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Abstract: Based on the 24 h surface precipitation observation data from 08:00 BT to
08:00 BT of the next day and upper-air sounding data at 08:00 BT and 20:00 BT during
2016-2023 as well as ERAS reanalysis data from the European Centre for Medium-Range
Weather Forecasts (ECMWF), this paper identifies a total of 83 torrential rain days in the
Beijing region during the study period. On this basis, Beijing torrential rain events are
classified according to the synoptic situations at 500 hPa, and a statistical analysis is
conducted on the specific humidity characteristics at 925 hPa, 850 hPa, 700 hPa, 500 hPa
and 200 hPa during the torrential rain days. The results are as follows: The torrential rain
events in the Beijing region are divided into six types: torrential rain induced by

cyclone type tend to produce more extensive extreme torrefg# rai
cold vortex type is dominated by localized torrential rang. 1#f te
is markedly higher at all atmospheric levels during torr’e‘t raj
non-torrential rain periods. Among the six types of t tial rain events, tropical
cyclone-induced torrential rain and Hetao low vortex-type toWential rain feature the
highest specific humidity, which corresp, he strongest precipitation intensity and
the largest rainfall coverage of these two C ries. Furthermore, based on hourly
in one hour before and after the

pecific Hughidity is found in rain-free periods. In addition, the

inygyents corresponding to winds from eight directions at
different levals is sja#stically analyzed, and the results indicate that the specific humidity
reaches its imum when the wind direction ranges from 90°to 225<with jet streams,
and drops to LQimum when the wind direction is between 270<and 315 “accompanied
by jet streams. rall, this study has not only analyzed the specific humidity
characteristics below 700 hPa during torrential rain processes, but more specially found
that the increase in specific humidity at 500 hPa can serve as a significant predictor for
torrential rain forecasting.

Key words: torrential rain, classification, analysis of specific humidity characteristic
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//m of torrential rain events in Beijing from 2016 to 2023
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178 Table 1 Classification of widespread torrential rain events from 2016 to 2023
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2021-06-25 08
08 08 08 08 08
2018-08-12 2018-08-05 2016-07-20 2018-07-24 2019-09-09
08 08 08 08
2019-07-22 2023-09-08 2019-08-04 2023-07-29 -ONQ3
08 08 08 08
2020-08-12 2021-07-11 2023-07-30 22-07705
08 08 8
2021-07-05 2021-07-12
08 08
179 VE: RAFRABRWIFENTE GE-H-H 1
180 % 22026—2023 4 6 % TLROM 2R 58 BKITORIE
181 Table 2 Major impact systems and moisgure sources of siXtyRs of torrential rain events from 2016 to 2023
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201 Fig.3 The geopotential height field (contour, unffgagdl, io|d (barb) and specific humidity field (colored, unit: g « kg™®) at (a) 500 hPa,
202 (b) 700 hPa and (c) 850 hPa :00 BT 22, and{d)forgEipiJlion ( unit: mm) from 08:00 BT 22 to 08:00 BT23 August 2017
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213 Fig.4 The geopotential height field (contour, unit: dagpm), wind field (barb) and specific humidity field (colored, unit: g * kg™) at (a) 500 hPa,
214 (b) 700 hPa and (c) 850 hPa at 20:00 BT 20, (d) surface wind field (barb) and pressure field (contour, unit: hPa ), and (e, f) precipitation  (unit:

215 mm) from (e) 08:00 BT 19 to 08:00 BT 20 and (f) 08:00 BT 20 to 08:00 BT 21 July 2016
216
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226 ig. i it: , Wind field (barb) and specific humidity field (colored, unit: g «g?)at (a) 500 hPa,
227 : d) precipitation  (unit: mm) from  08:00 BT 25 to 08:00 BT 26 June 2021
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Fig.6 The geopotential height field (contour, unit: dagpm), wind field (barb) and specific humidity field (colored) at (a) 500 hPa, (b) 700 hPa

and (c) 850 hPa at 20:00 BT 30, (d) surface wind field (barb) and pressure field (contour, unit: hPa ), and (e, f) precipitation  (unit: mm) from
(e) 08:00 BT 29 to 08:00 BT 30 and (f) 08:00 BT 30 to 08:00 BT 31 July 2023
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Fig. 9 Statistics of specific humidity during torrential rain periods and non-torrential rain perio

Il heavy rain processes from 2016 to 2023

2.2.2 ) A Ay # /L IR A AR AT

P2 At

H R RTER

R IFBE 500 hPa ELIEAT 2~6 1%, ANFE H 4y FIEUE K B 500 hPa HL it /& 5 i T4l

3 2016—2023 4 59 HRM LT &2 i iz g CRAfir: glkg)

Table 3 Median specific humidity at various levels during torrential rain processes from May to September from 2016 to 2023 (unit: g * kg™

HAr TR B 200 hPa 500 hPa 700 hPa 850 hPa 925 hPa

. ST IEE 0.0 1.16 2.66 4.84 6.25
Ak 5 M I B 0.01 0.73 2.98 4.44 4.75
6 ST IEE 0.02 1.67 5.15 10.0 11.62
3 % W A B 0.02 1.84 5.86 9.03 11.44
. ST IEE 0.03 3.85 8.09 13.53 15.44
Ak 5 M I B 0.02 0.84 6.74 12.27 15.06
8 TR B 0.03 2.31 7.28 12.57 14.69
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AEFE A B 0.02 0.94 7.81 11.3 15.02

9 TN B 0.01 1.48 6.43 9.77 12.0
A2 WY I B 0.02 0.62 5.0 7.86 10.69
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302 Fig. 10 Distribution of specific humidity at various levels during torrential rain processes in different months from 2016 to 2023
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LCEPTERpUN -

{H 700 hPa. 500 hPa [¥JELIE KT JE#&, FIGE K E

Eei KT —E BB S, AHAUZHZ 700 hPa. 500 hPa, JiH:JZ 500 hPa LLiE & Fil4k 2 M /KiR

GREIES P ey S8

H)
B2~ H

o RACA TR %R LR/, ARXEH B B 28 M R

T 4 2016—2023 FARFHB RN &2 LR hig Cahi: gkg)

7 55 70 RS R I AR SR R A 2, PR B R I R A

Table 4 Median specific humidity at various levels for different types of torrential rain processes from 2016 to 2023 (unit: g * kg™)

FWARA EHEWHE 200 hPa 500 hPa 700 hPa 925 hPa
5 IR TR B 0.03 1.96 7.33 14.78
TR | ]ing2 0.02 0.79 5.95 12.96
Il S5 7 R T N A B 0.02 2.48 7.08
FE Y [Tl EY 0.02 1.33 6.36 .
‘ S e TN ingEY 0.03 3.68 15.06
TR E|E-ENingE 0.02 1.4 14.25
- NI B 0.01 1.55 12.27
AABT R AN ingE 0.01 1.08 11.48
o SUiE T TN A B 0.06 5.08 16.94
(BERO B JEREMI B 0.03 3.94 16.4
PR S & T N A B 0.02 15.35
g6 AN ingE 0.02 14.69
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PRI IR R T P B i I AR O, 2B U W KV R W AR &%= EIB B R
X 850. 925 hPa LLIR AR BRI K, ToMI iR/,
T 10. 13 g/g. 500 hPa LLiE, JoRYHT bLiE A /T
R NI A2 5.08 g/kg (LK 12 fiZk 3) o 6 REWIFRBARML R (EHR .
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333 3R 5 2016—2023 EAF Bk Bl LI AN AT HHE CBAfL: glkg)

334 Table 5 Distribution characteristics of specific humidity for different precipitation intensities from 2016 to 2023 (unit: g * kg™
Tt Rk I 200hPa  500hPa  700hPa  850hPa 925 hPa
IR SE- N pON 2 0.02 0.93 5.59 10.27 13.29
A PN AEEE- T pON 0.02 1.82 5.59 12.57 15.16
R S RpON 0.02 2.76 7.44 11.90 13.89
b PN AEEE- PN 0.03 3.97 8.52 13.57 16.08
R S RpON 0.05 3.85 8.73 13.92 15.44
e KGR A 0.06 5.08 10.21 14.7 16.43
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340 Fig. 12 Distribution of specific humidity for Uifffrefft pleci¥ation intensities during heavy rainfall events from 2016 to 2023
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H>12m/s AR L oA & 14, 90180° (ARkg. iR XD & ZHiRE K, A 2e i
EEVE R K T 2 i . 925 hPa e KELIE AR AL 2 19.55 g /kg, HILE XA
180225 X [], H 2 AIF oA 135 180X [Al4 St it ELilt v 19.13 glkgs HHILZAR B 2fET (X
] [X ] 90180 , 4%z ELIRBAR [F][X A1 i ) EL I S0 A, I i vt — M 5 XU B )
TR, KRS RFE. 02452 45=290°% )= HHBLZUR AU, 500 hPa 7E 4590 TR\ IA] [X 8] 47 K 1)

315360
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370
371 3R 620162023 FAF KA LIRS AT (3. glkg)
372 Table 6 Distribution characteristics of specific humidity at different wind directions from 2016 to 2023 (unit: g * kg™)
=9 .
hPa BHILAF 0~45° 45290° 90=2135°135%18D 180=2225°225~270°270=315<315=360°
925 2R 9.88 13.04 16.94 19.13 19.55 / 6.23 10.97
2w 1255 13.89  15.06 15.06 14.78 15.16 11.85 12.39
=8 141  11.48 14.92 14.46 15.3 9.16 5.18 9.24
850 .
Ta 884 1222 1241 13.23 12.65 11.74 9.24 8.61
=8 7.7 / 9.97 10.85 7.54 8.73 4.32 4.41
700 .
T2 6.06 5.84 9.47 8.03 7.54 7.44 7.44 6.08
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=¥ / 6.49 4.62 6.33 3.85 2.31 1.17 1.42
Tam 097 4.95 3.72 4.06 3.69 2.31 1.84 1.17

5 IR RS Y 22 Y 500 hPa KU AT R T, HIB AR A AR AR K, Pk R /)y: 925~700
hPa LLZRE M S PR AT, AR 2R, T8 b e R AR U R I Bt b e Rl
L ARG TR, 500 hPa L EAETh/EVU B KR IR, 7574 B XA SURUE ok, Aok T 25
g/kg, HREART 6.0 g/kg; 700 hPa 5 500 hPa J5MEL, ELHE AR X ATH AR 2 Vh me A 20 IS L s
925~850 hPa % RIRIAT /34T, B P A VLG IR A L BOK T Fa g U L8, 1B 2R g RUKTR & B
o BRI R 500 hPa XA EEAERAEPU R, A INAEA KT 12 mis 52000 NG B At

IR R PE XM £ KEE 5 R B9 500 hPa JXU [ LA ZR I X5 78

] ﬁ:tﬁk%ﬁﬁ, EEE EE
YQuURE IS E

JRR FERIRIE & A4 Al ie (f RIS & KV W
/hPa Bt e RO A REEEM

925 1224~17.% g 85~16.4 9.17~13.80 15.44~17.44 13.29~16.30 14.15~17.04
3
9.461~4.32 11.37~14.15 6.14~1255 13.04~14.92 10.27~14.21 12.25~14.92
700 5. 5.80~7.08  7.049~.47 4.686~55 9.67~11.52 5.95~9.31 7.44~10.42
500 1. 17~ 95~429  2.164~37 052~341 4.155~77  135-430 3.16~5.17
200 0.01~0.05 0.01~0.05 0.02~0.05 0.00~0.02 0.04~0.08  0.01~0.03 0.02~0.08

850 9. 4.51

E: KA KR 2507 5% 4 s .
2.2.5 WRAH B ELD

Xt 83 d BRI FEA BRI B AR BRI By KV B 2R 0 S AR VS BB B 9 LIt AT T (.

B
PEARSS (8. £ 9) o [ 200 hPa Ak, Hofh =it | R HACH R .. 3 IRE KA & &
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R ATHEBRBENLIEN RN . 6 SSH R K RN I B AR5 M I B A AV Uie 200 hPa. it Uie
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71>
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infal\ro 016 to

2% 8 2016—2023 T 7% MY 1L P 4 W A B 5 AR I B R MK AR IR 45 R

Table 8 Results of significance level tests for torrential rain periods and non-torrential rain periods of all heay,

2023
JERIhPa W I BOAE A4 AR FPEAL FEFIm B
925 384 143 C [TE”
850 386 143 . wE
700 388 142 4.934 1.13e-06 E
500 386 146 8.764 2.55e-17 o
200 373 0.903 ZNTE
Table 9 Results of significance level tests for s aespread and non-widespread torrential rain events from 2016 to 2023

JZk/hPa k?ﬁ%ﬁﬁlﬁiﬁz{iﬁ "FFCERAY  KuEtE AUEPE  BEH

925 /[8 / 399 5.905 6.33e-09 e
850 /ZN 401 7.021 6.82e-12 e
700 130 400 9.452 1.08e-19 B
135
\ 124

200 392 -1.128 0.26 TR

500 397 7.226 1.75e-12 wE

3 wig

(1) AFEIZEAIFER 500 hPa LLIEAS [ ) 5 A
B KIRKRN E BRI R, — A FRE B KRR R B X, B2
B ETFHE s B R E KR ) 55 500 hPa i AL T 5000 22K, —MIEHiKIS & =m0, i/

EEAFF OB, B TRS EIEs, Wit e s
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PO S e (G R BB B MBI 500 hPa Jb 5t B2 B — S A m R, X KT 12
mis, FEBEFRTRIEAEE. RiEfig, &RIERLEREEEFR TGRS L. RN
500 hPa KA AR BN BT, PR MIE ARG, ISRk, BN B LR
Hif$uk 5.08 glkg. W12023 47 H 29 H-8 H 1 HAZ & Xk75 0 5kiR Blm. K56 XILFRE
Wi, AL ARZ B E K TR 4R AR S, AW KV IR B R B AL ik, RZ TR
AT w2 T s s A TE4R THZE ), 500 hPa [ EL#E KT 5.0 g/kg.

T EARIA AR WAL 5T 7 850~500 hPa A2 i i 7 B S in Bl sl A< B it 4% 1, 700 hPa K A
TRRHE AR 2R AL, 500 hPa /KI5 FER FRES) A FHRIF R R NE B A<
T (A JR) AL B AR 455, R B Be LU s i 4505 3.68 glkg.

VRS GGG SO IR IR AL, RilvE 5 70 XU Y I =2 B R, 500 K

PP S8 AR THE RIS 26 /D, (K11 500 hPa Ll B2
%%ﬁ%ﬂ%m,%ﬁﬁmh%%@%m,¥ﬁﬁﬁtﬁ, AR Z 13 13 T

R, BUELLIRR . -
(2) 500 hPa LGB F T % A< 8 1 B
e 2 Helit i 2 SR R A AT W, R KRR, BRI

ERTRIE{ L WA TR dh N 2R, 78 70 A HE TR 53 AR 6 U TR ™ i AT T I
ARSI T m A RN R R LRSS R . BRI BN BUE R i SR S B AT % Ee 4, 4
FAE TR ) 500 hPa LI SO I A 1K, T REAF AE IRV Bl 2 R I RS s 2 SRR TR 1
500 hPa ELIRALSE AL R AR, U2 b 2 W9 22 4l XU

4 ik

A FIH 2016—2023 4F 08 Bf vk H 08 B} 24 hy 1 h B/ R A S 2 & s, gt 74k
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(1) 4% 500 hPa SRR IEH, LI B A 6 25 LI K B MK IR A e BRI
K. BIESTRES G, FRIRME.  BlE S5THRIESE S, RIVERRIE. R
HANES . BRI WRK, RFRERK, HWNGHET, &5 MM KTEHEREERW.

(2) Jbut5—9 A Z#MEE MM, W& HEREES RS, 7 AR, 5 Hh,
7 H 500 hPa % i I Bt L2 HoAth 4 E 52 MY I B 500 hPa LU IR 2~6 fif o 5 W N BE A% J2 LI ) 2 KT
JEF M BL. 500 hPa LU 2 M T RA 1R 4 4R =1 H

(3) BMi. /AN TR =ARAIELR, #ZHIRRNERER. HIRZ/
AR Ak i B 27572 500 hPa L.

(4) B2 RGN 8 ANTTI 43 A Gevt T A R SR W L i
700. 500 hPa f{JELIRAFAE, LIy 90225 9 it i Ui

B/

(5) WA BWdE. RIGHEFENERE. ANEA G AN RRREEE . AR KRR S
P LLYRARFAE R SR TS0 #T, 700 hPa LR ELigde IR TR EE AR T, AT LR
WA 500 hPa L ignf 5 W FidR 17t
% 500 hPa A 4= & /Kia&ft.
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