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Weather background analysis of debris flows in southeastern
Guizhou, China

Y. Gou, H.M. Gao, Y.T. Song

Qiannan Meteorological Bureau, Duyun, China, 983733200@qq.com

Abstract. In southeastern Guizhou Province, China, a devastating debris flows occurred on
June 18, 2022, where entire house was swept down and washed away. Using a variety of
meteorological observation data to analyze the weather background of this process, the
results show that: the debris flow disaster was caused by a short period of extraordinary
rainstorm. The 24h precipitation of the two heavy rain centers in the southeast of Guizhou
Province was 359.2 mm and 312.5 mm, which appeared in Congjiang County and Rongjiang
County, where the debris flow occurred. The rainstorm process was convergent frontogenetic
rainstorm. 500 hPa short-wave trough with low level shear line and ground convergence line
to provide sufficient power conditions. The low-level Southwest jet stream continues to
deliver water vapor as it increases instability. The wet layer is deep and the water vapor
condition is good. The specific humidity of 500 hPa, 700 hPa and 850 hPa is 6 g/kg, 11 g/kg
and 16 g/kg, and the temperature dew point difference is 0-0.3°C. The temperature difference
between 700 hPa and 850 hPa and 500 hPa is 15°C and 22°C. Cape is 189 J/kg. Various
models, such as European Central, South China Model and Grapes_3km, have captured the
rainstorm process. The rainfall forecast for central Europe is northward and the intensity is
weak. Grapes_3km forecasts the center of heavy rain in Congjiang County, but the intensity
is also weak, which has the best forecast effect on location and intensity.
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AHaJIM3 NOTOAHBIX YCJIOBUH (pOPMHUPOBAHUA CeIeBBIX IOTOKOB
Ha 10ro-socroke I'yiiuxoy, Kurai

H.Toy, X.M. Tao, U.T. Cyn

Memeoponozuueckoe 6ropo Lanvrans, Ayons, I'yiiucoy, Kumaii, 983733200@qg.com

AuHoTanusi. B roro-soctrounod mposuniuu [yitwkoy (Kwurait) 18 wroms 2022 .
MIPOM30ILIEN Pa3PYIINTEIbHBIN OMOJ3EHb, B PE3YJIbTATE KOTOPOT'O ObLIM CHECEHBI U CMBITHI
Bce JomMa. Pe3ympTaThl aHammM3a TOTOAHOrO (OHA 3TOro TMpouecca IO JaHHBIM
MEeTeOHAOMIONeHNH TOKa3pIBalOT, YTO OMNOJI3HeBas KaracTpoda OblIa BBI3BaHA
WHTEHCHUBHBIM JIMBHeM. KonnuecTBO 0cajgkoB, BhINaBIlee 3a CYTKH B JBYX Yye3aax
(Konrmzstn u JXyHI3sSIH) Ha Oro-BOCTOKe MpOBUHIMH [yiwkoy, coctaBuio 3592 wu
3125mMM. 3pmecr  mpowW3omIeN  CXOX  CENEBBIX ~ MOTOKOB. JIMBEHh  HOCHI
¢dponTorenernueckui xapaxkrep. KoporkoBosiHoBast stoxxouna 500 rlla ¢ muHuei caBura
Ha HU3KOM YPOBHE WM NPH3EMHOH JIMHHEH KOHBEPIeHIMH OOECIIeUMBAIOT JIOCTaTOYHbIE
ychoBus Aus nUTaHuA. Hu3ko pacnosokeHHOe oro-3amagHoe CTpyHHOE TedeHHe
NIPOJIOJDKAET IO0AaBaTh BOJSHOM Tap, yBEIWYMBAs HECTaOMIbHOCTb. BnakHBIN cioi
rTyOOKHiA, M COCTOSIHME BOJSTHOTO Tapa xoporiee. Y jenbHas BIaKHOCTh Ha BbIicoTax 500,
700 u 850 rlla coctaBnset 6, 11 u 16 1/kT, a pa3HUIIA TEMIIEPATyP TOUYKH POCHI COCTABISAET
0-0,3°C. Pazuuna temmeparyp mexay 700-850 u 500 rlla cocrarmsier 15 u 22°C. Mebic
coctaBisier 189 Jxk/kr. PaznuduHble Mojend, Takue Kak EBpomneickas IeHTpaibHasl,
IOxHO0-KuTaiickas momens u Grapes 3km, 3adukcupoBanu mpouecc juBHsS. [Iporaos
OCaJKOB ISl LIEHTPaJIbHOW EBPOITBI — CeBepHBIN, HHTEHCUBHOCTH ciabas. Grapes 3km
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MIPOTHO3UPYET LCHTP CHUIIBHOTO HOXIA B yE€31€ KOHFH3HH, HO HMHTCHCHUBHOCTBH TaKXC
cna6a;1, 49TO UMECT HaI/IJIy‘-IH.II/Iﬁ IIPOTHO3 IO MECTOIIOJIOKECHNIO U HHTCHCUBHOCTH.

Knroueswie cnosa: cenesoti nomox, no200HbuIU (OH, TUGEHD

Ccepuika pias nuruposanusi: oy U., F'ao X.M., Cyn U.T. AHann3 noroaHsIx yciaoBuil ()OPMUPOBAHUS CEIEBBIX
MIOTOKOB Ha Ioro-Boctoke ['yitwkoy, Kuraii. B ¢6.: CeneBble HOTOKH: KaTacTpoQbl, PUCK, IPOTHO3, 3aIIuTa. Tpymabl
7-it MexaynapoaHoit konpepenuun (Usany, Kurait). — OtB. pexa. C.C. Uepnomoper, K. Xy, K.C. Bucxamxuena. —
M.: OO0 «I'eomapketunry, 2024, c. 140-146.

Introduction

Guizhou is a mountainous province, the occurrence of geological disasters is especially
prominent, it is a high-risk area of geological disasters in our country, the precipitation
concentration is the main inducing factor of the formation of major geological disasters, the major
types of geological disasters in Guizhou are mainly landslides, small-scale debris flows have
occurred in Lewang Town, Wangmo County, Southwest China in the past decade. On September
6, 2017, due to heavy rainfall (186 mm), in the northern Xintun Subdistrict of Wangmo County
Xintong seat and in the Jiaotong — Russia area of Lewang Town, a debris flows geological disaster
occurred. The loose debris flow accumulation blocked culverts in the local highway and village
road, and the traffic in some areas was interrupted, the production and living of the local people
caused a serious impact, resulting in varying degrees of property losses. On August 27, 2014, a
landslide occurred in the Dabo Mountain opposite the Xiaoba Formation in Yingping village,
Daoping Town, Fuquan City, due to rain water immersion, about 1.4 million m2 rock slides at a
speed of 50 m/s towards the phosphate rock at the bottom of the mountain. The pit is about 30 m
deep and the water in the pit is about 50,000 m?, which forms a tsunami-like high-pressure wave
and debris flow, the debris flow covered an area of nearly 1 km? with an average depth of nearly
5 m and a maximum depth of 50 m, forming a Landslide dam river of nearly 5,000 m? On June 6,
2011, in the Yaojiawangou Valley of Xiaomi Valley, Xintun Town, Wangmo County, the slope
of the inner wave tree suddenly slipped and disintegrated into a clastic deposit, which was about
200 m long, 50 m wide and 4.0 m thick, the volume of the deposit is about 4.0 x 10 m. Under the
action of heavy rainfall, the loose deposits were transformed into debris flows which washed out
the gullies, destroyed 7 houses and buried several mu of farmland. Heavy rainfall is an important
cause of debris flow in Guizhou province. In this paper, multiple meteorological observations
were used to analyze a disastrous debris flow disaster in southeastern Guizhou province on June
18, 2022, the weather background of debris flow is analyzed in order to provide some scientific
basis for the prediction and early warning of debris flow in Guizhou province.

Sources of information

The data used in this paper are as follows: 1 the surface data are 24-hour precipitation
data and hourly precipitation data from 84 national meteorological stations in Guizhou
Province, the time range is from 2000 h on June 17, 2022 to 2000 h on June 18, 2022 (same as
other data). The data source is the meteorological big data cloud platform (Tianging). 2Micaps
data are 3-hour sea level pressure field and surface mapping data, 08:00 and 20:00 500 hPa,
700 hPa, 850 hPa height field, temperature field, high altitude mapping data and T-Inp sounding
data, the data source is micaps distributed data. 3 satellite data is the infrared channel data of
Fengyun-4 geostationary weather satellite at a time interval of 15 min, and the data source is
the national satellite meteorological center.

Actual characteristics of rainfall

On June 18, 2022, there were 145 stations of heavy rain, 88 stations of heavy rain and
12 stations of heavy rain along the east-west line in southern Guizhou province, the heaviest
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rainstorm centers were mainly located in Congjiang County and Rongjiang County in the
southeastern part of the province. The 24-hour rainfall was 359.2 mm in Qiaoxi County and
312.5 mm in Gaoma County in Congjiang City, Rongjiang Province, 96.7% of the heavy
rainfall occurred near the debris flow disaster (Fig. 1).
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Fig. 1. Rainfall distribution map of Guizhou province on June 18, 2022

According to the hourly rainfall distribution map of the two heavy rainfall centers, the
heavy rainfall lasted for a very long time, and the short-term heavy rainfall above 20 mm/h
lasted for nearly 10 h, mainly occurred from 02:00 on the 18th to 11:00 on the 18th, the
strongest at 05:00 to 08:00. It can be seen that not only the area around the debris flow occurred
in a wide range of heavy rainfall, and heavy rainfall for a long time (Fig. 2).
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Fig. 2. Hourly rainfall distribution at 2000 h on June 17, 2022 to 2000 h on June 18, 2022
Weather situation analysis

At 20:00 on the 17th, a short-wave trough passed over Guizhou and moved to the eastern
part of the province. The debris flow occurred in the updraft area in front of the trough. At
700 hPa, there was a southwest jet from central Guangxi to southern Hunan with a wind speed
of 12—20 m/s, there is an 850 hPa shear line in the southeast of Guizhou Province, and a low-
level southwest jet with wind speed of 12-16 m/s exists from Guangxi province to Fujian
Province. There is an obvious convergence line of stationary front on the ground in the southern
part of the province. 700 hPa and 850 hPa in Guizhou province are in the obvious wet area, the
water vapor condition is very good, the specific humidity of 500 hPa, 700 hPa and 850 hPa are
6 g/kg, 11 g/kg and 16 g/kg respectively, the difference of temperature and dew point is 0—
0.3°C (Fig. 3).
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Fig. 3. 500 hPa (a), 700 hPa (b), 850 hPa (c) and ground (d) weather patterns

This process provides sufficient dynamic conditions for the front-type rainstorm of
convergence line, 500 hPa short wave trough, low-level shear line and surface convergence
line, the low-level southwest jet increases the instability and continuously transports water
vapor.

A sounding map of Guiyang and Hechi at 2000 h on 17 June 2022 (Figs. 4 and 5) shows
that both Guiyang and Hechi have a deep wet layer, while Guiyang has a deep wet layer from
the ground to 550 hPa and Hechi has a deep wet layer from the ground to 350 hPa, the difference
of temperature between 700 hPa and 850 hPa and 500 hPa is 15°C and 22°C, respectively. The
shape of the sounding map is a narrow and long shape with obvious short-term strong
precipitation. Cape in Guiyang is 189 JKG, Cape in river basin is 859 JKG, the conditions of
water vapor and unstable stratification are both available. The presence of wind at the lower
levels rotating clockwise with altitude and warm advection will further increase the instability
of the atmospheric stratification. The height of uplift condensation and free convection is very
low, which is very conducive to the occurrence and development of convective storms.

Forecast deviation analysis

The comparison between the forecast and the field shows that the European center is
more accurate in predicting the 850 hPa wind field and the ground wind field at 20:00 on the
17th. The southwest jet, the shear line and the wet zone at 850 hPa are all predicted, but the
location of the southwest jet was forecast to the north, the strength was forecast to be strong,
the shear line was also forecast to the north, the surface front was forecast to the north.

According to the rainfall forecasts made by the European Center for many times for this
heavy rain process, there has been a steady forecast of precipitation of more than an order of
magnitude in the southeastern part of Guizhou Province, and the scope of the heavy rain has
become bigger and bigger. The heavy rain center has continuously pushed northward and
westward, has been steadily predicting. The European Center forecast of the heavy rain process
is basically accurate and slightly weaker.
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Fig. 7. European Center forecast 17th night rainfall map

The South China model has also forecast heavy rain in the central and southern parts of
Guizhou Province, and the heavy rain falling area is generally consistent with the actual
situation. In the central and southern parts of Guizhou province, the location of the heavy rain
center on the west side is basically consistent with the actual situation, and the forecast of the
heavy rain center on the east side is more westward than the actual situation, the forecast of
rainstorm intensity is weak, only the magnitude of rainstorm is forecasted, and the actual
situation has appeared the extremely heavy rainstorm.

Fig. 8. South China model forecast 17th night rainfall chart

The Grapes radar combination albedo forecast also predicted the convective storm in the
area east-south of the central part of the province. The forecast of the strong Echo Center in the
eastern part of the province is basically consistent with the actual situation.

The European Central Fine Grid, the South China model, Grapes and other models all
captured the heavy rainfall process. The European central fine grid forecasts the northern part
of the heavy rainfall area and the intensity is weak. The Grapes location and intensity forecast
is the best, in Congjiang County, the center of heavy rain was forecast, but the intensity was
also weak.

Conclusion
1. The debris flow disaster was caused by the extremely heavy rainfall in a short
time. The 24-hour precipitation of the two extremely heavy rainfall centers in the southeast of

Guizhou province were 359.2 mm and 312.5 mm respectively, in Congjiang and Rongjiang
counties, where the debris flows occurred.
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Fig. 9. Grapes Forecast 17-day night radar echo

2. This process provides sufficient dynamic conditions for the front-type
rainstorm of convergence line, 500 hPa short wave trough, low-level shear line and surface
convergence line, the low-level southwest jet increases the instability and continuously
transports water vapor.

3. The wet layer is deep and the water vapor condition is very good. The specific
humidity of 500 hPa, 700 hPa and 850 hPa is 6 g/kg, 11 g/kg and 16 g/kg respectively, and the
difference of temperature and dew point is 0-0.3°C. The temperature difference between
700 hPa and 850 hPa and 500 hPa are 15°C and 22°C respectively. Cape at 189 J/kg.

4. The European Central Fine Grid, the South China model, Grapes and other
models all captured the heavy rainfall process. The forecast of the European central fine grid
heavy rainfall area is northward and the intensity is weak, and the location and intensity of
Grapes are the best, in Congjiang County, the center of heavy rain was forecast, but the intensity
was also weak.

References

LU Gang. Analysis of major geological disasters and their influencing factors in Guizhou. Guizhou
geology, 2016,33(2): 108-112.

Hou Jiangping, Zhou Jun. Development characteristics and trend of Napa debris flow in lewang town,
Wangmo County, Guizhou Province. Geology of Yunnan, 2023,42(2): 244-250.

Chin Ha-Fai, Lau Ching-Ching. Action and Revelation of landslide rescue in Fuquan, Guizhou.
Hongshui River, 2022,41(5): 106-108.

Li Caixia, Ma Yu. Formation, mechanical characteristics and vulnerability of debris flow in Yaojiawan
Gully, Wangmo County, Guizhou province. Science, technology and engineering, 2019,19(24): 62—
67.

146



