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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 Urumgqi and Chengdu airports, respectively. During the July 4 thun-
derstorm in Urumgqi, under the action of water vapor transport and vertical motion, the low-level water va-
por 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 maxi-

mum increment was 4. 99 g + m °.

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 (IWVc) inversion in the text is better than V and L in indicating
the onset and end of precipitation. Before the Urumqi July 4 precipitation, IWVc increased by 1. 8 times
and 2. 2 times, respectively. After the end of precipitation, IWVc decreased rapidly. Before the precipita-
tion 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 July 4 thunderstorm, as the
IWVec increased, the surface precipitation intensity increased. Moreover, the greater the increment of wa-
ter 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 July 15
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 precipita-
tion, the relationship between IWVc and surface precipitation returned to the corresponding increase or de-
crease, and the decline of IWVc¢ increment or decrement also indicated the weakening and end of the precipi-
tation.

Key words: 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

- TR R E

MoK B i) /BT — SR

i IR

b5, 0 A 6 45 B LB 4 H 08 0.9995 0.9909

o i 4 H 20 1 0.9977 0.9217

AL L 15 H 08 i} 0.9869 0.9683

AR 15 H 20 0.9988  0.9987

T+ 3R P AR BRI A KOV B U S PR K PR R A B

Note: The balloon sounding water vapor density data are 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
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(The dashed line divides the two periods of precipitation)
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Fig. 2 Variation curves of water vapor before the first period of thunderstorm process (a) and

before the second period of precipitation (b) during the July 4 thunderstorm in Urumgqi
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(The dashed line divides the two stages of precipitation)



5113

VRIS IS - 2 5 R S AR P 3 B35 2R B K KR AR E B 3 AT T 5 1447

7 I B 2R K 2 43 5k 0. 31,7, 8 mm; fij00:00 —
00:10 F1 00:50—01:30 HA 6], IWVc FR&2 /N, %F W
A B K B AR T 0. 01 mm, 508124 TW Ve 11 1
e b TR A 7K i 5 0 B 22 35 KL B = HoK R B 1
LN T ) 9 NS B 7 - A R O Y
T REAKBY B (& 6b) 25 HK IR Y B A b R
K KA TWVe ZE R K IR IR AT 2 ik 5] 73. 9 kg -
m bR K R AEAE TW Ve /N B B, 75 7 H
16 H 00:00—00:50 WiE, IWVe H /N 27, 3 kg -
m 3% B B P b T R K T K BRI K IR 7.
76 mm, 01:20—02:00. z K IKIFIH LR . IW Ve
AR 17,8 kg« m*, X b 1] R K TR )N 5 B
RKES] 0.1 mm, £} IWVe & KT BT, H
TR K SR IR, 7F 02:40 J5,IWVe 1E 55 kg
s mC NS JC G U, b T R K 2 T DR 5 4G
W BEAFEIK SR BT TW Ve SRS 805
R K iR, TW Ve S/ )N i 35 sl 3 & 50 /NI, T K
TRk = o b T 37K 52 055 a3

A ] DL R FF4T o 47 F i R eh , A )
(1] R 7K B /0N » ARVR I 5 45 BV 0 TW Ve (B TE B
SR ML T R K 5 TW Ve By 3 980 O/ 35— 350 1T AT

35
7 30} E
; 5
N il
2 5) <
3 &
= 20| =
= ° Bk

15 AT

23.40  00.00 00:20 00:40 01.00 01:20

4H SH

75 pm——— - 5

oGl
o 4 §4 =
= 65 S g
T N
o 603 3 1
& <
< 2 &
= L =4
= | 5k

458

40 VAN . N A ()

00:00  01:00  02:00  03:00  04:00  05:00

il /BT

6 201847 H 4 H 23:40 &5 H 01:30Ca) Al
2018 4F 7 A 16 H 0005 i (b) i 4t 115 &k #%
LI K A TW Ve 1 10 min 2 BU(H 3 22
Fig. 6 Evolutions of radiometer sensor real-time
precipitation and 10 min accumulation value of
IWVec from 23:40 BT 4 to 01:30 BT 5 July 2018 (a)
and from 00:00 BT to 05:00 BT 16 July 2018 (b)

“7 o 157 B R K AR O I 5 B K B OK R AR B
Kt = KRR GBS W S KBRS T
TW Ve £ B 7K B 220300 78 /)N Hb a7 28 R R K o 3
IW Ve Fi i FEK R m ARG R . RS KAE
Wit 7 b R v S YRR 2% 1 2 L B K i — R T
IWVe #,  SEARFT « 47K IWVe 5
Ref 7Kt ) 398 () s (H S B [ K R IR F TW Ve 1 0
0 Ay ok 7K B Al 238 A AR VR A K e 7 1) ok AR v 78 R
ARG, X —5 T BRI KA R
JEBR T K IRE AR BRI A1 38 32 3 2 b KSR
s DA Bl T AR S5 A R 5 e GR32 45,2010

CEAATRE], DR T o 47 B K o B HD
7« 157 BRAEAK VA o3 A B AL EAFTERR 22 5%
XK RS RN 25 T 0125 RO T W B R R OK R R
IRV ER 25, 38 2 5 T I IR R K o R
R ST AR 2 1 45 KRS B X HL S IS

K2 BEARFUNBAMERIBKRIZHENLER
Table 2 Comparison results of water vapor conditions
during the thunderstorms in Urumqi and Chengdu

o L& AR AR
KRS H “T AR 4T o 1575 R

K VA% B A 43 A/ km 0~7 0~9

MR i /g e m 12~14 20~22
AR K WA 2KV Bl /g e m® 16,5 28.5
TERREAKIE V IE(E /kg e m? 45.5 87.5
MK A L W /kg » m 2 2.7 3.5
EIERE K] TWVe 6 /kg « m™2 36. 2 74.3

5 & B

b S O T N A e T e S R
JEE A R KR B B KR RS K B
TR 55 X 5 X Y K Al 55 TV FNE 9 A E 0
ARSI 00 4 B T Ak X R S R R AT
XU AL P A b DX K R 2 B K ol R A [l o B 1) 7K
VI3 AT KPR 28 FIVR - B A 55 E AT T 9T, £
AR D

(1) H 300 22 5 58 R 55 b 53 48 1 B WL
ML K PR 53 A0 A7 A8 WS 25 5= L 1T 38 7K 934 A 1E
0~7 km, 1fif J5 # KR4 A #E 0~9 km, HAKZ B 7K
RILATE R 6~8 g»m 7, BEAFT - 475 2
B 7K Wi, 7E K R A%k M His s AE . K2
0.1 km A7k V3% B R HIRE] 10 g « m DL b, oK
J5 AR JE ARV B R BT . AR« 157K



1448 A

% 5 46 45

B ZIKIRG DT T S 1 I v/ i v A 2o B KRR
St KRB AR 0~4. 3 km K, i K1 &
K 4.99 g oom KPR B AL R L R 2 KR B R
/N Hoh = 2 E (0. 5.3, 3 km) KK B
WNEEIR 5.3 g e m L T HARZ K.

(2) 30 E I = AR & = (TW Ve X A A 5
FEREAGR 1R 48 /R FCR L F AR KR & & VORI
SPRASKBEAR L, BB ORFEUT - 47 b B B KT,
IWVe 50 38 K 1.8 fi5 A 2. 2 fi5, B K &5 R )5 s
IWVe g /NE] 20 kg « m LA s BUER I #2547 »
157B& K AT, IW Ve 4 B8 1.3 45 H1 1.5 £%. K
5 . IW Ve [ 10 min B4 # KT 10 kg « m ™%,

(3)TW Ve By 1 I8 55 9 1 1l 1T 5% 7K o 48 7 501
B0, PR R 0 e BN K HEAT AR, L
ARFEET o 47 Rk R TW Ve 36T, H 16 F 7K 5t B2 Bl 2
B, H TW Ve 38 5 8K, b T 4 7K 58 B2 1R TW Ve
WS BE L B K AR N BT 0. 01 mm, AR <7
< 157k AR v, BE KR, TW Ve 55 b 1 R 7K 52 5 1]
A4k, BEK AT TW Ve BB 2, 2 5 Hb i % K
5% B K A 1. IW Ve (19 10 min ZZfE AR F 10 kg -
m 7 JEEE TWV e i T R 7K 5 R] 3 0 1 OC &R L BiR
T T R K R 58 R 2

LEA R SO 5 S T K TR0 R RE S i BN [
Hb X R AR PR o A FFAE 5 DA R B K it AR 45 2 K
TR AR B TW Ve X 75 28 B 7K I 19028 T ) R R
BT VAL, M4 IWVe BEREK & 1A 722 1k
AT B 7K R B AT X )

2%k

WRVN T BRuz . T B HE . 2007, b 55 G0 R SO0 0800 A 5 4R KR &
WEERMSERLI] TR X, 30(4):501-506. Chen T Y,
Chen Q,Ding R J,2007. Relationship between atmospheric va-
por content monitored by ground-based microwave radiometer
and rain intensity in Zhangye Prefecture[ J]. Arid Land Geogr,
30(4):501-506 (in Chinese).

TUT . SR 4L 2018, 25 B Ik R0 S T I BT KR
B E Lm0 g ()], K 4. 44(12):1604-1611. Ding H X,
Ma S Q. Yang L,et al,2018. Retrieval of humidity profiles by
using cloud radar and microwave radiometer[ ] ]. Meteor Mon, 44
(12):1604-1611(in Chinese).

AR R, S, 56,2012, 0 R b 2s B R OK IR B A
S ARRAELT]. TR IXBFSE,29(3) :457-463. Han J C,Zhou S W,
Wu P, et al, 2012. Spatial distribution of water vapor content
over the Qinghai-Tibet Plateau in Summer[ J]. Arid Zone Res,
29(3):457-463(in Chinese).

25 REE T W L ZE L S, 2017. Hb GO AR S AR BB I R SR K
FRAE B R o b g i LT . 54, 35(5) - 767-775. Li ]
X,Li P R,Jin L J,et al,2017. Remote sensing of precipitable
water vapor features and application in precipitation analysis by
using ground-based microwave radiometer[ J]. ] Arid Meteor, 35
(5):767-775(in Chinese).

ARG P 4 ok HHS L 25, 2017, 3R S VE R I M I B 48 3 B 5T
[J]. "% PR 2£,37(3):403-408. Li S H.Sun X J,Zhang R W,
et al.2017. Cloud determination of radiosonde data and its sta-
tistical study[J]. ] Meteor Sci,37(3) :403-408(in Chinese).

ZERRAR, X A B, XIHE A, 25, 2007, ) BUNR B ipk e 5 30 2 o K R
Az WK & w37 ]. R4, 33(12):62-68. Li T L, Liu
J H,Liu Y H,et al,2007. Case analysis of precipitable water and
cloud liquid water measured by dual frequency microwave radio-
meter[ ] ]. Meteor Mon,33(12) :62-68(in Chinese).

XL HE, F A, 1 5000 55,2009, Hy Hb 6l O 4 S 01 000 o= A 390 19 b
S DR TR PE BT 2E 73 A7 [T ). R AURE2 . 33(2) : 388-396. Liu
H Y,Wang Y C,Wang J L,et al,2009. Preliminary analysis of
the characteristics of precipitable water vapor measured by the
ground-based 12-channel microwave radiometer in Beijing[ ] ].
Chin J Atmos Sci,33(2) :388-396(in Chinese).

A RSO 45,2018, HTG-4 B 4% 353 B 28 A 4 B
R BT LT ] R sl M R R BT 5T, 38 (1) 2 35-41. Mou Y B,
Song J,Fu W L,et al,2018. Study on meteorological forecasting
for civil aviation with HTG-4 microwave radiometer[ J]. Plateau
Mountain Meteor Res,38(1):35-41(in Chinese).

FH0 2001, WU AL T B 09 SRR AL 3 A7 B TR BT AR LT . e B 1L
KEW9E,21(4):27-30,42. Ran X,2001. Analysis and brief dis-
cussion on forecast of thunderstorms at Shuangliu Airport[]J]. ]
Sichuan Meteor,21(4) :27-30,42(in Chinese).

IMEBE 2 XEAEEE . 2013, — K2R 2= Bkl B = il s oKk % i
AR RFAE LT ). T 5 X BE I 5 PR3, 27(10) : 81-86. Sun X Y, Li
Y H.,Deng Z Q,2013. The liquid water evolverment in a strati-
form cloud-precipitation process[ J]. J Arid Land Res Environ,
27(10) :81-86(in Chinese).

FH£L3E, FH SCH7  BECETT 55 L 2014, 9 76 /2 IRl XL X 3 2 - F P 0 2
DX SR a3 A RS R AE LT ). ¥ S 4. 33 (1) ¢ 1-13. Tian H
Y. Tian W S,Luo J L,et al,2014. Characteristics of water vapor
distribution and variation in upper troposphere and lower strato-
sphere over Qinghai-Xizang Plateau[ ] ]. Plateau Meteor,33(1) :
1-13(in Chinese).

FAd AERE X =L 2011 HE T GO 5 ST 09 5 & AR SF KK H R L
WA BT ]. i 5 40 % . 5(6) : 22-26. Wang J, Cui C X,
Liu H Y,2011. Preliminary analysis of the precipitable water va-
por daily variation by the ground-based 35-channel microwave
radiometer in Urumgqi[ J]. Desert Oasis Meteor, 5(6) ;22-26 (in
Chinese).

TR AR BIRKAE L 2003, PUAL b X B ZR R OK 5 RAKIR & &R
DO XM RAE LD ], S S IR BEME I, 8(1) : 35-42. Wang X R, Xu
X D,Miao Q J.2003. Regional characteristics of summer precipi-

tation and water vapor amount in Northwest China[ J]. Climatic



5113

VRIS IS - 2 5 R S AR P 3 B35 2R B K KR AR E B 3 AT T 5 1449

Environ Res,8(1) :35-42(in Chinese).

T AW IR IF ol A, %, 2018, KRR KA A MF T 3 G0 46 4T
BRI PERE L XL, B R % 4. 29 (3) : 282-295. Wang Z C,
Zhang X F,Mao J J,et al,2018. Comparison analysis on detec-
tion performance of ground-based microwave radiometers under
different weather conditions[J]. ] Appl Meteor Sci, 29(3) ;:282-
295(in Chinese).

WK I i B IR 5 T 45 5 2018, 3 T 22 TR 5000 1) 75 8 8 R L R
KGR PUE B RLT] B R4, 37(1) - 78-92. Xie X R, You
Q L,Bao Y T,et al,2018. The connection between the precipita-
tion and water vapor transport over Qinghai-Tibetan Plateau in
summer based on the multiple datasets[]J]. Plateau Meteor, 37
(1) :78-92(in Chinese).

R M T L = L 4F 2013, B RS FROK U H AR L S B
KIERI] FREHI.30(1):67-73. Yao ] Q. Yang Q. Han
X Y,et al,2013. Analysis on daily variation of water vapor and
its relationship with rainfall in Urumqi in summer[J]. Arid Zone
Res,30(1).:67-73(in Chinese).

SRAE L R B 3L 45,2017, 2017 AR NIZR AL 3 2 o 0 B KR AR
P43 Hr L) ], i B IL M S 4 BT 5T . 87 (4) : 15-20, 77, Zhang H, Fan
S R.Feng Y W,et al,2017. Analysis of the water vapor condi-
tion during the first rainstorm in 2017 in Northeast Sichuan[]].
Plateau Mountain Meteor Res,37(4) :15-20,77 (in Chinese).

SRSCRI AR RS T4 4 2015, F T M 5 B0 I I 3 199 RS K
T K ERAE A3 (], BT K % L 34(4) :367-374. Zhang W G, Xu
G R,Wan R,et al,2015. Analysis of the characteristic of liquid
water and water vapor detected by ground-based microwave ra-
diometer[ ] ]. Torr Rain Dis,34(4):367-374(in Chinese).

K SO AR BN L 5, 2014, B 2 IR T A6 0T TR BB 2E a5 AR AR
FMMAT5E[]]. KRR, 38(5):825-837. Zhang W L, Cui X
P,Huang R,2014. Intensive observational study on evolution of

formation location of thunderstorms in Beijing under complex

topographical conditions[J]. Chin J Atmos Sci, 38(5):825-837
(in Chinese).

A VDI B B L 552010, 19762007 45 5 £ K 5F 1] B K %
HpK RO T R IXHF5E,27(3) :433-437. Zhao L, An S
Z,Yang L. M, et al,2010. Study on precipitable water and pre-
cipitation conversion efficiency in Urumqi during the period of
1976 —2007[J]. Arid Zone Res,27(3) :433-437(in Chinese).

FRAETY XU LL e, TR 5T - 2009, oy b 38 X6F I K 434 o Ak H RLAR D ¢
BT K4 B4, 37(2): 243-247. Zheng Z F, Liu H Y,
Zhang X 1.,2009. Application of non-conventional observational
data to local heavy rain analysis[ J]. Meteor Sci Technol,37(2) :
243-247(in Chinese).

Calheiros A J P, Machado I. A T,2014. Cloud and rain liquid water
statistics in the CHUVA campaign[ J]. Atmos Res, 144 126-
140.

Chan P W,2009. Performance and application of a multi-wavelength,

radiometer in intense convective

weather[ ] ]. Meteor Z,18(3) :253-265.

ground-based microwave

Holloway C E,Neelin J D,2010. Temporal relations of column water
vapor and tropical precipitation[J]. J Atmos Sci, 67 (4):1091-
1105.

Pushpa S R. Rajasekhar M, Papa R G, et al.2016. Assessment of
forecast indices over Sriharikota using ground-based microwave
radiometer[ C] // Proceedings Volume 9876, Remote Sensing of
the Atmosphere, Clouds, and Precipitation VI. New Delhi:
SPIE.

Wang M, Fang X, Hu S X, et al, 2015, Variation characteristics of
water vapor distribution during 2000 — 2008 over Hefei (31. 9°N,
117. 2°E) observed by 1625 lidar[J]. Atmos Res,164-165;1-8.

Zelinka M D, Hartmann D L,2009. Response of humidity and clouds
to tropical deep convection[J]. ] Climate,22(9) ;2389-2404.



