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Simulation and analysis on green fraction of absorbed photosynthetically active

radiation of deciduous broadleaved forests canopy through remote sensing model
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Abstract: The fraction of absorbed photosynthetically active radiation (FPAR) is an important biophysical variable, widely
used in satellite-based production efficiency models to estimate global primary production( GPP) or net primary production.
To the forest, the vegetation canopy is composed primarily of photosynthetically active vegetation (PAV; green leaf) and
non-photosynthetic vegetation ( NPV; e.g., branches and stems). They absorb photosynthetically active radiation ( PAR)
from the sun, but only the PAR absorbed by PAV is used for photosynthesis. Remote sensing-driven biogeochemical models
that use green FPAR (FPAR,,,) in estimating GPP are more likely to be consistent with plant photosynthesis processes.
However, there are no field and laboratory experiments to measure green FPAR at the canopy level. In this study, a method
based on the radiative transfer model was used, and the scattering by arbitrary inclined leaves ( SAIL) model was modified

to classify forest canopy, and to model the canopy spectral reflectance and the PAR absorbed by PAV and NPV of three
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deciduous broadleaved forests in different scenarios ( varied plant area index and leafl area index ). Green FPAR of the
canopy was calculated based on the PAR absorbed by PAV and total PAR, and the characteristics of the green FPAR and
the relation between green FPAR and two vegetation indices ( normalize difference vegetation index [ NDVI] and enhanced
vegetation index [ EVI]) were analyzed. Our results showed that the variation in canopy structure influenced the canopy
absorption of PAR, and that green FPAR was related to the plant area index and the ratio of leaf area index to plant area
index. In high-coverage forests, the green FPAR was close to the total FPAR of the vegetation canopy(>80%) and the
contribution of NPV to the total FPAR is very low. In contrast, in low-coverage forests or open forests, the difference
between green FPAR and the total FPAR was large. Especially when the proportion of the leaf area to plant area low(0.5) ,
the ratio of the green FPAR to the total FPAR was 45.86%. The significant relationships were found between two vegetation
index (NDVI and EVI) and green FPAR, but compared with NDVI, EVI was more suitable for describing the variation in
the green FPAR.

Key Words: FPAR; Photosynthetically active vegetation; NDVI; EVI; Deciduous broadleaved forests

He A REE S/ FPAR ( Fraction of Absorbed Photosynthetically Active Radiation) J&F8FE # U
HeEAH RGN PAR (Photosynthetically Active Radiation) 7E AST PAR " BT 5 i Fb il B 3R AE T A 87 )2 X K
PG RE A AR ISR Ty, S Bl e R ER R 58 vh ) — S MRS R FPAR 32 558 o P A & 18 4k
B b T 7 SO0 1 3 R 14 S0 R b T (8 ORI 3 Je T[] A5 SR BBUR [R) 437 5 1) FPAR, I %3
PEAF AR AR RUE FPAR RUME—RIATT-BE, H AT FPAR 32 S M 52 Y J A T 10 42 5y I
TR B LR L IE S MR R OR PR S S T A MR RE T

TR SZ H i AR A U A, #i R AR R b AT 6 B VR, AT 20 9ot 4153 PAV ( Photosynthetically
Active Vegetation , 286 ) F1AE G A 4140 NPV ( Non-Photosynthetically Active Vegetation , {114 £ 25 A AX 358
G3) 7 NPV 5 PAV Joig /R 41 S b i 2 i S R I AT e B L3I PAR BEAT AR, X
A=Wy i ) RAUE A SCHEVERT AR A I PAR (HE IR A ST C G AR, 50 RME RESEAT L &/
TR IR 18 8 B8 ], OGS AR FHIOE AN BN AR 28 R B B A 2 A7 J1 GPP ( Gross Primary
Production) "', ZRHKIEEJZ IR B FE R 2 A ALY PAR, TR B X 40K I AR 4143 1 PAR, $2HUE 2 PAV 1Y
FPAR (FPAR,,, ), HIZ¢ (0 FPAR,, TERBIRDISE T, FEHER (O FPAR BRSNS (A W i o5 S A= 1 i 1) L 491
IR FPAR (OTRRL T L T G M 0 I FPAR' ™, (ER AR L B S 2 R
NPV Fl PAV 43 B IRIXE, PRt , FLak 8 FPAR 1B 5% 22 SR FH R S5 % i A5 280 S 400 0 59 20 2 ) 5 1) g 9751
Xiao S FRM ) Z 48 (5 FPAR 38 Ay 385 B 87 F8 20 EVI( Enhanced Vegetation Index ) FJZR I pR%L, (H 2 IF &
AL 25 W 22 ) A5 F G 2R, BRI Xiao SFIAH Ty 2k — P HFFE 45 FPAR FROGTE AR, DL S 4
SE A PR AU SR 0 FPAR ZRIE R,

RS AL RS AT AL R B T FERE B N PR R A A AR S PR FIAIL , B0 s SN A e 2 1 Ay B 4t T
AlRE, AHEFE LA 5 T8 i R MO BT G DR S i 153 SAIL( Scattering by Arbitrary Inclined Leaves) i}
K HEST W E IS A FPAR BUUEHESE , M e 248 (0 FPAR (FPAR,,, ) FOHRAE K H 5568 126 1% 2 8] 1 4H O
KFR, FEEVMEEPIA T, — 2 E AR 2 506 FPAR B2 450 1928 (LRI ; —J2 40 B4k €4 FPAR
55260 A AR B AR IR 4 5 FPAR (FPAR,,, ) FUHLELAI O] BEAUAG 5 12

1 A&

1.1 F5
SR F AR R H A R JE T B IR AR AT HeAS R G SE S A R )2 5 A ST
R 2 A B AE F o R RUERAE B2 6 T 1% 8K FPAR (BRI AR AF ST ) SATL #5724 S i A

http ; //www.ecologica.cn



10 41 RFH AR M MOE R A A RS (SR FPAR) I REIEALLS 70 Hr 3

T AR L Verhoef 76X Suits BRI Tt 1 JL A _E 2 H 0 DU S 5 S AL B R 1S 2R RO A 9l el
JEBE R DL BERLAY AR KIS TERRY R AR A B, RAE R B 1 AR AL, 'R o — Rl R,
REJZ P BRI GARES BOR S B S RO B8, 1 HLAE 2 AR Bl 6 2 R4 W I R I ok, %5 08 T 21k
FO RO 2B R L 58 56 iy 18 38 7 SR el 2 (0 G2 e s SRR B vz ™ {H T SATL A
TN 568 2 A TR A T, AT P S 3T J 2 ) 8 R Ak oy DA B e 2 22 ) ) e 208 o7 0, A Sl A A 4D 8 B A
PG 2 AEAE—E W R . B BRI 2RI IR AR AR B4 49, B A SR ZUrY = e300, 75 220
Bl = YA A A BE 1A 52 2% 56 2 (0 4R SR BLART AR 24 i 100 250 , 57 50 36 10 3 ki b 2B 285 3R B 25 4 1 — A
RS K ILSE , H = 4ER R I 2% i AR . Gobron TERLLLT & B = 4k 5400 5 [ A4k 3h Al 24 52
&, HH Widlowski HIBIFFE L & B — G JLF- AR = 2B R A il i B R 2120 DR, &2 2 et J2 7K S —
FHER TR T A 2 T 30— 4k SATL BRI seAh, X T Y 38 SR B2 AR, A Landsat/TM . MODIS |
MERIS .SPOT/VEGETATION %4 , Ho45 0] 73 W38 5 A%, I IR HE B E 2 R — 3 HRR T 40T
FANEKEI— B A AT E 22 4R 15 00 4 A A0SR 20 SATL R Y ) 2 AR 5%, (AT L3+ 4 1S J2 W i )
PAR™ , {H HATTE R Z B FTAE H SATL SRR AN 200 — A2, 4L50 16 2 N BEDL M, s
T2 B2 A1 o3 B BN B 2 TR A BT AN 2R R A BN 2 IR B 2 B 41 3 WU PAR,
M RS2 53 1 FPAR

TEABEGE B ARG 20 )2 S — )2 PAV () 2,55 2 K NPV (WD) )2, SATL B3
R T2 0 A7 A S (BUR B4R S ) 5k 1.0, "2 4k FPAR (FPAR,,, ) AT ok i R )2 P9 38 5 Y
PN TR TP S

FPAR = FLUX3(1)+FLUX2(1)-FLUX1(1)-FLUX3(2)- FLUX2(2)+FLUX1(2) (1)
AP FLUXI b BATEUHE B FLUX2 S FA7Ecs B, FLUX3 S FAT ESHE R (1.0) ;< ()" 7T R R ZE
F1 R,

SATL B i A S B IS 2 A 60 (U MBS R ) el 2450 (450 ff oA 20 2 T BUE 40 |
SRR R BH R T LI LART B850 U K T0 A RAR R 7 2 A ) LA S A S B 0 4 e, R 1 A0 4
JZ SR ZE 0 A Bl g ARE PAI( Plant Area Index)@,?ﬁﬁ‘jﬁ*ﬂ ufﬁfﬁ*ﬁ*g@(,ﬁ':}:jlf
e oy, o IR R PAT B HLBITE 0.02—0.5 Z [ 7284k (& Zefiah) 202 Y IRATRE T 7 Ff
AR5, B2 AR &2 PAT Y EBI4:518 0.5,0.6,0.7,0.8,0.9,0.95,0.98 . &S HEIN#E 1 Al
1w,

®1 SAIL HEPANSHE
Table 1 Input parameters in SAIL model

ZH Parameter WE(E Value

TEEJZ 4B EL Canopy structure parameters

PAV ffi1437i PAV angle distribution BRI
NPV {1534 NPV angle distribution S 25
FEB I ARFE EL Plant area index 0.1,0.5,1,2,3,4,5,6,7
FE IR AL 24X Hlumination and viewing parameters

KEHK T Solar zenith angle/(°) 30

KEHEES Y L] Fraction diffuse radiation/% 0

S KI5 ff View zenith angle/ (°) 0

AHXT 73 1 Relative azimuth/ (©) 0

PAV: Photosynthetically active vegetation ; NPV Non-photosynthetic vegetation

FSE i R FH A0 9 i Rl AR (AR L T 2L ) it J2 20 A0 A R o3>k 1 NASA ORNL DAAC, Hor
A 24 A FEAS R H T I JE 7538 M 9 2 #R AR [l SN ( Superior National Forest in Minnesota ) , FI42 FIZLAE
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