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PLT OGS VE SR . SIF BN w/m2/nm/st ISR S TP S oyl
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(Yang et al., 2015)

Fi. ) RFEBREAME?

% RFEHR R AR AR K, SRR AE S 6 IR BE % R A ER B AL
UIFEBUE NS, TTRE 2 G SRR R A S A, H T, et RO IR AL
EAETE R M, HHFEBOT DU s R b Fa 4 (PRD #HAT4RR . BRI
HER M EANRE BN ERE S BN R, MRS EN S
£ 531nm &b S A R, (EXF 570nm &b 1) S GHRH LR . Bk, AR4E
531nm A1 570nm FGIE SO THE BB AR TR (PRI BT BRI AR R
To JCRER Mg, PFERUED, 531nm &b ST ZR R B/, PRI AR
FATER GG e ) 226 15 T LAZE 5 31 53 1nm A1 570nm HDG R B, BRItL, T8
T GBS B e 2 s SR O T 5 K BH NS O AT PAIR] I #ar Y STF AT PRT. PRI 14
L

_ Rs31)-RAs70)
RAs31)+ RAs70

S it et |

PRI

A R Koo )2 i 5 ORFE S G s 26, M 531 A1 A 570 4 7ll3R
7~ 531nm A1 570nm [ eI Bt
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N~ H: REX AN, BERIE R ?

Fe BOGTI I SIF BARARE /N, (B A DD W A BN S 4 S A e 2 s
St AR IR PR S8 B AR TV B HH oK o AE R BA R SRR R SR T &
SRR RE AR R K PR R S 32T SR AL, 5 BRI IR AR T W05 1 PR K B D' 1 £ 3
ORI ATZ BN 0.1—10 nm L (WREEMRELA Ha
M2k 02-A HEZRAT 02-B HEZk), RISRIRRFAMELE. HEZRMA AR ISR SRR
B, TR R SRS A D STF (45 3] 3T, RIVRI S 1 2%
T, DR d et s 2 P9 A BN SRR S G 4 S BB, o] ASRE S STF.

200 —— 0.5 _
—— KBS
G — MapE R
150 4 ™= — &QT%_
Ha
i - 03 -‘\H- 0rA
£ 100 = 0,-B
g L o2 X
50 +
0.1
0 =1 T T T T T T 0.0
640 660 680 700 720 740 760 780 80
) e R R R )

WA (nm)

FATTAIT AR STF M 28 G WL A 14 82 ' 1 1]

+. W\ AEESEH R SIFFX 5?2 2 i SIF & X ) ?

2 REMYIN SIF —BEAFR .. SIF ZA1ERM “BlIF R, BlE
EEZRM ARG gk &R XOCEERRE T, [FI 125 W B H g
SAT o B i SIF (E /& X R, AU o S AR ESS, SIF (A
BA%, BEEM K, SIFEBEE A E ARG sRmg s, (14 26, SIF
N2 TR,

J\s Rz HFIE R P K S1F 7 X575 2
B B R B AR SRR SR A, WHAE ERE, Mzt AA
AR STFAE, (HIX 7 H AT T IEAZ .

18
IEREHM: ERFARLURARK22EEERKIMAEI0R ARNBLALTHFBXETR19S FHE~WAE—E
8 %§: 100043 BB 4: 710043

= #l: 010-88202236 =2 iH: 029-88426583 {£H: 029-88426583
f&  H:010-88202 R fF: www.truwel.com www.truwel.net



AR EaIFHRIRAE] RS

Beijing Truwel Instrument,Inc. Ed{TE

Fu~ 16 SIF A3 A BRI, ?

Bre STF SR A1 BEMISEME, — MBORUL, W 7 1) CORBHAR S A 5 17D
(¥ STF {ESE A&, W] DL AF AR GPP. B T N f B, STF 3832 KPS R
T AN AL f I sea . BRIk, iR SIF SR RS DCEEREE T, B
27870 A 22 I AR AU K 1EAT 20 M o SXREBE T BE BE 1) B SR 5 504 =2 b
B R

+ W ARG TR KB RR R SIF B RCR G ?
e N, STE WL 32 et J= S5 F s, R S o Py, A OE S s iR
ZE MK

+—. W: SIF ZKFHREEARZMG?

%: STF ZKMHEEZAMRNE, f£—R, SIF FEAE KR & A AR o
AR A S I B Y ] AR 4K o H1 T UG8 S ATHR S R XA IE AR AN B 58 WA A BR Y
(180° ) WHHH KMHGNE, — MK B AT 30° i, Hifmats
I KBHEEAKT 85° W, ZEIEHEAGEH T SIF $REL, KA P & B A i
Ko B 380 A7 4 IR R AR AR ) RS

T H: BR, FBRMEZZRSN S TF RRKEN XA 820 ?
B RIS RAMT, BIRZ LRI T BN B . [HRZ
=EUL T AR STF AH— M ZE AT IR P AL B B & 5 Jm A4 e f ]

SEHR:
(1)Frankenberg C, Fisher JB, Worden J, et al. New global
observations of the terrestrial carbon cycle from GOSAT: Pa
tterns of plant fluorescence with gross primary productivity.
Geophysical Research Letters, 2011, 38(17)
(2) Jeong SJ, Schimel D, Frankenberg C, et al. Application
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of satellite solar—

induced chlorophyll fluorescence to understanding large—
scale variations 1in vegetation phenology and function over no
rthern high latitude forests. Remote Sensing of Environment,
2017, 190: 178-187.

(3)Yang X, Tang J, Mustard JF, et al. Solar-
induced chlorophyll fluorescence that correlates with canopy p
hotosynthesis on diurnal and seasonal scales in a temperate

deciduous forest. Geophysical Research Letters, 2015, 42(8): 2

977-2987.
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= HERVEHZ REBT

H * & S o % F K ok (  Solar-
inducedChlorophyll Fluorescence / Sun-
induced Chlorophyll Fluorescence; SIF) SH¥OGEETER BEIER R
ARIB R ARTER Mk Bl bR (23] ), SR8 HAE AR T 5h G E IR M
BN SRR A B DX DA R A4 3R RRE AL A 7= 77 1A DR o A [ P 3o SR 0 A
R SIF BARARMEREE . BT, 33054 8hE R 5T 5 (2 i3
THRNCEIER R R FUR R, AW R0 & F B g 4y, N TAE
REE (b EEMXED RARBET6 (FR. RN TR, HPRA
TR T A DI RETE B .

RO

R ROBE I 52 G BRI 22 DA 32 Bl B8 e R Oy 32, 38 T R 1 ket 4 S5 o)
(pulse amplitude modulation; PAM) FIZ¢YGit, [HZid BmEALER KM F &
SRS, WOR B IGAE T R S l A I TR R AR R AR, RO IR A%
AN (Kautsky effect) (Stirbet and Govindjee, 2011), %G ElIE
RPN A G T A AR T 2, Rt 5B 7y S i 2 i gy b
M, ATk —RIACRGERE LW EESH, A BDRLHE
(minimal fluorescence; FO)\ & K% IG(H (maximal fluorescence; Fm).
PFEBL SR AR 64k 28K (Non—photochemical quenching; NPQ). FW
A HTEIEEF (electron  transfer rate; ETR)FEMIEALZERER(PPSIT)
& CTHEmSE, 202D,

R R PO G A VEH R ARG, 1K S 5T al s kS R B e R 5 5
HURBR T AR S G RETT . BT RS R ERE, 2452 B F 5T B0
HE AR, MA SRR E R AT R S E RS, Bk PAM UK E
158 e S BT IR AR BRI GERE . /K445 Bk isem (BR%%, 2004).
HARE N DLE R ROE SR A R BB S, 1 T 75 B8 10 Fikh 4 56
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i) AR I P U B P U PR B, N IE T R L e R

gt J R

N T IRFEEAE B IO R BSOS E RS AR, 3T im0k i 4 2 18 kR,
AR T AL R R BRI SIF J7ik . & J2 RUBE R & 77 3 i aed ol 1450 e K
BHANE 2 - NAT S, AR STF 7E 20U Sl AU R AL 286 1 1 78 UM $ B STF {R

i 2 B STF S5 RBEFEAHIR, & 2 ROUBE_ WL ZI ) STF {825 B i
A BRARF A AR HE B et 2 45 ) 1) e 7 e A o K 22 MO 9 M U 5 J2 FROBE ) STF I
AR B 2 9 — R LA BB A (Geai@ i ik), (HSZBRg il al fEsE
%% (Damm et al., 2015). JEREACHEMBIR) SIF 48 K4 KI8T ek 2 T0 36
(top—of canopy; TOC), JFARRTEJE K4 HE SIF, IX A jit )= 3 B 451 BAT
B MRS RS RGP RIS 1 B T STF A5 2 N 2 I E
Wl (4 SIF) MBS (@4 A A a0 4 SIFD) I/ (| 1,
Van Wittenberghe et al., 2015), SIFTOC AS— & FIEAN G2 1R S5 SIF
BIEHKXRQLu et al., 2020). Kk, SeiSOO02] 02 REZ R SIF T fg

ARHEACRHEN L LS00 STF LA

» = gensr

Qe BRmRTesIF
& THFTINENISIF

W~ MINSARATS. N T e e A R

KA
N2 69 A&
JZ TR 3RSIF

& 3

S P 3
TRk Ae
H At 49 SIF

K1 ez RE L, Hieil S akam oot (SIF) fASAAR BLAE I REE Ot
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SR PEAR T PRAR s 4068 SIF RS BRI, T £L AT 4T 4h SIF 5 1n) EAn
A R ECT . B SRVET (Van Wittenberghe et al., 2015)

W T gt i L v e SR USORT IR 5 301 STRTOC 5 S R S STF IR 2 57,
OK BH ek J5 P S T L AT At 2 SO0 STF (B2 5« i BB A 4% 5e E 454
AR S L 52 KB £ (solar  altitude angle;  SZA) FIMLIN A TH £
(view zenith angle; VZA) HISZMIEE K (K& 2). WHFRRM, #Hadim CK
BN J7 100D B STF Ml S8 e A BB D& E ] (Hao et al.,  2021), Kk,
TEAT VAR, WL 568 J2 e S e (R e £ Bz 1) b 7 BA— 5 £ FE AR 22 3

o4 (© 04 o4
020140925 (SZA=49") 020150515 (SZA=39") 020170501 (SZA=47")
020150919 (SZA=4T") 020150810 (SZA=36°) 020170524 (SZA=42")
- 03 020160507 (SZA=33") ‘g‘ 0.3 D20160828 (SZA=32") ’g‘ 0.3 020170526 (SZA=41°)
E a
’E‘ “8oa gﬂﬂ ? ;"* Bgu'ﬂ. a°®
.2 ooB a 210 X o /
z " Poy.08 o | ¥ pa| 2% B8, o8- gof ,0
% / 1 % Ty
& o mmﬂacr“ S lﬂg ,.-aau Bt oo ~-e0
Z 01 7 01 -%g_g. -EBEEDO B 01 DEgat®
US-PFa "7 AU-How Fl-Hyy
60 30 0 30 60 60 30 0 30 60 O CoERdETabbT allE AT
Viewing zenith angle (°) Viewing zenith angle (°) Viewing zenith angle (%)

B2 7ERACHR (A BRI (o) FIFSREITAR (£ MK B & B A
CVZA D FOAS [ AW R WA (VZA) K SIF £ % . WH RE T
(Zhang et al., 2018)

i = R L SIF R AMERHMWEE, €566 F 3EH
( photosynthetically active radiation; PAR ) F1 & ] %% 4 7= /5
(gross primary productivity; GPP) EEIRMAILM XA, IFHET S
L a7 NP N1 B 7 S & S| R = A = R A =
( photochemical reflectance index; PRI ) 1 V4 — {1k # #% & %k
(normalized difference vegetation index; NDVI) %, iXEESBH# W2
REERARE A D R EEER . B, 3T HEBIEET & 240 SIF 1
A RAE E BRI, i I (] 20 FE SR STF =AH, 48 TR A 1ER R I
WERE

DX 4l R

KA BRAE KRR BE I I To U R IR &, AT DASE I X 37 22 4 BRI
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SIF S, HAY, SIF 1A% 3 Bk H KM A METOP, H 4K GOSAT K 3% [H
000-2 1% 3 M, 73 7IEC4% T GOME—2. TANSO-FTS Al 0C0-2 iX 3 FfL gk, wJ
DU S A BRAE A ' & 1 F 00 R0 A BRI AR 0 0 258 IR« H B 307 & I R il
IR, Bk, SIFESERKEMRGEM hIEFES, EaZR e, M
WA T FI AR TR 52 m, IXOROKRPEAIR 1 AR STF 77 s RS s
o o= O i ol 151 1 N 3 A (1N = A 0 ol 51 B 72 e SO A 8
(GOSAT: 10kmX 10km; GOME-2: 40kmX40km; 0C0-2: 1.3kmX2.25km), W5
M2z A RN#ELE (Bandopadhyay et al., 2020); fx/a, B2 BEIRT LK E
LI, HE VRS, IR FEREK. FE, TR SIF ™ S SIF
KA A7 E 2 (8] B T ANUC IS, 575 B3 — 2B i 578 DAMBCRIE R 2

AR REM SRRSO VA B2, AR STF BEE W R A9BSR, W
R EAEAWTERAG, (EA R RE B2 R VO£ 25 B L5 SR TTME.,

WK 3 Fis.
[ 1 1
I T
| v RGN v ASNESE R, S RESIFEE. v ERmRYT
" &% v OMBURERE RS, SRR v N
% | v g v BT AR, ATSESIFH AL
L v R SR S E
v MESEREAS, ARERERB v BZIREOEEm v WU RL K, B4
B i o v 5 AR PR,
R Y WAL S v Mg RS B ES:,
" BhEAR, ToikiEgs AR %5 ] 43 YEEAEE
SR A 1R . v KRB (E5SE
JBE> gemi, )RR G

=8

Ter ez ias, )

Q-
: W FE B AL

% JUE

B3 AN R A A 4 HE5 T i SIF Wil &
HAT, T2 STF 7 b B8l 31 SEPEXT A skpsiC R AERR A5 DI 22 0 2L, 1K
FRWHES e 2 R STF Ml AT 78, IR 58 3 sl ri 18] STF LI 2% . 1K
— R, FAEL T B EWFHI SpecNet B REFGIEHT BB MOEIE (B 1),
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AT DASEILN 7 2 ROBE ) STF FTEEff I 25 1 Ml o AR C 4% 20 R A s (S I L
HOE A IO M 2 A, P SEELHB 61 S S R . B B 3h A%
AL T = & B BB 5 ST AL, SERF . AR, S RO iR B AL
WA, N RF IR EA .

SUNEIISERXTY )
22 k-

® Bandopadhyay S, Rastogi A, Juszczak R. Review of Top—of-
Canopy Sun-—

Induced Fluorescence (SIF) Studies from Ground, UAV, Airbo
rne to Spaceborne Observations. Sensors, 2020, 20.
® Damm A, Guanter L, Verhoef W,et al. Impact of varying i
rradiance on vegetation 1indices and chlorophyll fluorescenc
e derived from spectroscopy data. Remote Sensing of Envir
onment, 2015, 156: 202-215.
® Hao D, Asrar GR, Zeng Y, etal. Potential of hotspot sol
ar—
induced chlorophyll fluorescence for bettertracking terrestr
ial photosynthesis. GlobChang Biol, 2021, 27(10): 2144-
2158.
® [u X, Liu Z, Zhao F, et al.Comparison of total emitted
solar—induced chlorophyll fluorescence (SIF) andtop—-of-
canopy (TOC) SIF in estimating photosynthesis. Remote Sens
ing of Environment, 2020, 251: 112083.
® Stirbet A, Govindjee. On the relation between the Kautsky
effect (chlorophyll a fluorescence induction) and Photosyst
em II: basics and applications of the OJIP fluorescence
transient. J Photochem Photobiol B, 2011, 104(1-2): 236-
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57.
® Van Wittenberghe S, Alonso L, Verrelst J, et al. Bidirec
tional sun—

induced chlorophyll fluorescence emission 1is 1influenced by
leaf structure and light scattering properties — Abotto

-

up approach. Remote Sensing of Environment, 2015, 158: 16

9-179.

® Zhang 7, Zhang Y, Joiner J, et al. Angle matters: Bidir

ectional effects impact the slope of relationship between
gross primary productivity andsun—

induced chlorophyll fluorescence from Orbiting Carbon Obser

vatory—

2 across biomes. Glob Chang Biol, 2018,24(11): 5017-5020.

o THHAM, JHE, FKM, FH. @RI SESBE IR A
B HEPAERSR, 2021, 45(2): 105-118.

o TR, KAWE, MER, & HEEHIEHSRIOSH SRR AV, HHE
FMRF2E, 2004, 37(11) :1718-1721.
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M. #RABREFEE —RIMREERNHREFEENE
22 ) 2

WEhH 7% (eddy covariance, EC) 757 nl USRS —FRMR )34 CO, 32 e
(net ecosystem exchange, NEE) ', JEMSMBICZHIEEFB. EC HAM LA
AT TP B 5 5K 2 A5 R P NEE, 17 LB 18] 73 98 5 e L e R I [
{EW 2 BRI AR BE A EROMEA . v LS, BCIBREEN T 24ES
SFRIE SR 4 3R P 4R 5 R R T S ) AR 0 5 A AR AN 1R 380 2 BIRHE S B AL

o TEIX—HF 50N, HEmnh R R 2 W FER A B T HES R AR A S K e
AR 5 A BRORAG A ) e I 5 Tt e

B 1t Z RS

B Ak YETF https://www. truwel. com/

NEE Hi CO,JiftiE & (CO, eddy flux, £) FIfEfF#EE (CO, storage flux,
FOHRRY , i i m 7 5 B AT 13 BLE I A 77 71 (gross primary productivity,
GPP) FAE& RGP (ecosystem respiration, R) . fff7i & IvEAL &%)
BRI I I 9

NEE=F, +F,

P 3E A 25 AR GURR IS I 1), MR 2= B di i A S AN 78 70 BELAS: T 1y
AR CO, BIIATABIIN = L, 3K &R BRI CO, il A7 AR 3 B
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COMEE, RN COME/EEE. ARV A E R k™, H 2%
WAEB ARG . KA LAY MR EAEENT R K. B RE LA Co A4
HE LSRN NEE f&4h 10%.

~ 06
"
)
Q
% . X 5ee°° ) , X
0:00 6:00 12:00 18:00 0:00
B} [8] Time

Bl 2 A7l & it & NEE () H AR L
B SRIET (5KIR5E, 2010)
X KA CINARMO K, 7R R B AR € 1L R E M B R RIR &2
L, bk £ BB BImR ™, Jf B T BTN, B
FERIFEAG,  CO, il 47 RN ORI I

—— 8-20m
—— 20-36m

fgr—r—r—r
0 4 8 12 16 20 24

Local time (h)
B 3 [ s FEE D CO, i A58 B H A8 4k
B KIET (vang et al., 2016)
FERWES RGH, W REEET I E 2R H i EE", Co.5
2 R gt MHITIT ) EC R Ge il e FE 1) — ZR 47 T B B sl €O, AT H,0 R
MO AT S S R P A COL R PEEI AS ARARREAE ", W DASE HE R A B A0
H Al 55 P IR ER 2 2R 48 /& AP100 A1 AP200 (Campbell Scientific Inc., USA),
HA MR (2 min) FTEZDRAERIRE A0 TSR RGNS, Jl% KA EC
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BTN £, TS TR A5 TE V2 M I 2 2 R R U COL R B v AL Z
(RIZ K, DRI AT BEAFAE — S AR S BR A o 78 BT /IR RN IR AS (R 78 R -

W LR DAL FLI N TIRATHR CO, it A7 & LU R 2V A5 45 A I 9% .

K 4 AP200 EE2k 54t (Campbell Scientific Inc., USA)

B kIR T https://www. truwel. com/
22 3CHk
(1] Toih, sKEH, PABEEC b FEH A2 R G0E B NAT 5T 2% (ChinaFLUX)

M EERERE SR R, BRI A EERE, 33(7): 903-917

[2] Aubinet M, Vesala T, Papale D, Eddy covariance: a practical guide to
measurement and data analysis: Springer, 2012

[3] Yu G, Chen Z, Zhang L, et al. Recognizing the scientific mission of
flux tower observation networks—lay the solid scientific data foundation for
solving ecological issues related to global change. Journal of Resources and
Ecology, 2017, 8: 115-120

[4] Marcolla B, Cobbe I, Minerbi S, et al. Methods and uncertainties in
the experimental assessment of horizontal advection. Agricultural and Forest
Meteorology, 2014, 198-199: 62-71

(6] 3KoR, i@k, T5uH, 558 “SAALBRAR A E BT AR A S R GG,
JS2 AR RS 4R, 21(5) @ 1201-1209

[6] Wang X, Wang C, Guo Q, et al. Improving the CO. storage measurements

with a single profile system in a tall-dense—canopy temperate forest
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