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The Study on Spatial Distribution and Spatial Model Establishing
Based on GWR of Carbon Content of Individual Tree for
Pinus kesiya var. langbianensis in Natural Forest

Liu Shenggang "*, Yu Zhexiu’, Ou Guanglong ', Liu Chang '

(1. College of Forestry, Southwest Forestry University, Kunming Yunnan 650233, China; 2. Fire Rescue Station on Heqing Road in Hekou District,
Dongying Shandong 257000, China; 3. College of Forestry, Beijing Forestry University, Beijing 100083, China)

Abstract: The artical takes individual tree from the Pinus kesiya var. langbianensis natural forest survey in
Lancang County, Yunnan Province as the research object, the carbon content of different organs of the analytical
trees was measured, and the branches, leaves, trunks, and bark of the individual P. kesiya var. langbianensis were
constructed using a geographically weighted regression model. The topographic factor and dendrometric factor
model of the carbon content of the root and the whole tree, and compare the least square model to analyze the pros
and cons of the model. The results show that there is spatial autocorrelation in the carbon content of each organ of

P. kesiya var. langbianensis within 250 m. Therefore, when studying the carbon content of P. kesiya var. langbi-
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anensis, the influence of spatial autocorrelation cannot be ignored. The semivariogram can quantitatively analyze
the spatial heterogeneity of the carbon content of each organ of P. kesiya var. langbianensis. The spatial hetero-
geneity in the 200 m range is mainly caused by the random part. When studying similar problems, appropriate re-
search should be determined scale. The geographically weighted regression model has a good fitting effect. The
coefficient of determination of the carbon content model in each dimension is above 0.8. Although the AIC of the
carbon content model for some organs is slightly larger than that of the OLS, the RMSE of geographically
weighted regression model is less than that of the least squares model. The residual error of the geographically
weighted regression model is also less than that of the least squares model. Obviously, the model accuracy is bet-

ter than that of the least squares model. At the same time, it shows that the geographically weighted regression

model can effectively explain the spatial heterogeneity that the least squares model cannot explain.

Key words: Pinus kesiya var. langbianensis; organ; carbon content; geographically weighted regression; spa-

tial effect
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Table 1 Basic statistics of carbon content of sample wood

B ﬁﬁﬁi/kg

L7

L S )3 Wik B RR eR
FEAKL 36 36 36 36 36 36
AR 557.079 66305 227297 16.559 65.316 934.187
f/IME 7575  1.605 1.687 0295 2.166 13.924
TEIME  249.186  29.003 42778  2.541 35771 362.247
FrfE2E 164478 19539 50.157 2942 19.737 238.884

2.3 ZEMBSH
2.3.1 Moran's /

A B IR 23 (8] [ OAH OC B 5 ik A Moran's
I. Geary's C 1 Getis' G Z£!'7") AR 5% % H Mor-
an's [ fR BRSPSt 19 25 R A e . &2 )R
Moran's [ & XA T :

Zn: iwij(d) (x; = %) (xj - )_C)

n
1=~ (D

2 Zn: W//(d) 2 (x;— )_5)2

=1 j=1 i

Ao A SRR RS R BB S BRI E (R
MBI 5 XS oA T A e e S B 0 S A T 3
B, n AL, wi (@) RIS jZ B FE
TR .

4>J5) Moran's I BUEAE (—1,1) ZJH], 24 Moran's/>
0 /}f, FAHEM: M IEAE, Moran's 1 8 {H <0 B},
HAHSME ARG, HAE R 0 I PRAR G, K]
23 [ B HE B LA A o ARG R B A bs, il
Rookcase 115 AR %5 B 1) Moran's 7 887",

AR S bR B i 3 3 B) R g e A AR
5z a2 ] PR S A pR A, X PR R R A B
5 R AT A5 B — B 055 H AR SR E i A A 23 [H] AH
KRRE, B DX A A48 1 Bl AL R0 25 44 PR
AIEARTFER, S (EFRRBEILES 5 1=
AR S, GnstmeiR2E, WOREMIIER/N; BEAHEKR
TR A (R AR SRR A, BB ATL S o RN 1 2
23 AR S 5 HeA (i 5 5 18 19 LUAELRR 2 o0 BRI AL
N, BT A5 E | ARG FRED, R AE /NS ]
HAH GRS s AR (a) RoRAAFEZS R AH )
REE RS, YULINAE 2 (8] A9 BE 25 K FAR RN, W
DAY B AHOCREEETH 2% o A9 R ArcGIS Hi%E
TR YT A A8 S 1R A8 S ek i, I
AT R BRI F AR . Bk mET . F5 5K
R, 28500, BRORBIRICR BT

0 h=0
Y =1 ¢+ iﬁ-l(ﬁ)] O<h<a h=0 (2
2a 2\a
Cy+C h>a
Ape CoRHg E; Co+CHIEBHE; ahTHE;
CHIRIEEE,

24 EEREFE
2401 A FAR

fe /D T IRAR A JE —Fp A SRR B DA AR
(Y S 0B y 5 Al Ay, 2z 18] d5 /s Bk 22 F O A
(RSS) MHLA L, BRI BB A 5 R AL
S ETCOC, RUNFIMBFTR IR, A8 R
ANAE EARBIAS 45 DX 3k ] 4 25 R 22 S . ACHF
5% K FH GeoDa F4 #4545 B % ik 1 1) fe /N e 5t
A, HOE SCAITE .



108 [N SN NI 42
y:Zx,.IB,.+g 3> Z()’i—yr’)z
- ME=1-— - (8)
Aot YN BRI p ARG BN > (=)
A S e MBI, &~ N(0,07). -
2.4.2 I AodE )2 R Z":yi_ Z?
b FRAS o] YA TR R — o R AR R, CRM= -1 = (9
AN Il TR 4R, A R 9 M B R A D

FIMHS4zh, EraE LT,
y: = Bo (wi,v;) + Z::lﬁk(ui,v,-)x,-k+s,» i=1,2,---,n 4)

A (Mi,Vi)ﬂﬂ%i/l\%#)ﬁﬂ/‘Jﬁé*ﬁ, Bk(ui’vi)%%
I RFE S RSS-S0, 2 B R
., &~N(0,0%), COV(e,e)=0@#)).

25 (B AN R 5 R HT B 749 3 O b 28R AR [m] ) 45
R FUAORG B R BB, UL 2S [ A pR R 2 A
A =5 7 R A ( Gaussian ) FlARL B 7Y oK 2L ( bi-
square ) P, AT FEIE— AN IER S, FIRE RN
EHBEERCR, XS EAREONF, A
L QENEE RN AT S NS 8 NN 1
B 2% 5 98 K/, RIS B A I Oy 25 25 1
Ko WA S e A By MEEHEE (AIC ),
DL B HEN] (BIC )., 22Xk (CV ). AWF
FEFI T MGWR H4 25 5 B & ik 12 1) b 23 fin A 1]
VA AR Y B30 s T] A o 0035 5 [ 7 BE B8 bi-square,
VR H B E, HIPHAI I iR AIC 15 B A54L.
2.5 HEERLTH

VEFHE R (R?). Akaike {5 855 (AIC ),
By iR 2: (RMSE) ., BAVHZME (ME) A
B 22 R A (CRM) #EATRERIPFA . REK
AIC. RMSE /)y, SRS RO LS ; ME B
PR T 1, CRMBUREZE T 0, AR NNKE B
M, QR CRM MEKR T 0, FRWIAHIE 5 50
{EAH bR/ s CRM (R AN R /N T 0, D) 36 B A 0

(B SEIAELAR B K
BERIPEM AR AR E L (5) ~ (9)
0.7
R=1--1 - (5
Sh)
AIC:nln(Zn:(y,.—’y;)]—nlnn+2p 6

RMSE = 7)

K yoRSEIE ; Yo A IE ;
{H; nAREAREG pHBRAEL

3 GRESH

3 BEAESRESHENTEBEX

30 ~ 300 m i FEI N A ERARBE T . BRE 2 . REAS
B AR AR AN 4B Bk i 9 Moran's 7 WLIE 1.
B AT, fEW R 30 m RN, WAy 4
J7) Moran's 14 0.05, H A4 B R KN 2R
Moran's 13 KT 0.6, I H #5889 1E A AH K ;
TE250 myE N, W B BRI RS ik
ERMMIEAIC, BB S ik iy 25 8] 3 A G AR ik
BOK, TE 150 m B B N R B IEAH G, Bl R 25 5
SN A . A I Bk iR A9 Moran's 1 (R 2B
PRI AN 2, R TR R 3 B e e R G A
WEHEERKEIER . 28 LAk, EPmpoRn
B R R AR R RS iR A AEAS
AR R 2S A ARG, EREER Y, =30 A4
TN

0.7
0.6
05
04
03
02 F
0.1
0.0

-0.1 ———
30 50 100 150 200 250 300
it J I B /m
E1 BFMERESKETHAMEXXER
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Fig. 2 The omnidirectional base effect scale variation of

carbon content in individual wood organs
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Table 2 OLS fitting results of carbon content of P. kesiya var. langbianensis
i3} 3 A R? AIC
BTt (C,) C;=813.336 +11.807DBH - 0.955CL - 0.714ALT - 0.597SLO 0.933 381.219
B it (Coy) Cpa = 129.684 + 1.190DBH +0.326CL - 0.101ALT — 0.493SLO 0.829 261.498
RpRcEr R (Cyp) Cor = —899.090 +0.002DBH?H +0.225CL +0.655ALT +0.210SLO 0513 367.102
S (G) C) = —27.427 +3.075DBH?H + 0.263CL + 0.019ALT + 0.040SLO 0.303 175.825
RIR E et (C,) C; =84.775+1.283DBH + 0.122CL - 0.077ALT + 0.289SLO 0.910 239.393
S ki (C) C =390.252+17.618DBH - 0.220CL - 0.467ALT - 0.623SLO 0.910 418.738
[E: M2 (DBH). #& (H ). &K (CL). #4& (ALT). 3% (SLO ).
*3 BFUEEESHRE GWRIGER
Table 3 GWR fitting results of carbon content in each dimension of P. kesiya var. langbianensis
Y Jig JRBE g AR DBH CL DBH*H ALT SLO

BT e ht F/ME —348.206 8.709 —7.408 — -11.158 —5.465
S— oAk 493.390 10.118 —4.870 — -1.202 —0.887
T 877.490 11.388 -1.093 — -0.789 -0.231
S = AR 1395.569 14.070 1.125 — -0.477 2.408
BRME 13136.682 34.574 4291 — -0.015 3.699
W B it f/MHE —600.345 0.533 —0.459 — —0.272 -2.092
B4 135.566 1.023 —0.109 — -0.218 -0.763
SIE 248.590 1.135 0.067 — —0.187 -0.369
TR ILIE TR e 290.780 1.369 0.390 — -0.107 -0.222
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g3
Eidis IR ER A R DBH CL DBH?H ALT SLO
STON] 363.739 1.576 3.599 — 0.463 0.078
R 5 it F/ME —2429.677 — -8.710 —0.001 0.208 -5.783
S —uar i %L -1908.436 — -3.790 0.001 0.416 -1.104
GRIEN -1148.502 — -2.325 0.002 0.860 —0.346
=4 EL —534.393 — 1.034 0.003 1.415 0.439
KME -313.520 — 11.798 0.005 1.787 2.688
Ryt e i /ME -125.980 — -0.214 -0.001 -0.033 -0.269
Si— oA -109.428 — 0.085 0.001 -0.002 —0.057
G -36.712 — 0.145 0.001 0.030 -0.020
5 =i g 2.767 — 0.201 0.001 0.084 0.047
SON:E 32,775 — 0.439 0.001 0.093 0.327
PR B et e/ ME —1864.085 -2.165 -0.558 — -0.181 -0.819
Si— oA -126.083 1.065 0.071 — -0.134 0.216
TE 95.612 1.166 0.303 — -0.086 0.307
It MR 162.907 1.298 0.500 — 0.085 0.494
S IN[:] 225.660 1.759 1.098 — 1.592 0.837
xRy FoME 269.774 17.124 -0.410 — —0.680 -1.280
S —uar i gL 332.705 17.282 -0.110 — —0.496 —0.494
GRIEN 384.790 17.444 0.2081 — —0.467 —0.432
=4 EL 415.782 17.588 0.480 — —0.424 -0.309
STON] 650.477 18.218 0.756 — —0.374 0.138
#z4 =WETE OLS 1 GWR HIFRH Fit
Table 4 Statistics of regression coefficients of OLS and GWR of the whole tree carbon content
R geitfaks T DBH CL ALT SLO

OLS Estimate 390.252 17.618 -0.220 —0.467 -0.623

Std.Error 586.962 1.529 4184 0.423 1.561

—Std Error -196.710 16.089 —4.404 —0.890 —2.184

+ Std Error 977.214 19.147 3.964 —0.044 0.938

GWR 1st QU. 332.705 17.282 -0.110 —0.496 —0.494

3rd QU. 415.782 17.588 0.480 —0.424 -0.309

3.5 #EEEEEM AIC {5 BARBOMB T iR 22882 /N T OLS, GWR

£ YEFE S R OLS Al GWR K FEIEM a5 S 9 ME{H% OLS B3 T 1, GWR 5k 2 2 H
#5. HESHTAHL, BIKLE GWREIREMN RPYY 4 OLS R Ui AIXT £ T 0, LA 0 GWR #i#l
E0.8LL I, KA FHKT OLS, GWRAEA ) ZEARMSETILT OLS,

#x5 HEESHE OLS 1 GWR B EiEN L&

Table 5 Comparison of accuracy evaluation of OLS and GWR of carbon content in various dimensions

Eid5 Y R? AIC RMSE ME CRM
W e OLS 0.933 381.219 41.967 0.394 1.116
GWR 0.973 372.968 26.533 0.973 -0.015

7 P i OLS 0.829 261.498 7.957 0.839 -9.579
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Fig. 3 Comparison of residual carbon content of OLS and GWR in various organs



112 [N A N o

o 42 4

4 g5t

41 itig

FHAS R e B 25 22 il 19 42 J5) Moran's 1 A ¢ ]
TR BT TSI a4
B2 30 m B, PN A B BRI S ik = 1Y
Moran's I KT 0.24, W+ . W . R
Fr ik ) Moran's 1 #5517 0.61, UL
WE TR EAAEA RS A A, BRIk
., W SRENS R AN R HARE
AL Y Moran's 1 7F 250 m 24 # T FF, 300 m
MR 0, HAHA L, A 300 m 5, BF
s A 45 2 B 5 ok 25 ) AH ORI 2%

30 35 A S5 R EIONT SRS RS A5 G R il o 2 ()
SR E M IR, B B AR RE
TR R AR S, ARG IT I ROBE () fe e =5
(IR JRy, Wt A S R B P . AR,
B A E SikE A ES B SRR, 200 m
M E TiRESHASNP L A48F
il B E 200 m 22 Hij 1Y 25 6] S PR & 3 A G H |
A, 200 m 22 S5 ) D) F R AL PR 2R Y .

BEMBARLIE SkEHFAE—EREN
F) 25 (B [ AR ZS ) S B, X5 P A E
Tk EEA KRR TR 2 H B BB R AR R
JE A B B UIAH G o A iR A 2 ] |3 R DM A
K, WFR N, HBEEBEENAA, s
B A2 (] B A DG 4 5 B T R AR R
B (R I ) B e B IR S AR Ak & AR AT AN I
s HUeFEE, WA ESF B A ECRE, A
AE Ik 2 BEE I AR B 8 S T
fot, BORIAFEAL /AT, (H R AR I DU AT 3 A 1)
Al HBE AT, BRI DA ZS [a] A G 2 ] 5 o
WM TR A, HamA S IFAK, X il R
1 [ e SN IR TR, (BRI A S
[ e A R AR ), T A 2 2 R B B Y 7S
(BN, PR G ) g SE P o i i AR A, SR
SRy, RIFERCE s A in sk A e T ks 1)k a7
AHK, EPRITF SR EA WML, &8 E &
Tt R A 7 Ak I DA AR T Bl — 2 I 25

o FEIAL ] A AL 2 —Fh S AR, BT
AN [] b B A7 B T) JEL S A SRR 5 LR R B s
SR AR B AU AEL , DA S B B — A SR 3k
SRR T R GWR REAS 3K 45 AN [A)
B P A E &k 5 AR R R e
F, BEAR T EE R S R AEERRYE, BDIEBR
TEsa SR, DA R Y A RS B LA ROR

R8T AT o AT R FH b F A 5] )= 45 74
FOE T &4 B S e 1 2S (B) [l AR AY | 25 SRR
B, JEEAA 5 flk £ 25 (] 43 A1 B 52 ) D] 2R AR B
FRHIE R A e | s . MR B AR
PG, MR R R A, B8
i AT MR AN X A Y 2R A
Pa IR A IS =378 R A RN S VA IR A I
NFR AP BE . h 17 9 1 25 [ A B 1 o FHAIE 3%,
WS RIS A A T /D I BIRIE A XS L, B
FARET . Bz . BEAR R & ik i 1Y OLS H 7 He
FERBAE 0.8 DL I, X2 i T RAEEE A A il
W5y, XFRRBADRYL, BEEEL), WA
Sy, (B TS R Bk AAAE, OLS Bl
LG SR AL IRS B2 AR K2 GWR 555 GWR ZEAR
PRMORARG T, Y T8 FIAS pR B ) 3 RORT F A AL Ay
WUKS BE rY 2 e & B 2L, [N GWR 7E ZR MRk i
A OGS, SRR ARG B A fn] e A
B A IERE bR, A R BT W .

AWFTRFRY, 1EEEM PR ST ik &
o, 2 RIRN AN ] ZA40, Moran's 1 F1f A8 7
PR ESRE 8 A7 R0 1Y) i B SELUE AN BROR 45 48 B ik 12 1Y
23 [8] H AR ZS [ S bE . AT 2 il GWR
AEE AU T RSP WA R B i i ) T 5 EL A A 1
WRE T, PR e 4 e B B e i (7] R A A DG BF 5%
AT LR GWR SEA A INF 5T .
42 g

A 5% % ) Moran's 13538 7 B 25 B K #
T KL i AR SR E 6 NYERE 30 ~
300 m [A] Y ZS [B] FHAHOG . MBFSE 4Rk &, B
ARS8 B RS R A AEG, VLB BROR 45 4%
BB — S NAERLW AR L, FiEE
BB, AR S, SR A A OCIE R .

82 A8 S5 ok B 38 25 (8] 57 o 1 — A AR
WD o il E AN K RN PR R R
FERRA . WL BRI AR A Ak
mRESEMIEGE, TUEL, BEL KRN
o, REEMIESHEX RS, HRaEMES
{22 LU R 45 4 B 5 B i O A X S () S e o DA
WMRERKE, BXEMMT . B WA B
i BREAR RN AR i B — o IR S PN AR AR S ) S T
P, X5EFMMARRBE ., gRERE (X
B K IR . IR ) ARG R A
x (WAL, AT Ax.

RHFFE K Fl GWR Fll GeoDa ¥ 4 T L SEHA B
AT W WAL R R AR RN A i
) s BRI (] U B 70 R e /N — e  BIF Y 4 AR



5 6

XUERISE . HF GWR SR A S i B b J% 2 [ 50 B 5 13

F W], M PR [ RS f TN A A/ —fe
RS, ST OLS AR AN [7) Ml A3 5 1]
(LT R AN, AT 2 HE 1 2 ) A G A 25 (]
SRTERR W, — @R E LAAERIRE; GWR 2
— PR EREERY B AT BE T AN [ RAT A i B
(', IR S T RAE R JH B R 2 . GWR
LA B[R] 2 (AL B b S P B & 8 B 3 ik
ESEMNTEASER, MR T OLS BRIk
Rz () S Jmort, DR R A ROR PR
AR THRTE . AU AR R ERK
PO AHOTT AL, 255 GWR BLAL i)
AR 4 o B A B i i ) A D B AL B AR 50

(2 % x W]

[1] Liu C, Zhang L J, Li F R, et al. Spatial modeling of the
carbon stock of forest trees in Heilongjiang Province,
China [J]. Journal of Forestry Research, 2014, 25(2):
269-280.

(2] W, B/, 55 BRARBRIC A Al 5 vk MR
KRBT [J]. A BIEEAER, 2009, 18(5): 2001-2005.

(31 24, WA, A BT ARG A SR
AR B ()], ML R, 2011, 47(7): 7-12.

(4] LR, BT, M AR, 45, AR T ARMRAE B fift 1
ez 6] o3 A 4% JRr (9], P MOl A 22, 2021, 50(3):
74-81.

(5] e, JESFIE, 2800, 25 WS e sl b
REFH [J]. Mol BR2E, 2004, 40(3): 149-155

6] RUII, AT, 25, 55, BRI = rdA bR A=y
23 [N 3T (], PU R Aol R 2244 (C ASRRLE )
2020, 40(2): 117-124.

(71 JAHEE, Wotle, R, 55 H T 23 ) [R5
FABRAE Wy SRS I KOG A S E (9], Mol B2,
2020, 56(3): 38—47.

(8] XIEW. JET GWR BALREUK FARORY X AR A W)
TS JHAEHTFE [D]. BRI ZRIEMll o7, 2015.

[9] Griffith D A. Spatial econometrics: methods and mod-
els [J]. Economic Geography, 1989, 65(2): 160—162.

[10] Lichstein J W, Simons T R, Shriner S A, et al. Spatial
autocorrelation and autoregressive models in ecology
[J]. Ecological Monographs, 2002, 72(3): 445—463.

[11]  Meng Q M, Cieszewski C J, Madden M, et al. A linear
mixed-effects model of biomass and volume of trees
using Landsat ETM + images [J]. Forest Ecology and
Management, 2007, 244(1/2/3): 93—101.

[12]  Fotheringham A S, Charlton M E, Brunsdon C. Geo-
graphically weighted regression: a natural evolution of

the expansion method for spatial data analysis [J]. En-

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

vironment and Planning A: Economy and Space, 1998,
30(11): 1905—-1927.

SR, WO, PNV, 45 23 ()R K HE m] YR A
Aol AT 9] 74 R ARk R 2422 4R, 2016, 36(3):
144-152.

Wk =R ARREE M]. B = R R,
1988.

Xz, BHRE, WO TE. S8 55 HA KRR A 55 ik 25 1]
Gy A A 2 RO RIS B 25 TR RLAG (0], P AR ARl
Bl2£, 2019, 48(3): 1-9.

X, B, WO TE. JE 5 HA R AR MR B &k 5 1)
S SHT (D). PE ROl 224 ( AARBE )
2019, 39(4): 76—82.

Moran P A P. Notes on continuous stochastic phenom-
ena [J]. Biometrika, 1950, 37(1/2): 17-23.

Geary R C. The contiguity ratio and statistical mapping
[J]. The Incorporated Statistician, 1954, 5(3): 115—-141.
Getis A, Ord J K. The Analysis of Spatial Association
by Use of Distance Statistics [J]. Geographical Analys-
is, 1992, 24(3): 189-206.

Sawada M. Rookcase: an excel 97/2000 visual basic
(VB) add-in for exploring global and local spatial auto-
correlation [J]. Bulletin of the Ecological Society of
America, 1999, 80(4): 231-234.

Luo J, Frisken S, Machado I, et al. Using the vari-
ogram for vector outlier screening: application to fea-
ture-based image registration [J]. International Journal
of Computer Assisted Radiology and Surgery, 2018,
13(12): 1871-1880.

SRR, Ju 5, AR, 5 Perhis + e X S MR
23 (A JRi s LROK T R ) [0]. AR 2557 2% 8, 2015,
34(11): 3158-3165.

Cao X Y, ShiY S, Zhou L L, et al. Analysis of factors
influencing the urban carrying capacity of the Shang-
hai metropolis based on a multiscale geographically
weighted regression (MGWR) model [J]. Land, 2021,
10(6): 578.

WO, EARIE, ¥ Uk, 55, PRI A D)
i RN RSB RAR E [0]. MRl B2 BF5E, 2014,
27(2): 213-218.

IMVEERR. FE T GWRK B ME JL 1L DX ARARI At i
231530 [D]. MRV ZRAtAkol 2%, 2019.

(TERmHE )



https://doi.org/10.3969/j.issn.1674&#8722;5906.2009.05.076
https://doi.org/10.3969/j.issn.1674&#8722;5906.2009.05.076
https://doi.org/10.11707/j.1001&#8722;7488.20110702
https://doi.org/10.11707/j.1001&#8722;7488.20110702
https://doi.org/10.3321/j.issn:1001&#8722;7488.2004.03.026
https://doi.org/10.3321/j.issn:1001&#8722;7488.2004.03.026
https://doi.org/10.11707/j.1001&#8722;7488.20200305
https://doi.org/10.11707/j.1001&#8722;7488.20200305
https://doi.org/10.3969/j.issn.1674&#8722;5906.2009.05.076
https://doi.org/10.3969/j.issn.1674&#8722;5906.2009.05.076
https://doi.org/10.11707/j.1001&#8722;7488.20110702
https://doi.org/10.11707/j.1001&#8722;7488.20110702
https://doi.org/10.3321/j.issn:1001&#8722;7488.2004.03.026
https://doi.org/10.3321/j.issn:1001&#8722;7488.2004.03.026
https://doi.org/10.11707/j.1001&#8722;7488.20200305
https://doi.org/10.11707/j.1001&#8722;7488.20200305

	1 研究区概况
	2 材料与方法
	2.1 样木数据
	2.2 样木生物量测定及含碳量计算
	2.3 空间效应分析
	2.3.1 Moran's I
	2.3.2 半变异函数

	2.4 建模方法
	2.4.1 最小二乘模型
	2.4.2 地理加权回归模型

	2.5 模型评价

	3 结果与分析
	3.1 单木各器官含碳量的空间自相关
	3.2 单木含碳量的空间异质性
	3.3 最小二乘模型构建
	3.4 地理加权回归模型构建
	3.5 模型精度评价

	4 结论与讨论
	4.1 讨论
	4.2 结论

	参考文献

