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Table 1 The basic information of records used to analyze climate differences in southern China

during the Little Ice Age in this study
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1| LERPHEE| 31°47'N, 121°23'E | — g | REHEEC|] BEK — SR RERTIERE, 1981
2 AR 26°70'N, 117°49'E | 300 yes 580 KK 20y, LB, 2012
. 3 SR TH) 24°30°N, 121°31'E | 1810 | i | #E@E, pH | K&K Hopp, M Wang Liangchi et al. , 2013
Sl 4| bR 24°48'N, 122°29'E | — — Tk £ ¢ Li Dongling et al. , 2011
B ghing
5 WoGE 21°9'N, 110°17'E 23 R roc [T/ B¥cs, e Chu Guogiang et al. , 2002
6 | XIBIH | 19°56'N, 110°11'E | 90 bAEe] HLJE KK 4G, 20pp, Y Cs W3CHAE, 2017
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7| BARE |18~25°N, 108~ 117°E| — e axe | ARER — Liu Kambiu et al. , 2001
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i 9 KA 33°08'N, 106°18'E 870 [ 8"%0 [k B0, Tan Liangcheng et al. , 2009
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% 11 7K 4 31°35'N, 111°14’E | 800 i 50 KK 20 HARESE, 2019
12 7 3 30°27'N, 110°25'E | 294 Wt 580 K&K | U/Th, U234 | Hu Chaoyong et al. , 2008
13 HBBH 29°09'N, 116°25'E | 21 bNi] sB¢ [k e Li Xiangzhong et al. , 2016
14 |FERFPHEE 29°55'N, 106°57'E | — HK | BEHEEC|] Bk — YRR RET B, 1981
15 FERA 29°13’'N, 107°54'E 480 EUN 8'%0 [k 230Th,ZIOPb Li Hongchun et al. , 2011
P§| 16 P12l 28°56'N, 103°06'E | 1407 Pl s8%0 [k BOy Tan Liangcheng et al. ,2018
fg 17 P ) 27°42'N, 100°47'E | 2694 | = Kt Rk “q Sheng Enguo et al. , 2015
X |18 THIF 25°53’N, 100°10'E | 1972 | =W it 67 14¢,210pp, s Xu Hai et al. , 2015
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Fig. 1 Location of paleoclimatic records which are compared in this study

1— i R OFR A (e SRR BRI B, 1981) 2— AR EALTR (Z2B TS, 2012) 3 3—H 154 AU ( Wang Liangchi et al. , 2013) ;4—
ThER R (Li Dongling et al. | 2011) 35— Z:#15%% (Chu Guogiang et al. , 2002) ; 6— 5 pg SCH IS IMI (1730305 | 2017) 37— A/ 1R
5/ FWERAT X B 6 KGE 5% (Liu Kambiu et al. |, 2001) ;8—PBE PG #5451 ( Paulsen et al. , 2003) ;99— VG K il ( Tan Liangcheng et al. ,
2009) ; 10— RIUHI (TR ESF, 2003) 5 11—HIALACGR (RS, 2019) 5 12—#JL IR (Hu Chaoyong et al. , 2008) ; 13—VL P4 &b
P ( Li Xiangzhong et al. , 2016) ; 14— PR RP R (P RS GRZEVFITBE, 1981) ;15—HE K ZE% T (Li Hongchun et al. , 2011) ;16—
JI[#1 %3 ( Tan Liangcheng et al. , 2018) ;17—2 [ I #] ( Sheng Enguo et al. , 2015) ;18— B -1 ( Xu Hai et al. , 2015) ; 19—} # &
il ( Zhao Kan et al. , 2015)

1—Drought/wet index in Shanghai ( Chinese Academy of Meteorological Sciences, 1981#); 2—Yuhua Cave in Fujian ( Jiang Xiuyang et al. ,
2012&) ; 3—Tsuifong Lake in Taiwan Province ( Wang Liangchi et al. , 2013) ; 4—southern Okinawa Trough ( Li Dongling et al. , 2011) ; 5—
Huguangyan Lake in Guangdong ( Chu Guogiang et al. , 2002); 6—Shuangchi Maar Lake in Hainan ( Tang Wenkun et al. , 2017&); 7—
Frequency of typhoons in Guangdong Province, Hainan Island and Hongkong Special Administrative Region ( Liu Kambiu et al. , 2001); 8—
Buddha Cave in Shaanxi ( Paulsen et al. , 2003) ; 9—Dayu Cave in Shaanxi ( Tan Liangcheng et al. , 2009) ; 10—Dajiu Lake in Hubei ( He
Baoyin et al. , 2003&) ; 11—Yongxing Cave in Hubei ( Zhang Weihong et al. , 2019& ) ; 12—Heshang Cave in Hubei ( Hu Chaoyong et al. ,
2008) ; 13—Poyang Lake in Jiangxi ( Li Xiangzhong et al. , 2016) ; 14—drought/wet index in Chongqing ( Chinese Academy of Meteorological
Sciences, 1981#) ; 15—Furong Cave in Chongqing ( Li Hongchun et al. , 2011) ; 16—Shenqi Cave in Sichuan (Tan Liangcheng et al. , 2018) ;
17—Lugu Lake in Yunnan ( Sheng Enguo et al. , 2015) ; 18—FErhai Lake in Yunnan ( Xu Hai et al. , 2015) ; 19—Dongge Cave in Guizhou ( Zhao

Kan et al. , 2015)
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The red dashed lines represent the approximate boundaries between the coastal region of southeast—south China,

the central region and the southwest region of southern China
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K3, A A5 B 8 AW % (Li Dongling et al. , 2011)
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IR A IR i TOC 1057 oK
1E 900~ 1300 AD Wi[H] H TOC {5/ T8 , 356
I DX 2 2 4994w 1 5 {HL7E 1300 ~ 1720 AD )
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pH LRI RS R o A 114 3 K b el 8 0 S DU 7 /N vk 3
HE 1 (1500~ 1900 AD) i,
4.2 INKEAREREHXNSETL

LT Hh sl XA B 7Y 96 45 3 A1 55 800 1 SR AE
FHE 20 4 900 ~ 1300 AD M 1F] 32 8 il 287 {1 ik
3y 1 FE /N VK 1500 ~ 1810 AD 9 [1] B & fi 71
(Paulsen et al. , 2003) , FIBE PG K £l 47 55 60 ic
SEH AR AL a3 g —F (Tan Liangcheng et al. |, 2009)
(Kl 4a F1 4b), {HK i A 5 80 4 H A3 (E
~7. 15%0W] 5. Ml f1 60 4 22 I 1) B el , R R4t T
150a (1530 ~ 1680 AD) ( Tan Liangcheng et al.,
2009) (&l 4b) . /INpk i rb g T a4 A5
Pl B2 ) A1 55 650 (ELHE 725 B V4 g 0 s, Xl 8 1 <%

Pl 3 b [ 2R R —HE R TV 3 X1 oy AR IC ST s ()
B R R 11 AR U (R R B RSB,
1981) ; (b) tEEE EAIE (ZEHSE, 2012, JRE 2) ;5 (c)
515 220595 ( Wang Liangchi et al. , 2013, JEE 9¢) ; (d)
128 (Li Dongling et al. , 2011, JEE 4a); (e)) &M
%4 (Chu Guoqiang et al. , 2002, JR[& 4a); (f) 15 Xth
B (G4, 2017, JRE 4a); (g) ) RA/1EFE
B/ 4 AT BUX A A KM R (Liv Kambiu et al. |
2001, JRE 4)

Fig. 3 Comparison of paleoclimatic records in coastal region
of southeast—south China; (a) drought/wet index in
Shanghai—11-year running average ( Chinese Academy of
Meteorological Sciences, 1981#); (b) Yuhua Cave in
Fujian ( Jiang Xiuyang et al. , 2012&, original Fig. 2);
(¢) Tsuifong Lake in Taiwan Province ( Wang Liangchi et
al., 2013, original cave name; original Fig. 9¢); (d)
southern Okinawa Trough ( Li Dongling et al., 2011,
original Fig. 4a); (e) Huguangyan Lake in Guangdong
(Chu Guoqiang et al., 2002, original Fig. 4a); (f)
Shuangchi Maar Lake in Hainan ( Tang Wenkun et al.,
2017&, original Fig. 4a); (g) frequency of typhoons in
Guangdong Province, Hainan Island and Hongkong Special

Administrative Region ( Liu Kambiu et al. , 2001, original

Fig. 4)
A RSN IC R IYE AR SCHR Y

JE IR B AT 1]
Dashed lines denote average values of each record. The figures

are redrawn based on the original data the literatures

8% (Paulsen et al. , 2003; Tan Liangcheng et al. ,
2009) (&l 4af14b), [FIEE, FETHIACE LTHEEER
JUI ARy E R K 1 s /s 12 X e /N o
1300~ 1900 AD Hifa] [ /K3 2 , T ARII , 5 b ad
I3z 3003 0 T 18 A RS A [) (il i 5 5%, 2003 ) (&1
de) o BRI, VL Ui b DX 0 b Kk 240 (5K AT 2%
4%, 2019) A1k ( Hu Chaoyong et al. , 2008) A1
G580 10 5% LA M HB FH ) (Li Xiangzhong et al. |
2016) PLRRHIIY 87 C,,, 10 55 52 B AR 52 19 42 Ak s
P& 4d—A4f) o KSR FE IR A 5 60 43 B HE
1480~ 1840 AD FI 1300 ~ 1750 AD 1 [a] B & fis 1F
(Hu Chaoyong et al. , 2008; FkMi7%45, 2019) , %
it (& 4d Hde ) o BEEHBIIORY B A P
513C0rg 10T 1420~ 1550 AD F1 1560 ~ 1830 AD 1
1E, s/ ok R I A B B T R R B T
1550~ 1560 AD ][] /K 5E9R 14 2 (Li Xiangzhong et
al. , 2016) , S RLAY B4 A0 A7 TR0 i T 1Y) 7 5%
80 ATk (14 4e Al 41)
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(Tan Liangcheng et al. , 2009, JF[E 4A); (¢) #idbKIL
W (T BT S, 2003, JRE Se) ; (d) B4tk 240 (kA2
4, 2019, JFE 4) ; (e) WIALAIHIF (Hu Chaoyong et al. ,
2008, J &l 4a) ; (f) YLVPGHSPH# (Li Xiangzhong et al. ,
2016, JFH 3a)

Fig. 4 Comparison of paleoclimatic records in the central

part of south China; (a) Buddha Cave in Shaanxi (Paulsen
et al. , 2003, original cave name; original Fig. 6a); (b)
Dayu Cave in Shaanxi ( Tan Liangcheng et al., 2009,
original Fig. 4A); (c¢) Dajiu Lake in Hubei (He Baoyin et
al., 2003&, original Fig. 5e); (d) Yongxing Cave in
Hubei (Zhang Weihong et al. , 2019&, original Fig. 4);
(e) Heshang Cave in Hubei ( Hu Chaoyong et al. , 2008,
original Fig. 4a); (f) Poyang Lake (Li Xiangzhong et al. ,
2016, original Fig. 3a)
BB LRSI T IE 57k R A2 S
GREITTPNIEY R € (H

Dashed lines denote average values of each record. The arrows
indicate the opposite trend. The figures are redrawn based on the

original data the literatures
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& A AL R A e 2~ 5 2] HPE 3R T 3, 6
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SEWFFERE, 1981) (& Sa) , X R T 8 PE ke JE 4
i1 55 6"0 i 1E ) B Bt (1470 ~ 1700 AD) , i . T
ANUKIT T R S5 S 9N 2 XA 055, B K 20 (L
Hongchun et al. , 2011) (& 5b) . BRI 2,
FHEF/NIKHA , 8553 4 55 8° 0 78 it 40 B2 1 900
~1150 AD (6] B & fi 1E, T 5% M #5590 B A 5
8" 0 1 itk 40 B8 1] = 2 Bl ST I RAE R PR —E 4
RO i , R BL T V4 p b DX DX 3R At A8 b 1 &2
44 (Li Hongchun et al. , 2011; Zhao Kan et al. ,
2015) (& 5b il 5c) . SEINHEERRR A5 60 FE/MK
WA A~ B0 1F 1Y B Bt 1370 ~ 1440 AD F1 1500
~1680 AD, 5 U Ji| #fi &3 £ 55 8" 0 1 55 i w1~ B
A IE BT BE 1340 ~ 1400 AD Al 1545~ 1600 AD %5
—%{((Zhao Kan et al. , 2015; Tan Liangcheng et al. ,
2018) (&l 5¢ Fi15d) . XPANIESCH T 80 B fi
TE B B8 o T F ) Dy s R R 44 1A 55 3
A - TTA 55 B = R R0 B R 55 B 2R L
14" (Zhang Pingzhong et al. , 2008) ., #R 1, AH X
Tt @ B S, 2= B 05 0 I O B R R A
1300~ 1750 AD 8] K T~ HAF- 48, 48 75 /b vk 39 3
5] A4 fi 2 ( Sheng Enguo et al. , 2015) (& 5e),
Z A T DR AOORE S 7E 900 ~ 1450 AD 3 [m] 35/
T, U DX B r T 2o 12 30 R0 /D vk 3 i 40
BT 3 78 1450 AD 2 Ji5 V- RRA) R B 28 1T
B K L i B AR R, 8 8 12 DX A I Y HLAN R
€ (Xu Hai et al. , 2015) (& 5f) , 7E/NK A g )
1500~ 1900 AD, z B ¥ Tk i FE I R A2 1E s R 1
T RO AR, AR BT /N P R X K AR
fLH 52 Z2 P (Xu Hai et al. , 2015) (& 5e Fil 5f) .
PRI, /N oI B ] e [ 7Y gt DX ) A AR fe B AE A
BEMNTZESR,
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B—11 4RI (P R R IEBE, 1981) 5 (b)
HPRIERS (Li Hongehun et al. | 2011, JRIE 8a) ;(¢) 5
M FEHF3 ( Zhao Kan et al. | 2015, JF[& 3¢); (d) PUJI#
#71 ( Tan Liangcheng et al. , 2018, JRE 7B) ; (e) =
71719 ( Sheng Enguo et al. , 2015, JEE 4);(f) =FHIE
(Xu Hai et al. , 2015, J&E 4b)
Fig. 5 Comparison of paleoclimatic records in southwest
China; (a) drought/wet index in Chongqing—11-year
running average ( Chinese Academy of Meteorological
Sciences, 1981#); (b) Furong Cave in Chongging ( Li
Hongchun et al. , 2011, original Fig. 8a); (c) Dongge
Cave in Guizhou (Zhao Kan et al., 2015, original Fig.
3¢); (d) Shenqgi Cave in Sichuan (Tan Liangcheng et al. ,
2018, original Fig. 7B); (e) Lugu Lake in Yunnan
(Sheng Enguo et al. , 2015, original Fig. 4); (f) Erhai
Lake in Yunnan ( Xu Hai et al. , 2015, original Fig. 4b)
RERANRREICRIEME, RIEHT TG EAE1E R
Dashed lines denote average values of each record. The figures

are redrawn based on the original data the literatures

5 FEEMAR

fih i /NI 1) e 32 BB B AL AR KLU Bl R R
BHI% 3l ( Mann et al. , 2005, 2009; Neukom et al. ,

2019) o KIUEEAE, KK RSZE, FBOR
ACJZRS IR B 8 8 1 5553 0 T 5, A B 4 A0 D 553 T
FEA FEVS ] (Mann et al. | 2005) . 5pittac B2 0IAH
LU, /NI R 2R e — e e T et DX A i
FIRE 5 R F—4E R T TR ML DX 52 65 XU S e 1S i A G
(Liu Kambiu et al. , 2001) (& 2e), #&T) H4E.
i T Ay R W AR ) AT DX P S ) R Y 0
1000 4F {5 KUE Rl A0 53¢ s /N oK S 0 8] o ) 2
1500 AD Z J& 5 Ay Bl 450 R B 3 39 0 ( Liu
Kambiu et al. , 2001) . FIL, /MK [a] & XU B8 55
SRR N, 25 BUR B — 1 B U T M X /K 3
#J [ % Z— (Chen Chingsen and Chen Yileng, 2003;
Wan Naijung et al. , 2011; Yang Tiennan et al.,
2011) o BEAb, /N k3 303 1) 98 1 1 b 767 3% Tk 2
T IEH AR, o > & 5 A T 22 18] 9 X I 3 2l s
555, PG RV R RS o 7T RE e o RIS, B AE
Hh ] 1 7 ) B R R A 2 3 R B — TR
TR M X 2 U B TR 3% 22 (Tan Liangcheng et al. |
2011; Chen Fahu et al. , 2015) .

ZINDKA s S b [ b S DD B AL S W 2
IR A 14 ek 7 i 7 A7 A ) DI 2 S, AR T e
T I, /NI R 5 300 v 0 s DX Y 3 7K A =X
RN ARG 17 M X 22 S a] RE 2 il T
FE ARG 1 2 26 M T R 80 e Y B P 5 1R <
TAAT:, ISR XA, 5 = 0 R 72 13l XUt DX i 1
(Tan Liangcheng et al. , 2011) . T#IA& 2L K ILHIH
Ab R HLIX (1700 m) SR, 2855 , A 8] T
LR PR K 73 B O B /N DR 52 B v Ay <k
RS, 55 R VL v i A b DX i T 1) A A5 S AN T
([T 45, 2003) , AR, I PG R b DX A2 B RE
ZE AR W 22 AU 2 [R] 5206 ( Wan Naijung et al.
2011) , Hiz XS 52 2% (A0 i JL | 1L i 70 25
S AR AR S o ] R T XA K R
S U HUS A 520, i S 22 S R R R LA R
S 1) S i PR b X N TR K 22 S 1 2 Y
EHHR,

6 3T 30 4R [E R O L X R K AR ALY
25 [H] R
AT BT 4 B e 380 0 A 3 (1900 ~ 2=4)
1961 ~ 1990 4F- 1L 57 )P4 il i /s i s 303 L~
BRI AR FE /N K B &5 0. 5°C 245 (Jones and
Mann, 2004; Mann et al., 2009; Wilson et al. ,
2016) , 1990 ~ 2019 4F GPCC ( Global Precipitation
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& Fr 3 it 3 Panoply4. 10. 12 231 #0840 H : hup://climexp. knmi. nl/start. cgi
The figure is drawn by Panoply4. 10. 12. and the data is downloaded from: http://climexp. knmi. nl/start. cgi

Climatology Center ) 4B 7K 5% 73 41 8l i 7 i 30 4F
R 7 ML IXBR T 5 R B 2R 0 R DX
A X Sl A 2 0 P A R A1) R T T T
DX K ISR (P 6) o 2 0 e R DX Jml sz 360 XL )
SEMR KR8 B 1L KBS T H A AT K B s,
PRI T $b P TR 2R S X 48 K A2 AR /Y 52 i (Tan
Liangcheng et al. , 2011) , {HAFERENE R TEE
FIFE N2 By 305 30 4F A< 1 — A g T vt b DX OHCA DX Js
i T H 31X 5 /N UK I AR R —HE T T T L X
FHEEmMTR AR (K2, K3, K6). Alftd
H T IRAE Bl L 83 3l 55 I R 5/ ok i 5 A
TEZ2£ 5 (Zhou Xiuji et al. , 2011; Deng Wenfeng et
al. , 2017; Duan Fucai et al. , 2020) . 1H HHi7E4
BROBBERY T RT, VG AR 5 Y 5 AL LA S
ARV B 2= KK B 52 AT A AR AR 2 40 13 A o itk —
AL 1E( Huang Yanyan et al. , 2016; Zhao Jinyao et

al. , 2018) . 7340, 2 T LA U HE bR 2 # 19 /) ok
b 7 B KRR S T 2 h TS SRR B &
(]G FRY 24 20 P R A i o 194 SRR B2 45 T
Tk AR R 22 A I3 B AR A 22 TP N AT A — 2 72
FERIABREYE . ARXT T WIATC M, A7 500
AR A A T 7 B DA U, 3 AR B 5 T T S BORLAY
ARACBEORS e, B S IE SRR s I AL, ARl 4%
BB ERE AT A B Tl U, Nt
ARAR R — 1 A B i 1e) ROBRE - B o [ g D oy e A
Hh B 20 DX ) A R R 0 R D SR AR L
HEORIEGE

7 458

ZINUIISI A0 18] e I T e DX ) R KA A S 35 Y 22
St o ARt L e A B R /D kA
1) A P — 1 B T L DX A SR AR .+ v A X
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Pattern of precipitation changes in southern China during the Little Ice Age

XIAO Siya "* | LI Tingyong > ", CHEN Chaojun ", HUANG Ran ", WANG Tao ",
WU Yao" , XU Yuzhen ", QIU Haiying ", HUANG Yangyang ", LI Junyun' ?
1) Chongqing Key Laboratory of Karst Environment, School of Geographical Sciences ,Southwest University, Chongqing, 400715
2) Key Laboratory of Karst Dynamics, MNR & Guangxi, Institute of Karst Geology, CAGS, Guilin, Guangxi, 541004
3) Yunnan Key Laboratory of Plateau Geographical Processes and Environmental Change ,
Faculty of Geography, Yunnan Normal University , Kunming, 650500

Abstract: The Little Ice Age (LIA) is one of the most distinct events of global climate change in the past
millennium. There are many comparative studies on the climate change between monsoon- and westerly-dominated
regions in China during the LIA, but there is a lack of research on the spatiotemporal differences of climate change
in southern China. It makes difficulty to understand the regularity of precipitation changes in southern China during
the LIA. In order to comprehensively and systematically understand the complexity of regional precipitation in
southern China during the LIA, we divide southern China into three regions, namely the coastal region of
southeast—south China, the central region and the southwest region. A total of 19 high-resolution paleoclimate
records are selected for comparative study, mainly including the following points; (1) Compared to the Medieval
Warm Period, the coastal region of southeast—south China mainly shows a “cold—wet” pattern over the LIA,
which may be related to the prolonged residence time of rain belt in southern China and the enhanced influence of
typhoon on coastal region. @ Over the mid—Ilate LIA, the south flank of the Qinling Mountains and the alpine
forest region of Shennongjia mainly showed a “cold—wet” pattern, of which the difference is that the southern flank
of the Qinling Mountains was wet over the mid—late LIA. However, other areas in Central region were
characterized by a “cold—dry” pattern. Such regional differences may be caused by the complexity of topography
and atmospheric circulation. @) Affected by Indian summer monsoon, East Asian summer monsoon and complex
terrain, the climate change in southwest China experienced discrepancy during the LIA, without presenting a
relatively consistent and typical climate pattern. Different from the precipitation changes during the LIA, the
precipitation changes in the coastal region of southeast—south China decreased significantly in the past 30 years,
except for the Taiwan and Leizhou peninsula, which may be affected by factors such as temperature and human
activities. Based on the high-resolution paleoclimate records, we systematically analyzed the spatial and temporal
differences of the Drought/Wet patterns and their possible influencing factors of the LIA in southern China. It is of
great significance to understand the complexity of precipitation in different regions of southern China during the
LIA, contributing to prevent and control the drought/flood disasters in the future as well.

Keywords : The Little Ice Age; southern China; precipitation patterns; paleoclimate records
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