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Abstract; Correlation analysis of canopy density with remote sensing data for different forest stand is basis for estimating
canopy density using remote sensing, which is an important field of forest remote sensing. The relationships of the canopy
density with Landsat Thematic Mapper( TM, which includes seven bands represented as TM, \'TM, \TM, ,TM, ,TM, , TM ,
and TM, ) data for different forest stand were explored in Shimian County of Sichuan Province of P. R. of China, and how
they were influenced by topographically correcting TM using the Lambert Cosine Correction ( LCC) model and the Sun
Canopy Sensor(SCS) model was also studied here. Firstly, the topographic database and the forest resource GIS database

whose data were acquired in1994 in field were created. Secondly, Landsat TM data acquired on June 26, 1994 were
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geometrically corrected by using topographic maps, and matched well with the forest resource database. Thirdly, TM-LCC
and TM-SCS were respectively obtained by topographically correcting TM using LCC model and SCS model. Fourthly, the
mean and standard deviation of each band of TM, TM-LCC and TM- SCS for each forest sub-compartment were calculated
by overlaying the forest resource GIS data with each band of TM, TM-LCC and TM-SCS, and were added into the attribute
table of the forest resource database. 1194 sub-compartment samples of relatively lower standard deviation were selected from
the forest resource database. Finally, the samples were stratified into eight forest stands according to their dominant tree,
and the correlation coefficients of canopy density with each band of TM, TM-LCC and TM- SCS were calculated for each
forest stand. It was shown that the correlation coefficients differ along with different band and different forest stand.
Correlation coefficients of canopy density with TM2,TM3, TM4, TMS and TM7 for Tsuga chinensis, with TM4,TMS and
TM?7 for Abies fabri, and with TM1 for Picea asperata stand were significant at the 99% level of confidence. The highest is
the correlation coefficient of canopy density with TM5 for Tsuga chinensis stand, which is -0.324. The correlation coefficient
of canopy density with TM1 for Tsuga chinensis stand is significant at the 95% level of confidence. The correlation
coefficients of canopy density with each band of Landsat TM for Betula , Quercus,Alnus cremastogyna, soft broadleave and
Pinus yunnanensis stand were not significant at the 95% level of confidence. The correlation coefficients of canopy density
with TM, and TM; for Tsuga chinensi, Abies fabri and soft broadleave were enhanced by topographically correcting TM4 and
TMS using the LCC model, which are respectively —0.394,-0.374,-0.209,-0.210,0.545 and 0.577, and significant at
the 99% level of confidence. The correlation coefficient of canopy density with TM7 for soft broadleave was enhanced by
topographically correcting TM7 using the LCC model (from 0.051 to 0.513) , and significant at the 99% level of confidence.
The correlation coefficients of canopy density with TM4 and TMS for Abies fabri was enhanced by topographically correcting
TM4 and TM5 using CSC model (from —0.170 to —0.213 and from —0.181 to —0.207) , and significant at the 99% level of
confidence . The correlation coefficients of canopy density with Landsat TM for Betula , Quercus ,Alnus cremastogyna, Pinus
yunnanensis and Picea asperata were not significantly enhanced by topographically correcting Landsat TM using the models

of LCC and SCS. The study is of important value to stand canopy density remote sensing.

Key Words: canopy density; forest stand; remote sensing; correlation; sub-compartment

FRMAR AT A Tt 552 R S b TR ) AL, B R AR TR R IR A () BE 22 -2 — |, & XA ARl | B Ak
M5 ARG B AR bR, R R AR AR R IR 2 B — TG bR . AR IR R R M NS RS T AR
I TET A5 BRRR AR PA) 32 B ke o T2t n o bRessk I i A SR EBCRR MRS PAT 2 — > 2R SR g ), BB A
JE 5 1 BRI 22 1) B R S AT i D2 ) 0 1) S B LA, X i, I A2 P T — SR R AT
UNZ= S 57 R 58 SCIF 5T & B - 78 Bl st T2 & ] 4L LANDSAT Thematic Mapper (TM, f0fiHpEE 1 £ 7,45
WIFER K TM1  TM2 . TM3 . TM4 . TM5 . TM6 1 TM7) 1, TM5 . TM7 . TM4-TM3/TM4+TM3  TM4- 3 ( TM4+TM5-
TM2)/( TM4+TMS5+TM2)  TM7/TM3 F1 TM4/TM2 %5 % A8 b BE A7 0 LM 4 FH ) L R Ao [ 325 0 9 %
U ZR AR A BE 5 TMS TM7 FIZRIE T B 46 B0 SR DGR SR R K AR S A S I, v 1
T B (S HO B 1 & 5, 4301385 0 B1 B2 B3 B4 1 B5) iy B1 B2 B3 F1 B5 M HIRAE%H ( B4-
B3)/(B4+B3) B4-B3 il B4/B3 S5 X ZRAMAR P B2 A M 17, 2545 /0 e b T SN AR b, mT DA S 30 2R AT AT 38 11 22
JCEBEE L mn CEZER MR AR S SPOT RYLT kil oA SRR, 1 5 30 2T 4 BE 1Y)
SRR, XL IE A — B REE LB /R T ZRARAR P B 5 38 BB B FLUR AR i =2 1] A0 S PR RR A, 10
S NIRRT 5 3 B (R AR DG MR an el 0 R AR AR 22 50 HURAS IE X R A AERZ A 7 X SE R 2
FRMAR PA] 32 328 A B P il ) o [ R

FEHNRZ BT T, [ N AMAE CF R T — S 5 MR R . A2l 3 T 32 [ 50 P2 1) SR 2 B
WHEZR A7 @ TE R T ARMRR 2 B 25 () A0 AT RRAE T WD A A AR S 43 A R AE ) R A bt ) A X

http ; //www.ecologica.cn



74 Wrrs A SRR I P B 5 R A A AR ek 2121

7RI ST 2R B B A5 A Wy k25 )G A R AE PR U5 TR TR LA 4R T —
PRI VA 2425 T (R R i) R ) BRAE B G T 3R i SR U] e R Bk RS
TR B T IR SR TR . FREC AT T 2 BRI — 2R AR BT I — 2 B R TRy
ARG, DEEREARNMES 2T RE A BRI, ARE s 9 28 B0 P [R) 2R, T R AR AR
P RE S SRR A BT i A, 31X S — MEAR RIS AR R0, DAk, AR SCRL D)1 48 4 4B D 6], L2 1) S0 v 3
KGN LANDSAT T B8 o et , PRI AR A8 P B8 R IR ) S BT 12, 9T AN TR 2348 PA 2 -5 i i ah )
AR 22 5 I 2 M A AE S e S Bl )

1 X S5HE

PRI XA DU A A AR A BN ZR 28 101°55'—102°317, b4F 280517 —29° 317, BEN AL N 32, 1645
AHIE] . 58 PTREHR 81 2535 5000 m, fe i KR 5793 m, ARV R 790 m, BEPRIRES , KIEM M 2Esd, H
A TR T B R A . AR Y 800 mm, AR IR 17 €, ZEBAARE IR R WA TR
E XK AR XS F A AR X, %8 FEA YA (Tsuga chinensis) ¥ A% (Abies fabri) | = 4%
(Picea asperata) | & K ( Betula ) \ #% 25 ( Quercus ) . #& K (Alnus cremastogyne ) . JX & 25 Fl == B #% ( Pinus
yunnanensis ) % )\ K2R

JITAE FH BB AT AR IR 254 (1994 4F ) %44 \LANDSAT TM %448 (1994 4E 6 H 26 H sif%) i1 1:5 1
RIHIE RS . BRARGE AR G5 AREEA/ N B R LA ( RIMORH BT 5 ) AV NBERR 740l . 3 SE 0 14 15 4
ARILFEAEE SN AT S /N SRR 5 AR P B AR — 3, HR/INEE 1 hm® DB A5 F 9 AL B T™M £t
X3k, H/NPEE - FE A/ NI S 2 AR ARPAEE NBEE B b AA HIERAAE Sl L
I REIE P4 B AR R L K INDR DR R 42, T AR GRS P 3 Ao 0 (b R 1l e v il b P
I8 i TR R AR Digital Elevation Model (DEM) . %F LANDSAT TM #4717 JLfa[#¢ 1E , 35 DEM FIZRARE
VRECE FEIEAT T HCHE, R 227 1 MBI

2 MIRAE

MR R 1 R,

SR T BT AR T X bR 31 DA 5 3 SRR A DG oo o
VLS, A SO P B A 1A 4% 3% 4580 ( Lambert Cosine HIPRRE [
Correction (LCC) model ) F1K PH-5 )2 (L AR 57 (Sun | LANDSAT T™ i > gﬁﬂé ﬁﬁ%%@z‘%ﬁﬁﬁ

. JANE=TTESE % %L
Fldili)py S/ensor( SC?) model ) J’}’jJJX'J' LANDSAT ;FM B ’ FT—— ) T
BEATHOB AL IE , 45 2K E S5 I, 43 5 R TM-
LCC il TM-SCS. Bl 1 T AR b5 AR S AR AR S AT
LCC *ﬁ 551 %:/ £ j\][ 4] Fig.1 Correlation analysis of forest stand canopy density with
2 :

TM data based on spatial database

Licc= Ly/cosi (1)
2, Ly ARRALIE S 52 BEH, B TM-LCC; Lo AR I B A W 52 BEE, B TM 50 9 AT
Cosi =cosfcosB+sinfsinBcos( A -w) (2)

1, 0 SRR TCITLET- I A9 BE A 5 B o R BHRTOUA 5 A S KB 00 A 5 0 AR T IR AE T IR 38 1) £ .
SCS BRF L AT,
Lees =LycosB cosb/ cosi (3)
T, Ll SCS BERIARL T J5 A2 BE (A, B TM-SCS; 0 WIEFESR, B M KK T i b ABTHf
FERMBE B S TM [ TM-LCC F1 TM-SCS #4178 NGe it , 15 214 /NI b B Bt S B
REERE 3 S AR 22, JELASEAE R/ NI S SRR A 5000 | 8 LTS I 28 AR RS R A5 P v S BB o 22 48

http ; //www.ecologica.cn



2122 JAE = 35 %
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Table 1 Correlation coefficients of canopy density with remote sensing data for Tsuga chinensis stand

N Al S B 1 . . . . ;
AR CHBENIRL oy owms  wms mmEs B 7

> > sensi i ‘ T™2 ™ T™M4 ™ T™7
Remote sensing data Mapperl (TM1), 3 5
1 IET Before correction -0.177* -0.251"" -0.254"" -0.321"" -0.324"" -0.270""
F{AR 4 3% 82 1E. Corrected by v

) . ~0.04 ~0.092 ~0.082 _0.394 % _0.374%* _0.245**
Lambert Cosine Correction ( LCC #1F) 0.048 0.09 0-08 0.394 0.374 0.245
R AL

ARBTEIR-f kAR Bk 0.083 0.047 0.047 -0.257"" -0.219"" -0.091

Corrected by Sun Canopy Sensor ( SCS K 1E)
o 7R 0.01 ARV L BFEAMG, * 7E 0.05 K F LB FH K
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Table 2 Correlation coefficients of canopy density with remote sensing data for Abies fabri stand

8 A ekl flide ) B3 WBe 4 BB s BB 7
Remote sensing data TM1 TM2 T™3 T™M4 TMS TM7
S IEHT Before correction 0.001 -0.081 -0.112* -0.170** -0.181** -0.180**
LCC £Z1E Corrected by LCC -0.029 -0.049 -0.062 -0.209 " -0.210"* -0.178**
SCS #ZIE Corrected by SCS -0.001 -0.029 -0.044 -0.213** -0.207 ** -0.171"*
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Table 3 Correlation coefficients of canopy density with remote sensing data for Picea asperata stand

1 B B Wbt 2 ek 3 ek 4 B s B 7
Remote sensing data T™I ™2 ™3 T™M4 T™5 ™7

HZIER] Before correction 0.205 " 0.138 0.062 0.101 0.066 0.047
LCC #Z1E Corrected by LCC -0.046 -0.032 -0.061 0.048 -0.001 -0.034
SCS #IE Corrected by SCS -0.025 -0.008 -0.037 0.096 0.046 -0.001

# % 7E 0.01 ZKF EREMIE, « 7€ 0.05 /KT L B EHHC
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Table 4 Correlation coefficients of canopy density with remote sensing data for soft broadleave stand

SRS E BB 1 el 2 W3 BB 4 W5 B 7
Remote sensing data ™I ™2 ™3 T™4 T™5 ™7
1% 1IEH Before correction 0.084 0.013 -0.004 -0.041 0.036 0.051
LCC K IE Corrected by LCC 0.266 0.323 0.312 0.545** 0.577 " 0.513 **
SCS #1E Corrected by SCS 0.212 0.262 0.249 0.395 0.446 " 0.405 "
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Table 5 Correlation coefficients of canopy density with remote sensing data TM for Betula stand

SRS E WEL WB 2 WBL 3 BB 4 BB 5 BT
Remote sensing data T™M1 T™M2 T™3 T™M4 T™S ™7

1% 1IE R Before correction 0.018 0.003 -0.041 -0.003 0.002 -0.006
LCC K IE Corrected by LCC 0.041 0.051 0.041 0.039 0.061 0.065
SCS #1E Corrected by SCS 0.057 0.069 0.059 0.029 0.065 0.086

FRISARA B A 5 3 BB Z [B) AR G R BUNEE 6 Frn . MNFR 6 F o] LI H | BRSSAR AR 4] 7 5 8 JE
PEHITE 0.05 BYAKCE FAHSCPEY R 2% . LCC A IE AN SCS K 1E A it 472 i HAR A1 2 55 4% e BEBR i ) A 56 42
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Table 6 Correlation coefficients of canopy density with remote sensing data for Quercus stand

FRIA B Bt 2 B 3 Bt 4 S B 7
Remote sensing data T™I T™M2 T™M3 T™M4 TMS ™7

#ZIE T Before correction -0.053 -0.056 -0.073 -0.083 -0.075 -0.074
LCC #Z1E Corrected by LCC 0.034 0.034 0.032 -0.003 0.021 0.023
SCS K IE Corrected by SCS 0.049 0.052 0.050 0.016 0.042 0.043

FEAPR 3471 PAT HE 5 228 SRS Bl 2 ) A S RN R 7 Bz . IR 7 WP T LU I RS AR IS D 2 15 et SRk
PR 7E 0.05 I7KF EAHCHERI AR B3 . LCC BLIE AT SCS A% 1 oA BH 5 £ e FLAT AT B2 5 45 ol BEAICHR Fry A DG
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Table 7 Correlation coefficients of canopy density with remote sensing data for Alnus cremastogyne stand

SR ek 1 W 2 B3 Wik 4 flid= itz
Remote sensing data T™1 TM2 T™3 T™M4 TM5 T™7

K IEHT Before Correction 0.139 0.078 0.099 0.006 0.038 0.032
LCC #Z1E Corrected by LCC -0.089 -0.084 -0.080 -0.133 -0.116 -0.113
SCS #ZIE Corrected by SCS -0.129 -0.138 -0.134 -0.246 -0.198 -0.189
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Table 8 Correlation coefficients of canopy density with remote sensing data for Pinus yunnanensis stand

E S B 1 WiBE 2 P 3 PEEE 4 Bt 5 BT
Remote sensing data T™1 ™2 T™3 T™4 T™5 ™7

HZIETH] Before correction 0.010 -0.047 -0.017 -0.072 -0.035 -0.023
LCC K IE Corrected by LCC -0.015 -0.019 -0.007 -0.069 -0.032 -0.008
SCS #ZIE Corrected by SCS 0.017 0.011 0.020 -0.014 0.025 0.031
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