1007-4619(2021)10-2103-13

FHEIkEMEX B E EBERS R EEFH

AN

EH8E, KA, RWW, FE L

L AR T R2E AR KF T REABE, A8 230009;
2. BHE IR R LA L 3, AL 230009;
3B I BER S IHEEEE, AIE 230036;
4. P sC il K 2E Rl 5 058 TREABE, AR 611756

B OE: NSRS B E ARy, RO TR T E] B A R AR R AR B T A R . TR
W FOR A BB BHETE . AT | B HE+ AR SR 12 M B R S R B AR K. SR, AR K
SEANERIRET LA A IR T A4 S I R S, AL T LA AR BRI AR, SRR AT A AR A KL
o F b, PMERIERE—F W WA TEIAR o A SO T 7E 25 [0 SR YA RS S0 A B3, 4 Hh 2 BROR A
S e 2 [ R AR AR RO A5, It — DY R BIXCEMBE M S . [RINE, LIRS 3 e
XTI T BRI 55 AR ST RO 2 (R B 4 5 SR A P R RO AT O 22 e o B3 b R 2 A SR 1%
W RE . B R AR DA S B S . R e il iR SO AR BT R . ARERN] . (1) 2
BRICA e 5 HABA ST AR 9 5 )2 18] B A B R 2 5 o B WL SR T A B9 o, AN [RIAR ST AR A5 2 i OB A T 1) i
JZ G B AR A A 25 S B . LN K T5UAA Ry 70°m ,  BIHETEAR T -5 21 BRI AR T A4 T 2 (1] R A< 25 57 2
L 100% . (2) BEEIPRoT S AL B FR BRI AR AT B i o oS B0 T, B HE A el 5 i R AR el 1y SR A 2
HROHIXT 2257088 30% . (3) MBI 15 AR TR A~ bR s 18] SR A 48 BOW R A 22 S AR B
K@ B, BIEER, EHEOERE, SCEMEOERE, )2 EEAR, RAEERE

SIA%K: T, BME, AWM, A 22 ¥ HHKEHNENEEAREEREFREHNBMAR . BREFIH,25(10):

2103-2115

Wang S T, Geng J, Tu L L and Yin G F. 2021. Influences of semiellipsoid—shaped crown on gap fraction and
clumping index. National Remote Sensing Bulletin, 25(10) :2103-2115[DOI : 10.11834/jrs.20219400 ]

National Remote Sensing Bulletin & & 5 4

15 =

FRMGE J2 B TLAT 235 K4 R A0 AN AN 542 5% 1) BR bR
TR A BH A S 0 R 3 DA R 8 B R R I BB 0 56
WS BEE A SRR . IR,
e e . IR EESEARN  NVRAAAE, IF S 3
MOE AP R IM R Z B 1 g i 284 (Ellsworth 1
Reich, 1993; Parker%:, 1995; Z={f 3 i [
2004) ., HI, FRMGEZ SR TF RS S RGE
HRAHRHEZ L,

e J2 R E R R IR AR . RS AR S LA
WRENT & T RIZ IR . S ERNES (Asner 55,

i HEA: 2019-10-31; FENZR: 2020-08-02

2002; Lefsky %, 1999; Parker %%, 1995) . 7EAH
Bl TR AR, T LA )23 ] B 2R AR B e Ok
PRl 2 G ERAE . Li A1 Strahler (1988) 4 7i
R B E R FAE R E T il — s — &7
T B3k 5y — s AR B R AR LA, e )2 (] B
RAEA B o X R RS R bR s AR
WE GO, )2 N R B AE A ] — g R
JEM RN, Nilson (1971) H BB —1TS5H0
He AR iX — P4, Chen Fll Black (1992a) it
BOPR i i SR TEAR R, & A 0 T R L
5 AE BB R S R IR R
— A E RGOSR S SR, R R

HETHR: FEHARYIESE (415 :41701383,41801234) ; 22144 H AR 34 (45 . 1808085QD105)
FE—1EEE N LW, 1995484, B Bi-AF 58 A W98 )5 8 AP 2 B 7% 8. E-mail: wangshaoteng1995@163.com

BIEIERE A : WOE L 19884748, 5 PRI, WHSE )5 1m) AR i ik i

&%, E-mail: gengj@hfut.edu.cn



2104 National Remote Sensing Bulletin

R 2021,25(10)

LA G RN RS2 Fr L DA 4 i A R ST 21
AFE ARG (Chen %5, 2012) 5 475 LI £
JEEAH G A SR A S 8 BT B 2 W25 G ik T AN
75 ) LAI Il & (Lang il Xiang, 1986; Chen #
Cihlar, 1995; Fournier fil Hall, 2017). HULAR 4%
Lambert-Beer 2> 15 BI& 1 J5 1 ] R A A
P(6)=exp(=G(0)-L-£2(6)/cosb) (D)
A, PO) R MM KT A 0 T EIRBLAR, G(0)
Pl WANIURIE D% s G i I X AL TR AR 2o N E S RD VIR
75 1) B F- T A 285050 2R %, LRI AR e £, =
Sy g A7 b T TR AR Y R TR AR A — 2 (Chen F11
Black, 1992b).
YENEHOEZ (AIARM) ALK, B
WARBAR Z 28 s . A 2L H4ET, AR
22 H TR Y R St L o el 2 (R B ke . SR AR
JEHR BN 2 S 5 R 2 AT RS o 40 Li Fl
Strahler (1985) [ JLAAr 27 A6 Y rp i 1 i A ek A
BONHEIY , WA HE S T B S R e i DY 73 i3
B, JF Ham ik s BRI, e = 4E LA AT L
ARG M fifp o AR ARG 2= 19 XL T] S S8 #4843 A R AL BRDE
(Bidirectional Reflectance Distribution Function) [f]
5 Li Fll Strahler (1992) #E— 2544 1) 56 1 i3 o
BRIE, 5 TR IEAR XS BRDF (5200 (R, Ut
SRIE T HARYBYIRIR . GA X L sl
50 ; Chen A Leblanc (1997) A A4 77 &FiF Ak
B AR A R HE + B AL B i, AR H P R
JEIUM G # AL s Chen 55 (2005) BB I A% i
VR B HE+AETE | R AR B B R R ERE 40 #r 1
AAEEC (A SRR —1k2E) SRERBZ
IR FR, IR 1Ak ya Y i R SR AR BE 4R 2
T KA (2014) RERE I EE | BIHEE . [
He+ BT TR, BIFGE T RS TE PR ] it 58 1 2R
AR 8 B K LS W T AR S8 B SR R s e 5 KR
S5 (2016) fRBEWTENIEERIE , W58 T B RT
e FE T IR S22 [R) B AR SRR FR B S, BRI 2
Hb, BENE 2L i% U BN TR R DAL R AR 2
BB AU R 1S BITR G & €, )20 DART
F (Gastellu-Etchegorr 45 2012) . RAPID f Al
(Huang %, 2018). & LiRIHAHNIBHLIBIARI |
TR — DR B ASE, BRI LI
SHHER LN RUBE 375557 N ) A e
R FEOE T ZMREIEAR, ARG e R

TR I IR T 2 [ B A 5 SR R R B Y
Wi, R, BRSO B EIE AR (BIHEIE |
FIAEIE . BB . MEESE) XS4
T TERAEAL . lan, B AT I AR TR e TS 5 AR 7
FEE A AR AR, X AR TT G SRR
b, ZANFOCRIR R, R R
JE I B E KA . X3 B0 5 T A A K
R, AR I TR, DA R 2 0l
MFNK Sy (RFE4H, 20015 Power 5§, 2012), [A
HEIE LR 53 + B AT T %o IR A JE AR 3[R AR T A ¥ 40
e, AELIG B AR X g e 00 340 S R R Y i A
A AR . 8 H BT ROEAMNE E 2 —E i ITUE
M AE B 26 (Borchert Al Slade, 1981; Deleuze 4,
1996; Hashimoto, 1991; Kohyama, 1980). ZH35Z
b X T EBRRERIR, BRI — A
T WA R TETE AR . TE AR 2 MR G0 1 e T IR
I A T e ] T X — s i, AR RN
RF L TS IR A AU A P e | e A e R AT
iy (Biging Fll Wensel, 1990; Deleuze %5, 1996;
Baldwin 1l Peterson, 1997; Z&X(H, 2004; Purves
4, 2007; Power %, 2012), FLTHIZE5 5wl 5 ]
JEMERIE AR Z AP BEE R RS I, e
Wil 2 WERTE i (Deleuze 5, 1996; 22 KA
Mg, 19805 ZEPEEFIKIEE, 2004).

R TEE T RS I J2 TR it 4 LA b R R i 98 B 5
W) A5 A0 o 7 B 43 B R ST TR0 56 22 ] Bt 4 5
RAEFEFEO™ A RS2, X T - TR i B A
B HIGEE 2 b o S S AR R B R g DL A B S U
HAFRAA RS L, B, 7R UG R b 5
BEXR TEIR FEAT B HEWR MR A o TEAR SCRBF
R, HES T EREEROE A 0 o 2 ] B A S R AR
BRI REARX, IR B BCE R
W5 R, 0 TRRIRGE ST, R RERE
WY 55 Al A S S R O 22 ) Bt 3R 5 AR R B
2e5t, T im AU SO A R AT RIE
2 M SIIL

KSR R A A LB
(1) WF 3. KGERGEH RN, LIAE
AR BIF 5 AL AR K R AR AR ) 4 5 23 A AR B R T P
BEALI A5 (2) RSN Fr 23 (8] th AL A, i
A A3 AT LR B3, BTG (9) = 0.5; (3) ZM
B REEEGG A IHOGIE T . R R Bk



EME A5 RN T T S22 ] B 4 5 SR A AR RS R BT 5 2105

W2 i (Li A1 Strahler, 1988;
2005)
2.1 BEREEZER

TE )2 B BRI HE S, B e B e A 3
B —E JUTEAR A3 SR, N FE — 52 Y Y
PR DX I N T n AR e 5, )2 ] B R AT LR R

T A A

H (GengZ%, 2017; FanZ¥, 2014a)
PO) =1 L(0)) 2
(0) = " 50 (2)

A, PO) UM KT A 0 F e Z R BR; SHh
A N AR AL, S0) MRS EVE (I

E?u@ﬁﬁ%%ﬁ)ﬂ%%ﬁﬁﬂ, (0) I
Sief 7E V- TH A% , e, (0) {E 32 VI K 15

ﬁﬁ%ﬂﬁﬁﬁﬁl?ﬂgﬁ

HARZEMET , BOEIRZE BB 2 DL — & R
o] ARG, DRMAE R BB T AT AR 58 2K F i,
MR AR T A7 AE T — Bk, HA2 Tm i
FRYF AR T o B E 2 TR
sk, R —DaE 1 (b) B AR 1
AR, RICHRZRICEMERIE M . T2
BRI 55 B ERIE 1 JLATT SR n] LI 18 19 2 8fl
Fik, HEaT DU i LA T O (0) [ 5
A

HMEIEE ¢, (0) T AXCH

1 /122 2
T(M+FC050), 6+ 0°

@ =127\ T e 3)
ar? 6 =0°
A, r BARWIE R, b BRI &,
tan (Tr - 0)0
2

MCEMRERIE R 0, (0) 1A
t.(0)=

JEPHRE AP R,
Vit
w7’ ,0=0°
(4)
A 1, 5 by, RN LR B RERIIT 0 B LU
BIHEIE . BIHEIE . DUHE+BIAIE RS ¢ (0) (RIS
TSI A (2014),

1

21Tr

+ rcosﬂ) ,0#0°

. X
A
h
v r 5
X
(a) FHHEIEM E
(a) Semi—ellipsoid—shaped crown
AY
h
r
v~ 7 %
(b) BEEHERIE R E

(b) Double semi—ellipsoid—shaped crown
BT EERIEAN TS B R e T i 7 T 4

Fig. 1  Profile diagram of semi—ellipsoid crown and double

semi—ellipsoid crown

R R AL, LIRS RN Y
JUMAT SRR, AT LA A e I Fe et . 4%
JCE ML, 55— W 0 RIS 7t N R | 4
JCERMEL, JC RIS, DA_E PR v 17 150
FEAE I, SEBRMEA TS AL A, hyitE—2
% R R I X TR BRI, TS| A
BB EERRIBR A, BB e A 328 - s IRk
SEEM, ME—Aa “EEEER MPE. Fit
FOVIH 1Y ¢, (0) Ty 275 A S A ] B e, B
BRI RIBR AT FR R (Fan %, 2014a)

P.(0)= exp(—LO-_()(,'G(Q)/’yC) (®)]
K, GO)MHILRE, SMiMmamnaX, &
SR 5 ZE T R AE FE O I OE AP 3 4% 52 T AR
(Nilson, 1971). MBMA A2 2R EEL N, 2
HIAAESE TR 32 A R Bk ) H B 58, 0 R 5
AR XTFR A A, AR S A R AT LLAr S Bk ORL
HERY . KO TR B AW ER 37 % (Ross, 1981;
Campbell, 1986) . vy, WX AL LG 5 A SC
W R ABIESE, B s S RRARS 56 P9 I 7 2 TRDVA A
BEMLM MG (LiFl Strahler, 1988; JF1ir K 45, 2014;



2106 National Remote Sensing Bulletin

R 2021,25(10)

KR 45, 2016), Q. = 1, Ly Wi Jy i il 2
PARUNTIE A

Ly =p-s (6)

=,
w=L/(V-N) (7)
s=V/1.(0) (8)

K, il IR M IBUARE B s VIR AR
N AR FE, N=n/S; s AGHZE B e (11 2 %
2K (Chen 1 Leblanc, 1997),
Wi, & (2) TS A TFIEK (Geng
. 2017; FanZ:, 2014a):
1-P.(0)\

PO)=|1-1.(6) 0

)

22 BEEIEH

5682 N I R PR AR AR RS [R5 2 25 4 ()
FRMA AR TR RS RTORE | TR R i A
Y AT4E) A (ChenZs, 2005), jXLbghty
SET F A as T oA AERERL, SR AR AR AT L
AR 54 A5 e B BE BL 4 A Y AR (Nilson,
1971; Chen, 1996). FEAH[FIAY LALZ&F T, AL
Tt R BEYLA A R, FE— A A2 ) R
G B R ) AR OMRE 2 R BRI L iR
N EREEIRE, BEHE AR YE Lambert—
Beer 22 3B AT # S0, . FTR# &
AR TR BR M I FT W, A 3 WL £ B2 A
S B AL FEFEH 0 (0) 1T i £ B2 A 2L OB 2RAY
PHIY LAL I B (Lang %%, 1986; Chen %%, 1995;
Fournier #1 Hall, 2017).

A R EFR RO TE A (Chen Fil Leblanc,
1997)

a6) - log (P (9))
10g (P (0))
A, Q) HER T 2L K TR A K 0 B R s
[61] 0 A7 e B T WA 0 A B AR BEE Y5 )2 P I S B
BLAr A, 260) = 15 40 5 5 R L 5 1 i,
0(0)<1; Hu 2 H0 A v, 0200) > 1.
Priion (0) R0 1 78 56 J22 PN 222 BE ML 50 A 1) 7 J22 ) B
Al IR #E Lambert—-Beer 2 31845 3] (Chen
F Leblanc, 1997),

A (10) ENMK T A 0 1 R &L, SR, 7ESE
P R AR R R B, 2(0) AH R 25 38 H Bl K T
ARG KM K. ChenZE (2005) Hf ik Q(0) I
BN R FERR AL 2 BR A R IR, (AN

(10)

T AR A B 0, HATHFXER S5
A, SRR 2 0 R YA VE I Ag I g A 7= 1 i)
%, BHABERZENE Y (Kucharik %, 1999; Chen
&, 2012) . HoE SOAEROH TR R ()2
PRI R B AL 43 A FR OG22 ASCR LI 32 Ay i T RS 450
SR RS HE (Chen%E, 2005).
Q=1L/L (11)
Lo, Lo SCHA RIS S, IS
() Miller A2 (Miller, 1964) J1&453),
L = —ZIjln(P(G))cosﬁsianH (12)
RTEATTEE, A SO e IR AT A PR AR
w, Hh 28NS HS i ASBIkE, DA
A S BR h Ay #E (Li A1 Strahler, 1988; Chen Al
Leblanc, 1997; Fan%§, 2014b). FREFEULIH, 5
Lo M T ol 2 A M SRR B N ER 1 TR .
*®1 BEEHSH

Table 1 Canopy structural parameters

e {8
ARG T FY/m? 100x100
R4 H 3000
I T AR £ 4
T3 755 B fm 2.4.8
W42 /m 1
LI R B/ C0) 0—89
WA A1 Bk
0, 1
Y. 1

23 EMASHENERRSHE

R 22 O RS20, A% R BT PR 21 A
ShoeE EE Mg OLIRE ., ST s, B
SRR . BT R B R SRR AU AR A
B3] (LiflStrahler, 1985). PU4rH 11 FR Lb 45 AT
DIARE R BH | AL s F1 H bR 3 325 19 LA OC & 5K
13, XU FBRME)ZE R BA Zm i, SR
rhE 1 P s 3 B BRF (Bi-directional
Reflectance Factor) ik, BRF ¥ HIE XN H
PRI 25 7€ J7 1) 1) S S0 4 8 B2 5 B 0 3 i
PRAE [ J7 1va) 1) B S5 48 29 52 BE Y LU B . BRF(ELBR 1
52 B K BHGR SFF NS5 A7 B2 DA R A e s ORI 4 32 11 5%
M gb, a2 B H AR LR AR B2 IR o PR A
BRIE AN T -5 AT DRAY T 14 e 2= ] it 5 5 SR A 3
T8 B 22 57 00 TR 03 37 5t BRE Hh &8 AR A7 H 2 5
M, A SCff F DART (Discrete Anisotropic Radiative



EME A5 RN T T S22 ] B 4 5 SR A AR RS R BT 5 2107

Transfer) BRI BRF = ff KA FE X —FZ M0 .

DART LAY, BIVEG HA% 1) S 1 e S A2 S
B BT E MBI A (Gastellu-Etchegorr 45 ,
2012), FEIFEIE I DG B A B WAL bR vk
BT TEER S i sl f2 . 5 sEIE
FICHS A B DARTRERIE [T HARYI 45 1]
Stk HE & T e )2 0 LA AR X e SR A% i 1Y) 5
M, R I 6 T A A ] P S S AR AU R B A
(Malenovsk}’f 45, 2008; T A, 2012).

DART R S RN R 2 R o th TAEIE
LLAM B IR HOL IR TS SR R, 7ERU
th RS2 S A AR B B SR AR TR B O, PR AR S
I3 EE T R S R AT T 2L B B S AR gt
F7 DART #5548l (Li #1 Strahler, 1992).,

%2 DARTHREIXESH
Table 2 Key parameters in DART model

3 AR

TE R SCHE BB 5 F LAY R b, AR SO
B BROE AR T - AT R T 4 5 2% M) B 3R
R JEAR B B R i) SRR T 48 BUY B E A 3
FE, AT SE A S R0k e 22 ) it 5 5 R 4 i 4%
KR

31 AREWMESET, FHIkERE S H R E i
NP EEES ol

REFHALSHEOAA, K2 (a). (b) Al (c)
TR 2 my 4 m T8 m 3 3 TP e = T
5 FAS TR B e I fR: 1) 568 2 ) B % L o Tl AAR
ML K T Ay 0=0°KF, 3 Ffr g BN 5 Rt st g 4R e
JZ ) BRAAE A AR, 0% R e AR 1 AR R
LR AR 68 7 = - T A AR R 2 B ST IR L
SN ERER: 0N I N WU U IS S e

BH e S0, A AR R A 2 R B T
TR m 0.15%0.15 kAR, AT LU B A [ AR e T8 AR 04 L AR]
B5t R m 10x10 FRIE, b2 Rl = A B 4k
RS 30 Bl AR R T f 3R, 3R EE T, 5 AR e
42 /m 1 B AR I8 22 [] B 252 40 22 AN [m) 2 B A b el b 3, L
AR 5 1 /m 4 FNZT 0o PRI Ty &, LI R T5 A4 0° 1) KK
EE LIRS 0.1 WL A O =S T N A B = 11 S = 3 N
I e 0.55 5 NI IR T A A BT, XL ) A e T S i A
3 i 0.3 K, Wik, &R REREFERES, Hr, M
IR A 4 WL R T AT, BRI 1) B R )y, R HETE
{5 £ 53 A HRA (] B 238 fe K o X 00 AT 45 5 ek )2 ) Bt 32 8 X 40
PNCESUPHIO) 30 B e J6JZ 18] Bt 5 5 BB S 7 - A £ 52 T AR
ENGPENS TG 0 t.(0) I, TEAHEDLM R TUA T, BIAIE
WL R T /() 0—80 t(0)HEK, BIHIEW RN, KT . [EHE+
R R/ ) 10 [T TE RS R E R A TP 22 [
05 05 05
04!
£ o3
=
% 02
0.1
i S e e m i % RS eh 4 e s
IR T A /(°) IR T A /(°) LR TBA/(°)

(a) BRI 2 m
(a) Crown height is 2 m
—o— PRk —— [

(b) I i 5 4 m
(b) Crown height is 4 m
BfE —o— BB —— XUk

(c) M 2 8 m
(¢) Crown height is 8 m

B2 AR e B, AN R IR J2 (6] BR300

Fig. 2 Comparison of gap fraction of canopies with different crown shapes and different crown height
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Fig. 3 Relative differences of gap fraction of canopies with different crown shapes and different crown height
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Fig. 4  Comparison of clumping index with different crown shapes and different crown height
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Fig. 5 Relative differences of clumping index with different crown shapes and different crown height
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Influences of semiellipsoid—shaped crown on gap fraction and clumping
index
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Abstract: The structural characteristics of forest canopy directly affect the radiation interception of forest, which in turn affect the energy

exchange between the canopy and the external environment. As an important part of forest canopy structure, crown shape is greatly

important for calculating the gap fraction and clumping index. Researchers have calculated gap fraction and clumping index by simulating

crown shape as basic geometry, such as cone, cylinder, and cone + cylinder. However, the growth of the crown is influenced by factors, such

as external environment and internal apical dominance, resulting in the semiellipsoid shape of the crown. The semiellipsoid is more

consistent with the natural growth low of the crowns than these crown shapes. In fact, the semiellipsoid is a very common crown shape,

which is significantly different from other crown shapes with an important influence on the calculation of canopy structure parameters, such
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as the gap fraction of canopies and clumping index. The main objective is to exhibit the influence of the semiellipsoid-shaped crown on the
gap fraction and clumping index of forest canopies.

First, assuming that the crown is an opaque geometric entity with the Poisson distribution in space, the gap fraction on crown scale was
calculated. Second, considering that gaps exist in an individual crown, the formula for calculating the gap fraction of an individual crown
was introduced. Then, crowns with semiellipsoid and double semiellipsoid shapes were applied to the formula of gap fraction of canopies
and clumping index. Meanwhile, considering the semiellipsoid-shaped crown as the calculation criterion, we analyzed the relative
differences of gap fraction of canopies and clumping index with different crown shapes. The main input parameters included crown density,
crown height, crown radius and leaf area index. Finally, the results were verified by virtual scenes.

The results indicated that: (1) the gap fraction of canopies between the semiellipsoid-shaped crown and crowns with other shapes was
relatively different. With the increment of view zenith angle, the relative differences of gap fraction between the semiellipsoid-shaped crown
and crowns with other shapes increased. When the view zenith angle was 70°, the relative difference of gap fraction between the cone-
shaped crown and the semiellipsoid-shaped crown was close to 100%. (2) The crown shape also had a significant influence on the clumping
index. In extreme cases, the relative differences of clumping index between the cone-shaped crown and the semiellipsoid-shaped crown
reached up to 30%. In addition, different crown densities had an important effect on the clumping index of different crown shapes. With the
decrease in crown density, the relative difference in the clumping index of the semiellipsoid-shaped crown and crowns with other shapes
showed an increasing trend. (3) When calculating the expectation value of the clumping index in the hemisphere space, the value of the
cylinder-shaped crown was approximately 13% higher than the value of the semiellipsoid-shaped crown, and the value of the semiellipsoid-
shaped crown was approximately 22% higher than that of cone-shaped crown. The value of the semiellipsoid-shaped crown and double
semiellipsoid-shaped crown was close to each other, and the mixture of two crown shapes slightly influenced the results.

Therefore, the semiellipsoid-shaped crown should be considered when studying the structural characteristics of forest canopy, such as
gap fraction and clumping index.

Key words: remote sensing, crown shape, semi-ellipsoid-shaped crown, double semi-ellipsoid-shaped crown, gap fraction, clumping index
Supported by National Natural Science Foundation of China (No. 41701383, 41801234); Anhui Provincial Natural Science Foundation

(No. 1808085QD105)



