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Abstract

Aims We aim to compare the climatic representativeness of blue intensity (Bl) and ring width index (RW) in
Picea jezoensis, and to provide guidance for the further application of Bl parameters in dendrochronology.
Methods A total of 120 tree-ring cores were extracted from P. jezoensis trees in the Laobai Mountain of Jilin
Province. Using the methods of the growth-climate response function analysis and moving correlation analysis,
the differences in the responses of Bl and RM to climate change in P. jezoensis along an elevational gradient
(namely 900, 1 200 and 1 500 m) were investigated.

Important findings The Bl (or RWM) in P. jezoensis trees at the three elevations had similar responses to climate.
Bl was predominantly and positively correlated with temperature, while RW was predominantly and negatively
correlated with temperature. Bl was positively correlated with the maximum temperature in summer and growing
season. RM at the low or medium elevations was significantly and negatively correlated with the annual minimum
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and mean temperatures and the minimum temperature in growing season. Bl was negatively correlated with the
SPEIl in summer, while RW was weakly or positively correlated with SPEl in summer. This almost inverse
growth-climate relationships by Bl and RWI may reflect the trade-off between earlywood and latewood. Bl and
RWI in P. jezoensis in the study area may infer different climate signals. On the spatial scale, the responses of Bl
to summer precipitation, maximum temperature and SPEI were better than the traditional RWI. The temporal sta-
bility of the correlation of Bl with main climatic factors was better than that of RWI. Therefore, Bl has some po-
tential application in studies of dendroclimatology.

Key words tree rings; blue intensity; Picea jezoensis; elevation; climate response
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FERE 435 ot AR 7T, WO RS R Sk
SR, A GARI rHeR e BRI S AR S A LS
AR AR R, O Bz T RE IR AR
%kl 2 —(Rydval et al., 2014; & R %%, 2017,
Buckley et al., 2018; Zhu et al., 2018). # AR F4¢ H 5
AR A ZANSH, BASEERA R E R
ORI, AN R Z 5T fe 1R AR A A B SR AE B
(Rydval et al., 2014; K RFE%, 2017). AHXALGH
VRTINS, MEARE AR W] T HE s A AR B
SN K B KPEAF SR TAE S, HPraR A <%
By B, (BB AbFR T 5 N 8] S A 45 v
ToEE . R RS KR AR R N B A A
W BE R FEA G, IR RARE b2 A KPR AN fg 2% 1
SO, FLAE bR Sl R AT R IR AR KRR S U A
(I g, JUHRAE e 26 L X Bl 1 [X (Rydval et
al., 2014). FREE (WG AME/NER . T
WL WV 35 % B R A B K% B 25 2 B AR
TN H I — R B R A fa b . M EUAE 4
WE BRI &, 5 B2 A KA A 2 A Y
MR/, ZARAR B S 5 B R A RE s SR (i 5E
F 5 B SR A RIS S, SEBRAIT T b e A2
P H 5 A RS 5 B 3 (Luckman & Wilson, 2005;
Biintgen et al., 2006; Rydval et al., 2014). & KHE#
% JZ(MXD) 2 5 5 FH ) — Rl R 58 3 AR AR R R &
%%, 2017; Buckley et al., 2018; Zhu et al., 2018), ft
P AR T 1 S W AR K R Bl R R IR AR A il 3
FAUERIIRESITN 5, 558 A AR (R AR T
T-MXD, i MXD n] DL B8 4 Hb J Bt 4F s A8 46 (Luck-
man & Wilson, 2005; Biintgen et al., 2006; Esper et
al., 2012; Rydval et al., 2014; Buckley et al., 2018).
SR, DB AP 50 8 B2 (e KM A 5 52 ) 5 4 4
AR S 2R (AR BBt RN K, TR B
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BEZMNTIEM H1. I EACE DB AREL 5250
AT RFRFE MG, ™ H RS A A
BT . FRELFHIFaIs KRB RER
B R (B KM 35 8 ) Fi8 bR A SRR A AR AR S0 L
iy

UL AER, WE O 5R E (BI) I AE BUA M 56 =% 2 BF
FPEERH S (Rydval et al., 2014; BdF,
2015; Wilson et al., 2017). Bl /NG %
(256-BI) B 5 & f% /MME 5 AH B [ MXD AR = FE A 5%
(McCarroll et al., 2002) H BA AL A, #iR
% 53 P 5 K W 5 FE 106 2 B AR AR A5 (Rydval
et al., 2014; Bjorklund et al., 2015; Buckley et al.,
2018; Kaczka et al., 2018). BIJl & &F]H [ 4 6K
1853 Wi 5 BUG o T H AR IR R A0S I S f) S i
1753 MT RIRAF R0 B L, RIS R AR O S I e
R AR 7N 0 % R/, T e A /N DU s 2
ERK . B/ 8 5T 23 K s s fe /M R BT A2
ST PP BT B A BT N R T B, OB T R AR
TR ECHARAHA G5 4 13 565 2 USSR A B P e
Lange (1954)f 53 Tz H iz H &AM UGN
JE Picea sitchensis™1 [{] K Jit 2 & & . Yanosky £/l
Robinove (1986)% iR F B A4 18 7 14 S 4y
AT AR 2 R VR0 S T AL B AR e K I A %
HINR RN 3 % A AREMXDIE ). X2 )5,
WA R T 1) S5 T G 2 e v P R 4 A 22 A0
FHFHEAT H 225 5 2 (Sheppard et al., 1996). Gindl
Z5(2000)3E — A5 IE 5228 A0 AR AG I S R IR A
RESECEE)SE RV E R EIEHER. A,
McCarrollZ5(2002) i A BRI 754 (Pinus sylvestris)ff]
/NG FE AT — 2 AR BB AAMXD.

H AT, A RBIIWE 3 20 R HOHR . Bk
S5 % R 7 R N (Campbell et al., 2011) H 5MXD
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SARAR R M 2 (Kaczka et al., 2018). % E i
(Bjorklund et al., 2014; Linderholm et al., 2015)LA k&
PhE IR (Bjorklund et al., 2013)%5 J7 1 - 22 H0T 70K
B B MXD B B AR5 5 I 3 48 00 AR 5 110 il 7 G
AT, 13 HBIE SRR L R AT MXD AR A —
SE B ACE I (Campbell et al., 2007, 2011), H.BIX}
T 5 2 B 5 R BE AR (Bjorklund et al., 2013).
S, A RBUNSGERE F 1ma B K% BT Bl g S
G (RURIE FEBR M NS, BISLHE R 2 THER FME

K7 ¥ (Bjorklund et al., 2015; Fuentes et al., 2017),

/DR T R4k 7K 20 BRI (Babst et al., 2016). JT4FE K
B3It 503 W PHT B B BI S T T
## (Brookhouse & Graham, 2016; Buckley et al.,
2018).

S [ AN O AH A FEAIE 52 BIFE AR5 Ui 27 h
BA BRI N RE, (H A 6B S H 1) #i 18 5L
b O KT BIFHE 7L 2 8 b T {5 H 2 (Heeter et
al., 2019; Wilson et al., 2019), X} T Bl 5%t % 5%k
(RWI) X 5 A ) 3 22 S5 1) B #5204 3% /) (Nagaveiue et
al.,, 2019). [FIF, A [EEEARA A A2 K AE R0 g AR
HIf 2 72 A — 58 3 S (Fritts, 1976) o [A]— X356 T
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TE i F AR IX, 5 R ARAR ) A A 32 B B A
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i 2 A2 8, PR 3 ERR LR AL
(Pinus koraiensis)&t fiVRAC bR, EEHLALIFA, fafk
=k, B (Abies nephrolepis). Tk (Betula co-
stata). 7K Hi#i(Fraxinus mandshurica). & A HE(Acer
mono). B (Tilia amurensis). A #£(Betula platy-
phylla) & K #(Popul us ussuriensis) &5 21 %, .
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Fig. 1 Locations of sampling sites and meteorological station in Laobai Mountain. L900, low elevation; L1200, middle elevation;

L1500, high elevation.
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K KB RE bt [ S B, M AN 4 L2 4
2 [ 7 A ﬁ%ﬁnnﬂjfﬂgﬂﬂﬁgﬁé, 2 Je K [
JE Ji B RE il 58 AR LT TN B (>99.5%) I R (& T3t
C7REs N, BiEREEAER)H72 h (Osterreicher et
al., 2015; Wilson et al., 2017), FH LLIERFEA i 2% it
Fobo M 5B 22 5, RO A R 2 A] R e
’Eﬁ—ﬁﬁﬁﬁﬁﬂ%'ﬁMﬁﬁVﬁBlE‘Jiﬁl?&fﬁ’i%(Shep-
pard & Wiedenhoeft, 2007; Bjoérklund et al., 2014). %A
Ja, ¥R E TIEN R EN, ﬁﬂiﬁﬂﬂﬂhk’\
BRI Bl N A M AR KSR
MREARAR 5T, 32 1T S ) J S B EICHE DU & R HERA 1

B 1200 p 3 =-0.12x+2919.49, R*> = 0.02

1950 1960 1970 1980 1990 2000 2010 N
4E45y Year

B2 195120154 H PR AP IR U (Toin)~ PR R (Tha) SRR (P) . AR EE(RH) MR HERE
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Fig. 2 Trend of changes in mean monthly temperature (T), mean monthly minimum temperature (T,,;,), mean monthly maximum
temperature (T,,,,), total precipitation (P), relative humidity (RH) and standardized precipitation evapotranspiration index (SPEI) in
Jiaohe meteorological station during 1951-2015. A, Trend of monthly change. B, Trend of annual change. *, correlation is significant
at the 0.05 level; **, correlation is significant at the 0.01 level. Dash is piecewise fitted linear regression line of the meteorological

data.
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Table 1 Information of the sampling sites and chronologies in Picea Jezoensis in Laobai Mountain

T S 4mhY Site code 5% Latitude N)  £J¥ Longitude (E)

K Altitude (m)

FEA%L Core number XK Chronology length

L900 44.08° 128.03°
L1200 44.10° 128.05°
L1500 44.10° 128.05°

908 40 18012015
1194 40 1670-2015
1506 40 1794-2015

B, 1B EBR AR ER EARE TS, e AR
AR T . T8 TSI . TR
IR AR B B AR B m X 7B 4T B, B RIENE
VARG T RERS IR T o) 7% 8 I 5 AR AR SR IR AL,
FASRE 3R T2 DL DR I AR R AN SR £

K FH B B EELE MR B2 T BN RE S AT 38 X
SE AL T (Stokes & Smiley, 1968). iz COFECHA
&7 X0 A8 X8 4F J &2 1 &2 4T K 58 (Holmes,
1983), ¥4 55 5 17 1 AH 5% M 22 sl DL A SO 4 (1R
5. HEpson VO0OFIHEAAT 5 4F 5 R B HOAE i
HEATHS, FREE R 7 P E N2 400 dpi (Rydval
et al., 2014; Heeter et al., 2019). A3 F i v AT
e ke o A B oIS 4y, T B R A7 A “IPEG” 1%
o FI FH Photoshop ¥ {4 xif 45 7 41 41 G AT #8Y
JeHE B o BB, S A5 B LU St 2 5 i 44 1 &%
FEE B B TR
1.3 BIFIRWIBNE R FFREL

H AT, 4% 0)BI% ¥ 3= 2 nf F) F WinDENDRO
(http://www.regentinstruments.com) & CooRecorder
(http://www.cybis.se/) P Tt A I & 3K 753 (Campbell
etal., 2007, 2011; Rydval et al., 2014; Bjorklund et al.,
2015). AHf 58 K F CooRecorder 9.15¢ B FE it FE46 5
J& B WA B & S R H o 120 A e i v B
B PES: e FE BT AR TR PR (BI3), 2 Ja R AH
[F) 57 B R A PSR D 2 T et PR AR

Bl = X x 100 (1)

X; =2.56 — Color/100 )
o, UDNEEL, XN A E BT SO D BT
P ECAE « Color s A4 BIME, R 46 4F & W Ot o
EZIER

T RERE AR 8 v] R S B e A m i B BCE — 1
& RERAE) T SO e i sy &, H T4
FBIEE (T ZHONME T T (W) AR IRE ().
RURFEFREE (D5 (EI3). B a5 R
TH & R T M ERT A P Y . JRAGEERS WG
ERIVEE 12256, {HBR/N R R W R 3 2R/

RZ., {EBK TN R OK, B e
SR 7R256 (/M RIRER B &), AR EIR0E,
B 2G5 AR (B 78 256 5 iR U6 4 56 W 5
FEAE I ZEE, BI-S5 RWIEHE DU & 1 ] R Ak 2 45 SR
th ¥ HCDendro 9.17% 5117 (Rydval et al., 2014;
Babst et al., 2016; Buckley et al., 2018).

R RSF B SR B BOEEAT 2 3h, G BRw %
Jo oA AR S R 3R 5 B0 5 (Briffa & Melvin,
2010), X2 B AR K FH T 513 AT XORE P 35 1%
B B R 8 S A2 B RMFRHEAE %, E &
S HARSTANFE 758 . %k BI 5 RMER K JE
HEMG—8GER), RS FERMA RN XN
(1801-2015), #2334 1Bl K RM 1161 b
HEAER DL T 5 220 i (E14).

14 SRENEGH S

G EAE A B SR E M (http://data.cma.cn/)
T At 24 B 5 G 9 i I 38 (hittp://climexp.knmi.nl)
T E . AT AT U B R a5 R I IR ] AR R
(43.12° N, 127.55° E, 295 m)[/ S R BORHH T4 5-
SAEIHT. SAEE R E 195120154 H P
(M) A5 R (Tmae) s H PRI (Tmin)
H P MSHEE (RH) A K E(P). 74k, FIFHRE
Sl PP 250 ST B AR B T S bR v A B /K 75 R 2
(SPEIl)(Vicent-Seerrano et al., 2010).

FIF ARG A MTVEAS H 5 2511 S50t % S A2 4
O WE O R R AR U FE AR HE R R AR E 1 s,
Xof Eb R S R (e N . 25 EE 3 B — RS T
A A KR, kR L — 9 H B4
10 H G4 IO RARC T o #2158 X
wr: BFECHHE3-5H, SPR); HEFE(HF6-8H,
SUM); BKZECHH9-11H, AUT);, MEAKFCHE
5-10H, GS); & (L —F9HE4H10H, AN). X
FHWE AR S0 M (B 1 R204E, BRI SN 14E), Kl
BI 5 RW 5 = ZEZE1 &S {5 Rl 58 R I (12 e Pk,
Hlbr — & AR AR E AR R &M Je T
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e Bt B B BE B v fe 5 e B

B3 &AL a2 G TR (B LA 5L I & . A, CooRecorderfi /£ B E 1. B, M EITFEVEM . d, 1B RIEFE; T,
AR, R, TR, w, R R TEE.

Fig. 3 Measurement of blue intensity (Bl) and ring width in Picea jezoensis in Laobai Mountain. A, CooRecorder blue intensity
generation window. B, Detailed measurement process. d, depth; f, offest; R, ring width; w, width.
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Fig. 4 Variation in the blue intensity (Bl) and ring width index (RWI) in Picea jezoensis at different elevations in Laibai Moun-
tain over the recent 200 years. A, Low elevation. B, Middle elevation. C, High elevation.
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22 B ARG FURTI GG b )2 A A 5% 2 A PEAG B
R 32 225 fige DR i 97 () = TR AR R e o i Pl
() AH SC o0 AT AR AP 3R D 38 S X sl Js 3 W B8
K, ZJa FAEBIERWI R, FHET 5= B 412
ABIFF, i “correlate with a field”, TS fFAE
B, BEL . BEKEEE, A
“correlation” Bl A] $j45 7% [B] AH 2K 70 B 45 S - F| FH SPSS
BAT5E A Giit o3 i, AISigmaPlot. Excel 55814
AT B R HIE

2 MRGER

2.1 FREISKREHSIZBISRWIFXR

ANFEIHER (9004 12001 500 m)fh i 742 (134
BIfE R A0 FE 1 — Btk (K2, El4), [FII fa i -
K20 Hp AR e e PR RW 2 TR A7 78 e — 3k
KT S, BIFAMLIEEIEICTRM (K4). R
% < 2Bl S RWIHEY 2 IEMSCC R, W mifEk IE
AH IR 3 (p < 0.05)(K2).

2.2 BIFIRWI 5XE SR X R

fi% HEERBI S RW 5 B K 1 AH E 1 A 4 22,
FoR IR BI S 48 H B /K 35 7AH K (p < 0.05),
MR RM 5 9 4E7 H B K 23 TEAH I (BISA). =
R B S RWI 55 5% H K (1 A0 9% 1 R B H), BLIA
B2 E IEASCH A B8 2 CA 2, 9H), TIRMIA ]
BT OCHI H IS 2 (443, 6 H)(E5A).

(I I BI -5 AE X I8 P (RH) B AR G R S& T R
RWI 5 RHEEAR IEAH G, (HIRIAF R E KT, Hil
IBIAIRWM I 5 Z A Ay RHIEA S, RWI 5 A
EENKTPRANEZ(E—89. 12H, H4FE1. 2/

R2 ALK A B LA R T SR DU B bR R R AT G
Table 2 Correlation coefficients between the standard chronologies of blue
intensity (BI) and ring width index (RW) at low (L), middle (M) and high
(H) elevations in Picea jezoensis in Laobai Mountain

L-BI L-RM M-BI M-RW H-BI
L-RWM 0.15

M-BI 0.49™ —0.28"

M-RWM 0.24™ 021 0.39”

H-BI 0.42" —0.40" 0.77" 0.14

H-RWM 0.16 -0.05 021" 035" 0.40™

L-Bl, {RIFHRERIECIRE; L-RM, [RIFHRERSEETREL M-Bl, T
PR IGO0, M-RW, TR AES 96 BE TR AL H-BI, miReER D
TR H-RW, SFREERE SR 4R 5. *ARRAE0.05 /KT L B35 A %, **
RFAE0.01 KK b B

*, the correlation is significant at the 0.05 level; **, the correlation is sig-
nificant at the 0.01 level.

107); 1R BIE METHRHEE M. =il
RW 5 24 4E6 H RHIE 2 51 A< (I5B).

fi%s . miEkBIS H 3R B 2 A 5%
KR, PHRBIS HE7H PSR L EERBLS
6T H PRI R IEA KR (ESC). K ik
RWI 5 PR FE R AR R, KIFHKRM S
HAE E—9-10H K442, 9H BE X, Fifd
RRW 5 HAE F—4E9-10 A A2 A & 44 1-5 H (%
3H)FIS A BE AR, miFHRRM 5 14F6 H 1
AR IEAR(B5C),

3ANHE PR BIFTRWI 5 H T35 SR A iR R AH 5 1
KBRS HPAE S K. PiERRM S H
B AR 2 35 UM S I i BT 38 SR B A 8
(KI5D).

3R BIS H P35 f AR AR S E AR G OR
&, MRMER S H & &m REE 2 AR R,
AR IRBI S M7 H m il, HiRBIS
7.8 H e il M AR Bl S R 6-8 H B s Uil
B IEASC; RIEHRRWM S E—F9 H fi4E2, 10
H s R S PR RM S E— 49 A fq 44, 9
A B SR R OO, T R RWL S 2 4E6
I R R IEA R (EISE)

3N HEHRBIATRWE 5 SPEI A 0 1 Ak fa 34 5
B 7K AR —F(EISF).

WK, . BIHIRW i 5 A2 R R SRk
(g Y] A Gl 2 T AU R B AR DG 2 A R B (L 6),
PR RWL S 2 2K R (K 2 535 1B AR, Mgtk
Bl 5 M4 H Z K & W U G (E6A) . Hifgik
RWI 5 Fk 22 S FHAHE S I 3 IEAH % (BI6B). ik
FHERBI (IEAHSE) RWL (TR %) SR R T B
JUTAHR IR DGR &, KIIRBI S H 2P 14
FIEARDG; RIE R RW S KRR~ 35 <R i
RRW 5 24 52 35 2= M1 38 iR 35 6 3 AR O (1
6C). ik Bl S RWIFE 5 i (R 2 2 2 TEAH DG OC
A, KB SHEEmAEEEEHXNENREZ(Y
ERZE, EKFMAE)(EG6E), 1RMS51GE 2
IEAHR R Z CUFERTE. EKFMEF)(E
6D). HLSPEIN &, 3 MBI E Z=SPEIR # i
AR, 3R RM G g4k RM 5 #k 2= SPEI i
# IEAH R (EI6F).

2.3 BIMRWIERS5EFSIEXABFEFRRE M

IR BI 5 245 5 Z B 7K & 1) R S M B T Uk
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p, b4 %, FE0.05HKF E B EAH K,

Fig. 5 Standard chronologies of blue intensity (Bl) and ring width index (RW1) in Picea jezoensis and their correlation coeffi-
cients with monthly climatic factors at low (L), middle (M) and high (H) elevations in Laobai Mountain. A, Precipitation. B,
Relative humidity. C, Mean monthly temperature. D, Minimum mean monthly temperature. E, Maximum mean monthly tem-
perature. F, Standardized precipitation evapotranspiration index. p, previous year; *, the correlation is significant at the 0.05 level.

5§59, 7E&JE 105 R I H G5 IKERRWI S 2
FEHEERKEH AR, EAX. FUEREENIE
MK AETA) . KRBl HER ZREKER T
FHICHE S IG5 (p < 0.05) 5 S5 (p > 0.05), RM 5
SEE BRI AUAHSE . IEAICEA N7
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KRR R, W TEE 10 A N IEA K R T
H(E7B). miFR Bl 2 H 2R K B A B A7 O
KEFR; miBHRRWIE 244 2 ZF R oK & i 23 U
Ky IEAHKHEAANHAK K R(EITC). 3K BI
FIRWM 5 B ZE K 1 s KRB A BE E 5,
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H-RWI -
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Z=35 Season Z=35 Season

El6 & H LML) (M) & (H)HER = A2 S OG5 L (Bl 5 448 56 B2 38 B (RWAE 2R R 3 5 2= 715 U0 I8 1 IR A G R 8
A, BEKE. B, HIXRE. C, ZTE . D, FVHHRMTE. E, TR . F, iRk BEES. URE
0.05(17K - L AHIL. SPR, 7, SUM, HZ; AUT, HKZE; GS, £KZF AN, 4.

Fig. 6 Standard chronologies of blue intensity (Bl) and ring width index (RWI) in Picea jezoensis and their correlation coeffi-
cients with seasonal climatic factors at low (L), middle (M) and high (H) elevations in Laobai Mountain. A, Precipitation. B,
Relative humidity. C, Mean seasonal temperature. D, Minimum mean seasonal temperature. E, Maximum mean seasonal tem-
perature. F, Standardized precipitation evapotranspiration index. *, the correlation is significant at the 0.05 level. SPR, spring; SUM,

summer; AUT, autumn; GS, growing season; AN, annual.

HA %SRBI B R K &R E s TR,
HRE IR AT E AR T 3 (7).

KR Bl 5 4 B 25 iy iy Uil B2 35 BUAH oG
(P < 0.05)ZNIEMAHKKR; (KEFKRM S HFE 2=
BEAIR S E AR, EMAX. FUHREAENIE
KK A (E8A). HiRBI S JER TR
U PRSI 58 S Uk 55, 75 )5 104 A AL IEAR R
FEa S, RWM S 40 B 28 a5 il 1) TR AR DG 1 S 3
i, 7E1987-19974 1A B /K1, Z 5 IEAH R MZ
B 55 A AR GG R, Ja MR AN IEAE DG R R (B
8B). itk Bl 4 B 2 i s U AE 1970-1991,
1974-1995F- A 25 1IEAH G (p > 0.05), 7EHAh B
FEEFAMRKR, J510EG KN IEHEHES,
VTR RW 5 22 4 B 2 v AU 1) TE A S S 08 55

JE SR, 7E1977-19984F i 2 IE A1 % (1KI8C). 3N
P BIFRWM 5 5 75 i v P (13 sh A 56 R B B
BEER, P, EKBIE R ZE A RNk E
T RW, (IR BT I MK T 5 5 (E18).

IICHF R Bl 5 24 4F B 2= SPEI# 4 B2 f b 6 55 & ;
IR RM 5 24 4 B ZESPEI 5 35 U ¢ . IEAR G
T LA N IEAE S (EI9A). Tl ikBI 544 H F
SPEI ) 6 AH I P S0 1 558 )5 98 55, 76 J5 104 AT B4 4k
IEMISCI RS, iR RWM S M E ZESPEI H i 3%
TG IEAH AR N A DGR R(EI9B) . ik
Bl 5 44 H Z=SPEIE K 2 AAH KRR, 1E1952—
19734 B2 FMHC; il ikRWI S 44 H = SPEIH
BEFAMIG, MR N AR R(EIC). 3
MR BUFIRW 5 5 2= SPEIE 51 FH 5¢ 2 550 ) A v D
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Fig. 7 Moving correlation analysis between the standard chronologies of blue intensity (Bl) and ring width index (RW) in Picea
jezoensis and summer precipitation at low (L)(A), middle (M)(B) and high (H)(C) elevations in Laobai Mountain and the standard
deviations of the moving correlation coefficients. Dotted line represents 95% confidence level; r, moving correlation coefficient;

**_the correlation is significant at the 0.01 level.

EWARBEER, AFREKBIS5E ZFESPEIME
PRI R 25 T RWM (HH 52 Bl 5 SPEI R AH ¢ R Hihs
T 22 55 2 T RWD(E9) .
2.4 BIFIRWI RN XIGSIERN = B R M
A3 AR 10085 7 42 1B B RWI 5 B 2/ {ig [
TR ZR A, TR PRI RAE 2 (R R b (= fe
R, 45 BRI (E10): 3R IIBIS SRFE A
X 3k R K 2 A GG R, 34N IR
RWI 5 5K 5 iU B 2 oK A e B 25 . 3N R
BI¥) 2 AL S 5 X ] PRl B 2 v AL 5 TR AR OK,
T H R B 3R RS SHF 5% (X & 0 H 2 i
EAIA AR E . B PR RW L 2 1]
T B 5 K 2 0 Hb X R B 3 M O, Rk
RWI 5 5 i Ji] 120 B 2 f v ROl 2 B 3 IEAH R OR &
{H PRIk e b [X PR 5 X Iz, e A R Rk vl S
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FERUIK. AR, 3N BI 5 R AE X A [ E 22 SPEI 2
F SR, ARERBIIE 5% i - 1 [X 2 Z2=SPEI
B IEAS, (HREEH X EEuE, FEEAR. 34
TR RWMEY 511 51X 14 24 4 5 2= SPEUH R P AN 2
Fo R, W ER3AARE T, B LLRWEEA
SRR A AR M, BILLRM B K& H FA s g
I RE -
3 g
3.1 BIFFERHISIESES

I e R A2 BRI 52 L3 AN A 6 2 A2 BT
FEAERE T, KBS YEE = KK TR S
35 552 TEAH DR (p < 0.05)(B17), X5 AT A7EH At
DX T 50 43 - B BRI AH D BT 7 25 2R (Biintgen et al.,
2006, 2007; Bjorklund et al., 2013; Dolgova, 2016;
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Fig. 8 Moving correlation analysis between the standard chronologies of blue intensity (Bl) and ring width index (RWM) in Picea

jezoensis and summer maximum temperature at low (L)(A), mi

ddle (M)(B) and high (H)(C) elevations in Laobai Mountain and

the standard deviations of the moving correlation coefficients. Dotted line represents 95% confidence level; r, moving correlation

coefficient; **, the correlation is significant at the 0.01 level.

Kaczka et al., 2018)— . Z HILIFEFHHE3.2 C,
HAKZFERFYSELET0 C, 7R R %M
T, BWEHLEES A RKSREREARN TS
TER BT . HEIERBRRWFEL YR 8 %,
& T ARS A RS 00 B 1 o R I T R, AR R
) bl 2 B, A2 R AR B S 8 K
3 (Fan et al., 2009), 7= A58/ /NG RO R,
HET 5 25K [ BIE (Campbell et al., 2011; Bjork-
lund et al., 2013). AFFIXFFEKEO23 mm, J&F-IE
TEHLX, DA 2 500 7 R A K AR IR . g
2N RWNE 2 K N v P
SR VA A AR R AR B A A 2
()4 BCRT RE B B T H SR M AR (E RS,
2009; Bjorklund et al., 2013; Zhang €t al., 2017). Bl
5 MXD I HIT AT 78 40K 22 50k T 41 A i Y oA

R & E 5 EE R R (Chen et al., 2012; Rydval et
al., 2014). HrBFFRY], AHX BRI R A A
T XS AR AT AR, Bm AR AR
1h; s O X AR KRR AR, SRR
KIFE SRR, WEMXDE/NMUER, HREBIK
/NG RO R, R NemR . TR
BT MBI, K TRR B RN K
F-LLUR I, MU FE R TR, 7 I RR
TR T U BRI, B TEE 58 R AR N K S
iz, TR (Buckley et al., 2018). i, 4K
TR LR, A AR A R R S B 5, R BT 3
B Z, MXDIE K, fe/EE RN, BIHEK .
PR, ASH 7045 H B B 28 B R G g 3
IS AE T BIA] X MXDAE S8R EH i 2] —
MBARMER . KD, ka2 g0 R ZR A
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Fig. 9 Moving correlation analysis between the standard chronologies of blue intensity (Bl) and ring width index (RW1) in Picea
jezoensis and summer Standardized Precipitation Evapotranspiration Index (SPEIl) at low (L)(A), middle (M)(B) and high (H)(C)
elevations in Laobai Mountain and the standard deviations of the moving correlation coefficients. Dotted line represents 95%
confidence level; r, moving correlation coefficient; **, the correlation is significant at the 0.01 level.

Btk A M sk B, A& AT s A A T A K
FIEK, (RIDEEEH T, R&SFEBUERE K
(Campbell et al., 2007; Brookhouse & Graham, 2016).

Bl IR B A2 Bl S 4 H ZESPEIY 2 W
HRKR (P < 0.05), R ZERFRE S KA
& AR PR B8 S AZBI R R R . BT EFES
BT R, MR R S KER D, K
FHAR S 08, AR THR 2R, SO 3 i K 70 %
AR B SR B R A T (BRI 5, 2017).
BRI, AR 235, ILRH, COm B FH T
I, SeEAF A 2 B HR AN, WA 732 A
2 BIHILI (KNS, 2016). FZE T2, 4K,
WA, o R AR U A A R g, R
JEU AN i BE 2o 1) Y WA, FEAfLEE ETE SIRZ 4,
HNEEEE I N, SEORBR S EE M, &
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SRk /L, BIE 1K (Bjorklund et al., 2014; Rydval
etal., 2014; Kaczka et al., 2018). xz, 4+, K
AR BRI, MR RS KA 7R
a1t A o RN N NITITEA ) 1 3 S i NIy
TR, BNESRST R, BUARC/N R E
&% 2012; Bjorklund et al., 2014).

3ANIG 055 2 A2 B A% 14D i 7 R i 34
AR5, Hrp. miR A2 B SRR M
R TRIER, JUHE SR aE R 2B B 2 K&
BAEA KB R AIRAERIER, NEER s
12 BT DX 35 S5 (1) 2 (A AR R MR 5 T i — 45 3
(E110). X 5BabstZ5(2016)% A [F 4 # 4 (Pinus
ponderosa) BIIHF 7t 45 S ARALL, W4k 8 i ) i s I
FEBAR, A KRS TR BRI A, AR K
FEXT 4R, XN PP mER 6% S AZBINT
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Fig. 10 Correlation coefficients between average chronology of blue intensity (Bl) and ring width index (RWM) in Picea jezoensis
and summer climatic factors at low, middle and high elevations in Laobai Mountain. SPEI, Standard Precipitation Evapotranspira-
tion Index. Correlation with the significance of p> 0.01 level was mask out; the red dot is the sample area.
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B 78 S A KRR R I U 3 /5 (Hughes, 2001).
3.2 BISRWIHSERRMESR

1 6% 23 4% BIURTRWI =5 B2 57 213 B 26 1R A BR i,
IR SAE R R B BR AR S5 . (R, iR RWM
R E HPSIRAH PR SRR R AU G
KAR, BHREE—FIMI0H K H¥E2MIA (P <
0.05). M F—HERKFRYSEEACH, Mt
I} AT 24 i P D5 2R T PT R e AR K B GR, TRI Ik
A AR R VR 2508 BUR R AR TS, T S A Y
FERDEEER . Ko FFR S RS, NI 5 850
B KR (Wang et al., 2017); [AF &2 B (H4E2
)M A KRR T =, WA IR AE
FZENEVE 358, AR T AN AR 8, PR A bk
AR, RIS )T 2 G oK o 1 i a A
FH, AT A3 o S 0 B S 1 67 A OGOk R (Wang et al.,
2019). =R RW 5 A= K 2] AR B2 1 55 35 TR A O,
K THR ] MR i g ik ik S AR AR, AT
K 655 2 A2 B o3 AT G Bl (e BB XA, 20115
SPARAE, 2017). HFRIAR . H PR UR XS %
HFHRBINEE R FR I IR, JEHRMF6H (p <
0.05). H4FE6 H Ml AR T M2, K S 4i i
BENDJE, RESERAAM YR, N e o 78
JEFRTESS ), AT 3G A 5 3R 2 - 5 B0 /N WO S g
RPN, BB K o 17 B e R SR B {2 i
ERER S, L R6-8H, (HIX—Mr B AP
IR PSR H PR AR S RMEE LA
TG AR B 55 14 TEAH S (i i) K R,
X5 HTANAEK B LB e g R (RS, 2011)—
#H, Wk 7 SidorE (2015)8F 7t & WL FHil A5 W] fig 3
IR X AR A K&, PR AR R K&
4 5. BIX 44 H Z5(6-8 )i R AR M
T RW, X 5 Wilson%(2017)F) [ Tsuga mertensi-
ana Bl XX RW ¥ 5 5 2= I BT 43 H Bl 7~ iR
FE AR & 1 T RWL I 90 285 SR AH — 3. Campbell
%5(2011)~ Bjorklund%%(2013, 2015). Linderholm?%
(2015)FlFuentes %5 (2017) K 5533 BIBI 5 K& Z= i
JE FR I B 5% 2 BT T RWI, X BB AT 7t 45 536 B BILAI
RWI 1] g i % AN [\ {9 S % 45 % (Bjorklund et al.,
2013). (A, FRATTHY 285 B M 6% < 42 Bl S R IR 1y
AT B DK 2R [ B T AR 1 B s TR AR R Mt BT T
DL EZ5R (B8, E10).

A6 I8 H B KK SR £ 6% 2 A2 BIFIRWLA
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PR A, b mriE iR RWL 56 A BEK .3 571R 9%,
i BEIRBIL 8 A FE/K B35 A OG. miifgdk K &
W%, —ERE LR (), 580K A 85
SRRk, B 45 B R A, 3 0 o) £ 6
A, BTG E R, 40 EE)E
WGz, RIRFES B, R/NEG R 288, BUA
PN o TAER R0 H B K IE INAE 2 (e AR
B SER B ARIK, BEARAR BT oS, T 5
M FE0 T4 RIS, 5 OGRS R B I R 4y
BN EEN, &S HBUER /D (EF R,
2017). ZF (AR OGS B IR M = AZBIXH T S E H 2
(6-8 H)B&/KARR A E(FmA S 4F T-RM . [, BI 54
HEHZESPENE Z UM 5%(p < 0.05), X 575 /8] H 5 i
7R )45 R —B(ET10); & kBl L RWM 5 KR
(O-11H)FE7K AR B J2 SPEI T R I Y IEAH G
KA, THRFERRM (p < 0.05). HKEREMAL
KEEFRIR, SRR A KRG E K AEKS,
SR T BE 2 ZE K, 2R 11 39 0Bl A RWIHE (= &
EE, 2011).

RWI [ IR 52 31 | — 4 J 24 4 A i IR 1R s
1M B 32 22532 B Y 2 S 1 1 2, X & T
RWI 7] B £ 7 L b, SRAE A2 A —F B A K
Z5 01 S A R A A KR, TIMIXD % Bl s S A
KR AN I B A R IR Rk, RWM
XSG AR AT ] 2 R B S kR, B —4E R
6% A R HE ST 24 4 B AR RWA (1 A= K AR 0 7= A B2 i (2
P4, 2003). BIFTFRACHI AR WM % B2, BRI
AT e 1] E A R AR Y 6-11 H, fE11H 4],
Wb s AR, TERUZ T 1R R KN A, 2016), K
GBI 3 2 e AR [ SR Bl . AERFFT4S Rh, Bl
TENMXDHIIETE &AM, et LA ee ifE
AT AR T RW, 1X 5 HA R 72 45 SR (Buckley et
al., 2018; Kaczka et al., 2018)2&16L,

3 X B A 63 25 A2 Bl S5 RWS A A AR 38 1,
R IABIATRWM 55 32 B g [K - 96 R K4 76 2 AH IR,
XA e s SR AR R R BEA
BUT % R AT . RRAEAR ) 2B K T8 B B T A A
WA I SE [FAE FH, b5 T AR 58 48 1) ok e PEAE
UK, WA RS 8 R Yo MR BN . BIRE R
WA AE A, SO BT A3 HE I BIFTRWL 5 0L | B K
(I8 2L, FRATIAG I 3 B2 A 6 98 15 vp L
AR R A BT BT it S 45 R o IX — S 2
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BAEE, WA Rt — 2 TR
3.3 BINARRKIEEN

i mEIR B S B 2R KR L i I DA SPEI
KA P (A E EAF T RWL. 3/MRFRBIAER 5 E 2=
B 7K B % SPEI IR AT R AR B 5 AR BN AR 2 1Y
PR IR AR, 5 B iR AR R A g A2 Uk 5
LI I IEA SRR R ) o 7K 73 PR 20 3 AN A Y
RWI SR (1 BR IV HZ B K, R I sh AR o< 2
Hr o RWIL 5 52 2 [ /K B e SPEI A - R U R

IR AR U5 B DR DR L IR A OGO AR A2 AL ka5 (17,

F9), X525 5 (201 1) X R 70 A7 - PR %
PR ARG R —8. MEELHFERENA S, &
K o3 1 28 B DL S AR A ) 8 s R 2 ke, J&
AT AR 1) A TR SRR 7K 43 A A T R ALl PR B
RN, 2011; 25, 2011; T, 2017);
[, 5 e 3 a7k 2 7 B2 S BUL IR 1
PERIRESR. . iR RWM S B 2 im0 1
FHOE R A 9) EZE 2L (] iy P Sk AR BL G, RITE
K78 R B B R TR A, (HAE K R
PR R 28 I, P iR 2 R B A AR, AT A
RWI 5 il 2L B ARG R X 5 HAbx T
i 2542 ORI 8 45 R (2T e 4%, 20115 T 4%,
2017)— 5%, B AR IE B 7K 43 o 3 o 32 o 6 2
ARAK SR F &S B0 25 .
1% 2342 Bl 5 B =S5 R 1 AH OC 2R B0 I TA) A2 e 1
B, T RWLS AU K70 5 B SRR,
BB A% 4t i FE 1 5 BE & FH T B 225 (% H g (Fan et
al., 2009; Bjorklund et al., 2014, 2015; Linderholm et
al., 2015; Dolgova, 2016). L4k, 34 BIA LLRWI
X B R B TR 2 AR V(BT 10), X
51 AT B RW 25 AR R P X6 EL I 9 45 2R
—#(Dolgova, 2016; Buckley et al., 2018)— £, #—
2 B BI L RWIEE L £ T 0 R e
BIKHE (1 35 B 72 5 MXDAH b 17 8 HL R A %5
K, 7E A SR TT LASE AR e A= 9 7 14 2% 1) 43 A J
I EE P, AR E A R 2 ] R
(Bjorklund et al., 2013) . R LN Sk 2 A 7E T g
SN B T R R R, wndaa a R o R ok
R HIE— MO, 1% L8 5 M T 4 e o B/
fk(Campbell et al., 2011; Bjorklund et al., 2013;
Rydval et al., 2014). @ S FO RS 1S 2 1
S 55 5 FEE AR AR XS 2 4 AR 15 (A e A K

o8 BE M o 25 A JG (B, 2015; Fuentes et al.,
2017; Buckley et al., 2018), {HFHiZH AR A
T A RV 0 €A ) i 25 S b (B R I 7R A8 ) )
BIEL Aoy At 14 A 1K B HE S B (Sheppard & Wiede-
nhoeft, 2007; Campbell et al., 2011; B&-F, 2015;
Babst et al., 2016). {EAEFESR T BB 2 %P8
G, I @A PR OGRS T, IR
FHEMEE, /)51 FCooRecorderai WinDENDRO
W esR I B R GBI . 5 X Sk AR,
W BT i ATY 5 B A E S 5 VAR T R0 A
VIR 2 Bk, (HAR RS AT VI E oy B (BT,
2015). 4k, BIFIFEA BARFE M (EPS) £ K T0.80,
{EAEEE T RWM, X7E— R E FIGTE T Rydval %
(2014) FHIF 7 45 5L B 3R X BI K4 BT 75 O RE A 1 3
KFRWM, M & AT S5 BIIBF F it 72 Hh A
S IEARE A B o (RN, B0 1 S e R SR e i
B R TAGRFR 5, JUH R s st T 5
(A K ZE) SR I R, RS0 E B £ R A
HEN RSE g S BRI , F
FH CooRecorder /7 74 A] 75 5 22 Bf 51 [X 38 A= s BIE 4
B T e R SR AR R SRt 2 AN, T
JE— 25 AR 77 A0Ks 2 T AR BI A 3% R 8 7E (1 I AT
Wz .

4 g

AHE TR R AR B N S HUBI N H B A R
P A2 5 S R e R T, TR T
{81 FH CooRecorder 9.15% {143k B BIEHE BT 75 (1) J7 12280
TR, i o6 L Bl 5 RWD U fig AR 1, I £
ZAZBIFIRM B A H23 A A K-S 8 &, X AT
[ELE O N o ol [ K NSNS NN 3 T B TS
PIREL . A AZBITEIL S A PR m Rl B
AR K 2 e vy A % 2 2R SPEI I AH B A 4t 98 B L
AR, LT mERR AR, HBIEZ A R
B BT MAE 2R i A BA S SPEI e 3
T GIRM o R 65 2 A2 B S0 )12 % AE
AR LT, HBIS E 2S5 K+ 20 R B [A]
FeE 1t 5 R AR I T ERM, /2 LLIESEBI
RS TR S RMANF I SRS 5, BABEMXDIE
T 2SR E AT . BIEHRE SRS AR
HRHTTE, FERARERZ T BA — N
T Refis =3 A,
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