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Abstract: According to the equations of atmospheric motion, the total energy per unit mass of air block under the case of unsteady
and steady pressure field, two different expressions are introduced to discuss the “reference state” of moist available energy
(MAE), which saves the tedious calculation of “reference pressure”. MAE is divided into two parts: “stratification component”
and “baroclinic component”, and a new budget equation of MAE and its stratification component and baroclinic component
is proposed. The calculation method of “stratification component of average unit mass gas block in finite gas column”, some
calculation examples and the determination method of baroclinic component strength are proposed. The stratification component
of MAE corresponds to the potential instability energy. The calculation shows that the stratification component is rapidly enhanced
by uplift and negative pressure. The stratification component of a unit mass gas block in a finite gas column usually has a positive
correlation with the convective available potential energy (CAPE), but their properties are different. From the night of 19 July
2016 to the early morning of 20 July 2016, Xingtai suffered a once-in-a-century rainstorm. The analysis shows that the large-
scale circulation background, the development constraints and operation of the weather scale system, favorable terrain conditions,
sufficient water vapor supply and energy input contributed to the large-scale centralized release of wet effective energy, which is
an important reason for the “torrential rain in Xingtai on 19 July 2016 ™.

Keywords: MAE, reference state, stratification component, baroclinic component, convective available potential energy, torrential
rain in Xingtai on 19 July 2016
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Fig. 2 Surface weather map (a) and 1000 hPa wind field and height field (b) at 08:00 (a,, b,), 20:00 (a,, b,)on 19 July,
and 02:00 (a3, bs)on 20 July 2016

Advances in Meteorological Science and Technology S&EHX#RE 12 (3) -2022 | 39



40

TEBE

HiH
dvances in Met S&T

70°E__80°E__90°E 100°E 110°E 120°E_130°E 140°E_ 150°E
o 7 o D

NN

VZiE

S| A :
2K 2SRt

R \
10°E  120°E 130°E

WA / i X ~ D/
80°E 90°E 10°E 110°E  120°E  130°E 90°E 100°E

SRS
110°E

P S \
120°E 130°E 80°E 100°E

&3 2016%7H19H08: 00(a,, b,, c,), 20: 00(a,, b,, c,) , 20H08: 00 (a,, b,, c,) 850 hPa(a) . 700 hPa(b) . 500 hPa
(c) Bz=BEIHh
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pzuu —
Table 3 CAPE, (“cs)pU and N,calculation results from
08:00 on 18 July to 08:00 on 20 July 2016 in Xingtai

& (53798 ) 18H08:00 18H20:00 19H08:00 19H20:00 20H08:00

CAPE/ (J/kg) * 12.8 1163.5 269.4 709.2 5.9

CAPE/ (Jkg) ™ 10.6 773.4 166.5 409.9 8.3

(acs)ﬁj’"/ (Jkg) 391.8 569.2 132.4 349.4 6.22
N, 0.0014 0.0020 0.0002 0.0013 0.0001

i *RMICKRIBECAPEE; *25 8141 SHTE MR AR I CAPE B

4 T4, L5, 19H208F, TG A AR
B ZRE, BT TFRHE, nZEiAEl, &
FIFMAEBE s A KB R F20 H O8I, & 4bF0,
BEX—, ArAAtRE ZRHEE, KRAZ4R0E,
SRIER X ALRE . RO H —IKIR IR EE )5 0,501 o

6.4 RlESEEESI

MAERVE Sy B 55 R L0 M0 i x5 K5
fRIR AN T SURE 4 IR AR R, SRR R
SO 24 (735 B 38 A 5 B TR T 9% [X 35 DR %

B 5a, 19H20: 00, O /m{H X IZEH# 2L
B, BRWORAR, WEAT340 (67 C) LMK
X—l, FEWKRAER, G aT 3442853484 2 4}
JE o BRI AR % 4L IX . 7700 hPa (E5b) I,
19 H 200 344247 T & PE B HLIX , 20 H 028 71 & 47
344410 % . E19H20 220 H 08K, 6, [13404%1%
Wi AL A B . 850 hPafl700 hPa 6, [f13404; HL AT
— MR bRE X BN RAERT, A AL T340 F X
AR(E—, BWARERUABENEEE, WahiT
34028 4L X M i {EL— M
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Fig. 4 T-Inp diagram of 08:00, 20:00 on 19 July 2016, and 08:00 on 20 July 2016 in Xingtai

%4 M&201647H19H08R—20H 08K R EH E6, KIS
(EAfii: °C)
Table 4 Actual situation of 6__ at different altitudes from
08:00 on 19 July to 08:00 on 20 July 2016 in Xingtai (unit: °C)

925 850 700 600 500 400 300 200
hPa hPa hPa hPa hPa hPa hPa hPa

07-19 08H 70 64 63 62 59 69 70 73 76
07-19 208 77 68 61 68 65 67 65 76 79
07-20 08H 69 66 70 73 74 74 70 79 85

it 18] Mo

*5 M&20164E7H18H08—21H08FIBAIREREE
Table 5 Potential instability layer thickness from 08:00 on
18 July to 08:00 on 21 July 2016 in Xingtai

e 07-18 07-18 07-19 07-19 07-20 07-21
= 08Ff  20Rf  O08Rf  20Rf  O08Rf  O8HY

0 fm/MHE/C 52 51 59 61 66 51

0. e/ MEFT

A /hPa 426 538 564 330 249 626

SR R

A T‘;ﬁf‘;g 987~426 986~538 984~564 980~330 974~925 980~626

X

*6 MA7THA19H08r—20H08k IZLEMARFO_AIZL
(BAfiL: °C)
Table 6 Change of 6_, after wet adiabatic adjustment from
08:00 on 19 July to 08:00 on 20 July in Xingtai (unit: °C)

925 850 700 600 500 400 300 200
hPa hPa hPa hPa hPa hPa hPa hPa

07-19 08K 59 59 61 63 65 68 69 73 76
07-19 208 61 63 64 65 66 67 70 76 79
07-20 08I 66 67 70 72 74 74 75 79 85

i 18] Mo

7£500 hPa ([&5¢), [ 19 H20M 20 H 08K, 6,
e L DX 0 454 28 2% 4R IX VT A 44w R 0528 o ) Ak HE
. 20HO8KT—21 HO8MF, BN RGHITAFE. &
S U E AR
6.5 200 hPa iz, BIEMARS

7F (E6) 200 hPaXg+2afi+i K’ -, 19H20
7200 hPaz it H O T L a6 5 L a4 Ak, B i
AR FE A gk, £I20H 028, 200 hPam = 2
700 hPaf&ImAHXT B, U R Z R EfE &S, A
FITMAER) 358 AR B 20 HO8KF, 200 hPa
SR L X BRI G DAL, 58N X .
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6.6 925 hPa/kKiKBEEBER T

E7H, 78 19H208F—20H 02K, 925 hPaskKi< il
BEAWE, MEemishXmEib AR E, AMAE
MBREMREREBSE Ut 7 A R %M. 20H08K), 7KIKIE
HIEAGXEEME UAEHIX, WXL .

6.7 FEE S

EZR VeI B 8a -, 19H20: 00, 20H00: 00,
08: 00, & HIX 500 hPall F#) N5 4& X, 500 hPa
PLERESZFEEX . 20H00: 00, JB & # X AKS 4
A FEASREEREL, AR T MAESE SR R DL S A A
AFaE R 4ERE. ERALHI I E8b -, 19H20: 00, ik
& (115 °B) i [X 76 E 58 . 925—700 hPari ¥ 4%
B I KRG IE21 m/sbA b, 7 ok K& KR K ik
Yo HhH KRR S, maSARER, EHIZE)
sEl, KRN T, XRMAEZE S EREF KE
SRR R I .

i LRTR, “ME7.19% W ” KAERT, CAPEME
EAK, 58 % 5 i R S CAPE R 2 /s {2
2, HTRRRRMRERSFAE R % 14 UL
7042 I RE AN FIKIRBERL, T EUMA B IR 4 5
FREEFR, oI R TE AR T A0 Hh 67 48 R 1
ERT, MAERZ45 0 AR5, X2 E7.19%%
R~ R o Ly DX K % T T R 1) S Ji [

7 SEigFiTie

D 5l T HARESRN S REESESIEE
WAE DL AE EAE LR R R RIA A TR
A AREEMAE KL 2 45 0 8 AR E 2 S I 8 (8 11 3%
LKA, BEN TR “SHSR” BB
T A RSN RALR B S IMAE R 455 '
(TR P T S . MABRHE 73 & (1) 58
Al AR _FO SR % R H E . MAE)Z 459
B SMBARERE RN, B 5CAPEH IEAHX
KAR, HHWERE AR,

2) MAEZDAE[#E)", DAEZMAE K454 .
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20164 7H19H08RE (a,, b,, c,) . 208t (a,, b,, c,) , 20H02A (a,, b,, c,) 850 hPa(a) . 700 hPa (b) . 500 hPa (c) .
7. BER (BEXL%)f6 (LB, HEAH>340K) EEiLRE
5 850 hPa (a), 700 hPa (b), 500 hPa (c) of wind fields, height fields (black solid lines) and 6__ (solid red line, colored
as >340 K) evolution process at 08:00 (a,, b,, ¢,), 20:00 (a,, b,, ¢,) and 02:00 (a,, b,, c,) on 19 July 2016

126°E

E6 201657H19H208T (a) . 20H02ET (b) | 08ET (c) 200 hPaXli5, &if (A >30 m/s) FuEgE (BE L% A >0)

Fig. 6 20:00 (a) on 19 July 2016, 02:00 (b) on 20 July 2016, and 08:00 (c) on 20 July 2016 of 200 hPa wind field, jet

stream (color filling is > 30 m/s) and divergence (black solid line is > 0)

DAEWZE45 sy B8 RAAE T EBUREE, £
FE/D T ZEYT, DAERIRE 7 SR 2 45 4 S T B
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FEeFEA, NAEBRKAIRMEZNHE. MAE R GBI AN
BARHPRLURBR, A, B TAEKRERISY,
MAEREEUR ELDAESE &£ b, BRZN . B8R K. 7EAIK
SGEMX AP EGEES, SREF T ELHE RMA

AFLE ), SLAAFEE 2 2 AR R R SR A
Bz —, THRKEW.

16 2 W A1 B i R AL #24, DAE. MAEDL &
CAPERIREIIA R —1), EATRAZEN, & HAM
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Fig. 7 20:00 (a) on 19 July 2016, 02:00 (b) and 08:00 (c) on 20 July 2016 of 925 hPa water vapor flux divergence (color
filling, unit: 107s™) and 6__ line (red solid line)
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Fig. 8 20:00 (a,, b,) on 19 July 2016, 00:00 (a,, b,) and 08:00 (a,, b.) on 20 July 2016 of the meridional wind and vertical

19 My 27 72 37 "3
velocity ( x100), temperature (red dotted line, unit: °C), 8, (solid red line, unit: K), divergence (color filling, unit: s), zonal

profile (38 °N, a), and 6_ (solid red line, unit: K), temperature (dotted red line, unit: °C), vertical velocity (color filling is <0;
unit: Pa/s), and meridional section of east wind component (dotted blue line, unit: m/s) (115 °E, b)
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