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Abstract: This study investigates the interdecadal variations of winter precipitation and associated
physical mechanisms over the Three River Source (TRS) region based on gridded CNO05.1 and
NCEP/NCAR reanalysis datasets for the period of 1961/1962~2017/2018. Results indicate that the
winter precipitation over the TRS region experienced an intensification in the late 1980s. The
decadal changes are modulated by the anomalous low over the Ural Mountains and the anomalous
high extending from Lake Baikal to Northeast China, which may be associated with the ocean—
atmosphere interaction over the North Atlantic. Specifically, after the late 1980s, the warm SST
anomalies over the mid-high latitudes of North Atlantic can contribute to the abnormal ascending
motions, strengthening the convection over that region and triggering the eastward wave train,
causing the anomalous low over the Ural Mountains and the anomalous high extending from Lake
Baikal to Northeast China. On the one hand, the coincidence of anomalous low and high induced
the enhancement and southward shift of the polar front jet, causing the upper-level divergence and
development of convection over the TRS region. On the other hand, the anomalous easterly wind
over the TRS caused by the anomalous high extending from Lake Baikal to Northeast China,
influenced the decadal intensification of winter precipitation over the TRS via inducing the
abnormal convergence of water vapor flux. In addition, the positive SST anomalies in the Indian
Ocean may also have influence on the interdecadal variations of winter precipitation over the TRS

region by affecting the south branch trough.

Key words: Three River Source, Winter precipitation, interdecadal variation, Atmospheric

teleconnection, SST anomaly
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VAL LR, DAAERARE N F BRHE A A 5 S T At S 2 6 (Wu et
al., 2007). T JLH4EH S RSB 24508 (Song et al., 2014; Chen et al., 2013), HEF
PIRETHE 7 1.8°C (Wangetal., 2008), £ 10 4F 0.3~0.4 °CHI TR 2 J LT /2 [F ] 4 5k F
B ETHEE SN 2 5 (Zhuetal., 2013), BEAAN R ABRAUE B M U 3 F1ORHS (Yang
et al., 2006; XIBEIREE, 2019), — B ZFNENHMEE R, HEIIAE, WE#EREA S
SARARFR R T AR IR (Liu and Yin, 2000).

SVLYEHLIX CBATR AR = VLV5D & 75 8 e i I S L i 4y, M kb 7 8 o JR I,
KL, BT VRV A AR, 2 o R /K BE R IR ARG X . = VLR o [ 8 A
ABERE, FEKTVEORY . AR RS 2% IR EE AT ERIIER (Liu et al,
2008; Jiang and Zhang, 2016; Guo et al., 2018), NIHATHMESRARY, 2021 FFIER KT
SYLIRE K AT

SYLURRE K EZRALERI (5~9 HD W, WURRKEL SERKER 90%, .
B, K KEFNBKED L ERKE 16%, 60%, 22%, 2% (ZHR%, 20060, H 20
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Had 60 ALK, =VTIRFER/KEZIEINMESA (Liang et al., 2013; Yi et al.,2013; Shi et al.,
2016), ANEZETHIEKERE AR PERELAEZ BN (Cuo et al., 2013; Sun and Wang,
2018, 2019; XIBRIREE, 2019). WMHHELY], (e LmJUHER, =ITHE . KEREKE
RO IR, M4 FBERKE RIE S 2 S (R, 2006, 235,
2012),

IR AR R IR 0] Bk AR 5 45 26 B LX) (Wang etal., 2017; Dong et al., 2020).
SVLVRARZE B /K R A bR AR A 52 1 AR 1] 6 7 T R 7K P8 S o AR TR 12K s S
HHEZFRIE KM B2 FEI RSN 3 FESEVIRS, #— P oth RWEFE/REE—/M
Ji¥7) (ENSO) B mT DLid ik 1478 el B ) b danik ik N =L IR K IR AR BR A8 Ak, 3 — 2052
ZHLIX FZE[% K (Sun and Wang, 2018). 52 P8 A~ il #4018 1) 14 10 2 T 7 1) Bk (1)
IKIR 5 oK A AL 5 1 BR O K B R /KPR =98 2 2R KB B SO E B2 (Sun and
Wang, 2014). =YL E Z=EKERRAA 5 R R FHES) (NAOD Sl R KR 7%
KA H AR (Sun and Wang, 2018). fERE & JLH4EMR], =IVTIHE =K IFEPRELL
5 NAO. FIEVE#FR. ENSO. RIEZFERESE RSN K R HKE% Y] (Sun and Wang,
20190 FEAZEMAFE 6y, =ILIEH BEKEERRARA 73 5 2 A6 R PEFER . ity th R P
PEHFIR AT NAO (52 (Wang et al., 2021). BEAh,  FHATBRIHIR 51 A5 28 R 1 Hh 2% 1
g, UM PRI SR S IEIR, 51 SV TIR A FE K E AR R (ZEARAE, 2006).

BAR ZITIRAF R KRR HAE T MO E (WS, 200600, (HiZX A FRES 7R
AR R BESAEMK A & EE0 (Mao, 2010; Liu et al., 2014), #] DL
AR B HE T FE R VR, AT DAE Dy % o X R 4% AT S A, RS I A X1 K BT R
(Réisdnen, 2008; Deng et al., 2017), M4k, ZZE[EKM 2 /00T DLE B S 20 G5
SEORFIZEES, 2013; 5KFFMASE, 2015). = VLIEAL T 9 R AR T AR 3 e KX 3 (B HRIE 4R,
2011; BIZEARMIGERS, 2014; FWHESE, 2015; BRZ2 48, 2017), i XIAR S AT AU 3 31K
AIIEARD, X AR E X520 (Qian et al., 2003; Zhang et al., 2004; Xiao and Duan,
2016) V] FihX &K (Siand Ding, 2013; Wang et al., 2017). [KH, X =LA ZRK
AR PRI TR AT R

EJLHE, H R A BRI T W 2 ERBR B RRE (FENISE, 2003; 24k
&, 20060, H4 =TLIRAZERE K FEARPRBUCRHEREFER 2 5 A KB H] 2 EFE
2 PRIk, AR SCHUIE 5T = TLU8 AZR BE K I AR AR PR AR RFAE AR B, DU B 5
TR = VL5 K A A X S AR IR RS2, BUR I DG TR R B, A 22 A
B35 ¢ ok ¢ 55 73 THI R R SRR 248

RILENZHW T BN ESCR TSRS g B0 T SILIEA R K
AAEARBRASAAFAE s 26 DU AR = VLR A& Z= B K AR ARPR AR AR AR, X LA b AS [ B B K
REEFRRZE S, JHRIFRMEIER: BT ARSI 51t .

2 FR ST



97 ARSCHT SRR . CNOS.T BEK R (REERE A, 2013), KP4 HEN
98  0.25°x0.25°; 3£ K BT PR 0 AT ZKOR AOWE 9T 0 (National Centers for
99  Environmental Prediction/National Center for Atmospheric Research; NCEP/NCAR) ¥]F 4 #1441
100  HEEEFFHE A TR (Smith et al., 2007), FEIEE 1 1000~10 hPa 3t 17 AR ZE 4L
101 BEE. 4R, Sr. EEEEME, KPa#RN 2.5°%2.5°; ERSST VS5 R
102 JRJE¥FE (Huangetal., 2017), 7K FHE%R AN 2.0°0%2.0%,

103 ASCHEFIS BOA 1961/1962~2017/2018 4,  H4F 12 H B4 2 A &2, iEd RS
104 KH 1961~2017 ERAZFIME AR DA =TLIRIXBEE R 31.5°N~36.5°N,
105  89.5°E~102.5°E (& 1. FrHJIEFEG G CCh &t —n Ber s
106 Hi—WF B AEIES . ERES & o A g SR B g Y R 145 5%: (Huang et al., 2013),
107 TERCIGIEDE S HTES R B THE T A OA B, SRS AR T A R B AT S
108 fude, tFHEAXW N (Zhangetal., 2021):

109 N"=N@-rr,)/@+rr) (1)

110 A (D N YIS TR FEFIRIREAS S, 1 A r, 9PN 18] B A e — A I 18] 7

111 B EAHERREL.
112 CHFI A Takaya F1 Nakamura £ H 1 = 4E3 7 B 2 5518 Rossby W AL FERFE, T+
113 HAXUWT (Takaya and Nakamura, 2001):

u () |, v [avew o
alcos’g|| o | ¥ a7 |Talcosg| 04 og 7 oy
’ ’ 2t ' < 2 1 2
W Peosé N Ui 20 A U728 728 B IO @
2|U| a’cosg| 04 O¢ 0A0¢ | a’|| 0¢ o’
o] U joviow’ v Vidyow o
N2 |acosg| 01 oz © oicr| a| o oz | ogon
114 AR (2) hp ARURRREL 1000 hPa: FEAJ U= (U,V,00 TR UMV R

115 RAFRGE RS BG S E; @ RRGE: 1 RREHE: A FRMBRI T
116w FoREREEG z=-HInp £XT Inp MTEE LR, HFERbrE; NN Brunt-Vasaadsi
117 3 CyXmPBaf U T mfER: M S5Eshsh & A0, AR AR H BN, A3
118 FESHTHER LY, Fk Cy M AT LLZEEA T

119 A IRAR IR 25 3 BUT ARG FEAL 55 3 BE R BEAR AR T, T 91 e B AR 1 AE PR (55 (Huang
120 and Li, 2015; Zhang et al., 2021), JHFRAEBRAZIR TN, AN RN E YT
121 ZimFIRZEE) BT 0.
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Fig. 1 Topography of the Three River Source (TRS) region (colored shading, unit: m) and climatology of winter 500 hPa winds for

1961~2017 (vectors, unit: m s'). The red rectangle denotes the domain of the TRS region

3 ZITREFRKIERFRERFE

1961~2017 F=yTIHAZFHBFKEN 113 mm, EHK@EHA, HPKERR 0.6
mm/10 a, T 99%[ EAE AT . B = TIIRAZERE K BE PSR P51 (K] 2a) T, =JL
VA ZEREKAE 20 tH20 60 FEARE 21 4D 00 FAHIALLERFRR Z RN A E, Hr 20t
60 EARE] 80 A HALL BT E, 20 2D 80 FEACAKIAZRE 21 4D 00 AEACHHILLIERE T
NE; HEN 21 AL 00 ARG, =TLIRAZERE KB RHER I bRk s 8t . 1E
21 et 00 AEARAIAZE 10 KM, =VTIRKFRRAKE VI RFEIN 7 438 3 F37E
TLIIE RS, IF Hikahim s (B 2a), Xt — 0 i B =TTIR & 2= [ K
AUFFIEAE 21 AT 00 FEAARIALLS RFEPREEN A . F N KA SO I = TIIR AR KA
FRERAZACRFAE B 35 1 1961~2006 FAE RS AT 70 M. IE3) ¢« KSR L 5 41

(E 2b) AN, t{ETE 1987 ek, it 5% B SR, XRW =ITIHRLEMHFKE
1987 4R 5 ST, =ILIE 1961~1986 ¥ 14 ZEfE/KE N 9.8 mm, 1987~2006 4~
B4 ZKES 12.8 mm. B ERSHIAIHL 7E 1961~2006 4 =VLIRA KK ET 1K
/b 22 KRR, Hidt 1961~ 1986 45 /KA b, 1987~2006 4 7K A i 2
W AEAR PR AR 75 8 SR A ZE B K AR ARPR AR B AR — 3 (FENISE, 2003; M5, 2006),
FEACL IR AR AR A £ 2 B = VY5 A4 22 B /K AR A0 7T e e 5 7 e iR UM AR AL PR — 4

T RN VLR A ZERE K AR A BN, K 1961~2006 4F = TTJ§ 4 2= %
K53 1961~1986 “EREKMm/DH (P1) Al 1987~2006 “EFE/KMmZ W] (P2) AN BLE T
.
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Fig. 2 (a) Time series of anomalies of winter precipitation over the TRS region for the period of 1961~2017 (unit: mm; the blue solid line

denotes the 7-year running averages of the time series) and (b) its moving #-test results (green lines denote the 95% confidence level)

IR PR EN PR R KA

4.1 R R SIRFHIE
T T R 2 S A K AR AL ) SS B &K (Tao et al., 2017; Dong et al., 2019), AHF7E=IT
AR KRB R, B 5es T 7 IR B EETE P1 I B P2 I BRI 2 5+ .

Kl 3a &R T Pl BB P2 BB 500 hPa T ELHE (LIS 3a i) 1300 hPa 4R EUR
2R LB 3adhR®E). WE 3a i, =ILHERGEHXIEERDUN 53 AR H, XRH =T
JE bR FFHESNTE P2 B P1 OB, X 51X s R RO 0%, SIS
7 S AT LAd T BT 1) B AR SR T X T HEE R R, AR E S
W A2 KRG 4% 300 hPa ZR AR B SOl RS AL E AL T 60°N Bt (LI 3b i
s, il Pl B5 P2 I B 300 hPa 4ifa] XUE)Z= 5 (& 3b) AT, 7EBRIE Kl 40°N~
55°N X3 b4 m R REFMIERH, XERYS PLNEAALL, £ P2 I BURE 2umt i B ik
PRI = VLYE, JF HSREE . CA IR BAE 2 0 R SR D N H X B s s
ﬁﬁﬁﬁmﬁﬂ%ﬁi,ﬂ%&%%%%#%%%ﬁﬁ(T~mzmw,m%ﬁ%,zﬂ
Y S H AR RO e AR SR R RN SRAT K. Bk A AT R, A I R K AR TR T
Y =R R SRR, @ R R T R S s, N =ILIRTE P2 BRI 2 4R
BT H RIS %A
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Fig. 3 Average differences in winter (a) 500 hPa vertical velocity (unit: 10~ Pa s'; negative values represent upward motion and vice
versa), divergent components (vector, units: m s') and (b) 300 hPa zonal wind (units: m s') between the periods of P2 and P1. The blue
solid line represents the climatological polar front jet axis during 1961~2006, stippling denote the 90% confidence level, and the black

rectangle denotes the domain of the TRS region

M EHIZ 3R T 5 K RERR I EARR R R B YA, Kk, 2477 500 hPa X% HI
500 hPa $hzN A7 = BEAE P1 I BLS P2 W B Z2H 040 (18] 4a, b). a1l 4a iR, Shi/Kil
b e AR A ], DUIR M — o B ARG ES b 52 S R AU AR ] . 32
WIRMAIR, M SCE P2 I B R ALA E . thIE] 4b AT %N, 500 hPa #1847 5
SRRy P ARG 2 DU R — h E RIS R “HUERIE” 1 RE IR
i o By A S 71 VA R R T2 e iR ol ot LR v N T s P o 3 e SR 71 VA
TR 2SR DU /R — b B AR AR B as . B BT Ar A, Sd R B A R AR R S I
IR — B ARG 2 e e R AT e Sl i R SR e R R I E R G . AR
(M, 2019; XUFEMESE, 2021) KB, TEAFEH S R AKVRHNRESES, KR EERELEN
TZMEE, FIIERC 600hPa /KB EHUERAT 4. B 4c AIAN, =VLIECHR X &2 6
S, ULEE P2 BPBUR P1OBBLVLUKIEESE S, XA Re S VLI B B AR KA K
(B 4a). XE=JTPHEZmMIEREEH] LB 1 K8, 5 0UIN/RM — dh B R L8 5 4w e A
SRR AR AT DA VIR AR KR S R ES, S8 KRR R RS, A5
T P2 B BB AR IR A

DA EZEIRRI, 78 20 tH4] 80 AR — XA LT, THE FTHEa R SKRE
ARG FE P2 W B P1 R BB KR 2 1 R R, 55 b 5 AR R DU JR
W — P E AR 2 e R 2k
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Fig. 4 Average differences in winter (a) 500 hPa wind (C indicates the cyclonic anomaly, A indicates the anticyclonic anomaly; unit: m s°
1), (b) 500 hPa eddy geopotential height (units: gpm) and (c) 600 hPa vapor flux divergence (units: 105 kg m? ') between the periods of
P2 and P1. Grey shadings and Stippling denote the 90% confidence level and the black rectangle denotes the domain of the TRS region

4.2 e RAFERAIFMN

TR VLR AR R K ET T Ja RN ZE R B BT AT R, =TI A2 KRR AR
5 i AL R PG P 2 DUB R — rh R AL S A 5. B 5b o 15 7 B
REGBAEHEE, R rTEl, 24 B SBIRAL T s 2 bR EVE, i — SRR AR I AR f%
#, 51 7 SR B R EARE S VIR — P E AR AR m s . R R 2
S KSR W I E R R, AT 1 S TLIR & =K A ml fE iR i 2 5 (B 5a).
HE 5a I51, s b KVEFEER 2 B W IER T, X RYIZ XIS ERAE P2 I B P1 I
BUWg . 7 B AT LLE I iR _EoHEs, SUERE I LA RSSO
H i A AL R G AR S A 2 DU 2R — rh R B A R R AR SRS . LA E R, s
AEIR P 22 DUAN /R 9 — v [ ARG FR 6 53 5 e 51 PT RE -5 v i AL K PG Ve R R A I A %
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Fig. 5 Average differences in winter (a) SST (unit: °C), (b) 300 hPa eddy geopotential height (units: gpm ) and the corresponding wave
activity flux (vector, unit: m? s) between the periods of P2 and P1, (c) the 7-year running averages of the standardized time series of TRS
precipitation (Pre; blue) and North Atlantic SST index (NASST; 25°N~40°N, 60°W~30°W; red) in winter during 1961~2006.
Stippling and purple contour lines denote the 90% confidence level, the black rectangle denotes the domain of the TRS region and the
yellow rectangle denotes where the SST anomalies are used for the calculation of NASST
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1961~2006 4[] = 25 I K PE PRI IR 4 ) 7 5 = ITIR A& Z= B KA AL I AR AR BR A8 4k (
5¢), MHRRHECH 0.69, 1T 90%M BAE FEA L, HAHMEN: 20 tHA 60 A 80 A7
R, 90 FFEARE 2006 TN IESFHE . Bl 6 fox 1 500 hPa $iahf %= E . 500 hPa K. 500 hPa
e ELH FE AN 300 hPa 2 ] A A& ZEA6 K P8 FEEHR R 40 7 R0 30 T3 0 18] 7 51 iR AR AR B B0 U
500 hPa $t {57 3 i P 5 4 78 s 26 ALK P 3 2 DUZR 8 — rh B R AL B R BUA “HiE
E” oA (B 6a), ShRil B N DUI/RE — i E AR J6E B2
eI (B 6b), 300 hPa Zifa] XIE 40°N~55°N X IR 2 8% E5H (B 6c), —iL
B ETREREEE LAEE (B ed), JFHZREARREN (B 6b), R HFHES
4.1 FEHTHIR AR R AR — 8, X — PR s A ALK P i IR B AE = VLR
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Fig. 6 Regression of the interdecadal component of (a) 500 hPa eddy geopotential height (units: gpm), (b) 500 hPa wind (C indicates the
cyclonic anomaly, A indicates the anticyclonic anomaly; unit: m s'), (c) 300 hPa zonal wind (units: m s!), (d) 500 hPa vertical velocity
(unit: 10~ Pa 57!, negative values represent upward motion and vice versa) onto the interdecadal component of the North Atlantic SST
index for the winter during the period of 1961~2006. Grey shadings and Stippling denote the 90% confidence level and the black
rectangle denotes the domain of the TRS region

4.3 ENE RS

A SCIEAE R ek = )i A ZE K B B2 R (RIS T —iC, 2009), w] LLid g ¥
ERRFE A i R X A ZE B K AR ORI =5, 2002; MRETRSE, 2014), B4 =ITIR4ZER
IKIAEARPR A 2 5 5 S 55 ? AR — [, AR 700 hPa AH X 2 1R X 485
1 (15°N~25°N, 80°E~100°E) fE N SCHlisR 4540 (Wang et al., 2011), 737 1961~
2006 £F4-ZR R SRS EE AR AL, W Te Fiw, &ZRmE SO AR PR AR b 5 =1L
TR TR IR PR B R — 8. B 7a w50, 700 hPa 304734 & FE 28 7 AE
dNPLE B RN AR, X RYA TR SRR P2 I BUL P1 N By, JFHZ
) KPR S B AE 850 hpa LA FoyHIE a1 bfiik (K& 7b), XEWRE S PLINBHEL R
FE SRS R KV UAAE P2 IN Bl 2, AR T =10 A& Z= 8 KAE P2 I Bk A .

HH & Sa AJ A1, BPREVEIER 2R E IR, XREDEE IR P2 I B P1 I B
B%. Lu and Ren (2016) @il 70 B0 R MG IR B SO RE IO RE A TR Y, H 1950 SFARLSK, Ep
JEE VR 2 P SCREAE AR PR RUBE B3 s iy — > B 3R, 7] DU I SR8 Bom Pk F AL 15
PR R, SR PR E, TN S XSO et 1 2 W DL, 80 SR I
HHICHEDT, 1961~2006 4425 SOl FE (1 AR AR PR AR mT e 5 B B2 VERIR ISR OC,  ERFE
VIR PT REIEE I S M B SO o A ) = VLR A R K I AR A
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Fig. 7 Average differences in winter (a) 700 hPa eddy geopotential height (units: gpm) and pressure—latitude cross section of the
meridional water vapor transport (unit: 10 kg m™' s™) between the periods of P2 and P1, (c) the 7-year running averages of the
standardized time series of TRS precipitation (Pre; blue) and strength index of south branch trough (SBT; 15°N~25°N, 80°E~100°E;
red) in winter during 1961~2006. Stippling denotes the 90% confidence level, the blue rectangle denotes the domain of the TRS region
and the red rectangle denotes the range of southern branch trough

DAERT SR M =TI A TR R R PR A 5 i AT IR AT 9% (Wang et al., 2021), {H
5 =R A Z K EAPRR A R AT EER % (B 5a) RERHEERES,
PR T TR RN =TI A Z K SEAR PR AR A2 P RERR S

5 GERFITIe

A SCHIH CNO5.1 #% S /K %k 5 NCEP/NCAR B Mk, BT 1961~2017 4]
] =V LYRAZE PR B AEARBR AR A RHE,  JEERDT T ARG ERALA], /33T DAF R EL L,

(1) £ 1961~2006 FHAR], =VLIHAZ=REKAA R ERBRRG L RE, Hr
20 20 60 FEARF) 80 AR H WA AHXT /b, 80 FEARA AR 2006 E PR, BRKE:
FreEpo tHIAE 1987 4, 2006 4 LA = VLR % 2R K R A RFE RN bR 8h 224k o

(2) ZVLVR b2 XLy 2l 38 58 5 /K V08 B (R A A2 5] S i X A = PR/ AR AR PR 2
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A& FE LN (Blackport and Screen, 2019; Chen et al., 2021; Duan et al., 2022), H5=JT
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