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On May 11, 2022, despite the favorable upper and lower-level circulation patterns of the high-altitude trough, shear line, and
southwest jet stream, the urban cluster of the Guangdong-Hong Kong-Macao Greater Bay Area experienced light to moderate
rainfall, deviating signifcantly from the forecasted heavy rain and local heavy rainstorm. Tis study explores the reasons for false
alarms and predictability using ground observation data, radar data, ECMWF-ERA5 reanalysis feld data, and ECMWF and
CMA-TRAMS forecast data. Te results indicate that the warm and moist airfow transported by the low-level jet stream was
intercepted by the upstream MCS (mesoscale convective system) along the coastal area of western Guangdong, and inadequate
conditions of negative vorticity dynamics led to insufcient moisture, thermodynamic, and dynamic conditions over the urban
cluster, preventing the triggering of heavy precipitation. In addition, the 700 hPa westerly fow guiding the airfow and the stable
low-level shear line, coupled with surface convergence lines, infuenced the northward or southwardmovement ofMCSs along the
coastal and inland regions of western Guangdong. Te weak and discontinuous intensity of echoes in the upstream Zhaoqing
region further hindered the infuence of surrounding echoes on the urban cluster. Numerical forecast models ECMWF and CMA-
TRAMS overestimated the 850 hPa windspeed and 925 hPa meridional windspeed, resulting in the forecasted urban cluster
experiencing heavy rain. Sensitivity tests of wind felds indicate that the 850 hPa wind feld information is more sensitive to
precipitation in the urban cluster. In this process, weak signal correction can be achieved in strong precipitation forecasts using the
distinct signal of lower 850 hPa water vapor fux divergence compared to 925 hPa. Terefore, in the future, when the
Guangdong-Hong Kong-Macao Greater Bay Area encounters similar warm-sector heavy rainfall events, adjustments to model
forecasts can be made using specifc 850 hPa elements such as wind speed, water vapor fux divergence, or specifc humidity to
enhance predictive accuracy.

1. Introduction

Te mesoscale convective system (MCS) is a direct infu-
encing factor for the occurrence of heavy rainfall, and its
precipitation efciency and duration are closely related
[1–3]. When an MCS moves slowly or individual convective
cells repeatedly pass through a fxed area, it is prone
to trigger intermittent short-duration heavy rainfall. Con-
versely, if the MCS moves quickly, has a short impact du-
ration, or is of weaker intensity, it only brings about light

precipitation [4–6]. In the multiscale systems that infuence
heavy rainfall in southern China, the low-level jet stream is
an important weather system for heavy rainfall formation
[1, 7–11]. On one hand, it acts as a moisture transport
channel in the lower atmosphere, providing unstable warm
and moist conditions. On the other hand, it acts as a dy-
namic force that enhances forced lifting through the con-
vergence in the jet stream exit region. In China, there are two
main types of low-level jet streams. One occurs between 1
and 4 km and includes the traditional 700 hPa and 850 hPa
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jet streams, also known as synoptic-scale low-level jet
streams (SLLJ).Te other occurs below 1 km and is known as
the boundary layer jet stream (BLJ), infuenced by the
boundary layer, topography, and large-scale weather sys-
tems. In recent years, the roles of these two types of low-level
jet streams in heavy rainfall events in southern China have
attracted considerable attention [12–17].

Researchers such as Ding Zhiying et al. [18] have pointed
out that warm-sector heavy rainfall in South China during
May and June often occurs in the rear part of the 850 hPa
low-level jet stream, within the area of southward wind
convergence. Liang Shuang et al. [19] classifed the low-level
jet streams based on the synoptic patterns at 850 hPa into
trough-type and cyclone-type jets. Despite diferences in
moisture transport and vertical wind shear, both types are
signifcant components of extreme rainfall events in South
China. Wunaigeng et al. [8] conducted statistical analyses
using global gridded analysis data for the past decade, re-
vealing that over 80% of warm-sector heavy rainfall events in
the coastal belt of South China or the northern South China
Sea are associated with the boundary layer low-level jet
stream at 925 hPa. Research by Ye Langming et al. [20] on
a specifc South China rainfall process demonstrated that the
925 hPa low-level jet stream plays a crucial role as the main
source of moisture, sustaining low-level energy. In addition,
the occurrence of dual low-level jet streams is common in
heavy rainfall events. Zhang et al. [9] pointed out that cases
where both 800 hPa and 925 hPa low-level jet streams coexist
account for 70% of warm-sector heavy rainfall events. DU
et al. [10] analyzed a warm-sector coastal heavy rainfall event
in South China, revealing that the development of warm-
sector heavy rainfall is infuenced by the convergence caused
by the 925 hPa boundary layer jet stream and the joint efect
of middle-level divergence caused by the synoptic-scale jet
stream near 700 hPa.

LUO et al. [13] utilized 30 years of rainfall observation
data from 1981 to 2012 to statistically identify three major
heavy rainfall centers in South China with precipitation
exceeding 1000mm. Tese centers are located in the coastal
areas of western Guangdong on the windward slope of the
terrain, along the eastern coast of Guangdong, and in the
central inland area around Fogang-Longmen. In recent
years, research has been conducted from various aspects,
including observation, statistics, case analysis, and numer-
ical simulation, focusing on these three rainfall centers.
While some regions within the densely populated, eco-
nomically signifcant, and politically central
Guangdong-Hong Kong-Macao Greater Bay Area do not
meet the criteria for heavy rainfall centers, the occurrence of
heavy rainfall in this area and the accuracy of rainfall
forecasts are crucial for production, daily life, and decision-
making.

However, there has not been much research on the
precipitation mechanisms, mesoscale convective system
characteristics, and variations in infuencing systems specifc
to this region. Terefore, this study takes an instance of
a false alarm heavy rainfall event that occurred in the
Guangdong-Hong Kong-Macao Greater Bay Area from 12:

00 on May 10th to 12:00 on May 11th, 2022 (UTC), as an
example. Using ground observation data, radar data,
ECMWF-ERA5 surface and upper-air reanalysis data,
forecasts from the European Centre for Medium-Range
Weather Forecasts (ECMWF) and China Meteorological
Administration South China Sea Typhoon Numerical Fore-
cast System (CMA-TRAMS), as well as the mesoscale
CMA-GD model, the study analyses the characteristics of
precipitation during this event, the development and causes of
mesoscale convective systems, model errors, and the sensi-
tivity of boundary layer wind felds.Te aim of this study is to
gain insight into the mechanisms behind such rainfall events
in the Greater Bay Area and provide guidance for forecasting.

2. Data and Methods

2.1. Datasets

2.1.1. Observational Data. Observational data include South
China Regional Automatic Weather Station Data. Wind
Profler Data from Hai Ling Island Station (Longitude
111.859°E, Latitude 21.572°N) and Xin Hui Station (Lon-
gitude 113.035°E, Latitude 22.532°N).

Dual-Polarization Radar Data from 15 radar stations across
South China (Guangzhou, Shaoguan, Qingyuan, Zhaoqing,
Meizhou, Heyuan, Shenzhen, Shanwei, Shantou, Yangjiang,
Zhanjiang, Longyan, Xiamen, Haikou, Beihai). Single-
Polarization Radar Data from 5 radar stations (Guilin, Liuz-
hou, Nanning,Wuzhou, Yongzhou). X-BandDual-Polarization
Phased Array Radar Data from Guangzhou. Te locations of
radar sites and wind profle sites are indicated in Figure 1.

2.1.2. Model Data. Model data include European Centre for
Medium-Range Weather Forecasts (ECMWF) High-
Resolution Numerical Weather Prediction Deterministic
Forecast Products. Spatial resolution: 0.125°0.125° (surface)
and 0.25°0.25° (upper air). Issued twice daily (00z, 12z).

Te CMA-TRAMS South China Sea Typhoon Model
Forecast Data are developed jointly by the China Meteo-
rological Administration (CMA) and the Guangzhou In-
stitute of Tropical and Marine Meteorology. It utilizes
ECMWF data for initial conditions and has a spatial reso-
lution of 0.09° × 0.09°. Forecasts are issued four times daily
(00UTC, 06UTC, 12UTC, and 18UTC).

Tis study uses both models’ 24-hour precipitation
products from 12:00 on the 8th to 12:00 on the 9th, as well as
72-hour 3-hourly wind feld products at 925 and 850 hPa and
12:00 on the 8th EC model forecast products for 925 and
850 hPa moisture fux divergence.

2.1.3. Reanalysis Data. Te ERA5 dataset is the next-gen-
eration reanalysis dataset succeeding the European Centre
for Medium-Range Weather Forecasts (ECMWF) reanalysis
dataset. It has a spatial resolution of 0.125° × 0.125°. Tis
study utilizes wind feld data at pressure levels of 700, 850,
925, and 1000 hPa from 00:00 on May 10th to 12:00 on May
11th, 2022.
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2.2. Model Scheme Design. In addition, the study applies the
CMA-GD 3 km model, which is a nonhydrostatic model. It
utilizes theWSM6microphysics scheme, the MRF boundary
layer physics scheme, the RRTMG-LW longwave radiation
scheme, the RRTMG-SW shortwave radiation scheme, and
disables cumulus convection parameterization. Te model
uses initial and boundary data from ECMWF’s global res-
olution model with a resolution of 0.125° × 0.125°.Temodel
starts with a longitude and latitude of 96°E and 16°N, re-
spectively, has a horizontal grid of 913× 513 grid points, 32
vertical layers, and a time step of 60 seconds.

3. Analysis of Precipitation Prediction Bias

3.1. Characteristics of Precipitation and Forecast Service
Analysis. From 12:00 on May 10th to 12:00 on May 11th,
2022, the southern region of China experienced a weather
event characterized by heavy to extremely heavy rainstorm,
with localized severe weather (Figure 1). Te distribution of
precipitation was uneven, displaying distinct “rain nests” as
features [13]. Te areas with the strongest rainfall centers
were located respectively along the western coast from
Yangjiang to Jiangmen to Zhuhai to Zhongshan, along the
eastern coast from Shenzhen to the southern parts of
Huizhou, Shanwei, and Jieyang, and in the central moun-
tainous region from Qingyuan to the southern parts of
Shaoguan and the northern parts of Guangzhou, Fogang,
and Longmen. Te highest cumulative rainfall was recorded
at the Sanshui National Meteorological Observatory in
Zhongshan, with 408.5mm. A total of 277 observation
stations recorded over 100mm of rainfall, 31 stations
recorded over 250mm, and in Yangdong District of
Yangjiang City, the maximum hourly rainfall intensity
reached 123.6mm at 04:00 on the 11th.

Upon closer analysis, it is evident that the urban cluster
of the Guangdong-Hong Kong-Macao Greater Bay Area,
specifcally the area extending from Foshan to the
Guangzhou urban area to Dongguan (referred to as Region
A, hereinafter referred to as the urban cluster), mainly
experienced light tomoderate levels of rainfall. Coupled with
the suspension of classes mechanism, the occurrence of this

severe rain event with false alarms in the urban cluster led to
a certain social reaction.

Pentagram: South China Regional Radar Site; Cross:
Wind Profle Site; Red Triangle: Panyu Phased Array
Radar Site.

3.2. Objective and Subjective Forecast Situations.
Comparing the 72-hour forecast with a 24-hour cumulative
rainfall duration, initiated from 12:00 on the 8th, among
multiple models (Figures 2(a)–2(c)), both the ECMWF and
CMA-TRAMS models predicted heavy to extremely heavy
rainfall in the urban cluster. Even when examining the 24-
hour cumulative rainfall forecast for the subsequent
48 hours, starting from 12:00 on the 9th (Figures 2(b)–2(d)),
although the coverage of extremely heavy rainfall reduced,
the forecast still indicated heavy to extremely heavy rainfall,
which was of a diferent magnitude compared to the actual
observed precipitation in the region.

Considering the signifcant infuence of synoptic-scale
systems during this weather event and the fact that main-
stream numerical forecast models consistently predicted
widespread heavy rainfall, the subjective forecast conclusion
was ultimately heavy to extremely heavy rainfall. In light of
these factors, this stands as a clear case of forecast failure for
the urban cluster.

4. Reasons for Forecast Failure Analysis

From the perspective of the large-scale circulation pattern,
the 500 hPa geopotential height feld at 12:00 UTC on May
10th (Figure 3(a)) shows a pattern with two ridges and one
trough maintained in the mid-latitudes of Asia, which is one
of the favorable circulation patterns for the premonsoon
rainy season in South China. Tere are high-pressure ridges
over the New Siberian Islands and the Okhotsk Sea, a low
trough over the northern part of Northeast China, and
a cutof of the Northeast cold vortex. West of the cold vortex,
there is a transition from the transverse trough to the vertical
trough, while the southern side of the transverse trough at
middle and low latitudes shows multiple shortwave trough
activities. At 12:00 UTC on May 10th, the active southern
branch trough of the Qinghai-Tibet Plateau was infuencing
the South China region from west to east. In addition, the
transverse trough and the rear of the cold vortex guided cold
air southward. By 00:00 UTC onMay 11th, the 925 hPa wind
feld (Figure 3(b)) indicated that the cold air had reached the
South China region and converged with the warm and moist
southwest airfow ahead of the trough, resulting in stable
low-level wind shear. At the same time, the Meng Bay storm
gradually intensifed, continuously transporting warm and
moist southwest airfow to the South China region, with
wind speeds reaching up to 12m/s.

It can be observed that the favorable confguration of the
high-altitude trough, shear line, and southwestern jet stream
indeed provided favorable circulation conditions for heavy
rainfall in South China. However, as is well known, the
dynamic behavior of the middle-scale convective system,
which is difcult to capture accurately in numerical models,
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Figure 1: Distribution of accumulated precipitation (unit: mm)
from 12:00 on May 10th to 12:00 on May 11th.
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Figure 2: 24-hour accumulated precipitation forecast at 12:00 onMay 11th: (a, b) ECMWF (c, d) CMA-TRAMS; initial conditions: (a, c) 12:
00 on May 8th (b, d) 12:00 on May 9th.
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Figure 3: (a) 500 hPa geopotential height feld at 12:00 on May 10th (contour, unit: dagpm) and wind feld (shaded, unit: m/s); (b) 925 hPa
wind feld at 00:00 on May 11th (shaded, unit: m/s).
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directly afects precipitation. Terefore, its structure and
evolution infuenced the signifcant discrepancies in pre-
cipitation observed in the urban cluster and the forecasted
amount. Terefore, the subsequent analysis will delve into
the occurrence and development of the middle-scale con-
vective system on that day and its causes in detail, while also
conducting a comprehensive analysis of the reasons for the
forecast biases in mainstream numerical models.

4.1. Development and Analysis of the Mid-Scale Convective
Systems. At 00:00 on the 11th, radar composite refectivity
indicated a “double rainband” precipitation pattern over the
southern China region. Tis included MCS1 along the
coastal area of western Guangdong and MCS2 from Fogang
to Conghua inland, as shown in Figure 4. However, in the
actual development process, neither of these MCSs had
a signifcant impact on the urban cluster.

Examining the 925 hPa fow feld at 00:00 on the 11th (as
depicted in Figure 5), a favorable jet core is transporting
moisture to the coastal area of western Guangdong, with
wind speeds exceeding 14m/s. Tis situation provides
conducive conditions of moisture and warm, moist ther-
modynamic instability for the development of MCS1. In
addition, analyzing near-surface wind felds using data from
both inland and coastal wind profling stations, it is evident
that around 00:00 on the 11th, the near-surface wind speed
at the coastal Hailing Island station reached around 12m/s,
while the inland Xinhui station had the maximum near-
surface wind speed between 00:00 and 12:00, reaching 6m/s.
Tis indicates a signifcant weakening of near-surface
moisture transport conditions over the inland areas, with
moisture being intercepted by the upstream coastal regions.
As a result, the thermodynamic conditions for triggering
heavy precipitation from the near surface were weaker in the
urban cluster compared to the coastal area of western
Guangdong.

Analyzing the dynamic lifting conditions for the de-
velopment of MCS1, this study selected the hourly variation
of 500 hPa vorticity at the coastal Jiangmen station, the
Tianhe station within the urban cluster, and the Conghua
station in the northern region. It can be observed that
around 22:00 on the 10th, the coastal region exhibited
signifcant fuctuations in positive 500 hPa vorticity,
reaching 5×10-5s-1, while the inland areas were consistently
in a region of negative vorticity, signifying weaker dynamic
lifting conditions than those along the coastal area (fgure
omitted). Tis is one of the main reasons why local con-
vection within the urban cluster failed to trigger strong
updrafts.

Regarding the movement of MCS1, even if it had afected
the urban cluster during its development and movement, it
still might have caused a certain level of heavy rainfall in the
area. However, based on the radar composite refectivity at
02:00 on the 11th (as depicted in Figure 6), MCS1 was
mainly moving eastward along the coast, and there was not
a signifcant northward movement of echoes. Tis is pri-
marily due to the mid-level steering winds being dominated
by westerly winds on the west side of the Pearl River Estuary.

Although there was an increase in the southerly component
over the urban cluster, resulting in a slight northward
movement of MCS1 during its eastward movement, it was
insufcient to afect the urban cluster signifcantly. Tere-
fore, MCS1 did not cause signifcant heavy rainfall in the
urban cluster.

MCS2 began developing gradually from 20:00 on the
10th and maintained its stability until around 14:00, without
a noticeable southward shift by that time. As indicated in
Figure 4 by the position of MCS2, analyzing the 925 hPa
wind felds at 00:00 and 06:00 on the 11th, as well as the 10m
wind felds at 06:00 on the 11th (as depicted in Figure 7), it is
apparent that the stable and weak dynamics of the low-level
shear line and the mesoscale convergence line near the
surface prevented signifcant southward movement of
MCS2. Consequently, MCS2 did not exert a noticeable
southward infuence, which meant that it was unable to
impact the urban cluster in terms of development and
movement.

Around 11:00 before and after, a mesoscale convective
system (MCS) developed gradually and moved eastward in
the upstream region near Zhaoqing to the west of the urban
cluster. Under its infuence, the maximum composite
refectivity exceeded 50 dBZ, leading to short-duration in-
tense precipitation of over 20mm in Zhaoqing. By 12:00, the
MCS moved closer to the urban cluster, causing a noticeable
weakening of echo intensity. Te maximum composite
refectivity dropped to around 35 dBZ, and between 13:00
and 14:00, the echo intensity further diminished (as shown
in Figure 8).

Analyzing the mesoscale conditions contributing to this
phenomenon (as depicted in Figure 9), due to the advance
penetration of weak cold air, the surface convergence line
had already afected the southern region of the urban cluster.
In the urban cluster, dry and cold northward winds pre-
vailed. Tis scenario weakened both the dynamic lifting
convergence conditions necessary for convection develop-
ment and the required thermodynamic conditions. Con-
sequently, this afected the maintenance or development of
intensity as the upstream MCS approached. Observing
surface dew point temperatures, the area upstream near
Zhaoqing maintained temperatures around 25°C, while in
the vicinity of the urban cluster, temperatures were mostly
between 23 and 24°C. Tis indicated that the atmospheric
moisture conditions in the urban cluster were also less fa-
vorable compared to the upstream region.

Furthermore, using the X-band dual-polarization
phased-array radar’s refectivity factor between 12:00 and
14:00 on the 11th to examine the minute-level intensity
changes of the MCS echo (as shown in Figure 10), it can be
observed that the MCS echo developed with relatively weak
intensity and a lower vertical extent. Te echo observations
were mostly at radar elevation angles below 22°, and the
maximum refectivity factor ranged between 15 and 25 dBZ.
Additionally, the echoes were discontinuous, particle sizes
were small, and raindrop density was relatively low. Overall,
the weak development intensity of the upstream MCS
system afected the failure of the urban cluster to experience
heavy precipitation.
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Summarizing the analysis of the development and
movement of mesoscale convective systems (MCS) up-
stream from the urban cluster, several factors come into play.
Te low-level jet core transports moisture to the coastal area
of western Guangdong, but this moisture is intercepted,
resulting in weaker near-surface and low-level wind felds
downstream in the urban cluster. Te insufcient moisture
and thermodynamic conditions, combined with unfavorable

500 hPa vorticity conditions for convection development
over the urban cluster, have collectively afected the oc-
currence of heavy precipitation.

Furthermore, the 700 hPa guiding airfow prevailing
west of the Pearl River Estuary is primarily westerly, with
a weak southerly component. As a result, the MCS over the
coastal area of western Guangdong was unable to move
northward to the urban cluster. For the MCS developing
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Figure 4: Radar composite refectivity over South China at 00:00 on May 11th (unit: dBZ).
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internally from Fogang to Conghua, the stable and weak
dynamics of the low-level shear line and the mesoscale
convergence line near the surface led to no signifcant
southwardmovement, meaning this MCS did not impact the
urban cluster either.

Regarding the echo development occurring around
Zhaoqing by approximately 08:00 on the 11th, the echoes
themselves only achieved a development intensity of
15–25 dBZ, and they were not continuous. Coupled with the
shift to dry and cold northward winds over the urban cluster,
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the thermodynamic conditions deteriorated. Te surface
convergence line was positioned southward, and moisture
conditions were insufcient. Tese factors collectively led to
a noticeable weakening of intensity as the upstream echoes
moved towards the urban cluster, ultimately causing only
light to moderate rainfall.

4.2. Model Forecast Bias Analysis. Numerical weather pre-
diction models serve as the fundamental technological
backbone for short-term forecasting. In the context of heavy
rainfall forecasting in the warm region of South China, the
positioning and characteristics of low-level jets and their
upper-level cores are crucial focal points. In the case of the
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Figure 10: Intensity variation of X-band radar refectivity factor from 12:00 to 14:00 on May 11th (unit: dBZ).
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erroneous precipitation forecast for the urban cluster, what
is the forecast performance of the numerical models con-
cerning the mesoscale environmental wind felds? How does
the sensitivity of the boundary layer wind felds impact the
urban cluster’s precipitation?Te subsequent analysis delves
into the deviations within the model wind felds and their
sensitivity, aiming to provide a basis for assessing the
predictability of such precipitation events.

Regarding the evaluation of the ECMWF and CMA-
TRAMS models’ performance in predicting the zonal and
meridional winds at 850 hPa and 925 hPa over the South
China region (range: 96.6°E to 122.76°E, 16.6°N to 30.76°N),
certain biases have been identifed (Figure 11). For the
ECMWF model, it consistently overestimates the zonal
winds at 850 hPa, with a maximum bias of up to 4m/s across
various forecast lead times. Te bias remains persistent even
in the latest forecast lead times. In contrast, the prediction of
meridional winds at 925 hPa is generally underestimated by
the ECMWF model. Te initial forecast and the 54-hour
forecast exhibit maximum biases of up to 4m/s, though
these biases tend to diminish with increasing forecast
lead times.

For the meridional winds at 850 hPa and the zonal winds
at 925 hPa, the ECMWF model tends to overestimate these
winds, except for the 36-hour forecast of the meridional
wind at 850 hPa, which is slightly underestimated by about
1.8m/s. Te maximum bias for these cases is around 2m/s,
smaller than the bias observed in the zonal winds at 850 hPa.
Similar results are observed in the CMA-TRAMS model,
with both models exhibiting a tendency to overestimate
zonal winds at 850 hPa and to underestimate meridional
winds at 925 hPa. However, the biases in the CMA-TRAMS
model tend to be slightly smaller in certain forecast lead
times, bringing them closer to the observed values. Con-
sidering the cumulative 24-hour precipitation, the over-
estimation of zonal winds at 850 hPa and zonal winds at
925 hPa in both ECMWF and CMA-TRAMS models may
contribute to the prediction of heavy rainfall events in the
urban cluster.

Based on the observed water vapor fux divergence felds
at diferent time steps for 850 hPa and 925 hPa (Figure 12), it
can be observed that at 00:00 on the 11th, both 850 hPa and
925 hPa formed a moisture convergence zone along the
coastal area to the west of the Pearl River Estuary, with
a maximum moisture fux divergence of 20×10-7 g·cm-
2·hPa-1·s-1. Tis setup was conducive to signifcant heavy
rainfall along the coast. Inland, particularly in the region
from Foshan to Qingyuan, a more distinct moisture con-
vergence zone was apparent at 925 hPa. However, the urban
cluster exhibited a moisture fux divergence zone, which is
not conducive to the occurrence of heavy rainfall. By 12:00
on the 11th, the moisture fux divergence zone over the
urban cluster had not improved.

From the 48-hour forecast results of the ECMWFmodel,
at 00:00 on May 11th (Figure 13), the 850 hPa moisture
convergence zone did not form in the coastal area west of the
pearl river estuary but was located further north, indicating
a moisture convergence zone with a forecasted moisture fux
divergence of 25×10-7 g·cm-2·hPa-1·s-1 from Zhaoqing to

Yunfu City at 925 hPa. Te urban cluster was forecasted as
a clear moisture convergence zone at 925 hPa, which could
easily mislead forecasters to predict signifcant rainfall in the
urban cluster. By 12:00 on May 11th, weak moisture con-
vergence was forecasted at 850 hPa over the urban cluster,
and although the moisture fux convergence at 925 hPa had
weakened in both range and intensity, it still indicated weak
convergence conditions. Tus, from the temporal evolution
of moisture fux divergence, the model consistently pre-
dicted warm and moist airfow transport to the urban
cluster, forming convergence zones, which could create
a misleading signal of heavy rainfall in the area.

Furthermore, the 24-hour forecast results of the
ECMWF model did not show signifcant improvement in
the moisture fux divergence at both 850 hPa and 925 hPa for
00:00 and 12:00 on May 11th, with the urban cluster still
being forecasted as a clear moisture fux convergence area,
which continued until 12:00 on May 11th (fgure omitted).
Tus, the model’s prediction of a pronounced and sustained
moisture fux convergence at 850 hPa and 925 hPa over the
urban cluster can easily lead forecasters to misjudge it as
a region of heavy rainfall.

5. Model Precipitation Simulation Analysis

Based on the above analysis, it can be observed that the
models generally forecasted the large-scale circulation
background correctly, predicting the occurrence of heavy
rainfall events ranging from rain to heavy rainfall in the
South China region. However, due to discrepancies in the
forecasted environmental felds of the mesoscale convective
systems, the development and evolution of the MCS in the
urban cluster were overestimated, resulting in a false alarm.
Further investigation is needed to determine which atmo-
spheric layer, either in the lower levels (850 hPa and 925 hPa)
or near-surface (1000 hPa), has a higher sensitivity to pre-
cipitation in the urban cluster.

In this study, sensitivity analysis was conducted using the
mesoscale CMA-GD 3 km model for the false alarm pre-
cipitation event. Tis model is a non-hydrostatic model. Te
microphysics scheme used was the WSM6 scheme, the
boundary layer physics scheme was the MRF scheme, the
longwave radiation scheme was the RRTMG-LW scheme,
and the shortwave radiation scheme was the RRTMG-SW
scheme, with the cumulus convection parameterization
scheme turned of. Te model’s initial and boundary con-
ditions were provided by the ECMWF global analysis felds
at a resolution of 0.125° × 0.125°. Te model domain covered
the area from 96°E to the west and 16°N to the north, with
a horizontal grid size of 913× 513 and 32 vertical levels. Te
time step was set to 60 seconds, and the integration period
was from 00:00 on May 10th to 12:00 on May 11th, 2022.
Tree sensitivity experiments were designed (Table 1), where
ERA5 reanalysis data replaced the initial and forecasted
wind felds at 925 hPa, 850 hPa, and near-surface 1000 hPa
for the respective time steps.Te ERA5 reanalysis dataset has
a temporal resolution of 1 hour and a horizontal resolution
of 0.25° × 0.25°, serving as the next-generation reanalysis
dataset after the ECMWF reanalysis dataset.
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From the comparison analysis of the observed and ex-
perimental results of 24-hour accumulated precipitation
(Figure 14), the control experiment forecasted a signifcant

precipitation belt over the central and northern parts of
Guangdong, with the maximum accumulated rainfall
reaching the level of heavy to severe rain and the area of
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Figure 11: 72-hour BIAS of (a) ECMWF and (b) CMA-TRAMS models for the zonal and meridional wind speeds at 925 hPa and 850 hPa,
respectively.
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Figure 12: Observed water vapor fux convergence (unit: 10-7 g·cm-2·hPa-1·s-1) at 850 hPa (a, c) and 925 hPa (b, d) at 00:00 (a, b) and 12:00
(c, d) on May 11th.
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heavy rain extended to the urban cluster. In the sensitivity
experiment with revised 925 hPa wind felds, the area of
heavy rain expanded further south but did not show sig-
nifcant improvement in weak precipitation over the urban
cluster. Comparing the results of sensitivity experiments
with revised 850 hPa and 1000 hPa wind felds, the area of
heavy rain shifted northwards, and the urban cluster ex-
perienced mainly light to moderate precipitation, showing
noticeable improvement compared to the control experi-
ment and the sensitivity experiment with revised 925 hPa
wind felds. In addition, after revising the 850 hPa wind
felds, the model’s precipitation forecast for the region from
Fogang to Conghua to Qingyuan was closer to the obser-
vations, while revising the 1000 hPa wind felds resulted in
a more signifcant improvement in the forecast of intense

precipitation over the eastern coast of Guangdong compared
to the other two levels. However, none of the revised wind
felds showed considerable improvement for the heavy
precipitation over the western coast of Guangdong, which is
not the focus of this study and is not analyzed in detail here.

Based on the comprehensive analysis, the wind feld at
the lower level (850 hPa) is more crucial for the precipitation
over the urban cluster, followed by the near-surface level
(1000 hPa). Tus, the main reason for the overestimation of
heavy to severe rainfall over the urban cluster by the
ECMWF and CMA-TRAMS models is attributed to the
overestimation of the 850 hPa wind felds and the mis-
placement of water vapor fux convergence.

In response to the analysis of key factors infuencing
model forecast biases and impact regions mentioned above,
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Figure 13: ECMWF model forecast of water vapor fux convergence (unit: 10-7 g·cm-2·hPa-1·s-1) at 850 hPa (a, c) and 925 hPa (b, d) at 00:
00 (a, b) and 12:00 (c, d) on May 11th.

Table 1: Experimental table for wind feld sensitivity analysis.

Control experiment (CTL) ECMWF
forecast analysis feld

Sensitivity experiments
Replace 850 hPa wind feld Replace with ERA5 reanalysis data for 850 hPa wind feld
Replace 925 hPa wind feld Replace with ERA5 reanalysis data for 925 hPa wind feld
Replace 1000 hPa wind feld Replace with ERA5 reanalysis data for 1000 hPa wind feld
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how can we make corrections for weak signals in the forecast
area based on other physical felds or key forecast factors
when the model shows deviations in its predictions? In this
case study, it was observed that the water vapor fux con-
vergence at 850 hPa is signifcantly weaker than at 925 hPa. As
the analysis indicated, the 850 hPa wind feld is more sensitive
to precipitation over the urban cluster. Terefore, a weaker
water vapor fux convergence at 850 hPa can be considered as
an indicator for reducing precipitation in the forecast.

Of course, in further research, one can statistically
analyze the cases of strong precipitation occurrence and no

strong precipitation occurrence over the urban cluster,
considering parameters such as the water vapor fux
convergence and specifc humidity at 850 hPa. Based on
threshold conditions, adjustments can be made to the
forecast, providing another approach to revising model
precipitation predictions. In addition, utilizing real-time
vertical detection data from wind proflers, LIDAR wind
proflers, and other instruments can help identify de-
viations in forecasted wind felds. Correcting short-term
forecasts based on this comparison is also a topic worth
exploring.
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6. Discussion and Conclusions

In this study, we utilized ground observation data, radar
data, ECMWF-ERA5 reanalysis data, and forecast products
from ECMWF and CMA-TRAMS to analyze a case of false
alarms in precipitation forecasts over the Guangdong-Hong
Kong-Macao Greater Bay Area on May 10th, 2022, during
a favorable atmospheric circulation confguration with an
upper-level trough, shear line, and southwestern jet stream.
Te main conclusions are as follows:

(1) Te primary reasons for the absence of heavy rainfall
in the urban cluster during this event were as follows:
First, the MCS (mesoscale convective system) of the
coast of western Guangdong intercepted the warm
and moist airfow transported by the low-level jet,
resulting in insufcient moisture and thermal con-
ditions over the urban cluster. In addition, un-
favorable conditions with negative vorticity for
convective initiation further hindered the occurrence
of heavy precipitation. Second, the southwestern jet
stream at 700 hPa, predominantly westerly, and the
stable and inactive low-level convergence zones
separately afected the MCS over western Guang-
dong and the MCS over the inland area from Foshan
to Conghua, preventing them from reaching the
urban cluster. Tird, the intensity and continuity of
echoes over the upstream area near Zhaoqing were
weak, also contributing to the absence of heavy
precipitation over the urban cluster.

(2) Both the ECMWF and CMA-TRAMS models
exhibited evident biases. Overprediction of the
eastward component of wind at 850 hPa and 925 hPa
resulted in the false alarm of heavy rainfall in the
urban cluster. Moreover, the persistent and signif-
cant water vapor fux convergence conditions led
forecasters to judge it as a region of heavy rainfall.

(3) Analysis of wind feld sensitivity experiments
showed that information from the 850 hPa wind feld
was more sensitive to precipitation over the urban
cluster. Signals of weaker water vapor fux conver-
gence at 850 hPa than at 925 hPa during this event
can be used to correct the forecast for regions with
weak precipitation signals.

When applying short-term numerical forecasting
models to analyze heavy rainfall events in warm regions, it is
essential to not only focus on weather scale system changes
and features but also pay attention to the occurrence and
evolution of mesoscale convective systems and the sensitive
atmospheric layers or weather systems in the region.Te use
of statistically derived, sensitive thresholds as conditions for
precipitation predictability can help make appropriate ad-
justments to model forecasts.
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