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Abstract

The total global terrestrial NPENet Primary Productiondistribution in 2003 was estimated from
MVIUPD (modified vegetation index based on universal pattern decompositionsing the 16 day
composite data of ADEOS-II/GLI L 2 ACLC(Ver. 210 : atmospheric correctedHowever, for the
global observing, GLI sensor had a large filed of view as 45. So as to make the system error of
global NPP estimation by using GLI data clear, there is a need to take bi-directional reflectance dis-
tribution function (BRDF) effect into acmunt. For different geometric shapes and scattering proper-
ties of various canopies, the BRDF effects on NPP estimation are different corresponding to the
type of vegetation. Bi-directional reflectance fadtBRF) observations were held by radio-controlled
helicopter on four vegetation types to make respective BRDF effect clearly. Moreover, with the use
of Ross-Li-R BRDF model, the BRDF effects of various targets on NPP estimation were simulated
under the GLI observinganditions. Ultimately, from the simuled results and the data of global
land over classification, the error of total global NPP estimation from the BRDF effect was esti-
mated as from—2.4 to 6.7 PgClyr.
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Figure 1 Various observation instruments loaded with the radio-controlled helicopter.
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Figure 2 The photos of various targets, including Japanese cedar, Douglas fir, broadleaf forests,

grassland and paddy, taken at some observation points during BRF observations.
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Table 1 Information of six vegetation targets in BRF observations
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Figure 3 The spectra in BRF observations for cedar forest(a), pine forest A (b), pine forest
B (c), broadleaf forest(d), grassland (e), and paddy (f). Wavelength of the spectras
is from 520 to 920 nm except for paddy with the wavelength range of 350-1050 nm.
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Figure 4 Reflectance of targets (cedar forest (a), Douglas fir forest A (b), Douglas fir forest B

(c), broadleaf forest (d), grassland (e), and paddy (f)) in BRF observations versus view
zenith angles in the solar principal planefor five corresponding GLI bands (central wave-
length : 545, 678, 710, 763, 865 nin
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Figure 5 Isotropic scattering parameterf, (a), geometric scattering parameter f, (b) and volmetric
scattering parameterf.. (c) of various vagetations/cedar forest, Douglas fir forest A, Douglas
fir forest B, broadleaf forest, grassland, and paddyat five corresponding GLI bands (central
wavelength : 545, 678, 710, 763, 865 nm

Table 2 Ross-Li-R BRDF model parametersis (top), feo (middle), fis(bottom) of different land
cover types (cedar forest, Douglas fir forest A, Daiglas fir forest B, broadleaf forest,
grassland, and paddy in five corresponding GLI bands (certral wavelength : 545,
678, 710, 763, 865 nim which were calculated from measured reflectance in BRF ob-

servations.
fis)
Cover Type 545 nm 678 nm 710 nm 763 nm 865 nm
Fh3E A FHR 0.0544 0.0220 0.0276 0.2216 0.2245
i) AUk A 0.0912 0.0267 0.0356 0.2191 0.2442
S NA UK B 0.0477 0.0358 0.0507 0.3633 0.4217
T SERSH bR 0.0709 0.0669 0.0831 0.3680 0.4349
O 0.0898 0.1394 0.1469 0.1837 0.2145
JKH 0.0527 0.0202 0.0717 0.3796 0.4527
fyeo
Cover Type 545 nm 678 nm 710 nm 763 nm 865 nm
FIE S A FHR 0.0188 0.0070 0.0082 0.0601 0.0607
i) NA I A 0.0301 0.0084 0.0111 0.0604 0.0674
IS ~NA <Y B 0.0099 0.0064 0.0097 0.0595 0.0640
TR ZER B 0.0148 0.0160 0.0182 0.0374 0.0377
L 0.0228 0.0362 0.0365 0.0299 0.0328
JKH 0 0 0 0 0
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fvo\
Cover Type 545 nm 678 nm 710 nm 763 nm 865 nm
FiE YN 0.0376 0.0118 0.0172 0.1234 0.1191
1t NA UK A 0.0251 0.0082 0.0100 0.1063 0.0719
S NA IR B 0.0707 0.0626 0.0794 0.1449 0.1019
JLBERT AR 0.0663 0.0339 0.0458 0.2944 0.3279
Ol 0.0882 0.1187 0.1274 0.2223 0.2607
JKH 0 0 0 0.0551 0.0242
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BELO SIS T 58T A — ¥ fo [l (Table 2 55 VIPD KD 7z, Z DRI Fig. 6
IZ7R T, Table 4I27RF £ 912, TN b D GLI WEEZR BN Gk CORAETRRE & Big 12 L7225
BELOBEORATREE L e 5 2 & L 0, RiAEIRE VIPD I281) % BRDF B OHEE 217 -
7oo ZORERE LT, SIEBIRK, TRIEBIAK, wHb, JKHIZW LT, BRDF O L) SHlERR
FE VIPD OZALHEIPHILIENE & 7 o 72 £/ HE VIPD @ 1.3% ~17.3%, —2.0%~12.5%, —27.0%
~—1.4%, —0.1%~0.1% &% 572,

ADEOS-II/GLI 7— % & FI\ T, &Ek NPP 2 #2532, GLI O EET— 412Xk )l
HDTEMERE 2 & O LR A £ 0 £ M L AR R MVIUPD % L7z, 4 T BRF
BT — & P OE 5N KAEO NPPHEEIZB 1) 5 BRDF E DR (Table 4 124D,
LERNPPIEEIC BT 5 ZORE LM % 729012, AR MVIUPD & VIPD ORI % i
N7z, Fig. 712, A2® BRF B LT, GLI 77— »5HE5E L > 0fAEREORM
BRERT ZOoDMARERIZITHELRMAKRT, 52517 BROFDRELFRLTHL Z &
% I L 720

Table 3 The observation conditions of GLI
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Simulated vegetation ndex VIPD in entire year under GLI observation geometries for six
different vegetation covers. Nadir sun and view VIPDs (VIPD...) were displayed in black
point, which estimated from parameter f. The VIPD. of cedar forest (a), Douglas fir
forest A (b), Douglas fir forest B (c), broadleaf forest (d), grassland (e) and paddy
(f) is 0.549, 0.506, 0.649, 0.677, 0.291 and 0.678, respectively.

Table 4 VIPDs for different vegetation covers(cedar forest, pine forest A, pine forest B, broad-
leaf forest, grassland, and paddy, including nadir VIPDs, maximum and minimum
VIPDs at varying solar and viewing geometries. The rate means the varying range of
VIPD because of the BRDF effect, comparing to the nadir VIPD.

Cover Type VIPD i VIPD e VIPDyin rate (%)
§hie N 0.549 0.542 0.468 1.3~17.3
i) HTIMA 0.506 0.491 0.455 3.1~11.2
S hI <YK B 0.649 0.632 0.557 2.7~16.5
TR ZER K 0.677 0.691 0.602 —2.0~125
L 0.291 0.399 0.295 —27.1~—1.4
JKH 0.678 0.679 0.677 —0.1~0.1
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Figure 7 The relation between vegetation indexVIPD and MVIUPD for four different
vegetation types (cedar forest, Douglas fir forest A Douglas fir forest B, broadleaf
forest, grassand, and paddy). The data of vegetation were estimated from GLI/L
2 ACLC data, same data as used to estimate global terrestrial NPP in next section.
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Figure 8 Global annual NPP from January to December 2003 as computed using
ADEOS-II/GLI L 2 ACLC data. The upper left is (180 W, 60°N), the lower
right is (180" E, 60°S). The ranges of colors from black to white represent
the annual NPP are from 0 to 6.6 [kgCO./(m?*-year) ].

Table 5 Overview of BRDF effect on global NPP estimation.

Typical | Including land | Total NPP BRDF effect |BRDF D32 L 5 NPP D47
class cover class (PgClyn on NPP (PgClyn
FIE STEERBK
[EIRIN FNF, 24.0 1.3~17.3% 0.3~4.2

[CE N
JREERAR | ILSERIAR,
e it 20.8 —2.0~12.5% —0.4~2.6
BUETAK ’
HHL A5y T 9.0 —27.1~—1.4% —2.4~-0.1
KHE | R 3.6 —0.1~0.1% 0
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