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Abstract In this study, the authors used the Brubaker model to investigate the relative contributions of local and remote

atmospheric moisture fluxes to the summer precipitation over the Songhua River basin and its interannual variability.
Climatologically, due to the prevailing westerly wind in early summer (May—June), remote atmospheric moisture is the
dominant contributor to early summer precipitation, accounting for 78.9%. Accordingly, the local evaporation
contribution is 21.1%. In late summer (July-August), the East Asian summer monsoon brings more moisture via the
southern boundary, so the contribution of remote moisture increases to 86%, and that of local evaporation is reduced to
14%. JRA-55 (Japanese 55-year atmospheric reanalysis) reanalysis data can well capture the interannual variation of
summer precipitation over the Songhua River basin, with the correlation coefficients of the observations in early and late
summer being 0.73 and 0.83 for the period 1961-2016, respectively. This shows that the moisture flux via the southern
boundary caused by the stronger southwest monsoon plays the dominant role in early summer, and the moisture fluxes via
the western and northern boundaries are significantly negatively correlated with early summer precipitation. The
contribution of local evaporation is not statistically significant. Moisture flux anomalies tend to occur in the early summer
with the decay of El Nifio. In late summer, a significantly positive contribution is made by moisture flux via the southern
boundary and a negative contribution by local evaporation. The effect of oceanic forcing on the late-summer precipitation
anomaly is not significant, and internal atmospheric variability dominates. The significant negative contribution of local
evaporation is due to the significant negative correlation between the surface temperature and precipitation. When
precipitation is lower than normal, the surface temperature becomes warmer than normal, so there is more evaporation and

a greater contribution from local evaporation to precipitation.

Keywords

1 5|8

FARCTLH A AL TR ZR AL IS, A T AR 2R X
X B AbEsiA L, s diva M RGEAE = R
LRI, B AR K R AR R R,
BT RERRREFEHR . B0, 1998 FHAHR
SR KA 2013 4F B ZE A A6 T 48R B8 e VL i 4k
PutEy. 2018 FFEH FERIWITHEBEKIMEZ, NAS
Fansk DRSS AL, 9 RE R AR B SRRV
FAAETL G 7 B . 2 75 BV LIRSS Al B K
AR, g5 RO AR PR R T BRI, R
THMWAESRER . BT ZMX R4 E E
R AR ah, PRI R K 1 2 o e HOR
EMEBERNEZ —. FUIEITREIZHLX R KA 20 5,
AR I AR B DR e 0, SIBURT T R 8K B
BEEE R, RN AR AEE Tl A HE
i B E

IRVRZRA A S0 DX B K ) R 7, B — 3
X PR A B K S5 T AR AR VR I8 T B R 3 7K B R 224 4
Fi T 28 R [P /KPR T BRI B 7K 2 A, B AR SR AKVRATZK
VR E{E¥ (Brubaker et al., 1993), Huik T %k
Hh X AP SRR P& T O KRR, KR
WL REIE . ARRIESE, AP RAKVEIE XA AETL
TBTE I ZR BB X I 2 2= P K I e L2 T4
JHIEM IR BB AT 5 2= 1 e XUR e X2

Songhua River basin, Precipitation, Evaporation, Water vapor transport, Interannual variation

HRACHL X A5 R K E KR, SR ZFERK R FRES
£ (Zhou and Yu, 2005). Rz 4, A
KU R IR R R AC B IX B K, e 5l S AR A R
JK BB K VE R IPE  (Simmonds et al., 1999; Guo et
al., 2018); Sun et al. (2010) Z54r#r#g AR b
X R 55 B4 7K PRI K PR R R R T XU R G de ik, Tk
0 L PR K R 7K YRR IR B R S 2R B i 1) . T
FH%E (2006) FF NCEP F0Hr B4 7 4k
Hh X B 2= K S AR KV IR, FRH T R
IKVREE B AR X IR . BREkEESE (2015)
FFN 15 (20100 E40HT AR AL 74 58 B 2 H KV S
IERHERHE AR IR IR BN W2, H AR AT
VI, SR i X O R AR R KR &
KAEE (2014) FE43HT 2013 4B i 4 B Z it 5
St AT T 2 0L P T PR 7K VR 3 5 0 A A B B R g 2
ARAGHIX B R KBR T — 8 DAL, XIS ARAE
MR, T AAET LI R 22 B8 K AR G RRAE
FRH,  H N FE R IAA RT3 R ZE bk E 2
RACA IR, R 52 2R 0 2 28 M ARiA 405 3 5
M (Hh 155, 2003; il £ %5, 2006) . {HH T 765
A4, WIMRAEZMRIA KA )T
Gy A, R SR S A R 1R
Mt BE O BB (U L%, 2008), FF H KA R
i F E SRR RE (AN, 2000, MR
FAEBRAR R, OB T i o



3 KA AR R AN A B K 0 AP R 2= K ) Dk
No. 3 LI Yongsheng et al. Contributions of Local and Remote Water Vapor Transport to Precipitation ... 613

DAAE B 93 35 BEOGTE AR K PR ik 0] ZR AL R X
CELFERM VLI FEKIISm, X KV B IR
X RROK TR CRIZ& R BIKIR BTk ORI ST AR X
Bb . Ik, ASCHSE R HL 2 R AN A K VR Sz Xt
AT IS ZE K DTk, NSRS AR PRAR 2
PN TTTH, WS FRKECRIER oIk, s
(2 Wt 43 BT SR AR AR . I B AL o 5 EE BI51 ZR
Jb 3 X B 2= B /K 1 50 2R SE A8 ) AU A 1 2 X
A CHREESE, 2003; JLAITTEE, 2011), (Rl B o
VLR E ZE KR ik o NP1 E (5~6 H-F
%) FUEE (7~8 H ).

ASCH R R BB A AAR ST
CORIRI77, 38 =R R Hh 28 R R A K PR Bk
X RAACTLIRUIRE 2 SRS PR DTk, 28 DY 152K A
ZHL X B K AE R AR 2 B M B, A 4R R 28 R FT A
IR AR PO ARCE TR, IR (0 A B L ) In A
i, FAWHHEARE ST
2 ARG ENS
2.1 ERNA

ASCHT WL FK BkbR A EAR SRR E RS
G5 B IR AR 1961~2016 4E3% H P34 K %
KL (CN05.1), 7KF23 [0 73 HE 2% N 0.5°X0.5° (=
FERE A, 2013) 0 N 1 UH AR Hi 28 KR AR K
RAIEX KM oTmk, ASCEH THASRRT
(JMA) ] JRA-55 Fior#r ikl (Ebitaetal, 2011),
BN 1961~2016 4, ZKF3#8208 1.25°X1.25°%
FIT F AR 56045 7540 A TRt 10 22 BLAR 93 (1) 7K 936
%L KNI R AR K.

22 FENE

2~ W F] Fi Brubaker et al. ( 1993) #% H H)
Brubaker — G AR i B AL IR SR K R s Y
7&K KPR BRI DTk, 1A ) B A2 K
SRR P, SR (Brubaker et al., 1993;
Guoetal., 2018) #1F:

e A KR T FE AT Rom A
gg___(aFu OF,

- o)\ ig-p 1
at ax oy )+ : (v

R, ONTEEB KRS E (AT, F,
HF, 73 53 9 T BAR 7 B 46 17 A48 [ KRBk, E
AP o3 AR R F R AN K &

R R (A L ERED K, KRk
I 1E) AR AR /DN, T BLRS AT, RIAEE (1) &

My 0, 153

0F, OF,
—|=E-P 2
(8x+6y) 2

X BT DI (A SRR AE T, H bk
TSR KRR 2 iR, RIS RIKIR SIS T
IR & & (Qy) FR IR T 2% A UK KR
B (Q), BBANERH A B AN 7T X3 28K
TR AKITAEA X BT RS, —H K
ML= AR, A

Pa_Qa

=0 (3)
%

Pe _ Qe

7 0 (4

Horbr, Pe B Py 73 50l 978 R AAI i 1 KT Ak
IR E
AN K IR I T AR T T R N
OF  GF®
o + o =-P,, (5
Horpr, FARIF253 AR 2 BLAR 43 11 B A8 4 A (1)
23 1) M2 ) 7KV
BRI FC R R, Py E R P, 7ERFTE X 35 P4 £
FEAAR, XITIIH E. Py Py 1 P, 7EF 8 X 35k Y
B R R — 2 A3
V-Flp=Fou—Fin=(E—-P)A, 6

V-Falp = Fy — Fin = —P,A, 7

Hrb, AR FRXIEIR, V-FIa 5V Fla2 5l 3%
7~ B X KR G HOR AR % 2 H bR X 7K
RIVAREHERL  FouMF2, 20 AIARER B B FR X H
SZKVRAIT B BRI E AN RE KR . Fi AR
FAM S B AR 1)K
AR (6) A (7) "lE—BARN
F=(Fou+Fin)/2=Fin+(E—-P)A, (8)
Foy=(F2+Fin) /2= Fin— P,A/2. D)
BCBAE P 78 AR DI, AN N ) 7K
RS R 2 R B 7R BB B0 281 Ui 4 1t AR
th, 5250 (5 —#, fEAMBAKR IR KAIE
5 5P KK E R KR S 3 S BREK
Ll —%, B P/P=F,JF, KA (8. (9
W Po/P=F,/F, RIAI13 3] 528 &= A i B K &=
HaKERWE, BRKEEARE ()



xR M

614 Chinese Journal of Atmospheric Sciences

44 4
Vol. 44

r=EA/(EA+2F;,), 10
BE— B B SOKIE K& (P MAMIRK
FAMIE T R KR (Py):

P. = Pr, (11D

P,=P-P.. (12
E BT T DXL R AR KIS B (Foow) A
BRARIIKIRE R (Fo ou) HHEARUITF:

Faﬁout:Fi =Py, (13)

FeioutzE_Pe- (14>

M Guo et al. (2018) Ik, ARWitE—5
SHTT IR P FEL JRPUANTT R EE A RATE VLIS
K SETTER, 0 MACHE Feu Fys Fon Foo %
JE B B K PG 2R 2 1) TH LS B i BT AR O /N O
IR AR P, . JRPOAN AR KRS,
A SR ACTLRIR A PUAN T 10 @ T 4 2 A&
B4 E, HEHL (40°~55°N, 118°~135°E) fA#E
ik (A 1a).

3 BiERAMIMBKREBENEER
& 75 - 1 P& 7K B BT Ak
B 1b 25 H 00 B K R P4 BT B R R K . 26
K BEEFR KGR B BTG A . I
RAATETL I P K 2L E 1 H 0 TR 428 8 m &
7 Hik B RS (40 mmd "), 2 5B ks 5
HFE . JRA-55 570 #T RF A8 B BZ M0 X %7K 1 _F

I I I I I
(a) Target area

50°N -
4
7 % 7
40°N 2. )

30°N | a =

20°N —”'\ ,/’\LA scanll 0’*, V!
164 5
| | e, I3 i

T 1 T
110°E

60°N

Precipitation intensity/mm d !

Evaporation intensity/mm d’

I
90°E 130°E

WERE, 78Kk CGEZ) S35 I — 3 0 )G
fE. XTELZERFIREIK, FTCURILIZIX 2, Rl
& 6~9 H, BKHEKRTER, HRINKEES
(&),

K2 WL EEK (CN05.1) Al JRA-55 F 73 #r
VR AKEYIE (MDD FEEE (JA) HIKFo A
F PR T R R R 2R KR ik IR, W
HORATETL I3k B /K 2 00 7 e 1 G T 3o i 14D 40 A
HARBAKEN3I~dmmd', HABFEKERN 1~
2mmd’ ([ 2a), EEEEY K200, W
h FAPEYL IR 2K iA 3~8 mmd !, B2 HIE
. JRA-55 F-43 b FE Rk AE G 3 7 B I B4 7K 1)
OYARERAE K 2, W R AN % K 5 W AE FAETT
AL 1) 7 [ AH 9% R H053 il a2 0.90 FT 0.88. JRA-55
F o A GOk A B KB = T (B 2e0 A, HIE
B K 5 0 2 8] 38 O AR AR 22 4 B A
133 mmd ' Al 1.29 mmd ' AN 2= Bk
o)A, ZHLIX KRR TS RO E T E R
WIE (B 20), FATETTIIE 3 22 v KAz i, K
PRI T R AR IR, KRR
Ml 7, [EE AT LA 25k H G R 2R XKV E il
HENFATETTIRIR, I P ARG . CRTAR
PEREI D) AT 229N, RRENMTEIT H IR 4L 2
SRR A PHILACTRELIX KR . B TS (B 2d),
P8 A e P A I AT [ 22°N 72 47 6 4R 5 30°N,
R EZREEZRACHX, gl v 76 00 f 7 3 X T LA
WK B P AC R P B 7K VRN R 12 A ik B RA AEY T

5.0 | | | | | |

1(b) Annual cycle

4.0
3.0
2.0

1.0

0.0 F—F—7— /| T T T T T || :
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

B () PAEVLiIR X Eya [ (40°~55°N, 120°~135°E), ZLEGHEHIX) 1. (b) 1961~2016 HFa fEIT I X 35 35 ULl B /K &=
(Popsy LLE2) JRA-55 T HT BRI K B (Prracss, B2 R E (E, W) MEH S FIKIRES (Ocov 2620 BIFENGIHR . BAL:

mmd . MIFEA CNOS.1 R, TR

Fig. 1 (a) Area of the Songhua River basin (40°-55°N, 120°-135°E, red box). (b) The climatological annual cycle of precipitation from observations

(Pobs, Ted line), and precipitation (Pjra-ss, black line), evaporation (E, blue line), vertically integrated water vapor convergence (Qcov, green line)

averaged over the Songhua River basin (40°-50°N, 120°-130°E) from JRA-55 (Japanese 55-year atmospheric reanalysis) reanalysis data during the

period 1961-2016. Units: mm d". Observations are derived from CNO5.1 data (a new gridded daily dataset), the same below
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Fig. 2 Climatological distribution of (a, b) precipitation (shadings, units: mm dil) from CNOS5.1 data and (¢, d) precipitation (shadings, units: mm dfl)

and vertically integrated water vapor transport (vectors, units: kg m s ') from JRA-55 reanalysis data in early summer (May—June, left column) and late

summer (July—August, right column) during the period 1961-2016. The black box regions denote the Songhua River basin
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Fig. 3 Climatological contribution of each hydro cycle component to total precipitation averaged over the Songhua River basin from JRA-55
reanalysis data in (a) early summer and (b) late summer over the period 1961-2016. P, r, and P, represent the ratios of the local precipitation,
precipitation induced by local evaporation and remote water transport to the total precipitation, respectively. Fe our and Fa ou represent the ratios of the
water vapor transported from the Songhua River basin and remote water transport to the total precipitation, respectively. Fj, indicates the ratio of the
total remote water entering the Songhua River basin to the total precipitation. Fy, Fe, Fs, and F,, indicate the ratios of water vapor entering the western,
eastern, southern, and northern boundaries of the Songhua River basin to the total precipitation, respectively. Rynofr represents the ratio of runoff (the

differences between precipitation and evaporation) to the total precipitation
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Fig. 5 Total precipitation anomalies (black lines, P), precipitation anomalies caused by local evaporation (red lines, Pe) and remote water vapor

transport (blue lines, P,) (left y-axis, units: mm d ') relative to precipitation averaged over 1961-2016, and precipitation recycling ratio (right y-axis,

green lines) averaged over Songhua River basin based on the JRA-55 reanalysis data in (a) early summer and (b) late summer during the period

1961-2016
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Fig. 6 The contributions (left y-axis) of water vapor from different boundaries to the total precipitation averaged over 1961-2016 and precipitation
anomalies (right y-axis, black line, units: mm d™") relative to precipitation averaged over 1961-2016 averaged over the Songhua River basin based on
JRA-55 reanalysis data during the period 1961-2016. The blue, purple, red, and green lines indicate the contributions of water vapor transports from

the western, eastern, southern, and northern boundaries, respectively
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Songhua River basin from JRA-55 reanalysis data, and the regression coefficients of vertically integrated water vapor transport (vectors, kg m' sfl)

from observations to the area-averaged precipitation anomalies over the Songhua River basin from JRA-55 reanalysis data for the period 1961-2016:

(a) Early summer; (b) late summer. Vectors statistically significant at the 10% significance level are shown, the hatched areas denote the correlation

coefficients statistically significant at the 10% significance level, the red box regions denote the Songhua River basin
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Fig. 8 Regression coefficients of circulations from JRA-55 reanalysis data to standardized precipitation averaged over the Songhua River basin based
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sea surface temperature (shadings, units: °C). The vectors statistically significant at the 10% significance level are shown, the hatched areas denote the

shadings statistically significant at the 10% significance level
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temperature, (b) evaporation from JRA-55 reanalysis data in early summer for the period 1961-2016. (c, d) As in (a, b), but for late summer
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