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Abstract: Global climate issues have confirmed the irreplaceable role forest carbon stocks play in the global
carbon cycle. To research whether the geographically weighted regression (GWR) model method which consid-
ers the role of survey factors’ spatial heterogeneity and establish the local regression model, can improve the
estimation accuracy of forest carbon stocks, instead of the more commonly used methods of global regression
model such as ordinary least squares analysis (OLS), we used forest management inventory data in Xianju
County, Zhejiang Province, combined with Landsat TM image data developing local models using GWR to esti-
mate forest carbon stock and its density. Available of geographically and altitudinal weighted regression
(GAWR) model was then tested in smooth terrain. Analysis is included comparison to traditional regression

and co-kriging interpolation. Results showed that the total forest aboveground carbon stocks estimated by the

GWR ) model for Xianju County were 3.132 x 10° Mg, and carbon density ranged from 0 to 89.964 Mg-hm™
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with a mean value of 15.555 Mg-hm™. Meanwhile, the total forest aboveground carbon stocks calculated from
diameter measurements were 3.192 x 10° Mg with a mean value of 15.854 Mg-hm™. The overall result from
GWR 1) model was lower than diameter measured by 1.880%, R* = 0.654(P<<0.01), and carbon density distri-
bution was consistent with the actual situation. The estimated results also had a higher accuracy with the Ryysg
= 9.802 (P<<0.01) than traditional regression method with the Rpys; = 15.033 (P<<0.01) and co-kriging inter-
polation method with the Rpysz = 16.427 (P<<0.01). GWR method can effectively estimate the regional forest
aboveground carbon stocks reasonably and accurately, however, the GAWR model is not applicable for the ar-
eas with smooth terrain. Adding altitude as an explanatory variable in the modeling could improve estimation
accuracy but would in turn create a multi-collinearity problem. [Ch, 6 fig. 9 tab. 26 ref. ]

Key words: forest ecology; forest carbon storage; spatial heterogeneity; geographically weighted regression
(GWR); geographically and altitudinal weighted regression (GAWR)
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Figure 1 Location of the study area and the plots distribution
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Table 1 ~ Carbon density calculated in the study area
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Table 2 Statistical description of the plot carbon density
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Table 3 Correlation between carbon density and the inventory factors
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Table 4  Correlation between carbon density and the band combination of the remote sensed data

BB LIPS ¥ BBALS KR EL
band1 —0.428%3* DVI(difference vegetation index) 0.296%*
band2 —0.434%3% RVI(ratio vegetation index) -0.047
band3 -0.436%* NDVI(normalized difference vegetation index) 0.380%3
band4 -0.137%* SAVI(soil-adjusted vegetation index ) 0.388%**
band5 —0.341%* CVI(conventional vegetation index) 0.113*
band7 —0.384%3* EVI(enhanced vegetation index) 0.046
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Table 5 Correlation between the explanatory variables and the dependent variable
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Figure 2 Selection of the optimal bandwidth for the GWR model
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PR 2 DTk /N R R, RE S I — AR R BT, B GWRso il GAWRs B . SR 11 £ % A
R IX, ¥ KEZEAIMATEA RS B AOER, T GAWR B RDR Bt A 8 ks, ¥ KR
I TTHERA A 0.046, FEXFHE GAWR 5 GWR gy aiis, 25 LM, s EHH AP EkEENInA, —&
PR EREAR T GWR o] A ) BURS BE . GAWR® o BEAY L GWR o BRI AR 1 0.6% ;3 GAWR® (o A [
GWR o BRI 10.4% , Ho GWR, o B AR 24.4% , X} T ASHF5E X R UL 45 Wi AN ] i, GAWR #5750
ANiEH o

* 6 GWR#EH, GAWR RERMHHRE E it 51T
Table 6 Descriptive statistics of the predictive forest carbon density models by GWR and GAWR

LR 9L B/MA/(Mg-hm™) g R/ (Mg-hm™) — 5R22F-J7 Al P iR 22 PE R R?
GWRy 2 000 m -3.645 2 60.908 9 28 773.529 6 9.681 2 0.665%*
GWR 0.919 6@ -8.835 1 32.556 0 64 649.947 4 14511 6 0.247%*
GWR, 74 -7.326 1 71.582 0 29 704.708 8 9.836 6 0.654+*
GWR, 2 000 m -4.032 6 61.304 1 20 989.275 2 8.268 6 0.755
GWR, 1.273 1 —-6.755 6 30.160 0 66 518.695 7 14.719 8 0.225%%*
GWR.m 74~ -9.261 7 72.343 0 17 659.788 5 7.584 4 0.794
GAWR, 0.921 7@ -8.818 7 32.540 0 64 678.870 9 14514 8 0.246%*
GAWR?, 0.955 6 -8.540 0 32261 0 65 112.175 2 14.563 4 0.2417%%*
GAWR (1 114 -5.410 4 57.892 0 42 559.275 4 11.774 1 0.504%*
GAWR?y, 10 4~ -5.787 6 59.083 0 38 598.286 4 11.212 8 0.550%*

B D0.919 6" R A& UHON 12 BHTFEHT W A : @** 4576 0.01 BEKT T B3,
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GWR 5578 S B0 o3 [l 1) Jl B R B 2 D R T S B A B A R XN 2 5 A S 8 R b b o . A
BRISHARF R R, WRBZEIRRE B 2 s A S5 B, E 3, L GWR o il GWR ¢ £ 4 1
ZHAEE B, GWR o BRI EE I H AR 7t RECM A2 PR, 2 >S50 B 4 5 16.430~35.320
F1-0.195~0.026; il GWR R REm B EF AN, JLF 52 )mBIEBR TR . X Wk fg e 1
GWR (o B E AR T 5% DX AR AR 2 38 1o G B 5 AR 1 D A

FHXE S 15 GWR (o 85 10 2 B0 A7 Ak g B2 W A T GWR BB (F 3), H 3 7 vl 2. 25 UK IRt B
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Figure 3 Local regression parameter curve for GWR ¢, and GER
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1.224, 4 )5y [l AR v Sy fe g (H-0.124 . XF L3 7 FEk 8 15 i 4518 : GWRaiRIERIZE 1 U3 555 3 1Y
SR EIEE 27.177 /N4 )5 PN R AT 1 A5 AR 22 [ B 54.169; band3 REUWEE 1 WU 555 3 PU4fi
(R BE 0.225 /N T4 5 I8 )5 Band3 ¥ 1 505 M 22 I BE 0.514, Fr DS XF AR ST X, GWR o 7 224
FEAE—E W 25 AR AR, (AN B3, AR T 425 [l U3 B8 S e 5 22 11 25 ) A8 545 2.
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Table 7 Descriptive statistics of the local regression parameters from GWR

Ag it F/ME 5 1 s 15 5 3 o LN
T -50.595 10.332 24.399 37.509 147.780
band3 -0.912 -0.208 -0.112 0.017 1.224

*8 zZR/EPSHHER

Table 8 Descriptive statistics of the global regression parameters

Ap ZHB P R b 22 (B-1)xbpfE 2% (B+1)xhr 22
i 26.718 1.546 27.085 -0.367 53.802
band3 -0.124 0.015 0.257 -0.381 0.133
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Er/ IS 2o 7 v R | o= 0 N L B e )
3.192x10° Mg, V3465 %5 5 Jy 15.854 Mg-hm2, DL GWR 5 7l
Sy Ak AL B A B AR AR b b o e B S oA (81 4), H
T H B ER A AR MRER 2 FEAE =0, 1 B GWR o BERLAL H25 R v il
IR DB AEBLGE, AlTH45 R 5 A 32 A v Tl s Bk
FREX(E 1), SERk e T 0, T 2¥ Akt 25 L il
B0, W5 O {5 B 58 IX ik %5 B2 Ry 0~89.964 Mg-hm™, 4}
MG SEPRIG DUAR AT« 4 SLRRR B R IR IR, PR X35 D 3
PSR DXy vt 1) T w, X RAE R AR L T
Jb K VG RS kR RO B {E R 15.555 Mg-hm™, AR ifE 2 R
11.332 Mg-hm™, fff 5% X 4 2f bRt B 355 43 A i 2t £ 1118
3.132x10° Mg, bk fiff & Al 145 AR FAE A i 455 o0 5 10 20 30 40km
1.880%, W45 EEH o B4 mEESHETH

P 307 AN b itk 25 B Al (B S0 19 5% 25 °F- 7 R (Riss) Figure 4 Carbon density estimation
AT LR 22 (Rwse) » A A6 36 by P AN (o] YRS BY ) A 1 RG BE (T S, 32 9) o 181 5 D e b ik fith 2 S 5
AR RS THE5 R B XF LG, ATV A BB LF, AhIT4 R SRR IE oA — 80, BBz Rk, HXK
3 b DX e 4% B AT 5 Atk % BE A THEDRE X T SE A 1Y Ress 7 29 497.265 4 Mg-hm™, Rypyss 47 9.802 Mg+
hm™, & 6 Al 0w 22 4R W DL 1. GWR BEAY S 50 (9 8% 22 i sl i [ AL K, S -32.812~32.280 Mg-
hm™, XFECE S FIE 6 ATRLAR I : YRR, T8RRI MR 2, &l T R il s [l
VA AR, 2l B0 L P AR A SR X T 5 R d - i VR L R X P sk i ek O ARG, S0 B AT R
T % B WO RE M IR A o TRV B, HA /NGRS B AR Mt 7 — e R Al (R IR
3.4 S5HMAEHITLE

R T 55 UE b 3R R Ty AR A T DS AR A B A A, FRATT R A R RE A Bl 43 0 E AT A e 4
Jaa I A AG T PR TR) v EELRS R AL, R A b 1 TN 25 SRR E A BT DL 90 AT SRR 4 R Il IS A e e SR A
AR XRPSERTSRFGEE, BdeRgsir eS8tz Ewaiiit. &9 haRbliE ., s
AR A 45 SR A 5 S5 0 Bk 2% B2 (AR — 30, (HAR s R8s Wi, R4 )R [l 5 et 7 fF 5% DX N X0,
A B P BPIRAS 5 AR I 5 3 A0S (8] U9 78 DRI 34 7K SF (8 [l s, BT R s e 2 ) £k 48 742 1 R AR i) B 5
FAE, PRER T T0%LL bR A ) S BTk o RS 8] S Bk e M 7 i, a8 RIS i b AR iz, AR =
A XA S B %) B AE DG 3 3k R B ) 728 S o R O ) P A R 0 T PN 1) A o R R AT T . P[]
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Figure 5 Carbon densities from GWR estimation and forest inventory
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Figure 6 Deviation curves of the forest carbon density estimate
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Table 9 Comparison of carbon density estimation in the study area by different methods

H I HI{E/ (Mg hm™) IORAH/(Mg-hm™)  bRifE2E  SR2EFOrfl Borlies AR RE
S kT 15.854 87.005 16.747 - - 1.056
3 [ 15.934 26.718 7.091 69 381.664 15.033 0.445
3 [) 58 57 A% 12.367 42.181 8.590 82 841.184 16.427 0.695
GWRcy 15.965 60.909 10.859 28 713.596 9.671 0.680
GWR 16.019 71.582 12.483 29 497.265 9.802 0.779

BT RS 307, % Hh B o of T 45 R 1 S (LA TR O (R P SE T ARHIE (B, 5 GWR 45 R 5 3% 67 b Al Rl L BY g A 22 57

4 Hingitik

HF GWR oY 2008 4EAIl Ji B FRMRBR if B Al T HE 0 3.132x10° Mg, V34 8% % )i }315.555 Mg-hm™,
S B AL 1.880% , i KL A A 0 BR— B0 BFSE XN Bk I U Y [ Dy 0~89.964 Mg-hm™, fi
BT S B T0% LA b 12 0] S B PEARAE 5 JeE A8k 0.65 L B, HAGTTERTE0.01 B 5K P F R %,
BT 3t SEIASL 5109 (1 AR AR st B P B it e A T O B AR, A TS RS B T AR S 1A H RN B I o
REARE 15 o

AR TR b P55 9 RN AL 1B AR (GAWR) 7 b #5728 by DX 1) 7 FH #E AT A 5 /o 5 GAWR #6€ 78
X, 22l T B RO R GWR BB AR, 25 5L W] . GAWR BB % 1 T B AT b i) 4
P, IR B0 BT A T AR B X8 GAWR B RUERAEAE R H o X 5 W RO AR A A 1S L 20 A1 Y 52 1
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TR MG RS ) FERRZ — . REA Akaike {5 5 HE N F 52 G0 EdE N 7E 316 B4 240
LA TE, (HEPREAE R 45 G RSO ER & 5 . 25 A TR 7 ik M 22 e o S BOF 58 0 22 5%
GWR B R 52 19 28 AL AR gk, B DL XA [R5 DXL W 5 030 8 4% 0 1) A . e 8 DA 8 7 e (R 7
FE 2 PRAIE GWR AL TLURE 3 (i ARAR o FR ARBsk ik 5t 19 /N 5 43 i) 43 A R A B 3% i R AR O BRI . H
T, TG B — PR AU, SRR RUE BRI [E 5, KR ek RO B2, AR R,
i BN [T U1 73 B X B2 A8 A 5 B — o AR AR ™, DRI, K L T P 2 S ) RO R E IX S R
PRBgAts B B FL A A Al h v, AR SE B E RO . @B AT, B F GWR BB R B A . LS50
AL ] H (semiparametric GWR)#ERL, —#7r {22 S RO Rt el =, 75— A2 R NS 800 4
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