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Abstract: The high-temporal-resolution water vapor density, integral water vapor content (V)
and liquid water path (L) measured by ground-based microwave radiometer have important
application potential and value in the prediction and research of severe convective precipitation.
The paper uses these data to study the water vapor distribution, evolution and vapor-liquid
conversion in different stages before and after the two thunderstorms that happened in Urumgi and
Chengdu airports, respectively. During the July 4 thunderstorm in Urumgi, under the action of
water vapor transport and vertical motion, the low-level water vapor density significantly
increased before precipitation and recovered rapidly after precipitation. Before the July 15
thunderstorm precipitation in Chengdu, the whole-layer water vapor experienced the evolution
process of increasing first and then decreasing. During the process of water vapor accumulation,
the maximum increment was 4.99 gm?®. During the process of water vapor conversion, the
whole-layer water vapor decreased rapidly, of which the water vapor density decreased more
significantly at the height of clouds. The cloud water vapor content (IWVCc) inversion in the text is
better than V and L in indicating the onset and end of precipitation. Before the Urumgqi July 4
precipitation, IWVc increased by 1.8 times and 2.2 times, respectively. After the end of
precipitation, IWVc decreased rapidly. Before the precipitation in Chengdu on July 15, IWVc
increased by 1.3 times and 1.5 times, respectively. During the severe precipitation, the growth rate
of water vapor in the cloud was lower than that of water vapor conversion. In addition, the
increase or decrease of IWVc can also be good indicators for the precipitation intensity of the two
thunderstorm processes. For the stable precipitation of the Urumgi July4 thunderstorm, as the
IWVc increased, the surface precipitation intensity increased. Moreover, the greater the increment
of water vapor in clouds, the higher the surface precipitation intensity. In the period when the
IWVc decreased, the precipitation amount was less than 0.01 mm. For the showery precipitation
during the Chengdu July15 thunderstorm, the accumulation of IWVc was ahead of the occurrence
of surface precipitation. The more the IWVc accumulated, the severer the surface precipitation
happened. After turning into stable precipitation, the relationship between IWVc and surface
precipitation returned to the corresponding increase or decrease, and the decline of IWVc
increment or decrement also indicated the weakening and end of the precipitation.
Keywords: microwave radiometer, thunderstorm precipitation, liquid water, water vapor content
in the cloud
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Table 1 Correlation coefficients between microwave radiometer data and station balloon sounding data

IR R
i
R KIREE
& RFE B RN 4 [ 08:00 0.9995 0.9909
4 H 20:00 0.9977 0.9217
FRARRR LI 15 H 08:00 0.9869 0.9683
15 H 20:00 0.9988 0.9987

TE: 2R PRI KRR B B SRk IR B AR 2

Note: The balloon sounding water vapor density data is converted from the actual water vapor pressure.
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Fig.1 Vertical distribution of 0-10 km water vapor density at Diwopu Airport from 20:00 BT 4 to 04:00 BT 5 July 2018 (a) and at
Chengdu Shuangliu Airport from 21:00 BT 15 to 06:00 BT 16 July 2018 (b)

(The dashed line divides the two periods of precipitation)

K2 AN 3 g th 1 ARG “7.47 MRS “7.157 T B R my Ik B B /K T A 7K
T R A, B v gk U AR QUL A B AR i I 2 7KV B R A S 2 AR A A i /= I
%, ARFFEAR AT S IREARFA I RAE L. BEARF “7.47 SREFBEKHT, LA 100 m
NI, EFRKEERCRAERE ST, B BRoKAT, WE 2a, 22:10, 0~100 m KiK
B 14.1 g mB BN 8.6 gm®, M5 10 min, JKIKEFELE 0~1 km HGERE K, 1km LAY
SIRN, TRIRE PE BRI BTk 2.7 g m®. S8 NP BR B KT, Wil 2b, 23:47, 0~100 m 7KiK#
FEM 15.1 g m BRI A 8.7 gm*, 23:47-23:57, /KIHETE 0~3 km ¥i K, /KIKFEE RN &
% 6.4 gm®. PIANBYBOKYE BERE B AR R Y, FEIRITRE KN, 0~100 m HI/KIAT24h 72,
AR R KIS A . e, BB — I B ROKAT, IR R R RS P, 32 2R B S,
WASK N ERUCEIN & 2R R, FEUKIRE D ARERGm. 5 N B K om A
BOR, FZK R V&I e 1 R B KV = 2 AR TS R b, R ZAIRAE sk R S E T
K.



A “7.157 TR I BUEKEACY 0.2 mm,  fosAm S KR AR
25 6] B A OB B AR, OO B i B R OK AT AT . a0 BRI, BRI B REOK
AT, BRI T e E w3 L A, 72 3a m, 23:41-23:51, JKITH EAE 0~4.3
km 347K, 7E 4.3~9 km WA DN, AKREE BRI EIL 4.99 gm®. HETSEARF “747
B KL RE, He#l “7.15” A RRFEK AT KIS KM s s, A BRIt s, B KE
B oK. £7 /116 F 00:31-00:41, #nf&l 3b, HZE/KIEFERIEIRN, KT iREESs 4L, 0.5
km. 3.3 km AL R7KIRE BERINR R, 10 min WIE/N 5.3 gmP ity fESLEE BT, HIK

RGN =%

10 10
| @ —2347]  1(b) —22:10
8 |
71\ 71\
£: Es
ol A
3 3
2 2
1 1
0 0

(=]

5 10 15 20 5 10 -153 20
Vapor density/ g-m'3 Vapor density/g-m”

Kl 2 ks “747 FRIFEE I BRIEKIT (@ BT BIRKR (o) KR K2

Fig.2 Variation curves of water vapor before the first period of thunderstorm process (a) and before the second period of precipitation (b)
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(The dashed line divides the two stages of precipitation)
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BRI SR DU S TR SRR GRS 4E, 2010) .

ZERE, BEARF 747 B “7.157 RV A AR EAFAERL
KZES, REIKIRSEIZERNID e 1 W 2 B AR AN AR B ZE SR, RS
TR IR KRR T, AR ST RIS 2 B 2 KR S EU X LRSS

F 2 L EARTER A FIHh R FRAK IR S AT b gt

Table 2 Comparison results of water vapor conditions during the thunderstorms in Urumgi and Chengdu

KESH SRS “7.4” AR “7.15” iR
IR P T B AT 0™7/km 0™9/km
HFRIKIREE B & 12™14/g-m? 20™-22/g:m?
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T 2 BRI ) K P W 16.5/g-m> 28.5/g'm™

0 R IE] Wy B 45.5/kg-m” 87.5/kg-m”
R E K AR Lwe WA 2.7/kg:-m? 3.5/kg:-m>
TR PR R wve I 36.2/kg-m” 74.3/kg-m*

5 Z5ip

i T B 8 8 VT R BRI TR I 1) O R I AR RE L KRR BN /KIR & A
AR B SE, Hof ST R AR I 55 T AR 72 A 8 S o AR SR PR o i R 5 1
AT 3 B8 AN RS XA A DX 2 3 e A R AN TR B (R /K P43 A S K PR A
K-S AT T . R BSR4

(LD HTFAREER, SEARFHEEMREBIRIIA KR ERE AN S ER, /i
FIKIRAGHE 0~T km, TG & KIS ARAE 0~9 km, AR LLRTE i 6~8 gm®. 13
BARTE “7.47 SREMFKET, EAKIEIEREEIZEMMEM T, (1R2 0.1 km Ab/KiR % R
BFN10 gm® LUk, BOKERIREAREEREKE . R “7.157 BKRT, BEKKLH
TGN E N AR, KRR SR AR R, KRR 0~4.3 km MK, OIS EIA 4.99
g’y KRFAL R, B EAGRE R/, Hrh =2 0.5 km. 3.3 km)KiKH
FE /N A 5.3 gmS, T AR R

(2) 3crpE Uz KRB (IWVE) SRR SR B B K 1k (4R /R BOR R A /KR
TR () MRGIEKEE (L o B8R “7.47 SREFEKHT, 1WVe 58513 K 1.8 f5A
2.2 15, BEKEEHE, IWVe IER/NE] 20 kg m2 LAR s pe#Bid F2 7.15 FEKRT, 1WVe 4353
K135 1.5 4%, FEAKLEFR)E, IWVe i 10 min 28140 BT 10 kg m2.

(3) IWVC 189 55 75 Hb 1 T R 7K R s AR o W R I R 1) 35 — I B B /K JEAT 43
B, SEARSE “7.47 iR, IWVe B9hn, T FEKGREERE 2 SR, H IWVe S ERCR,
TP KSR LR IWVe SN B, BEK AR AN, 39MKT 0.01 mm. pi#R “7.15”7 i iy, B&
JKETH, IWVe SRR K 5 a4 4, BEKHET IWVe RIRME, 2 Ja B KBas; [
AKJEH, IWVC (17 10 min ZZ 4L BART 10 kgm?, BRI IWVe M1 F4 K 2 RIBR K5 &, T
N T T K IR S AN A PR

ARG, BRARS T KIR BORHRE 85 SR BLAS [FI 0 X K SRR A 0 AR HE, DA B K I 72
Hh 5 SR KR AR L IWV e 36 8 2 B /K K TR RI R B T V A Lo R4 Iwve B BE
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