F40% 2 oI N B Vol. 40 No. 2
2024 4F 3 H FOREST ENGINEERING Mar. ,2024

doi:10. 3969/j. issn. 1006—-8023. 2024. 02. 006

ETHEMAREFEB R RKBRARIPROAMRZTE D BTH

”',mﬁ%f D OINRE R LT
(1. ZRdbplk K2 % WA JRTE 15004052, %A%?FJIYEE RGPS A B R W E S I E (ARl K#)
AR ,E 150040 3. & Al A B R AR JE 28 BRI B , Ab st 100013)

W OEREREAKEREE KRS K 671 R MAA A7 E MV & B R landsat9 BRF G, 2 A B L UKD A
ot By 3k A2 [ V2 (Poisson ) A 3% # H7 F H Jj(Loglstlc)@%*” F0 % ¥ 1E 3 (Gaussian) B AL 3 A A G AL AL DL K DL HEE o A E A
A (GWR) Jy 2o b & H 38 fu A8 AL (GWPR) A M 28 Jw A0 2 %5 7 3 (GWLR ) A% & Fr 30 32 w4 5 8 (GWGR) £ & 3 M & #
MARTNFEKAERR ARG ERORALR A EN, FRET, HIZHERK LN HFrHR N BFNEFIHER
BB A A CGWR B A WA Z R MM AN, CWR EA % =2 E A EENEA A2 EAKZNZ M
KWW DT REAE Bk, T DU GWR BE A SR A AR 3 6] 77 78 69 28 18] S M ] A, 0 A T 4R 8 40 40 0 AT 9 TN A
ARBEAf GWR AN T FHE NN MR B GWR HANE PN HRELRTL2EME N2 REHF; KRB LMERK
ERXRZEARFREROLBLOA RS EAFEERTERS A RD, FRERTHRREFMREE P RAK LA A 0 R
(RN EiN

KT : K X 41 A ; Poisson ; Logistic ; Gaussian ; 3 22 An AL B 42 A (GWR)

FES %S :S791 XHERERIZES A X EHS:1006-8023(2024)02-0047-13

Analysis of Spatial Distribution of Korean Pines in Liangshui Nature
Reserve Based on the Geographically Weighted Regression Model
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(1. College of Forestry, Northeast Forestry University, Harbin 150040, China; 2. Key Laboratory of Sustainable Forest
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Abstract : Based on the standard survey data of 671 random plots of Liangshui National Nature Reserve and the landsat9 remote
sensing image, three global models of Poisson model, Logistic model and Gaussian model based on least squares were established, and
three local models based on the geographically weighted regression model (GWR) were established, including the geograrhically weigh-
ted Poisson (GWPR) model, the geograrhically weighted Logistic (GWLR) model and the geograrhically weighted Gaussian (GWGR)
model, to predict the distribution of natural Korean pines in Liangshui National Nature Reserve. The results showed that the most sig-
nificant factors affecting the distribution of natural Korean pines in this area were slope and altitude. By comparing the residual spatial
correlation of the global model and the GWR model, it was found that the GWR model can produce more ideal model residuals, and the
spatial correlation of the model residuals was significantly smaller than that of the global model. Therefore, the GWR model can be
used to solve the problem of spatial heterogeneity between plots, which was conducive to improving the prediction accuracy of the distri-
bution of Korean pines. Both the global model and the GWR model had good fitting effects, but the evaluation indicators of the GWR
model were better than the global model, and the fitting results were better. Natural Korean pines was most distributed in the northern
part of the Liangshui National Nature Reserve and the least in the middle strip area. This study can provide a theoretical basis for esti-
mating the distribution of natural Korean pines in large—scale forest management.
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Fig. 1 Location and sample map of the Liangshui National Nature Reserve
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Tab. 1 Equation of vegetation index and texture characteristics

T B T TR HHARK
Remote sensing variable type Remote sensing variable Calculation formula
W ABAE SR A (RVI, 0PIl Ry,p) Ry, =Ny/Ryy
RS FZEEAEBAEEL(DVI, AT Dy,)) Dyy =Ng =Ry
Vegetation index T AR R (PVLPid S Py)) Py, = sind5° XNy — cos45° xRy,
A — AR B FEEC(NDVL, K HE R Npyp) Npyi = (Ng =Ryp)/(Ng +Ryp)
IR R A (SAVE, il Syy) Sayi = L5 X (Ng =Ryp)/8 X (Ng +Rypy + 0.5)
N-1
S MHLEE(CO, Rt h C) Co = X ixP, (i-))°
Texture features \Ij 1: ’
M(EN, ek £y) Ey = X ixP,(-1InP,})

ij=0

T Ny ARIT LA BOLIE RT3 s Ry, ARLDEH BOLIE RT3 NV AAFRIR GO B ;i A1 j AAFRASE R BEG ; Py AAFRIKIELR i
FIMRBEGR j e BB Ay 1) b SR () B A ME

Note: Ny represents the spectral reflectance of the near—infrared band; Ry, represents the spectral reflectance of the red band; N represents the
number of gray levels; i and jrepresent specific gray levels; P;represents the probability of co-occurrence of gray level i and gray level j at a specific dis-

tance and direction.
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Tab. 2 Statistics of variables used in models

YN TR AVA 2T 0 HY B R EAR/NGREY!
. wagp BEWEBY e em L ambmpgn AR L
Gt 1%/em (m” - hm™) s EL B i/ m /() Estimated number Probability of # BY/m
Variables o Basal areas = H Elevation Slope ’ . occurrence of  Estimated volume
DBH RVI DVI of Korean pines . . .
per hectare Korean pines  of Korean pines
;/[F:iﬁ 19. 56 28.51 13.18 4143 396 10.7 107 0.70 57.61
@T({E% . 3.82 13.55 2.36 665 70 6 145 0.45 64. 80
Standard deviation
?}’J.‘{a 10. 53 5.81 7.54 2521 273 0 0 0 0
inimum
=]}
;ijtfﬁ 32.74 98.99 19.84 6 305 651 33 1326 1 258.45
aximum

T R AP LIRS BB A7 24 BB AL,

Note: The number of Korean pine plants in the table is the number of plants per hectare.
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2.2.1 JAMAIEIE (Poisson ) 7Y

Poisson 5 7Y FH > TN £1 45 (19 43 A MR B0, R 7R ()
jjZaw (I
Log(p) =B, +B,x, +B,x, +Bsx; +B,x, +Bsxs +Bexs o

(1)

. WELIAREL By—Bs N IIH R B« N1
A2 500, BRI AR 5 0, o LUABLAE B 8 405 0,
PEAEAERE TR EL 05 AR 00 IE
2.2.2 ZHHHFIH (Logistic ) 54U

Logistic F# ISR TN LLAN & B AA1E , BAL Y IE
AT

P
Logistic(P) = In =XB =B, +B,x, +B,x, +

1-P
Byxy +Byx, +Bsxs +Bexg o (2)
K, P ORISR S A E S
2.2.3  ErElE (Gaussian ) LAY
Gaussian 571 o $50 00 £ 47 25 AR A K/ A A
g
Log(v) = By +B,x, +By%, +B5x; +B,x, +Bsxs +Bsxis + & o
(3)
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2.3.1 HIBIAGANA (GWPR) #5i71

TE Poisson #& 7 i JL R | 25 JEORE Hb ) 3 B A5
B EEST B IMAEGARA B (GWPR) BL5Y | ] LA
CLRA ST AT A AR T

Log(um(u,,v;)) =By(u;,v;) +B,(u;,v,)x, +

By (w;,v) 2, +B5(u;,v,) x5 +B,(u;,v,)x, +

ﬁs(umvi)xs +B6(ui5vi>xf) o (4)

s (uy0,) WA L ADFEHL AT ARHR 3B, (u, ,0,) S
RIREORE kAP0 AS AR @ R b B AL B
B2,k=0,1,2,---,6,
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TE Logistic 588 (1 JE Al L, 25 JEAE Hb 1) b 35 (5
B EE ST R AINAE i 0 1] 5 ( GWLR ) #5481 ] LA
T LT th PR ARG 0 AU T
Log(P(,,1,)) :1og(P(”“”">) Bo(u0,) +

v 1 = P(u,,v,;) o

Bi(u; ,0) %, +B, (w;,v,) %, +B5(u; ,v;) x5 +B, (u;,0,) %, +
Bs(u;,v,) x5 +B(u;,0,) %60 (5)
B, (u,,v,) AR BP S kAT A RS
MO B R L k=0,1,2, -6,
2.3.3  MBIIA R (GWGR) A4

TE Gaussian BRI FEAH [ 2% FEAE 10 L BRAE
ST b0 A R ] AR AT DL 21
BERREN O, BT

Log(v(u,,v,)) =B,(u;,v;) +B,(u;,v,)x, +
Bo(u; ,0.) %, +B5(w;,v;) x5 +B,(u; ,v;)x, +Bs(u;,v;)xs +
Bo(u;,v,) x5 + &(u,v;) o (6)
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2.5 TEBEMEEMERR
ARG R 42 Jm B B 224880 ( Morans 1, 20HE
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T R B 2H T LA A A

3 4PRE0r

3.1 EEGEMG,

H2e 3 AT RAAS H SR F B in AU B9 GWPR
GWLR 1l GWGR &I X} Lt # LY Poisson | Logistic
i Gaussian BAY P REC(R®) 434 T 186. 0%
130. 0% Fi1 88. 8% ; “F-FI A XT 1R 22 (MAE) 435l FEAIK 1T
12.3% ,16. 1% 0 5. 8% ;¥ 77 1% 2% (MSE ) 43 B FEAK T
24.3% ,20. 0% 14. 4% ; 35175 315 2% (RMSE ) 4341l

i =
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Tab. 3 Statistics for six model evaluations

ilfnwS Kk
R Training set Validation set
Models

R? MAE MSE RMSE AIC R? MAE MSE RMSE
Poisson 0.15 5.17 58.00 7.61 3781 0.07 5.77 118.11 10. 86
GL Logistic 0.20 0.31 0.15 0.39 488 0.05 0.34 0.18 0.42
Gaussian 0.36 40. 36 2726.40  52.21 5422 0.16 43.84 2918.97 56. 18
GWPR 0.43 4.53 43.89 6.62 3106 0.22 5.08 103. 46 9.33
GWR GWLR 0. 46 0.26 0.12 0.35 450 0.19 0.32 0.16 0.39
GWGR 0. 68 38. 00 2332.70  48.29 5119 0.42 40.23 2 576.33 51.71

B T 13. 0%, 10. 2% F 7. 7% 7% {5 B 7 0]
(AIC) ZF AR T 17.8% 7. 8% 1 5. 6%, LA %L
Paen, % 1 T AR B Y 2 1) S5 5P A i B AR A
R, BERS AR A FUA OR A — A W
3.2 HERSHHIT
3.2.1 &Rl

FE 42 RIS 0 1 32 8 107 A A5 AL v | S35 Mg 7%
DV AR R R G (8, 150 BA P 2 X 200 Y ik 8
T H B = A B A s e, LA 4 AR B R
THESS A IE A, I ELIEE 3R B 3 0 46 X & K, 1t
HH PR 2 X 2T R BRI 25 1 0 A 5 ) i Ry I8 3 7

4R TSRt RVI AN DV BASTHHE R A, i
PR X 20 B 3 R = A A S ) A DG,
A 4 AR FRASTHE Y A I, IF B a2 4 46
SRR R 150 B - 247 b A0 %o 0 A o 30 25 AR P A A
h BB RIEAE, WA 4,
3.2.2  JRplgipE Al

fBSE 13 3 N4 RyR AL R ) 2R B AL A 5T X 38
PSREE 19, 3X AT RE T IR AR R R X s A fk, 3 4
GWR #81( GWLR .GWPR 1 GWGR) /5 T Hi 38 [~
T BRI ZR 550 RIRE A o AR A5 T — 4B 2R 8,
e RS B € o (R G LR d s W e 6
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Tab. 4 Global model parameter estimates
- Poisson Logistic Gaussian
e fhiHE PRt 2 fhiiHE PRt 2 fhiHE PRifEiR 2
Coefficient ; P ; P ; P
Estimate SE Estimate SE Estimate SE
A 44
g}ﬁ% - -0.050 0.020 0.036 -0.184 0. 145 <0.001 26. 813 2.730 <0.001
SN H e T
£ BT I 0.093 0.017 <0.001 0.361 0. 160 <0.001 12. 050 2.538 <0.001
Basal areas per hectare
b
Ekélﬁjﬁﬁ*ﬂﬁ 0. 060 0. 054 <0.001 0. 055 0.357 0.027 -6.431 7.130 0. 004
e et B
%ﬁ;\/{?iﬂ%ﬁﬁﬁ -0.052 0.055 <0.001 -0. 168 0.369 0. 041 —-1.042 7.241 0.007
. 0. 104 0.020 <0.001 0.977 0.176 <0.001 7.192 2.847 <0.001
Elevation
£33
Slope 0.098 0.017 <0.001 0.389 0.131 <0.001 5.72 2.45 0. 004
x5 BERERHMGITE
Tab. 5 Estimates of local model parameters
Ay oA e/ ME 0 Hr{E 0 RKAE
Models Predictor Min ! Median 3 Max
2 A B B B
Average DBH 0.278 0. 158 0.098 0.014 0. 355
[SWAN W i
BN ISR L -0.335 0.020 0.121 0.220 0. 459
Basal areas per hectare
e
ktﬁ/}g\fﬁ*ﬂﬁ{ -2.089 -0.054 0. 040 0.987 2.107
e Rl
e -1.888 -0. 825 -0.120 0. 245 0. 855
DVI
@TIZ -0.291 0. 066 0.193 0.290 0.614
Elevation
Bz -0. 180 0.002 0. 064 0. 143 0.332
Slope
T ] ] ]
Average DBH 0.273 0.143 0. 048 0.116 0.212
i/ i B A
B IUBT I -0. 154 0.238 0. 495 0. 620 1. 147
Basal areas per hectare
N
ttﬁ?\?f*ﬂﬁ -1.384 -0.749 0.013 0. 028 1.814
VLR A
= e -1.584 -0.188 -0.074 0.612 1.648
DVI
@T}i 0.438 0. 805 1.329 2.366 3.351
Elevation
W -0. 055 0.204 0.395 0.542 1.208
Slope
FHE
Average DBH 14. 565 23.932 29.451 34.559 39. 858
SN W
AT AL 4.709 10. 356 12.710 15. 850 22.114
Basal areas per hectare
R
HAL B B -41. 109 =-22.991 -13.816 -0.544 35.857
GWGR RVI
N
ﬁﬁ%ﬁﬁﬁ -37.753 -6.538 -3.876 15.929 40.267
(ﬁ%‘ —1.454 7.730 12. 744 16. 987 22.098
Elevation
Bz -5.634 3.176 5.584 7.149 12. 084
Slope

TE: Q) NEE—TUARig, Q A =T E,

Note: Q, is the first quartile, Q5 is the third quartile.
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X 4 5365 K, GWR FLI rh & A5 81 22 %%
A A Y FP (B 5 AR X R 4 Ja 455 780 1% 28 A 1M
e DR —3BE EAH2ZE AR, RHILEH, 1
PRATE R S 23 3 GWR AR 1Y 2 5006 =2 o s
H R 5 4 SR A 78 o Ko 2T WS 19 5% 1) AT 8% B A
AHRA], FEE 2 FEL 3 A, S BAR RN DVI X FR 4L
TELRY DX N R 43 DX 3 35 o B AL, U5 I it R 25 1Y
HATI, ZTAARRECRIARE 58 522 1 [ B 5 g Lol i 1y
RVI VR RN B X 10 28 B507E AR 7 DX PN R 4 IX 45
SHIEAE, PEI DL F AR R 2T A H BRR B AL R A
WIEAY TEE 4, RVI F1 DVI X} 2 87E 1%
1 DX PN R 43 D3R R A7 (L, U0 B T 3 R 20 IR
R B R G s~ 34 B A | g Vol T T L g A T B
JEEX 0] 22 B0CAE RS Ao DX 38 M A A, A BH Bl % DA B AR
AN, AR E R ER R B, Mk
GWR RN 22 85048 b HLEE 5 4 SR i 10 1 2R 500
1b—%,
3.3 EBZRER T E B HEXEITEN

T B G B R A A 4 JR F GWR RS AR
WFSE I i A A A 5% 25 11 42 JR) Moran s 1 M BT
BEAILAB I 1 b 7 TE 254G 56K 11 4% 1 A5 28U 1% 245 (1]

HAHGHE, Hi3k 6 ATLLE i, B MALS 19 3 M
RIRIBREIESRIAA (Z) , B R /SR Z /) Bl
HHY b BN A ABE AR AT DA 2850 25 () A DG g )

K 5 NTEARTFZ KT f 2 R B F I GWR FAY
221 Moran’s [ *H?é‘ﬁ,ﬁﬁﬂéttﬁ 2 PRI LA
PREE . eI 5 v O IaAs 2 B35 40 2t e ST A
B 4 R RIAY Moran s T igj(?%ﬁﬁ%’éﬂ,ﬁﬂﬁﬁ
EHH KW, Moran“s I Z#T /N, 1)L GWR
AR BEE A K AN, Moran’s [ B EITEE A4
TF8l, AT UL R 8 ] DAAT 25 b B2 AR P T 25 8] 5 5T
PEF B A [RAHCPE 30 A I K 3 2R Ok g
R HEAR /N - AT
3.4 FIKBARIPRLMRATAUL S

AHIESE 53 A H 4 R B B AT GWR AR 1
DK FE R G A SRR AP DR AR L0 1 Bl i AR DA
MG X 45 AT 1 25 A A, T8 T Ak 43
e 6 s, HE 6 FTLUF H, 2R AL GWR
BT 4 B L0 oA e SRR — 2, 3 X R B i
1T HEG KB, Poisson 7Y Logistic #AYF1 Gaussi-
an BERIZEXT OR3P X N A L0 R 54T B0 s, il T 42 )R
BRI ] — 25 R, 24 e i 35 A8 Ak i) AN [R]

B2 GWPRREZZENNSHM=ESH

Fig. 2 Spatial distribution of corresponding parameters of each variable in GWPR model
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Fig. 3 Spatial distribution of parameters of each variable in GWLR model
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Fig. 4 Spatial distribution of parameters of each variable in the GWGR model
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Tab. 6 Global Moran’s I of model residuals of global
models and GWR

A AR (Z) GWR #84( Z)
Models Global model (Z) GWR model (Z)
Poisson 0.33(6.06) -0.05(0.78)
Logistic 0.29(7.21) 0.03(0.59)
Gaussian 0.32(1.64) 0.04(-0.35)
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Fig. 5 Moran’s [ correlation diagram of global model
and GWR model residuals
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Fige. 6 Visualization of natural Korean pine in Liangshui National Nature Reserve
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Fig. 7 Distribution of Korean pines with different stand types
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