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Abstract

A series of abrupt Asian monsoon events occurred in the Holocene, of which a weak monsoon
event 9.2 ka ago received less attention, and its existence and genetic mechanism are still
controversial. In this paper, the results (Nanjing Normal University-12ka, NNU-12ka) obtained
from the Holocene transient integrated climate simulation test using the Community Earth System
Model (CESM) , compared the reconstruction data with the Transient Climate Evolution over the
last 21,000 years (TraCE-21ka), and explored the spatial and temporal characteristics of the 9.2 ka
Asian weak monsoon event and its causes. The main progress is as follows: the solar activity
sensitivity test of NNU-12ka presents the Asian weak monsoon event around 9.6-9.4 ka, at this
time, the total solar radiation decreased by 0.38 W m™, and the average summer precipitation in
the Asian monsoon region decreased by 0.17 mm day"!. However, the results of the total forcing
test based on TraCE-21ka show that the glacier melt water and the ice cover change have no
significant impact on the Asian monsoon change in this period. In the NNU-12ka solar activity test,
the summer precipitation in the Asian tropical monsoon region decreased significantly, and the
precipitation in Northeast China increased slightly. The reason for the weakening of the tropical
monsoon is that the sudden drop of solar radiation leads to the weakening of thermal difference
between the land and the sea, strengthens the sea level pressure of Asia's land, causes the
abnormal subsidence movement of the tropical monsoon region, suppresses the transmission of
water vapor to the Asian monsoon region, and then weakens the monsoon through dynamic
process.
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A B BURF RIS A8k 1122 i 25 (Intergovernmental Panel on Climate Change, IPCC)
SN RoR, H 1850-1900 FE LK, AR F IR E O B2 1°C, FEFIR R
20 SR A BRI B THE R A B I 1.5°C. A ERARREAE St il T Mt A HAF AR

(Bonsal et al., 2001; Tank et al., 2003; 5K /F4%, 20100 , HARFRAKATRRALN LR LA K
MEFETE GREREEE, 20100 o URFAR N H IR ER RGN I 48 5 1 B 221 52 i)

(Weiss et al., 1993; RICFEAIXIZR A, 2004; #bkili, 2015) , B80T, BACHSGES AL Bk T
B TR B TR FRE AR R 2 50 A A SR S R i 3¢, TR I i 5 4 B 09T 9 R B B (PRI A%, 2003;
TR, 2013) .

At (BEA 11,700 48D 2 NRSCHIEAL I SCBERT 3, R AT 78 i UM A\ SR Kk
JRZ AR R EZM B (R, 2003) , AWrAE v — B I vk, 742 2 A 4F
JE H1Z X548 S 4F (Bond et al., 2001; Wang et al., 2005; Cheng et al., 2009; Tan et al., 2020) .
b, SemVaHERT . EER ERSZIERRIES 8.2ka M 4.2ka I RZERIRGS, HER
b R} 2£ R4 4> (International Union of Geological Sciences, IUGS) ##4= ¥t Pl 8.2 ka A1 4.2
ka KA PR IS5 RAZ FATAE a3k AR JZ B4 &1 1 A2 (Global Stratotype Section and
Point, GSSP) I4r 5. . BE=ANEFH] (Walker etal., 2018) , fE45xf 4t TR
AT T RO A BRI T I ATV ) 8 (Cohen et al., 2018)

T AR S LR, S BARIR I U I SE AR A, A 98 B4 il U R A B T
FR i DA SR T AL S RAL o B LA f R A OB L - A T 8.2 ka 552 W
o 8.2 ka ZE XIS EAL PR S A L X JU N .35, Beget (1983) AR A BRAN [ X (1) 0K ) 11T
WAL 8.2 ka BT Ja AL KPR e X IS v A, 2 a2 T2 TR R 22 B KGR
AR 2R (8130) o vF 2 Hoft vl UM S TR E— HIESE T 8.2 ka UMl RAZ VA F44 (Alley, 2000;
Bauer et al., 2004; Thomas et al., 2007) . 8.2 ka S/ 5 K 5 1L €M 5518 Z2 vk S5 @A A =2,
UK i KA OK 7K K By N AE KPR, IR 2833 KR AN K P A4 o) B e A (Atlantic
Meridional Overturning Circulation, AMOC) %55, FEAdbHAmILNLES, F1EILF-ERRIR H
Fra i g PRI (E4H K, 2008; Cheng et al., 2009; Matero et al., 2017)

VP28 KN 8.2 ka 95 KA FAE WM = A X B 70 25, 2= KUK A ek D St ke 55
Liu 55 (2013) F b iA A0k KB, 2B RS A1 208 150 48, RO
I TR 70 AT R, X — T R AR SE I 1] 546 B2 22 UKE il K — 5. Cheng
5 (2009) F TSt MIEE EHFE AT & Qunf A A FAER 880 BT HEFEE, NI
2= RAEL) 8.21 ka /oA IR IRGEIR, I [6] 5241 2L XNA I N B 45k, JHENS AMOC
AT R fTIBEE (2019) T TraCE-21ka “UARMIDERAZ GRS 8.2 ka 2= XU SS9 2E4T 70 #r
IR B AH N 2 7K 22 1) 7 S R B 2 UK 7K 2>« 2R I 2 AU X <P 37 B 2 IR RFAIE o E LRI AL
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H5 T, A1 T % 21 ka DR EGWEAR R 70 9011056 ( Transient Climate Evolution over the
last 21,000 years, TraCE-21ka) JT-J& T — & ##F 5T (Cheng et al., 2019; Shi and Yan, 2019; Cheng
etal.,, 2020) , @R EE TraCE-21ka 4 5838 056 J i BRE1L7E 230 (TraCE-Orbital Forcing
experiment, TraCE-ORB)  (Berger, 1978) . i = /& (TraCE-Greenhouse Gases experiment,
TraCE-GHG) ) (Joos and Spahni, 2008) . KFfi#KiE (TraCE-Ice Sheets and Paleogeography
experiment, TraCE-ICE)  (Peltier, 2004) F17%/KiE AN (TraCE-Meltwater Forcing experiment,
TraCE-MWF)  (He, 2011) PYA 5L -FRUBPERIR 45 R, RILEAKIEN (MWE) 235 8.2
ka SIS ST P2 PR 7K 98 55 1Y) 32 S R

B T 8.2 ka HAFLLAL, V2 EHEBTRIRMIZXAEILS 9.2 ka B4 il A2 1 U855 -
Fleitmann 5% (2008) &+ 2 ANt Bkes 70 HF A4 10 AR AL BURHE HER4 9.2 ka BT JE A7 1
B WA TAUEFF. Zhang 25 (2018) ¥ 8.2 ka A1 9.2 ka P IRTE M ST AT EL, RN
FNIRELEAERR 220K ek F, 8.2 ka FHHIE S EE 9.2 ka FHAFF 5% (Rasmussen et al., 20065
Vinther et al., 2006) , {HZIEHZE XX K] 550 PR FEIL A SR 9.2 ka 557 X F 1 H N3
F0, LN e LR Hu X R BTz 13 ODP723 % fLH 33k i (G. bulloides) 1% & (Gupta et al.,
2005) AUAE FHAH B LB Rb/Sr (91C% (Zhang et al., 2018) #RE s W& 1) 9.2
ka HF. I, RO (20200 XHBIALA VKT KA 5% LS21 B#EAT 1704, AKHLAE 9.8-9.2
ka A7 1E 2 2 1592 KA, 2SI I A 45 1 BE AR B« g 45 e — e i) SRR W BL 45
¥ FESZMANLEITTIE, Zhang 55 (2018) WAy IR i [X PR 52 K PHAR S R SR ek 55 RO S
T R R 5, T A T BE AR AR R CJuHE AMOC) HISLRIVER]. B-B)14%

(2020) tKF 9.2 ka S I R Dy A AR A AN Ah o de 38 AR FH 4 2R BRI 52 R BH vk 2 9355 A

JERPEPERAKTEN I SE [R50 o

SR, SZERTORIN SR B REM T RA G A E M GRE, 2009 FEHRET
SO, SRR B BORHE St 9.2 ka Y 552 XA B A7 AE S+ (Flohr et al., 2018) , H.
X Z A HIHLEL S AR AT ANS 2 o A I Rk RGeSO T e (il SRS e B T 3= XS
(BASALARFAE 5 BRI LB AR, i R HS 7 BAUE FL 2047 1 8.2 ka Z= XRS5 IS IRIAL A,
XS 9.2 ka FHAFFIRIDEEA TFRE, X 0] e Ry CAT FOT8R a6 48 s B iR A2 AR 70 AL Hct s

(41 TraCE-21ka BIRIGAE) HoRFEFERMITES) (TSD X —4hsia e 4 gt LR R L,

HE CAIGHIE K FHS Bl 06f e AR B S AR . DAt FRATH A B A3k R4 (Community
Earth System Model, CESM) JIJ | 2 > 4 tH B A2 B 73 S A A 401X %% (Nanjing Normal
University-12ka, NNU-12ka) , A8 7 B8 Z 80U LS DL PUIE 2 80K BH 7 3l 3
() 9 38 Y BURE RS, Io0f BN X SR B BERE, 204 9.2 ka 55 V2= AR I 4553
ARHIE, BFFEILS 9.2 ka BT A K FHAR S 855 2 TA] R OK &R



2. BRFUERLRTTIE

2.1 BRIUBER
2.1.1 BHLAR A A

AT 7T 3 B ARSI A P CESMIL.0.6 JF Ji ) 22 4 7 tH R A8 S A B Lt 56 %
BENNU-12kao A5 LS BJRAITE ik 25 0], Rk £ CESM IR/ B3 AR #EATREADL (7
ZON T31 g37) , FrRHM KA (Community Atmospheric Model version 5, CAMS)
I I 3 B )53 HEEE 3 )0 3.759%3.750 F1 26 )2, 7% X (Parallel Ocean Program version2,
POP2) HJZZ A% K5y 3 100 AT 116 A, T EHJEHNN 60 )= . #igtT kA T 10
FOMEAIEAR (7%, 2020; FMEREEE, 20200 .

AT T R AR S L FE 2 ) 1036  (NNU-12ka Control experiment, Ctrl) . HUIES %L
R4 (NNU-12ka Orbital Forcing experiment, ORB) F[FH % f& il 2 B A FHIE ) 28 1L 1)
A% (NNU-12ka Orbital Forcing and Total Solar Irradiance experiment, ORB+TSI) (% 1) .
Ctrl iRI67E S # A 20 EL BRI 5 (Coupled Model Intercomparison Project Phase 5, CMIP5)
[ 1850 4F14 A A A B FEAL B EAT RSy, AR RRTNZ fe b 3145 J5 384T 1 1200 4F. 1E
Ctrl 1056 2 |, 2T Berger (1991) [MJ#iE =2 #5R1A1H, {EFE4 12 ka ) ORB #h5@1A
FE O FITRE T 400 47 BP0, Rr A 2R BP0 /5, FH B 8] A2 AL BB TE 2 801
ANSRIETTIE 12-0 ka (K427 it ORB AL . ORB+TSI I MR 45 ORB W36 (#1451 1 &
I, KK PHAR S A A A MONEE S 11.5 ka (155G, 347 7 300 1 FHEISERL,
I Vieira 55 (2011) H B9 S th A K FRAR S A2 10 PP 21 S i T) 22 46 ) UE S 501 D ob
SRIE, JFREAUHTHE ORB+TSI B i T e B4R S S S 18] 11.49-0 ka,
It ORB+TSI AR IS BN 11.49-0 kao AT THF ORB+TST 5 ORB {56 AR 10 45 R A 1R 15K
BREESS (TSD RN

N T B H A A CRE R UK SR RlK . Bl oK 35 055D X 9.2 ka SRR
S, RATTHAEH] T TraCE-21ka (Liu et al., 2009; He, 2011; He, 2013) FEHHRIG1F Ay L Bt
Bl ZARE AR T3 E KAWL L (National Center for Atmospheric Research, NCAR) JF
KIEME RSk (Community Climate System Model version 3, CCSM3) , HAE 4 M=
B, BPRA. B W ERNEKEL . TraCE-21ka 24 5 MAL, 4002 4558 18 305 DL
S BREILTE 2005 (ORB) (Berger, 1978) « i = A% (GHG) (Joos and Spahni, 2008)
KEvK 85 (ICE)  (Peltier, 2004) AR /KEANRE: (MWF)  (He, 2011) SR 7Bk
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£ 1. AR 3 A NNU-12ka SAEE LRI
Table 1. Three climatic modeling experiments of NNU-12ka used in this paper

HERPIESHL &SOKFH

4 R
RG24 fRi AR bk Per it
Ecc obl e (Wm?2) I B
180 m
AT HIRF N Ctrl ¥ 0.01676  23.459 100.33 1361.89 1200 a
HERBIE S H
X ORB x10 Berger (1991) ORB A&4t, Ctrl 12-0 ka
s
Vieira &
KFH4ESRY  ORB+TSI x10 Berger (1991) ORB A84Y, (2011) 11.49-0 ka
TSI 724k,
212 EEHH

AR 4 BORERRSAH IR &R HREE R (R2) , REHEG
oA F AR RESE . Tk BARE AR AL R L, FORMRIE (B 2 HE e m, Rl R R
& FHISAEAE A . Dykoski 45 (2005) X3 EFF 1 D4 A7 & FA =T T B, Rt T
2% 16 ka WHHZE KMIELLIC S, KILE 9.165 ka Bl JG 4745 — IR WM ZE IR FTF{F . Chen %5

(2015) HRHE A I ) A6 B8 6 - 2= X, (East Asian Summer Monsoon, EASM) [# 7K it
7Y EEEA, HdRH 7 EASM H 14.7 ka DURIERH ALK, ZICRKAE 9.2 ka A5 )
SEFIRZENH40 TF . Jia 5 (2015) XU A FYIE] A0 B 2 BORLE #iik EASM it K I)
TR, FHIAE~9.2 ka Ab Kk E A5k, EASM 7E 9.2 ka J5 BAKIE5R, 9.2 ka Bl 5 K€ i
FERNE30 F . NIRRT NG EE A7 (Intertropical Convergence Zone, ITCZ) FIE[1 [ B 2= X (Indian
Summer Monsoon, ISM) Z [A]{{)5¢ &R, Fleitmann 25 (2007) XFBif S A4 T X ) EH5 Qunf
THAE A FIPYANR ST (12°N-23°N, 53°E-57°E) H A F AR ZEHE T T HEE, RIER
At ITCZ A1 ISM FERY AT m)dbmds, TAEH . BR4Fr i ITCZ RRsk i B itf% .

F 2. AUErtE TN EE KX BT g R SR
Table 1. Reconstruction data list of dry and wet characteristics of Holocene Asian monsoon region
Fs o A X i S it 45 ZE AR EE DTN
(4F)

1 Dongge Cave Stalagmite 5'80 25°17N  108°05'E  ~19 Dykoski et al., 2005

Gonghai Lake Pollen 38°O'N  112°23'E 20 Chen et al., 2015



Huguangyan

AS13C3100  21°09'N  110°07'E 64 Jiaetal, 2015
Maar Lake

4 QunfCave Stalagmite 5'%0 17°10N  54°18'E 6 Fleitmann et al., 2007

2.2 BRI

2.2.1 EPERRX E XL

AR T XSO 2 X CIE Ta) 2 RV AR 40 5 U 000 oo B K B &
7 HT % £l (Global Precipitation Climatology Project, GPCP) it 2 30 4E#) A "5 i+ H s,
FRIXE SCHIETEE 5 HE 9 A (CAEZ) KFBKERZE 11 HE3 A (&3 1
PR KE I 2 mm day! H 5-9 H FEoK & A K& B 55%1) X 38 (Wang and Ding,
2008) .
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|60E 80E 100E 120E 140EN 160E
N, (]
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2 £
3920 SE 40
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©
00 e e e B AD e e e
2 11 10 9 8 7 6 5 4 3 2 1 0 £ 12 11 10 9 8 7 6 5 4 3 2 1 0
Time (ka BP) Time (ka BP)

L AR EEGORMLE, () LI CRELZHE) ; (b)Qunf i f & FAL R P51
(Fleitmann et al., 2007) ; (c)ZE T4y B 2 (1) AW 4E fF7K )7 %1)(Pann) (Chen et al., 2015) ; (d)=ZE =
D4 1A A )75 (Dykoski et al., 2005) 5 (e)W1)tAF IR E A7 £ 55 (Jiaetal., 2015) .
Fig 1. Location of study area and reconstruction data, (a) Asian monsoon region(black line); (b) Stalagmite d'*O
records from Qunf Cave(Fleitmann et al., 2007); (c) Pollen-based annual precipitation (Pann) reconstructed from
Gonghai Lake.(Chen et al., 2015); (d) the Stalagmite D4 oxygen isotope values of Dongge cave.(Dykoski et al.,
2005); (e) the isotopic difference between Cs1 and Cao n-alkanes in Lake HGY(Jia et al., 2015).



2.2.2 WA BLEER

Vieria 55 (2011) H & KK PHFR S 2218 P FUAE 9.6 ka B Jm K AEJRFE, £ 9.6-9.4 ka 1) 200
EIARRRSAE TIREIRES (AT AN BEFIEZ T, KT FHELS 038 WmD) , 15
B BT EEE R, A ARRR SR (] 2 AKTE A th T 2 R A I AT AR
FOO(E2) o ik, FRATK 9.6-9.4 ka {E MM LT, R 7T A BHIE 3h % 091 55 52 2 X 14
(RIS o

@) Lol
13621 . L1l IlIIl |y | Il L1l Ll L1l L1l L1l 1111 Ll 1111 -
] 1 =
< 13615 I -
£ ] . g
= 13609 , -
2 13603 = : -
] | r
13597 LI | L Trorr |_|' =T . T LI L LI | LI I LI | LI I LI
12 11 fio 9 8 7 4 3 2 1 0
1361.8 b) . _, i ! ! -
N/\E\ 1361.2 — | —
=3 ] r
o 13606 - -
[ 1 F
1860.0 ———r———
10 9.5 9.0 8.5 8
time(ka BP)
B 2. At oKk s ST (TSI BE#F4 (Vieriaetal, 2011) . (a)l1.49-0ka . (b)10-8ka , KfapELk Ny

TSI 4 B-FI9ME, AR (9.6-9.4 ka) M TFHHEZ T
Fig 2. Holocene total solar radiation (TSI) reconstruction sequence (Vieria et al., 2011). (a) 11.49-0 ka . (b) 10-8
ka , the gray dotted line is the average value of the whole period of TSI, and the red box part (9.6-9.4 ka) is below

the average value.

223 BEBRRFE

AW F NNU-12ka #8567 (1) ORB+TSI A1 ORB. 7% 158 56 K Uk 1) 45 S5 26 4E 1% K B
W IIEEI, IRIIEEURIE B 9.6-9.4 ka, {H T NNU-12ka BORMERBALN #6471 10 4200
B, EGZE B ST 20 4, FEARAINEUD . NG, AHE TR H I S A Uy
%2 A (Bootstrap) , 1Xs& — M MWFEAR T EH G 715 (Wenetal., 20100 o AHFIT
BT MR CECH 2000, RIDE—AN28 800 20 FIFREAS, A UE! 1) 8 5 BURE 2000 ¥k, 35—
A~ Bootstrap FE4%, KAATHIBN N BRI, Forf s s AN E 2 LSS 95 AN 2 hr sl
A BELASEEA 90% 1 BLA5 X 1]



2.2.4 KRWZ LK H1E
T IRNFERR 9.2 ka FF R I E 2= XS K ARAL PRI R, AR SO0 9128 XX 3R AT 7K
RIS e Wi, TR r:

(6qot)+(V-(qV))=E-P =
( )AREM 1000 hPa E| 100 hPa IAG T EM Y. g fRRLLIR, /0 FoRJRAER, v

HUSE,  E AN P o i ARR IR 2R AN f K
XA EE s s I8 s, WL R AR A, BB Ui (1) WA

P:E—<a)6q/6p>—<Vh~Vq> 2
HHt (a(0g/op)) BV, - V) 5 AARRAKITTRL I 2 BT RIKCF AT«

27 Jin 5% (2020) XF ERT 2= R XOKITCTE W Bl v, RATHRZ K P21,
HLF IH 79 500 hPa, A 500 hPa fHE ELHE . (wsoo) A B0 Ui E T B 5 Rions
WE NI EI LIRS 850 hPa (gsso) ALHIELIRAH, HXiZE BRI LLRE ] 20 ATt
gt AT PR LR IL 5

<605q/8p>z((0500~q850)/g (3)
{V, Va)= Ve -Va) /g »

JIFE (2) ATBATEIAE
P E—(5qs50)/ & —Vapo- V@) / g (5)

15 500 hPa FIZKVTIE BRI L, EHZR KX P B R 28 B WA BN . T7E (5D
A HE— B R

P'~ —(0500 "G50 + D50 *Gss0' )/ & 6)

Hrp, PR 5T RIS ZEE, Q55 AP AR S J1/E RIS 17 H -

3. 9.2ka WM S5 R EHFIRFIE

T HILE 9.5-9.0 ka B IARREEA R T 95 B F= RURFIE . S SHF K D4 1 55 4 R A7
F T HITE 9.3-9.0 ka WA K A 584, RAEZH X Z ] 1 — YRS 225 1 90 53 2 R 55 44 (
1d) (Dykoski et al., 2005) ; 52 AL, B 1b Ar7r, Qunf i1 &7 FIHRAE T A K FH4F,
RFENEEE 2 XG0 B I RE R T Ik35 (Fleitmann et al., 2007) 5 2 HFBHAL TR 1L 7544 55
W, ZETIEIME TR, HARYEOR E R W EREAK T HIE 9.4 ka /oA R R T FERHE,
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£ 9.4-9.0 ka HIIA]— ELAL FARMDIRA (B 1c)  (Chenetal, 2015) , 24V B 75 X 58 FF 5
SRUBET : 6 TS FEI b IX 1R AS13Ca100 BIA T DA S B T B 25 AU SR 584K, 29 AS13Ca120
fiE, RUIARTEZRIRTS, HALE 9.6-9.5 ka WH &3 FTF, IEAE 9.0 ka 45 A K E 2 F
BPIRAS, SR 2 2= X RS (Bl 1e)  (Jiaetal., 2015) .

K] 3a # 7~ NNU-12ka 4801790 22 XX 7E 15 KPHE 3 (ORB+TSI-ORB k%) 5200 T
IR K 2 (ERRAE, WBCA 9.6-9.4 ka CRFVESIAMER ) o MR XX P K S A4 D,
DX AP 35 B K B8/ 0.17 mm day™, JEHR BT R KX P B KD S5 o B i, R DXC8 e
AR T3 1) 6 A R 2R R SR AL, RN I SR oA, KA XIER IR T 90% ) 2
HVER: B AR AL R R - B K G o A, P E AR L IX K %
I 2t DX P 7K Do o 1 33 i O AR K bt X R BN R B R /K3 %2 . 161 3b N IE S50
R B RUX B K 2 R TEASRRAE , 28 XX N 118 20 A1 -5 3% K B S SIS0 T 1 25 1R) 3% ¢
AR, AR AR ASADL H 78 A AP35 % B E Py it PR RS P 2 2 T I 5, 1 A IIE 2 504 st x
SIS A 2 IR R K PR B/ AT S 35 TR« 5 NINU-12Kka A54LL 1) 9.6-9.4 ka (1B /K 25 [E] U AR L,
8.3-8.1 ka MJIE/K (1 3c) FFICHI BAFIE HoREHLSS, Ui RKFHVE SN T 9.2 ka 552X,
FF A 8.2 ka AT YA, IX—AHFAE 5 AR SCYSCHE I EE S TR AT S P AR AR AH AL o

T BTN K < KB UK 5 25 A e 25 4 Xof 3 — B S0 9 B K FR e, A T30 — 20
G 7 TraCE-21ka 4518 E0, 4558 (B 4) R XX I E RS IX ok %
7 AR 38 B K k2>, B ST R IR R THI AR 5, S IR0 X B K B A AT St F — B
A ELIR FE /IS I3 B UK 1 R S KR UK 35 A5 41 58 38 5k o T 2 XS5 4 90 (2 2 (R 5 i

(a)NNU-TSI
1 .

60N -

40N~ &

60E 80E 100E 120E 140E 160E

| (9.6-9.4k)|-(9.8-9.6k) (c) NNU-TSI
- : 1 -

(b)NNU-ORB
T— 60N

60N ——

40N 40N ]
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Fig 3. (a) The Asian summer precipitation anomaly under the influence of net solar activity during the solar
activity valley period (9.6-9.4 ka) simulated by NNU-12ka (mm day™"), (b) the spatial difference field of
precipitation simulated by the orbital parameter forcing test (mm day™), and (c) the spatial anomaly characteristics
of precipitation in the Asian monsoon region around 8.2 ka simulated by the net solar activity test (mm day™). The

dot area indicates a confidence level of 90% (Bootstrap).

TraCE-AF
I 1

(9.6-9.4k)-(9.8-9.6k)
| ! | | ! | L

60N

60E 80E 100E 120E 140E 160E
e i S S S B S B S B S i s |
-14 12 -1 -08 -06 -04 -02 -0.1 0 0.1 0.2 0!4 06 08 1 12 14
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Fig 4. The precipitation difference field (mm day™") between 9.6-9.4 ka and 9.8-9.6 ka in the Asian monsoon region
simulated by TraCE-AF. The dot area indicates a confidence level of 90% (Bootstrap).
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Fig 5. The change of Asian summer monsoon circulation under the influence of net solar activity of 9.6-9.4 ka
(solar activity valley period) simulated by NNU-12ka. (a) 850 hPa wind field (arrow, m s') and sea level pressure
field (shadow, hPa); (b) The whole layer water vapor flux (arrow, kg m™! s7!) and its divergence (shadow, 10 kg
m!s-2) field; (c) 500 hPa vertical velocity field (hPa s™'); (d) 200 hPa zonal wind field (m s™'). The dot area
indicates a confidence level of 90%(Bootstrap). The vector field only shows the part passing 90% confidence (t

test)
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Fig 6. NNU-12ka simulated 9.6-9.4 ka (solar activity valley period) the spatial characteristics of the dynamic
process(a), thermodynamic process(b) and their combined process(c) in the Asian monsoon region (missing q

value in the Qinghai Tibet plateau region).
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