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Abstract ; This study investigated Pinus massoniana forest in Jiangxi Province. Based on plot investigation and measurement
of sample carbon content, the carbon density of Pinus massoniana forest ecosystem was calculated. The influence factors on
ecosystem carbon density were screened from fifteen factors, including site, vegetation and meteorological factors by using
multiple linear stepwise regression method. The relationship models between ecosystem carbon density and influence factors
were established by using ordinary least squares model (OLS) , spatial error model (SEM) , spatial lag model (SLM) and
geographically weighted regression model (GWR) , and the best fitting model was selected from them. The results showed
that the influence factors of ecosystem carbon density were elevation, slope, soil depth, diameter at breast height (DBH) ,
mean annual temperature and annual precipitation. The fitting results of four models showed that ecosystem carbon density
was negatively correlated with slope and positively correlated with elevation, soil depth and DBH. The determination

coefficient (R*) of four models were GWR (0.8043) >SEM (0.6371)>SLM (0.6364)>0LS (0.6321). The largest mean
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square error ( MSE) and Akaike information criterion ( AIC) of the model was OLS, and the smallest was GWR. The
residual tests showed that GWR could effectively reduce the spatial autocorrelation of model residuals. In conclusion, the
fitting effect of GWR was the best, which was more suitable for estimating carbon density of Pinus massoniana forest

ecosystem in Jiangxi Province.

Key Words: Pinus massoniana forest; ecosystem; carbon density; spatial model
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Table 1 Descriptive statistics of carbon density and each factor

e kR i Jrk e bR Hyf Ik
Number Variable Mean deviation Number Variable Mean deviation
1 W4/ m 209 186.56 5 EIRE/C 18.5 1.09
2 W /(°) 20 10.53 6 AEH K/ mm 1645 174.66
3 2R/ em 76 27.62 7 AR/ (/hm?) 122.33 43.27
4 Bt/ em 12.3 471
£2 RNZR.ZTEARERTEEEEBEOMDELER
Table 2 Model fitting results of the OLS, SEM and SLM
e/ 3R OLS 23 (AR A SEM 23 AT A SLM
PR . TR . AR{IRES \ ARiRES
TP R
error error error
FRIE Intercept -21.3890 39.0525  0.5841  -34.6658 45.2850  0.4439  -31.1291  38.6588 0.4207
134K Elevation 0.1022  0.0112  <0.0001 0.1045  0.0120  <0.0001 0.1043  0.0111  <0.0001
Wi Slope -2.3683  0.1879  <0.0001 -2.3054  0.1863  <0.0001 -23126  0.1867  <0.0001
+J2JEE Soil depth 0.5375  0.0832  <0.0001 0.5177  0.0822  <0.0001 0.5224  0.0824  <0.0001
Jfy#% DBH 4.8047  0.4193  <0.0001 4.8876  0.4207  <0.0001 47631  0.4160  <0.0001
AEHJRE Mean annual temperature 2.8699 1.6442 0.0814 3.7162 1.9443 0.0559 2.8920 1.6278 0.0756
AEHJ[IK B Mean annual precipitation  0.0126  0.0110  0.2555 0.0103  0.0134  0.4389 0.0071  0.0111 0.5213

OLS : e/ 36 Ordinary least squares model ; SEM; 75 [] 1 228! Spatial error model ;SLM: 78 [H]Hi 5 4% Spatial lag model

2.2.2  HBEEHIA [l )= AL A

A ] AT (g S EA T T 25 2 W3R 3, Wik | 2R EE M7 5 h % B 1 R BT 2445 4591 R 0.0817
0.4616.5.0531, H:E 1 PUS 3 B0 fe KA AIYE L 3-51 4 0.0074—0.2920 ,0.3081—1.1967 ,3.5514—10.3628, 1]
B XL - 75% 1Y A0 IEAR, BB BE SR 2R E AR 3 AR Z A IR AR DG OC 2 s B
S 0 RBCEBIME R -2.4527 , Hig /ME RS 3 T A TE I -4.4625 % -1.8330, KU E S5k
Z AR AR OCOC R, BV 2 it o 3% B P38 R S iR ol /D g o 8, AR MRS AR 34 K o 5 0 B 1 R AT
PIE A 1.2671 F1 0.0237 , {H 50% ) 2 B IEAE , 75 4 509% 3843 0 G, Ui BH A5 IR 1 Rh B 4% B 1) 52 ) L A

EZN
F3 HEMAAEFERNRYEITE
Table 3 Model coefficient estimates of the GWR
A FEE F/ME 55 1 PUSM K SRVES 55 3 DU AL RRME
Variable Mean Minimum First quartile Median Third quartile Maximum
FRHE Intercept -1.6389 —-1171.6652 —-154.0287 24.4147 85.6096 1832.7859
4K Elevation 0.0817 -0.0918 0.0074 0.0512 0.1479 0.2920
Wi Slope -2.4527 -4.4625 -3.2534 -2.6644 -1.8330 0.8867
L 2R Soil depth 0.4616 -0.8076 0.3081 0.4435 0.6181 1.1967
Mg4% DBH 5.0531 -0.2449 3.5514 4.9632 6.4023 10.3628
AEH4EE Mean annual temperature 1.2671 -95.2544 -4.4758 0.7300 9.6297 59.9982
AE YR /K H Mean annual precipitation 0.0237 -0.2109 -0.0185 0.0367 0.0748 0.1885

GWR: HuFR AL BG4 RY Geographically weighted regression model
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G T B (s L 2%
2.3 HERIPEM 5K
231 BIALEAY

Pie 4 nI45 4 FBHY A i 2B R ) S KA A M B ASL [m] E AR 7Y | JHER Ry 25 ] 3 2 A 100 5 25 ) i i A
Y, Fe /N A e/ S AR ¢ b BN [RTJARRARY (14 25 1R 25 (MSE ) 5 2t A5 S8 HE TN ( ALC) {0 4 Fhisi AL v
B/ /N FRAERLY ATC 5 MSE {EoN K, F AT A5 B R0 5 R vl v SRR vk by b BRI ] ) A5 7
> 73 ] 1R 2SR A > 23 [ i 5 155780 > fe /N e i A |

R4 EETHER
Table 4 Fitting statistics of the models

FER Model AIC MSE R? K3 Model AIC MSE R?
/N RRERL OLS 6333.82 1812.1228 0.6321 ZE ISR SLM 6327.59 1790.9784 0.6364
25 ()R ZEHR SEM 6326.11 1787.7807 0.6371 HoBEAL FEAE RS GWR 6141.75 963.8132 0.8043

AIC: ZRithfE B UEN Akaike information criterion; MSE . #EAIYY )% 2% Mean square error

P 2 Sy 2 P2 S A5 4 ABEEL AR T HE 2 M) A BRI . 4 PR AL i) ik (85 i 285 2 S5 0 1 %) T 0T A 4
BRI GTE 1.1 RSB LM, 2R3 B SEIMER/ N die/ N SRS 2 [1] 15 22 AR I 2 ()i i AU 400 5 75
H0 B At 3 i v T b PR fIEASE [ SRS A8 ) Ak (R L At 3 S 28 B Ay 42 3 SIS A7 5 >4l 288 82 S B R
B, Fe /N AR AY | 243 [R5 22 AR Y K 5 (A1 5 A A AL G A L %) A 08 40 3 O P, Ly R4S [ U ABE 78 %) £t 3
{E 55 S DA i 0 100 22 2 W0 /N 1 Al 3 SRSy st R A it BN AN [0 U5 AR A0 1 40045 65 SR AR T oAt 3 Fil
B
2.3.2  BIBIER2E A5 [A] B AH G

HH 2R 5 IS /D IRARAY 25 [R5 25 AR 045 B S5 A5 A 1Y) Moran’s T Y0 1E(H, H. P<0.05 ; i3 A =]
IHRERIEY Moran's 1 A A{E, H P>0.05, HIeAG i, /N 3 AL | 2 (] 152 22 B0 R 45 [R] iy f A5 L A S B 7 2
FAAE 2 W A5 18] AR DG | T b B [ AR A 1 3k 22 1) 225 ) B RH SCPEAS J 28 X 3 B b B A (] )
TR AT A 25 oo APRASE A A% 25 114 25 ) 1 A DG

*®5 HEEIKER Moran's I R#&I5

Table 5 Moran’s I and test of the model residuals

ECEZ /N TR 23 [ R 22 A A = (Rl S 1 B NAS ] A
Index OLS SEM SLM GWR
Moran's 1 0.0368 0.0091 0.0127 -0.0021
Z-value 2.4706 2.0496 2.3797 -1.4728
P-value < 0.05 < 0.05 < 0.05 > 0.05

4 FhRIIRIBR 2% ) Moran's T B 25 A2 AL DLIAT 3, dRe/IN AT | 745 [A] 4 26 A5 R R 45 ] i 5 7R % 22 1Y
Moran's T %20 TE(FL, Bl 3 FiSEHI5E 22 (14 25 (B AH SCHE R TEAH G , ELBEAYAR 22 Moran's T 7R S 80/INIE, HFRAIG
Wi 2 BT R I B ) T R e R 2 328 ¥ 0l 583 , 8 B 3 T O 5 iy BRODIASL 0] USSR 5% 2 B Moran’s T 24 11
(B, BIVHASE AU B 22 10 25 [R)RH Oy SR G , HASE BB 22 1Y Moran's T 7EA1T JEAL/IN | LI Tngt B2 5K Bl 5 B 5
R34 DRI o e B2 T 538 , BRI T 0, BRERUER 25 1 Moran's T DR B /NER B A e/ — T 1 > 2 [ i
JrAETY > 23 (Rl TR ZE AR > B [P USRS | ply gt m] 75 4, 55 A ASE R L, t BEOINASL ] YR TR A R0 AR 1
PRS2 1) 2 ] ARG
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Fig.2 Scatter diagram of carbon density between measured value and models predicted value

25 By AT 4 FPERY v b B INAR (] 05 A1 P E AR
B(RY) Fk, #9705 1% 22 (MSE ) 5 A4 1t 5 B I (AIC)
Hyf/) , HLREA SR AR B 5k 2 1) 23 6] [ AH S, 3R]
M BEAAR [T VAL P05 ORI T oAb 3 RS

3 itie 54
31 it

HT T AR R A 25 2R S8 AT 5008 19 23 [ 5 S, BT L
AN 22 2 ) P 4 TR ASE R BIE 5 AR MRl 2 JBE /Bl it/ A= )
eI AT A A AR R LY B/ TR (OLS) B HM5 &%
RELFM LGS, WA S R AS R 228 (SEM)

=
5

P fid o

M PR 2% 56 2% I A5 H 00505 B 1 e AL

T OLS MRS H %02 th T SEM e/ 1AL 5% 22 14 45
] A G 0 5 24 0 P 25 R S A58 ( SLM) TR MOR 5 Bk i 451y SLM A8 T OLS BB A SLM K2 fig
D A DRSS AR Ay S v ) 24 TR AR, R P B ey, 0 % PR O R RE ) BB

TEZ3 (AR iz TR, B 2227 SR T T M B INAR [ AR (GWR ), H PS4 R LR W GWR 1T

FABRERL, 4 Liu 55 FIH] OLS K%Y LR MR A RRLH GWR RELLG R

Moran's [

tete

B/ iR OLS
2 IR ZER SEM
23 JH) W AR SLM
H AL EIBERE GWR

100
-0.01

-0.03 *

200

300

400 500

600

fH 8 Distance/km

B3 1REIF%E Moran's I

Fig.3 Moran’s I of the model residuals
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(5 2RI T GWR BLAIYERLA S BE LKA U4 )y T 0 W S A T LA B RS ; Lin 251 A OLS #E A FN
GWR HAIPI A A R B AR Z 0 E SN 2 R R, 25 R BRI T GWR BIARLTE LA R B X
FRARASE R SR 22 1 AR SEME T RIS A A T OLS BAY, bAh  RIOEJp 'Y Zhang %57 Y HF 75 3496 W] GWR 571
T AR M ASHFSE 8 1 % OLS \SEM SLM 1 GWR 4 F s AU B R8BS0 $5 bR K 5k 22 46 56 O 255 o0 i, 15
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