LR AL EFRHIS X 5
A SR B 7K AE R FRIR R T 5

= 1 F - 2 g 2o ]
Fxrdm F F OBERTF
LA EFAXKRAL R, L 102699
2 AEFALE, 4LE 100091

RE: RIS IR IO E LS (PKX) XA 5RFEK (FHR) TRkEe ), CEHET
2014—2023 4F 5—9 HAEp AN R R, ERAS FHT %0k, XF FHR 335 BLIE 4047
T KIS 2 AT IE RORBE A, SRR FHR MM A SN 5, KEHERF
AR RL, PP RIRGT & E (BlE) L8, FEREME s AR, &
HEAR I B RS B K AR ALVA R AL . FHR E- P38 R AR AE S48 PKX X IR ASARRN 4 %2

I 10 ESREN B SR T 7T AL 8, e 7 B FARML R g, IE(E
fE 22—23 B (JEIERT) o FHR RpERT R 40~80 min. FlmAGAL, PERAERIE]
M EAERZY FHR BRARORRHE; RACA RGN FHR 2R 105 2RI 55 FE K
(=50 mm-h™) FER AR LGRS EH RIS R AR E R T . ARRRMAT
FHR RAEMBEZFRE: BlEUS8, RG] s LERARAKRR L, BERKE
HiErE 50 mm PAE, HXNRARALAEEO: BEIGRERERUKIRE S IR, (HRJIA%
MRS, WA RERRNEI, (3 /AR R, BKFRSn AR K RAus
W5 AR KRR, AR B IR PRI, AR ZE R, T R R KR
REEW: RIS B JERUORME RN FRRIE S B PR

R 4r2S . P456 kbR AR, A doi: 10.7519/j. issn. 1000-0526. 2025. 101301

R TR GREHIE (BMBKI202302005), %K BRI AR S FIH (423750200 « EZKEH SR
TR (2022YFC3004103) Fep S G5 # A GO HE TR BUHTEIRN. (CMA2023QN10) 3L 7 55 Bl
2024 4F 12 A 18 Hilltha: 202548 7 A 21 Hii& & s
BEF: e, EEAFEERRAR TR 7T Email: 2578042501@qq.com
WWER: HE, FEAFENR. BHEIIREAR SHIEF. Email: leilei bjt@126.com

1/21



Study on Characteristics and Forecasting Factors of Flash Heavy

Rain in Beijing Daxing International Airport Region

LI Jingnan' LEI Lei* XUE Luyu'
1 Beijing Meteorological Bureau, Daxing District, Beijing 102699
2 Beijing Meteorological Station, Beijing 100091
Abstract: To enhance the forecasting capability for flash heavy rain (FHR) in the Beijing Daxing
International Airport (PKX) region, this study utilizes minute- and hourly-level data from May to
September during 2014—2023, combined with ERAS reanalysis data, to classify circulation
patterns and analyze the precipitation and then temporal-spatial distribution characteristics and
environmental conditions. The results show that FHR processes are classified into five circulation
patterns, listing in descending order of their percentage as follows: the Mongolian Cyclone and
Trough Type, the Western Pacific Subtropical High Edge Type, the Interaction Type of Westerly
Trough and Western Pacific Subtropical High, the Huang-Huai Cyclone Inverted Trough Type,
and the Northeastern China Cold Vortex Rear Type. The annual average frequency of FHR is
relatively higher in the eastern region near PKX, showing a fluctuating but upward trend over the
past decade. FHR events are most frequent in July and August, with July accounting for more than
half of the occurrences. The diurnal variation exhibits a unimodal distribution, peaking at 22:00—
23:00 BT, with durations generally ranging from 40 to 80 min. The Western Pacific Subtropical
High Edge Type, the Interaction Type of Westerly Trough and Western Pacific Subtropical High,
and the Northeastern China Cold Vortex Rear Type display distinct temporal characteristics, with
the former two being predominantly nocturnal and the latter occurring more frequently in the
afternoon. Intense flash heavy rain (=50 mm-h™) primarily occurs under Western Pacific
Subtropical High Edge Type, and Mongolian Cyclone and Trough Type. Significant differences
are observed in the environmental conditions under different circulation patterns. The Western
Pacific Subtropical High Edge Type, Interaction Type of Westerly Trough and Western Pacific
Subtropical High, and the Huang-Huai Cyclone Inverted Trough Type are characterized by
abundant moisture, with total precipitable water vapor exceeding 50 mm and high convective
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available potential energy (CAPE), whereas the Huang-Huai Cyclone Inverted Trough Type
exhibits strong moisture convergence despite weaker thermal instability, often featuring boundary-
layer easterly jets that sustain precipitation. The Northeastern China Cold Vortex Rear Type,
despite limited column moisture, favors localized heavy rainfall through strong low-level warm
advection and significant upper-lower atmospheric temperature differences, favoring the
development of localized heavy rainfall.

Key words: flash heavy rain, minute-level precipitation, Beijing Daxing International Airport,

circulation pattern classification, environmental condition
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Fig.1 Location of the automatic weather stations in the PKX region
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Fig.2 Circulation characteristics of the Mongolian Cyclone and Trough Type
(a) composite field of 500 hPa geopotential height (contour, unit: dagpm) and its anomalies (colored), (b)
anomalies of 850 hPa wind field (vector) and temperature field (colored), (c) composite field of 925 hPa moisture

flux divergence (colored, unit: g-s™'-m™-hPa’) and anomalies of moisture flux vector (arrow, unit: g-s’*m™-hPa™")
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Fig.3 Circulation characteristics of the Western Pacific Subtropical High Edge Type
(a) composite field of 500 hPa geopotential height (contour, unit: dagpm) and its anomalies (colored), (b)
anomalies of 850 hPa wind field (vector) and temperature field (colored), (c) composite field of 925 hPa moisture

flux divergence (colored, unit: g-s™'-m™-hPa™) and anomalies of moisture flux vector (arrow, unit: g-s”'-m™-hPa™")
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Fig.4 Interaction between the trough and the western Pacific subtropical high pressure
(a) composite field of 500 hPa geopotential height (contour, unit: dagpm) and its anomalies (colored), (b)
anomalies of 850 hPa wind field (vector) and temperature field (colored), (c) composite field of 925 hPa moisture

flux divergence (colored, unit: g-s™-m™>-hPa™") and anomalies of moisture flux vector (arrow, unit: g-s”’-m™'-hPa™)

2.4 FERIAEER

Aent ALy a4, A% IR BRSO FE AR JL X 28 H AN, R T RIS
Jisgi PKX X35 (& Sa);  ma 00 52 SOVEAG IR 50 R G0, XF 82 850 hPa % 925 hPa A7)
PRV S SR U, PKX XA T2 Ui W0 0 R g Ui s 850 hPa IRLEE R AN B
& (E sb), S5HAh 4 REGREREE R EAREER. ZICEERYIASRA, 925 hPa
KRS A O E AU PR, ALt X KV R A IR 5 e Hofh 4 2R AT 5% (] Sc).

A ARIEHHNT sons . T_anasal HARALHHI

60° N

50° N

10" N

30° N

o 2 L : .
%0° E 100° E 110° E 120° E 130° E 140° E 10° E 120° E 30° E

10°

P 5 _ SR I (B R IR ARFAL
(2)500 hPa {4 = A s (B5{HZE, HA7: dagpm) AIEEF3H (BHM) , (b)850 hPa XUIFEET (XKD
IRESIEF (HE) |, ()925 hPa/KPUBEEHUE (M, AL g m™hPa’) &HIAAKIE KR E
P (Fik, #fi: gs-m-hPah)
Fig.5 Circulation characteristics of the Huang-Huai Cyclone Inverted Trough Type

(a) composite field of 500 hPa geopotential height (contour, unit: dagpm) and its anomalies (colored), (b)
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anomalies of 850 hPa wind field (vector) and temperature field (colored), (c) composite field of 925 hPa moisture

flux divergence (colored, unit: g-s™'-m™-hPa’) and anomalies of moisture flux vector (arrow, unit: g-s'-m™-hPa™)
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Fig.6 Circulation characteristics of the Northeastern China cold vortex Rear Type
(a) composite field of 500 hPa geopotential height (contour, unit: dagpm) and its anomalies (colored), (b)
anomalies of 850 hPa wind field (vector) and the composite field of temperature advection (colored), (c) composite
field of 925 hPa moisture flux divergence (colored, unit: g-s™'-m™>-hPa™) and anomalies of moisture flux vector

(arrow, unit: g-s”'-m™-hPa™)
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Fig.7 Spatial distribution of the annual mean FHR frequency in the PKX region from May to September during

2014—2023.
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Fig.8 Temporal variation characteristics of FHR in the PKX region from May to September during 2014-2023
(a) annual variation, (b) monthly and decadal variation, (c) daily variation
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Fig.9 Diurnal variation of hourly FHR occurrence stations in the PKX region under different circulation patterns

from May to September during 2014—2023
3.3 PR E R LR A HHE

F X I P 20 2 W R8T 2014—2023 4 5—9 F FHR 75 /N [ A (8] 4 58 pAY F) o R 58
AHRFAE (& 10a) o AFHTEET 20 eh i s, DRI G & R T AR/ i . 1 h W95
i %l 28.8 mm-h™, 95 FAMVAE A 58.5 mm-h. BEEIFEE K 20 min E. FRUERT
PR 10 min Y&, i FHK 5 min W& A8 70 18.8. 1281 6.9 mm, 95 H
IACAE S>3 351, 233 M1 13.6 mm. HIEAT L, JE—3 (43.4%) ] FHR £ 20 min gk
#| 7 FHR BIbR#E; 29 5% A2 10 min B AE3GE A FHR SEF.

Ak, MFFEEISIRIR G, FHR KZHF4E 40~80 min (B 10b) , AHFES: 2h UL . 1

IFHR £ 8Er4: 1~2h, TALECH 88 min.

13/21



(a) (b)

60 L N - 180

. 60— ®_165 &6
50
1.3 1404
10 120 - .
° .

_ 100

3 * z : -‘
E : T = a0 m o
g s ) & 05
== R A o o —
‘ 1o ity | ’ '
10 o .
- A ‘.‘ 20

0
st 20434k 10434 544k i HREE K -AREE SR REE K T EL T AR K

K10 2014—2023 £ 5—9 A FHR [ 1 hy H3tid 8K 20 min, 10 min, 5 min(a) i & -5 (b)FFEE [H]
Fig.10 (a) Rainfall intensity and (b) duration of FHR for 1 h, 20 min, 10 min, and 5 min from May to September

during 2014—2023
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Fig.11 (a) 10-minute rainfall intensity and (b)1-hour rainfall intensity of FHR in the PKX region under different

circulation patterns from May to September during 2014—2023
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Fig.12 Statistical characteristics of moisture conditions for 1 h before FHR initiation in the PKX region by
circulation pattern from May to September during 2014-2023
(a) specific humidity at 700 hPa, (b) specific humidity at 850 hPa, (c) specific humidity at 925 hPa, (d) dew point

temperature, (e) total precipitable water vapor
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(as b)700 hPa Fl(c, d)925 hPa(a, c)RUHFELLE K (b, d)X (36 Hn)H T Kl
Fig.13 Statistical characteristics of dynamic conditions for 1 h before FHR initiation in the PKX region by
circulation pattern from May to September during 2014—2023

(a,c) boxplot of wind speed, and (b,d) wind direction (36-point wind rose) at (a,b) 700 hPa and (c,d) 925 hPa
4.3 BREERTRESH

FHR KAEAT 1 h M IARGERHEE & R R E 2R (B 14) o DORAE R
frfig (CAPE) K%, Hlmilds R Ll vl KR AN g wmAH B A A 3L b A ol 1000 J/kg,
AR 1500 J/kgs BEIHEARIA B BLAN R LA 5 BN RUE RE TS, P BUdTE
500 J/kg PAR . XPydlfigeR (CIND J71f, MEyEMRIREREA CIN B/, {2 CAPE /MH
850 hPa fil 500 hPa #2 (Tysos00) TEAEAE 24°CLLR, [RIBLTE 08 FIFFEESN J)5038 R A B A
42 FHR. ZARAEAIREEA CIN MK, FRIRERE SR P T ARas i, UREN
XA, X% RIS ECE A A . SE T IRIR RIS R CIN P24 180 Jkg, HiM
SR JEAE A2 B — e 1], R A: FHR 158 T Z— 2 M3h 7l R WL RS E . h
Tysoso0 KRG, FHEMRIREIE SN, MARIGA WG EKR, Kol 27°C, #HAkR
e, i, REREKRAEMRE, HEENF AR E TR A RORM 10 508 &
WefH . % JSU1E) 850 hPa AH (LI ZE 4% 5 55 HAE 850 hPa LI b GEi 43 A FFAE AL,
HElES 50 R, R R 2 S e .
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Kl 14 2014—2023 4F 5—9 ARFEIAMRIEH T PKX X4 FHR KAERT 1 h (#fE & X AR 24 0 2 AR E
(a) CAPE, (b)CIN, (c)850 hPa 5 500 hPaifi %, (d) 850 hPa #H4{7 i
Fig.14 Statistical characteristics of energy and instability conditions for 1 h before FHR initiation in the PKX
region by circulation pattern from May to September during 2014—2023
(a) CAPE, (b) CIN, (c) temperature difference between 850 hPa and 500 hPa, (d) equivalent potential temperature
at 850 hPa.

e ELR DA M B R R R E B, (HS R DRELEE SRR AN,
FHR [¥] 1000 % 500 hPa 4 J= 55 He [l [8] (¥ BRI AR ST HEBk Z $57nE, ikl 73 5 XY

AFXF FHR 5B E X 73 BB F & X (A, 2013) o
5 Zw5vHe

ARICHET 20142023 4 PKX X7 B AN R ETERL, 454 ERAS Bk, % FHR 24
HIPR RIS ARG, TR0 T KRR DL ARG RERT IR BRI 2 1, S5 3R

(1) R4 500 hPa MUK FHR 73 538, RIUCN S IR IRIE R . BImiasg iy, 1
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(2) I ZRRAE R AFFEE A 7T : 32 10 4F PRX XL B 347 3578, 548 PKX LA
FHR HISK %, PEACEEM%. GFHR SRR £k 8) % . FHR HA RESE
THARHE, ®mART 7 H. 8 B, Heh 7 A G, FHR HAR(L 2 R R 546, ARERAE
B, EERAEAERER, WA 22—23 I, Bt RHALsUXHEE (EEZEMES,
2013) TSRS 6~7 he XFREFHEEWAHEFRA K H—, RN ZERFBGT
K ROAFZ W KGR (Holton, 1967; Du and Rotunno, 2014) , ik AR HEE FIfI5)
TIGRKIREAE: =, PRKX XA AL AR MG HE, VEATERBEK 25 T, A2 sem
) AH FEAL SR o DX B R . 3 L) 3 30 1 B /K I (B 3 5 . FHR K 22 F#4E 40~80 min.
B FEIAZAL . VESRAE AN S A IR YY) FHR A B IR RASME; RIEA R ARSI &
(¥ FHR 8EP7ET )5, RRERATEBUE: s R AR FHR HARBENEOR, Rrakmt
MK, P 3 he

(3) BEKSREERFETT T, 70 ¥h RN BN T 4L Go/ N B M A 3R 1015 5., 43.4% 11
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FHR F £ H 7K i B 210 20 min Wik 3] 7 FHR AR, 5% F2 10 min /& AP
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IFHR FE R AR m A GRS IR IR RS 5, RREEN A2 Y 1~2 he

(4) HEHWMT FHR RAEEIAIE . FERMEAE] EAH EAEHAL 700 hPa 76 AL
K, ZHRMGRIEOGMYAGEZEESIE. & CAPE $Hif. MEMREMEIH IR
SEHES, {A CIN /b, HEHIULRZE R, S RUKIRE G . RALAIR SR I 5
BAREERHEMIC, THEHET, HEFREHIARE, CIN R, HAF LI
Pibt. SR ER) FHR. 2 a0 ICIRARAE BUHAR R R AT KV AN B3, Axbinidnd], R
R EEE A FRE, KA FHR 7280 Jfil R AL .
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