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Abstract Changbai Mountains are located in the southeast of Jilin Province. Rainfall
has a crucial impact on the forest ecosystem and water resource in Changbai
Mountains, which is a national key ecological function area. Based on the monthly
precipitation data from 47 stations in Jilin Province and ERA-Interim monthly
reanalysis data from 1979 to 2016, we investigated the climate characteristics of the
summer precipitation at Tianchi station in Changbai Mountains and circulation
anomalies associated with the interannual variation of rainfall at this station, and

compared with the other stations in Jilin Province. The results show that the summer



precipitation at Tianchi and its interannual variability are approximately two times
larger than other stations in Jilin Province. On the one hand, the circulation anomalies
associated with interannual variability of precipitation at Tianchi are consistent with
those for Jilin Province. The circulation anomalies that favor more rainfall at Tianchi
and Jilin Province are characterized by a cyclonic anomaly over Northeast Asia and
enhanced East Asian jet in June, and enhanced western Pacific subtropical high and
northward displaced East Asian jet in July and August. On the other hand, the
precipitation in Tianchi is associated with unique circulation anomalies, which are
quite different or almost opposite to those related to the precipitation in Jilin Province
rainfall, and may be attributed to by the terrain of Changbai Mountains. The present
results suggest that the climate variability in mountains may be related to complicated
and various patterns of large-scale atmospheric circulation anomalies.

Keywords Tianchi in Changbai Mountains, Precipitation, Interannual variation,

Circulation, Summer
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KB E AR XAGE T 1960 4, & KK 5 RIR X R EBr A % 5 Rk
FIX o A Ll B SRR DX MU ) 1 ot g 36 R b B A7 38 A B R AT SRS P R L
ARG, BONBRIE KR B AREEN ARG AR — WEHTERY, Kl
HARORAP X 22 WA AR o) A A0 KA S 35 R e B2 (R A1 45, 20135 IR B4R,
2013; MEJJ4, 2014; FT%%E, 2018; EfaRI%E, 2019). Kk, WIRK A LM
DX AR B R AR AR S FLSE I B 7, R AR MR BR USAE BE L JK BRI IR S W e AR A A5
iR Bt AT SE R AR, XK A WL AR X 5 R R A B .

KB WAL T IREZRICH X R B EB, 1 AR Al X il oty R Bk 2= XA
HZNTFEMZE, BKLSEFERKER—F L EEES, 1995; £7E5%E, 2006;
Liangetal.,2011; Sunetal.,2017). ARILHX AL TRV EERRFMWILINZ, IR
PRI PG =R (P8RRI PEALI 0 78 rg A T ) AR bl Xk kR, 2t
A A T AR b X AR I 22 (B /N e A E 3k, 20065 BXREEE, 2012; Chen et
al., 2016; FMEE)SE, 20165 MR AMPRAERE, 2017; Sunetal.,2017). 73— 51,
AL R A EB B AR AL AR, 2R 00 B b oA 3 3 n s /K Vs, 33 1T 3 ot
ZHALHIX B Z %K (Lin and Wang, 2016; Du et al., 2017; Zhao et al., 2018). It4F,
IRACYR W R R AR IR S 5 A Al 1 2 %o Bk 7K A2 32 25 52 (Zhao and Sun, 2007;
BIJT 54, 2011; Xieand Bueh,2015; MBI, 2016). Br BLi&XHRZEH . (K)=
WIR ARG, JHE R BRI RS, WAR T o 2% 76 XS S HAR AR ¥ 22
i 2 BRI AR S A B 2 5 AR AL X B Z= [ K (Krishnan and Sugi, 2001; Lu etal.,
2002; Ding and Wang, 2005; Yasui and Watanabe, 2010; Huang et al., 2011; Lan and
Zhang, 2011; Shen et al., 2011; FhEiEI%E, 2016; Fang et al., 2017; Sun et al., 2017).
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FRACE =B IK BT L R 7 5 3 LA 28 A I AR 1IE(Shen et al., 2011; Chen and
Lu, 2014; Zhao etal., 2018). #JHE (5-6 ) ARILHBIX FE/K 578 E 22 B ZR LA i
TEBhEE AR IR, TR (7-8 A 3 B2 3 PG K E R R
w8 H AR AL R 7K I 52 BT T PG XS 7 AR A 1 1 38 471 RIS

ZRACE ZE B AKCRE O LR K R BE R 2 4 A BB AT K 4 BT, 350
FOIEH [ VR R 35 M B B KR RHEREAT T 2B (SR A58, 2007; B IFZLAE,
2010; HARESE, 2012, 2013). FIZRACER KB TREFIESRAL, A7 T 2R A X AR Y
EIRE KB P IEE 2, MoK e R0 b 45w A R b Pa G e 2 1A 43 2L (5
%5, 2007; EESE, 2013; RIS, 2019). B AN 5 bR B ZRR KK R 1 2R
WA AT 7o QA EA4E, 2003; #5#E55, 2005; 175 S AERRF], 2005;
INIFSE, 2015), EXFHFNEARRTAAZ, HIEEREX—LuREL (X
SRR, 1996; ZEHLA, 2001; 5KNN, 2002; 5KNISE, 2007; FRZLZE, 2012).

FEAT T, FRATREERE T35 A8 B K (R UBRFAE I =T B 2= e K 038 i
ARREAE, 7 ks AR it 5 2 % F B /K AR A 2 R DK AU AL S RFALE EAT 23 HT 6
AR K S H B PR Z R R . ik, FAESHTI R, K
Rtk B 2R K G R 5 i WA — BUREE 3 BRI AT K30 43, kT BEAT
Sl B ARSCRAREATZH IR 55 2 FB o A R A TR (1 s A
s 3 WA E R K RRFAE, K R BRI 8] F7 5143 il R 5 55
PR BEK — U 43 SR B KRR 1R 70 i 58 4 30 0 e I AN 43 &0
RLIRAIRRRHAE: FE25 5 ¥ 43 FRATR A SCHEAT S A A 18

2 BRI
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Fig.1 Topography (units: m) and spatial distribution of 47 stations in Jilin Province. The red triangle

represents the Tianchi station

KHFAEHEZE (6-8 H) HWE 47 NEuiig H KR, BEY 1979-
2016 F3L 38 . Rl GG AL T LR SO, gtk m Ny 2623 K. 1
AEF—FARE G, Rt H 1958 4 gk SKIR T % St KIEL G
WTRE K AL X K R T . B 1A TIX 474G
Sl (R B o3 A S AR At DX TR 23 A o WU BRER 1 T 26 1 S i A K U HELS)
[¥) ETOPO1 %4 (Amante and Eakins, 2009). 7 K4 B 4= 55 3B 1 36 73 i [X Hh 34
A, T RO e 52 E 2R T 1) 7 s 9 1) 2 (8] 43 AT o Rl (R Az EAE I 1 PR A
=MV ARR, B HRIT AN 508 T8 R AR KA . T
BT R AL, AR Dy 721 2Ky K AL TR Ik R0, MR N
775 K ZREEAL T ORIBEE VI, R 774 0K R 7 T R s R AR
AROU, RN 476 Ko R UbIER 2623 KAHEL, X PUAN S K AR KT
B o X DAty by, R OR 3k e B T PR 6 - L AG A0 ) sy, A0 R bl 1)
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KRR A 27 TR A, (B 3 Rk m T 7209 1900 KA AT, i
Ul R AT B S (R R

B H KA BORR B B BB BER A0 ) ERA-Interim 1573 87 504
(Berrisford et al., 2009), Frfii 1 E AR H B i, 2 ) KU BLH
FE . KPR HEE N 0.75°%0.75°, IFIEIN 1979-2016 4.

2.2 5k

N T B G R B DR b ks B /K AR ARRRAE , FEASHIE T FRAT 1A 0 I 35 AR A
B K AR RFAEREAT EEAE, RASE IR IR s 38 7K A8 A o 035 bRk 4 SR R 38 70 A SR
W AT IRIER 3o FRATHER R LA EE 46 ANl i~ BIRAGE H KB oK, I
RRAE LR A 0] U5 B 7 V20 Rt 52 2R B /K 0 I 70 - 5 75 KA — B T 20 S R ity
BIERSy, alfEd s TC_IL. TC_R. B %6, R IMFEKE A2 MRA K,
RN R IAIE R BRI 5 5 — B0 5 o i — P4 R B K SR AR 7 99 2%
[B1J3375, 45 2 HITR) A 5 23 B A R R A IR K 70 e BN 75 PR B 7RI R il o
IKZ B OR R AT REAN A A% ARG R, ECN T B () 53 ) i, HLB
AR FE B AT T IE A N M Tk, B DLERATTR A 1 X A i B B
IR TR V5. FIR MR — B 7 B 5 AR 46 ANl IR 38 B K I 18] 77 310 2 TR )
R ZREON 1.0, T RMSEEHA 8 70 &0 5 _ERPEASN T] 5 50 A S R E O 0. A
FH [0 U1 43 A7 SR 2 T3 A 48 2 (RIPRIAE S 5 AT 4 B0 3 bR 4 B 7K AR A A O
IR LA S R B 7K A RARFAE o U8 AN T BE ™ A S B 1 Rt 52 2=
KA Fg 5 5 R — S0 oy SR 48, AFE I IR R HE o B TV,

FATTAT B 3t AR At 5 = a7k B Lo LA (R AR
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Fig.2 (a—c) Average and (d—f) interannual standard deviation of precipitation of 47 stations in Jilin
Province for the period 1979-2016. The dotted black line is the average value of 46 stations in Jilin
province except Tianchi station. The red bar represents Tianchi station. (a), (d) June; (b), (e) July; (c),
(f) August
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with Jilin Province. (a) June; (b) July; (¢) August
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Kl 5 TC_JL [aJA453 3 1) 500 hPa A ¥ w2 i (FAAL: m). B SEZRfURIAH] 90%15 K
Fo (@) 6 H; (b) 7H; (¢) 84
Fig.5 Regression of 500-hPa geopotential height anomalies onto the TC JL index (units: m). Black
solid lines represent the geopotential height anomalies above 90% confidence level. (a) June; (b) July;

(c) August
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Fig.6 Regression of 700-hPa horizontal wind anomalies onto the TC _JL index (units: m/s). The
shaded areas represent either the zonal or meridional wind anomalies above 90% confidence level;
Only vectors greater than 0.2 m/s are presented. (a) June; (b) July; (c) August
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Bl 8 $EE TC_IL [A[VA75 2K 200 hPa Z8 [ KU 3 (AL m/s)o FRESCAARIER] 90%(5 %
Ko WIS IX IO RE 1 BE GBI . L SEE S PRI S, (a) 6 Hs (b 7 5
(¢) 8 H
Fig.8 Regression of 200-hPa meridional wind anomalies onto the TC JL index (units: m/s). Black solid
lines represent the anomalies above 90% confidence level. The grid areas represent the defining areas
for the index 1. The thick solid line shows the axis of climatological mean westerly jet. (a) June; (b)

July; (c) August
Y22 90 2 B IER UL T 2 BIAE LI 80°E. b HIATEAESER i, 8 A
1E 2 e (Lietal., 2017; Hong et al., 2018), 1fi 8 H 75 M4 BEIKXT B I 2
TR SN TEIX B J7 Y937 T % . B 8 H &5 MR8 B /K B Y R I 41 5 DA SC
HRTIE 1) 2290 2 B TEA DG SN A AR X 5. 5 8 AR, 6. 7 AEEAFAR
IR (B 8a. Kl 8b). BtAL, WIHKE 8 i m Kt 51 7 4
Wi di ek, nTbiER 6 HARILHX e mw, MmE 7. 8 A&
S X2 ) e U e o A R IR S, BT 6 IR S A K 74
8 HW A ExmET . RN AEREXR (B 5. & 6),
1717 L 52 3 I v B 1 s 1) A G AR RS (R REAE

BRI TS AT LRGN« 5 MR AR B R B KA & 2050 A 8 (R R
Wi s, EARE A i B B E R & B KL 6 HmZ i+
BT N R AL 25 R 2R Y e 5 P S A B 3G o, TOAE 7. 8 H Bk 22 U
F2 A2 B PG E i G 9R A 2R v S SRR AL ORI . EAh, 8 T MR BN B
(R I 5 e G AR I LR URR (PR BT, BT 52 LR SR AL 2R AR AR He Al s S XL T 2
2 S DA AT 22 58 2 B TR A DRI W A S v 2 R PR B o AR S
F K s 5 SR I ) 75 R B R K R R A E B R H =2 5, L2y
NSRRI 3 A BEAT R AT, IR — AR 70 B /N X CAnoR I P R 3 7K e
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Kl 9 Jy4E% TC_R BV 700 hPa /KR . 6 H KRR I [#K 75
S R PRI FRIALAE R JE I R I AT R, (H R R 55, B B#UN T 0.5 m/s
(K 9a). R EMTT, WudeR-Fe b, 7 — Sk 3505 R i &
W, IR R VAR B AR R M K AT RE S A IR, ZE AN IR
BEAk,  FATHI BT 7 500 hPa A2 7. 200 hPa X7, KIL 6 H RMFFA 1)
B8 7 o B0 L R i = s R R R RAE RV A+ ik g5 (EIIgD. 7 H
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Fig.9 Regression of 700-hPa horizontal wind anomalies onto the TC _JL index (units: m/s). The
shaded areas represent either the zonal or meridional wind anomalies above 90% confidence level.
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Fig.1 Topography (units: m) and spatial distribution of 47 stations in Jilin Province.

The red triangle represents the Tianchi station

K] 2 1979-2016 M 47 NublEKERFIIE (o) KERIREZE (d-6).
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H; (b)), (e) 7H; () () 8 H

Fig.2 (a—c) Average and (d—f) interannual standard deviation of precipitation of 47
stations in Jilin Province for the period 1979-2016. The dotted black line is the
average value of 46 stations in Jilin province except Tianchi station. The red bar
represents Tianchi station. (a), (d) June; (b), (e) July; (¢), (f) August

3 5EMEARIBEK (L) KRMEFARREK Gt FrfEfuiEFF
. (a) 6 3: (b) 7H: (¢) 8 H
Fig.3 Standardized time series of precipitation in Tianchi station consistent (red) and

inconsistent(blue) with Jilin Province. (a) June; (b) July; (c) August

48 J] TC JL (a). TC_R (b) [EIEAMFEIMFHHRE KR (BAL:

mm). W () AERBKEIE (7D 7. SSORARR R,

Fig.4 Regression of precipitation anomalies in Jilin Province onto the TC JL index (a)
and TC_R index (b) in August (units: mm). The blue (red) represents positive

(negative) anomaly. The solid circle represents the Tianchi station

Kl 5 TC_JL [F1JH45 21 500 hPa 7 # = 7w (A m). BRESNLAERIL
B 90%fEREKF. (a) 6 H; (b) 7H; (¢) 8H

Fig.5 Regression of 500-hPa geopotential height anomalies onto the TC JL index
(units: m). Black solid lines represent the geopotential height anomalies above 90%

confidence level. (a) June; (b) July; (c) August
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Fig.6 Regression of 700-hPa horizontal wind anomalies onto the TC JL index (units:

m/s). The shaded areas represent either the zonal or meridional wind anomalies above

90% confidence level; Only vectors greater than 0.2 m/s are presented. (a) June; (b)

July; (c) August

7 ¥8%0 TC JL FIVH1F 21 200 hPa i X353 (BRAL: m/s). AR
FRILF) 90%[E AT (@) 6 H: (b) 7H: (o) 8 H

Fig.7 Regression of 200-hPa zonal wind anomalies onto the TC JL index (units: m/s).
Black solid lines represent the anomalies above 90% confidence level. (a) June; (b)

July; (c) August

4 8 H% TC_JL 132 200 hPa 2 [a A7) (AL m/s). FBEEA
RIBF] 90%AE FEAR o WA X IO TE R 1 € VE o L SR NP 24 v
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Fig.8 Regression of 200-hPa meridional wind anomalies onto the TC JL index (units:
nm/s). Black solid lines represent the anomalies above 90% confidence level. The grid
areas represent the defining areas for the index 1. The thick solid line shows the axis

of climatological mean westerly jet. (a) June; (b) July; (c) August

9 FE% TC_R [FIJA#3 2 [) 700 hPa /KPR A5 (BA7: m/s). PR XIRAR
R 1) B E ) M2 IR B 90% (5 LK. BUE R KT 0.2 m/s IR (a) 6
H: (b) 7H; (¢) 8H

Fig.9 Regression of 700-hPa horizontal wind anomalies onto the TC JL index (units:
nm/s). The shaded areas represent either the zonal or meridional wind anomalies above
90% confidence level. Only vectors greater than 0.2 m/s are presented. (a) June; (b)
July; (c) August
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Fig.10 Regression of 200-hPa horizontal wind anomalies onto the TC R index (units:
m/s). The shaded areas represent either the zonal or meridional wind anomalies above
90% confidence level. Only vectors greater than 0.2 m/s are presented. (a) July; (b)

August

K11 $8%0 TC R [E1A£5F](¥) 200 hPa L[ X435 (FAAL: m/s). HBESZZAR
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Fig.11 Regression of 200-hPa meridional wind anomalies onto the TC R index (units:
m/s). Black solid lines represent the anomalies above 90% confidence level. The grid
areas represent the defining areas for the index 2. The thick solid line shows the axis
of climatological mean westerly jet. (a) July; (b) August

K128 H (a) ¥ 1. (b) 52 [MAMBR RN S ME KR (AL
mm). W (L) AERBKEIE (7D FHE. SGORARRR ML

Fig.12 Regression of precipitation anomalies in Jilin Province onto the (a) index 1 and
(b) index 2 in August (units: mm). The blue (red) represents positive (negative)

anomaly. The solid circle represents the Tianchi station

K138 H (a) f5E 1. (b) 5%k 2 FIHMREIRT 700 hPa 7K1 M7 H g (HAA7:
m/s). B IXIACRIAE] 90% (5 AT B AR KT 0.2 m/s HIX

Fig.13 Regression of 700-hPa horizontal wind anomalies onto the (a) index 1 and (b)
index 2 in August (units: m/s). The shaded areas represent either the zonal or
meridional wind anomalies above 90% confidence level. Only vectors greater than 0.2

m/s are presented

Kl 14 8 H4R% 2 [B1I75 2% 500 hPa (a). 850 hPa (b) MEHERHY) (H
fii: 100 Pa/s). FSLEACEIE R 90%(5 KT
Fig.14 Regression of 500-hPa (a) and 850-hPa (b) vertical velocity anomalies onto the
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index 2 in August (units: 100 Pa/s). Black solid lines represent the anomalies above

90% confidence level
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