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Abstract; In this paper, the Biome-BGC model was used to simulate net primary productivity (NPP) of the Larix chinensis
forest ecosystem during 1960—2013. The relationship between the NPP value and climatic factors, as well as the response of
Larix chinensis radial growth to climate change were analyzed. The results showed that the average NPP of Larix chinensis on
the northern slope of Mt. Taibai was 305.33 ¢ C m™ a™' and 320.71 g C m™* a”'on the southern slope during 1960-2013
years. The NPP values of both the northern and southern slopes increased. The rate increase of the northern slope (0.47 ¢ C
m~ a™") was lower than that of the southern slope (1.29 ¢ C m™ a™"). However, the range of NPP fluctuation was larger at
the lower limit of the distribution of Larix chinensis. The NPP value of Larix chinensis on the northern slope decreased
gradually with the increase in altitude. On the northern slope, the NPP amplitude at low altitude was higher than that at
high altitude, whereas the southern slope showed no obvious change. The simulated NPP values for most sampling points
were consistent with the interannual variation trend in the tree—ring width index, and the correlation was significant. The
correlation between the simulated NPP and the meteorological factors showed that the connection between growth and
temperature during the growing season was significantly higher than that of precipitation, indicating that temperature in the
growing season was the major limiting factor for growth of Larix chinensis. As a result, the tree—ring data could be used to

validate simulation results based on the Biome-BGC model.
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Fig.1 Distribution of meteorological stations and tree-ring sample sites of Mt.Taibai
SBS: FAR=F, Shangban temple; YWD : 25 F B, Yao Wang temple; YWDZ: 2§ £ 1, the middle of the Yao Wang temple; DEM ; 5 5 i FE AR B |
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KGR, JER A LA AL MT-CLIM4.3 (http : //www.ntsg.umt. edu/project/mtclim ) , iy A JE B #hPER G0l
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Tablel The ecophysiological parameters of Larix chinensis

HHAESSE fH Hfr A A SR fH Lika
Ecophysiological parameters Value Unit Ecophysiological parameters Value Unit
A RIIE A RK ZE T 5 L
PRIRMEEREIAI AL 5 A s
Transfer growth period as fraction of 0.2 — . . . 0.30 —
. Fine root labile proportion
growing season
RS K 7 L s B AV £ 2 s B
Litterfall as fraction of growing season ’ Fine root cellulose proportion ’
A AR A T2 AR AR L
. - . 1.0 1/a . o . 0.25 —
Annual leaf and fine root turnover fraction Fine root lignin proportion
AR L ARSET BESEAREFHYER LU
. . 0.70 1/a . 0.76 —
Annual live wood turnover fraction Dead wood cellulose proportion
FHAE A FE T2 FESL AR AR BT HoAf
N 0.005 1/a L . 0.24 —
Annual whole-plant mortality fraction Dead wood lignin proportion
BAFJpRIET bR K R4 "
RS L 0.005 1/a TR RO R . | 0.041  1/MHEAUEEY
Annual fire mortality fraction Canopy water interception coefficient
SRS AW ANE 1 o B SRR s B
New fine root C ; new leaf C ’ Canopy light extinction coefficient ’
B AL L L) B TR R TR 1 Ve B
New stem C : new leaf C ' All-sided to projected leaf area ratio ’
BALA P AR BT S B S C EE o1 o SRS EANNTIE A 300 2 e
New live wood C : new total wood C ’ Canopy average specific leaf area ’ ke
RSB B 1 o B 1k 5 A O L T » B
New root C : new stem C ’ Ratio of shaded SLA :sunlit SLA ’
MAEA K L 0.5 . Rubisco B (& 0.08 .
Current growth proportion ' fraction of leaf N in Rubisco ’
HFIRE L C:N of leaves 24.0 kgC/kgN e KAFLFE Stomatal conductance 0.005 m/s
it JE A .
T H%%%E l,:t . 49.0 kgC/kgN FJZFE Cuticular conductance 0.00001 m/s
C:N of leaf litter, after retranslocation
MBI AL C:N of fine roots 42.0 kgC/kgN 1942 5 FE Boundary layer conductance 0.08 m/s
SALIFER AR/ K
TGS AR C:N of live wood 50.0 kgC/kgN Leaf water potential ; start of conductance -0.6 MPa
reduction
SALTEARMIE Bk
BN AR A L C:N of dead wood 442.0 kgC/kgN Leaf water potential: complete -2.3 MPa
conductance
. SALTFIR /N AR R 22
R T 5 5 e R L ) e I
. R . 0.39 — Vapor pressure deficit; start of 930.0 Pa
Leaf litter labile proportion .
conductance reduction
— " SALSE R A AR IR 22
AT R L g B
. . 0.44 — Vapor pressure deficit; complete 4100.0 Pa
Leaf litter cellulose proportion .
conductance reduction
U s KR L . B
Leaf litter lignin proportion ’

R BR R IR T S0k 52]
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FERYAZ 17 B B S AT 00 46 AL B4 (32 4T spin-up BE3X) , AR OR T Tk 5 4 BT CO, 19 ¥k 5 (294,
842ppm) , A ULHUE N 0.0001kg N m™ a™', A= 35 R ek BIR ARG ™, I2 47 normal-run 55073 2 5¢
1960—2013 4F-[1) NPP F548UE

2 HREH

2.1 ERSAEHE TR

KAWL 6 MESEFRUEF RN G R INR 2 s, BRI, X EUREE B AT S 53R 58 BT 11
AL RIS R LS SRR S5 S B BURR TR 0.16—0.27 22 J6), 52 e 7 A0 AR A K X6 B 485 0 3 4 0%
FEA SRR AETE 0.89—0.94 Z ], H A7 He 344 i, UL BH RAE s AR K 2 2 AN AT P A HAR R i 45
Y B T I 25 EETE 40% L DR A A K RS R AT I S e S AR A — B bRt
FERINGETTA5 R WK H LUAZ AR B8 X DX IS8 A man 1 508 AT A S A A R B F8 AR JiE Biome-
BGC BRI NPP 4

®2 AKBWRHERREERFITHE
Table 2 Statistical Characteristics of Standard Tree-ring Width Chronologies of Mt.Taibai

H—E ss8>0.85
FEA BR3P Y55 —4F
& JrEh (HEO

—BrAH REREE

RS OTMBURIE AR RREC ARRE N

R/ Signal
BfFl @;f/i m Sampling Mean Standard Auto- Correlation lgnfi 0 Expressed Variance ss$>0.85
Aspect Altitude : L L . noise R o .
point sensitivity deviation  correlation between " population in first of the first
order 1 trees rano signal Eigen- year( number
vextor of trees)
b3k 3207 SBSI1 0.20 0.27 0.16 0.57 15.62 0.94 58% 1862(5)
North slope 3062 SBS2 0.18 0.24 0.15 0.53 16.64 0.94 56% 1879(4)
3068 SBS3 0.16 0.23 0.16 0.45 10.67 0.91 52% 1877(5)
3403.5 SBS4 0.20 0.25 0.14 0.39 9.45 0.91 44% 1952(6)
3346.4 SBS5 0.24 0.31 0.17 0.38 8.53 0.90 44% 1961(6)
33 3210 YWD 0.27 0.40 0.12 0.41 8.34 0.89 48% 1849(5)
South slope 3107 YWDZ 0.17 0.22 0.19 0.48 11.98 0.92 52% 1921(7)

WIACAREAL AR R 5 X0 B G BAE (AH A A 45 SR 3R T (18] 2) 7R BB R EOR T L RER 43R A i 5 2 4F
2—7 AWAIRZIEAADE, 5 254 4—6 H MBEK 2 AAHC, H 2 A RFESGE R T B E M K, AR ERIG
J& IR TR A B AR R A2 B A (A5 AR ISR AT, T2 LA T8 B 38, 1T 4—6 J 3 Z2 [ Rk I 25 ik
BRI TR MR A2 AR B ZER D . WS 22 5ok E bl 2R SRR S 3—6 AR
AR R EGH T T 95% M B 5B, Mp AR RNDE S 5—7 A MAIRE B3 EAE, X nl e FAuyirs
SR A PR AR /0 A0 2 B AR AR A R X A0 4 i 7 B A R DA Sk I s, dE 3 SR TR R L2 AR K
AR S P08 R B 5, 2 S5 B A SR AN BT T 8, AOIRAS PR R R 20 A2 AR K S B R SORA DG 32
[

2.2 NPP Bl 45 R 5k

BEREA T B S8 1T spin-up A, AR B R 4038 2R8I 5 1217 normal-run B3, 5 2445 5] NPP L
U, Biome-BGC ALY K L1 42 NPP {7~ , 1960—2013 44t K 042 NPP 4E34{H 4 305.33g C
m™a” BN 320.71g C m™ a7t UMK T Ra . A T SR IEATAE R T SR A SO AR Y A5 R T
TXFH (R 3) , ZE5R 0 F R Bl 8h 412 FEA RS (LPJ-GUESS ) 40l 1 K 11 1L Eg Ik 3% 1958—2008 4F A 1141
28 NPP 45 R R LA AL NPP 43518 320g C m™> a™' F1430g C m™ a™', g BAR HDL(E 5 AR SR
SER—B RN BT 22 5 X T REJE T TR 25 g Y, 2R 58 %0 SR BT K 3450m AT 3100m YA
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Fig.2 Correlation Analysis of Temperature and Precipitation between the meteorological stations and the STD chronologies

(a) NERSRIBHIEH(b) HER SRR P RT—4F, Previous year; STD . S % EARMEAE R | standard

FERL A SR TTER FAZLAZHY FFR (3346.4m) | T FR(3062m 3068m ) PEHRIFFE sS40 TEHER 3207m Abt B
THIFSE R, R R 32 BE /) NPP {E A 3EAT T 454,

#3 NPPEMESEMHARALLE

Table 3 Comparison of NPP simulation values with other studies

R NPP #4845 5 NPP simulation results/ (g C m™2 a™')

Model FHIE B[ P17
J£TF BIOME-BGC 4% Based on BIOME-BGC model 313.02 305.33 320.71
J£T LPJ-GUESS #47 Based on LPJ-GUESS model ] 380.00 430.00 320.00

IR, AR SR K AR B 45 SR 5 20 HE % R Them (9 T332 8% MOD17A3 2000—2013 4 NPP %445 ( https://
ladsweb.modaps. eosdis.nasa.gov/ ) #E47 T X b, MOD17A3 NPP #4535 T MODIS/TERRA TR HYiE RS H, A
SCHIFH MRT(MODIS Reprojection Tool ) #F%F MOD17A3 NPP i 7E47 7 BFi | I B ks U5k HiR
PEAF AT AL HR AR AT AT 1R 1202 AR K Y R AreGIS )P Xd Htb A7 1 387, #5 H R 12042 NPP
AN 3) IR RAE S NPP A T4, 5 A ST 2000—2013 4 NPP {HFAT T AL (Bl 4) . A 4
F AR SCEAY NPP {5 MOD17A3 NPP 4 BR SBSS Hf i oh, B A fa 34— 2, 22 {5 /)N, SBS2  SBS3 .
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Fig.3 Distribution map of Larix chinensis NPP based on MOD17A3 LE
NPP . 49447 77, net primary productivity Fig.4 NPP of sample point based on MOD17A3 compared with

NPP simulated by Biome-BGC

Ry itk — 2 WA AL SR AR | W RAE SRR 0 T B8 5 R SR A ) NPP B AT 1 X H (&
5) % SBS5 . YWDZ WA~ RAE s Ah , HASRAE SRR 4 Y8 BEHR 40 NPP AU A AH OGO R 1 2 1 A ¢ (G
T 95% ) EE)  Hirh  SBST SRR s R A A GRI T 99% M EYE) o RIEF, KL S FTLVE Y, Jb3k
SRAE SR TE B ES NPP BLHLE A PRARfb— B0 22 0 0 T R 3, 2 BORAE A AR S FR 505 NPP B3
AR LS T 5, X UL S T8 B8 BUVE e SRR AR A KR W BB AR A, T LU (9 5IE Biome-
BGC AU NPP {H.,
2.3 NPP BAGERA 5B

SCHIE TR L1042 NPP 4D 25 SR 0 mTSE Pk | i il o3 A 45 SR (18 6) |, 3% IR AR RUBE TR R 2042
NPP HEAUE A AL 3 R (3 4) , LB 1960—2013 45K 1 1L K FIZLAZ NPP A S 3h b THia$h, dbdt i
IR (047 Cm”? a ) B/NTFEYE(1.29¢ C m™ a™ ), 1960—1979 4E K HLTA2 NPP {H LM W28 1k, Bt
P ¥R AR AR A A b A 1980—1989 4FERGIL3E NPP (HI4 B Ak %, AR b AR & Tt
B251990—1999 424 T R e H R IRECR , AU A0 T Bl 26 i T g 3, X AT GBS B T A8 b S BUR 4042
B A 2SR AE 3T IR) & A s BRI E PR 4 7)  30 NPP (H 5 F R34 2000 4E LISk EG L% NPP {5 £ 31 H
B LT

F4 KA NPP EMEMNTHEE
Table 4 Rate of change of NPP analog value of Larix chinensis

WM Aspect 1960—1969 1970—1979 1980—1989 1990—1999 2000—2013 1960—2013
JE3% North slope -2.23 2.17 1.21 -9.40 2.62 0.47
M South slope 2.81 -2.06 5.21 -5.39 8.42 1.29

AR SCHETEIURAE R I 43 7 ACSAS R B TR R A TR AR (3R 5 128 6) , AT SR R 4142 NPP {E 1Y
W ES . 8558 BRIUIHEKR 3062m . 3068m AL NPP {4 428.01 416.33g C m™” a™' ¥4k 3207m 4LAY NPP
B4 293.00g C m™> a™", 34k 3346.4m 4L NPP {H 4 83.98g C m™” a™', S5 FIAILYE K 4042 NPP #{E
Wit 5 Vi 4 v B 1 TR TR T, 7 R LD A2 0 T B NPP (B B i, B 3R B0 T, A KA e A AR 1k, R
T FEK B8 NPP B R Z R, 1 R %R FIZ0A2 NPP AL D) Bl 2 T 4 o B 1 A r st . A ]
TEHRCRAE A NPP ALHUE PR R B (K 6) , Atk 1960—2013 4F: NPP AUE 7R A [R) 4k 5 AR fb ks
PR — B, AL AR 1 78 AR M 22 T i i AcHh DX, p B TE I B 84k
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®5 KBAMETEBKEER NPPEHLIE

Table 5 NPP simulation values at different altitudes of Larix chinensis

KA LAt North slope K LGS South slope
NPP AE 0L E NPP 4L (B
STAE M W NPP annual RAEH R NPP annual
Sampling point Altitude /m simulation value/ Sampling point Altitude /m simulation value/
(gCm™2a™l) (gCm™2al)
SBS2 3062 428.01 YWDZ 3107 314.43
SBS3 3068 416.33 YWD 3210 327.00
SBS1 3207 293.00
SBS5 3346.4 83.98

2.4 NPP BAYME 5 TGN 19K 5 b TARAE A B
RS 25 A NPP K ARk, O T B4 BR A% R LK 2042 NPP -5 UG A SC S &R AR SC
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Fig.7 Correlative analysis of NPP analogue and meteorological data
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