ; Yan et al., 2024 ). Com-

ared with the bimodal distribution in July reported by Du et al. (2014) ,

he vertical frequency covering April–September exhibits a dominant

ingle peak near 1.6 km AGL. 

.3. LLJ wind directions 

To further examine the wind direction characteristics of different

LJ types discussed in Section 3.1 , Fig. 3 (a) illustrates the dominant LLJ

ind directions at each station. Overall, LLJs are dominated by south-

esterly winds over the eastern plain regions of China, while north-

esterly winds prevail in western regions, particularly along mountain

dges. This pattern reflects the contrast between eastern China, con-

rolled by the southwest monsoon during the warm season, and western

hina, influenced by midlatitude westerlies where terrain blocks the in-

and penetration of monsoonal flow. 

This hypothesis is further supported by the regional statistics of BLJ

nd SLLJ wind directions ( Fig. 3 (b–h)). Westerlies primarily influence

he middle to upper troposphere at mid–high latitudes, producing west-

rly SLLJs in North China and Northeast China ( Fig. 3 (c, d)). They are

lso evident in BLJs over Northwest China and the Tibetan Plateau,

here elevated terrain allows westerly flow to penetrate more effec-
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Fig. 2. (a) Station-based occurrence ratios of BLJs and SLLJs. Station color indicates jet dominance: red for SLLJs and blue for BLJs, with darker shades representing 

higher proportions. (b–h) Vertical frequencies of LLJ core occurrence across seven subregions: Northwest China (NWC), North China (NC), Northeast China (NEC), 

Tibetan Plateau (TP), Central China (CC), Southwest China (SWC), and South China (SC). In (h), green (yellow) bars represent LLJ frequencies during the pre-summer 

(post-summer) rainy season. 
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ively ( Fig. 3 (b, e)). Collectively, these results indicate that SLLJs exhibit

 stronger westerly component across most regions, consistent with the

verall wind direction characteristics outlined in Section 3.1 . 

In contrast, the southwest monsoon dominates the lower troposphere

n mid–low latitudes. As a result, BLJs over Southwest China, as well as

oth BLJs and SLLJs over South China and Central China, are primarily

outhwesterly ( Fig. 3 (f–h)). During the warm season, the southwesterly

onsoonal flow also extends northward, affecting BLJs over Northeast

hina ( Fig. 3 (d)). In South China, SLLJs are predominantly southwest-

rly, while BLJs display a more southerly component. 

As noted earlier, BLJs exhibit a higher proportion of northeast-

rly winds compared with SLLJs ( Fig. 1 (f, g)). Northeasterly winds are

ainly found over the western part of Central China and the Tarim Basin

 Fig. 3 (a)). In Central China, southeasterly, southwesterly, and north-

asterly flows appear sequentially from east to west, which is indicative

f airflow around the periphery of a low vortex. In the Tarim Basin,

he eastward-opening gaps between the northern and southern moun-

ain ranges, combined with the canyon effect, facilitate the formation of

ear-surface northeasterly jets. 

.4. Diurnal variation of LLJs 

The formation mechanisms of LLJs inherently lead to pronounced di-

rnal variability, and their diurnal characteristics have therefore been

idely investigated in previous studies ( Nicolini et al., 2004 ; Pu and
4

ickinson, 2014 ; Rife et al., 2010 ). Following the analysis of spatial

haracteristics, we next examine the diurnal variation of LLJ occurrence.

ig. 4 presents the diurnal variation of LLJ occurrence, expressed as

he ratio between 0800 BJT and 2000 BJT occurrences. Stations with

 morning peak (0800 BJT) are marked in purple. A distinct morning

eak is observed in Central China, Southwest China, and South China,

here BLJs are particularly prevalent ( Fig. 4 (f–h)). This pattern is con-

istent with the Blackadar mechanism, which attributes nocturnal LLJ

ormation to inertial oscillations triggered by the weakening of bound-

ry layer turbulence after sunset. At lower latitudes, the longer inertial

scillation period (small Coriolis parameter) delays the peak until early

orning ( Blackadar, 1957 ). 

It is noteworthy that in Northwest China, the time-zone offset also

lays an important role: by 2000 BJT (1800 LST), the sun has typically

ot yet set during the warm season, leading to higher LLJ frequencies

n the morning (0800 BJT or 0600 LST) ( Fig. 4 (b)). This diurnal cycle

atches the simulations of Du et al. (2014) . 

Over the Tibetan Plateau, BLJs occur more frequently at 2000

JT, suggesting a different formation pathway ( Fig. 4 (a, e)). In this

igh-elevation region, strong daytime turbulent mixing likely facili-

ates downward momentum transport, producing late-afternoon BLJs

 Zhang et al., 2024 ). 

In North China, BLJ occurrence is more evenly distributed between

ay and night, though coastal stations show a slight morning pref-

rence ( Fig. 4 (a, c)). This behavior might be strongly influenced by
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Fig. 3. (a) Horizontal distribution of dominant LLJ wind directions (NE: northeasterly, SE: southeasterly, SW: southwesterly, NW: northwesterly). (b–h) Frequency 

distributions of BLJs (blue contour) and SLLJs (red contour) wind directions in seven subregions: Northwest China (NWC), North China (NC), Northeast China (NEC), 

Tibetan Plateau (TP), Central China (CC), Southwest China (SWC), and South China (SC). 
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he Holton mechanism, wherein ageostrophic easterlies induced by

and–sea thermal contrast rotate into southerlies earlier than friction-

nduced ageostrophic northerlies, allowing southerly jets to form earlier

han predicted by the Blackadar mechanism ( Du and Rotunno, 2014 ;

hapiro et al., 2016 ). 

In Northeast China, LLJs occur more frequently in the early evening,

onsistent with the shorter inertial oscillation period at higher lati-

ude and with valley wind circulations linked to the Holton mechanism

 Fig. 4 (h)) ( Shu et al., 2024 ). 

. Weather patterns associated with the two types of LLJs based 

n ERA5 

Composite mean geopotential height and wind fields during regional

LJ and SLLJ events (Fig. S1) reveal distinct high- and low-pressure

enters across most regions, suggesting that both jet types are closely

elated to synoptic systems. The associated strong pressure gradients

rovide favorable background conditions for LLJ formation. 

In Northwest China, valley effects formed by northwest–southeast-

nd east–west-oriented mountain ranges contribute to the development

f BLJs with prevailing northwesterly and easterly winds (Fig. S1(a1)).

ver the Tibetan Plateau, the geopotential height contours are relatively

onal, and LLJs primarily exhibit westerly winds (Fig. S1(c1, c2)). In

orth China, BLJs are dominated by southwesterly winds (Fig. S1(d1)),

hile SLLJs are mainly northwesterly due to the clockwise turning with

eight associated with warm advection (Fig. S1(d2)). The northwest-

ard extension of the high-pressure system south of the SLLJ region

eakens the southerly wind components of SLLJs. 

In Northeast China, the Northeast Cold Vortex plays a dominant role

n the formation of LLJs during the warm season ( Fu and Sun, 2012 ).
5

LJs typically occur with southwesterly winds on their southeast flank

Fig. S1(e1)). When the vortex shifts eastward, SLLJs develop with

orthwesterlies on their southeastern flank and southwesterlies on their

outhwestern flank (Fig. S1(e2)). 

In Southwest China, the Southwest Vortex is a key driver of LLJs. Its

outheastern flank supports southwesterly BLJs (Fig. S1(g1)), while its

eripheral circulation produces southwesterly, southeasterly, and north-

asterly winds in Central China (Fig. S1(d1)) ( Liu et al., 2014 ). 

In South China, BLJs and SLLJs exhibit contrasting wind patterns due

o differing mechanisms. BLJs are dominated by southerlies, largely in-

uenced by the baroclinic land–sea thermal contrasts and channeled

y north–south-oriented mountain ranges (Fig. S1(f1)). In contrast,

LLJs are characterized by southwesterly winds and typically occur on

he northwestern flank of the WPSH (Fig. S1(f2)) ( Liu et al., 2023 ).

uring the warm season, enhanced cold-air activity in the Southern

emisphere strengthens the cross-equatorial flow, leading to intensi-

ed southerly monsoon flow over the South China Sea, southwesterly

onsoon flow over South Asia, and southeasterly monsoon flow over the

orthwestern Pacific ( Ding and Chan, 2005 ; Zhu, 2012 ). Together, these

onsoon systems establish a persistent large-scale low-level southerly–

outhwesterly background that is favorable for the development and

aintenance of SLLJs over South China and the northern South China

ea ( Sun, 1986 ). In addition, the WPSH enhances the zonal horizon-

al pressure gradient force and provides a southwesterly background

irculation for SLLJs via monsoon flows along its northwestern flank

 Liu and Wang, 2012 ; Wang et al., 2013 ; Zhao et al., 2003 ). Super-

mposed on this favorable large-scale environment, synoptic-scale dis-

urbances such as fronts and low-level vortices further contribute to

he initiation and intensification of SLLJs ( Chen et al., 2006 ; He et al.,

016 ). 
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Fig. 4. (a) Spatial distribution of the difference in LLJ occurrence ratio between 0800 BJT and 2000 BJT. Stations shaded in purple (orange) indicate more frequent 

LLJ occurrence at 0800 BJT (2000 BJT). (b–h) Differences in occurrence ratios of BLJs and SLLJs between 0800 and 2000 BJT across seven subregions: Northwest 

China (NWC), North China (NC), Northeast China (NEC), Tibetan Plateau (TP), Central China (CC), Southwest China (SWC), and South China (SC). 
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. Discussion and conclusion 

This study investigates two types of LLJs —namely, BLJs and

LLJs —across China during the warm season (2008–2017), using high-

ertical-resolution radiosonde observations. Their spatiotemporal char-

cteristics and synoptic backgrounds were systematically compared. 

Overall, LLJs occur most frequently over Northeast and South China.

LJs are predominantly found over the Northeast Plain, between the

ibetan Plateau and Tarim Basin, and near Hainan Island, reflecting

he combined influence of the Holton mechanism, orographic blocking,

nd channeling. In contrast, SLLJs are mainly distributed across South

nd Southwest China, where they are strongly linked to warm-season

ynoptic systems such as the mei-yu front, the Southwest Vortex, the

PSH, and monsoonal flows. 

The vertical structure of LLJs shows a primary occurrence peak at

0.7 km AGL and a secondary peak at ∼1.9 km. BLJs and SLLJs ex-
ibit average wind speed maxima of ∼13 m s− 1 at 0.7 km and 2.5 km

GL, respectively. A distinct double-peak vertical distribution of LLJ

ccurrence is evident in several regions, including the Tibetan Plateau,

orthwest China, North China, Central China, and South China during

he pre-summer rainy season. The features highlight the influence of

oth topography and weather processes on LLJ vertical variability. 

Wind direction patterns further underscore regional contrasts. South-

esterly LLJs dominate the eastern plain of China under monsoon circu-

ation, while northwesterly LLJs prevail in western mountainous regions
6

nder the influence of westerlies and terrain. Regionally, southwester-

ies dominate in South and Central China and in BLJs over Northeast and

outhwest China, whereas northwesterlies are typical of LLJs in North-

est China and the Tibetan Plateau, as well as of SLLJs in North and

ortheast China. 

The diurnal cycles reveal strong latitudinal dependence. LLJs occur

ore frequently in the early morning (0800 BJT) across Central, South-

est, and South China, but in the early evening (2000 BJT) in North-

ast China. This latitudinal dependence is consistent with the Blackadar

echanism, where inertial oscillation periods vary with latitude. The

arlier onset of BLJs in North China may also reflect additional contri-

utions from the Holton mechanism. 

Both BLJs and SLLJs are often accompanied by large-scale synoptic

ystems. In Northeast China, the Northeast Cold Vortex strongly modu-

ates both types, with its position governing jet wind directions. In South

hina, SLLJs are more closely related to the WPSH and monsoon flows,

esulting in a more westerly wind component compared with BLJs. In

outhwest China, southwesterly BLJs develop along the southeastern

ank of the southwest vortex, while southeasterlies on its northeastern

ide influence BLJs in Central China. 

This study provides the first detailed observational climatology

hat distinguishes between BLJs and SLLJs across China using high-

esolution nationwide radiosonde data. Relative to previous studies,

t refines the spatial, vertical, and temporal characteristics of both jet

ypes, clarifies their distinct synoptic environments, and provides an
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bservation-based benchmark for evaluating results derived from re-

nalysis data and numerical simulations, which are subject to uncertain-

ies arising from model parameterization or data assimilation. However,

t does not quantify their direct impacts on precipitation at the national

cale, nor fully examine their formation mechanisms. Future work will

ocus on linking BLJ and SLLJ activity to rainfall variability in represen-

ative regions of China and further explore the processes driving their

evelopment. 
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