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Estimation of Above-ground Carbon Density Prediction of Arbor Forest
Based on Two Spatial Estimation Models
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Abstract; Based on Landsat 8 multi-spectral imagery and ground survey data, taking the above-ground
carbon density of arbor forest as the research object, the field survey data of above-ground carbon density
of arbor forest, Landsat 8 multi-spectral image and DEM data were used to extract vegetation indices,
texture features, principal component transformation factors, cap transformation factors and topographic
factors as modeling variables. Pearson correlation coefficient method combined with residual mean square
criterion method was used to screen variables. Co-Kriging interpolation and geographic weighted
regression method were used to construct above-ground carbon density of arbor forest. And the estimated
effect of the two methods were compared and analyzed. The results showed that the accuracy of the
estimated model constructed by the geographic weighted regression method ( R> was 0.74, RMSE was
6.84 t/hm>, MAE was 5.13 t/hm’, RE was 0.74% ), which was superior to the Co-Kriging
interpolation method (R* was 0.47, RMSE was 9. 72 t/hm”, MAE was 7. 41 t/hm’, RE was 0. 12% ) ,
and the spatial heterogeneity of the estimated variables was well preserved ( C,.yz =0.537 2, Cyeox =
0.496 8), the geographic weighted regression method can obtain higher estimation accuracy. The
research can provide a reference for estimating the aboveground carbon density of arbor forest and other
forest parameters of forest at regional or large scale.
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Fig. 1  Distribution of survey samples in study area
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Tab.1 Statistic results of aboveground biomass

of arbor forest for ground sample t/hm’

AMER FbEe ROME O RKRME PIEE dRMER
B A 51 1.76 106.89  32.96 24.55
vl 20 6.67 287.21 67. 63 58.65
PRI 25 11.34 81.38 39.20 20.95
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Tab.2 Vegetation indices
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_NIR = Ryp +7( By - Rgp)
BTN+ Ry = r(Byp = Ryp)
G(Nyg = Ryp)

Ny +C Ryp = CyByp + L

RAGHMPAE R (ARVI) A
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JE A BE g8 SR AT R Ak S B e T ( Akaike
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ATC (B IR e/ ME I, ]I AT 3545 f 0 7 98 b b 25 fm A2
BIFEERL . AIC {HIF R AN

&

Ay = —2InH +2k (4)
Xrp o AR S E G
H—{LM)EI%I%I AIC—AIC ﬁ

I AR R SE A ATC L fe /N 3R A5

BEAh, 75 58 B GWR A5 B K 22 )i, 5 3 — 40 %)
GWR AR 47 2 Ko i AR P R M A 06, 4G 40 4 2 2%
o HUBLIAL [ BEIE A GWR B R 2 Hi AR F- £
PERL I TR WL SCHR (3,14 ] ¢

2.4 HEEBEEEMN
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FRifE2E 13.29 v/hm’ , A7 80 17. 91 v/hm?® | Fe /ME Ky
0. 88 t/hm”, ft K {H Jy 56. 02 t/hm’
3.1.2 =[] g AHSR BT

AHIE 5T TR AR ML Btk % B R A 7 5 R) B A G 4
BT, 485 S S R AR 9 X PR A AR PR Ml Bl % B 114 55 22 4
0 0.083 7, 45 (Al IEAH G, IF HAE 10% 19 12 3% 1
IKF(p=0.098)TF Z Jy1.654( KT 1.65),HER
B MRYEB AR B S Y B I 7E (0,1 ] 2
ST 7 7 o - e ] T (R =S < 2 /7o
FRASRH b B 25 B 2 A B A 25 (] 43 A e, 150 B AT 5
DX N Y AT AP, T i % BE B4 o A 2 AR RE ALY o
3.2 BEEMREER

i F SPSS 20. 0 B 4% 42 Y Fr AR b, | ik 25
JEF 66 A4~ B 48 57 [ #E4T B2 JR #% (Pearson ) #H 5 1
G3AT IR 5 A R AR AR OG (p < 0.01) Y H
A R RO B R S 22 A R
723, B1.B2 B3 .B6 4353/~ Landsat 8 5212 1048 2
(W) 3(&%) 4(40) T (R Lok 2) 3 Be; Mean £
NI ESCHE , Entropy 378 K 80 3, Second RN £
T HE SR, Correlation 6 7~ AH 56 1k 8 B, Variance
R J7 22803, Contrast K75 % L BE 403, Diss IR
AH S

*3 BETERFE5FAHM - EH Pearson 13X R

Tab.3 Pearson correlation coefficients between independent variables and above-ground carbon density of arbor forest

g AR R B g KRR g KRR
NDVI 0.644 Greenness 0.306 ™ B6_Mean -0.320™
RVI 0.678 ** %73 0.321* B6_Variance -0.345*
RVI54 -0.400 ™ B1_Mean -0.336 " B6_Contrast -0.295 ™
RVI64 -0.398 B2_Mean -0.342 ™ B6_Diss -0.277 "
SAVI 0. 644 ™ B3_Mean -0.407 ™ B6_Entropy -0.318
NLI 0.387 ™ B3_Entropy -0.321" B6_Second 0.285™
ARVI 0.646 ™ B3 _Second 0.316 ™
PCA2 -0.500 " B3_Correlation 0.282 "

T = FIRTE 0. 01 JKF ORI b W2 AH5%, T A
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Tab.4 Independent factors filter based on RMSQ

A LIPS
RVI 0.678 ™
RVI54 -0.400""
RVI64 -0.398"
Greenness 0.306 "
B3 _Correlation 0.282 "
B6_Mean -0.320""

3.3 EEME
3.3.1  Uple) 5o HUAS 4 H 1k

(1) BRI A

EEFOLE M A AR &, JEICH 5 TR AR MR T ik %
JEA DG M B i 3 > H 8 i (RVILRVIS4 [RVI64) ,
GyoMEESL 3 N HAR R, RS,

SR FF I3 I) 7 FEL RS J 1 75 X % A bR L 2
PR AN AreGIS 10. 1 #5543 B R B v 11y
11 s SR BEAT 1 580 0 A, AR 4l 8 S ek B i
BRI RVE M 7 %, 19 2 R A AR R R B PG A R
(F5). HMFERS A LEYR] v HURS 36 (5 o, R A 2
T RMSQ 2L 3 4 H A S S5HEE , L 4H C,

x5 ETRMSQARZEMANKRMLAEZERIHYERRSHY
Tab.5 Optimal variance function model and parameters fitted by different variables extracted by RMSQ

BRZ-J7 F Rys/

ERS=¢il R R? 4 C, i 3 518 € C/(C+Cy) A FR/m

(£ -hm™*)
RVI FL BRI A5 AR 0.43 10 189. 80 0 174. 33 1 15557.59
RVI.RVI54 K- Dl 2€ 54570 0. 47 8 995. 34 0 195.10 1 62 507. 09
RVI RVI54 RVI64 K- Dl 2 465 78 0.47 8 967.56 0 194. 87 1 61 702. 32

HO,REESEESEWENT 25% , KN RGEH
A ARSR B AH TR o AR AR S oR B PE AN AR oE T
TEAE ] RVI ZEAT Pp [] 5 HLAS 47 (6D I, L 73500 A5 7Y
AR AT B A0 B 78 5 ek B LS ROR A RV
RVIS4 4 B B, K- DU € H- 485 78 ] 4R 15 f fG 09 #0065 45
WOZEff ] RVI RVIS4 RVI64 i, K-D1 2€ H 45 % [
PAF AU G 45

(2) K5 BEVEAN

BT 3 | R, ] P IR] o AR 4 (R VR X TR
AbR HbL b i B SIE AT R, B TR BE O 46 s
RVI RVI54 RVI64 41 A1) [ A8 5t 21 Fir 4 g 45 A 5
A I B WS B2 (R* 4 0.47 ,RMSE 7 9.72 t/hm”,
MAE % 7.41 v/hm’ ,RE 5 0.12% ) , L F RVI ¥ &
(R UK B (R4 0. 43 ,RMSE 4 10. 36 t/hm’ ,MAE
7 8.22 t/hm* ,RE 3 0. 19% ) il RVI RVI54 fif {4 £
AR RS BE (R* ) 0. 47 ,RMSE 4 9. 73 t/hm® , MAE
#17.44 t/hm® ,RE 3} 0.09% ), B VL b 4547 o] %0,
I IR Ir) e, B RS A R ik B A AR bR, b i %% B I,
PG HERS 1 A 728 & X 2 548 E, 7] 3R 15 347
) T S8R
3.3.2 MU ELIAC IR I

A ST AT FH b PRI 1] U925 ) T A bR Tl 28
JERERY B, >R FH 5 b ) o LA 4 (B0 AH 7] F) [ 2 Sk 2 A
# GWR B XA EE ) GWR BBIHEFT X b 43 #T

(1) v k£

FERE AT 8 R B HE b, 43 0 R P B A2 BE B 3 A

3 N TV B B R TE o AR 9 TR R AR
RVI A ¥ (R A8A7 58 i TSR 25 R L3R 6 Rl 2, 24
SR FHY 1] 7 B 1 B AR AT 5 R 2 514 047 m #5570 g
ERBR N 0.46, G R* N 0.45; R Fl H & V7
PR PR TE I, MR ATC B 5 #Y e AR A 98 T, Bl
ol 8 (I T S50 W38, AIC {8 78 f T 1R 22 R
R il /N A 5 0 /N 114 e 332 7 s O % L 7
I 3 5> HCh 30 AN, ATC R 1% 722 £k &) 32 W] 8 %
0, A2 Ak B2 v/ (1 2) o PRI, ) A 2 I OO a1 %
30 Jp i 96 . X EL IR ik (R 6) WAL T A
TE N kB R N TE BLR B iy R R R E R
(0. 48) FIEAKFE 22 F J5 Fl Ry (28 276.96 t*/hm*) ,
o [ PR (Y E RN 0.45, Ry K
36 238.38 t*/hm*) , [H It , ABIF 5T 06 1 38 I o 4 of
KU pREL . H DL B 43T Al TR R B RVI R
HEH GWR AT 1) Fe AR I 3 s A5k 30 A4S, BIROR
B[] 59 05 F8 11 49 30 A A R B R RS BE e ol

F6 GWREFEBESHITHLER

Tab.6 Parameter estimation results of GWR model

[ERIVE T4 B 7 8 vk ERTIAZS
H T8 2514047 m 30 4
5% 25775 Fl Rgg/ (¢ +hm ™) 36 238.38 28 276. 96
BRAB A 2 18.72
R ZE A FRUHERS/ (t-hm ~?) 19.75 19.25
AIC {4 840. 67 847.75
e 7R 0.46 0.58
T PE R 0.45 0.48
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LR, S 5

(2) BRI A

TEAf 2 f LA 98 05, A BF 9848 B AreGIS 10. 1
AR ) b 3R (] 0 AR B, 43 i) B T B [ o A
PR 2 A A AR R E#E GWR BLRL, X 95 A~
R b B 5 S IR IR A T A S FOORS BEPEAY . B S
9 RVI RVI54 RVI64 4 f (14 10 7Y 5 A f & i) 350
¥ B (R*4 0.74, RMSE 2} 6.84 t/hm’, MAE %
5.13 t/hm’ ,RE 2} 0.74% ) , {t F RVI.RVI54 3
4 45 780 ¥ kS BE (R4 0. 71, RMSE & 7. 18 t/hm’
MAE % 5.37 t/hm’ ,RE 4 0. 65% ) Fil RVI ¥4 & i fi
T RS B (R* A 0. 58, RMSE % 8. 63 t/hm’, MAE
7 6.58 t/hm’ ,RE 3} 0.21% ), A] DL 315 & F i &=
ALK o AT T, A ] GWR A4 A5 Y )
Bt B AR BN BEN, GWR B () LA RS B 12
P&, T LAARIS B AL SRR o Rt A
GWR BRI, Yo 45 35 1Y il B 722 5 X $2 5 GWR %
R TH0IN A B A AR

(3) ZHW ARV A Pk A 50

ABEFEN T ArcGIS 10. 1 FAF I3 T 8 58 fe /b
3¢ (Ordinary least square, OLS) #5 5 FlI GWR 45 5l
[l R E, 25 R 02 7 AR SCER 3 ] B AR Rk
R g bR, GWR BRI a4 R B S 1 37 (25% )
S 3 U560 (75% ) {8 1Y 72 Ak FLER K T OLS %

10 20

TR “ABARMETRAE, PG, DA IR AR AR L 5 5 2 114
A R AL ARF R TE R o g 35 OLS il GWR A
BUH) AICAH, 45 R B R AR g AIC fHZ 22 KT
3,0 —2BAEW] T R R bk B A A W) R A 45 ]
e Y

x£7 ZTHFRERE
Tab.7 Stationary test of relationship

OLS #i#1 GWR 71
BAsE —f% 1M 53 My .
3 S . U At
P o 1R i1 (DX
#REE 7.6104 15.2208 -0.0107 20.9031 20.9138
RVI 0.3432  0.6864  2.4121  3.2393  0.8272
RVIS4 25.4542 50.9084 -92.6873 1.4267 94.1140
RVI64 34.8112 69.6224 -28.9808 80.9011 109.8819
3.3.3 PRI LA

SRR L TR AR 1 A B ROR AR S
TR T A TR RO - kR R S R AR
- X 1 A TR A U 45 SR AT 6 E 4 B, SR R
5% 225 J5 F1 ( Residual sum of squares,RSS) L)L f& 4] )5
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Fig.3 Distribution of residuals of two models
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