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Fig.2 IMF components of the Kgm0317¢ based on EMD

FATLR (] 2hERE) ISR I 2/3 K, BRI MA
LA — B Bey EMD B &REHEE, AE 5 P
BrBC ST E XA AR, 5 EMD B 3225
RIAE =B Be (1950 ~2000 4F) , R M2 BN
ETHEE, 55 PR B AU R A B A I A2 1R Y A

KNSR, AT RS R A LS, F3L
JEARF FORHE R 0 BT R 5 £k 4iak
Kgm0317a 153 8| ) — 2Lt | Z55 7047 3 MUl & 05 ik
BRI R 2, JATP AN EMD (14 i 4 351 %f
Kgm0317c F4F I A 5C 1 A= 1< #5142 3K mT 8 B 432001




51 Y76 2% - EMD J ¥ 3403 11 25 42 B8 1 A 4 R 037 1E S 2 RUBE 5347 1231
FTHEM O AW (] 3efl2) , ELMEM A = H ATy IR R

T ESCmai R, RAT#HE— 2R EMD Jy ik
AT Kgm03 F1 Kgm04 A /Y9 BT A7 4 85 (W
T DEEFINHAT T ZE—o8, BB T KT
1] A2 A 3 B R AR R A I0T, ) 20 K 3632 5 ¥ %k
T W A2 56 T8 B EORHE I8 A OC I A KB R U
FRERME © 3 PP A AT Re R R 25l 8 6 T A RE S
X LE IS, AT LA & 30 9 A 7 3k X 248 R 43 A T 1Y
FaRAERE TARLA S, E XA B O A — L
By 2z s AR Em AL . FRATTPRE AR S LA il 2 A
EMD j& 528 S A8 R A5 21 /0 34 48 A= K =0T 1E )5 1 45
BOP I AR 270 4 FEBLEAT T8 TR
W 3), 20 A HoRT R 0% S5t R A R o i B A B
FEWT o 1) AR RN ARAR (B O I B RN ) = #F
& Kgm0316b ([ 3a8 £k ) 7 51 422 305 i 0 5 70 2F 4
IR (L WA TT RE 2 BB 6] ) , X RAEE A
KSR i R BT BOR LR AR AR KRR, X
Fofr b 0 5 A7 8 R B G i TR R R R BEK,
Xof 8 2 By P A4 A8 AR A T 3 s BOT 9 7 A i
SR, 77 A A A (B 3¢4L4k) 5 EMD A2k H
& N RRE , TERX RN OUA — e, 15 2 5
TEEARTT 22 EROMAEAR . 2) A= R 8800 i Al (B 1 o
LA )« Kgm0317a 2k 31 1Y f K AR, 1723 ~
2000 4F 56 A Hy 45 98 19 28 0 28 Iy T o =z T
W, ZJ5 T TG EAR, EMD 2 fif i #3545 I
BT Rk AR (18 3biEZR) 5 AL ek P& 15 3
G ZE (1] 3bar 2k ) R I IILA T 46 13— A~
J5 1) ¢ 2 78 P B A 48 10 R L, X IZT 91 B LA TR
1775~ 1810 4F | 1850~ 1900 4EFl 1975 ~2000 4F 3 />
B 5 EMD R B — & 5. B85k
3 B 45 B (18] 3d2040) 8 1850 ~ 1900 4 1] B g
T EMD J7 ik 5 2] 48 E (B 3d i), i
1775~ 1810 4 il 1975 ~2000 4E fif B2 ik F EMD 15 %
8 EE , 2028 4 A A Ol 58 = I Be 1975 ~ 2000 4§
(R Bz il ) A SRy AR A AF 88 AH OC B A 4 B3 F A 5
W B, B RR R o R BT RRE, Bk
EMD J5 55 B0 A= K 1T 1E AT g BE AT &, SE 4
THEIAEO (K 3diE k), LEMEE 28Uy
A1) | S AR B iy P I AT P R A A R 800 B e A 1 —
AR 3dLr gk ) o 30 A 0 A i B 25 S
i SR AP AR A E R EITIEMIE S, s 58
ZRKIFHIEGER LA BE & MITAN o 3) 4k 1 5l 7 45
B G R AR AR 52 31 ™ H1 40 ) i R R L5 T
REE R RAL, A R R BUE I AE, woa kAR

B s AN RENE A TTEN A ST, EMD
S MH LR (B el £R) o P Fh 5 1645 2 1 45
B T2 AE 1910~ 1925 4F i Brfy —E 22 5%, AR
A B SR L I B B AN P S I X, T
EMD 3 2 (9 45 0 fE, Hofh of BE R A — o m
1910 ~ 1925 4 iy B 11 Ve (I AR XE 5 S0 AH XoF [0 1) 2% I B
AR A 32 A B Wi DU AR R BE ST 20, DI,
ST S Al BE TR D Al 2 it 2R i ke 5 ) AR R
R DR B A T R R 4) RIEUATr
[ B — RN DL T LS T R ) — AT
[ 2270 PR A8 18 (19 45 L, XS KgmO41Ta (5] 363%
2 B R B (18] 3402k, 2RI T 3
At b, HBURE B KA (18] 3h£12k) 5 EMD j %
TR S 8 FF 28 (36 40) , 19 3 A9 W 48 45 %L
([ 3hE2k) st 1 feJa 5~10 457 % LTt

3 #£R5WiE
3.1 iBEWEY EMD £RHET

B 3% 1AL R AR Kgm03 Fl KgmO04 7 FF 53 B 48
BERLEIE (58 085 ) , N 58 Gt vp 5l B FR 4 B R AE AR
TE BT i A a1 44 ARFE S TE B Y 51, 2 R L
R 1 AR o AL 1T T SR B (D A ity £ B DA 34 )
JH EMD J5 kit 8 7R vE B AE R (Bl 4a) , AR
FIFHIKE N 1723 ~2000 4, Ff H51&5 07 it E 1Y
Ri§E 50 B A 3R (K 4b) BEAT 1 X5 H A 22 43 B
(FE 4c), Bl 4% B 228 RORMEA(G 5 9mE EPS
KT 0.85 I XF B 1Y 4F iy y 1845 4E, 4F £ A&
EPS<0. 85%8 43 th THEA 4D, WMUNHIES %, &
J5 B 28 T HEAE RO 1845 ~2000 4

f EMD J5ik (& 4a) P45 48 )7 i ([ 4b) X b
SR LI, AR 7 2459 2 1Y )3 51 76 IR A5 R &
BRAR AL Ry i BE R B TR — B . AR
JF 5 — SO AICE W £ 24 1850 ~ 1880 4F Al 1925 ~
1940 4 — By = (H 9 = 2 1825 ~ 1850 4,
1880 ~ 1925 4F Il 1940 ~ 1960 4F, W i J5 1 Xt 4 i
WA A KR IA WA — 20, IR
ERAERWRN T —E M ES, 1723 ~1750 1658
Ty WA B B4R RAAWE = T EMD J7 45 8 4E R AE
HAZ I B AU —ts, AAFRIER 2 T 1750 ~ 1845 4F
[ 4% G AR RAE AR T EMD 48 3R A8, 14 G848 R AR &0
BEIBEKRW I 2, (AHEZE B EPS<0.85, #f
OB A SR T R (AR S 5 R T



1232 %

2015 4

1920 1940 1960 1980 2000

Kgm0316b

1940 1960 1980 2000

Kgm0403b

1860 1880 1900 1920 1940 1960 1980 2000

Kgm0403b

1860 1880 1900 1920 1940 1960 1980 2000

A4

Kgm0317a

1800

Kgm0317a

Kgm0411a

Kgm0O411a

3 EMD J5ik 51505 IRTE LG A IR St A L
SRt ERE (a, b, e A0 R FEAELLG (a, b, e R LL120) K EMD 2% 4k (a, b, e W L5205
G4 B BRIEALIT S (e, d, g F1 h 21.28) K EMD J5 ik 3 SIIARELIF 81 (e, d, g 1 h #52R)

Fig. 3 Comparison of fitting growth trends between EMD and traditional methods. The original ring-width measurement series ( black of

a, b, e, and f) ; the growth trends fitted by traditional(red of a, b, e, and f) ; the growth trends fitted by EMD( blue of a, b, e, and

f). The de-trended ring-width index series based on the traditional method(red of ¢, d, g, and h) and the de-trended ring-width index

series based on the EMD method(blue of ¢, d, g, and h)
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Fig.4 Ring-width indices derived by two methods. The thin line
represents annual values and the smooth line represents the

5-year running means
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Table 2 Correlation comparison of monthly mean temperature of Sunan Meteorological Station with EMD index and traditional index
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-0.437 -0.225 -0.042

-0.184 0.067

0.054 -0.09 -0.126 0.1 -0.066 -0.523 -0.242

0.028 -0.153 -0.09 0.1 -0.119 -0.543 -0.235
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Table 3 Correlation comparison of monthly precipitation of Sunan Meteorological Station with EMD index and traditional index
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EMD 0.40 0.329
45t 0.409 0.324

-0.314 -0.133 -0.032 0.44

-0.302 -0.112 -0.043 0.47
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Table 4  Correlation coefficients of the first integrated component with monthly precipitation

and monthly mean temperature of Sunan Meteorological Station
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Abstract

The relationship between climate factors and tree growth are very complex. Traditional standardization methods
still face challenges in retaining the climate signal while removing age-related growth trends and non-climatic
disturbances. In this paper, we introduce an Empirical Mode Decomposition (EMD) based standardization method
to develop the ring-width chronology, which has the advantages of excluding non-climatic disturbances in individual
tree-ring series. First, tree-ring measurements were decomposed by the EMD to produce a number of Intrinsic Mode
Functions (IMFs) with different physically-meaningful frequency band. Second, the lowest frequency IMF band,
mainly representing age-dependent growth trend, was used to calculate tree-ring index divided by the original tree-
ring width records. Based on this method, a new tree-ring chronology was developed from 44 Spruce trees ( Picea
crassifolia Kom.) at Kong-gang-mu (Kgm) Forest of Sunan County of Qinghai Province in the Qilian Mountains,
and the elevations ranged from 2620m to 2770m, which covered the period 1723A.D. to 2000A.D. However, the
chronology was more reliable before 1845A.D. when the EPS was greater than 0. 85.

Compared two ring-width chronologies from EMD method and traditional method, we can found that the EMD
method has the significant advantages in extracting the age-dependent growth trend, especially for improving fitting
on the early “slow-growth” and the late “flat-growth” periods. It is noted that two chronologies exhibited the
coincident significant correlation with meteorological factors of Sunan Meteorological Station (38°50'N, 99°37'E;
2311m a.s.l.) in observation period (1957 ~2000), showed the highest correlation coefficient (r = 0.664,
p<0.01) with the total precipitation of the year from the previous August to current July, which indicated that the
EMD method successfully preserved climatic signals. Although the EMD method appears to offer both practical and
conceptual advantages, we emphasize that it is premature at this stage to conclude that the EMD-based method is
better than the traditional methods. However, EMD method provides an additional option to mitigate bias in low-
frequency variations longer than mean segment lengths of tree rings, which is inevitable with traditional methods.

The spectral analysis showed three main wavebands of this chronology: less than 10-yrs period, 10~ 30yrs,
30~ 60yrs, which would be integrated to three components of IMFs of all original ring width series derived from
EMD method. The 10-yrs scale of IMF component was relatively stable in the time-frequency domain, representing
a major portion of the high-frequency precipitation variations, with the maximum amplitude around the 1910s ~
1920s. The 10 ~ 30yrs scale of IMF component displayed the obvious lowest amplitude during the 1925 ~ 1933,
corresponding to an anomalously dry period at that time of Gansu Province. And the 30 ~ 60yrs scale of IMF
component showed that three dry-wet fluctuation. The integration components of the tree-ring width series with
different main periods revealed the temporal distribution and detailed fluctuations of the major periods by their
corresponding amplitudes in the time-frequency domain, which provide more information of frequency-domains of

reconstructed climate series at multiple time-scales.

Key words Qilian Mountains, tree-ring index, standardized method, Empirical Mode Decomposition
(EMD)



