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W, AR T aEEE R

[ N A A B 2 i 5 R 2 S A B AR
BB PA R, IWAT AR P B e J S i A5 AR 2 B A 4
SRR WEREIRV AR AR 328, Hrh g
I3 iy DI P S P D I 2 0 S D E ey 67
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kB 5] N S0AB P A D i 328 2 ] D AR R
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TR A A R PIRR & 8ot 7 i PR T A L&
SRS AE B AT AR P 2 8 S it b Y I

T HE R 28 = W IR S, MELLR T
FUET™ o Wy PR AL )y AL BRI M, 3k Y,
HARXSSZ 2%, BEgedeb o Hor, LG E 8
T B R TR RS ST o LR RO AR A
BTk Z IR AR T 1 s o U g, |
BT R R TR S B A . R, RREE
AT 5 S A A TR R R AR A5 40 S e B
JE#3 . Shabanov &F (2000) F2& T 0L £ MOeE
JE RS AR i A A B —— B A LR S L 4 A5 2 SRT
Fi7 (Stochastic Radiative Transfer Model ) , A5 4
FIABERLZ i AR, X AH G ek 8Ol IR A T
MR —, BAEL T34, A
A VBRI R IE R (MR 48, 2016) 0 ARl
TR AR By, TR 5 g
FETRKSVTET L R T ) A AT 24 4 S B R R IX
SV AR SR RE L DN TR R ST A i A 1) 3 P X 42
P B 23 6] 43 A AN — B RBRAR . B AL (1Y SR W) B
OB AR B B AR A, 25 58O 775 B AT 1 1] F
Bt . ZEREE A EENSE KRB R
(the probability of finding foliage elements, 7R~ H:—
K V- T BE % 4 B0 A B A RE ) XA O RR AL
(the pair—correlation function, 7R IHHFEE 7 1] L %F
B PIANKF- T RE A% (] s PR BIAE 4 A% o

SR # B AT ALY K F- 3 A (HBLAT 53 Jo 1 B b
g3, HOH P 5 2 Bk 20 i A3 BR MR 0 AR A 2 A
Ko SRIMT, ZA A KB OC TN SRT 1AL i 47
AR P B2 S s R BF 9 . R BB PR ) SRT A J
TS DA 2 A LA 5, KA B T i AR ARAR A
JE R AR AR B . L, AR ST B R A
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(HUAWEI MHA-ALOO, A% HER K 2976X3968)
KFRCE, EE L3RR . RE, MR
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Fig.1 Remote sensing images and plots (white cross) of the study area
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Table 1 Statistical distribution of measured values of plot

parameters
SHA RRME moME PE W bRifEx
AR 0.68 0.05 0.34 0.32 0.16

PR RS A 2.55 0.17 0.92 0.98 0.58
PR BE /(K /ha) 1020 150 660 600 290
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-5 R /m 4.6 3.0 3.9 3.9 0.5
ST R ST Y

- 2.03 1.25 1.48 1.51 0.22
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MUCHL GF-1 e 37 AHHLFN Landsat 8 OLI %
B R, 3T A R A 0 Uk B e N ek gL,
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FHE o
23 EREERINSAE

{5 TR SR 51 1 3 PR30 b UL % 458
KEBRIERG P E &R, T20134:4 Ak
G, A 2mem, 8mEHiE. 16 m ZIETEHL
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Fig.2 Technical route for canopy closure retrieval
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3.1 FEHUARSHEMIERE

SRTHHR IR TR GERK, T B 56
S 4% % o F2 (Vainikko, 1973a, 1973b) . J5 3k
Shabanov % (2000) $& 1 H T ARk SRT#AY
Shabanov %5 (2007) 4% SRT £ 4 4™ J& 21| R 52 Ak,
H2H BE LR A 58 S AL F B (Stochastic Mixture
Radiative Transfer Model) . BEAHLIE & %8 5 1% fiy 45 AU
FE 5 18 o R A4S R A A 5 B 7 40 A 1 SRR RN
R R BEE T B e R v S S M e A AR 22
St BRI B FR AL B TR AC AR . Huang 55 (2008) iz
R, o 3 geabtypok s, s2
B SR %5 5 XoF AH G R B A B0 . B S FE(E 40 BT
T, A B 3R 5 R AH OGB4 X R 5% pR B
g FRAEMT 1 3 Y J2 454, DL R et 23 S S 4
SR Mz AR A, I BS54 40k BE AL R AR
Fb, Bt B S A% A 80 i o 412 50 e J2 I S R B b
43 LALBYZS AL MU AN 25 . Shabanov 2% (2018) #HUELIK
— WA E A A S BB A R A, DT [ B
SN TR AR A A BRI A

SRS 3 PR AR 52 K ST TR S D 1) ST 25 i
JE, SRT ARG A& EI R AR R p (&) F0%HAH G o
$q(z. & Q)RS5 10155 B 540 it
o WK 3R, 3T, p(é) FBnIEKF
& BB, g(=. €.Q) &AL T QI
1] 28 3% & 1 2 B A 7K T T8 B [ B 8 380 47 i 40 A0 222
F T R RRASASS R0 v 5 AR R B R A, 0T
AEZKSF-TH, p (&) FBUE R H L, PRI SCFE
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K3 SRTHEEISH p il g m & E
Fig.3 Schematic diagram of parameters p and ¢ in the SRT

model
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23 AV RRAEAR B o ASWF 58 T A9 SRT AL RIS R
F1E# Nikolay V. Shabanov, F Fortran ifi 5 a5 .
HATRAS b, 3 5 i AR e 5 A e IR
PR A BUARRAE , 8 3 i A B B, i
FAO AT R MRAO G R, Tl TR B AL p F
Xof AH G eR B R AR S [ 73 A S B0, RN Y
SIS 2R . PR o A T R S R R
SP L RERU AR, IR A e 2 R
V18 S A2 o e A N O S22 S A 8 il ek 9 A R B /L
I BE S HOT BN ] £ B2 9 )2 BRE
SRTHLRL i Adn th S H % 2.

32 ETERRNSHRERZ
ZEER VP RS HO AL, il ik

SRTHREAVIEACHS, SCOL B, A ldh i S
TU R A 4R . iR AN () 4 (8] 3 A 2R AL AR
HFeom M Jese /i, AR A i Ak th 250
BCE IS,

R2 SRTEEMNEHSEH
Table 2 Input and output parameters of the SRT model

KBH A
W g S EAR Z L J7 4 A (BRF)

A T AR O AR 43 AT
I SRS 25 K7 B
B AR
XA G R AL
UL R

ERBOM AR GBI R

*3 SRTEEERRSEHIRE
Table 3 Parameter settings of SRT model look—up—table
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I P 47 S 5 (BRI A0 485 nm, 555 nm, 675 nm, 789 nm, 1609 nm % B (7= BRF
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SHE A, BRITFE B33 A a R E
41T, SRR R B AR R OH Y OE &R
g x=0.59H) .,

SRIG . R BH/TE R KT A7 57 f A GF—1 Al
Landsat 8 # JEGE ALk SO 20 AR, 5 . 2%
2L, LM BUI A R T E A GP- 1528 1K
PH/ TR R TR fh, FEik Lo B i A k3=
T ZL4 A Landsat 8 218 B KB/ DR R Tif . MR
AT BRIN T BRI 2 A o i B 4 58 B ds S
RIEIE 2.2 h gk, AR B R P38 SR K

AR 2, I Bemm B pR B R AR S, R
PRSI 5 AN By -2 S 3 RO SR ME, AE
HEES A . LIRS R SR E
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WFFE X S A 5 AR F e, G AR h AR LA
HERGOTE 3, S TR RS 3 AR R
T ANHE AL R R R
R B AE A A 23 p AU - TG FRRE 25 LAT Ry S i
HinZ8, HEMEA —EMH LR, 7ESRT
B, A RS p (H 5 LAY OC R AR S A
plH, DA REOR . B rh p (508 A [ e A
MR FRECR, Hob, Sk BRI IR AR SEPR
THHAEEAMAT (Shabanov 55, 2018), i LIACHE
FEBE p (AF LATIY G RSB R B0 . 88 A
3 Hy Shabanov % (2018) 7EHAE YAk % 2256 2
PLHR— AR E F SRR, R B R B3 p
EpH LALZ [AIE R IR AR, FbarT
p=1-exp(—k-LAI) (2)
X, AR FRE, HTRER EEER (1-p)
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LA AHOCRR BE o X FAF AR, k38 5 BUE 7E
0.3—0.5 (Bréda, 2003, MASFEIMRE(ES L P
F; Gonsamo Fll Pellikka, 2009). AFEMF. A[E
REBREMMS, FBUEAIAFE, hTRIKSEGS
SR 2255 R Bk A HERRAE,  r LR SE0 &
BUE 203, 035, 04, 045, 0.53L5F2M, 1)
BN LAT — 2 B A [) (%) e ] [i) B2 AR 968 P ] B ) A
7o LAIDL—E L KU E, (3 550 A S
LATSEI0 R, [ B 353045 30 9 p {3 L 7E 0—1

PR (2) A LATAE AR 24 A 5 Ry
1520 p 18

i e R L TN S QiR - R R (N I
AR B AU Ay T e S, e 2B K 40017 8 B 1Y
B, MHF400 Fh LAL, pfH . T HERAM RS
SHEAG, SN, . 40, mash, Eik
LIAN S AP BORE R . 5 AN BOW R Y K FH/ T
B RO R S s Bk 4, p{E S LALE
BEERIES,

x4 KR/IERERCEHERE

Table 4 Sun/satellite positions and spectral data settings

PO mm RIARTA/(0) R ALA/C) MR TA/(0) WM fiff/(o) M S gsse M ri gt Reata1 Lo

485 0.13 0.13 0.072 0.065

555 0.165 0.165 0.093 0.073
41.51 156.61 17.74 103.35

675 0.13 0.13 0.11 0.082

789 0.44 0.33 0.19 0.20

1609 31.16 128.57 0 0 0.21 0.21 0.20 0.20

x5 MOEHEELE

Table 5 Parameter settings on forest stand structures
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LAI

pfH

FEH0H (k=0.3)
HEEO (k=0.35)
RO (k=0.4)
EHUH (k=0.45)
FEHOM (k=0.5)

[0.1,5.95],step=0.15

0.02955,0.07226,0.11308, -+,
0.03439,0.08378,0.13064, -,
0.03921,0.09516,0.14786, -,
0.04400,0.10640,0.16473, -,
0.04877,0.11750,0.18127, -,

0.82448,0.83220
0.86866,0.87538
0.90173,0.90745
0.92647,0.93127
0.94498,0.94895
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Retrieving canopy closure of Yunnan pine forests by using stochastic
radiative transfer model

LI Xiaoyao, HUANG Huaguo
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Beijing 100083, China

Abstract: Remote sensing is an important method used to estimate forest canopy closure in large scale. The three kinds of remote sensing
algorithms for canopy closure retrieval are statistical, physical, and mixed models. Although statistical models are commonly used, they lack
physical explanation and are limited in local areas. Physical models have clear understanding on mechanism, which can be used in large
areas. However, due to higher complexity, physical models are less applied. The Stochastic Radiative Transfer (SRT) model is applicable in
simulating forests with horizontally distributed heterogeneity, which may represent different canopy closures. Exploring the inversion
method using the SRT model could improve the efficiency and precision of canopy closure inversion.

On the basis of the SRT model, an inversion method has been proposed on canopy closure retrieval of Yunnan pine forests. The
fundamental step is to determine the quantitative relationship between the canopy closure and the probability of finding foliage elements in
SRT model. To match the Yunnan pine crown shape, an equivalent model was used to correct the cylinder shape assumption. Then, a look-
up-table was constructed to inverse the canopy closure to obtain the reflectance from GF-1 and Landsat 8 satellite images. The probability of
finding foliage elements and leaf area index were determined in the case of a minimum difference between simulated reflectance and
satellite observations, and to calculate the canopy closure on the basis of the stochastic Beer - Lambert - Bouguer law. Thirty plots of field
data were used to assess the inversion accuracy. A statistical inversion method based on NDVI was conducted for comparison.

Results showed that the inversion can accurately map the canopy closure of Yunnan pine forests in the study area (R?>=0.8345, RMSE=
0.0688). Reflectance of the bands used for retrieval performed sensitively to canopy closure. The use of composite image from GF-1 and
Landsat 8 is feasible. The equivalent shape correction model is reasonable, which reduced RMSE by 0.0466, and the algorithm is flexible in
different crown cases.

This study can support forward models and inversion methods for large-scale forest canopy closure retrieval. The research could be
extended to any tree species by changing the model parameter input, and any crown type by crown shape equivalent correction.

Key words: remote sensing, stochastic radiative transfer model, Yunnan pine, canopy closure, crown shape correction, GF-1, Landsat 8
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