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Relationship Between Atmospheric Precipitable Water Vapor

and Precipitaton in Liaoning Province
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Abstract: Precipitation is likely to take place as precipitable water vapor (PWV) of the atmosphere reaches
a certain value. Thus, the threshold of PWV (PWV,), which can be regarded as the research bridge be-
tween PWYV and precipitation. In the aim of calculating PWV, precisely, this paper has brought in “precip-
itable water vapor saturation (PWV_,)” of the atmosphere and deduced the computing formula of PWV,
under various atmosphere conditions. From the formula, it is shown that PWV_, is a function of surface
temperature (z,), which indicates the maximum water vapor that a bottom-up saturated atmosphere is ca-
pable to hold. The atmosphere needs to be wet enough to form clouds and rains. Therefore, it is inferred
that ¢, is a factor in PWV,. To prove that, PWV, and ¢, of 36 gauge stations ranging from May 2015 to Oc-
tober 2016 are studied and 1122 precipitation cases are selected and fitted. The results show that the fitting
formula of PWV, and computing formula of PWV_, are highly alike, proving the 2 variables are closely cor-
related. Meanwhile, fitting parameters of each of 36 stations are given for relating PWV to precipitation.

This method has gone through statistical examination to find that its accuracy rate, missing rate and vacancy
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rate to be 93.69%, 2.32% and 3. 99% respectively in precipitation prediction, which denotes a sound ap-

plication value in predicting rainfall. Finally, the method is applied in a rainfall case to show that PWV,

can predict precipitation well, and the difference between PWV and PWV, is correlated to precipitation

amount.

Key words: precipitable water vapor (PWV), precipitable water vapor saturation (PWV_, ), precipitation

prediction, threshold, fitting
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Table 1 Parameters in fitting of PWV, and 2 m temperature for 36 stations in Liaoning Province
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LR 14. 625 0.0488 0.76 #E 13. 696 0. 0535 0.78
¥ &0 11. 837 0. 0581 0. 86 L 9. 3862 0.0735 0. 87
ESIT] 11. 408 0. 0602 0.87 E7m ) 7.5981 0. 0859 0.92
g 16.132 0. 0501 0. 89 FNTS 9.5082 0.0732 0. 87
a5 10. 751 0. 0653 0. 81 Lol 12. 347 0.0613 0.90
s 12. 335 0.0612 0.83 L 11. 908 0.061 0. 86
fE 11. 227 0.0614 0.85 I 13.765 0.0576 0.85
LT3 11.918 0.0615 0. 84 i) [ 10. 951 0.0719 0. 90
[N 10. 386 0.0672 0.91 E & 11.427 0.0636 0.73
AE R 10. 231 0. 0692 0. 86 Fola 11.148 0. 0686 0.83
e 12. 694 0. 0564 0.78 B 9.718 0.0725 0. 90
FF 12,122 0.0611 0. 86 LA 12.526 0. 0649 0. 86
- 12.415 0.0616 0.85 Je s 12.068 0. 0632 0.91
KA 13.693 0. 0574 0.82 v 14. 233 0.057 0.87
Kk 13. 822 0. 0566 0.91 pE:! 11. 849 0. 0653 0. 90

2.3 PWV.,5 PWV, (£ %itit

KT 1He PWV, 5 PWV, X &, ¥ H
2017 4E 7 H & 2019 4E 3 H L BH G 956 4R 25k
AL F AR 2) K 6) F (D 430 3R AR B s
PWV.. . {5 PWV,, il PWV, 3 #1751t 53 #r.
g PWV,, 535 PWV_ 8940 & RT3 22
I 2539 K 0. 9612.3. 42 mm F 6. 33 mm, 3
W PWV,.. 5 PWV, [1AHC R 5L T340 22 F1 3 Oy 22
A3 0. 9613.4. 47 mm Fl 6. 51 mm, el W,
i PWV,, 5# S PWV, Al PWV, 5 HA 171

MR R R AW AETE — & W 25, A AN B
PWV.. 5# 5 PWV.,. k2 7] G8 & 1 £ 70 KR E
JER 2R A ) 5 S R R AT R Y 25 S SR YL T BEE
PWV.. 5 PWV, i 2= 7] B8 J& th T 55 by B /K 3 2
IR ERZ KA MM, KB —E)Z R
) 100 AR T BE B 2 B0 L BRI PW VL, 5 PWV, (1)
Yo 25 KT 0 AT e X — a5 .

2.4 WMELERNFHMEZE

N T ERFER ARG E BE AR XE PWVL 1520 A
1 EC P27 5k 850 hPa Fil 500 hPa AR 4



84 A

% 5 46 45

PEL 2 75 CAOusso—s00 ) F WX I T2 HHAR R B9 0 3L A
JE AT HEE L 2014) s HAE R F T 0 ML X 3t
AEE (B X T AR AR AT 3260 18 3 R
T MRS E AT P IO A 25 R R & F R O
0. 84, AFRRE Z&MF R* O 0. 74, fhy bl DL AR R K28
IR SR T AT E KL, ERIATE
AR RAFR G 8 AR e B s [8] Py K
TRBE SRR A TS BAEBR » 52 m) o R 2 al E BC TT AR
SCR 2200 R Ul B R R THSRAR B ) PWV.,
X5 5 BR R AR R 22 S A R R 25 T BE R AR
TER TR E LR T AR E R AR R
M.

MAFERTRGEHN T PWV, G 45 R 2
SEATRF ST . B ST W10 500 hPa 52 3T T 45 B K
T R B R ATFR G0 D VG KR R T 1 25 B o L A
SRR T6 6 2400 . WIZE R T A A 45 2R L
B4 P AR KA R 9 0. 85, 1% I R KT R?

- 0604x (a)

PWV, /mm
B
[==}

0 10 20 30 40

R 0,42, ¥ iR KA — i B A 6 A Fo e 4
FRHAIE (B 7 FE RIS 54 . 2009) 4 3¢ AT B S 0 4 45 S %
ZEM— AR o 53 A — T R A] R R AL T XA R
KA B IAEE (DI 55,1990 iz A ] ¢,
BT T ELAEAS TR BE 43 A B Ry 4R v s DR MR A U 3 722
R BB A /N A 1L 6b i 7 o ¥ W KA B TR T
10~22'C, X[ 3E [ 12°C A2 45 1 75 AU R < 28 78l
T BE DX R] 5 BB FE 20°C A2 AT 80/ N I 3L B IXJ) 52 ) 17
AR .

2.5 FHitkiw

R 95 R AR SC R B 5 A A48 I O B K TR R
B4 TIT T T A K TR ) I R T R D A R R
TH KR, Jr e

FWH%E = (at+d)/(a+b+c+d) X100%

FikE =b6/(a+b+c+d) X100%

WE = c/(a+b+c+d) X100%

y=11. 7130.‘061% ‘ . ‘ (b)
70F R*=0.74 .+ bt 1

104 oo M e PWV_ vs. 1 |
— ilatk

0 10 20 30 40
t/C

B3 RAFE KA (O IIATLE &AM (D PWV, Ml 2o BIUE 26

Fig. 3

Fitting curve of PWV, and 2 m temperature under convective

stability (a) and unstability (b)

y:12.85u.0‘ams\ ‘ (a)
701 R=0.85 1

0 10 20 30 40
t/C

60.‘0311‘ ‘ ‘ (b)

10+ . PWVt ACE A
— ALk

0 10 20 30 40
t/C

B4 79U ) A& s (b) KA PWVL A 2, B R 2k

Fig. 4 Fitting curve of PWV, and 2 m temperature under westerly trough pattern (a)

and cold cyclone pattern (b)



1M %

FEAF LT O UAT /R B 5 K 56 R BT 5T 85

Xf.abyood 43 5 F R IEWH & IR 2 RAIE
W5 IR, Y TR A N A DL K B R>
0.0 mm, PFEE R IE#f & & A 5800 J0 1 W PEE b =8
s T Ry TO T A SO0 TG WV E R I S A
SEHLRE KB R™> 0.0 mm, PF & M Rk .

ikt 2015 4F 5 F & 2016 4 10 H 1L T L IX
36 ¥ 1 h k.o, B PWV %4 58 %% iy 2 3
201539 B . HAp R K SRR Ol 13510 48 4 K6 36
AR asb.c.d 40y 8834, 4676, 8044,
179985, L IE®T F Jy 93. 69% , I E Hy 2. 32%,
ZSHRE N 3.99%0 . AR IE R A H U R S iR
W Hop— T O AR A LA S
BT T PG XA R A K 25 SR o L T G 56 Y
Bs A AT RE BE LA R R ARG X 4y o5 — Ty Thi
Soit R A A 2 1 h B R AT AW, B T PWV
KF]PWV, IRk 3 h R IR K 3% F s it
JE U] 234 2R Sk LA B R B3 25 i 3 4 48 R s 41
2SR, A TR K 3 b Py HE B R K R R O
T AE 5 T 39 JR] B AN B3 258 4o 5 o S0 3 A a0,
cod 43R 11157,3500,5721,172911, ASCHFSGEZ
H PWV, 358 5 v 78 I 30 B /K R4 7 T A — A2 1Y
S M AR IES G RS HH A <5 %R
B FAA R /KRR AE BEAT 255 40 BT R 540 B

3 Ao
Sy B £ 0 S R L BT 2017 4 5

H 22—23 Hil 7 X — WK BT A0 5047
TEANA 28 PWV, ZE Il 3T [ 7K TR o #6 7 F o

50 T T T T 10
@) — PWV
--
40+ — PWV, {8
Pk
O
~, g
B S
g 1|
X,
N &
E B
L

01 06 11 16 21 02
22H 23H
[t 1] /BT

3.1 KRB

AR PR I R B 500 hPa P4 KURE 0 45 M T8 V2
B AR L) 32 R I B8 30 7 P S B K . 2 0
Wi oK 7% DX 2 T AR B CIEI W) o Ji 7 9 XURK 52 R 1 1 A
EVEREIK

3.2 BEKTIR

ARV W K i AR AL 0 ok 46 A R B B A 58 g
PWV 1 1 UL 5k, o 36 M HE A G S
s R 1 Z2H0TE, Hap 10 M) #173
B AT T PWV o, R K 5 B0 0 B ) 43 3F
FHH 1 he T IOTERGER A SO E LA
S.S Kkr PWV 5 PWV, 22, Kt PWV i
LR K BEFR 3 1 KN

DL B AL RG], B 5 45 T M PWV 2, |
PWV, Fl R /K f 04 8 A8 Qi 21 S BR S PWV {H ik
FgE it PWV, Bl S>0.43k 3 h (W¥F Al fgr= 4=
Rk . el Sa fos B AR B A R K AR T R
A K, 22 H 03 B PWV, 2 27. 3 mm, i 24 i}
sz PWV 4 14, 2 mm, S<<0, 25 PWV A Wik
B fE 22 H 08 BF ., PWV BRI H] 29. 5 mm.PWV, K
27.8 mm,S A 1. 7Tmm fH LB & A FEK 2 22 H
10 B, gt f2 3t 4 2 h 25 PWV BR# %) 32. 5 mm,
PWV, FF2|N 26.3 mm,S & 6. 2 mm, B H i
LR K TEE AR KRS B S R TF 0,
A L, B ez UGS B h AU S T LA HT 2 h
SUE @] A R N ' A R VO N
WIS b T 7R 1 R ol e A8 BEOK BT A — AN 35 K

“ ‘ ‘ ‘ . 10
) — PWV
- tS
wl — PWV, {8
W ok
O
3 =}
=~ 30F 1° £
, <X
E 1|
S i
£ 14
: &
L. . .
. 0
- p ” 18 23 04
22H o
&[] /BT

Bl 5 201745 H 22—23 H#EE () ML (D) PWV .o, PWV, FIFEK & 1 8 A
Fig.5 Variations of PWV, 2 m temperature, PWV, and precipitation
at Jianchang Station (a) and Faku Station (b) in 22—23 May 2017



86 A

% 5 46 45

TR B KAT 2 h T80 R W R PWV @
SEFRER LS R B PWV, i 28 4, PWV
WORE PWV. IEIT 46t BLFE K. PWV 2 PWV,
PATT I R 7K 45 o 48 A B K I 8] BE ] RE A2 T S>>0
AIDCTRI P o 46 Aol R B0 L S>>0 T % At BLRE
K S<TO T Y SR K Y I ] B . 5d B AR I U R
K TR R E T R A .l el WL PWVL AT LAY
oL 3 R K Tl T H PWV AR AUAT L R
JK T4 B (8] o [ St mT AR DAy ) T A KR 7 R 2 Y
ESECLa

3.3 5BkENXE

T PWV. 5 PWV VI E, H ik PWV,,
A PWV R U R AN AN RE S ixBE S
to M S FRs B RAAE PRI 73 B9 R i
HEWT S 19 /N 5 B K B AT REAF TR — JE X R &R

6

o S vs. Mk
s — AL
y=0.0025¢"""
| ®=0.99

[k B /mm
[\e] w ES

—_

(=]
[}
[3S]
P
[=))
oo

S/mm

J T BRI —HEWT . R SO S 5 R KR 1 e R BEAT
LEZIFE

T 56 DAHT RORNE R D ) 3R AT e gtk Bk
KA B S 5 R K i B A BAF 0 A G 1k L IR I
43990 68 BT B R R PR S S RN R K i 3R AT LA F
FE 6), W 6a Przs, BT RE S 5 FEKE L
HARLF . R mik 0. 99, 15 B 0 LG il £ Ak 48 £ 5y
A PR LA i 28 (&1 6b) ,R? 7 0. 86, {HARHEZ
DB ARG R 46 43k 4 B AT LA B9 . R B
PELRIFA T A A 16 3 R°>0.6, (5 &
SR 35% . AR R* K/INHY S s o0 A LR 7, R A
el oA R A rp T LR YRR A S LG 2
FILAF (R*<C0. 6) 1Y il B v A8 30 ) ~F- Jit — 7 o T 424
Ba P25 (R <20, 3) [ 3 43 A 78 3L 7R 1l X — 47
H A DB 3t 7T R JE S LG 25 R R Z —.

e S vs. PRk
7.5 — AL ’

vy=0.0574¢">%

| R*=0.86

[k &/ mm

0 2 4 6 8
S/mm

Bl 6 2017 4E 5 F 2223 H R () FEEJE (b) S M KR 191814 i £
Fig. 6 Fitting curve of S and precipitation at Xinmin Station (a) and

Faku Station (b) in 22—23 May 2017

44°N
43
42
41
40
39 | . @R>0.6
; 0 0.3<R’<0.6
e X R’<0.3
38 — : ‘
118 120 122 124 126°E
K7 201745 H 22—23 H
10T LXK 4 LA 5 R

Fig. 7 Distribution of fitting results
at different stations in Liaoning

Province in 22—23 May 2017

M TR A AR oy 2% BR T KRR B
ZEA I T 3G A A A5 R A1 ) A A2 M TE 45 22 07
AT PR 28 A S R] 52 00 3 AR i) R S EORR 20wl U5 4
RABARR S . A oy vl S 5 R R R B
AR UL S 75— R ¥ LR WA K& . 2
7 A I T AR A E e A B K B B B BR T
il 5 30 5% 22 i IR 5 2 0 4 A 5 ) D o 2R
KA HE— L5 .

1 i He

(1) PWV, J& PWV 5 (K RO A
THREE W PWV B 5, @5 PWV, 35



1M ZOES LT H X R B S REK O R TR 87

AR AR Z KM AR S & (PWV O 1
SIS B ZURAEMT PWVLIHE AR
PWV,, =12.49¢""" i8] ¢, 1% PWV.. ., F
PWV._ .l PWV, KR8 & LB RZERL P HERT ¢
Al g PWV, il—A 7.

(2) K PWV, 5 ¢ $ETHIA R I & B A5
WAL A e R UL ¢ X PWV, BA — &R 1E
F PG Al R AR e M K R R G AUA IS AT

(3) PWV, 5 A5 PWV, HES AR H
— BB PWV, 5 PWV, % U1 AH G 75 2 7] DL
HRAFENKIRWAET LR S o k.

() XZ IR PWV, 76 B K TR b i e
W PE BEAT GE A 30, VA 230 | T AR 38R S iR A 3l
93.69% .2.32% 1 3.99% , YL B PWV, 1 &K i i
W LA — s i A1

(5) 3 — U B KA 81 328 47 0 43 A s o LR
S NEPR PWV 5 PWV, 2 22, 4 A 05 1T
S0 PWV o a] LT TR B8 7K 3 43 i 8 7K B )
BT S>>0 s EIN . ki B PWV, A ACAT LA
T 3 7K A AT AAE Ay S 6 K2 A5 R 2R 1 2 5 4
Pro BB4rul S 5 REK BB A B A RS K/
S R K L UL S R AR BE K B B AL H
A RBR T o SME 52 Z R0 R 52 w8 5 HoA 52
i) PRl - ok 1 i — 2B T

ARSCHFSE 4 PWV, 3805 306 T 75 XU fa
FEEREOK TR B — & WS H M E AL AE R
U SN H A S5 00 DL S EAR B K R AE AT 25
AT RIBEAL . BT RREK R T R A R T KRS
PEINE A By T3 550 R0 2 T 38 K A5 1 TR b A B i
TR I Z 5 m PWV, LK S ¥k
R K EE B 7 PR 2R A B SRy 6 K i 3 9 i 4 T 4 A
FHEH S %

B < A S R AT Y 4 T B AN S

2% Uk

T, TARS RS 4, 2011 M L B30I 5 S 9 R ZE [ UK 23
18 LT, 227 9 % . 30 (4) : 358-365. Ao X, Wang Z H.Xu G
R.,et al,2011. Apply of ground-based microwave radiometer ob-
servation in precipitation events[ J]. Torr Rain Dis,30(4) ;:358-
365(in Chinese).

B, T, H 2005, GPS 38 & i R AT B oK & 5 R b B K
KAWL B [T, B AR 2, 16 (1) :54-59. Cao Y C,
Fang Z Y, Xia Q,2005. Relationship between GPS precipitable

water vapor and precipitation J]. ] Appl Meteor Sci, 16(1) ;54-59

(in Chinese).

DRI ARk 8 500 . 5. 2018, W 28 AURT R AR 26 TR R A —
YR T AR 2R R R 43 Br [T ). A4, 44(1) :142-150. Chen S Q,
Xu Y.,Cao Z Y,et al,2018. Results of a failure forecast about a
rainstorm caused by cold air and tropical low pressure[]J]. Me-
teor Mon,44(1) ;142-150(in Chinese).

FeoR A SR TR M SR A 55 L 2015, Bl U 4 S T O 4K A A B K TR
AR AL, F 5% ,33(2):340-343. Dang Z L, Zhang J P,
Qu Z X, et al, 2015. The application of microwave radiometer
observation data on precipitation forecast[]J]. J Arid Meteor, 33
(2):340-343(in Chinese).

T @A R R, 4, 2004, 2002 4F 5 K, Ramasun 5 i 8 K Y
T3] 18] T R K B GPS WL A 43 A7 L) ] KRR, 28(4) 1613~
624. Ding J] C, Huang Y. Ye Q X,et al,2004. GPS observation
and analysis of precipitable water vapor during typhoon Rama-
sun in 2002 influencing east China Coast[J]. Chin J Atmos Sci,
28(4):613-624(in Chinese).

AR A e 45 [ L 45, 2013, — WK TG R M P22 TT A9 GPS KA1k
VAR ] W R 42,24 (2) :230-239. Hao L P, Deng
J.Li G P,et al,2013. Characteristics of GPS vapor in a persis-
tent heavy rainfall related to southwest vortex[J]. ] Appl Me-
teor Sci,24(2):230-239(in Chinese).

2R EEF, R %2008 R = R oK P GPS TRk
o R AL — A bt DX AN 43 AT L. v A4 27(5) £ 1066-
1073. Li G C,Li G P,Lian Z L,et al,2008. Features of precipita-
ble water vapor by GPS in different cloudform precipitation-ana-
lyses on some typical cases in North China[]]. Plateau Meteor,
27(5):1066-1073(in Chinese).

235 4 KRB AR R R L 25,2007, GPS 28 8K AT [ K B 7E 2 T R
SR R AL ], 4. 33(6):51-58. Li Q C,Zhang C
L,Chu Y L,et al,2007. Applications of precipitable water vapor
monitored by ground-based GPS to analyzing heavy rain event
[J]. Meteor Mon,33(6) :51-58(in Chinese).

X & A A 2017, — U MEAR S 8 AR A R I AL R W GPS Rk
VORISR AEL]]. X4, 43(6):724-734. Liu J, Yang L M,
2017. Development features of GPS atmospheric precipitable
water vapor in heavy rainfall caused by Central Asia vortex on
the north slope of Tianshan Mountain[ ] ]. Meteor Mon,43(6) ;
724-734(in Chinese).

N3 KBTS e, 3, 1994, AR AbYe 10 1 B 25 43 A3 R AR B 5 2 W R 2
W AR Z AR ] B R ¥4, 5(3):297-303. Sun L,
Zheng X Y,Wang Q,1994. The climatological characteristics of
northeast cold vortex in China[ J]. Quart J Appl Meteor,5(3):
297-303(in Chinese).

Ji% B DE,2008. Hi ke GPS 5 52 R Bk R A B FH 0 Je LT ], <44
#,28(6):697-702. Wan R, Zheng G G, 2008. Advances in the
application of ground based GPS data to rainstorm forecast and
nowecasting[ J]. Sci Meteor Sin,28(6):697-702(in Chinese).

M R BRIE L AR SR L 45,2009, = Fh K< nT B K BE 3l ST Oy vk 45 5
A B e [J]. 4. 35(11) :48-54. Xiang Y C,Chen Z H,Xu

G R, et al, 2009. A comparison and analysis of the results of



88 A

% 5 46 45

three methods for the calculation of water vapor resources[J].
Meteor Mon,35(11) :48-54(in Chinese).

PRI A IKHE RS L BR T3, 45 2016, A [R] K V40 B B X — o A R TR
01 5% W IR A9 R 43T LT . A KR AR 32(2) 1 155-162. Xu
D S,Zhang Y X, Chen Z T, et al, 2016. Influence of different
moisture analysis field to the forecast of precipitation during the
pre-flood season in South China[J]. ] Trop Meteor,32(2) ;155
162(in Chinese).

W ¥ KEL, E L 5552016, 10 748 WU GPS KA AT Fif oK dit 14 45 fiE
RrL)]. FRA 4 ,34(1):82-87. Yang L, Jiang D K, Wang Y.
et al, 2016. Analysis of atmospheric precipitable water vapor
characteristics during flood season in Liaoning Province based on
GPS remote sensing data[ J]. J Arid Meteor, 34 (1) 82-87 (in
Chinese).

MR BB, T &, %, 2008 GPS/PWV BERHE 38 %) il K A&
G AR S AT L) . B R L, 27(2):141-148. Ye Q X, Yang
L H,Ding J C, et al, 2008. Application of GPS/PWV data to
forecast strong convection weather in Shanghai[ J ]. Torr Rain
Dis,27(2):141-148(in Chinese).

TRALAE R L2009, RILR IR PSR BER [T ). K 5 A BEHF 5, 14
(2):218-228. Zhang L. X, Li Z C,2009. A summary of research
on cold vortex over Northeast Chinal[ J]. Climatic Environ Res,
14(2) .218-228(in Chinese).

JEI TR M PN, 2014, LI R B8 TR R A5 TR AR A5 19 SE T H R AE 43
MriJ]. K4 .40(6) :744-753. Zhou X S, Wu W, Sun X C,2014.
Statistics on physical indicators of rainstorms in Shandong Pro-
vince[ ] ]. Meteor Mon,40(6) ;744-753(in Chinese).

Benevides P, Catalao J, Miranda P M A. 2015. On the inclusion of
GPS precipitable water vapour in the nowcasting of rainfall[J].

Nat Hazards Earth Syst Sci,15(12) :2605-2616.

Bolton D,1980. The computation of equivalent potential temperature
[I]. Mon Wea Rev,108(7) :1046-1053.

Cao Y J.Guo H,Liao R W,et al,2016. Analysis of water vapor cha-
racteristics of regional rainfall around Poyang lLake using
ground-based GPS observations[ J]. Acta Geodaet Geophys, 51
(3):467-479.

Chamberlin R A, Bally J, 1995. The observed relationship between
the South Pole 225-GHz atmospheric opacity and the water va-
por column density[ ] ]. Int J Infrared Millim Waves,16(5) :907-
920.

Chamberlin R A, Grossman E N, 2012, The wintertime South Pole
tropospheric water vapor column:comparisons of radiosonde and
recent terahertz radiometry, use of the saturated column as a
proxy measurement,and inference of decadal trends[J]. ] Geo-
phys Res: Atmos,117(D13) :D13111.

Li Z H,Muller J P,Cross P,2013. Comparison of precipitable water
vapor derived from radiosonde, GPS, and moderate-resolution
imaging Spectroradiometer measurements[ ] ]. ] Geophys Res:
Atmos,108(D20) : ACH 10.

Shi J B,Xu C Q,Guo J M,et al,2015. Real-time GPS precise point
positioning-based precipitable water vapor estimation for rainfall
monitoring and forecasting [ J ]. IEEE Trans Geosci Remote
Sens,53(6) :3452-3459.

Shoji Y,2013. Retrieval of water vapor inhomogeneity using the Ja-
panese nationwide GPS array and its potential for prediction of
convective precipitation[ J]. ] Meteor Soc Jpn Ser 11,91(1);43-
62.

Yao Y B,Shan L L,Zhao Q Z,2017. Establishing a method of short-
term rainfall forecasting based on GNSS-derived PWV and its
application[ ] ]. Sci Rep,7(1):12465.



