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Forest Structure Parameters Inversion Based on Image Texture and
Spectral and Topographic Features
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Abstract. Taking the SPOTS satellite images of Heilongjiang Province and national forest inventory data
as data source, the image texture, spectral features and topographic information of the sample plots were
obtained , forest information of sample plots survey data was extracted as the true value. Through multiple
linear regression analysis, forest structural parameters (forest stand quadratic mean diameter, basal area,
stand volume and species diversity index) estimation models were established by combination of texture,
spectral features and topographic information as independent variables, so as to select the optimal texture
feature generation window and the optimal forest structure parameter inversion model. The results
indicated that the texture, spectral features of SPOTS5 images and forest structure parameters had a strong
correlation, and the 9 x9 window was the optimal texture generation window; the accuracy of the model
was greatly improved after introducing the topographic factor. The estimation model of tree species

dlverSIty index R?, was more than 0. 72, and stand volume estimation model was the optimal model with

adj
adj of 0.864 and root mean square error of 21.260 m’/hm’. The study suggested that using high
resolution satellite image texture, spectral and topographic features to estimate the forest structural
parameters had good application prospect.

Key words: forest structure; texture features; spectral features; topographic factors; model estimation

sz A A e 55 14 Al it i Ok T BRI 28 B Al o KR
a JIE AR AL 2 B0 PR o Al A2 T S AR RO
BB ES R BRI, AT SR E AR BRARGS S8, Ak g

Wi H i . 2016 =12 -05 &8l H ). 2017 —01 —24

BEE T [ 550 BRI R 48 85 OR L (21 - Y30B05 —9001 —13/15 - 4)

EER N WL (1992—) & WA, EF N HAROL 5 B TGS, E-mail: shiginxie@ 126. com
BEEE: BRE(1961—)  F #3718 LA S0, EZNF ML RS TG, E-mail: 2t2@ bjfu. edu. cn



126

P A /I

E 20174

P M AR R BRI AR AR AR B R Bl 2
FEVESE  fE—E R EON AR E R e N TR
BT PR T FE AR AR VR LR P
W ITE R R BRAREE M 2 B AR I, 77 1 07
gl B2 NI ) 3 FE B L A A R AR R %
GERE LI A 5 3k, I AN BE S I o A B i R RO
ARG Z R RPIRES KB B . AR T
FLAT WIS B Bl R B PR A9 24 AR A5 A
BLE R N T R MR AR B 2 R 2 R 4R
P i 7 B 3 08 R SO OE IR R S Ak
¥ 1] A5 B AR S AR A S AR AR S 0, — R
W AMIEFE R A AR, B B8 F 5 2 AR R AR LA J5 T
O 7] B AR 25 4 2 B, B 38 T3z 1 AL 45
LN 73O TN TR AN RAS AN SR 7/ B T AN L 2
FEVESR B MR E RR S %Y L @A T &
DR, 3 4 2 SR 9 S B O T A
AR RS . QAR B Jr ik, H T %
FLALHE 22 00 LRk (] U3 B RO T e 2 Y 4 A
R R B bR R Y R SOHE ORI R AE A T
D0 A ZR AR S5 H 2 BOBE R E A AR 2, (5 [ g R
O3 B TR B TN ) AR AR EE M SRR O R —,
DL B AW O 3, M T B JE R 1R S0 DO B
X 22 A 2R bK 25 K 2 BT i 2 A7 1000 19 AT 5 4K
A HRER 53 0 58 R 25 18 MU T2 ke AR W e B 52 DL K
R 3 25 ey S5 Jo P M) T ) R R S OB R A R R L
19 41 8% b A AN 3 4

A SCA ST IX ) SPOTS 38 &Y 1% S0 Ok %
RFAE B Xk AR RS FA AT B2 W B T 4R T R 1)
A A5 IR RRAIE , LR PR B R A 200 O B R, >R
M Z 0B B 50 ik M L SPOTS 8 Jg 2 1R 4L
HOCERE K N1 B2, 2 DR ZS

BRI X B AR IR AR BRI ol 22 A A
B0) oy PR B A0 AL IR T LR TR AR SO SO
il (SO O R AL 3 Bl AN [ RSB 1 i £
AN FRARGE 1 2 B R 9 28R i 3ok A O AR AR A5 4 2
BRI SRR 5 20 B 3 O AR SO DT
FRAE TR 5 AL I 2 A BRAREE 2 50 U5 ik, R
RRMR G R 2 PR AR AR

1 HRESZEHIE

1.1 HREER

WAL T R TLE AR AR (K 1) 2R 2
PR SR o Bl o PR TR
TR 5 A, ML 4. 06 x 10° km® | Ja& 64
KBl 2 RS A AF - B B K B 579. 7 mm AR,
6. 1°C B Ll M, Fe b 8, 28 il AR
W e AT M 4 SR A TR R EEAE 86 ~
1700 m Z[6], 4L PHLT R A “ ARG Z 06, Aol H
M 3.25 x10° hm? , E i AR Y 2. 62 x 10° hm’ |, i
SEARBEBURLK 2.3 42 m? 40 B o 4 R 4 AL
(19 13.9% F1 2% , AR 35 263K 62. 3% , FRARE Y Jt
HAH Wy ZF WRh o8 A 25 BHERF, £
BRI 7T B AR LLRN TR T a2 R

12 K A
1.2 BRI EE

A S48 FH 1) 3 SR S SPOTS 38 8GR, 12
e MEZE s, 28R HE2.5m, £
DG EAE 23 BE AR 10 mo; 220638 K i B L A ok
VT 2T b P B (0.78 ~ 0.89 wm) | £L 3 Bt (0.61 ~
0. 68 wm) £k Bt (0.50 ~0.59 wm) i i 21 40 ik B
(1.58 ~1.75 pwm) o AHFSE v 118 o 8 e VLA 1) 3
BRI 5 56, JRHUST[E] 352 2010 42 9 J, SPOTS

1
Fig. 1

Z  60°0'0"E 80°0'0"E 100°0'0"E  120°0'0"E 140°00"E =z g 130°0'0"E 131°00"E &
) L 1 1 L ) g i i i i =3
S 2 5] N M=
& - 3
; . z Z
z z ¢ g
o le S =
2 =% g
I S <
z z
° =)
z z 3 LS
s Ls © o
g P = <
g e
z z
= L ©
z z g S
=) Ao 4 2
s s b
S £ &
A S =)
=) LS
3 =
z z g
s & LS %
z o T
i = re
=l U dd & 010 2030 40 <
:O i L :O g —— :f
S T T T T T = : T . T
S 60°0'0"E 80°0'0"E 100°0'0"E  120°0°0"E 140°00"E < 130°0'0"E 131°0'0"E

5 DX FIARE Ml s oz 5 1

Overview and zoomed map of study area and sample plots



Hal

W E A A RARLU DR S IR RRAIE )RR AR S 2 MR 127

IR RO WAL B AL G SE & 0 B A E AR A
FLAASH R“HLIEHR SPOTS 5212 DN (5% iR A
SR A G, FELL 1510 000 E A1) RO WF 5 X 3 B
P Dy R 0 X AR KA AT JLARDRE A I, A TE AR R R
= 2 T, TR SR e B AT 4 (5 5 3% , AL IE e
AR ARG — B S — e AR B0 5 1B R AR BLIE 1R
ZEHRAEMIAE 0.5 MR ITTLA N, B PR 2 AL IE 5 915 0T
P ERZEH AL T WA ITKF

A5 R FH S /N U 4 ) 2R AR T R A ) SR OB UL
AR B RIS SRR BT AR B TR A0 84 A A
FEM AT o ARG IX 84 A b 3t R Hb 114 2R bR BT IR 3 A
B R AR AR A5 B o BN, RAEBF 5T X
19 % o A A B (DEM) 42 B T 84 A 1 11 16
PO Y] AL S RS R, 455 SPOTS j /&K
ARG SO DEIEAE R, BEAT ARAR G A 2 B
BERUAEIN . BF 58 5 BB KRR M R L B Gk S
SPOTS & & % Jv DEM oLl i s R E 5 78
S HURE L AT A9 SO DT DL T 5 B 5 B A A
FEM i A BT S a5, AR 2 1 R 3
X IO S AR B P95 O B8 38 T AEL K o kg A

MRS — B, 0 R A U A 1 A 2 A R 1Y

R
2 MIRAE

2.1 HZMENSHIERE

WRFEE I T 6 DARMRES S B, (46 3 ML S
FIAR T 2 B (AR 23 7 35 AR 7 T AR, & B ) AN
3 AR 2 B R K, AR AR A5 A 2 800 2R KO iR
mE 1 Prs.

(1) AR 2 800 T8 3 2 bR B 3G 4 K00 10 B 3t
{5 B ARAT A5 HF ML B AR 23 72 i (B (AR 20 1 H
Ao BRIy W T AR B O R B ) X B ARy A Sk
T ARG PR AT B, O AR 28 A B e SR AR It
PR LA

(2) A% b Z2 R 45 250 A0 — R AR 43 A2 AR LG,
PR ZREPE SO T AR RS E Z A0 (5 B, fa R
T RRAME AT AE R B BRI S5 ) 2R A
W5t % F Shannon — Wiener 358 %% . Pielou 2] )& 5 %k
Fil Simpson” s $5 % 3 Fh ZREHESE BT ok S we
FE XA BB Rl Z A4

R1 FNEMSHSEREMR

Tab.1 Forest structural parameters classification and description
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Tab.2 Texture, spectral and topographic factors classification and description
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Tab.3 Regression model results of forest structure parameters using texture features based on 9 x9 window
o (LRSS AL RS R LA ST
SRty EUEES S B Ji Z KR R R, RMSE P
R 23.211
Vi -28.910 0. 186 5.379
W i 15 20. 327 0.188 5.314 0.773  0.569  5.020 m>/hm>  <0.001
HH ~6.986 0.342 2.920
o ] 42.915 0. 390 2.563
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S 1 B AR B -23.230 0. 530 1.888 0.538  0.266 29.370 cm <0.001
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Tab.4 Regression model results of forest structure parameters based on texture and spectral features
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Tab.5 Regression model results of forest structure parameters based on texture, spectral and topographic features
o ERE S AL M2 R A ST
SRV [EVEEY wE I E KT R R, RMSE P
e 20. 924
K 0.011 0. 624 1. 604
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4 TR PR 8 M 0 4 4 60. 847 0.737 1.357
21k By -0.786 0.524 1. 908
- 9 B il A AL 10. 497 0.415 2. 409
e 0.482
¥ -0. 159 0.325 3.076
i BE -0.016 0.762 1.313
[ J3 P 0. 863 0.233 4.295
Shannon — Wiener &% N 0.903  0.788 0.249 <0.001
R B 0. 002 0. 800 1.251
LT AN B -0.003 0.262 3.822
b2 A 0.119 0.679 1.474
A2 BRIR 5 M I 4 $ 0.251 0. 659 1.518
R 0.357
BfE -0.054 0.771 1.296
TR 0. 000 0. 831 1.204
Pielou 5] B 5 % Wl 0. 027 0.779 | 283 0.875  0.741 0. 059 <0.001
g -0.003 0. 866 1.155
T LT A P B -0.001 0. 840 1. 190
R 0. 479
¥iE -0.068 0.788 1.270
i Br -0.012 0. 934 1.071
Simpson” s 5 ${ T 0. 238 0. 865 L ise 0.865  0.723 0.126 <0.001
TR 0. 001 0. 800 1.249
5 ZDA 0.058 0. 852 1.174
(2) 4545 SPOTS AR SC3 G 1% Fi TV R AIE 2 SR HUIE M58 AR 22 R W 0, 5 7 A Rl R

ST P AR 2 ) 2 5 1] DA RS TR 5 S B A% B HOG %
FFAE G S RS RN B ARy S EE LR
R R, H1 0. 763 - TF % 0. 864 , 44 22 B 4 45 U
S ZBEB KT 0. 86 e R 0.72 LU L, BB £E
) A R PR 25 ) 2 5 T 4SS TR s 5] A T PR A5 7Y
HA— e . B AT EE R« i T O R AR
9 5 0, S SO 415 G Ta] Y K BH A S K 28 BT L &

B
2

M S B4 D W AGOL IS BB e 4R
W™= AE TRCRFE W . 5T X AR AR GS H &2 2% 4K &
J& 0 86 ~ 1700 m , i JE AR K, B T or AR HEZ B3
A8 7. b 285 ) 1) 55 oM A R A5 016 1 B0 A R 1)
S AR SPOTS 38 J& 52 A8 S0 PR G 1% R AF 117 7%

MRESHE S B MAORS BE AN g Gl AN, 5
TE IR 71 5 i D0 ASE ROHS 52 R o



132 fe Mk Bl W ¥ 2017 £
10p maw (3) 765 15 25 bkt Ho 2 OR300 ) B A8 T
o B DS o, B B 36 4R 0 6 4 2 R £ 0 B B
o7} 0T K55 T AR O, R T R < B
K D BT, T I, MR 0 % 2
ol TSR A, M BOR (R4 75 T 19 2 bR 4
03} ZAE 5 4R IR F I W T R AR AR
o2t Fo i 6 F B R 28 4 T, IR T o
S 1IN 15N NiW 05 T 24 B b 53 2 SRS 0 0 5 0 D

= e 2T MRS IR AL 1 AR 5 R B

B3 TR FERE T 0 2R ARG S 5O RS, % b HIF R A HE N LI B R EE ROk B, (5

Fig.3 Comparison of forest structure parameter models

Ri(,i based on different characteristic factors

SRR 2] W i dee AR B B, mT LA S BRAS [ AL )
F Bt BROIR B0 , 76 AS F 9 v 2 B0 0 X A [ bk 2 2 Al

201 01 »0r 0.9986x-0.9749
7=0.9966x+0.4258 gl ¥710462:-0.8827 _ e T

15k R=0.875 & R=09113 &~ 225 R2=0.9-
£ : E 2%l A E
8 = < 200
= £ 241 < 75}
= 2 nt =
M 14t = =150
i 20t =
Eoy = B 125
B 12F E 18+ gﬁ
& 2 16} % 100r
= o} z

ot - T5p
8 0 12 14 16 18 20 12 14 16 18 20 22 24 26 28 30 50 75 100 125 150 175 200 225 250
Mo T H RS /em PR T ARSI (2 - ) AP EE B SEMHE (m? « hm2)
200 0.5 1.0p
¥=0.9809x-0.0212 AA ¥=0.98512+0.0105
m R2=0.9266 y=1.0445x-0.0217 R2=0.9462
= = 04 R=0.9413 0.8
& L5f = g AA
jz H 03 = 06f
£ 10} = 2
5L = K
5 5? 0.2 £ 04f
g = a
=1 ) g
£ 05 = o
= £ 0.1 02}
un
A
0 0.5 1.0 L5 20 0 01 02 03 04 05 0 02 04 06 08 10

Shannon—Wiener§ B (&

Pielou)) 8BS MIME

Simpson’ s$8 B

P4 AL (B 5 A A S L 4R

Fig.4 Comparison of model estimated value and measured value of the sample

D52 i) 8 8, BB T DO 2T B Be A T R AR A
FEBE AR B o SO 1 Hh 28 {0 R AR 45 1 2 BORE AL 11y
MR R HE, 25 T 3 DR 2 AR Bt
R T, JFC Dt PR AT R Ay - S AR B e T RS AR S )
TR T AS () 38 b 7 5245 80 BRI D) 22 S 450K, A
I SEAR SC 3 34 {1 e A U b B W BIF 5T DX ) R b 22 R
P, DU SO AL % 1 R s BB R E B, AT T 2R
AR Foft 22 A P T

(4) AR HY BRAR S5 4 Z 805 SPOTS AR LU
TG T R AE B A SCE A TR] 25 AL i 105
BEMAN o HCECAE AL R, 7T 1, 2R bR 45 4 2 e 7Y
AR WA B N e AR AR D - 23 35 B bR T THT
FH . Shannon — Wiener 35 %% . Pielou 3 2] J& #5 %% .
Simpson’ s 45 80 M H HAE .

RBFIEHRI T H 8 B 5068 50 A
3 R 7 H G TR 00 A b 4% i 2 e (B g ]
B, 65 8 5 3 3 8 4R B 0 A P 2 2
B 1) 2 B0 O B T 100 0 16 LA — 2 0 5
AT S8 X T R R A %
SEILT R FRBh Y2 0 2 76 78 2 [ R 3%, Al
R 7 v 5 T B4R AR 4 2 0 ORS E  R
T, 0 T P 4 4 2 0 B R O A R
W B BB IE 7 . SN AR B A 2
B T A5 GRS 2 BRI 22 B P DS, M 2 R 1
LA Kb A 25 3 A7 25 B Pt 2 5 e 2 b g 25 B 1
T H T 75 1 1 22 A b4 i 5 28 R 1
SRR A KB G5 4 A (R T
BN A 10 I S 9% 00 T 07 1



Hal

W E A A RARLU DR S IR RRAIE )RR AR S 2 MR

133

5 it

(1) FH] SPOTS 525 L0 HL Ol 3% A i JE Ak E
GRS 224> RRARGE K S Bt A7 B Rl v £ 00

(2) SPOTS 32 154 i A% AR 4 4l 2 BORE L 1Y e AL
OB 9 x9 B, ARG S B R, B
00 B AR 2 ol i 9 L e 1 e I S B
T Ak S T AR RO JE fe e o

ST RSN G R B B kG SPOTS 2R 803 Ok
TEAHIE 3 S HEAE A 7 BR AR 45 1 2 50 Il A B
RURLA K BE PR R A B4R T, ik S A A I ASE Y

(4) F|FH SPOTS 52 A& L3 OGi% Mg 3 >4y
TIE 8 7 1) o D0 AR PR 5 A8 2 B0 Ah DU A R v, S TR 0
R 1 e 080 O PR AR G5 M0 2 80 Mk o B LR (R, =
0. 864 ,RMSE 4 21.260 m’/hm”) , FL ¥R K #k 4> 7
FU(R.,; =0.815,RMSE 2y 3.295 m*/hm” ) , 455 5 i £

(3)BE45 SPOTS SR LU HMDGIE 2 A FRAEEE T K EEHRIRB] T 80% LA b, AT F T K RUBE Y 2R bR 46 4

O BRIRGS H 2 K B LA AR S fE e ST
2 £ x
U OBWRE, X2z, KGR, . TS50 0 A PALSAR ZRAREEH S BTN (1], JEatholl k242741, 2015, 37(6) -
62 -69.
ZHAO Mingyao, LIU Huiyun, ZHANG Xiaoli, et al. Estimation of forest structural parameters based on stand structure response
and PALSAR data [J]. Journal of Beijing Forestry University, 2015, 37(6) : 62 —69. (in Chinese)

2 EFRE, B, B, F REALHARRSIEAREEREHRIT]. WAk, 2008, 23(2) : 184 - 188.

PENG Shunlei, WANG Dexiang, ZHAO Hui, et al. Discussion the status quality of plantation and near nature forestry management
in China[ J]. Journal of Northwest Forestry University, 2008, 23(2): 184 - 188. (in Chinese)
30 BRGEAR, BIE. e ER O IE A RRSHEE ] AL, 2001, 14 (2): 73 -78.
LIN Sizu, HUANG Shiguo. An establishment and management of nature-approximating mixed forests in south China [ J]. World
Forestry Research, 2001, 14 (2). 73 -78. (in Chinese)

4 MORA B, WULDER M A, WHITE J C, et al. Modeling stand height, volume, and biomass from very high spatial resolution
satellite imagery and samples of airborne LiDAR[J]. Remote Sensing, 2013, 5(5) : 2308 -2326.

5 COUTERON P, PELISSIER R, NICOLINI E A, et al. Predicting tropical forest stand structure parameters from fourier transform of
very high-resolution remotely sensed canopy images[ J]. Journal of Applied Ecology, 2005, 42(6): 1121 —1128.
6 WALLNER A, ELATAWNEH A, SCHNEIDER T, et al. Estimation of forest structural information using rapid eye satellite data
[J]. Forestry, 2015, 88(1): 96 - 107.
7 ANDERSON J E, PLOURDE L C, MARTIN M E, et al. Integrating waveform LiDAR with hyperspectral imagery for inventory of a
northern temperate forest[ J]. Remote Sensing of Enviroment, 2008, 112(4) . 1856 — 1870.

8 CHO M A, SKIDMORE A K, SOBHAN I. Mapping beech ( Fagus sylvatica L. ) forest structure with airborne hyperspectral
imagery[ J]. International Journal of Applied Earth Observation and Geoinformation, 2009, 11(3): 201 -211.

9 OZDEMIR I, KARNIELI A. Predicting forest structural parameters using the image texture derived from worldview-2 multispectral
imagery in a dryland forest[ J|. International Journal of Applied Earth Observation and Geoinformation, 2011, 13(5) : 701 - 710.

10 xwg, &g, 5k, & KEAEIRR RS S A4 Yt PLE LIDAR A5 [J/OL]. R AL =4k, 2013, 44(9): 219 -
242. http; // www. j-csam. org/jcsam/ ch/reader/view_abstract. aspx? file_no =20130939&flag = 1. DOI: 10. 6041/j. issn. 1000-
1298.2013. 09. 039.

LIU Feng, TAN Chang, ZHANG Gui, et al. Estimation of forest parameter and biomass for individual pine trees using airborne
LiDAR[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(9) . 219 —242. (in Chinese)

LT R, BeAE, SRyfibk, 4. kT ALOS 32 B4R S0 B K or R4S RO MR A & AR A [ J/OL ] Rk HLBK 2 4k, 2014,
45(7) : 245 =254 http: // www. j-csam. org/jcsam/ ch/reader/view_abstract. aspx? file_no =20140738&flag =1. DOI.10.6041/
j. issn. 1000-1298.2014.07.038.

LIU Jun, BI Huaxing, ZHU Peilin, et al. Estimating stand volume of Xylosma racemosum forest based on texture parameters and
derivative texture indices of ALOS imagery[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(7) .
245 —254. (in Chinese)

12 ERSE, HOOF, Wukd. LT TM 24808 500 R E LW MAE Y mAG LT ] Mol ¥E R4 8L, 2010(6) : 102 - 108.
CAO Qingxian, XU Daping, JU Hongbo. The biomass estimation of mangrove community based on the textural features and
spectral information of TM images [ J]. Forest Resources Management, 2010(6) :102 — 108. (in Chinese)

13 EfE, RS, XE, & HE2 5008 SHE R TR E B AR [T/0L]. 4l U =R, 2014, 45(5) : 216 -220.
http: / www. j-csam. org/jesam/ch/reader/ view_abstract. aspx? file_no = 20140533 &flag = 1. DOI:10. 6041/j. issn. 1000-1298.
2014.05.033.

WANG Jia, SONG Shanyun, LIU Xia, et al. Forest volume estimation model using spectra and topographic factors of ZY — 3
image[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(5): 216 —220. (in Chinese)

14 EBOH, R4 MR R ERER AR A W) B A I e (1], AR A4, 2007, 16(1) : 108 — 111.

WANG Shujun, GUAN Dongsheng. Remote sensing method of forest biomass estimation by artificial neural network models[J].
Ecology and Environment, 2007, 16(1) :108 —111. (in Chinese)



134

/S I R = - i 20174

15

17

18

19

20

21

22

23

24

25

26

27

28
29

30

31
32

33

34

35
36

e, R, SR, . WA SRR A R[] Mol BleA, 2012, 48(11) ¢ 1 -8,

ZHAO Zhonghua, HUI Gangying, HU Yanbo, et al. Comparison of tree species diversity calculated[ J]. Scientia Silvae Sinicae,
2012, 48(11): 1 —8. (in Chinese)

W, b, EASE, F KA LR R MRE VR AR S5 AL LA R R g T B AR [T ] db st Mol KA 4R, 2008,
30(1): 258 -262.

JIANG Ping, YE Ji, WANG Shaoxian, et al. Vertical distribution of floristic composition, structure and biodiversity of forest
communities along an altitudinal gradients on south slope of the Changbai Mountain, northeastern China[ J]. Journal of Beijing
Forestry University, 2008, 30(1) : 258 —=262. (in Chinese)

I, HooPy, A, SF. KO RS Y R 2R Rl 2 (8] 43 A A% SR SR ) SC et RS [T ). R AR
eFik, 2004, 15(11) : 2013 —2018.

GUO Zhongling, MA Yuandan, ZHENG Jinping, et al. Biodiversity of tree species, their populations’ spatial distribution pattern
and interspecific association in mixed deciduous broadleaved forest in Changbai Mountains [ J ]. Chinese Journal of Applied
Ecology, 2004, 15(11): 2013 —2018. (in Chinese)

o, FEE, AL, . TEXRRG PG M TRARTE S TR AR B R S REVERTSE LT ], I A= 45244k, 2005, 16(7) : 1183 -
1188.

LI Zongshan, TANG Jianwei, ZHENG Zheng, et al. Tree species diversity of tropical montane rain forest in Xishuangbanna,
Yunnan[ J]. Chinese Journal of Applied Ecology, 2005, 16(7): 1183 —1188. (in Chinese)

JINGHUI M, SHIMING L, WEI W, et al. Estimation of forest structural diversity using the spectral and textural information
derived from SPOT — 35 satellite images[ J]. Remote Sensing, 2016,8(2) ;125 - 149.

BUITE, WA, B, . S0 Sr KRR 0 AR A W RS [ T]. BIRE R, 2006(6) : 6 -9.

LI Mingshi, TAN Ying, PAN Jie, et al. Modeling forest aboveground biomass by combining the spectrum, textures with
topographic features [ J]. Remote Sensing, 2006(6): 6 —9. (in Chinese)

OTA T, MIZOUE N, YOSHIDA S. Influence of using texture information in remote sensed data on the accuracy of forest type
classification at different levels of spatial resolution[ J]. Journal of Forest Research, 2011, 16(6) : 432 —437.

FRANKLIN S, HALL R, MOSKAL L, et al. Incorporating texture into classification of forest species composition from airborne
multispectral images[ J]. International Journal of Remote Sensing, 2000, 21(1): 61 -79.

PREIAE, Sel, BROCHE, SF. AN [RAE WS B0 A 0B 6 B 1 LU RIS [T ] Rk AR5, 2016, 28(1) : 1 - 4.
CHEN Minghua, CHAI Peng, CHEN Wenxiang, et al. Comparative study on the estimation of the vegetation coverage by different
vegetation indexes [ J]. Subtropical Soil and Water Conservation, 2016, 28(1): 1 —4. (in Chinese)

Eu, RO TR T R XORAME U G B A EOR [T]. ARAEARl K22 4R, 2014 (1)« 65 - 70.

WANG Jing, WU Jian. Forest stock volume estimation by hyper spectral remote sensing in arid and semi-arid area [ J]. Journal of
Northeast Forestry University, 2014(1) : 65 —70. (in Chinese)

X AR, OB, GF. REHLAE R RO R AL BRI [T ] Al TARAEAR, 2006, 22(2) ¢ 111 - 115.

LIU Zhanyu, HUANG Jingfeng, WU Xinhong, et al. Hyperspectral remote sensing estimation models for the grassland biomass
[J]. Transactions of the CSAE, 2006, 22(2) :111 = 115. (in Chinese)

ok, S, 22U, 5. BBURE R A Y @ A Or B [T]. P Aol K% 244z, 2015(6) : 53 -59.
JIANG Yunjiao, HU Man, LI Mingyang, et al. Remote sensing based estimation of forest aboveground biomass at county level
[J]. Journal of Southwest Forestry University, 2015(6) : 53 —59. (in Chinese)

ROUSE J] W, HAAS R, SCHELL J, et al. Monitoring vegetation systems in the great plains with erts[ J]. NASA Special
Publication, 1974, 351 309.

JORDAN C F. Derivation of leaf-area index from quality of light on the forest floor[ J]. Ecology, 1969, 50(4) : 663 — 666.
LYON J G, YUAN D, LUNETTA R S, et al. A change detection experiment using vegetation indices[ J]. Photogrammetric
Engineering and Remote Sensing, 1998, 64(2) . 143 - 150.

KANEMASU E. Seasonal canopy reflectance patterns of wheat, sorghum, and soybean[ J]. Remote Sensing of Environment,
1974, 3(1): 43 -47.

HUETE A R. A soil-adjusted vegetation index (SAVI) [J]. Remote Sensing of Environment, 1988, 25(3) . 295 -309.
VERSTRAETE M M, PINTY B. Designing optimal spectral indexes for remote sensing applications[ J]. IEEE Transactions on
Geoscience and Remote Sensing, 1996, 34(5) . 1254 - 1265.

BALLF. EViews6 BAFHYIZ A WA Ml e AE 2 LR PR b BRI [T ] SEMBOR 2 Be a4k, 2009, 20(12) : 31 -34.

ZHAO H P. The application of the stepwise regression program of EViews6 in the teaching of multi-collinearity[ J]. Journal of
Guizhou Education Institute, 2009, 20(12) :31 —34. (in Chinese)

DOUGLAS C M, PECK E A, VINING G G. Introduction to linear regression analysis[ M]. 4th ed. New Jersey: Wiley & Sons
Publication, 2006 323 —368.

W ARk SEMZoegett (M. deat: o 5K R, 2005,

B, ARENAE. R T R A Minnaert 3B B ERLRLA R HIBE L [T]. RIS SR HT, 2012, 27(2) : 183 - 188.

HUANG Bo, XU Lihua. Applied research of topographic correction based on the improved Minnaert model[ J]. Remote Sensing
Technology and Application, 2012, 27(2) : 183 - 188. (in Chinese)



