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Abstract: South China is an important water vapor transport channel. Studying the water vapor budget in
South China is essential for forecasting precipitation processes in South China and its neighboring areas, and
comprehending the impact of atmospheric circulation changes on weather and climate in China. Based on
ERAS data, the variation trend of water vapor budget and its relationship with precipitation in South China
during the recent 40 years (1983—2022) are analyzed. The results show that water vapor budget in South
China mainly inputs from the southern and western boundaries, outputs from the northern and eastern
boundaries. The net budget is negative. The water vapor budget shows declining trend, with a significant
decrease in output from the eastern boundary. In the four seasons, the input and output significant declines
during spring. Water vapor primarily inputs the South China region through the southwest direction of the
Indian Ocean—Bay of Bengal and the southeast direction of the Western Pacific. Water vapor in the middle
and lower layers (700 hPa) primarily transported from the Indian Ocean—Bay of Bengal, while water vapor
in the lower layer (925 hPa) mainly originates from the Western Pacific. In the recent 40 years, water vapor
transport in the Indian Ocean—Bay of Bengal and Western Pacific has weakened, and water vapor transport
in the direction of northeast to southwest has appeared in South China. Water vapor transport was positively
correlated with precipitation in most areas of Guangxi and Guangdong (correlation coefficient >0.6). The
strengthening of water vapor transport in southwest China is the key reason of precipitation occurrence. In
addition, there is a trend of wetting in the South China region, with a 2.32% increase in precipitation water
vapor (PWV) during the recent 40 years, which is related to the decrease trend of total water vapor outflow
in the region than that of total inflow. The results of this study can provide a reference for further
understanding of water vapor budget changes and abnormal precipitation events in South China.

Key words: South China, water vapor budget, integrated water vapor transport, precipitation water vapor,

precipitation
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Trenberth et al, 2005). ZKVRHIELENGVES N BEG . AIRER B 5 s 46 B 1 X 2 [A) 7K 43706 34 3 2 /E F
(Bengtsson, 2010). IPCC /AR TAFRAAPCC, 2022)fH, SAFEEBENEFT, KOMEHR KRN
B, 20 D 90 AR RIR, SARARRE O 2 P EO IR KRR SIE R SR, KRR
4t ZE R GR 26 XKV SIS N, JE/R JE W-F5 )7 520 (ENSO) RIE 2R VSR R BRI A
2 EZ M (Arias etal, 2021). {HANE XIS BRI LR A, AAAEXIME . 22 PR RIE

FRE R XA T IR HR, 32 M 2R RSN, KBV N, 3R KR
TERATN IR — . R X KR mIA 32K (Huang etal, 2018; Yangetal, 2018). ENSO(fi
IS, 2014). KTPVEEMRPRIEY (PDO) (Dingetal, 2014; Kimetal, 2014; Shi, 2021)%% A
R, M B K AU, PR B2 L TR, Fr 5] S 2 P AR5 O T B N\ R A i = 22 4
i RZ G o KIS WSO B 7 A2 B BB 3| iR ELREAF ] (Trenberth, 1998). 141,
2013 £ 12 F 13—17 HEFHE 78RS i1 M B R BRIV A 240, BRI AR
WP X SEAR 2= A (Liand Sun, 2015). [FIRE, R Foinh i ARG il P SOKIR SR 1 mid 3 301 2018
8 A b AK S AT, HBEKE R KA P LR (B B BREE, 2020). 2020 4 6—7 HKILH N
DA H I IR Ta] 5 B K, 7R T R 1 B RV 1) AR AE T 1) A 7 Ak R e ¥ i S U@L 1) B 7 1)
IRV SIS (Qi et al, 2023) A WFFTR ], 3L L EER 4 Rt DR B K SRR (5 A NI S 20215
JBeRAs, 2023), HAANFEZES A3 KKK iAo T 25 . 1S (2006)F) ] 2 o
S HTHE R HLX 4—6 H AT H B/ ORI, RIVIKIIA 2 R B TRV, FFH2E2010)H)
WFFERN], XK. AZEEKI KRR T SR E . FoinhiE X, MR Kk 5
PHRTE o FHZLEE(2004) R 7T 1 R E 2 2KV OEIE L, A R /KT OB TE N 6 B X KA B% DT
BRo HEPRARSE (2021) BIFFE3 B B 2 1 WV e M i AR MG KT E B vy v [l CRRTPR BRI ) G 52
Wi F) 7K AIE 2 S B F B X R 7K i 22 1 B 2 R A

HE X 2 2 MINRAM RS, HAREEILE B4, &R KRR EA —. BT HERIK
VRIS SR I FE R A i M L R I DX S K ARRAE . S R R S DM T R BT a4
P TR TIE R AE X IR M A2 3 AT (Lietal, 20115 227525, 20105 FMVEIESE, 2019), £
X T8 AR S AAC R e 5 B SR R IR T D o TR, ASSCRA SRR IX T 40 4 (1983—2022
) ARVREIEIS A A TE B AGRRE AR NT, AN LS GRS, 9L s. #il
Fo ALY AKIRICOIRGE B XA KPR KR (a3, R KRG SRR R, A HE AR
T b DX 7K 2 YA A B R AR i P K SR A S 2 10



1 #RETE
L1 H #B

ERAS 72 Bt R S fiidl 0 (ECMWED 55 AR 0 A B0, 4 7 OR S 2UE Tl . i st
DURD T A2 2 A A4 (Hersbach et al, 2020). VA K& FL5IE | ERAS BRI E (Zhang etal, 2019;
Zhuetal, 2021; Duetal, 2021), FFRH THEEFHIXATFL(Yietal, , 2021; Tangetal, 2023). AHfF
TR 1983—2022 FEHEFE X ERAS IR Hr 83 K-F 20 #8305 0.25°%0.25°, Hrt 1000~200
hPa (3£ 23 2) SRJZM LI Gl X Zh1a AR 355 FE 3 VR Tt S8 2K g &= VD,
MO K L AR BERLA T R R KR WSS R W A O 4 BT o BOHE Sk VB T ECMWF

(https://cds.climate.copernicus.eu) .

LA 18°N ARG AR, 26.5°N JyAbiift, 104.25°E APUIA T, 117.25°E 7RI G0 4 R b X HEAT

7 (B D
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24°N |

21°N 1,

1 SR X 2 A T SR

Fig.1 Longitude, latitude and altitude of South China

1.2 THEFE
KATTPEAKEPWYV), B S TR 2 B KA BT 2 /KR S B 4 vk &5 T P F IR ARk e
HEHARW TR :

1 (P
PWV = —= [*qdP (1

Wb, g AHR CBfz: kgkgD, PARAE (Bf: Pa), PONKAZETNAE, PONHEERSE. |
¥ 200 hPa PA_E/KVE EMizb, B P=200 hPa.

IVT BIRLE &R Z@d Al BA7 I Al PWV(Trenberth, 1991), 1] 73 A4 [a/Ki<idE
BQMANIKIVERQ, (%, 2022), HitHARWI .
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1 (P
Qu = Efpstqudp (2)

1 (P
Q, = EfPst qudP (3

VT = Q.2+ Q, (4)

A us v RN RFIZ R CRAL: mesD, g AMIBRE IEE (A mes?).

R, R I DK IR S R I SRR AN, AR SR A o PRI, R AR
Pa. g BN A AR FOR AL kg sATEAIEN (5) ~ (8) 15433, Hrh BRI
N, WEFRSAKI G, T E. Wo S N RIAURAR. UL B diase CT i, 2005; #E,

2015),
—F; = f;:N Qx, adg (5)
Fy = fqi” Qy,, ade (6)
Fs = f;‘:} Qy, acospsda (7
—Fy = f;‘:} Qyy acos@ydd (8)

KA @5 onHINFE . ACARAEE, Ag. AWwMBINAR. FIAREE, Q4 Qa2 A i Pl
Ft. RILFEEKIGER, Q. Qu BN, JLilfHEEKTER. 0=637x10°m, HihEkp
.

B, XAV ISOR N B &, FTRRO:

Dy=Fy+Fg+F+Fy=F+(—F) (9

X: DX, FRAKFBRANG, FR KRB,
2 1 40 SEAER X KIS ST AL RFAE
2.1 KRG KRR

B 2a 79 1983—2022 A g [X 2530 LKV 70 A1 0 S AR ke 3 o 4 R 1L IX 7KIR 3 2 DARS
VLSO, Aoy RIS, b R SRR TG (Fs > Fy), R ER
FALIAR (—Fg > —Fy). ML 40 SEBUNHHERE, Fou Fy LA, FEIESHIA 3.23x100 kg-s
1(10a)"' F13.16x10°kg-s"-(10a)""s —Fg. —FytLR2IEADESE, Hrh R0 SRR 4.46x100kg-s-(10
a)!, Ak 95%E A5 B I B E R

R SH R T BHN, 1T 40 I N (-42.192x100~-7.799%10°kg s, H A
W72 45 B AHBU(Ding and Chan, 2005; Qiuetal, 2017). %A /KEHAN LRI HE5F . F, 2
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Dk, A F D5 [3.05%100 ks (10 a) TR T Fb#35[1.96x10° kg-s'+(10 a) '], EZH
PWV Jifi B fEAE B HIIX .
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T R RRE AL 4710 kg s-(10 ayD) 1o
2 1983—2022 EHEFFHLX (a) B IU T KT S (D)Fin Fou DRI ALK AALEE 3
Fig.2 Distribution and annual variation of (a) water vapor budget through four boundaries and (b) £,
Fo, D in South China during 1983—2022

AE B AR X KRR T2 5, R 1 ST 10 FE KRGS, FRSH T
PWV. PE/KE. ZKE 10 F£ 0. 1983—1992 4. 2003—2012 £EA1 2013—2022 4E15 3 H 7E-
21.91x10~-21.55x10kg s, 1fi 1993—2002 F-FIH 3 H (-27.82x100kg s™) K. M 10 FF-F55K
&, PWV FIFEKEILT 40 FRINK-S-M8-m2 B, &R PWV HILE 2013—2022 4 (41.98
mm), K AFKEHIIE 1993—2002 £ (1873.50 mm).

T T X 3 A 5 B A, RIS T PWV.L MoK K 7% % B 7 e g B s R sk [ A8 1L 1
Blo W PWV HIZE R i W 2 v it DXtk 7 PR/ D S I A i b DX 3R T it s 28
RFKE. FKRREE R GERXIA—F K TE QRN MEERERA. RibXi pwv fipE
KBS R AL, FOk PWV HBLAE 2013—2022 4E, fHkPEKE HBLE 1993—2002 4 CF
$1996.30 mm). ¥k PWV BN, f KFEKE HIAE 2013—2022 4 (1759.40 mm). 32 4EFRAL
IR SR, 2 A B AE Bl AV S 50 R I N B i 1 n i 3, e rh gt 8K TRl 55 Mearset al(2018)
Fl Mao et al(2024) 4510 AL, 1AL, KEH (Bl K. UKD BITERG Hnds txd Ik oo &=
BN (Zhouetal, 20205 2024), TEARM TAEH Kt —SHRT .

F1 EEHIX 10 5P D Fiv -Foo PWV. BKE. BREDRERMM. B 10 FF
HPWV. [EKEREKERZFRL
Table 1 Decade average changes of D, Fi, F,, PWYV, precipitation and evaporation in South

China, and PWY, precipitation and evaporation in the land and marine regions of South China
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R Il X S apany g4I

I B PkE AERE MeKE  ZAKRE DJ(10°  Fi/(10°
PWV/mm [ 7K #/mm H PWV/mm PWV/mm Fo/(108

/mm /mm /mm /mm kgsl) kgs?)
/mm kg s1)
1983—1992 4= 39.95 1904.10 928.55 42.01 1657.40 1368.70 40.92 1797.60 113430 -21.91 189.78 211.69
1993—2002 4= 40.24 1996.30 933.12 42.08 1733.60 1411.20 41.10 187350 1156.50 -27.82 183.58 211.40
2003—2012 4F 39.10 1678.50 942.92 42.07 1684.20  1446.30 40.49 1681.20 1178.20 -21.63 17354 195.16
2013—2022 4F 40.76 1802.60 958.87 43.36 1759.40  1479.30 41.98 1782.40 1202.10 -21.55 188.38  209.94

K304 1983—2022 FHEREE. B KFE. LN FIARRFIC . SRR R
FhrAA, AIAEW, KE. LFAKRECCHEN P, FRREFREMHENRE, EESME
100x10°~200x10°kg-s', D fEEHITIEEN. KD RIS (-1.34x10°kg s (10a)!), %AZEDE
B (2.59x100kg's' (10 a) Do HE. BERZHEM NG CH, K, BREREIIR,
N KA &, 4EBR Dy fe K ZEMHIE 122.696x100 kg-s!, X F[AES PDO 5 J<(FREHWHAT H 4%,
2023)AE1FE R )02, BIF 35946 W& jk 3, BEMR 7 9 12.04x10°kg s (10 a)! A1 15.80x10°
kg's!(10a) " GEIT 95% B A5 FE 1) 2 AT, [ 15 X IR KR, FEK R AR 5 8-118.94 mm- (10
ay's HIT 40 FRE ., RV, MoKEM 2 (BIRED, RER ) /K 5 1a) Ao B 7K A (B i

2, 2023; ERMEZSE, 20205 A, 2024).
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w500 e fGAR =31 » <100 b :
"o A Y =042 o "
& 400 & -200 ‘
< K\..A £ - '~‘ & AR A
3 300 Xoak o S 30 v, VAT K
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28 3 &8 8 8 8 5 5 oS 88 8 8 8 8 5 5 8
22 2 2 8 R R R R 22 2 2 8 8 R R’ R
4 b

T SRR AN B[ HAAL:10%g s+ (10a) ) 1.
K13 1983—2022 FFAERHIIX HZE. B, ME. LT THKIR(a) D (b)Fi Fi(c) Fo T
Fig.3 Annual variation of average (a) Ds, (b) F;, and (c¢) F, in spring, summer, autumn, and winter in
South China during 1983—2022
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Bl 4 45 T 40 4F H P KRB I TUKIRIRNE 3, BEAE (5—8 D KRk
A& (93.979x10°~283.568x10¢ kg's') %, AAEFKIEFRN 31.43%. Hit &HEOE HIEILD 7R
5—8 H (-142.571x10°~-247.511x10°kgs™), di&FKIR Fo 1] 30.95%, 1 HAERGHLIX AU (4—9 F)

o B S NG S KB KR PR KR R DMy T, TRE T, Hs
KN Hr RSB HBIE 5 B (133.952x100kg s A1 10 A (-140.287x10kg s, PHIAFKIZZE
FKHUONEH, CHRAE 1—5 H, KIS EN-88.937x100~176.122x100kg s, KT Abil At &
M 4b FTULE Y, R X I W= e 6 H, HEM—Fyiith EETTER. Dy H 221
ZERBUN, R HLIX A H KIS 1 .

400 400
2 200 2 200
‘o ‘o
-0 4 L
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47 200 i -200
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[P <ap0 s

1 2 3 4 5 6 7 8 9 10 11 12 1.2 3 4 5 6 7 8 9 10 11 12
J 4 H by

K4 1983—2022 sEHF (a) FILFKITICINI(b)F . Fou Ds HTF¥I381E
Fig4 (a) Monthly variation of annual average water vapor budgets through four boundaries, (b)
Fi» F,,and Dy in South China during 1983—2022
SRS, R ORI AT AR, AR LI SO, GO B AR LA R R
X3, W PWV &, AREZD . BoKED, KR 78 R BRI U E R . &l
AT 40 FEARVRICCI R IGES, Hb-Fe FREEE . HRUCERBEIR, K. LFMNRE,
FRRKIBIN . M E N REARI R . e XA i S AR A e ORI
BRI SR IIE 6 .
2.2 KR EHE AR RHE
Hi 1983—2022 FAEFG P34 IVT F1 PWV [¥15340 (& 5a) FT I, HEmg b DX 1 3 E BRI ik
SR, — S N2 B R 2 A 4% 1 85 305 B A R S I 9B 2 K PP B 7 TR N AR g
53— 3 AR 2 AR I s G A ) e A8 i R A G TP L KIS, TR AR R DX T K
VRER G o SRR X TRAR G FIANE, 2 E R G o A ka3, JUEEOKIS S B e R,
K ZME>20 mm.
M PWV HIIVT (I 40 SEB T RE (B Sb), AR R XOKIS & & S8 s, 40 4

N 2.32%, K T2ERPFEKIRH R (Allanetal, 2022). <At 1 76 R 7 1) FE e 62 7 ) 76 75 1a] 7K
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TR S I, 3R AR 1 DX G R R AR B 7 T R KV NR D 55, X AT R -5 P AP PR KV s AR AL
KR ZE RARA R (FME, 20155 T —4%, 2020).
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VB BTN R, R L EFELIOR IVT BT 95%8 (3 1 & SR
5 1983—2022 “FAEFG () FIY IVT (Hik, HAL: kgm'-s') FlPWV GHE) K510,
(OIVT BB [FT R, A kgm'-s'-(10 a) ' R PWV 2840l 3 ) 1 43 A7

Fig.5 Distributions of (a) average IVT (arrow, unit: kg-ms™) and PWV (colored) , (b) IVT change
trend [arrow, unit: kg'm™!-s(10 a)"'] and PWV change trend (colored) in South China during 1983—2022

R X DK mIE AR S tAE e 22 5, B 6 AFE. BF . KT XF IVT M PWV L
HAR A 1 23 18] 3 A o 280K R PG AP R KPR T P g ) R i - g 4 ) b b, 55 75 0 S5
A ER) O Y “IRAE T B 2 S AC I A, TR PO g 00 2R A6 07 170 /K P&, 55 1958—2005 EHFZ=1E R
IKIIETT AR — B (EH %, 2010). KRBT, KA LTS FEERES
Jig AR S, A A5 B M XA AE 2R B 1) 05 B 77 1] B /KRR 7, I 40 SRR R X g
P ) R ALK PR RS o BRI AR TS FEBUKTR R R, Rl R X HB%5(2006) 17 7T
H RS, VEATF VR HE R ATV 5 B KA BRI &R

6 HIEMERRIER, g X AT # 7 [ K ISR A E ZE L7 1 (B 6e, 6d), X
5 2.1 W raRAH R, B3R A fridid il S e AR Tl S R EKIR . SR B B EEVEZ N
P HR /KR 5 K 78 K R P8 Sk (/K A NS IX, izt X Rk 78 /KT (PWV>50
mm). BRI TT T, T 40 ARG I X B Z= A n) KA A TR, R TR E BN
Fe B FINHLES KR EI% RS 8 (Ashfag etal, 2009). BbA, 7EEHFEER AH S X /KR FAA 21
e

HIE 6e, 6f AT UL, AKZEK B REVE R /K A AE d Ry e rdt, 55k B s R v P 1Y
P AR AR T d MRS 2R FRIL &, AR DO R SRS OK P miE I . RS Ir I, KEFIRIE
2 MA LRI P SRt 1575 0 RS il N R W Ea W R 1p e Y b L & & X LA N N iR g
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AR A G N . 5 HAMZATAHEL, R R DK IR R HBOR[0.49 mm-(10 a)'] , Hrilg R &K
PRI E>0.8 mm-(10 a)'.
ARG it T, FER A R Rk iA Ll i A NI . sEAh,  EIFA
5 - A PRSPPI i 4R AR SRR KV R — e S (] 6g) o @A - BT PG i S e
RIS FINRLHE S SRR 7, SR HE T T S DX KPR ) P e U AR o, PWV N, AR R
FRHLIX KT A R (B 6h).
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IVT (7%, BfL: kgm'-sh) fIPWV GAE) FFE5A/A &L (b, d, f, h) IVT BEHB[FiR,
fir: kgm'-s'-(10 a)y' TR PWV AR{LEHA A E)
Fig.6 Spatial distributions of (a, ¢, e, g) average IVT (arrow, unit: kg'm™'-s™") and PWV (colored),
and (b, d, f,h) IVT change trend [arrow, unit: kg'm-s'-(10 a)'] and PWV change trend (colored) in South

China in (a,b) spring, (c,d) summer, (e,f) autumn and (g,f) winter during 1983—2022

AL AR AT S AR AR AR 7S ) 23 AT 23 A AT 2R, HE g 1 X 2 S 32 D RSP R B P — o I v 7K
FREIERCI . T 40 4F, FZEH TR A AR A6 77 [ AR ik ok ss , B 2= B I b KV Amis ks, fkE=
I AR P ) P AL 7 ) AT G 0, 22 l AR AL ) 7 R 7 [l KT G 0, X AT RE 5 Foinhiis o i
VOISR IE N AR B X R KPR AR A 5. IkAh, 40 FEAEEGHLIX PWV B4k RIS, H Ak
FHEEN, FF. LFRMXEUKE S EA BT,

23 KREEBR LR URHE

He T [X B3 RS S I B AT A AR BB DL 7 B . TEFFHLIXAE 500 hPa UL JE
DA /KISIG S BE MG ER,  Ds £E 950 hPa BY I KV B o, B BERG I, 7E 875 hPa M J/Kik
N . 52 HIAE 1000~900hPa )i/ #410.015~0.023x 100 kg-s (10 a)'], H: 3 %22 1000~800hPa F
BRI GBI 95% B E R E VY. FeEPREEIEER, £ 700~800 hPa ALK
Wi, RIZUR R i B R . s ION, 7E 800 hPa HULIA SR, Fy fEKZEHH
F) 825 hPa T 4N, B PHil SR RN D EH .
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Fig.7 (a) Vertical distribution and (b) linear trends of average water vapor budget through four boundaries

and net budget in South China during 1983—2022
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Fig.8 Spatial distributions of (a, c, ¢) average IVT (arrow, unit: kg-m-s™") and specific humidity
(colored), and (b, d, f) IVT change trend [arrow, unit: 0.02 kg-m'-s"'-(10 a)'] and specific humidity change
trend (colored) in (a,b)700 hPa, (c,d) 850 hPa, (e,f) 925 hPa in South China during 1983—2022
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Fig.10  Spatial distributions of (a) mean precipitation and (b) correlation coefficient between
precipitation and IVT in South China during 1983—2022
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Fig.11  Spatial distributions of PWV difference (colored) and IVT difference (arrow, unit: kg-m's-
1) between (a) years with less precipitation or (b) years with more precipitation and 40 years in South China

during 1983—2022
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