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Abstract; Tree-Ring width data may reflect a nonlinear response to multivariate climate forcing. Thus, statistical
relationships which may represent linearization of nonlinear processes are difficult to validate outside the instrumental era.
Moreover, traditional statistical techniques are inadequate when describing tree-growth responses to climate on cellular
level. In this paper, we use the Tree-Ring model to simulate climatic response of Pinus koraiensis in the lower mountains of
XiaoXing' AnLing.

A comparison between simulated and measured Tree-Ring series shows that the Tree-Ring model could model the Pinus
tree-growth accurately. Sensitivity analysis indicated that the Tree-Ring growth is sensitive to minimum temperature for
photosynthesis, lower optimal temperature for photosynthesis, upper optimal volumetric water content and maximum
volumetric water content. Furthermore, the simulation results indicated that variations in Tree-Ring width are mainly
controlled by October temperatures of the year prior to growth and April temperatures of the growth year. Cambium growth
begins in the last ten-day of April when there is enough water, but temperatures are low in XiaoXing’AnLing, and cambium
growth ends in the first ten-day of October, but temperatures of October are between Lower optimal and minimum
temperature for photosynthesis, where the photosynthesis speed rate increases at higher temperature. Thus, the higher

October temperature, the more is food storage, and the wider is the ring of the next year.
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A SCHT RIS R R /N WS LT KA ( Pinus koraiensis) , et i (48°14'N,129°12'E, ¥4k 360m ~ 460m ) {3}
F/NMZISFIER AR B R RY X (FL) 2% X by VAR B A IR £ R 3SR, R BB ARG MR =%
MR EE I RAAR, F LM R X R E R R, B E G 2 X BEW 273, 3 HEARIFE R GRS,
RZNLEHZW , AR Z B RER A BERATE 0.4 7o o FEARIRAERT[E]AZ 2006 45 9 H LR T 21 Bkt 42
AR N T B8 RBRSARAHE , B AR 2R B A KRS — X o B RE AT B SL 3 = )5 , % R AR
BAEA R A AL AR P R 20 TR B B AT U AR R AL B, S A RS S E
JF RIS ZE MIREAS , AT 7 %0 98 B W0 A0 40 RS AE (B0 , 75 A ARSTAN 7 P ST AR HEAL AR 3R, 4R R 1Y
SRR 9 0. 132170 JOR [ 9 REAS Fh BEHLEER T 9 AR G 18 BRI I ASBI ST A ATREAS .

SZFRNPHFEIR U (47°73'N,128°92'E , gk 240. 9m) [1)3% H F-HSIR RARSIR &= < IR H R
K. ZHXBEKEEPTE 6 ~8 A4, 7E 1958 ~ 1998 4EA Bt , 4ERE/K B 7 450 ~ 1000mm Z [A],6 ~ 8 H ik
JKTE 230 ~700mm Z [i] , 2 5 4R KB 65% . S FHRRE1CLEA, Kb 1~3 711 ARN12 AH-F
SIREBLEOCLATF,5 A% 9 AWM FEHSIR—BAT 10CAE(E 1), SIBRFMFBKER BB ER—Hr A%
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V(j,t) =V, (j) - F(¢) (1)

K7 AN EARX STERZ IR A AL R, Vo () R S MM E j ARMAERKER, F(r) A
Hr B T3 R R ERIAR A KRR PR IHEE , AR A K B G798 & R E AR AR KK - RS 3 A
R AR A K R

WA H A AE KRR

F(t) =f(S) - AT) - f(W) (2)
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Table 1 The model parameters of Pinus koraiensis in Fenglin site

28 Parameters H#iiR Description ff Value
Thin 64 B AR EE (°C) Minimum temperature for photosynthesis -1
T oo B oS IR EE TR (C) Lower optimal temperature for photosynthesis 15
Too St BE IR EE ERR(°C) Upper optimal temperature for photosynthesis 25
T 4 B IR EE (°C) Maximum temperature for photosynthesis 40
sml + 3575 5 Wilted point 0.03
sm2 & T AT A K 3T R Lower optimal volumetric water content for growth 0.12
sm3 3 + AR BLA K % | R Upper optimal volumetric water content for growth 0.22
sm4 K AR FA 7K % Maximum volumetric water content for growth 0.40
sm5 FH [} 7K 5 Field capacity 0.29
sumt REARTF IR A A I — B[R] BE S A1 (°C) 60
The sum of temperature for the beginning of tree growth at time interval Theg
4w TR A FF 48 A KR BE MR B B2 ( day) The interval to calculate the beginning of tree growth 10
h T EZ AR (m) Root depth 1.1
P {5 + 3K BN A B B A K & (mm) Maximum daily input water to saturate soil 50
K F&7k B A3 13 R Coefficient for water to penetrate soil 0.89
2 #ER5H5m

2.1 WERTEESSMEETHMHELER

FESA TR /T, Se X A AR e S AR I W B 2E G i B AT 4047, B FL S Y STD R 5HRES S
W E—4 9 A MBI 10 A M H FESEMA MoK BEMHX T (£ 2) KPP 54 KFEE—410 AfHh
BEEFISAE 4 AMRE M BEIEMX. I TEEAN THRSERTSWREEZRMNXR, ARaSERR
SR FEHITHRMTRIN,4 H TAMREZLSRARTEEMEM R 0.41, 5 E—4 10 A $A) . T aIREH
KAM 0.52 F10.42, 3383 T 0.05 8 E MK,

R2 FHREER(SD) 5HREARKMBERAXRY
Table 2  Correlation coefficients between STD chronology of Fenglin and monthly average temperature and precipitation in the Yichun
meteorological station

H 3y Month
P9 P10 P11 P12 1 2 3 4 5 6 7 8 9 10
T -0.12 0.50* -0.03 -0.02 0.15 0.23 0.15 0.35* 0.22 0.10 0.12 0.199 -0.17 -0.10
R 0.00 0.26 0.05 0.17 0.06 0.05 0.09 0.13 -0.03 -0.09 0.12 -0.05 -0.11 0.05

* MR REGEF 0.05 BFE/KF  indicate that correlation coefficient get to 0. 05 conspicuous level

2.2 SRRES B

XTI S ROAT OB, He B B T RN 2 B S RO AR B S R i RAEEE , R AR T Y 45 4 A
PR RREE G BRI LR K FESNSURE TR BERFEK , BRI AR SO -5 15 B KA R
SRGHEAT T . SBCRSENAREICER) £ 10% , HABSEARRRRMAT B HF | MSE iR
A R .

MF 3 AL, DA AR A K EEE U I S RO S & e IR , DB BB IR T IR, Bl 3 &K & F R
R EIEEIKER i TRAGE R R R B — 4 B R B, SRR T b & SRR B, WA ok i
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BEETBRZIE, e R R IR & RARIRE AL S BoE R T IR, b e fE &3 hn, ™ 4 i 44>
Bt PSR BEAR D SR B & fol B IRIREE, BT LIXHE & FaE iR ERADE & RS IRESEA
1o TR A A S B A 7 258 D)5 XL BE MR, 224 3t Y 49 5 7K R — AR R L EROR T il L3 K
RTRAE, BT AT T3S KRR, TRERS SIS EONIUR . XPRE P U BR S B i , 2

VB R 5 75 [ B

®3 ARRAREEERTSBHOHRYE

Table 3 Sensitivity of cambium growth of Pinus koraiensis to changes in parameters

24 AR BB %
Parameters Variable rate Variable rate of cell number
B AR (C) +10% (fn0.1°C) -1.3
Minimum temperature for photosynthesis -10% (38 0.1°C) 1.0

SR RIERETHR(C) +10% (fin 1.5°C) -15.2
Lower optimal temperature for photosynthesis -10% (3 1.5°C) 17.2

B B ER(C) +10% (J12.5C) 0.0
Upper optimal temperature for photosynthesis -10% (38 2.5C) 0.2

e R (C) +10% (fn4°C) 0.8
Maximum temperature for photosynthesis -10% (38 4°C) 0.5
BN +10% (#10.003) 0.0
Wilted point -10% (¥ 0. 003 ) 0.8

RIS E AR E KR TR +10% (f10.012) 0.6

Lower optimal volumetric water content for growth -10% (%, 0.012) 0.4

HOB T HABUE KR IR +10% (}110.022) 28.9
Upper optimal volumetric water content for growth -10% (%, 0. 022) -30.0

R AR KR +10% (f110.04) 17.6
Maximum volumetric water content for growth -10% (3 0.04) -33.0

2.3 USRS

BLFZR 1 KIS BT LM AR AT AU, B Hp s SCAE A IT iR DT B X 358 40 M 3883 , T = 40 M 1A
TFUGHE R B, A KA R H D B Ja — M S A TR , BE ARBRRZS B9 F W o UGS SRR, ZAR

ARAE A B TF 1 B 8] 98 B D 575 102 ~ 128 K, S 39 0 57
115 X, R0 4 A 25 BZEA bzl 7d; 2 R EER
RS B L B 575 259 ~294 RSP0 5 282 K, KRR
10 H 9 BZAA  frEzh 8d. WARLEFTMMEUSY)
TR Ee A — 2™ o NI 2 AT LA, BB B A
S FF) 2 [8] SRR A e 3 b A —B, B S 2 6] B
FIRRHCN 0.62(n =41,P <0.05) , LABLALFE 3 2
ARGFHE FTE. BEAL, LM R SEIF ST B AR R
%0 0.59 P S B MR RECN 0. 58, i TR LI
BTG % R T SeRT TR BT s A, BT L SE
R A AR A AR A BT S S IR AT T B AR
THEFE T IR R, BBA B SR AR
HULED TSR (1971 ~ 1974 48) . [H 3a N RAF YR
BE WK TR A Y e B B 3b D B AR R

40

35+

30 -

25 -

20 |-

40 8>3k Cell numberes

10

—— Bl Simulation
—— 42Jl] Measurement

|
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1 1 1 ]
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B2 RN 5 NS 513 b (1958 ~1998 4F)

Fig.2 Comparison between simulated and measured cell numbers of

Pinus koraiensis in Fenglin site from 1958 to 1998
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- Y& JE Temperature ('C) e 5008 A 5% A AR XS A e R

-+~ fEIK Precipitation (mm) Relative growth rate concerned with temperature
— hEEREAE 58K REFIR A RKE
Volumetric water content (%) Relative growth rate concerned with volumetric water content
------ 7& s Evapotranspiration (mm) —— AT A HKIE ZK Relative growth rate
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Fig.3 The effect of the variation of temperature and soil water content on tree growth

TEIX 4a 1, SEAFD 1971 F1 1972 48 A2 4F 0 1973 11974 45, K 3 AT, AR AR R R EERZBNRE K
SN, HLAE R IR BT AR B A K AAR K B, 1971 4EAR AR TF 8 10 A K S5 B2 52 AR K0 39 10 TELBE S 0
1972 4 [l R A R A2 B AR WD A TRLBE R MR K, 1973 4 AR 4R AR ) AR AU BR 32 A KA 30 A9 1R BE AR Ak
SN, T A8 Ay b A RKE AR A B B R R R BE S R Ao BT FP L AT LATE e, K 70X AR A K B R
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WA/, RAATE 6 ~8 A4y i TIREET R, A KR , 7R 2RV A B3 O X S K XA A KA —
W, EE RN . BIATE R SRR R SR 8 BB R, WRSFENEFERN4 AT
ARBEAAL R, 1971 F1 1972 4E N SE4F 4 A T AR FHIR B2 5104 6. 6°CH1 9. 6°C, 1973 Fil 1974 £y A8 4F
G509 4. 1CHI 5. 6°C IR AR, b E @R AR, WM AR MK RR R 2, NIRIUNR S 4 A<
RFFAE 4 A TAURKEZEFRIEMAXER,

MG LR A RKE E—4 10 ARSIRRFFSZ 10 AP TARNRSWAERKBFERHERXE
Fo WEBIBIIE MR EA —E R, FAMATERZEE KGRI HN 10 A BA, T 10 AT
AR IR, WAR B SR RIR BEREAT , HURTEE & R AR B M BCE IR T4 16, oG s SR iR B 5
Th T, BRI, X B 3 BE A R D T — 4R I TR R L
3 Fit5ifit

(1) Tree-Ring AR /N LI LTARM AL K AOEIEUR T Bl B L FAZSCR , AR B RCRA o %o S Bk
YT R, 68 BRI, ba Bod IR T IR, ol 3 AR AR & K 3T BRI R R S 7k 36 AL
ARTE R A K EEBBURBI S, XX e SRR E , AU 5 S

(2) WA IR AR FEZ B AERKSE E—4 10 AR 4 ARAER . BRI HrEsR
WAL AT BURTT IR A PR AE 4 A T A, XK T8 R, IR B E& foc iR BE Rl R BE T FRZ (8], IR
BERR LA HERAR, EF RIS, HIRI N SR SR IEAR KR . TEBUR LRSI EF- 2
£ 10 A LA, FTTE AUZ 40 M6 7= 9 O TH R/, TG 2R B 3 L BE R T T oK, R, 10 A
T B SRR o T — AR SRR, BAE B R IR S48 o

B B, NS RIE A R R B URBERZRARK, A TR A MM AR IR EEEIR A T/
HMBIRARILIX, R BRATHI S5 S Z0E AT /N L IR AR LL 204 A= 4 i AR B2 AL A, T 3 L X LA A 4K B
e AL 7 B — B IRABTFE M AT o Tree-Ring BERYA] AT 7E R KRBT R LM ARE R
HAEALTROL , AN AR A K ) B R BIVE R TR & R AR Fe B 2 R, 3 I st R vER R B A —E
HUER =8
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