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Abstract; Severe volcanic eruptions often trigger regional or global droughts and cooling events, which subsequently affect
forest growth patterns. This study utilized tree-ring width data from the International Tree-Ring Data Bank for the eastern
Tibetan Plateau, encompassing 33 sample sites and five conifer species the investigation focused on climate changes in

different regions of the eastern Tibetan Plateau and the radial growth changes of various conifer species after the 1815
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eruption of Mount Tambora. To study the interannual radial growth at each sample site, the measurement data were fitted
using the ARSTAN program to calculate the mean values. A double-weighted averaging method was used to establish the
standard tree ring width chronology (STD) for each sample site. The average growth state of trees from 1799 to 1808 was
taken as the baseline to calculate the ring width change rates from 1809 to 1830 after the eruption. Subsequently, a modified
superposed epoch analysis (SEA) was employed to compare the changes and significance of tree ring width indices before
and after the eruption (1799—1830), analyzing the radial growth differences of different species across various regions.
The results indicated that post-eruption, tree growth changes in the northeastern and central parts of the Tibetan Plateau
were relatively similar, exhibiting significant variations in ring width, while changes in the southeastern region were
comparatively smaller. The study found that the 1816—1819 cold and drought events on the Tibetan Plateau, triggered by
the eruption of Mount Tambora, has led to a decrease in tree-ring width starting in 1816. However, over 63% of the sample
trees’ ring widths had returned to pre-eruption levels by 1822. This indicated that most trees on the Tibetan Plateau can
recover normal growth within three years after extreme climate events, demonstrating the high sensitivity and resilience of
plateau forests to climate change. This research serves as a pivotal reference for understanding forest dynamics following
significant volcanic eruptions, encompassing the relationship between climate change and changes in tree growth. It

significantly enhances our comprehension of how forests dynamically respond and recover under extreme climatic conditions.
Key Words: tree rings; radial growth; volcanic eruptions; Tibetan Plateau
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Table 1 Site information for the tree-ring series in this study

R1 MRESEER

. 1700 4%
. o PRI A o . R
G5 R {IA:S TRl 1 uen’; HRUE AE(E)  HE(N) A% ZHE3 aimj;
Number Site code Locations Tree species Pequence End year Longitude Latitude Sample References . B
start year . information
size( 1700)
HER Sheppard P R
. - o o
I chin005 52 JUPR 840 1993 98.50 37.00 79 A1) Wk
. a AR A R , Sheppard P R
2 chin006 # JUPR 159 1993 98.00 36.00 103 agan] Rk
. KRB R . Cook E R
3 chin017 E27 82 JUTI 1452 2007 99.75 28.90 19 ey PDSI
. ey JERE . . Cook E R
4 chin019 2yl ABFO 1509 2006 99.93 29.15 24 ey PDSI
. KEEM R . Cook E R
5 chin020 HELL U 1306 2007 100.27 30.23 21 ] PDSI
A ST . . Cook E R
6 chin021 Z ARTO 1380 2007 99.93 28.98 16 ey PDSI
. - NS R . Cook E R
7 chin026 e B i ABFO 1516 2007 99.80 27.62 41 i) PDSI
MR A B0 Cook E R
-hin02 A 134 2 30° 27.33° 2 A PDSI
8 chin027 GHEEES  ABFO 348 007 99.30 7.33 7 (2] S
T 24 Fan Z X .
9 chin037 gl i =t 1429 2005 99.35° 27.58° 20 P FELYH
PCLI tig[33]
. , THYK . . Fan Z X .
10 chin041 L DU 1530 2005 98.40 27.88 15 sl HES
‘ Brauning A
11 chin0d6  E#ETEHK Jj;ﬁ.m 449 2004 97.03° 31120 £ %“E';f]mg HEWk
A A Brauning A
12 chin0d8  MEEML Y ;ﬁmm 1080 1998 91.52° 3030° 40 gﬁ‘;?}"“ Wk
. P AR A R . Shao X
13 chin050 B ne JUPR 843 2001 97.23 37.47 35 o (5
. p HER . . Shao X
14 chin051 AR JUPR 828 2001 97.22 37.47 33 9] Rk
AR5 B Shao X
T 4t /N o o
15 chin052 e JUPR 404 2002 97.53 37.45 41 019) Rk
R B Shao X
. i A s o o
16 chin033 [ JUPR 451 2002 98.05 37.43 37 ) (43R
AR5 B Shao X
e St /N o o
17 chin054 AT JUPR 711 2003 97.78 37.45 40 4019) Wk
. PG FiSud el R . Shao X
18 chin055 AT JUPR 1237 2002 97.05 37.52 52 450 Wk
i i Shao X
19 chin0sy RS JORTIR 1480 2002 96.13° 33.80° 18 s Wk
JUTI #e19]
. e AR R . Shao X
20 chin060 B2R JUPR 943 2003 98.40 37.32 40 0] Rk
i3t Shao X
21 chin06l g AR 857 2003 98.63° 37.03° 34 oo Wk
JUPR L1l
. - HRIERIH . . Shao X "
22 chin062 H2d JUPR 845 2001 98.67 37.03 39 A1) Rk
. . HE R . . Shao X
23 chin063 L f JUPR 681 2001 98.22 36.75 43 1) Wk
. a AR R . Shao X
24 chin064 L2h JUPR 900 2001 98.42 36.68 36 gl Wk
i Shao X
25 chin06s  JEE ;ﬁmm 1290 2006 95.72° 32.67° 40 %‘E?g] Wk

http ; //www.ecologica.cn



172 xR 45 4

) 1700 4F:
| 4 = 2 [—:|‘
45 BA G o FOREE  per  mmm mEon wRx swo PR
Number Site code Locations Tree species q End year Longitude Latitude Sample References . .
start year . information
size(1700)
N AR Shao X
. P2y o o
26 chin066 LEZSS Tl 1374 2002 96.28 33.72 %) 9] Pk
ok Yang B
27 chin067  HEATATE AR -2673 2011 97.75° 37.25° w0 HEHk
JUPR £536)
. e AR3% B . R Yang B
28 chin068 #h5 JUPR 933 2011 98.35 36.23 103 gl HEREK
. AR3E B4R . R Yang B "
29 chin070 e £ JUPR 56 2011 99.33 38.57 45 gl LEZEYS
. - AR5 R Yang B
30 chin071 LA J[B;P“R’ f 432 2008 99.87° 38.20° 67 %[fﬂ HZREK
. KR Wang J L .
3 chin074 Bk o H 128 2010 97.00° 31.00° 103 %[ﬁ] S
. oy JIERE Lij ;
32 chin075 SRR TN ALFO"B 1498 2013 99.95° 29.15° 21 sl il
. S EiEN R 7 . . Fan Z X .
33 chin087 ERTTL SDU 1520 2016 98.77 27.17 15 e SR

JUPR AR B4 Juniperus przewalskii Komarov; JUTI, FER B Juniperus tibetica Komarov; ABFO. JIEYBAZ Abies forestit Rogers; TSDU . PNEA Tsuga dumosa
Eichler; PCLI; AHYLz42 Picea likiangensis Pritzel

] 1799—1830 4F4E FEHE KU R ALE KAF L, 1158 1809—1830 AERIRI AL 0 AE LA R, (A (1)),
SIS AREE T2 AL AL R AR ARG B, IE R ArcGIS B BRAFE AN [RI AR AR AR AR AR R R FE AT I

RWI, = RWI ;4
R, = ; IS8 100% (1)
RW1,700 1508

o, RWL RWEE i SRR SEME i MAFM (1809—1830 4F) , RWI 100 1508 M K LIS & T (1799—1808 4F ) S48

Eee
DLE o

R Y 2D R A AN [ DA AR AR TR LR e 2 Je A AR A i) b 3 R AT 75 e S o 4 R 23 [
7 B4y AL AR R = X (E 1), 208 Gao Zzl16] 5T TAE, B el ik Y B I s o e 4 (' Superposed
epoch analysis, SEA) , PPl A LU & 5 XS ARAE AR (R, ) ZRARISC R . FAT0 0% 5 ARFAT 3 A>3
DXETF I3, 445 1799—1808 4E3X 10 AEMIMI AR AL AR (R, ) #EAT N, JE LT — V550, b6
1809—1830 4F {4 FE AL (R HAR AT BN, 13 — A F2F81 sl ad LB P AP 2 e 81, AT Ll £ 1815
SRR KT A L BAEARXS T 1799—1808 4EAY-F- 24 KARZS | AR AR ) AR AL R WE , Horp 2R
TR E A e W ST L E P IR T 1000 AN IE— 18 525 H R 3 SO R A B L2 5 24— 1Y X SR AR
58 T8 AR AL HRBIE T A , AR5 1 HAME R A3 A 5 10000 YR B 52 A B 325 4 A BRI 00 A R AT HL A B g
TR SRR G BE Y,

2 R

2.1 A[EIRE R AR AR ) A K B AR A RAAIE
HIPE 2 Bz, e JEUZR TR DX ) 33 AR A [ R AE LB R TS (1799—1830 4F ) M FE AR 0] A AT (23
W 25 5, O T AE T, USRS AS RN Bh 2> Bl T 41

http ; //www.ecologica.cn



173

0€8T 03 66LT WOoay SIS 99.1) JUIIIFIP JO SI)eI IFueyYd pue sIFueyd YIpIm Sury 314
EEHET HREHJFZ0ST 6L I Rkl TH

JEAHRAN R AR A2 1) 2B K 9 2 )

=

S5 L H T LR R 75

FlEE=S

134

I'1Od

Nnas.kt

od4gv

Lnr

AdNr

0€81

S8l

0Z81

SI8I1

1808 )y
0181 0€81

S8l

081

SI81

0181

S081

1 ot~ \/\/\I\/\/\/\/\/\/\I\/

Leouryd

0cl

L80utyd

[youryo

1 021

sLoutyd

Legoutyo

gzoutyd

reoutyo

610uyd

B Ow|
4 0p—

1 0¥
108
1 021

(=%
<]
|
%/WPLA SULI-001) UT oFULYD JO Ve sy T I W i

yLOUIYD
8yOuIyd

990u1yd
9rouIyd

sooutyo
ocoutyd

650Uy
L10uIYo

4 08—
B OV|

1 ov
1 os £90uryd
oz £50uIyo

1L0u1yd
Z90uIyd
Zsoumyo

0L0ouIyd
roouryo
[souryo

890Uy
090uryd
osouryo

L9ouyd
ssoutyd
900Uty

poouIyo
psouryo
$00uIyd

€0
9°0
[
Sl

€0
90
60
[
Sl

€0
90
60
¢l
Sl

€0
90
60
[
Sl

€0
90
60
1l
Sl

Xopul [Ipim SuLi-0o1], JEHET

//www.ecologica.cn

http



174 A& ¥ W 45 &

H

17 ASAR 3% BIAA (JUPR ) B 5 S5 B0 A5 16 35 1 b AL i X, A FRE S A T AR bR sl L MR, B TR A1
—FPE, KR AT (1799—1808 4 ) M ACHE i A AR {8 T2k Ll & J5 (1809—1830 4 ) 48 a1 , 1809—
1815 A AL T AR fL MR BE /N, 1815 4F K148 & J 141 (1816—1826 4 ) B AL Wi A8 fb 41K, 1815—1818
ALK 1822—1827 AFFHE T8 FE AR LR K, 1816 AFAR Fe YIE B K I & AT T AEYIME TR T 49.8%,1817—
1821 F4R SE SRR KA AR E | 1823—1827 AF4% T {1 I A B2 U ) I B Wi &2, 1830 4EFE SE (5 1815 4E 4
FEMHIEAAAI

FARBAA (JUTL) 7 1809 4F K 1Lk & 1 ( 1799—1808 4F ) & 9 A8 A3 M Fa i , 75 1809 4746 ¥ { LA K f T8
AR R RIFEFE 1809—1815 4F48 T A8 AL i BE A8/, IR RT A LR & 5 1816—1819 4R A48 % A8 fb % 1
W FFE, 1817—1830 4F4R 58 AR AL AFAE B R Y 25 S, FLrb 7 T DU )11 95 505 1 DX %) P A 44 ( chinO17 |, chin020) ,
1817 E 2 Je R TE 218 WK 2, 1820 4F O &K 5 2 K 1L & il 7K T 5 7 78K i JAL 7R 8 28 12 5% B Hb [X ( chin046
chin074) , 1817 448 i (5 212 WK &2, 1828 4F-%6 T B APk &2 J Ll 48 2% 115 7K SF- 5 W4 8 v 5 bk ] Hb IX ( chin048)
1815—1821 AFAL TE(H L2182 T I, 1823 AR T R S BT B2 xR e, Z S5 i Wik &2, {H 1825—1830 4R 48 5 B2 U 2
R, B 1830 4EAFEARIZ I L KR A 1 7K1 5 75 9 5 5 2R 2 1 2% 22 b IX. ( chin059 | chin065 | chin066 ) 1817—
1822 4FFEAK AL 55 1815 AR5 55 /K-, 1822—1828 4F- 5 ¥ {52 BRI BE 1 81, 1830 4F- 5 k1l st & i - 4F-F- 1
R TEARIT

JIELYSAZ (ABFO) ZE DU 1 FEHBE4 3 NRE A, 7E 1813—1820 448 5 (B MK T B, 1820—1830 4F- 46 5 4 Wi A8
$& ,FE R chin019 5 chin075 3 T [A]—H X, %8 FEAE 3% AR, A 5 chin021 48 98B AR AUAR /N s 7E 2= B b i b
[X ( chin026 .chin027) 1810—1821 AEF 46 Vi BE 1574275 /1 | 1821—1830 4EAL Tk &2 1 | {H% &2 s g 18, Hirp— 4>
FE S F) 1830 AR 1799—1808 4E4¢ T -7k

WYL ZAZ (PCLL) 5 2 M8k A2 ('TSDU ) FF f5 53 A 76 25 PH AU A1, (02 38 48 1) A K AR LA AE R K 22
S ORISR A2 A — AR (chin037 ), I FhAE 1817—1820 4FAM 48 T A8 %% | 1820 4E 1R 48
SeAHAE K, 1824 AR5 LRI 3 1815 A48 58 . = FIEAZ ('TSDU) A fi7E 1809 4EHE i fH 728 /N, 1809—1821 4
e A AR R P, 1822 AER G 56 T (E W 22 K, 1827 AEWINRE S48 56 2 KL AR IA 3] 1799—1808 4E W4~
SN IR TN o K

NER R LG R TE (B 3) , 75w B R S5 7E 1816—1822 AR 46 T A48 (b R 1 3 K (IR I - 100% , A
It 1799—1808 4E4E Wit ) . Horp AR B KT (JUPR) 7E 1815 4F K I K 5 +4F (1816—1825 4F) # wi 81k
R ERRAE(P<0.05) , KSR IF M (JUTD) 76 1816—1819 4F 4 A 48 55 A5 Ak 3K I 2 JAIK ( P<0.05) , 25 75 2k A2
(TSDU) 7E 1809—1821 4F4% T AR {0 R 1 35 F % (P<0.05) H T R B2 5 K, 22t R IX 12 4 1IN 2 42
(ABFO) FIEN VL= AZ (PCLL) 75k L K J5 e v A8 A 32 A A T B (R IR P S 7E 1816—1822 4 4L T IF # %
SN, TG 1827 44T, AW FP AR S8 AL R P SR AL T L TR BE 3k sh AR b, Bk B ks,

gEATE 2 A 4 78 KRR G 1 4R (1816 4F) ,80% HUKFE S KRS TifE L 1815 S48 i /N, H 1816—
1821 4FEMF5E IX A R It 80% HIRE S AHE TE AL R B (E, Ho 1819 4FRE S R FE S AR R R AR K
Fe it K, i85 91% , 7E 1822 4F 63%FF e S AR R R L IE(E . AR, 7E 1822 R ZHE MR ek 1IE% 2
TF 1822 4F- 22 1827 AFA5r T VU e AN 77 1 b IX 7 R 2o A U AR RS [ A A A28 A i 2 K, L PRAT I8 303 il A Rk )
-80%—100% ., 1827 4F % 1830 4ERf A4 Ja FeA KR 22 , L 2 A7 7E W48 9 BB th 1799—1808 4F 48 95 Y (H 1Y
L
2.2 AN DU R AR ) AR K 1 AR AR RRAE

MR 3 X BPRESR 78 1816—1820 4F BT A7 IX SR A 4 55 A8 fb 3 e I 2 1 35 T B 1 (P <0.05)
(5) il 1816—1818 4FixX 3 4F,3 XS4 wi A (b R 4 A il , (A Z 5 AR TE 1822 4FFi G K 1E % . dt
IS b DR AR (RIS 322 [BRIATT ) T s b DR AR (TR0 SR B4 ) 1823 4R TR 46 B A2 b 3 .35 1 [ (P<0.05) , L4351
1E 1827 4EF1 1829 4E TG IE% | R B X Ik AF 1823 AEAE S An (bR A T I, (0 1824 4Esi O & E & 1F

http ; //www.ecologica.cn



14 MBS A5 IR LR R X 7 8o SR AR AN (R AR A i A K PR T 175

0 = 18094 18154F 18094 18154F

A an

0.2

0

-02
-04
B -02 06
kS
= -08
3 - »
Z 04
£
5 o2 0.6
g; 04
@d 0 0.2
<
24 o _042 5
Be 02
2 04 04
g -
> _06 L 1 1 1
T 03 1799 1804 1809 1814 1819 1824 1829
% 02 | Ay Year
0.1
0
o 95% A7 X ]
-02
_0.3 1 1
1799 1804 1809 1814 1819 1824 1829

44y Year

3 TREMFLE 1809 50 1815 FMNIERATER BT RITMHE
Fig.3 Ring-width variation anomalies of different tree species before and after the 1809 and 1815 volcanic eruptions
it 2R W AR € A5 g 959% 11 A IXCIR] , K HE LR R AN RIS T S 7E 0= 0.05 35 HEKF LB, K @RI IR @52 43 BIFRIC T 1809
AR LKA RV Rl RS A 88,35 (0 48 5 A8 AL R AR RN 5

HAKF
3 g

3.1 1815 AR A LR RT3 6K e D 2R A A 1 5 e

SERZN 1) LIS A LU IS TS Y AT T J2 R o e Tk 8 i /), A/ T R I, 2% JXUAS I Dk
550770 PR K IR AL ER R AR EE X 1815 4EE 1816 AR MR FHE T 0.8°C ™1 e i b
X, 1816 4 I FFEZ) 0.5°C 1) i B 244 IRAE 1816 4E R T 0.25°C 76 1817 4EN R T 0.73°C 1) | ix
PR ATE A Tt ROk, AR BT W B AR bah, R PR SR, R
o SRR IR A SR A8 K5 1 1816 A3 1819 4R W], 2817 T M E A T 5, b 1818 4F hy fe ™ A —
AR O S YRR Ko T R e DA R ) S [ DX SR i A7 A 25 5

FE T 9 0 SR 2R A, S TS R DR ) i SR A S, 7E 1809 ARk 15 #1819 4R AR, K,
TR TR IR HLAE 1815 AR5 1819 AFWIRIAFAE— A B WAy 915 > 0 55 —Jy I, A BT 9 4 X i X 3
7 S K RN ARGy AT T RIFSE S5 SR B, 1816 4EF] 1817 4E I T R0 HE % | FE55 s 5y v
WA LRI IS R H 1816 4F 6 H I BL T ELE 3 KAYSEH RS i Liang 251 fYBFST 45 Hh , 1816 4
F) 1822 4F L IZHIX AT 379 4EH A Y 2 — | Horb 1817 4R (0 e AR IR F K W Y (EAR T 24 2 A hnifi 22
FEAG H AR AT SO Lt & FEUY . AN, I IX B RFK TR S AR S R 1820 ARRATIS 10 4EAF1E

http ; //www.ecologica.cn



176 JAE = 45 4

N
18154F A 18164F

IR
o o JUTI -34.9%—523%
* TSDU -31.4%—~16.9%
A JUPR -100%—19.2%
® PCLI 23%
-41.8%—33.0%
*

R
o o JUTI -19.5%—56.1%
* TSDU —22.1%—19.3%
4 JUPR —40.0%—44.9%
® PCLI 162%

* ABFO -32.8%—8.5%

@ * > ¥
® ¢ > ¥

18174F 18184

IR
e JUTI -36.9%—0.8%
* TSDU -27.5%—17.9%
JUPR -80.4%—11.8%
® PCLI 17.9%
-33.4%—100.4%

R
® JUTL -46.5%—26.4%
* TSDU -20.8%—-19.2%
4 JUPR -33.6%—33.2%
® PCLI 323%
-41.0%—51.5%
*

@ ® > ¥ ©
® ¢ > ¥ 0o
>

18194F 18204

R
o o JUTI -32.1%—17.3%

IR

o -22.2%—8.1%

# * TSDU —24.0%——14.2% ° # * TSDU -29.1%—20.7% -
s A JUPR -42.5%—16.9% s A JUPR -54.6%—8.5% .
o ® PCLI -13.1% o ® PCLI -46.0%

® )

® ABFO -3849%—-4.1"/'0 =36.6%—6.3%

182145 182245

IR o RRIEARAR

o o JUTT -40.6%—35.0% o o JUTT -27.0%—34.6%

# * TSDU -35.1%—14.4% - # % TSDU -24.3%—19.5% @
4 4 JUPR -68.8%—2.7% - a A JUPR -26.3%—24.7% PY
o @ PCLI -21.7% o ® PCLI 63%

L4 -38.0%—70.0% © ® ABFO -32.7%—45.5g0

0 250 km
[—

B4 33 MRS 18151822 FHAMARETURZ B S HE
Fig.4 Spatial distribution of tree-ring-width change rates at 33 sites from 1815 to 1822
N [5) #4 EIBR AR RS [R] e o, G e S G AR S AR T8 A TE A, I (AR A TE AR A3 (L, (L2 o (L K DU PRI bl B Pl
AR /INJSE IE T A SRR AR i A AR T K LD AR R /K P AR AR L 5 181 o 4 7T 3 LU A SRS R R S SE A2 AL R S

http ; //www.ecologica.cn



14 TBE A IR LR A X0 7 R JEUAR TR [R) B I R 422 1) A 4 B 2 ) 177

TR R K AR A e A R SR AR L AT

eI, 17 TG 95 S5 g 0 e A 5 1 22 5 e S 9SUHEfH X ]
SO R R DA A R 1816 4F AT 1817 A Y 180181
AEMRRE | AV ST e 1810 (R UELER wal o
—AAER I Feng 45N 1E 75 R KA WA 0 B

T brGDGTs 2 14 ik 2 7 514 s K 4Rk J5 1815 gi

AEZ 1817 4FE AR AN RS YR 10 2k 1815—1817
EamA 8 AR LML 2.5—3C , iR =
AR B E ALY, S Ah, Shi AL
AR R B Tz XK AR 1L, 25 R w1810 4F
T BAZLH] 1817 4F A2tk T8 5 2 ok ik
K Ja DX XU e A AR K

AR B R LR ST 1—2 4F 3 5 I <
Fran & AR AR, BT SRR R R A0 R TR X
WA AEAE 22 5 ARG AT A SE T ok Ll

1799 1804 1809 1814 1819 1824 1829

1799 1804 1809 1814 1819 1824 1829

#9548 AL BE F-f Anomaly of the rate of change in tree ring width

B 5 WU A SR B 1) T (B 1819 4F) | R 02
B RS I S 1817 4F ﬁ
32 BRI S AR A2 I R n

SR RS T R R, SRR A G AR 0.2
WL B A 9 A AT SR A SRR _0'31799 1504 18:09 1814 1819 1824
1816—1819 4F Hi B 5 1 5 AV R, 3¢ o il o <4k A 4Ef} Year
BRMOA AL A BUREE , SR A 1816 4742 5 AR 1809 50 1815 F N IR R ATFHFE T ET
R K N (R 1822 SR ERMAE RIREIEH, g
KB PIRZ R 24552 8 LA L, WIHL KR EJS  Figs Ring-width variation anomalies in different regions before
T 98 o SR 2R A AT S s DX A AR AR 1) A= K AR ARG B K, and after the 1809 and the 1815 volcanic eruptions
A K AR AR /N , X T RS TR B A s L, MR PR L BIRE Dl 95% B A D), ACY: i e 3 AN I XS f
T rh AR A A A ) ARFFILE @=0.05 BEMKF LA BE, HKOAE 7R 1809 4E LK

N o ANTR] DA A i 2 14 % 9 fL R AR

BRI, 78 77 98 g S5t 2R AL A A Xl T
1816—1819 415 LA 520 , 1816 4F TF 4 42 96 5 %X
SR SRR SO R E BRI (B S) , B 1822 A X SRR A AR S (A S AWK (181 5) o AR SO i i R AR
JEFE AR AR A AL T A, 5 B el AR A AR G IX |, HAE KX 5—6 H K A- 45 F 43 Uk % X A
B ST 5 BUTAR i R A A G 1200 DR 32 IR AR S8 (B 10 35/ T AR R A S X 1, R 2
FE SRR B PR — Bk (181 2) o 3 oh 775 e I AR L AR AN R X . % 58 28 AL R A8 1809 4F T R i
JE R/ M HKR: 1816 4R 56 5 748 A6 6T B I B2 Jie K J2 1824 4% 2% i 1822 4F7E AR 1 W A5 5 JC 11 43¢
K RIS WIS K B BRI B TR S e T B AR AR ek A E St A BB ) FEELE 3 IR KR
J B IR SRR A AR i A T LA SR SR A T

T G R 2R R S 1810—1817 4R 4322 T 52 LA K 1810 4EAR AR 2 1, SR 478 AL HTE 1813 4ETF LA
RN 6) AN it T0%FE S AE 1825 ARFE (IR 2 K IR KiK. ZERLIX B0 A5 A )R A2 5 = R Bk
K2, o L A R K 43 BR A o S AR R S I 5 L TR AR AR K S G R 3 % AR SO 20 TR
BARRTIT, 1816 4E 2 1818 4F  BRWIELE 3 4F, S8R KISy # R AN E R AFLL AR | B KA, BOR A RFFZEY
RO FEUE 1816—1820 4, JINELVA AZ 48 S fE/IN T HAWAR R R e (i (B 2) s AR K FE T (5—8 ) i

1829

http ; //www.ecologica.cn



178 xR 45 4

FUHERH B E ARG EBERED am P2 H o — B chin087 {7 TR 25T HIX, 55— Ff
A chin041 7 TREWT L, = 2257 1 LAdL, 510 2R R K 8 R 5 1815 4F IR IRV 3, B e X i 22 5 1l DAY
A 0 T o A6 i T R (X S X R 2 T IR, B B i S R AR R AR RS, 2 A 1)
DUJIZER PRI chinO87 FE s M ASE S F5 5UFE 1815 4ERIJE ¥ TREMA chin041 (8] 2) , X Fh X skt il b A
RIS, — R ER M T RO RS, XA T Y 22 55| & A AS ) b 38 R B b A
R ZE S A ST 5 R AR AN [ S P oo DX 3 A 2 A o7 ) o S
3.3 KBRS AR AR R B LR R Ay B

Li S PR ST T 525 BOFRARIK R Bt 2 B0, A SRR A s 19 £, A mT DA =B shAikp O i, A e i =
PR 1—4 SR RIS B TR A K AT X 5 A SR AR & o SRR L & 5, 1822 4R it
63% B AL T 38 21 K LU & AT HE S, (Rt A5 AR L B ) DR R 22 A1 I IR G 1 3R 3 3 I 0 AR RS 0 75
1o R AR 32 W i A S5 3 AF TR B ARG (R R 0 A IR ARG 1T S, HL32 2R R 38 (AR AR AR B 2 KRR
fiE JE A= 4 ) S T

TE 1822 4F 2 1827 AR T 76k ey S AR AR A o 38 K 2 s AR AR Il AR K AR R BE K IX AT /g 5 1822 4F
ARFE KL A e UKL I 1823 A 88 g i Hh s AL AR A58 58 A8 1 3R 8 3% T [ (P<0.05)
1824 A4 SEFE B/, 1827 4F- 76 % WM AR SZ K L4 2 i e 56 (L, AR 5 AR K AR fb 5 A SR 1L
JE AR T AR L TR, SRR A S AR A A R W, FE K LB RS T SRR R B RS
S Bl b X A ity A A A SR T LS 2 J A 285 A R e Sk R A M ot A4 118 5 Wi, A W i S A8 5 — AR A2
A ATPRA AT AT L SRR A AR T EL A R R SRR RN AR Y AR A S

AR5 B T T I RTE SR LR S B AR AR SR X A 48 P S B A TR 25 5 e
WL AH2 2 AR D |, LR S A AR b 1) 52 M0 R AR B (R ATR SR AF AR AN 8 P, N 22 S i 2 4 5
FEPE VR HA PR 2 A PR A Ok AT BB i SRS M AR 9T T B A AR I — 2 Se e A . A ST AR R )
SEERT L 2 T I 77 9 o 2 3 DX A AR AR A28 1o 2 K i 28 Ak, IR X R[] IR [ B A 2R 47 T 8
g5 OB R T SR LR IS ARAR S A I R O, AL A AR R AR AR Z [ 56 R AR IE— 1 B %
A

4 g

AR SCAEFH T B s o 0 G ) e I B v D AR 0 e DX ) A0 2 e 0 500 , 368 e X AS [ DX SRS [ Ao 9042 1]
AT WFFE T 1815 AFIE AL LR A A5 DX A 0Bl G0 TV A2 AR B  ROCR B YL =
1 BB E RGO . 75 1815 AFHH N IR A, 7 MR JEUARAE R A L A AR A B AL AL
ARG R K, 2R e A M XA S AR AR B AR /N — BT B0 T 75 e S AR B S U R IR 3 4K
R AT TR AR Al D g B R RO S A A EL A o B A 19 A 2 3

ARSI T IR LR 5 DX S A AR A B 2L B B RS 4 538 B2 88 32 2 0 e U R A
PR AREAS  SCREACERFR T B A AT B IR, 5 S8 AR AL A LA BB AR A R Ui 18 52 2 P M 2 R, 7
AR TS i 5 ZMSRAEAS B LS e 22 07 T 3R, 0 Dy S SRt s BORERE O0 (A [R) A e 45 4 14 2%
AAORT L BRI 7 AN ) 358 B8 1 2L R R 6T AR ) S MR 0 LA B AN [ A ol g PR - SRR BE 2 5 458, LU TRk
E 1 PR U0 HE T 5 Lk e S B S SR AR S A A B R MR O

Buigt G b SRR B XU X AT A B

5% 3L HK ( References)

[ 1] Zhang R, Hu Z H, Cherubini P, Cooper D J, Zhu L. J, Lei P F. Tree-ring data reveal trees are suffering from severe drought stress in the humid

http ; //www.ecologica.cn



134

TWBE A IR LR X 7 R B AR A [ B A A ) A A 5 179

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

subtropical forest. Forest Ecology and Management, 2023, 546.121330.

BUUH, #EEAME, TKAK. 392BC—2017AD SEiAA & b AR AL AR AK A8 b K HC 55 K BH Sl R K L m oz s e 2. bR 2# 4T, 2023, 78(1) :
71-86.

BUERER, B8, B VMR S RS IR R LIPS E R, 2022, 18(6) : 791-794.

Scuderi L A. Tree-ring evidence for climatically effective volcanic eruptions. Quaternary Research, 1990, 34(1) . 67-85.

2O, BRESE. o YR miE e i g fe. BleEiEiz, 2021, 66(31) : 4017-4027

Guillet S, Corona C, Oppenheimer C, Lavigne F, Khodri M, Ludlow F, Sigl M, Toohey M, Atkins P S, Yang Z, Muranaka T, Horikawa N,
Stoffel M. Lunar eclipses illuminate timing and climate impact of medieval volcanism. Nature, 2023, 616(7955) . 90-95.

Rampino M R, Self S. Sulphur-rich volcanic eruptions and stratospheric aerosols. Nature, 1984, 310(5979) : 677-679.

Guillet S, Corona C, Stoffel M, Khodri M, Lavigne F, Ortega P, Eckert N, Sielenou P D, Daux V, Churakova Sidorova O, Davi N, Edouard J
L, Zhang Y, Luckman B H, Myglan V S, Guiot J, Beniston M, Masson-Delmotte V, Oppenheimer C. Climate response to the Samalas volcanic
eruption in 1257 revealed by proxy records. Nature Geoscience, 2017, 10(2) . 123-128.

Allende T C, Macfas J L, Mendoza M E, Diaz J V. Influence of volcanic ash deposits on the radial growth of trees in Central Mexico: the case of
Parfcutin volcano. European Journal of Forest Research, 2022, 141(4) : 605-615.

UL, TR—, Xz, FEH, B0, XERr, BREm, T R4 LR 3 et i m Ak S e 7. 0 AR S 241
2023, 34(5) . 1178-1186.

Macedo T M, da Costa W S, das Neves Brandes A F, Valladares I, Barros C F. Diversity of growth responses to recent droughts reveals the
capacity of Atlantic Forest trees to cope well with current climatic variability. Forest Ecology and Management, 2021, 480, 118656.
Oppenheimer C. Climatic, environmental and human consequences of the largest known historic eruption; Tambora volcano ( Indonesia) 1815.
Progress in Physical Geography: Earth and Environment, 2003, 27(2) : 230-259.

Liu W, Shi F, Xiao G Q, Xue H H, Yin Q Z, Liu F, Duan A M, Xiao C D, Guo Z T. Bidecadal temperature anomalies over the Tibetan Plateau
and Arctic in response to the 1450s volcanic eruptions. Journal of Geophysical Research: Atmospheres, 2022, 127(5) : €2021;d035769.

Liang E Y, Shao X M, Qin N S. Tree-ring based summer temperature reconstruction for the source region of the Yangtze River on the Tibetan
Plateau. Global and Planetary Change, 2008, 61(3/4) . 313-320.

Gao C C, Gao Y J, Zhang Q, Shi C M. Climatic aftermath of the 1815 Tambora eruption in China. Journal of Meteorological Research, 2017, 31
(1).28-38.

Gao S, Camarero J J, Babst F, Liang E Y. Global tree growth resilience to cold extremes following the Tambora volcanic eruption. Nature
Communications, 2023, 14: 6616.

Langzhen J Y, Zhang Q B, Jia H F, Zheng J C, Fang J P. Tree rings reveal a growth-decline event in A.D. 1875—1883 in a Tibetan Plateau
juniper forest. Dendrochronologia, 2022, 74, 125981.

Liang E Y, Dawadi B, Pederson N, Piao S L, Zhu H F, Sigdel S R, Chen D L. Strong link between large tropical volcanic eruptions and severe
droughts prior to monsoon in the central Himalayas revealed by tree-ring records. Science Bulletin, 2019, 64(14) . 1018-1023.

Shao X M, Xu Y, Yin Z Y, Liang E Y, Zhu H F, Wang S Z. Climatic implications of a 3585-year tree-ring width chronology from the northeastern
Qinghai-Tibetan Plateau. Quaternary Science Reviews, 2010, 29(17/18) : 2111-2122.

B, B, KR, fE/NEE. 1999—2019 455 JFEAS [RIAE B S NDVI i 23 (AR B OGS0 R F AR S K BRI 5%, 2023,
30(1): 97-10s.

B, TR, MR, SO 2BR 2CIRTIE SRR R AL PO R AR AL, SRR, 2023, 42(1) ; 49-59.

MESE, TME, KAA. L0 ZHF B FRZEZE S AT AR T . S 0amisT, 2022, 42(1) : 192-205

Hughes M K. Dendrochronology in climatology-the state of the art. Dendrochronologia, 2002, 20(1/2) ; 95-116.

Li M Q, Huang L, Yin Z Y, Shao X M. Temperature reconstruction and volcanic eruption signal from tree-ring width and maximum latewood
density over the past 304 years in the southeastern Tibetan Plateau. International Journal of Biometeorology, 2017, 61(11) . 2021-2032.
Bronnimann S, Franke J, Nussbaumer S U, Zumbiihl H J, Steiner D, Trachsel M, Hegerl G C, Schurer A, Worni M, Malik A, Fliickiger J,
Raible C C. Last phase of the Little Ice Age forced by volcanic eruptions. Nature Geoscience, 2019, 12(8) : 650-656.

Wang Y J, Shao X M, Zhang Y, Li M Q. The response of annual minimum temperature on the eastern central Tibetan Plateau to large volcanic
eruptions over the period 1380—2014 CE. Climate of the Past, 2021, 17(1); 241-252.

Zhang Y, Shao X M, Yin Z Y, Wang Y. Millennial minimum temperature variations in the Qilian Mountains, China: evidence from tree rings.
Climate of the Past, 2014, 10(5) : 1763-1778.

Brézdil R, Reznitkova L, Valasek H, Doldk L, Kotyza O. Climatic effects and impacts of the 1815 eruption of Mount Tambora in the Czech Lands.
Climate of the Past, 2016, 12(6) : 1361-1374.

http ; //www.ecologica.cn



180 JAE = 45 4

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]
[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]
[52]

[53]

Fang S W, Sigl M, Toohey M, Jungclaus J, Zanchettin D, Timmreck C. The role of small to moderate volcanic eruptions in the early 19th century
climate. Geophysical Research Letters, 2023, 50(22) : €2023GL105307.

Raible C C, Bronnimann S, Auchmann R, Brohan P, Frolicher T L, Graf H F, Jones P, Luterbacher J, Muthers S, Neukom R, Robock A, Self
S, Sudrajat A, Timmreck C, Wegmann M. Tambora 1815 as a test case for high impact volcanic eruptions: earth system effects. Wiley
Interdisciplinary Reviews Climate Change, 2016, 7(4) : 569-589.

Sheppard P R, Tarasov P E, Graumlich L J, Heussner K U, Wagner M, Osterle H, Thompson L G. Annual precipitation since 515 BC
reconstructed from living and fossil juniper growth of northeastern Qinghai Province, China. Climate Dynamics, 2004, 23(7) : 869-881.

Cook E R, Anchukaitis K J, Buckley B M, D’Arrigo R D, Jacoby G C, Wright W E. Asian monsoon failure and megadrought during the last
millennium. Science, 2010, 328(5977) ; 486-489.

Fan Z X, Brduning A, Yang B, Cao K F. Tree ring density-based summer temperature reconstruction for the central Hengduan Mountains in
Southern China. Global and Planetary Change, 2009, 65(1/2): 1-11.

Brauning A, Grienbinger J. Late Holocene variations in monsoon intensity in the Tibetan- Himalayan region - evidence from tree rings. Journal of
Geological Society of India, 2006, 68(3) . 485-493.

GrieBinger J, Briuning A, Helle G, Thomas A, Schleser G. Late Holocene Asian summer monsoon variability reflected by 8'30 in tree-rings from
Tibetan junipers. Geophysical Research Letters, 2011, 38(3) . 045988.

Qin C, Yang B, Briuning A, Sonechkin D M, Huang K. Regional extreme climate events on the northeastern Tibetan Plateau since AD 1450
inferred from tree rings. Global and Planetary Change, 2011, 75(3) : 143-154.

Wang J L, Yang B, Qin C, Kang S Y, He M H, Wang Z Y. Tree-ring inferred annual mean temperature variations on the southeastern Tibetan
Plateau during the last millennium and their relationships with the Atlantic Multidecadal Oscillation. Climate Dynamics, 2014, 43(3/4) : 627-640.
LiJ B, Shi J F, Zhang D D, Yang B, Fang K'Y, Yue P H. Moisture increase in response to high-altitude warming evidenced by tree-rings on the
southeastern Tibetan Plateau. Climate Dynamics, 2017, 48(1) : 649-660.

Fan Z X, Bréiuning A, Tian Q H, Yang B, Cao K F. Tree ring recorded May-August temperature variations since A.D. 1585 in the Gaoligong
Mountains, southeastern Tibetan Plateau. Palaeogeography, Palaeoclimatology, Palaeoecology, 2010, 296(1/2) : 94-102.

Cook E. A time series analysis approach to tree-ring standardization. The University of Arizona, 1985.

Dai J H, Mosley-Thompson E, Thompson L G. Ice core evidence for an explosive tropical volcanic eruption 6 years preceding Tambora. Journal of
Geophysical Research: Atmospheres, 1991, 96(D9) : 17361-17366.

Rao M P, Cook E R, Cook B I, Anchukaitis K J, D"Arrigo R D, Krusic P J, LeGrande A N. A double bootstrap approach to Superposed Epoch
Analysis to evaluate response uncertainty. Dendrochronologia, 2019, 55. 119-124.

ARRTL, RTE, B, XVELIR, 2R, =/ ) XV S AR AR S AR A i S Y AR S AF i, 2012, 23(3) -
603-609.

Guo G A, LiZ S, Zhang Q B, Ma K P, Mu C L. Dendroclimatological studies of Picea likiangensis and Tsuga dumosa in Lijiang, China. IAWA
Journal, 2009, 30(4) : 435-441.

Rampino M R, Self S. Historic eruptions of Tambora (1815), Krakatau (1883), and agung (1963), their stratospheric aerosols, and climatic
impact. Quaternary Research, 1982, 18(2) . 127-143.

D’Arrigo R, Jacoby G. Northern North American tree-ring evidence for regional temperature changes after major volcanic events. Climatic Change,
1999, 41.1-15.

Duan J P, Li L, Ma Z G, Esper J, Biintgen U, Xoplaki E, Zhang D J, Wang L., Yin H, Luterbacher J. Summer cooling driven by large volcanic
eruptions over the Tibetan Plateau. Journal of Climate, 2018, 31(24) . 9869-9879.

Liu X H, Qin D H, Shao X M, Chen T, Ren J W. Temperature variations recovered from tree-rings in the middle Qilian Mountain over the last
millennium. Science in China Series D: Earth Sciences, 2005, 48(4) : 521-529.

Huang R, Zhu H F, Liang E Y, Liu B, Shi J F, Zhang R B, Yuan Y J, Grielinger J. A tree ring-based winter temperature reconstruction for the
southeastern Tibetan Plateau since 1340 CE. Climate Dynamics, 2019, 53(5/6) : 3221-3233.

Shi SY, Li J B, Shi J F, Zhao Y S, Huang G. Three centuries of winter temperature change on the southeastern Tibetan Plateau and its
relationship with the Atlantic Multidecadal Oscillation. Climate Dynamics, 2016, 49 (4) . 1305-1319.

FESCHL, ZEWISS . BTSN 0 7 1 e LB 2 % 7 R e D X A R ). I A AR, 2021, 32(10) ¢ 3771-3780.

Zhang J, Huang X Z, Wang Z L., Yan T L, Zhang E Y. A late-Holocene pollen record from the western Qilian Mountains and its implications for
climate change and human activity along the Silk Road, Northwestern China. The Holocene, 2018, 28(7) : 1141-1150.

Qiang M R, Chen F H, Zhang ] W, Gao S'Y, Zhou A F. Climatic changes documented by stable isotopes of sedimentary carbonate in Lake Sugan,
northeastern Tibetan Plateau of China, since 2 kaBP. Chinese Science Bulletin, 2005, 50(17) : 1930-1939.

http ; //www.ecologica.cn



134

TWBE A IR LR X 7 R B AR A [ B A A ) A A 5 181

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[67]
[68]
[69]
[70]

[71]

[72]
[73]

[74]

[75]
[76]

[77]

Wang B, Chen T, Xu G B, Wu G J, Li C J. Reconstructed annual mean temperatures for the northeastern margin of the Tibetan Plateau:
associations with the East Asian monsoons and volcanic events. International Journal of Climatology, 2017, 37(6) ; 3044-3056.

Huang J G, Zhang Q B. Tree rings and climate for the last 680 years in Wulan area of northeastern Qinghai-Tibetan Plateau. Climatic Change,
2007, 80(3/4) . 369-3717.

Zhang Q B, Cheng G D, Yao T D, Kang X C, Huang J G. A 2, 326-year tree-ring record of climate variability on the northeastern Qinghai-Tibetan
Plateau. Geophysical Research Letters, 2003, 30(14) :1739.

Gou X H, Deng Y, Chen F H, Yang M X, Fang K Y, Gao L L, Yang T, Zhang F. Tree ring based streamflow reconstruction for the Upper Yellow
River over the past 1234 years. Chinese Science Bulletin, 2010, 55(36) . 4179-4186.

He M H, Yang B, Briuning A, Wang J L, Wang Z Y. Tree-ring derived millennial precipitation record for the south-central Tibetan Plateau and its
possible driving mechanism. The Holocene, 2013, 23(1) . 36-45.

Liu J J, Yang B, Qin C. Tree-ring based annual precipitation reconstruction since AD 1480 in south central Tibet. Quaternary International, 2011,
236(1/2) . 75-81.

Grielinger J, Briuning A, Helle G, Hochreuther P, Schleser G. Late Holocene relative humidity history on the southeastern Tibetan Plateau
inferred from a tree-ring 8'80 record: recent decrease and conditions during the last 1500 years. Quaternary International, 2017, 430 52-59.
Shi C M, Wang K C, Sun C, Zhang Y D, He Y Y, Wu X X, Gao C, Wu G C, Shu L F. Significantly lower summer minimum temperature
warming trend on the southern Tibetan Plateau than over the Eurasian continent since the Industrial Revolution. Environmental Research Letters,
2019, 14(12).

Wang L., Duan J P, Chen J, Huang L., Shao X M. Temperature reconstruction from tree-ring maximum density of Balfour spruce in eastern Tibet,
China. International Journal of Climatology, 2010, 30(7) . 972-979.

Feng X P, Zhao C, D"Andrea W J, Liang J, Zhou A F, Shen J. Temperature fluctuations during the Common Era in subtropical southwestern
China inferred from brGDGTs in a remote alpine lake. Earth and Planetary Science Letters, 2019, 510; 26-36.

Shi C M, Daux V, Zhang Q B, Risi C, Hou S G, Stievenard M, Pierre M, Li Z S, Masson-Delmotte V. Reconstruction of southeast Tibetan
Plateau summer climate using tree ring 30 moisture variability over the past two centuries. Climate of the Past, 2012, 8(1): 205-213.

Wang L, Liu Y, Li Q, Song H M, Cai Q F. Tree-ring oxygen isotope recorded precipitation variations over the past two centuries in the northeast
Chinese Loess Plateau. International Journal of Climatology, 2022, 42(11) : 5796-5806.

Battipaglia G, Cherubini P, Saurer M, Siegwolf R, Strumia S, Cotrufo M F. Volcanic explosive eruptions of the Vesuvio decrease tree-ring growth
but not photosynthetic rates in the surrounding forests. Global Change Biology, 2007, 13(6) :1122-1137.

Brubaker L. Tree rings and climate. Ecology, 1977, 58 1400-1401.

TRBUAE, ETOAK, S22/, AT T 0 SRR 2 A il A RO R [ BT S AL . IO T AR 2524, 2022, 33(8) : 2097-2104.
Serra-Maluquer X, Granda E, Camarero J J, Vila-Cabrera A, Jump A S, Sanchez-Salguero R, Sangiiesa-Barreda G, Imbert J B, Gazol A. Impacts
of recurrent dry and wet years alter long-term tree growth trajectories. Journal of Ecology, 2021, 109(3) : 1561-1574.

Zhang Y, Shao X M, Yin Z Y, Liang E Y, Tian Q H, Xu Y. Characteristics of extreme droughts inferred from tree-ring data in the Qilian
Mountains, 1700—2005. Climate Research, 2011, 50(2) : 141-159.

MuY M, Lyu L X, Li Y, Fang O Y. Tree-ring evidence of ecological stress memory. Proceedings of the Royal Society B: Biological Sciences,
2022, 289(1985) : 20221850.

iRk, W, MR mRE R (1815—1817) IR ALK, & B4R . +E2B2E0T, 2005, 47(1) : 79-85.

Li Y, Zhang Q B, Fang O Y, Mu Y M, Jia H F, Lyu L X. Recovery time of juniper trees is longer in wet than dry conditions on the Tibetan
Plateau in the past two centuries. Forest Ecology and Management, 2021, 497.119514.

Fang O Y, Qiu HY, Zhang Q B. Species-specific drought resilience in juniper and fir forests in the central Himalayas. Ecological Indicators, 2020,
117(10) ; 106615.

Cole L E S, Bhagwat S A, Willis K J. Recovery and resilience of tropical forests after disturbance. Nature Communications, 2014, 5: 3906.
Seidl R, Vigl F, Rossler G, Neumann M, Rammer W. Assessing the resilience of Norway spruce forests through a model-based reanalysis of
thinning trials. Forest Ecology and Management, 2017, 388 3-12.

Fang O Y, Zhang Q B. Tree resilience to drought increases in the Tibetan Plateau. Global Change Biology, 2019, 25(1) . 245-253.

http ; //www.ecologica.cn



