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e SefbsA R Fa % (Photochemical Reflectance Index, PRI) FJH 531 nm #1570 nm I
B SRR W S50 7 AR A A O T R AR L, RS E RS AR
H/BAEE B —, W LAY A S50 T Z R ae i e A2 PRIJEME T
AR LUE Ja it ) 86 se 01, IR ROCEEIACR R BUREE s A, LS Tt
KV LUE AR R

BTEEE N, @it PRIEAT LUE WA EAUZ 2R AUK AR 22 . GRS 3R
BERWRE S, A2 B JE A A RE I Y R et 2 S AR ey O DL S A S X
BRI, To ik fe A MO GS F X T LUEAG A5 . E AT IRy 12 #)v FH T AE
)2 AR DY SO B, DR R 2 SO TS REAE A B IR 1) B AT B A AL
(Simple Ratio, SR) . H— 1k ¥ #% #§ #0 (Normalized Differential Vegetation Index,
NDVI) , H4am R 9 F5 %% (Enhanced Vegetation Index, EVI) 25 FH 4% 8% FH K S i DA
FFEEC (Leaf Area Index, LAID) b FESEIEEE5M5E B,

BRI, AR SR [ B O A o SR BT IR SS MO A0 52, A i B2 1 il i T Jre
FER LI, AL AR B E F TR R, L3S PRI =i F R ARGt 455 #4) 1) A 4 35 2K
NDVI. EVIFIALI LB 8455k (Modified Simple Ratio, MSR) . #1762 454 %
AT H SR IRTR SR LUEAS 0520, IF R = Fh 2548 BRI B 48 B0tk LUE 5 PRIZ )
Y IR, R4 i LUE AR SEAE B

1 W5

1.1 FFRXHR

S E AR R DX TRk p W i IX , B Ak, s, s, M
N, AE KBRS 29 4665 MT - m? - a', “F3 H BB BN 1433 h, FHEN
21.0 °C, “FHREF R 1956 mm, Hp 76%MIRFENEFRE4 HE9H, 10 HERE3 AN
FIGH B A5 AT R AR G AL R K B0 K (23010
24"N, 112°32'10"E), A o341 45 Z2 R SR I AR L BT REE SRR 1L 3 S ] K
PLERF R 4E S (Castanea henryi (Skan) Rehd. et Wils.) . Afif (Schima superba Gardn.
et Champ.) FIZLENY (Pinus massoniana Lamb.), ~F¥IREZ) R 17 m',
1.2 LUER)HHE

T8 32 T P R S 1 AR AR A0 i R COL 3 1 Al COL i A3 & T TR AE S R 5 COL 38 i
(Net Ecosystem Exchange, NEE) ", W Fr15309 NEE #5453 R A= 7= 71 GPP FIAE S &R
40 A (Ecosystem Respiration, Re) ™, fi=t (1) 15 H LR/ K ) GPP:

GPP= - NEE+Re (1)

1R 25 SRSV LR NEE S e b - MR 2 L H B0 3 AR A

BT LUE ) GPP RSt T HOR RUZ e, w7 T AR S RGe i i ApE
Hr, LUER I (2) IR

____GPP
LUE PAR ], (2)

A PAR R FAEE S P YD S A R DLy, RDEEARARST (umol + m™ -
s four NHEPIRAMOCE A BARS R LEB, o n] DL A RO R DG R S ol
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RAL. ASCRUTINDVL S IR0 AR, SR NDVI (I frd:
— (NDVI-NDVI, ., X, par. ~Srar,)
fPAR - ND Vlmax _ ND Vlmin +fPARmm (3 )

A NDVILw S0 55 0 5% ) NDVI{E, —MEL0.015 NDVI,. 3/~ FE A 55 15 3]

xxxxx

RN B/ N I fror B, — RS 5IMBGE 24 0.001 F10.955",
1.3 RGN R EHIEETE

S R 2 1R T WL 2 G0 4 2 3 E LIS TS, IR B AR E 2 R . ki
WL 22 45 4% .0 % ] UniSpec-DC (PP Systems) XU E YA, 26X 3% K8
330~1100 nm, HHEPER 33 nm A A7 G GEEA WARLFliE, Hrp N Tl iEE
TR AR LR IR G S R B AR ST, ATl e 15°M3 f R
il 28 A LR PR S T e 7o 2 S S it K L. AT ST AR R 2T AR IR )R, TR
SEPBE R HERE R, IR S SRR AR R (R 1), IS AR/
A~ E LA T P 0 XL e B 1) s T RS

1 BEIEREUNENESEFTEOERIESRITEAR

Table 1 Vegetation indexes and their formulae
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ANWAEAE, T LA PRIASEL R FH AN RO S5 551 sl ] RUBE A Mok 03 2 il 3 2 XU
THE ) LUE 22 /N R, BOAE LUE F1 PRIGOAE SP3BT, 394 /N R
) LUE F1 PRI . 76 WL 450 KN, LUE 5 PRIEAT W M EPE, RME N 0.309
(P<0.01) (¥l2a), LUEY PRITEFEECREBT T IE AR LG ROR , 8 5O R
WAL FR, W InLUE S PRIATST 500 . fERLZPEIRIA 538, InLUE 5 PRIE
HRFENIEIE, RMEH0.347 (P<0.01) (& 2b). FIH PRISMN S ) LUE sy 5 W
LUE AR )5 iR 22 RMSE=0.667 (l2¢)., PRIJGCH:YS LUE W E R TE MU A
BOR, LUERAETTE2.5 ¢ - C/MILIE, SWUN LUE ()4 = 2R 22 R R T 400 LUE KF
2.5 g« C/MIBFHIF . a1 aTLIE Y, LUES{EZ BT NDVI, EVIFI MSR 5L
SRR A o X — IR Y LATXS PRI CIE LI 7= A= 3 RS, 80X — it
IR LUE IR,

5 —— 2 5
B . b =
4 R=0347, Z ]
= S 11 p<001 - T
= 2 o % &
o 31 o =34
B & 0 3
=~ -1
E 21 S 5 2
S 3 =
= E £ R
H B 17 - RMSE=0.667
- o P<0.01
0 4= D 0 o
~0.08  -0.04 0 004 008 —0.04 0 004 12 3 4 s
LRl PRI JEF PRI LUEAg: C/MY)

2 P/NIEREELUE, InLUE 5 PRI, LUEw"'5 LUE HYHS 8]
Fig. 2 Scatter plot showing the relationship between the canopy level LUE, InLUE and PRI, the LUE from
flux tower and the LUFE simulated by PR/
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MSR 5 = B R A AR G E (1 4), XATRE TR 2% . LA &R LUE Y
PRI Z [A] G R 32 BT S Wi T N . X UEBA AL = (% NDVI I MSR J& LUE 5 PRITE B
BUFERINEIESM 2 —, TTENDVIF MSR 5K — X6, InLUE 5 PRITAH SR
Fedsm, X REH TR NDVIFI MSR Z 3013 Ay (E 1), X—FrBei LUE F1 PRI
(AR ) B 28 28 A AR 5 AR ) BEASR), PRIV 4% LUE 25 AL B 22 | (453X — B B
LUE 5 PRIG ARG R, B s A e . X —FRak L5 Jr =Rk ok 1
2N RN O R N A X — B B RRER T . X HIEVI, RTLUE A
F0.3~0.36 2], ZFAEALAINFARE . 5 NDVIFIMSR AR, LUE 5 PRIFAFIA 6
FIPWA HBUE EVIE S RECh . X AT R T EVE s R e 55 X o sk, HAR T+
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Fig. 3 Scatter plot showing the relationship between the canopy level NDVI, EVI, MSR and PRI
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Fig. 4 Days of NDVI, EVI and MSR in different numerical ranges and the R*(InLUE-PRI)
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AT IEH, 7E1-5 A BEAE B, NDVI. MSRH R*(InLUE-PRI) =3 FFLH TH h—3L
R RaE, WX S AT LA HAE 3 A I R*(InLUE-PRI) W/MEF 4 A HFLH R*(InLUE-
PRI) W KA 556 2 45 H 763X — B[R] B (9 SR ARG B AT 430 5 — 71D, AT LUE SIHE Al
Z77, R(InLUE-PRI) I %A 5 NDVI, MSRURFERIL mr, e iRk . X n]
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AT, B S A B AR, G A VER T E] 3h A8 AL B 232 4 AR
BRinpEm . FHE SRR
2.3 ZITEF#EEN LUE RIERE R

FIH PRIFRAE LUE 22775 sh 5B AL W CR 32 5t J2 5 s, IF B2 AR M R 3,
MSR FI NDVI{E—EFEE | BAT — @ RAEROCR AW 1. %183 NDVIFI MSR I H 5%
JIARRAAE B, 248 InLUE 5 PRI 1A 2047 R 43 5IIA MSR FINDVI, a3t — e84
MRS, Hidr, MSRXTF InLUE 5 PRITOAHCHESRTHR R, Podd BB AR TR F
0.054 (£2). W = NFREERMA AR, G844 PRIXTT InLUE (Y2 R R (A 2T
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BHE KW, 75 ek AR At MSR % T InLUE 5 PRI AH PSR T 9K 56k,
e REUEAL AR IRF] 0.173 T H., AHASTEAS I A4 [B1H 8T, Teie i A —F
THREFREL, /250 AR AR I T RECE AR R, LUE R ALK 871
K. . NDVI, MSRFNEVI =~ 2 25 F U 75 BOR PRI G [R) 41 1 11 [ VA RS AU 45 PRI
BRI T LUE S8 RAERE 32T T 54%, R{E:14%]0.636 (P<0.001), [F]
mf, JE R fE B EN (Akaike Information Criterion, AIC) %, W LI {34 5e
JRESREGHE RS, BIA L RS RS, B I AR
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Fig. 5 Seasonal patterns of NDVI, EVI, MSR and R* (InLUE-PRI)
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Table 2 The change of R* under the multiple linear regression model

L 0.8

SERULIN Y]

TSRS B (1-5)1)

InLUE
R R AR AIC R R AR? AIC
f(PRI) 0.589 0.347 — —-8382 0.643 0.413 — -2608
f(PRI, NDVI) 0.628 0.394  0.047 -8846 0.743 0.552 0.139 -3204
f(PRI, EVI) 0.593 0352  0.005 -8433 0.651 0.424 0.013 -2650 < 0.001
f(PRI, MSR) 0.633 0.401 0.054  -8930 0.765 0.586 0.173 -3374
f(PRI, NDVI, MSR, EVI) 0.640 0410  0.063  -9037 0.797 0.636 0.223 -3656
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AR, FEAC ALK, PRITT LIAE R LUE AR R e [ e 7 W
PP SRR, PRI LUE WIABCMERSS , B PRIFRAE LUE shS2S A0 R ) e 22,
TEALTVLPE A TR A 21Ut (9 ol s N TEF ARk, S 000 Y9 PRI LUE 1)
A R I E K SR, PRIMELIMERRAE LUE B Sh 2528460, i SRk it A2
RSN A ROCA AR AT . ARV 22 AR R S5 = A AW AR L, B R ok
GVEFE R . MG TE I PRI X — B HH (9 A5 A I ARk, 3 80H: 5 58 00 11530 1
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T LU B B SR B I S8 B —2E S T 6 A5 S 5 ) v [ e I AT AR AR
LUE B KRR R,

F— 1, ANFEAESS A 2458 E A X, fdifs PRIVEST LUE 38 & AN A0k
FEAEA AR B 20 e 2253 0 A HFGE A R4S & 78 i Fl LIDAR #ifiid 1 2R e J2 B
F, UM T AERIENG 2 . SRR 25 28R PRIXT LUE FRAFRE 1 R TEY, FEXT
KM ARG LUEA B SErh R B, S5 LATSE 0 N 2 1 PRIME AES A R 2 LUE 1A
BREER, EIMAS ARG, W2 PRIVIE)Z T AL AU, 24 LA/ T S Ak
TR BRGSO R RSt B T IR T A B AR ELAE R B REAE N
LUEBARAEAR Y PRI, 707 B HAWA B 2B R Z 550 % 8 R G5 T R iR 25 . A
SCUA R R O TR SR AR R ), (S PRITA)— G AR B D1 S 5 A BT R
B, X PRIGEATEZE5H ) T Bk, 1T LUEAGBREE . X — 5 e e {0 B e
VFRIEOLT , o i AL I 45, A HEBULN I B S R A 7353 R ] % PRI
TPt ittb. 28k, SFPARFESS A ANEAPISH, R L 2 ek
VEABIE ORI B S5 A A B P BRI TR B

HARERERE, YW ARBOCE ST (APAR) 24 LUE it WL i) 22
SR AFEAR SO 7 A N R [R] 28 B A AU ] 4221153 Hh 19 APAR X LUE WIN3EAT R
FIZ2E5, ARl R I S 1 LUE AP e — B AR e . X TR 284 I AT
i HZA RS B A LR T2 SO0, LB IR IAPAR A, $26 LUETTE.
Wi BLAh, HEHRMART RS, BARMMIEFIR T B0 AR e 4 72 -+
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RIS, % FERERMA B R G TR SRS IS, SEEF K BE B A o) 24 1L
KA, RIS IREE R 2 TS i Tt A AL, A iE AR ASRIE T
PRI — 20 M G LIRS B A S T B, RE NS M R B R A S RAE T
PRIESE LUEAFAERR 25 51 A

Ak, XSRS AR A K G R BB W, REAS B H T RS ) i A e o
HRBFEED, i GOSAT Fl GOME-2 % TR i I8 R ) H G R4 R 9Ok (so-
lar-induced fluorescence, SIF) 55, MAHBEDOCR S CAAEHCR I ME, Zliift
FE JRA B AR 7= B | S ASAE B AR A AR AL B AR AR, X — U T R AR
R, e —E R LR E T Rk A e RS R (R, SRR SIF 7= S 7E
25 (8] 3 R A (] 2R LB 5 b T 36 o SO0 3ty ) /N IR B0 i a4 A 7 BRI, kL
ESOUURTNIX R B R AR A RCRRRE S I sh S A ARAF . UL, #FXHEBE Y SIF
{5 BRI R B i 454 PRGNSR , H5BENS SR UL I 52 & 1) e & A B
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Assessing canopy structure effect on the estimation of
light-use efficiency in a subtropical evergreen forest

QIAN Zhao-hui'?, WANG Shao-giang"*, ZHOU Guo-yi’, ZHANG Lei-ming"’, MENG Z¢’
(1. Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and
Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China; 2. Collaege of Resources
and Environment, University of Chinese Academy of Sciences, Beijing 100049, China; 3. South China
Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China)

Abstract: Remote sensing is an effective method to assess Light- use Efficiency (LUE) by
using Photochemical Reflectance Index (PRI) at leaf level. But when extending this approach
to canopy level, we found that the structure of forest canopy is one of the factors that influence
the estimation accuracy of LUE. This study calculated the PRI, Normalized Difference
Vegetation Index (NDVI), Enhanced Vegetation Index (EVI) and Modified Simple Ratio
(MSR) respectively, using the spectral reflection data from the spectro- radiometer at the
Dinghu Mountain Forest Ecosystem Research Station in Guangdong, southern China. We
compared and analyzed the influence of different canopy structural vegetation indexes (NDVI,
EVI and MSR) on PRI used to track LUE as measured by eddy covariance at the canopy level.
A multivariate linear regression model was built to improve the fitting accuracy of LUE
seasonal dynamics in this subtropical evergreen forest. The results show that: (1) Canopy
structural vegetation index of subtropical evergreen forest has a significant correlation with PR/
at canopy scale, and the correlation between MSR and PRI was the strongest (R*=0.40, P<0.01);
(2) The estimation accuracy of LUE is better when high NDVI and MSR are observed because
of larger canopy density and higher LAZ; (3) Multivariate regression model between LUE and
PRI constructed by NDVI, EVI and MSR improves the estimation accuracy of LUE by 18.14%
in the observation period, and 54% from January to May. The LUE estimation method modified
by the canopy structure can improve assessment of LUE in the light-use efficiency model, and
the ability of remote sensing to accurately assess subtropical evergreen forest productivity.

Keywords: canopy structure; subtropical evergreen forest; light-use efficiency; spectral obser-

vation



