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Spatio-temporal analysis of carbon sequestration and NPP in Larix forest in the

Altay Mountains
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Institute of Modern Forestry, Xinjiang Forestry Research Institute, Urumchi 830063, China

Abstract ;. Understanding the dynamic change in carbon sequestration in Larix forests plays an important role in maintaining
the stability of the forest ecosystem in the Altay Mountains. Based on the continuous inventory data of forest resources during
four periods (2001,2006,2011.,2016), we estimated the carbon density, carbon storage, and productivity, and analyzed
the temporal and spatial variation characteristics of Larix forest in the Altay Mountains using a one—element biomass model
and an equation between biomass and productivity. At the same time, the climate response mechanism was discussed by the
methods of standardized coefficient and factor analysis. The results show that (1) the carbon sequestration of the Larix forest
showed a growth trend from 2001 to 2016, but the growth rate was not high. (2) The carbon storage in the Larix forest was
in the order of Fuyun > Altay > Habahe, Qinghe > Buerjin > Fuhai; the carbon density and net primary productivity
(NPP) were higher in the southeastern area than in the northwestern area. Vertical distribution showed that the carbon
storage, carbon density, and NPP first increased and then decreased with elevation and were the highest on the north and
northwest slopes. (3) The carbon density and productivity of the Larix forest increased with an increase in air temperature,,

and air temperature was the dominant climatic factor.
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2001—2016 4F[8], Bl /R 28 L1V i FA MRl i o ik 2% B S NPP S 3G K3, I KRB R (%R 1) . %t
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Table 1 Changes in all elements of Larix forest in Altay Mountains

Efy B e L NPP/
Years Carbon storage/ ( 10*t) Carbon density/ (t/hm?) (thm™2a™!)
2001 2247.45 57.70 7.35
2006 2253.24 57.85 7.32
2011 2290.67 58.81 7.38
2016 2345.20 60.21 7.59
S Average value 2284.14 58.64 7.41

http ; //www.ecologica.cn



22 14 B A PR ZE LT A MRBR A E 5 A 7 ) I s R B B a0 B 5

2.2 AN[RIAREX A 25 5 o0 B

BT SR 2 L7 A PR fith B 22 < 5 28 > BTl 28 > iy LT 7 V) > A J L > AR 1 1 48 (8] 40 A SRR AR, 5 R AN
NPP 7E TR X f 15, FEA JR AR X e I, AR SR B “ AR pg &, PEAUARY A AR AE (3R 2) o & B IX BT
8128 LL V% A R B RS BRI I, A R B D IR A £ 7 EL AR 389% LA L 5 A VPR DX [T i i i A, LA 12 o7 Ll /N T
8% . B FI NPP J7 1 , T I MK X [ B BE /1 e o , 2001—2016 4725 %5 B F1 NPP 43514 87.92 /hm*Fll
9.47 t hm™ a™' ;M JRERERAK , 2391 4 44.50 /hm* F15.82 t hm ™ a™' . FIFH SPSS #4443 HEE X 4 ANSEAED, IR
[IARIX Ry o320 R 1, DABR A 5l %85 B R NPP Oy PRAR s 5 25 43 #, 45 5 @78 2001 ,2006,2011 ,2016 4B /)
ZR L& A BRBR At £ B BE I NPP ZEAS [RIAK X 43 A 24 3R 90 Hh W o 2 2 5 (P<0.01 ), Ut B BT /R 28 L1 7% - s
ARV 2 () 22 S A 5 43 BT o) o 2 BT gy 2 Iy L) 95 9T A1 R A 6 N ARDX, AR A 4R 00 S o 2 A 7
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Table 2 Estimated average results of factors of Larix Forest in different forest regions

HRIX FE %L fi it T NPP/
Forest regions Plots Carbon storage/ ( 10*1) Carbon density/ (t/hm?) (thm™?2a™")
My BT Habahe 45 308.76 60.02 7.56

A JRHE Buerjin 48 266.93 44.50 5.82

BT 22 Altay 49 345.78 59.82 7.67
K Fuhai 25 167.73 54.89 6.99
B4 Fuyun 129 889.37 57.41 7.51
T Qinghe 29 305.57 87.92 9.47
Y Average value — — 58.64 7.41
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B IR 2 1119 P R LB A 2L A3 A 22 S K, ISPID RUBE I | 45 i 2R B o 250 S 348 ks 228, K e AR o 8 Pl
JE K NPP 52T B S ST bR bk | ik PR B 85 B S NPP S a3 (3R 3) o FIIFH SPSS B4 43l et
BAS, LLRAT ARGy A A IR 1, AR A% B B8 B R NPP N IR B4 T 220007, 45 1 W < U0 R AE 4 43
AW GG R AR S NPP B 25 25 57 (P<0.05) |, JLA 45 % AL G e B 23 B R NPP 7 4 4518 2 01 N
PITC 25 R (P>0.05) , 6 B I BUPK TR ZE 2001—2016 4FA7 i Z A5k, | HLfh 4% 5 20 [ A 35 A8 fb R
2.4 R[RIHOIE S [ B 2 S o0 A

BT 7R 2 L1 AR MR i ot e 25 55 B NPP Bl VSR T 5 22 IR S 1 I B3R ) A8 AL ARRAIE , 6 30 A0 v b 39 A X 58
(R 4)  TERFENGRBEEE T, BT /R 28 1 75 A BRER fifs 2 70 A 7E 2001—2300m f: K, Hk A 1701—2000m , 78
1401m LA F A1 2600m LA b H5e/)s 5 B % FEAE 2001—2600m fiz &, Hik A 1701—2000m , 7 1700m LA T Fl 2600m
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Table 3 Estimation of factors of Larix Forest in different age groups
B Sy 1, L3R
el i FEALEL Carbﬁffﬁiage/ Carbntliizsity/ N lii)/ .
Age groups Years Plots (10°0) (vhm?) (thm™@a)
AN 2001 4 9.51 19.82 4.29
Young forest 2006 4 9.84 20.53 4.4
2011 4 10.14 21.15 4.5
2016 2 2.05 8.55 2.42
FEEIE - 5.86 17.51 3.90
BRI 2001 56 235.01 35.02 6.14
Middle aged forest 2006 50 189.40 31.61 5.56
2011 45 171.03 31.71 5.56
2016 50 202.25 33.75 5.87
SEHHE - 183.16 33.02 5.78
SRV 2001 60 355.27 49.41 7.30
Near mature forest 2006 57 338.89 49.61 7.37
2011 60 369.04 51.32 7.47
2016 54 383.78 59.30 8.47
e - 344.62 52.41 7.65
BLAR 2001 84 503.06 49.97 6.72
Mature forest 2006 92 573.94 52.06 7.04
2011 93 557.88 50.05 6.70
2016 97 598.41 51.48 6.91
SEHH - 532.47 50.89 6.84
FUR A 2001 121 1144.61 78.93 8.47
Over mature forest 2006 122 1141.17 78.05 8.33
2011 123 1182.58 80.23 8.62
2016 122 1158.72 79.25 8.54
R - 1104.09 79.12 8.49
x4 AAMEEHRASEZGREER
Table 4 Estimation of factors of Larix Forest in different terrains
IR E FE AL C it . W . NPP/
Terrain elements Plots arbon storage/ Carbon density/ (thm™2a™')
(10%) (t/hm?)
AR Altitude <1401 16 65.48 31.02 4.99
1401—1700 61 286.52 38.97 5.33
1701—2000 103 746.98 61.41 7.88
2001—2300 113 928.51 68.32 8.43
2301—2600 30 247.92 69.03 7.85
>2600 2 8.74 37.30 5.58
Y411 Slope aspect b7 95 694.74 61.02 7.64
piRal))2 61 416.32 56.95 7.44
R 13 75.67 48.57 6.41
FNEEd 20 109.40 45.64 6.71
g 10 51.17 42.70 5.37
[l =p))a 6 27.05 37.62 5.42
[iigs3 33 244.38 61.79 7.47
[iie[#3)2 86 665.11 64.53 7.88
JeHn 1 0.86 9.16 2.21

http ; //www.ecologica.cn



22 14 B A PR ZE LT A MRBR A E 5 A 7 ) I s R B B a0 B 7

DL EARRTEL /N s NPP £E 2001—2300m % K, Hk h 1701—2000m F1 2301—2600m , £ 1400m M LA F e/, H
BT 35 100 X B R 28 1 9 R PRBR i B B8 T % NPP RS2 R H: S 28 P A | 43 AT X 4 AN Ar 9], R
FH SPSS B Lhitgdk Y1 48 o 41 R, DABsfith £ B B K NPP AR Ay R A% S A7 XU IR 38 7 22 904, 25 5 b
7N RO TR BRERE K NPP Y2 W% 182 (P<0.01) , 3 i) % B fith i ik 25 B N2 NPP JC . & 52 Wi ( P>
0.05) , MR 55 3 1) 0 A2 B AR 0B i i e %% 32 I S 35 52 i), %F NPP Y52 1) 7E 2001 4F 1 2006 4 5 3 (P<
0.05) ,7E 2011 4E 2016 44k i 3 (P<0.01) .
2.5 BUJRZE Ll AR BRI fe A IR 43 B

FIFHBRE R BRI 53 BT , R SPSS 3R X5 Y06 Ak 1) U A4 781 e 41493 1) BT 7R 2% L1 % ik s e 25 22
NPP 54K AR EHEIEAT IRE 4 Hr R m 7 2 8, A 7 R4t T a=0.01 1) 2 EPER 50
SEELULIE 2, TERRSEEE AN NPP 5K AR EE Ty AR TR A RS K TF K HE T EH R
BINFE(E 2) RYEbRE RE0L T BT R 28 0I5 AR B S NPP 50 IEA G, S5REK 217
AHG BB 2R 2 111 I P AR P i 236 il < T 19 T i 1, AL B 8 K A 388 o 2> AR s il R o A, <
TR % B A 5 R DK 1R 10,967, B 7K ot B %% B8 AR 52 i IR 1~ R 3.867 (&l 2a) 5 S IEKT NPP B9S2 HF
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Fig.2 The relationship between carbon density (a) ,net primary productivity (b) and annual precipitation, air temperature

2.6 TR N NPP AGEE5 A% L

T A ST 5 1 A AER ST X ZRARISTY S A0 1 R A5 TRAEAE AR 25 57, TR U AR IR AN X i i et A
TEAIGT L, AE X B L8 Xof Eb P B 285 B2 RN NPP (W BIF I 45 SR 5 A AIF IS SR AT X H (2 5) o DX He 25
BF I 7T 4 LA AR FR 1L 9 R FE AN 3T SRR DX T A SIS G ik R 4 R
H 64.43 v/hm® Fl1 69.18 t/hm* ; SLHATH PP SCHRAE > 0 5IRF 5T T R X (1 = A2 RO T 08 = 42, Hob 2 B Ak
LY RN 59.55 t/hm?H1 92,57 v/hm®; E525500 F 5840 (F58 T B T4 V5 R N T AR L 7% i
PRt B 25 9 R 30.38 t/hm®F1 27.95 t/hm®, A SCAESRFTAS BT JR 2% LU 7 I FAMRTE 2000—2016 4F ) ~F- 2Bk
IR 58.64 vhm®  SHERIREN | 5 I A (AN B8 22 AR FFAE £20% LA BEAIR T NI AG B 45 R, 322 KK
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PR 7S B AL A AR TR AR )2 IS HE R R RV 2, A U T A3 % B U TR AR 2
S VFOCGRER I X A AL A — e 2R, FERH THANRERAR S35 % T a
B AR TE SRRV AR i AR A ST — 22 S, X AT B B T T A b XN [R] . NPP 5T, o, v
4512520 54519732008 4FF4 4 [F V& A MK A2 NPP 435124 7.40 t hm™ a ' 1 7.63 t hm ™ a™' , AAHBFFE7E MY
AR NPP A 7.41 t hm™ a™' |, 5 0@ AAH SRR R 2 5800,

R5 TRHELRBILL

Table 5 Comparison of different estimation results

- investigation methods object (/hm?)

HARTH S, 2016 2011 SR S R B0k BT JR 22 LI AR A2 64.43 -
774 2014 2010 Az Wyt [l U5 5 FRAG A W 2 347 7 A 69.18 -
FHE A, 2009 2007 R - L R Bk Rl = 2k 59.55 -
VFSCHAE 2016 2011 0T DY F 1 5 R RINTWe=AZ 92.57 -
F 54,2013 2000 AR LR M i 1R 22 Y e LA AR AR 30.38 -
ERFE,2015 2009 I AebvE AL 27.95

T, 2009 1973—2003 S0 )7 e GRIESEUR VAN - 7.40
A 2014 1973—2008 2L O o [ Y R bR - 7.63

3 Wig

] 7% 2 1L I RA PR T PO o 23 AR AR SR 2 1L RIS A 2% MU S 9 A A K A R 2 T
FILFE MR LE R . B EARBENS 25 AR N ALV I AA R N 9 48 AR S B ST L 26 AR AN AR S BRI, 2
FEAR DA 0 A KRS, T S R X MR 3 B B2 AR B /R 28 LL bR DX o 1L Ak TR AR A
VR I RAMRBR it i B B e NPP SR A [RI I At LU AR, A5 A5 AR X N R0 45 7 i A ARAE Y B TR R
FELL A IRIHON 5 PR AR 1L R I RA MR T A T A il &b T 55 B4 L, SR BRI PR ™ 8 173t
JRCABRFN L AR I3 e | T2l bR A A i BAR  In 2 V& A A B AR, A R G0 A A, DRI TE
A AT PN v AN AR A R 5 4 JEE S NPP I AR X BN, K BRI A AR B A A Al 2 5 R B R A Y 2
S SR A T ORVEEE AU R IR IR I VYL J5 1) E BT AR 48 11, bl T LA PG I B R T, PR R R Y
VMU, FETTIE B 1 LA PG L R FE v YR (Y UM AR AIE 5 v IR U 28 PG AL AR Ll AR 535 /5 B8 LA AR B i, o 7
TR ) e AV B DA AU 55 oy o T 8 S OB A2, 2 11 LA Pl B ARG ARl 2 A SR A A, e 2.5 9
R, SRS BRETEE S NPP B0 [R50 T K 0 TGl A2 52 g ] 2 2% L 7 I A R T g ) = 2 U R 2R
X F R T AR I FER AT B ORT AR AR A= 1 4 BIR ) P 28 i 335, TS B8 XA A A R ) 57 Wi 3 i 1
F O ARFENIREN TSGR TRINEOCE = BRI RE AR T , SIRT A A T A
At AR R AR A S R A AR R R R L ol T L MR e A AR AR, R TG S R 7 A R
K, BOHRR A R B S NPP R Bl R 2% v A 81tk 52 BB V45 T i SE THJm e B AR AR, i £ B2 i T
AR T 5 1V AL A KOK R AR AL TS, BTk 28 LR T4 3t DX 22 00 A 1 LA AR R 8 12 4 DX TR v
WK AHXTASE A 7K 3 A BIR A 8 A A 9 T SRR 3R R VARSI T, R B0 22, T T it ps 2
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22 14 B A PR ZE LT A MRBR A E 5 A 7 ) I s R B B a0 B 9

TR AW HE N, DAL IE 7 - R [ Btk 24 R LS A A1 T8 A AR 5 v B33 DX 22057 T LR P B 7, 31X
SRR FE AL, R A FIR A v A AR ) SR B BR A [H 3R, B V4 A AR S T i, AN T e, SR R A
Ko, DRI v I RAPA [0 8k 28 B HS B B4 i T R R RO AR AL 3 1 A L, B 7R 28 1L I A ARG f e B 2 138 B
NPP FEACSEAN VY JEI A 5 g, 3 T RES Bl 2R 8 1 PUIE-ZR g 7 S [l A 56, AR SCEIIFFE 4 RAT S8t 7 1 Bl R
Z2 L7 I RABR I BRI 22 28 A U, DA 1 A R 2 02 02 DI RE ) S 4 e Bk BRI AR AR 28 BOR A ) 2 F 43t
T AR R TR S

4 it

AR SCNBSF TA] RUBE KP4 S R LRSS th &, AR e B 5 2 NPP Jhy 4845, S5 T Bl /R 2% 1L 5
FABK 2001—2016 45 [R] [E 5k (1 I 25 RRAF A5 1 LN 8598 .

(1) BRI R BEAR AR BAT R 258 L0 9 s b 361 ki 361 E 7 4580 S 0 R 4 (L K I B 42/, 2001—
2016 4 (8], BT JR 2% L 74 A BB fifh 1 2247.45%10% e BTN A 2345.20x 10", 4F 1K R R 0.29% 3 B 25 % £ 2001
AR 57.70 vVhm® BE T ZE 2016 419 60.21 v/hm?, E 338K %8 0.29% ; NPP 1 7.35 t hm™ a ' Hf K % 7.41 ¢
hm™ a™'  AEPHE KK 0.05%

(2) WNZE RIS AT BT R 28 LUV P MR [Tk 52 AR B s, PEABAIR™ (R 20 A R AIE . B fidh o 522 8 28> BT )
Z > ELTAT T T > A 2R S AR 19 25 6] 20 A RRAE , % RN NPP 76 715 TR X I a7, 7 A SR FEAR XA, A
T AR, PR B AR e . TR LA &, BT IR 28 LUV I A BB i 1 Bk 2% ) S NPP Bl I 4K T 5
SEISEIE IS BRI AR LRRAE | 7203 RN P S AR X

(3) I FH 7 4 22 02 R e R =43 B3k %o ] R 258 L it s A T e 114) A48 8 1R 43 A 22 B, ORI - S5 e %
JE K NPP (1[0 R B RT3, H R0 K 73 KT oK B B AR T s 8 R T B R 22 LBk it e TR T R
NPP 380, 252 e By R 2 1L v A AR Tl 11 8 S A0 TR 285 B K IR 5 e 2 3 & NPP (4 [l )3 R 0 /N T
F UL A B K B3 ISR F B R 28 LB A BR85S NPP (R4 15, S 5 i B % 2 1 9% me s I Al 1 Tk <
R,
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