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Abstract: A quantitative relationship exists between leaf area index (LAI) and leaf inclination
angle distribution (LAD) , two important parameters in study of vegetation canopy structure. In
this study, the quantitative relationship between LAI and LAD of Betula platyphylla pure forest
was analyzed based on the data of single line, multi-angle measurement by TRAC, with Norman
and Campbell’s linear least-square inversion technique (NC technique) and Campbell model.
The NC technique received a very good inversion result of leaf inclination angle distribution, and
its interpretation capacity to the measured leaf angle distribution was up to 90% . The leaf incli-
nation probability density calculated by the NC technique was slightly higher than the real densi-
ty, while the fitting result of Campbell model was relatively lower, especially in the interval of
[0°, 10°]. Considering the complementary relationship between the results of the two tech-
niques, the correlation between the mean values of the results of the two techniques and the
measured results was up to 96% . Besides, when using the NC technique, it is best that the num-
ber of the leaf angle interval is half of the number of the solar zenith angle during multi-angle
measurements. Our study provides an algorithm for LAl and LAD and a theoretical basis for pa-
rameter optimization of quantitative remote sensing. Meanwhile, the quantitative inversion of LAI
can provide strong authentication in a wide range of LAl measurements.
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Fig.1 Diagram of single line and multi-angle measurement
by TRAC
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Table 1 Results of single line and multi-angle measurement in Betula platyphylla pure forest sample by TRAC
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Table 2 Processing result of TRAC measurement

Fs KM ZEBR R4 A

A5

K BE 5 3z i B A BT 2605 5, 3 K B 2% 5 KIA ik *‘Hﬁf‘ MR
1 48.940 0.131 0.89 2.65 2.359
N s E}_‘ p Q b s > N
iﬁjﬁﬁj‘:mﬁ’?’ Iﬁéﬂ%ﬁF’% B m/ﬁ{u‘i&ﬁ 2 42.370 0.227 0.83 2.32 1.926
VE ST e ) B AR FHYE TR 5 1ER 3 39.070 0.195 0.80 2.80 2.240
FJeff, K FE 57 A FEAS B o DL B AR 1E 5 ) 4 37.260  0.154 0.89 2.95 2.626
BT L A 00, ZR A 5 T 14 7 52 AR oA TE, P A U] Ay 3 37.930 - 0.293 0.87 197 1714
P e A o . 6 38.545 0.227 0.82 2.49 2.042
J‘O‘ngIE%ﬁ1E’%€ 3 E%Eﬁ‘éj{ﬁmé@’@ﬁ 7 42.610 0.151 0.84 2.91 2.444
AT A LR 1, S A A B A5 A TR AR i S I ) R 9 52.000  0.147 0.86 2.41 2.073
7RG 7 0 f SR B B LT G R A E) 10 s6.300  oms 091 231 210
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Table 3 Sun zenith angle and azimuth angle calculated with latitude and longitude, and time epoch
1 2 3 4 5 6 7 8 9 10
KR T A 47.783 40.789 37.778 35.489 36.182 37.998 40.989 47.151 50. 506 54.690
KT Oif  HELSHE 121,738 140.179  152.955  173.839  164.247  151.930  139.640 123.242  116.485  109.183
SEMEEE 120.000  143.000  150.000  180.000  160.000  155.000  140.000  120.000  113.000  102.000
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Table 4 Inversion results of the NC linear least-square inversion theory at different leaf angle interval
n=8 n=17 n=6 n=35 n=4 n=3 n=2
B3 LAI 0.697 0.792 1.026 1.099 1.642 1.780 1.654
0.602 0.654 0.676 0.720 0.005 0.002 1.659
0.417 0.386 0.000 0.000 0.474 0.181 -
0.148 0. 000 0.227 0.088 0.596 - -
0.000 0.051 0.295 0.111 - - -
0.031 0.074 0.312 - - - -
0.045 0.079 - - - - -
0.048 - - - - - -
AR LAT 1.988 2.036 2.536 2.018 2.717 1.963 3.313
FHJE A+ 1.661 0.872 0.162 0.440 0.057 0.152 0.001
x5 MHEAS A MXER NCEBIEREEX AN RAREZE
Table 5 Leaf angle probability density at different intervals calculated by the NC linear least-square inversion theory
&l- n=8 &i n=7 &i n=6 &i n=5 &[ n=4 a‘i n=3
I8 A AR R 5.625 1.791 6.429 1.733 7.500 1.989 9.00 1.733 11.250 2.072 15.000 1.731
C i 16. 875 1.548 19.286 1.432 22.500 1.311 27.000 1.136 36.250 0. 006 45.000 0.002
28.125 1.072  32.143 0.844 37.500 0.001 45.000 0.001 61.250 0.598 75.000 0.176
39.375 0.380  45.000 0.000 52.500 0.440 63. 000 0.139 86.250 0.752 - -
50. 625 0.000 57.857 0.111 67.500 0.571 81.000 0.174 - - - -
61.875 0.079  70.714 0.161 82.500 0. 605 - - - - - -
73.125 0.114  83.571 0.174 - - - - - - - -
84.375 0.123 - - - - - - - - - -
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Fig.2 Curve charts of the leaf angle probability density at
different intervals calculated by the NC linear least-square
inversion theory
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Table 6 Parameters of the linear regression analysis be-
tween results of the NC linear least-square inversion theory
and the measured results

RMSE R?
n=8 0.168 0.939
n=7 0.215 0.892
n=6 0.448 0.525
n=5 0.211 0.904
n=4 0.303 0.353
n=3 0.327 0.823
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Fig.3 Comparison of leaf angle probability density distribution between results of the measurement, the NC linear least-
square inversion theory and the fitting results of Campbell ellipsoid distribution function
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Table 7 Parameters of the linear regression analysis be-
tween results of the NC linear least-square inversion theory
and the fitting results of Campbell ellipsoid distribution
function

RMSE R?
n=8 0.087 0.972
n=7 0.104 0.958
n=6 0.23 0.774
n=>5 0.106 0.961
n=4 0.163 0.653
n=3 0.198 0.903
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SEILAF XS LAD 5 B0 A9 i BR BE 1 B, HIE &R
ik 96% LA L,

4 SRS

ARHEGE FEAF H LL T JL S 4538 . TRAC I & F
5% X A MESEAR Y S AT 21 LAL 7E 2. 181 ~2. 209,
R AR BT B )5 15 1 0 B SC LAL 7E 2,536 ~
2.569 ; 7E K BH K 15U A7 A~ 10 B, 00 £ 78 X 1]
[0°,90° ] N XA IX RIS 5 8 8 B, NC FE Y 2
WA R AFNC FE 5 Campbell #4175 5] (1 25 5
FEAE B RN, PR 2 3] 1 0 o7 R 58 288 188 3 A L
SR, 5 S0 5 S A R UA o BT R i R RE ) R
5,15 96% LA I, H RMSE %/,



TEEMGRE TR )R 3 A B 22 A JRE DNk 4 - T RS S84 BT 23 A1 G &R 3215

BRI R PR T 4 10 B, 0T 5 75 1
FR 25 TR 2 A DX ] 432 5 51 8, NC 3R 1 S i 45
St (R R T — A A DX )R it AR
HE XKBHRTAAAE 172 180 NC BEE I )
Fe B AR X A8, NC 398 5 Campbell B8 H
HGE T YA Ry B 2 B i 2 R, R O b A B
SEBRABAL, BREN T Campbell ##7E X4 {657 £ Bt 7%
Ik Pt £ AR ARE 30 28 B U O R AN A2, v b
€ LAL 5 LAD [H /8 G &R, AH Lo B o
BT Z A K PH R T A WA 2 ) LAL ACHIR2E K
REEAK, DLAh, SCM A s ST 2455 NC IS f 2
SN Campbell BEARILL G455 3 T4 Bt LG 4 fig
RIFBIESS IS P HERPE . AR R AL T LAT 1
LAD BI85, B2 A e o ik JB AY ( 4114-SCALE
B ) R o SER AL ER LS AR

ZE L P aR, i A B0 K PH R T O R
TRAC M5 2 A BE LAL, 7] L S 6 £ 1
3 A O (AU 1 A7 DX RS 50 08 I A BH K T
AR 172 JefE) o [FIRE, 76 R0 00 0 A
SRS, AR AT DA B 3R AN [R] A BH R T6T A 00 )
LAT, {HAESZRRAG R, LAT 382 B 4% F TRAC 5
LA12200 ] & 3R BCEP o] ) A B 5% 19 3228 H 92 4% 2]
F—P T ERARE LAD,, 7E 4-SCALE Ffl v #5510
SEAWNILP R S SIU TP IITR DL STy e
0.5, FETAMFIT, EARI 5] A MM A, AL
AT LASE S E T O R B, HE 1T R )2 A A B
R 11 ELH AR 4347 T DL SR RN IO {6 A 4 A
DX [61] (%) A7 285 i ARG ORI B A R i AR 5, 72 B
RS AR BN B R, SnT LA B e 2 0 R
() SR BEFEHL, %o e 2 235 4 P 16 3R A B o S LS o
I .

TRIBEE, TR, 250, 5. 2008. A BH T {37 £ (A 2ok
fift IR . KBHAEZAIR, 29(1) : 69-73.

ZEEFOR ) XIIHEY ) 8% 7, %5 2007. TN A ARG o
TR AR . AW S, 31(1) ; 93-101.

XIZZE. 1994, AEHy AR BORI -8 A 2 A R 5 —Fh
B PERILSS, 15(6) ; 10-14.

BHF. 1993, KHRLLRITRIITE. SREMI, (2): 18-
21.

LT, XUBHER, S0, 4 2008. 7 A TAKATALSE
BB, AR, 28(5) ; 1971-1980.

SRURAE BN, ZRIRT. 2007, S EAAE Y RS S0
AN F . Rl TR, 23(2) : 160-167.

T—3l, BPRE. 2008, FTEARFE B R E k. Mol
JHAEERI, 33(3) . 45-48.

O, PRSI, FMEIR. 2006. 2T INAEAS [ ) HE
RSCI R RFAEDFFT P AR . TP E AR B2, 39(5) .
922-927.

FEZ, K, RE, % 2007. KAEEAMEEH
TR 20K BA 7 57 £ EALIE R A, KL 5%
HiRkeE, 3037 1) . 161-164.

AR, 2010. EF 2 M1 &6 CHRIS MM ) i1 AL 45
BRI 230 A5 W) 5 I oS, 38 R E B S B R
AR

EHBE, DE—, B, & 2005, MRS SR A IE A
NRBEE. SR, 24(5) : 537-541.

TFLEME, JESC S, IR —TE. 2013, HEERA T pR B0 R 2L 2 s
DX T2 A A o AR AR R AR AR, 24
(11) . 3199-3206.

FERAR, RLLHE, KGR, 2004, N IR BB I AT AR
AR ERRFR R dntAol K224, 26(6) : 36-39.

e fd, WEEE, Mg R, 2009. 38 R I % L2 A B - TR R
RS R ERN. PEEBA(D ) . HEkE2E, 39
(1).79-87.

W Mg, Rooi, BN, . 2007. RETEEIRLS
TR BOR RS2 AR Rk B DX S B P A A 5. ik T2
A4, 23(9) : 130-136.

B, 2006. KEHKHIRG IR Z 87 k058, <%
IKSCHEFEALAR, (3): 50-53.

ST, Y RS EE, 45 2003 K E L E KR
ARFE B =2 e 2558, FIREL#, 25(6) ; 38-42.
RO, 2012, SBIR A B R G RO LS O ik I e R R

WFFE (L2 30) . Jbat . Aedbil fy k24,

R, 1993, KPFHARZE 8 EHMITIE. KFARE, (1): 10,
31.

Campbell GS. 1986. Extinction coefficients for radiation in plant

canopies calculated using an ellipsoidal inclination angle
distribution. Agricultural and Forest Meteorology, 36. 317
-321.

Campbell GS. 1990. Derivation of an angle density function for
canopies with ellipsoidal leaf angle distributions. Agricul-
tural and Forest Meteorology, 49 . 173-176.

Chen JM, Black TA, Anams RS. 1991. Evaluation of hemi-
spherical photography for determining plant area index and
geometry of a forest stand. Agricultural and Forest Meteo-
rology, 56 129-143.

Leblanc SG. 2002. Correction to the plant canopy gap-size anal-
ysis theory used by the tracing radiation and architecture of
canopies instrument. Applied Optiocs, 41 . 7667-7670.

Neumann HH, Den Hartog G, Shaw RH. 1989. Leaf area
measurements based on hemispheric photographs and leaf-
litter collection in a deciduous forest during autumn leaf
fall. Agricultural and Forest Meteorology, 45 325-345.

Norman JM, Campbell GS. 1989. Canopy structure// Pearcy
RW, Ehleringer JR, Mooney HA, eds. Plant Physiological
Ecology: Field Methods and Instrumentation. London:
Chapman and Hall . 301-325.

Thomas SC, Winner WE. 2000. A rotated ellipsoidal angle den-
sity function improves estimation of foliage inclination dis-
tributions in forest canopies. Agricultural and Forest Mete-
orology, 100 19-24.

TEEEN L4, 53,1988 4R L 0F o0 A, ERATE )5
) 0 RE e 3 JBAE A E-mail: wang_xup@ 126. com
RERE T




