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The Relationship between Interdecadal Variation of Rainy Season Precipitation and Water-Vapor Transport in North China
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Abstract Based on the homogenized daily precipitation in North China and ECMWF-ERAS reanalysis data for 1961-2018, and a
new monitoring standard that takes precipitation and the position of the Western Pacific subtropical high ridge into consideration, we
calculated the rainy season precipitation in North China (RSPNC) and onset/ending date with the new monitoring method, and
discussed the climatic characteristics of the water-vapor transport and associated interdecadal variations in precipitation and moisture
budget. The temporal and spatial variations in water-vapor transport and associated impact on RSPNC were further investigated. The
main results can be summarized as follows: (1) The onset/ending dates of the rainy season in North China are distinct in each year, so
as the periods of occurrence of the rainy season and the intraseasonal variation. (2) Precipitation is determined by large-scale
atmospheric moisture transport and associated convergence. The critical four water-vapor pathways maintained the RSPNC including
Indian monsoon, East Asian monsoon, trans-equatorial airflow between 110<E and 120<E, and mid-latitude westerlies near 40N. (3)
The RSPNC and water-vapor budget displays similar interdecadal variations, and abrupt climate changes occurred in 1977, 1987 and
1999, respectively, featuring a "reduction-increase-reduction” phase. The RSPNC is strongly correlated with the net water-vapor
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budget within the domain of North China. (4) The intensity of water-vapor flux and the arriving timing exert significant impacts on the
amount of precipitation. The distribution patterns of water-vapor flux anomalies in rainy decades and rainless decades are distinct: in
the rainy decades, the anomalous anticyclonic circulation dominates the Northwest Pacific, and the northward water-vapor transport is
strong, which converges with the eastward water-vapor transport over mid-high latitude westerlies in North China, and the water-vapor
diverges more strongly than that in normal years. In terms of intraseasonal process, water-vapor fluxes are stronger in amplitude, reach
North China earlier, weaken later, converge stronger, and have a longer lifetime. While in the rainless decades, the anomalous cyclonic
circulation dominates the Northeastern China, Korean Peninsula, and the area around the Sea of Japan, and it turns into a
weaker-than-usual northward water-vapor transport, and the water-vapor divergence is obviously strengthened; accordingly, the
intraseasonal process shows the opposite characteristics. (5) Considering the four boundaries of water vapor transport, the southern and
weastern boundary water-vapor inputs are the largest and the second-largest, respectively. Their interdecadal variations are critical for
the interdecadal variation of the RSPNC. In rainy decades, there are stronger inputs of water-vapor from the southern and western
boundary, but strong output from the north boundary; however in rainless decades, water-vapor inputs are weak from the southern and
western boundaries, and the output swithes to input from northern boundary, which is essentially distinct from that in the rainy
decades.

Keywords Rainy season in North China, Water-vapor transport, Water-vapor budget, Interdecadal variation
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Fig.1 Climatologically averaged (a) precipitation (units: mm), (b) vertically integrated water-vapor fluxes (arrows; units: kg m™ s™) and associated
divergence (shadings; units: 10°°kg m2s™) , and 500 hPa geopotential height (blue isolines ; units: gpm) during rainy season of North China. The

dashed box indicates the geographical locations of North China
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Fig.3 850hPa wind vector (arrows), wind velocity (blue curves; units: m s™), the climatological extent of the 5860 and 5880 gpm (white dashed curves),
water-vapor fluxes (shadings) and latitude-altitude cross-section of 110°E~120°E averaged moisture fluxes (curves and shadings; units: kgm™s™*

hPa™) on onset date (a,b), peak date (c,d) and ending date (e,f)

4 ALK FIACREIEFRIREL

4.1 FEKFERFRAELL

1961~2018 “EHEALFNEHEFEHWIAE 7 H 6 HE 8 H 10 H I8, HETFWIFHEHNT H 17 H, W
FI MG A EM S, PN 05d/10a; IFEARHBIE7 H 25 HE 9 H 3 HX M, HETHLRAIA
8 H 18 H, WZL R H AW %, TN 1.1d10a; FIERTFEKEE 16~60 K2 [6], HETHIME N 325
K, WEKEAWHEBEES, PN 17 d10 a, #it 95%EE KT (K 4a). RIENFEEREKETE
41.2~311.9 mm Z[a], HETFHME A 143.1 mm (K 4b). WKW E, 19612018 F L KRR
LS, PRI 0.7 mm/a. B EARILIX 7~8 H Bk R 28D ARk S, o b st Kb
b bt X g b e 34 8 2, B 2.5 mm/a (RIS . SRS ZEITAA H . 450 H 0151 5 R oK iR
PR RECRIL, DIAE NI A6 F0E 5 R K BE P AH ¢ R ECN-0.52, L 99%[H B34 KF, RN ZEIF
R SROKREZ EAERENTMELKLR, WEITER, BMKESREZ, WEIFGK, BKESmRD;
R Z 45 o L 5 P K B FEF AR G RBCH 043, 83T 999 2 MK, FEIRIZEEE R FLIG 5 MK & 2 547
TEREFEFIEMRK R, WELEHRE, BKESRD, WELERK, BMKESRES. WEKESBKEEF
FHIE RHCH 0.81, i 99% 1) i E MK, RIMNFEMK IR ZEMFEKE, WMWK ZFE0 KD,



DMERF LR, fedbth X 2= KAE 20 el 70 AR IR A 7 — R BAERAE, b5 Ak X f%
TR 9> (R BEFIT S, 2003; T —JLAIgKF], 2008). IRl (2013) fei, RILE ZFEREK
BAE 1977 SERT G KA FEAS /D, 1980 EACKR & 1990 4FEACK, MK T hn, 1M 21 tH40 DLk F- N 5
AT . P 4b FT R, 1961 A LISRAEL R K EERBR SRR, SRR “Uk-H—k” BB AR
FRAE, 1977 5 WK EHZD . RN, XHEJLNZRKERZ) T IG5 HTRH, 1986 4. 1999 Al
JE P SEAR, HAGEIL 7 95% 2 E A (Fmg). Kk, S5A& a0 NMaFT L F/KE 11 88T
M ZE A4k, JATTEFRELL 1977 47,1987 4F A1 1999 A [E K &R 7 H VUM HA: 23 518 1961~1976 4F (P1),
1977~1986 4F (P2). 1987~1998 4F (P3) 11 1999~2018 4 (P4). P1 Pf/KMi#% 15.1%; P2 B&/K k> 16.4%,
RUUANET I B D IR B P3 BROKTRIREE 2, BURFERZE 20.2%, APIAE AR SRR B P4 BE/KE
D s BH /D 16.0% 0 1% HLFRATTIE 5 R 2= /K & 22 i — (5 AR vl 22 [ B AR ARER 2 W4T, A 1963
1964, 1973, 1988. 1995. 1996 Fil 2012 4F3k 7 4F, H R 2012 R4, HAR 6 FIYAAERF K E w2 1) P1 I
P3 N2 NAEAR; [RIEE, WP /KE IR — b dE Z M FE R D4, A 1965, 1971, 1980, 1986, 2000
2001. 2002. 2014 #112015 4F4L 9 4, HApk 1965 A1 1971 F4f, HiA 7 FEHI4E P2 F1 P4 AN DR AR,
9 MEJL D WERFH B T AFBEE NS LT 5, 1965, 1980, 2000 1 2001 4EAEbh X 3445 H i T
BHMRA (BEREREMT I, 1992, Z#FiME5%, 2014; HESS R, 2010, 2015). HiE 5 aJLUER], 7
ZHREMN, ILKHHX K BR T F ML 20%~100%, HrpfEEIbh R X mE —Eel b, [
I ZR G DX ANV E b X B AR D s 7E/DRAEAR, ARl R X WY 25 FR/K 28U T /> 30%~60%, 4t
JEERER /3 HL X f /D> 60% AL, i) KRS 7 M X AR AL AR S X B KA w22, 8L “RE b2 R
B 7K o3 A
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Fig.4 (a) Onset date (solid curve), ending date (dashed curve) and length (histogram; units: day), (b) precipitations (histogram), climatological
precipitation (dashed line) , 11-year running average (solid curve) and mean precipitation in the four periods (triangle) of rainy season in North China

during 1961-2018. units: mm
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4.2 KRG FRAAL

IR X 3 2 KRB B K AP AR 78 A2 BRI ZRTORIR, - IC 15 U B0 A K3 6 T+ 2R AR I K v
Bk DAL, FRATHEE T 1961~2018 FARIEM T KGR L S KB R . 458RKY], HILWZ
B KB 5 X P KT SR R E VDRI R AL AH AR, — I TaIA R R 80 0.82, it 99%% 4K
1 (B 6a). — 5 TR B R R (R K S BAT B X L 2 53— 5 T il B AR L IR BT /K
REERE TANRIRIN .

A b X DU AN 5 2 4R R KVRIRGSORE , A RKIES WL AR, dimsit. BEmE, #Hil
FORPEIA T A R IRORKTRIAN G, 705 KIS R 64.7%H1 35.3%, 5 DX A /KIS AR R
FH07r5179 0.81 A1 0.59, 3B RIIL A A KIS AL R ARG AR 2 /ER] (18 6b. ). %L
FERIACI TR ARSI, 23] o KV e g 1Y) 83.5% 1 16.5%, 55 [X 45k P K PRI IS S AR 5 4393 9-0.68 F1-0.4,
RUIPA T FKIRT AR DL S AL ARG R R i, FiR 2, e (B 6dy e). MK
WhEHRE, WAL RARRBCC RIS B2 Y, X 5 R > AR XN .

MERFRMURE, LTI S W KR R B IR B &R (] 6; R 1. Hrh,
FLFKIEANAE PL B B R, (HARIGES: P2 BrBukimAmgy, HJETE P3 HrBoukKim AN yg, (H
1999 4F LIRFF I 55 A DU 3 /s o B SR AR AR AR AL A 5 R I F KRR AR SR AL, {H 58 E 72 DY
AN IR S, 2R R R A M R K R T EKYBR AR, DI IR E KRR AR . AR IL S KT
RO 5 FERERO 91— SEARREAL . A ARG R A A FE, KBUNSE S
Ja g5, P1~P3 [ BUKI I S A fiam, P4 FrBaiihdess, HEFK RN EHETEERZ, 19612018 4
A 12 AR F dKIR R AR KON, Herh 11 SRR ZRRRK R T D AR, XM AR R 1 /D AR
HEFA T 5HARR R EDKFGE R AIE R A TR ? e T it ie.
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each boundary during the four different periods of rainy season in North China

P1(1961~1976)
164.7
11.21
41.81

P4(1999~2018)

120.2
3.51
23.43
11.37
-27.31

P3(1987~1998)

172.0

P2(1977~1986)
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4.3 ZRFENRS D FEARR KL 2

ZWEA DAL Z= KR 2 55 R ZKVUAR I R anfrr 2 A AR RUBE AVt I 2 73 A 22 S
K2 18 H X B 7K B PR 5

BAI R E 7RI ZFEZ W D WEREZR KR & SR LR . il 7a R,
PEZ MR, POy AU 2 m 1 /KT 2 30 0 X 32 e 6 s Fig 7K Vs, S = AR b A6 3
oK 1 B I B VG RV A R 7KV e D iR, 5 v 6 T R S R TS AV SR TR, BRVE KU KR
THEAX RS, (HHEXNEIERNZEE AR BN RER . 2SN (2007) BIHFFLHE H X PR 5 VR fniE 5 4
JE WA= BAEEAEN, AeH X KRR G 5 ok 5 it N 2= ok, Rk B2 . e/ R AR
(K 7b), FENLFARMA ARG EVGICAFRE EIRME A1 30 58 [E b AR 25 s U0 W KV E &,
O3 AL T B BRI 5 B 30 S 5 ot TR 350 s i ] ZR A bh [X R R~ B . H A B o e U KR &
HO AL T FRIE ZR AR ES, At X 3 EEZ R Im b /KR A, R B REE IR e i R e A T XU SR R KRN
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Fig.7 Distribution of the water-vapor fluxes vector anomaly (units: kg m™s™) , divergence (shadings; units: 10°kg m2s™) in rainy decades (a) and

rainless decades (b) during rainy season. Dark stipplings indicate values exceeding 95% confidence levels

8a. b Al NEILNELZWENR. DIERIE 110E~120F “FHI) 850 hPa KViEEZ H kA, A
[ ARV LI (8] AR AR 22 S B o FE 2 AR, 7KV BAHEA DX By R) L, sk 55 OBy ) e, 45 B
WE K, 7 3 BRI B KR E R E iR AE 30 kg m ts thPa tBALE, 7 AT AIRTE, KV HRSE AL
e AL UIEHE X ; 7R/ FAEAR, 7 F b A b X KR B 5 W 2, AFEEFE 10~30kg m ts thPat.
BRRE, 7 AhAE 8 Adfy 35N LUIL KR Hb X KV E & 2 AR B om T/ 4R (K 8c), Z{E
H LT 37~42N 2[5, 43 B BLE 7 A4y 7 A T A8 H by, b K2 #id 30 kgm™ s thPa ™,
HILTE 8 A BA). th4b, 7~8 AAEALHLIX 2 WAEACHE bbb I AEAR R 2 2t (/K VAR A o (B 8d), 4l
7E 8 H by, HedbH i K me E K 2 K IR SR ik o

DA AR, KRB E R RSS . BAEALRIR A RO N K22 ENEE R E R R, — RIS,
ZR AL R (D A CR) RIFKA RIS, FIENEIF GRS (D, KRES R (55 M
SEEKGMmEZ (D). XARESEIPH R &R T E FBREGZARAGNEAE X (TRES, 2019,
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Fig.8 Time-latitude section along 110°E~120°E averaged of 850hPa water-vapor fluxes (units: kg m™ s hPa™) in rainy decades (a), rainless decades

(b), the differences in water-vapor fluxes (c) and divergence(d), (units: 10~°kg m2 s hPa™) between rainy and rainless decades. The shadings indicate

values exceeding 90%, 95% or 99% confidence levels in c and d
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IS HeJE s DOKYTE s g s SR VDRSS . 1> AR IR, REKIRH 155, KIRAES
e MRS B VRSB, APTRE O AL TR, IR E v R B, HIEOKGREE
90 L e T BB EEXIAN e Z R AEA GRS 2 AEAERIA R, LT BUE Y, XMOKI A6 2 7 AT 2
PR B2 SRR
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Fig.9 Latitude-altitude section along 110°E~120°E averaged of water-vapor fluxes (units: kg m™ s™* hPa™) in rainy decades (a,b), rainless decades
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NT HREAC I ZE 2 AR I AEARAKRBCORIL I Z 5, B 10 45 T WIS 1L FOKRIRCE, 7T
PUE AR 2 ARSI D AEAR,  Aedbb X KA KA DLEE = A2 B K, KPR B KRB NTE R 1A
Z WA DWERIE 4 5, PHRAARIOKRBAN, MR, SRR E R R 2K Z
HECREY), HhREIOAKEmAEREEER, — 8BS EIe X RS, AL KRR EE K
R, RLFOKREH R TFIbA R EEFEENE, EOWER, Ll FRIKESITN, XX 5T
ZWNHER . AISCiR], 7R WAAERIRE D0 X 52 3 58w KB R, X535 E KRB R T RS
it X S i 7K B 1) A SORP R 2R bt X R R~ 5 B a0 1) A0 2 S o /K VRO B e SOV A TR, i B I R
7K IRC BAE /D R A B K 7K PRI B TAMEER . SEE— P AR, DNRSE T Z2WF
REUSWFER (K 2), MUAFRIKRERAN, FEEPERS, ST ENZDRIEER 2~4 5. Ml
FHZKIRIC AR I 2R B 2 2 ) KPR IR s PRI A ORI, R e & 2, TRER
N, RAPEAF KA EZRAEENREFERSGZE, 59X KRS EER R %Y, RURE R
KIKE I, KREMPEREHZEANK, SEB/N. LU ZE P2 WERMA R & E FRI
KRS, B BRE m & Z S B WER, b FUKRE mi RN, HoRZ HILTE 1979 )5,
X ] RS 2 B AR H 2= KA 1970 AR 2 oo FEAAR & /E RS s, AEdbHb X B AR M ERA 2, 3R
2R EB RN 7 p A2 T AR A H I/ D R (Ding et al., 2008
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Fig.10 The water-vapor budget at each boundary of North China for 1961~2018 climatology, rainy decades and rainless decades (units: 107 kg s™)

# 2 WALNEZ T ZIERND ERSDAAFZE XA R G 107kgs ™D
Table.2 The averaged water-vapor budget with different layers at each boundary in climatology (1961~2018), rainy and rainless decades Cunits: 10
kgs™®

ZHTY Z A SRR
K2 1z )z {197 HjZ w2 {97 1z 1=
& 22.09 6.71 2.37 39.85 1347 4.66 11.14 2.31 1.11
[ig 0.95 9.07 7.02 0.95 1476 11.32 -0.01 4.20 3.62
F3 -13.73  -13.06  -7.99 2145 -22.07 -13.18 -10.66  -7.92  -5.03
Ik 430 117 147 732 302 291 0.48 1.80 0.33
KIEWSZ  5.02 1.54 -0.07 12.03 3.14 -0.11 0.94 0.39 0.05

5 g

AXMKRERSIARAE, BEAPFTE 7RI R, P, 5. LA R KA % AL 2K
s, ARl X R ZRR IR NI, PRIRIRATI S — 25 5He 7 KRt # RSP ERifg iR . B
PEAEHIR S AN A5 A R m SIATLEE . [ 10 28 H 7 S b X PUAN L KR IR, 5 A & 25 1 2= 13 DL K% 850 hPa
RIAIM R RS B A . B2, W6, Ml KNS PG R TR B B SRR AT A B A, 5
PRI AR T PRHR DA AE B DG, o E R IX X 2R )2 RO S A iR, WM LR
PRI A R R o 310 B P b A ST A B R ARG 1) B 1 FH ] A2 3 R W AR R I Z R A
5L JRF 2 — (Zhang et al.,1996; Zhang, 2001), HEMfEIHAEIL R ZKIAANE. BT AU FFIbL R
KR, RIS S AR S PR IR . SR, PRSP R PRI
ik (R B, FEAEACFEERI#G R meR (35), TEZRICZ I A (55, FEEIbH X KRR £
(b, ERBEKRZ (D).

M A T A P =, FRATTEE IO BT S S AL B K R w i, B 11 ATUUE R, W
BEAE (W 12 ARXE2 A FEZFE, i, sl KRN S T 0PRSS X R R 71
FHIC, 15 7538 HR AR RSP R AE DG R 2P IF ) F5AR, IX R Bl Nifo £74H 5 La Nire A7 AH 4. LA
A FUFE R AR 2R AL ENSO ZE5 A8 (b i FE 3R B AR B /K S o 0 A R FE A W B 2 5, — REAC
Z= EI Nifo #5855 La Nifa i, R0 2 2K A RS b Bk R B b E R Ibm s —H5, MoKR W MZ; 1fi La Nifa
B El Nifo MBI AR (G2ifgEe, 2017). B2 (2017) S HE—B R BAEIL R 2B /K 70 i 22 3
R AAE EI Nifp 45 H 2445 La Nife IR0y, 10 BR /K 5 5 /D 238 1 R AR TE 7R H AR AP A 7K A AR
SER H R B B Nifo S IEED . BRATTE S 5 IR AR — 80 Uk mT L, %8 o R K T
KGR T AS, A PR TR RN BN B VR R AL e, T BE 2 R AR AL WY ZE B KK IR R I
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indicate values exceeding 95% confidence level. Wind vectors only show the correlation coefficients larger than 0.15
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