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BEANXFEEMEEL S REEEXT LS

oL, BRES, RELS, HERY, EAE, KR
AE, I

1. ER B BBl SR TRTTIT T A2 2R G0 45 0L S5 440 o o5 58628, B BT 100101
2. tPE MR 2E @) XA A AR S IR BT T AR LA E A SR, 2l 430074,
3. ASRTRURER [ - mnc R BB W 5 2 [R] s T AR AR P, I 430074

B OE. HEIESHSEDIESIF (Solar-Induced Chlorophyll Fluorescence) JEAH B E H SR CIE T I TG G 1E
B — A GRS o YERTR A HOC A E R JCBREr . SIF ARl 12 b ARG A 7= S Ak 58 Ty
S0 AV TR A A W 4 2 A AR R A b T R STF LI B ARG A A R b AR A Y A A Al R, R
FSIF{E % 10 - S5 R J6IRA, & T Bl DLSCELSIF () B HOWM . MAiC A — R T LS
SIF RS, (RS, B BRIk S8 0 1 25 5 DL RFEAS [R50 1 (A PR e 2 IR S ie . Bk, ARBFSE
FE T 1L b R AR o5 S FE LI AR B = e B s, X 6 Bl STF S 53% (sFLD, 3FLD. iFLD., SFM. SVD fIBSF)
BT XA 500 G558 EM: (1) FSFLD #5153 (sFLD, 3FLD 5iFLD) KRR EMHE (B>
0.86), SVDZELVE I 45 BARR T HABSE W 0 A 7, SFM FH BSF B4k 5 HA A S IR s A e 5 (2) SFM,
SVD 1 BSF 57503 T4 FLD R 9L B UL T & st SR e Pk (5 NIRVRAHLL : P AR=029, 5
GPPAHLL: T AR=0.10), HEnmREZHERIAREWEE T, SFMBALJIREIRITS CPPE M A XM, I
TiG T E 245 T A SIF K, 1 SVD 5095 RO A5 14 SIF RE A% B - M RAF AR B 78 B P9 RUBE 32 K PHER ST 52 M iy
Al (3) BSF R AU ey B 5 e S0 A A5 B RO BURK, (E TR S EOREURE, 6 fff FH BSE 3303 J2 38 SIF B
o AR A S AR R s AT RS . 25 b, ARTFSE I T 6 Fh LR SIF SO BBk R 25 5, W] A I AN [l fifi
1B T SIF AL s BRIt 5%
KR HIHSFHSRIOE (SIF), SOHEETEN, SRR, soGssds, gt (Gpp), i
AR
hESZES: TP701/P2
S A% BRERE, DEE, REE, AER, TR, B, B0, T8 2025 EEAXFSHEE WS REE AW S B
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Bl = A J2s 42 BR B P A o L R 70, R P B
- A VEH LB 24 7= 71 GPP (Gross Primary
BRI RBRAE R, W BlHAEBAT Production) fUIERIEAALBRYE, HIL GPP &

HATIE Z A, R Bk b A T A A Bk
2GR 22—, T A B3 B0 20 285 % <A 28 £k 15T
MAEBRGEMECEZ (AWM, 20145
Tikiz, 2021 @A %, 2023). BhHUEDDES

I FE HHA: 2025-02-13; FEDZR: 2025-08-26

AR R G Bk BE ) i HEESH (T 53 A EEK
KL, 2010; Amiro%%, 2010; Verma?s, 2017). 78
SAEHIE R, A B WA R DG RE —
Oy T OeA 2 SO [ B, HC AL 3 7 LB RE B 4

EETA . EEE AL (H%5:2022YFF1300100) ; 815K 1 48R 54x (45 : 42101479, 42250205)
FE—EEE N AR, D o AE SRR S AR RGRH . E-mail: chenjh.14b@jigsnrr.ac.cn
BAEMEEE A XSS, WFFE 7 ) AR B DG /&% E-mail: dengzy@cug.edu.cn

HAEEIEFIADEHE  https . //github.com/DengZhuoYing/SIFCal6GUI
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ROOEMIERFER (XIR =, 2014), HOGEERMH
EDGSIF (Solar-Induced Chlorophyll Fluorescence)
RS HYOCAEERE RS DI R, 7T LLyRb
DL “g e Oy BEA a0 HE 9 4 H0A 18 ot 7 18 B
DA R, DT R R OG- I Btk s D 32 43E 13 7
% (Gu%E, 2019; Meroni %, 2009, 2010). P
W5 AR R R, SIF(E5 2 &nT LN E
T I TP P2 (Du %, 20185 Mohammed 55,
2019), MRZHEFEH K ILSIF 5 GPP HA K 4F 1A
Ktk , BEREHEMEHIE R AEBOLA Bk s & (F4
B %, 2019; Cao%F, 2021; RFF %, 2022;
Wang 2, 2023b) . i o 22 O 15 WL I RS B Sz 7
SIFfF L, X TR G IS . HEMIAR
Wil 3 A A0 A 2 A A e 1o B AT R L, T RE
SRy 4 Rl TSR NS A2 AT 5 4 A O B ) BBl S
F (Chang, 2020; Li%, 2018).

FI ARG R AT 0 5 1 A 5 S0 6 5 B DI i
WEELHE 1 SIF B9 R SHOERE, AL 1A AL
REHEE, —FIREGTE—&. mH b THEAL
SRS (4 STF A5 A3y WL AR AT 1) AR B 2 S0 G R S 1
1%—5% (Porcar—Castell %%, 2014; Mohammed %5,
2019), 33X T B0k DL i LAY 1R B0 T B
BRIUE 2 AT SR, I RN 2% I 2§ U 5 FLD
(Fraunhofer Line Discrimination) &7 SIF % /S
Wi 2 I FEAE I SE B0 T 900 S ROt By 4 B
(Plaseyk, 1975) o AR A BH 5 S 4 W e/ FH 4
1521 35 3R 1) R B AR SHOGIE hAAVF 2 S8R 0.1—
10 nm ARG 2R, BPRIRFISRIELL, bl o i T
1E )P B 5 9O R AT B (650—800 nm) — L,
3 3 R M e DG 43 R 0 [ 25 K PR A Sk 55 R ) I
SPGB B AR, T LA AR 5Ok
RIFAL I (Well) 7 BUE A9 FEBE SN SIF FY
i (KR z, 2014).

SIF Y Sz 8 5 VE 28 1 1 1] B3] 52 4 1 18 20 i
AR B AYARIE FLD (sFLD) 33 i ik
I B 2 N A S S RSO A S, A
i 2% SR IMGOUE Y, AR RS 1T,
(BN B2 B 52 3 5 5 A8 A 500 M 7S Y 52 i
(5KSLAR 2%, 2018); BlJm A JEAY3FLD % (Maier
A5, 2004) {RIIEZ NSO BN R E LA,
REAS T AL IEFT SR 405 SR1iT, sFLD #1 3FLD
YA AR BT RE - BOM SO0 R BE Y R R A 1, Bk

HEAYFLD 83 (Alonso %%, 2008) 3 i Xif J 3L A
B I 2 P 9 A S 4 R OEE 0 S S R R AT A A A
IS b REAE B2 T XA 6] PR % A Ay 1 5 O3
LA 5835 SFM (Spectral Fitting Method ) I i 25 T
1L GEH) FLD R EHEL ) 22 30 2 ok AR UL SR
IRFN R M LR AL 0 S S R 59, TERAT ML IR an e
WA S5 S e BE Y BRI R A AU, R T fe
T e/ MBI G35 55 DG 1 22 B] Y 22 S AT 43
B SIF{=5  (Meroni £l Colombo, 2006); Z(EiKzh
B A7 SAE 53 f# SVD  (Singular Vector Decomposition )
A ) 4 5 o LD ) o ' 3% R 40 o ik Ay s A
R BLR A SIF 55, TGRS 17X IR AR
1k Y BURE (Guanter %5, 20125 BR 54 45,
2023), HE bad TR SORBLAN R RE I /Y STF J
5 van der Tol % (2023) #2H T —Fp A H J B AN
B LA AT, F G TR 435 B8 7 s
R N P 3E TR LA BSF (Band shape fitting) 55
VL AR RS FE 4 M O IR B L A O
TEAR TR ) S AR R AOEFEASIF, B b REAS K
AR IR W Wi A R o i T R B UL ) STF Fz 1Y
T,

M sFLD 533k %% J& & BSF 553k, SIF RUEF AR A
W 2D, AR EE R AT SR 5 T RS T R 4R T
(@AF5E 45, 2019) 0 AT LTI A 14 SIF S i 55
VR IR T HEOERS I I 9% I 2 1070 Y BEAS [ 2
EILFTHAR B . D BT O S R0 B 22 5,
It HAE R SRR AR HOp R 9 O 35 5 38 VS L . 2
AT WD T30k LU A 9E 242 b T FLD R4
B ¥ (Cendrero-Mateo 28, 2019; Liu %, 2015)
B SVD B3 19 TR A SR 45 R 0 e (BRSIE
8§, 2023), THXEH% Y BSF B0 14 4347 5 T+
SRR, JF H O AR 2 Ak T e J2 2548 AR X
BRI RGITE, DATERMOUHZ AR
ARAGITSE . PRIk, AW S8R FH 1AL 70 4R Ll 2R AR Y
B S G TR A, (A sFLD . 3FLD. iFLD,
SFM. SVD I BSF 3t 6 fift [ 573 50 il 4T STF
PRI, BT R WL AR B AR B T £ LA M B e S
NIRvR (Near—Infrared Radiance of Vegetation) 5
I T1 (GPP) B XS HL A BT 13X 6 Fift SIF Ji
T R Y PEREAIE T, JFE— B IR TR K
KM T REIEER S S HLE, USR5
BRWLI 1 LA R SE R R i B o B i 2%
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2 FES Ik
21 Wk s

5% XA T WAL B8 AR 1 AR AR S R i 2
Wk (1), izt M b2 3 X T 20 By
B 1 L ] G 2 SR R A DX 0 0 DX B
115.58°E, 31.12°N, 4K 1050 m. #F5 X S A% S

31.10°N

115.60°E
W visE  —— AL

115.55°E

(a) 3 i oL B e S 1 e

(a) Location of the tower and surrounding terrain

4.25_0_ =
-

=29.0 m

o2

i 126 m

(o) HEHE )29V 2 5 SIFSpec 71 B 4]

(¢) Schematic of the fluorescence observation system (SIFSpec)

2.2 WMEHE

JH T SIF St i) 8 i UL A4 Hy 22 2 T 00l
B B 29 m b B R BIOE Z SO0 A S R 4t
(SIFSpec) #REL (1), ABFFEfH Y SIFSpec &
4340145 QF Pro Y64 (Ocean Optics Inc., Dunedin,
FL, USA), #KEHE 2 640—800 nm, il 53 HF
FZ50.42 nm (FWHM), i RAEEFEZ0.17 nm,
fr R EE 0 1000 = 1o G A A9 5O 38 i MPM
(Multi—Port Multiplexer) 3685 AP, HEHEPIHR
e, SR REE (E) Rk (BATR) T

R A, HA AT AR FRKER
P, TR LS C, FREARIR 258 C,
SRR ARRR-9.8 °C, MK 1414.8 mm, ek
RYA T RN B e o UL 5 ] 300 A B 26 A R b T A
AT R R S AR, ARARAE 55 583K 90% , AL HAM Fh A2
15 EM (Pinus massoniana) . 2K (Cunninghamia
lanceolata) ¥ Jz Kk (Quercus variabilis), )=
PR EEZ70 12,6 m.

(b) T8 H 55 e JRl i e

(b) Flux tower surrounded by mixed forest

(d) SIFSpec 3Z 5t
(d) Field photograph of the SIFSpec

BT ACHIFSE 8 L 3ty s R WL 15 6 1 10

Fig. 1 Study site and observation equipment in this study

B R ELF il R AL IEAY (CC3-UV-S, Ocean
Optics, Dunedin, FL, USA) & F47 Kk
HERE, S 7 0 5 25° e AT HL D BET (% ff
25°) HF WA PR BT E s (B (e)).
ISP i BT A 1 R AR S B AR A R DL
PRHETAERREREA 25 C (21 °C), [FEA
BT AN FE MR AN R AL 55 °C o IO R 48R
SRR SRUEAT RIS, AR A LR
TGRS | L ATHR S BE AN 2 IR N AT 4R BREE
SR Je B AT ) FH A S8 R R B e T T A AR A
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RSB R (Apparent Reflectance) o %¢ )G Y S Ji
X G SG TG o3 R EOR B R, AW TR
P T AL A 4 % 235 R 408 M 1 2 AIE 2 G X 5 IR RN 3%
ML RN, ([B12) . ABFSEAEREAT SIF SR
XoF 5 A ORI R A5 0 DI 3 St AT B 4 o R
e (1) DU AT figdth ol /D S8 S s 4 SRy i e,
HORBRFF G 2ORBEHR T T /52Xt 43T (Cogliati
&, 2015), {HH THdE o f R R H B A
W tE, RAAED RN TES R, E/RsXt
i AR .

60 0.26
/.""\l“\’u‘"’“ﬂ,\ 'J"‘ \,\’\‘Il’\Vv\
~ | 0.25
=50 i
3 . 0.24
E 2 i 0.23
£ % 5
SO | 0223&
I X
E 30 I
Eﬁ : 0.21
12 |
£ 4 ! 0.20
\ 0.19
A
10 e 0.18
730 740 750" 760 770 780"

" PK/mm

gL —— R -
--- HEERE — EERE
P2 SIFSpec ML SEI i 71 1 (1L 202345 4 20 H
12: 18 3 - Ay 5], WL S A< MR LI SRA £ A S5 B
SRS SE BT s B R RN X R B S R S (A
AL S S 30 33 B LA 3 YRR SR A (B A ISUL TC ' A S )
14 S 536 s T R P s AR T S S R B S S e
JEE , FCE E RN 0 S SRR 8 B 1) 22 (E B POEIEE TR
Fig. 2 Example of speciral measurements from the SIFSpec
system (Taking the observation at 12:18 local time on 20 May
2023 as an example. Apparent reflectance is calculated from
the incident radiation and reflected radiance directly obtained
from the observation. Reconstructed reflectance refers to the
interpolated reflectance obtained by interpolating the
Fraunhofer absorption lines, while reconstructed radiance is
the reflected radiance calculated from the reconstructed
reflectance. The cubic spline interpolation is used as an
example to simulate the reflectance in the absence of
fluorescence emission. The difference between the
reconstructed radiance and the directly observed reflected

radiance is attributed to the fluorescence contribution )

x1 REEFHERRERSE
Table 1 Quality control indicators and

corresponding thresholds

Bt bR T BRI
pNEPNITYES MR 28 28 BE R i) 15 <70°
NS AR B R |E,~E,|- 100%/E, <10%
FME G e LIE-100 <100%
>0.51%
HORDN PN I DN {8
I HLE 7 L DC/DN-100% <20%

FE T2 22 S0 AR I S g R 5, AR5

T TR L MRS (NIRVR) H F/R220 R
WS, B AT .

NIRVR = 20 % NIRy (1)

e

K, Eg HIELLAME B A i R BH A S RS, =
FH T4 BR 3 AR ST B Y B AL 4, NIRv R #E AR
IELLANIE B i S 8% (Near—infrared Reflectance of
Vegetation) o ASAFFE BT L AME B R 770 nm
ab (RRFIME 45, 2023), i Zeng % (2019) HJ
WFFE A — 46 22 0 A DR B ND VI A 2081 B 5
R, B IR EAFE NIRv,

WFE X N AR B GPP Bl 2236 Tl e 1 s
JE 29 m Ab (4 JF B i B2 AH OC 38 5 UL R 48 OPEC
(Open Path Eddy Covariance) 3KH(. %R G —4
75 K 3H A CAST3 (Campell Scientific Lid., USA)
TR W IS 21 4h CO,&H,0 43 A Li=7500 (LiCor
Inc., USA) @, HdEk& 4 CR5000 (Campbell
Scientific, USA) DA 10 Hz BMCRIITHE R, I
TELAER 0 30 min F-F- 2408 Rl AA0E . ARUGHE
3WALFRIERS . WPLIIE . AR RSB
PR SF R RE fS AT 4 A LA R A 3% 2L 1
HEBRRGACHNEE (Net Ecosystem Exchange) (¥
AAH5E K H [ 73 (Daytime partitioning method )
¥ NEE #5 43 Jy GPP Rl A= 25 BRG0P (Reichstein
&, 2005), BRI AR AT R SIF R4 2 /Nt
RUEE T 5500 0 B GPP HEAT XL o

AR 5% 3 BT 5T 0 A 2023-04-01 & 2024~
01-18 (1= i 5 3l B UL . 76 58 i bR ot
Pl B S AR SRR RS, R T
JE 21 SIF S s S LU 734
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2.3 SIF RiEE XIS

2.3.1 FLD %35|&%

FLD 2 91 5335 119 52 03 5 0 75 B0 33 00 I 3
TBCAA) N SR L R i S e B R TR 25
AFRAM A B A . BRI, sFLD Bk i R
RN 2% I 45 2 05 78 HL I 2 N A0 1) R 5 8 R (B
AHAE I H AT £ PN AN R B R R E )2
7550 B R A7 4 BRI 22 ] 1) 22 5 4R U G
AL 955 (Plaseyk, 1975); 3FLD Bk
T AE I BRIl I 26 PN 26 RN R B e S 2 AR 4k
it PR B £ P8 B EL A s 349 BERAR B FLD 9%
AP BEBE (Maier %, 2004) 5 iFLD 83k {B %
ST W I B4 2 LI S SR A IS 4R N A L S B
SPEARSE, A 2B T, X R IR
1B W 4 11 5 I S5 A IR E AT A 1, DABRUAR
3FLD Bk e PEB % (Alonso %, 2008). FLD
RO Ak AR mE 2 s, Hp. EME,
I3 RN RS LR N AN AR R ATAR IR 5 LN Ly 53 5]
PRI AN BN EATHRSEEE 5 WA W, 4l 3
71N 2 A T A X A 4 5 9 3R B AR R
F, ap B Gy 7N 15 26 P 4028 6 A B 36 0 H AL
T HER T 3 YRR 45 R BN IS LR Ak 1508 6 5 R S R ok
TIG M, BRI 735 ] UL Alonso 5 (2008) 1Y
W% -

F2 FLD RIIREEERAAR

Table2 Formulas used in the FLD series retrieval algorithms

\"g‘ig 23
. At 2%
(=R Sk
SFLD grF = Bo X Ly~ Lo X By Plascyk ,
» Eo - £ 1975

L - # % (W L +W.L )
3FLD SIF= L WLE, + WLE, Lo Maier 2,
P T 2004
WI.EI. + WnEn
L - Alonso 2,
iFLD siF = 9nEoly ~ BiL, 4 onso %

ayE, - &k, 2008

2.3.2 SFME&E;:%

1R Ge 1 SEM B8 12— i ao 1 P 22 30 =X R 50k
IRTOCMZLIE AR, S PR 26 i 2T A g
Z W BRI Bl R, o T RO U 1Y) e g ¢
JEMZI AR LA NR 22, A WEFEIE i SCOPE 5 Bl
(van der Tol &5, 2009) FF UL T 2¢ )l 26+ A< 4
(Liu&§, 2015), JFR M 300 70 Hr $2 Ui 54> 70

i, E SRR SR EAT R ST R TR ALy,
B 2 T R /N AR M R B AT RS
WL AT R HE ASR IO S5 OIGAA -

Ryon(A) = £ (M) eptaion )

RMOD(/\)E(/\)

L()‘) = + SIFMOD(/\) + 8()‘) (6)

T, Ryop (A) 78T R HUFN 2% 155 28 A1 2 W s
SAREEE 3URFETRMIZL S () serpotaion P I I £ S EF
R, SIF o (A) s A 3 B3 53 AT 7 A B 1 2
JEAE . e(A) FRos W AE 5 #8818 Z 1] 1 5% 2,
E(A) R I AFAR 0 S AT R

23.3 SVDE%

BT B IR 3 A SVD Bk R 2 B bR AR
BEGIEIE T 43 1T LAy Sy v BRI A . (5K ar
i 4, 2018), FIHARESH (SVD) HARX =
TETERCE AT R Al R MR b B, SR S SR TR
TELAE B E A LTS B SO IE i, AR
SIFf5Y (BRFIE 45, 2023):

P

L(A)= (z(a‘ X )\")) X 2(1’/ X 1/].) + SIF X hy X T,

(7
Ao, L) AWM RS0 EATRR SR, A RORIE
KWW Tr s v 89 HARRAE 5035 1Y v 456
g3, ASHIESE SR LI Y % i A il T e o S
PR T ATHI R EE AT SVD 43l 4R A5 5 o, R b A HUA
S8 p N EE RS I TR A A e 22 T SRR
AW LR 45 r FoREFEOCIERIE N2, A
RN T, 5SFMBTEER, TR LATER R
T HMSSCIER % R, (X (8)) CHMAYTELL T, X
SIF {H B 3R it 728 o e /N T b SR it 1) J0 (5K 7 A
4%, 2018),

(x - 682.6) (x - 737.8)

hy=214%e 12 +6032%Xe 10
(x - 737.8) (x-7273)

59.80 x e 1% 4203 X e 8% (8)

234 BSFE%

P AUA B BSF A KA A S X
TN FEIR AN BE L N [ S R SR ST SIF - (van
der Tol 5, 2023), ZHEH BRI . 184
NI A7 B A e )2 T 34N 29, FR e =& Z [
R A N %, x, M x, TEHESIF YTE LT,
e B LI AR L) N A7 4 B E RN L AT AR S L AT
TEANTR LR
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L wSIF

= In|exp(—k(x, +x, +x,) + —————)
In e PR TR TR RE explch,)
157_ kx,
nEa

©)

A, BRI AR RS, kATC R,
RFTR IS A S IR ECE vl 73 0 O, A ko, 5
HARM I R EA ke, TS o 9 TIHBR K, BRI,
BT PATERRT S IUT R A1

InE, = Ink, + k,,.x, (10)

(((((

B (10) F1sC (11) A (9) i, w15

| L,
n
LO—TSIF=x0+x1+x2:a (12)
ln£ o
E,

IR (12) EA7 AR B AT ] A 52 7 M A
HRKE a MSIFRME . X (12) Fa WIELRAE T
DLW

a=14+l14+ cos (SZA) <
cos (VZA)
1004 x 0.029
8.31446
[ - 9.81h (13)
1004 (T + 273)

1004 x 0.029

9'81h 8.31446
( HmMT+2BJ

2, RN, SZA K BHR T A,
SR TR, TSI

2.4 ERMEEIEN

VZA N

2.4.1 FMNIER

AHFFEAH ] NIRVR F1 GPPAE N iEM $6 45, XF
6 Flt SIF 5z 1 38 A 25 SR AN PE RESEA T OF M o ASBIF 9T
T NIRVR 2 AE 9 3 2040 3% NIRv 5 770 nm &b
K PH4E B e B DL AT 5 98 Hh AR B T 21 A1
BLI B i 48 1 5 SIF 78 56 J2 9 2 A8 ALY A% 4 ok
T, TEREHAEER L A AR B LT, NIRVR
5 SIF H & B W A e (Zeng 55, 2019,
2022), [HULH T o 5 SIF SR IEAY (BR3
45, 2023; LiuZs, 2025). MW 7" 11 GPP
A A A 1 FRE R A = A Ak A B
PR TP R, T SIF 2 G o e v R e A o 1) — 5
gy, ZEEBYIME, &2 e ds o2 RO i
B SIF 5 GPP 7R B RUBE R HLAT 55 /3 R 2t A G

P (Magney 5, 2020; FTHIF 4, 2019).
242 A E
AWFSE T NIRVR 5 GPP ¥, 45 Ak &
B R* (Coefficient of Determination) [t A [A] B [8]
JUBE RN R AR AT £ B i vk B Rk o T R
RTHE AT
2(}’:‘, - 5’)2

R=1-"t— (14)
iz],(yi - ;)2

A,y RN HISAE, 7R — oA 5k
PR TOAE , y R IEMHME. R 0—1, %
{HBRAZ T 1 7 38 Gt A P

TE HO S SIF S 505 8] 1) 246 %8 22 S 6F - ASBF
SEIR T 3477 MR 1% 22 RMSE  (Root Mean Square
Error) YERMIEM#845, RMSE BIHEAZA0F
FOYCREA) (15)
A,y 2B AR SEPRE, 7 RS AR
TOME, n e EASHY S ER

N T RGN R ARG T 2 B i 50 1 R )
Ze5t, ARWTFOMRE R AL L5 PG IR R
MR HER, HER, ARERIEZ R
42k, HrpRAVBATE AT AL 5 R B OV,
(Coefficient of Variation of Sky) FE (Chang &
2020) . T B O B S TR B 6 P02 9 K I,
(Clearness Index of Sky) FHE (Masters, 2013),
ZAHEWHRE AR

RMSE =

cvﬁf=a(EMJ (16)
' l"L ( Edaily )
E

CLy, = 5= (17)

X, K, R — R i A58 BEEE 4 7 51
o Mu RRFHI bR EZEFIE, E,, R IGiE Y
PR AGTHR IR, B, Fm KT IS A GH5E
B Python "' ) Pysolar £ 8t 1155 (Reda I
Andreas, 2004). }F CV 5 CI, BRSKIHEE
MR 3R, ST ARSI T 1748 5 5 BT
AT A B R — Bt X RS
Chang 5% (2020) HIBFFER I CV 15 CL K7 5L
X A U0 s i 5 T P ) R AR A 7400 4
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F®3 KEWRRXISHE SFLD 3FLD {FLD SFM SVD  BSF 1.0
Table 3 Criteria for weather condition classification Tz
0.58 SFLD
KM CVy, CL,, . 08
<CV > Cl B % ook Kbk .
EPS 1 2 / 074 045 3FLD
LEN ) CV% i CI% 0.14 ,<]0.06 /" ok sk
S ov -l N 058 031 iFLD [0
RAAKE > eV, >l )
h 7 7 % =
B ; . 01T #1018 /7023 /7 _
ESN TEBR 1 / V4 d 0.72 SFM o
P OV FORBTAT OV, (0 1250 R08K . CL, A CL A1 R A T A g A T
2 3 3 . il 7 ,';'}‘/. '/./ N
Cl, fELIY 1/3 F12/3 B L 07lF 114l 1201 099 53
0.06 # y 0.17 £/10.10.- 41.05 .~ ’
7 N L BSF
4 I\ / p
3 én%'@ Al *ﬁ .

3.1 A[ESIF RiEEERHEAELLR

6 FlAN ] B9 SIF Jiz 38 5535 B AH S P Eh e &5 2R
B3P . AlOL: ik 6 PR MRk i g R 2
[ A ARSCHESSIA B T B A (P<0.001) . Hirr,
sFLD 5 3FLD B vk 25 S (A M i sy, R°3K0.97,
XL R A 3FLD 34 5N AE sFLD JERE E IR T RS
WA — MU B E NS, TR Y AR
AR T H AT AR FEA B AR X 3FLD 5.
Bttt , iFLD LS sFLD Fl 3FLD 551k 45
SR &, R 2020 0.86 11096, Hi ALY
BSF 3418 5455 i FLD Il SEM 85 45 5 22 ] (46 ¢
PEAR, R°3>0.8, {H5 SVD B Z [H] By AH G
BEAIE (R°=0.57). SVD LR S 45 5 5 HAth 5 Fh 5
PR S E A XA, H SVD S i Y SIF {2 2
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Fig. 3 Inter—algorithm correlation matrix of SIF values derived
from six retrieval algorithms (The numbers in the upper—right
heatmap represent the R*, with *** indicating a significance
level (P) less than 0.001. The scatter plots in the lower—left
corner show the comparison of results from corresponding pairs
of retrieval algorithms. The red solid line represents the linear
regression line, while the black dashed line indicates the 1:1
line. Numbers in the scatter plots represent the RMSE between

two retrieval results, and the unit is mW/(m?+nm-sr))
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Fig. 4 Seasonal dynamics of SIF retrieved by six retrieval algorithms in comparison with NIRvR and GPP (The comparison is based
on daily-scale data from April 2023 to January 2024. Daily data were averaged using observations from 8:00 AM to 6:00 PM, and a
10-day sliding window was applied for plotting the fitting line. The values in the legend represent the R* between each algorithm and

the evaluation metrics. The retrieval results of the SVD algorithm are scaled down to one—third of the original results when plotted )
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Fig. 5 Scatter plots showing the correlation between SIF derived from the six algorithms and NIRvR or GPP (Panels (a)—(f)

compare the calculated NIRvR values for each valid SIF retrieval by aggregating all available data. Panels (g)—(1) analyze the

correlation between GPP and the arithmetic mean of SIF data within each half-hour time step. All results are statistically
significant (P<0.01))
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Fig. 6 The correlation between SIF derived from the six retrieval algorithms and NIRVR as a function of CI (The shaded area

represents the 95% confidence interval )

1.0 1.0 1.0

0.8 0.8 0.8

0.6 0.6 0.6 -

= 04F = 04F = 04

02 02 02

0 0 0
02—ttt 111 -0.2 ——— 1t 1 1| -02—t—tttt 1111
NOLPPIRRERD QQ\QQ\\Q NOLP PR PERR O’Q\QQ\\Q NOLPLIRRERR O’Q\QQ\\Q

CVAH A L% %
(a) sSFLD & CV

CVIET hr BU%
(b) 3FLD & CV

CVAH iU %
(c) iFLD & CV



WRAE 45 L HDOLIAE R S R 9O 2 SO B Xt LA

3553

RZ

1.0 1.0
0.8 0.8
0.6 06}
04r % 04}
02F 02}
0F 0r 0k

02 —/4————-11 1111 311 ] 02—ttt 11| 02—t 11

NEEREEERERDES R EREEEREEEES NEEREEERERDES

CVIE LK%
(d) SFM & €V,

7 RS 5 NIRVR AR SEPERE CV

CVIE iU %
(e) SVD&CV,
o IR AL (BSE 38 53 7R 95% AR X [8])

CVIE LK%
(f) BSF & CV

Fig. 7 The correlation between SIF derived from the six retrieval algorithms and NIRVR as a function of CV, (The shaded area

represents the 95% confidence interval )

J7—1{LSIF 5NIRVR

1
13
LI [A]/h
—o— SFLD=0.93*** —e— JFLD=0.5]1***
—o— 3FLD=0.80%** —e— SFM=0.93***

1
14 15

17 18

-0.1 1 1
7

1 1 1
8§ 9 10 11 12 16

SVD=0.98*%**
—e— BSF=0.99***

(a) WK
(a) Clear sky

J4—4kSIF 5 NIRVR
[

40.1 1 1 1 1 1 1 1 1 1 1 1
7 8 9 10 11 12 13 14 15 16 17 18

3 I} 1] /h
—o— SFLD=0.95%%% —e— [FLD=0.54%%%
—o— 3FLD=0.84%%* —e— SFM=0.97%%*

(c) RAATE
(¢) Varying clouds

SVD=0.99*%**
—e— BSF=0.90%**

J3—1LSIF 5NIRVR

112 13
b I7]/h

—o— sFLD=0.80*** —e— jFLD=0.07
—o— 3FLD=0.48%** —e— SFM=0.8]%**

(b) X
(b) Hazy sky

1
14 15

17 18

_0.1 1 1 1 1

7 8 9 10 1 16
SVD=0.98***
—o— BSF=0.95%**

e =2
] =)
T T

J4—4kSIF 5 NIRVR
[
W

03
0.1+
40.1 1 1 1 : 1 1 1 1 1 1 ]
8 9 10 11 12 13 14 15 16 17 18
3 I} 1] /h
—o— SFLD=0.80*** —e— {FLD=0.46%* SVD=0.97%***

—e— 3FLD=0.66*** —e— SFM=0.89*** —e— BSF=(.74%%*
(d) =
(d) Heavy clouds

8  SIF 5 NIRVR ZEAR [ KA T 19 H ARk b (2060 523037 NIRVR ; ] Hh 1 4007 o i Bk (1 R 45 5 5 NIRvR
A1) R 5 14331 7 SIF I NIRVR 22 [B] A A [RI R BE 114 2. 35 1 (P<0.05, P<0.01, P<0.001) s JIT A3 4513 T4 1 i e K fH
S/ MAHTIA— AL 2]

Fig. 8 Diurnal variations of SIF and NIRvR (The red lines indicate NIRvR. The numbers in the legend represent the R* between the
retrieval results of each algorithm and NIRvR. *, **, and *** indicate different levels of statistical significance (P<0.05, P<0.01,

and P < 0.001, respectively). All results were normalized based on their respective maximum and minimum values )
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Fig. 9 Diurnal variations of SIF and GPP under various weather conditions (The red lines indicate GPP. The numbers in the legend

represent the R’ between the retrieval results of each algorithm and GPP. *, #* and *** indicate different levels of statistical

significance (P < 0.05, P <0.01, and P < 0.001, respectively). All results were normalized based on their respective maximum
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F4 BREEZREARXRSEZE TS NIRVRFIGPP EH R

Table 4 The R’ between different retrieval algorithms

and NIRvVR or GPP under various weather conditions
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SFM  0.71 044 071 055 056 049 050 036
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BSF  0.63 032 0.66 044 029 035 039 028
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Fig. 10 Effects of temperature , observation height, and prior weights on the results of the BSF algorithm (The test is conducted using
data from May 15, 2023, with NIRvR used as the evaluation metric)
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Table 5 The effects of temperature and prior weights on
the results of the BSF algorithm
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Comparative analysis of multiple retrieval algorithms for tower—based
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Abstract: Solar-induced chlorophyll fluorescence (SIF), a weak optical signal emitted by vegetation during photosynthesis under natural
sunlight, serves as a nondestructive probe for vegetation photosynthesis and has been widely applied to estimate productivity, monitor stress,
and track phenology. While tower-based near-surface SIF observations provide a fine-scale understanding of vegetation physiology, direct
SIF measurement remains challenging because of SIF’s weak signal and interference from reflected light. Although various spectra-based
SIF retrieval algorithms exist, the differences in their performance and adaptability under varying conditions are poorly understood. This
study compared and evaluated six SIF retrieval algorithms by using tower-based hyperspectral data. With high-resolution hyperspectral data
acquired from tower-based observations at a mountainous forest site, six SIF retrieval algorithms, namely, sFLD, 3FLD, iFLD, SFM, SVD,
and BSF, were systematically applied and compared. Algorithm performance was assessed using the retrieved SIF signals and their
relationships with key vegetation indicators (near-infrared radiance of vegetation or NIRvR and gross primary production or GPP). (1) The
traditional FLD algorithms (sFLD, 3FLD, and iFLD) yielded highly consistent results (R> > 0.86). SVD’s retrievals were much higher than
the retrievals of the other algorithms, and SFM and BSF maintained strong correlations with all other algorithms. (2) SFM, SVD, and BSF
demonstrated superior accuracy and stability compared with the traditional FLD algorithms (AR* of 0.29 for NIRVR and 0.10 for GPP).
SFM s retrievals consistently maintained a high correlation with GPP even in cloudy or unstable weather, making SFM highly suitable for
complex environments. SVD-retrieved SIF effectively captured diurnal variations in vegetation response to solar radiation changes. (3) The
BSF algorithm showed high sensitivity to observation height and prior weight settings but low sensitivity to temperature parameters.
Optimal BSF application thus requires parameter adjustment on the basis of specific scenarios and data characteristics. This study clarified
the differences among six representative SIF retrieval algorithms. SFM is recommended for complex environments, such as cloudy
conditions, and SVD excels in tracking diurnal radiation-driven variations. Meanwhile, BSF requires careful parameterization. These results
can provide critical guidance for selecting appropriate SIF retrieval algorithms on the basis of specific research objectives and environmental
conditions.

Key words: Solar-Induced Chlorophyll Fluorescence (SIF), retrieval algorithm evaluation, tower-based observations, hyperspectral data,
Gross Primary Production (GPP), mountain forest
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