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Tree-ring based June mean temperature reconstruction over the past 140 years in

the southern Lesser Khingan Mountains, northeastern China
QTAO Jingjing, WANG Yifu, SUN Yujun”, QIU Siyu, XIE Yunhong

State Forestry & Grassland Administration Key Laboratory of Forest Resources & Environmental Management, Beijing Forestry University, Beijing
100083, China

Abstract: Based on the standard tree-ring width chronology of Pinus koraiensis in the southern Lesser Khingan Mountains,
we examined the effects of temperature and precipitation on radial growth and whether these correlations were stable before
and after the abrupt warming in 1982. The results showed that the mean temperature in June was extremely significantly
negatively correlated with its radial growth throughout the duration of the test. Based on the growth-climate response
relationship, the mean temperature in June was reconstructed from 1843 to 1982, which explained 44.3% of the variance in
the reconstruction ( F=8.730, P<0.005). The warmer and colder periods of the reconstruction sequence lasted 7a (1915—
1921) and 29a (1880—1891, 1932—1948), respectively. The reconstructed sequence had an evident 2—7a periodic
variation and significantly spatial correlation based on Wavelet analysis and spatial correlation analysis, indicating that it
can scientifically represent the temperature change in the southern Lesser Khingan Mountains and their surrounding areas.
This study expands the existing regional temperature data, providing a basis for systematical mastery of climate change laws

and scientific prediction of the future tendency of climate change in the Lesser Khingan Mountains.
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Fig.1 Location of sampling sites and meteorological station in Dongzhelenghe Nature Reserve
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200—970 m, BT 7039 hm®, J& Ik KBl P2 UM 32 V-1 28 KURI PR AT ARSI €98 S R 5 M), DX 3 Y
ol A BEAERK BEFIRBELZW, UFFERBIN (1958—2018 4F) , XI4EF <R 1.8°C , ¥ AN 1 A,
BHRART A, B IE—28.5C , A P55 26.9C . VMK S 639.4 mm, HiA 2 (5—9
H) Bk 5 AR KE ) 84.79%, FEURBLGNTH KA HLE™ 8, TTFEW 90—110 d, KINARMHEHE R,
= B VNS A /N S O L o O R P
1.2 %R

TR B R ARE S A ek S 4 35 (46°35" N, 128°00" E, 3K 210.5 m, [8 1) 1958—2018 4E 15 42 %%
B, FEALFE TR R KR (B 2) . BEHIERR T 24840 ( Palmer Drought Severity Index, PDSI) #§ i/ 5¥
DRI A 3 A8 Ak 2 B o VR T 0 ) AR i 5 R K S S IIE 9 R0 (CRU ) 7 IE 7 8RR T 5 48 S8 42
(scPDSI) K5 0.5°x0.5° , BB 5 5 ok 1958—2018 4 ( http : //climexp.knmi.nl)

K H Mann—Kendall J5%: VA K F P9 BN S5a BT 8l ¢ K T AE S R R T R AR Mota 3 arbr . a5 R 46
B AR K R AR A (T=3.269, P>0.01) ,1982 4 AR F- R M (T=-3.814, P<0.01), RAELE
ARSI U S BN, S A1 %R 0.340°C /10a( R =0.371, P<0.01) . 1958—2018 4F, PDSI 4E R ] % 50 B
B AE PR/ MEHBUE 6 H (-0.402) , IXIR TR BLAL T 1E 3 %4 (-0.5—0.5) ™,
1.3 FEARSE SR
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Vi FH COFECHA 2 77 X0) i AF R 2 25 SR A TR 50, S 5 327 B A DG 1k 22 L ME L) 38 S AR I RE LS, e &R B
46 MESH AR,

iz F ARSTAN F2J7 A K by 2/3 AR IR FE S5 sREL L R AR TR [ B st A% IR 7 AR SRR R = AR AR K
R ST T LIAMREAE R (STD) (ZE{H4FE R (RES) F1 H IHAER (ARS) o AW FHGE R R (R B 5, 4F 3%
Jo t B LA B AU AR 5 AR AR R AT 20, 1 LA 0.85 1B FHEAF 5 5 i ( Subsample signal
strength, SSS) (1 F (B 2 A R AU FTHE X IH] , ZEAAPRUEAR R AT AT SEIX E] R 1843—2018 4FE (81 3)
1.4 WL

FF SPSS 20.0 /41 Pearson 2 Fl DendroClim 2002 F&JF 2 MM bR AR 36 5 5% A F I (AR C C 2 |
FEAE AR & W — 2 s BRI 9 IX £0 A% ) AR K W SEs S R L 2 ] R B i 2 ook itk 4
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Fig.3 The standard tree-ring width chronology of Pinus koraiensis and number of samples
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Table 1 Statistics of standard chronology and common interval analysis

PRUEAR R AR (H SIEX 54T (1905—2016)
Standard chronology statistics Common interval analysis

[ 5RE>0.85 IR AE 1843 IR PR 0.321
First year of SSS>0.85 Correlation between trees '

=P K R ARH
ESUERISTES 0.984 'lg)l/"ﬁﬂéwé ' 0,303
Mean growth rate (mm/a) First order autocorrelation

N S 22 (5
A (R R 46/48 'f|i| R L . 20.790
Number of cores/trees Signal—to—noise rate
S A i ¥ AL
ORI oiss PRI 0,956
Mean sensitivity Expressed population signal

‘\\ > 2a [ & YA = = L L
bR 0.202 R 34.53
Standard deviation Variation in first eigenvector/%

22 WIRRRIAA KSR TR E

AR LT AATE RIS XN 19 A K, 5 Bt A A KX R IV W I 2 ) | B 148 5 %8 244 9
T3S A AT (T 4) , S5 SRR AR I T DR A K B A 22 52 6 A 4%
SR TIN5 (P<0.01) . Hort CORAR A K5 2 4F 6 H - 22 52 bl 525 UM 56 (r=—0.334),
P<0.01) , 5 44F 6 H MK Rl PDST 50 B TEHE (= 0.360, r=0.351, P<0.01), FHREZER , S EH
T P 38 B S R A7 — B, L A0 P 3 8 | 4 ZR K A T 3008 T L %
WK R HERE B BRI, DR 6 F P30 5 £0 AR 1 A KAE 1982 4F T S A5 A4 5 b 8 25 17 A
F(r=-0.408, r=-0.430, P<0.01),
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Fig.4 Correlation coefficients between the standard tree-ring width chronology of Pinus koraiensis and mean monthly temperature,

precipitation and PDSI
PDSI. TAER/K T 2458%% Palmer Drought Severity Index; L. F4E Last year; C: MAE Current year. * P<0.05; ** P<0.01

I8 R R A AR AR LA ASBIESE 3 iR ZLAARHEAR R 25 4F 6 H P44 il  F/K &R0 PDSI
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-0.270, R,=-0.345, R,=-0.304, P<0.05) ; M 7E & & i BE F1 PDSI LA R i B2 A K & 1 A0, £0Rn AR Im) A:
K5 6 HFEZKEH PDSI B RAH G 22 B08 6 31, A ) i F PERE G (P>0.05) , HT BE Rl AT, HERR - 4R |
FA 7K RN PDST BYAH B 520 BFSE IX 2T A A i) AR KF 6 A SEXS IR U, 48 Erl %, 6 A SR 2%
X AN T ) EZEBR PR A R 18 A TP R A A

F2 ANREERES 6 AEMRIE(T) FEKE(P) K PDSI HRIEXRE

Table 2 Partial correlation coefficients (R,) between the standard tree-ring width chronology of Pinus koraiensis and June mean temperature

(T), precipitation (P) and PDSI

1959—2018 1959—1982 1983—2018
HFEE Time
R, P R, P R, p
T/ ( P+PDSI) -0.270 0.039 -0.345 0.028 -0.304 0.045
P /(T+PDSI) 0.240 0.070 0.170 0.450 0.186 0.293
PDSI/(T+P) 0.233 0.078 0.046 0.838 0.288 0.081

T/(P+PDSI) . TERE/KFN PDSI [ 454 T, IR 5 208 8 ) A2 K I A 5E 43 BT Partial correlation analysis between radial growth and temperature
when precipitation and PDSI were the control variables; P/( T+PDSI) . 7€k B Fl PDSI [f 7 45 144~ , B /K 5 2008 A% o) A= 1 19 #H 56 53 BT Partial
correlation analysis between radial growth and precipitation when temperature and PDSI were the control variables; PDSL/ ( T+P) : TE i B FlFA /K & 5E 4%
PETF , PDSI 522 1) A= K BIAHIE A3 HT Partial correlation analysis between radial growth and PDSI when temperature and precipitation were the control
variables; Rp: fi#l5¢ 2 %X Partial correlation coefficients

23 REHEFESKE

5 LR S R XA K S R B L0 A (1) BE 2k 2 4F (1+1 1+2) MW S8 P41, 5
XK 6 P53 B S P 5 #4730 [l A5 8 7R (R 3) . HER 3 AT, %518 1982 4F A7 78 it i B 28 A8
A R A R A TSR ST 1982 4RSS IX B B TESE HLJG B AR S I G 500 (TR 2) |, o T o
[X 1843(SSS>0.85) & 1982 4% 6 H VPR E M TE ., EEBRIT .

Ty .= 19.021-4.971xHS,+3.998xHS,, ,

KT h e 4F 6 AVF-BIREE  HS, 0 ¢ AELIMARIEAERRIAC SEBEIF 91 HS, , 8 t+1 AR ZLAMARIEAR RN 42 58
P31,

x3 EFRFENSITHE

Table 3 Statistics of the reconstruction model

EL L

B Time SLEZIRIABR R R R’ F
Optimal multiple regression model !

1958—2017 Ts. = 19.625-3.896xHS,+3.082%HS, , | 0.501 ** 0.251 0.224 0.506 "

1958—1982 T ,= 19.021-4.971xHS,+3.998%HS, , | 0.665** 0.443 0.392 8.730 **

Ty : t4F 6 J P the mean temperature reconstruction of June in 15 HS, : t sEZLAMRIUESERANHE S5 JF 5] tree-ring width index of STD of HS
int; HS,,, :t+1 ARLTAPR AR 2 4E T S 4] tree-ring width index of STD of HS in ¢+1; R I B %KX correlation coefficient between observation and

estimated series; R*; J5 22t Bt explained variance; R% . W7 2B adjusted R-squared; F:F K55 F-test

adj ¢

AT FERIARC RN 0.665 , 77 Z Bt 44.3% , F Al 8.730 , RE(H M H B35 5] 0.005 52
HK(FR 3) o RABE—HIBRZS E 8RR RCE AT TR (R 4) . S5 RE, A R AR ZES
WAE A 0.336, 38 AT A X REL (rory) MAF S K90 AA (ST, ST, ) #4355 0.005 W EF MK, HEFH) 5L
DU 30 ELA A — 350 g Bl 35 e AR AR B (11 5) , 2R B 3 40 Pl A e b A0 65 2 DU S0 0  dn sh BLAE . 6 T 1A
Lot I E SRR E AT A E
2.4 FEHEEEFHE SFRE

WFFE X 6 H V- L NI B AF e B R B AR b (15, 8 6) o F1 #7514 de e B RN B AR 53531
4 20.41 °C (1982 4F) F116.14 °C (1881 4F) , ZAFFH4{E N 18.09 °C , W= F LI (1958—1982 4F) By F-YMEH
(18.21 C) ,#5ifEZE (o) 4 0.83 C,
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Table 4 Statistics of the Leave-one-out verification tests for the reconstruction model

MfBZ Time r ry ST ST, RE Pmt DW
1958—2017 0.407 ** 0.572** 38+/22- ** 41+/18- ** 0.157 1.862 1.588 "
1958—1982 0.586"" 0.583"" 18+/7- ** 17+/7- ** 0.336 2.216" 2.394

r: IR B correlation coefficient between the observed data and the estimations obtained using leave-one-out verification; r,: — B Z=H & R4 the

first-difference correlation coefficient between the observed data and the estimations obtained using leave-one-out verification; ST: JFJF3 455 K5 the
general sign test; ST, : —MZEfF 505 the first-difference sign test; RE: TRZE4HIHAE reduction of error; Pmt: FEBLT-IEL product mean test; DW .

Durbin-Watson ¥ Durbin-Watson test

o TS — EEFS

23+
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6 Vil
Mean temperature of June/°C
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Fig.5 Measured sequence and reconstruction sequence of mean temperature of June

AFRHERIERT T+ 10(18.92 C) B4AFEE LA ERAF D IR E/NT T, - 10(17.26 °C) I4FEA)
FE SCNARTEAEDY s BF IR BEAL T 17.26—18.92 °C WYAEAy 2 SCMIE R AR i3 5 a1, 1843—1982 4EHF5E IX.
T B AFA53 2 B 20 Wk, v AR 2B 21 Yk, 209 B AR Y 14.3% 1 15.0%

x5 6 AFHEEERFIFITHE

Table 5 Statistical characteristics of the reconstructed mean temperature sequence of June

IRBEAE(Y Warmer year {244y Colder year
gRh) HEEH/C ARG HEHE/C A0y HEE/C Ay H{H/C
Year Reconstruction value Year Reconstruction value Year ReconstructionValue Year ReconstructionValue
1852 19.37 1921 19.49 1848 16.54 1897 16.72
1863 19.42 1925 19.10 1851 17.10 1924 17.12
1869 19.97 1927 19.31 1865 17.21 1928 16.63
1873 20.11 1929 18.97 1868 17.13 1930 16.29
1875 19.32 1937 19.33 1870 16.87 1939 17.06
1879 19.32 1949 19.34 1874 17.10 1940 16.57
1880 19.82 1965 19.26 1878 16.16 1948 16.71
1885 19.58 1968 18.99 1881 16.14 1952 16.48
1896 19.11 1980 18.97 1886 16.47 1969 16.85
1913 19.23 1982 20.41 1888 16.99 1981 17.14
1889 17.10

140 AESRAFFE XAFAE 1A BA 5 0% O B8 FsF 03 0 2 A BH S8 0 et 2 30, R R 8 i [) 0 1o 7 4 (1915—1921
A ) 1 29 4F (1880—1891 4F | 1932—1948 4F ), Hifth i B 1 449 Y B A0 S ME FF I 51, A8 Ak /N (T 6)
2.5 FEEREF YR

FUFH/INB A BT 9T I 25 140 4F 6 H -2 30 5 F e 40 0 A 0 As Ak 25 R el 7 iR, P52 B
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