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Abstract; Solar-induced chlorophyll fluorescence (SIF) is a spectral signal emitted by plants under sunlight irradiation,
directly reflecting the intensity of photosynthesis and is of great importance for land vegetation observation. However, the
spatial and temporal resolutions of global SIF sensors is limited, making it difficult to capture intra-day changes in
photosynthesis. In this study, we reconstructed a 1-hourly and 0.05° spatially resolved SIF dataset for July, August, and
September of 2019—2022 in East Asia using data from the Orbiting Carbon Observatory-3 ( OCO-3) and Himawari- 8
satellites, which were launched on the International Space Station and are geostationary satellites, respectively. The results

show that the SIF values of vegetation in East Asia gradually increase in the morning, reach a peak at noon, and gradually
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decrease in the afternoon. The intra-day SIF variations in different months show obvious seasonal characteristics, which are
related to abundant sunlight and high temperatures in summer. The differences in intra-day SIF variations between different
vegetation types reflect their characteristics in photosynthetic response. These results contribute to a deeper understanding of
the spatial and temporal dynamics of vegetation in East Asia, providing important scientific basis and references for

ecosystem management, agricultural production, and climate change response strategies.
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2.3 ANERIBER SIF H N2k bt

HeEVE R H 22 Akl 2 mT EDUL S WA B 19 2R R AR | 32 S0 250 AR K SRR R S K, 7R AR
PHEGAS SIF {6 H AR, & 8 I, BAR R Wb X AN [R] 25 UM 4 SIF {1 H A8 b il 2 35 2 3 5
WA RO AR 2 (B ) 22 5 B I 8, R RARA 5 1 Iy Z (B A7 A — 8 I 25 S b 28 B T A B 28 A |
F WAL E IR TGS E S R P E 2 BEAE R . 78 2020 45 7 A H WA Ll 2, AN [R) 2 A
¥ SIF IR M 25 EEAK Y K . EBF>CRO>DBF >SAV >NF>SHR >GRA , Hi ' EBF I {8 i K (1.381W m™
pm ™ s L 7E 11:00 35 B A ; Hk 2 CRO B9 (1.379W m™ pm™" sr™'), 7 1200 ik 3 {f ; GRA 19 /D
(0.468W m™ um™' sr™') FE 1200 KFNIE(E, 8 A SIF Ay E M & 2K R . CRO>EBF >DBF>SAV >NF >
SHR>GRA ;9 H ) SIF {HHEF B %284k, EBF 11 SIF 0 {5 55 i, 06 {55 EIRAK YK 4 . EBF>CRO>SAV >DBF >
NF>SHR>GRA ,7 FifE 97 2RI SIF WEE 34 A Fr R FE

[FIFERY ,2021—2022 4F 7—9 H ZR WA IX AN [R]ZERUAR B SIF {H 1 H AR .7 A {7 EBF 720G 5 R i
(11 85) iR 3 SIF WEAE, el T FLm- TR AR FIOR 28 R & i m A3, SAV A CRO BAEH 1 11 gl ik %] SIF
WEAE W (AR AIN T EBF, SULIRIRF, SHR 2w HOR[RIREEE 6 A VR G P T % (AR T DBF, R Rk 3
HEEA, 8 A ARMAEBERY SIF {H G832 B /K 2 R 152 i M FRAIK ., AHEL 2T EBF 4ERE A X R i B A8 1k,

http ; //www.ecologica.cn



9892 JAE = 44 %

HUEME HBAE 11 45, CRO SAV DBF il NF [ SIF ME{EANSRPRFETE 11 80, 088 T 7 A A0, AT g2 i TR Tt
1o (AN TR DX B 1 A AR fh ka3 22 50 ) S8R K822, 9 Ay, DBF NF #1 CRO HJ%6 A 1R G 4
BREE, B R TR IRV s (AT 7.8 HAn BRI, SHR AT 82 Pk H AR 4 2 1 O IR 1) Ak
PEARIR, i 5 DBF ML FREECHZE A, S ILIRIAS , EBF .GRA I SAV LA VEFIG T4k S (AR 1E P4 11 5 A2
AR NS (HR TS PERSR T 7.8 A0, vT RE2 i TR T IR H HR A fa) sk >

CRO ——EBF GRA —=—SHR NF —+«—SAV DBF
1.6
1.4+
1.2}
1.0 }
0.8
0.6 +
0.4 ¢
02r

2020-07 [ 2020-08 | 2020-09

)

1.6 1

1.4}
12+
1.0 |
0.8
0.6
04 r
02r

2021-07 [ 2021-08 | 2021-09

HOt S 4 KOk SIF

Solar-induced chlorophyll fluorescence/(W m™ pm™ sr™")

i'j' 202207 [ 2022-08 [ 2022-09

12} ‘ - -
10t . L
08}t L 4 I

0.6 r r

04t | _/\
(=== = R e R R = R = =
S S S 3S S 3S S S S
X N © = & N T n O

02r

—_ e e e = —_ e e e = e —_ e e e =

U His 5} ] Local hour

8 FEEHEERR SIF AHEARNTL
Fig.8 Intraday variation in monthly mean SIF values for different vegetation types
CRO & M Cropland ; EBF; # 4% [ I #k Evergreen Broadleaf Forest; GRA: %Ml Grassland; SHR: ## A Shrubland ; NF; £f I #k Needleleaf Forest;
SAV ; # i Savanna; DBF ; 7% M- i MK Deciduous Broadleaf Forest

3 i

3.1 FRIEAHERT SIF A5

TERIEE SIF BRI | A9 4125 18 T 2 R0 358 B -6 K FHAA S 2 96 (SIF) sg i, L)
KR B R R AR AR A (EVD) DU EA RS (PAR) MFIZKIREZE (VPD) 2m &8 AR E (d2m) 2m
PIas SOREE (2m) DU REWE . 5 DRSS e, ARSI T T 2B AR X A T
A WIE A S RGAAT T V50T, ATADRSEAR T IR K RO A = Yt & EH B A
SRR 2T AR SO B AR VAR SR S L DX R A P 5 AR AR R AT R A XA
Bl A 7 03 A v (AU SRR AT 3 S X 98 YR B 1 W A0 2 AR R T AT R 2R G, T 2 i T A B Y GPP (LT )
A7) FSIF RS0 b 50T AR 5 F — A5 UE ST R K VT R O Bt A 7 AR R B SR
XS AR A T—50, B, Li R Xiao" ! 1 A BRVERFFFT F6 W, S [R) 1t DX 08 406 | 39 R Bl I TR0 b A e

http ; //www.ecologica.cn



21 8 Rindh 5 AWHXEY S B N LRHE—AaL S 0CO-3 Fl Himawari- 8 [ 43#7 9893

Az 77 F1HT STF B AT 8 2 52, DA R 1 Hb T VG 50 DX AR X e IR A A STF (B, [, S ad 255 % pE X B 56
SRR T, RENS S VERA b A BT R TIUIN STF 76 AN [) BRI 35 T B 281k, A A SCATF 7 4 43 7 22 ) 000 Sz 4 Ak
3.2 SIF H N2 ery il &=

AN 5T 2 AR S0 M DX R4 14 H PGB 1 (STR) S 80 S B Sk %) 2R 0 O AR AL R AIE , B FE R 1 T 4 ik
FNE(E (11.00—12:00) , Bl B HIEAT, X — H PSRBT b B AR ) F 5 205 SR AR AL, 2% B O B et
EEER R R | RS BIAEEARR 450 X 5 3 T b ' AR ZEAR BO6 A VR A B AR AR A7 A —
Bk, IR ORISR ) B HE WAL 1065 2805 . TR XA B Y 28 AT 2 BoAA 25 3k 7
AR A B TR 6 AV A R (L w8 AR v R s BOC A VE IR, 1A & 2R R B 18 B R M A
B K A3 IR MSORN ZE I A T, S IR 7 A 3 AS ) 8 78 B e o PR R 2R %) i 102 7T B BT S T, S 8O
HHR K HNAEMFEEZR S SR e B K M2 YL AR A BB R E Y Hul SIF
W SR T4 J5 STF (5 s im i Big ™, BN, Jingyu 457 FE A6 A0 TR A0 A FH 3 1 00 21, b i 385 13
AR B I B A /NAZ 1Y STF H AR Ak, S5 AHIFGT & B 4 0 M DX AR A« B0 H N AR (BRI A — 30, 25 1
JITiA  PRBE R A G R R EE VR A SR Bl S AR R AR M X R STF H AR R B S . AN 9T
RS HT X B PR 2 4 R MR AL, A BELAR A TTIAS [A]  BEIRBE T AESOL A VR A 28 AR (b g T B AL
3.3 SIF ™ fb AN R 1o T

AHFFENT L T TSR SIF £0d 5 Hee # UL SIF 7= 5 (U0 GOSIF | CSIF) 2 [] % 22 5 M K HORHff 5 1ok
U8, FEIAL LU A7 (1) AR R R 28 5. ARWFER A T BENLAAR S 500 A B SIF $dis , mi e
SIF 7= 5t il REAH F S Re bl R 2 S OB . AR R AR RIS BN S A 25 HiE
ST SIF B A R 25 SR AT 2 . (2) BURIEM 225 . ARBF5EET 0CO-3 11 SIF $d (MK h
740nm) , 1] GOSIF 7= i B T+ 0CO-2 Hdi AE iUy SIF (AR BAS 757nm, X P FRMEHE AR I (25 [R] 4B
FE BRI AP R W5 25 5% 0 TR AT B, ARWF e i T 9 HE B 1 (1.69) K i 1 740nm 5% 464
75Tom" IR A PR B AR A R, 8 9 £, 2020—2022 4F 7 A ABFFE455] 89 SIF7570m H BI{H
GOSIF =25 0.05W m™ wm™ st M7E 9 A0, B =&Y SIF H ¥EILT—20, tbah, HAth SIF 38 8™ &
U1 CSIF, TROPOMI SIF, 75 Il Beik £ | 23 [A] 403985 | B[] 4039 SR S A A0 45y TRt 45 A i ) R LA
BTG B 7 26 30 P S AL A MR BE A0 22 S 52 W 1 SIF B8 B0 vE B P A — 2ok . tesh , AN TR BIERY
BCHE AR IE W T BB S I A — B AR E M . £5 L TR, S T 0 DR EICHE 43 B 25 SR 0 vt 4 R v Sk 75 B2 41T 2%

8 —e—SIF740 —e—SIF757 GOSIF
5 06 r
e g
“neg_05¢
K= & 04}
%27
o5 03¢
+Sq
S E 02¢
KREE
%;1 g < 0.1 ¢
=}
o= 0 Lo . , . .
E [y o} D c~ o0 D [y 0 D
S - s 3 3 S 3 g
[75] () S S — — — o N N
o [\ [\ (o] [a\] o o o o
f=} (=} (=} (=} (=} (=] (=] (=]
[\ (o] N N N N o o o
i} ] Time (4F-H)

B9 AEEBEFREFRILMXEW SIF AMENILE
Fig.9 Comparison of monthly vegetation SIF of different remote sensing products in East Asia

SIF740 ; 740nm P KA R H OGE S -4 K 566 (SIF) ;SIF757 . 75Tnm K AL B H G St 4# K58 (SIF)

http ; //www.ecologica.cn



9894 JAE = 44 %

JEIXLE AN S PRI, JFHEAT I 24 1 B0 A IE A B AT, LU AT S8 R FHAS [R] SIF 7 it A5 B2 5 A
T

4 #Hig

(1) ZRVHB X AR SIF B 0948 [H] S B e s . 2020—2022 4F 7—9 A A K Z=  ZR B XA # SIF {i 2 3
FH S 1 225 1) 3 A R IR, AR 0 R i P, DA T 5, ) P A [l JE R W AR, X — 22 5 S5 M3 | 0 2% A DA
ESNEIY PN

(2) AR MM XA SIF (B 52 B0 I A I YRR . 2020—2022 4F 7—9 1, ZR W HBIX A 8% 1Y SIF (E M=
FHRZBHEIN, T 11.00 2 12,00 247 5 2 50, B S B8/, 13X 500 &4 XA W't & 48 G 2 % U
EPSN

(3) AFBE SIS 0 A b X AR SIF (B ) H N ASfLARRAE . 2020—2022 4F 7—9 H |, ZR L IX. 7 FdE 92k
KUY SIF H AR fR 2625 ok « Big Rl {022 5200 i, 2020—2022 4E#% 7.8 H ,CRO Fl EBF Y H #4 SIF {H
=, GRA ik, 1M 9 A4 EBF BCAERE R, o th HOC AR RIS A 2= AR a3

£ 3CHf ( References)

[ 1] Piao SL, LiuQ, Chen A P, Janssens [ A, FuY S, Dai J H, Liu L L, Lian X, Shen M G, Zhu X L. Plant phenology and global climate change
current progresses and challenges. Global Change Biology, 2019, 25(6) : 1922-1940.

[ 2] Zheng C, Wang S Q, Chen J M, Chen J] H, Chen B, He X L, Li H, Sun L. G. Combination of vegetation indices and SIF can better track
phenological metrics and gross primary production. Journal of Geophysical Research: Biogeosciences, 2023, 128(7) : €2022JG007315.

[ 3] Tang ] W, Kémer C, Muraoka H, Piao S L, Shen M G, Thackeray S J, Yang X. Emerging opportunities and challenges in phenology: a review.
Ecosphere, 2016, 7(8) : e01436.

[4] Zfeti, 258, MPCK. B BRI TT s o . B IeEdR, 2013, 17(1) : 1-16.

[ 5] Han] X, Zhang X Y, Wang J H, Zhai J Q. Geographic exploration of the driving forces of the NDVI spatial differentiation in the upper Yellow
River Basin from 2000 to 2020. Sustainability, 2023, 15(3): 1922.

[ 6] Joiner J, Yoshida Y, Vasilkov A P, Schaefer K, Jung M, Guanter L., Zhang Y, Garrity S, Middleton E M, Huemmrich K F, Gu L, Belelli
Marchesini L. The seasonal cycle of satellite chlorophyll fluorescence observations and its relationship to vegetation phenology and ecosystem
atmosphere carbon exchange. Remote Sensing of Environment, 2014, 152 375-391.

[ 7] Mohammed G H, Colombo R, Middleton E M, Rascher U, van der Tol C, Nedbal L., Goulas Y, Pérez-Priego O, Damm A, Meroni M, Joiner J,
Cogliati S, Verhoef W, Malenovsky Z, Gastellu-Etchegorry J P, Miller J] R, Guanter L., Moreno J, Moya I, Berry J A, Frankenberg C, Zarco-
Tejada P J. Remote sensing of solar-induced chlorophyll fluorescence (SIF) in vegetation: 50 years of progress. Remote Sensing of Environment,
2019, 231. 111177.

[ 8] BaiY, Liang S L, Yuan W P. Estimating global gross primary production from Sun-induced chlorophyll fluorescence data and auxiliary information
using machine learning methods. Remote Sensing, 2021, 13(5) : 963.

[ 9] LiX, Xiao J F. A global, 0.05-degree product of solar-induced chlorophyll fluorescence derived from OCO-2, MODIS, and reanalysis data. Remote
Sensing, 2019, 11(5): 517.

[10] LiuLZ, Zhao W H, WuJJ, LiuS S, Teng Y G, Yang J H, Han X Y. The impacts of growth and environmental parameters on solar-induced
chlorophyll fluorescence at seasonal and diurnal scales. Remote Sensing, 2019, 11(17) : 2002.

[11] TwuXL,LuZQ, ZhouYY, Liu Y L, An S Q, Tang J] W. Comparison of phenology estimated from reflectance-based indices and solar-induced
chlorophyll fluorescence (SIF) observations in a temperate forest using GPP-based phenology as the standard. Remote Sensing, 2018, 10(6) : 932.

[12] Pierrat Z A, Bortnik J, Johnson B, Barr A, Magney T, Bowling D R, Parazoo N, Frankenberg C, Seibt U, Stutz J. Forests for forests; combining
vegetation indices with solar-induced chlorophyll fluorescence in random forest models improves gross primary productivity prediction in the boreal
forest. Environmental Research Letters, 2022, 17(12) ; 125006.

[13] LiCH, Peng L X, Zhou M, Wei Y F, Liu LH, Li LL, Liu Y F, Dou T B, Chen J H, Wu X D. SIF-based GPP is a useful index for assessing
impacts of drought on vegetation: an example of a mega-drought in Yunnan Province, China. Remote Sensing, 2022, 14(6) . 1509.

[14] SRAKIL, XIR =, B4, XEE, ZEAR. MY SRTOUE BRI R, BESR, 2009, 13(5) : 963-978.

[15] Wu LS, Zhang X K, Rossini M, Wu Y F, Zhang Z Y, Zhang Y G. Physiological dynamics dominate the response of canopy far-red solar-induced
fluorescence to herbicide treatment. Agricultural and Forest Meteorology, 2022, 323 109063.

[16] Rascher U, Gioli B, Miglietta F. FLEX-fluorescence explorer; a remote sensing approach to quantify spatio-temporal variations of photosynthetic

http ; //www.ecologica.cn



21 8 R A RIS B WAL IE—FL 4 0CO-3 F1 Himawari- 8 (14347 9895

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]
[29]

[30]

[31]

[32]

[34]

[35]

[36]

[37]

efficiency from space. Allen JF, Gantt E, Golbeck JH, Osmond B. Photosynthesis. Energy from the Sun. Dordrecht; Springer, 2008 : 1387-1390.
FRAGT, BEIL, MRz, BLE%E, B %, TAW. BalZOUHNK s MaxF E Kt w558, ol TRA=4R, 2006, 22(9)
39-43.

Zhang Y, Joiner J, Alemohammad S H, Zhou S, Gentine P. A global spatially contiguous solar-induced fluorescence ( CSIF) dataset using neural
networks. Biogeosciences, 2018, 15(19) : 5779-5800.

B, EImae, AU, JT R 3 SIF A8 W R BOL & S 23 1848 KR B Ae AT, A 235#4R, 2024, 44(13) :1-11.

Jeong S J, Schimel D, Frankenberg C, Drewry D T, Fisher J] B, Verma M, Berry J A, Lee J E, Joiner J. Application of satellite solar-induced
chlorophyll fluorescence to understanding large-scale variations in vegetation phenology and function over northern high latitude forests. Remote
Sensing of Environment, 2017, 190. 178-187.

Yang S X, Yang J, Shi S, Song S L., Zhang Y Y, Luo Y, Du L. An exploration of solar-induced chlorophyll fluorescence ( SIF) factors simulated
by SCOPE for capturing GPP across vegetation types. Ecological Modelling, 2022, 472 110079.

Buareal K, Kato T, Morozumi T, Ono K, Nakashima N. Red solar-induced chlorophyll fluorescence as a robust proxy for ecosystem-level
photosynthesis in a rice field. Agricultural and Forest Meteorology, 2023, 336: 109473.

Lamchin M, Lee W K, Jeon S W, Wang S W, Lim C H, Song C, Sung M. Long-term trend and correlation between vegetation greenness and
climate variables in Asia based on satellite data. Science of the Total Environment, 2018, 618; 1089-1095.

Gitelson A A, Vifia A, Arkebauer T J, Rundquist D C, Keydan G, Leavitt B. Remote estimation of leaf area index and green leaf biomass in maize
canopies. Geophysical Research Letters, 2003, 30(5) ; 1248.

Frankenberg C, Fisher ] B, Worden J, Badgley G, Saatchi S S, Lee J E, Toon G C, Butz A, Jung M, Kuze A, Yokota T. New global observations
of the terrestrial carbon cycle from GOSAT: patterns of plant fluorescence with gross primary productivity. Geophysical Research Letters, 2011, 38
(17) . L17706.

Chen N, Zhang Y F, Yuan F H, Song C C, Xu M J, Wang Q W, Hao G Y, Bao T, Zuo Y J, Liu J Z, Zhang T, Song Y Y, Sun L, Guo Y D,
Zhang H, Ma G B, Du Y, Xu X F, Wang X W. Warming-induced vapor pressure deficit suppression of vegetation growth diminished in northern
peatlands. Nature Communications, 2023, 14(1) . 7885.

Lin]JY, Zhou LT, WuJ J, Han X Y, Zhao B Y, Chen M, Liu L Z. Water stress significantly affects the diurnal variation of solar-induced
chlorophyll fluorescence (SIF) : a case study for winter wheat. Science of the Total Environment, 2024, 908 . 168256.

JHTE, BKRL, XUGRES, JREEE, st HOGEE S SRR IO A B LBt SRR IIEER. R4Sl 2020, 40(12) : 4114-4125.
XNAS, &, A, B4R, BoKHI. 2T 2R SR PO0E CO2 il i B Bl FRSSHPMBARE X EL oA, 2225
2F4R, 2018, 38(10) ; 3482-3494.

e, BREZ, BfsF, RER, WA, KT, AR, TSR POCR A TS B2 7 T b 2828 A SO IR B I R . 3R
2FWFST, 2023, 36, 2200-2209.

Zhang 7 Y, Cescatti A, Wang Y P, Gentine P, Xiao J F, Guanter L., Huete A R, Wu J, Chen ] M, Ju W M, Peifiuelas J, Zhang Y G. Large
diurnal compensatory effects mitigate the response of Amazonian forests to atmospheric warming and drying. Science Advances, 2023, 9(21) .
eabq4974.

Walther S, Voigt M, Thum T, Gonsamo A, Zhang Y G, Kohler P, Jung M, Varlagin A, Guanter L. Satellite chlorophyll fluorescence
measurements reveal large-scale decoupling of photosynthesis and greenness dynamics in boreal evergreen forests. Global Change Biology, 2016, 22
(9) : 2979-2996.

TuZ Q, Sun Y, Wu CY, Ding Z, Tang X G. Long-term dynamics of peak photosynthesis timing and environmental controls in the Tibetan Plateau
monitored by satellite solar-induced chlorophyll fluorescence. International Journal of Digital Earth, 2024, 17(1) : 2300311.

Ding Y B, He X F, ZhouZ Q, HuJ, CaiHJ, Wang X Y, LiL'S, XuJ T, Shi H Y. Response of vegetation to drought and yield monitoring based
on NDVI and SIF. CATENA, 2022, 219: 106328.

Yu L, Wen J, Chang C Y, Frankenberg C, Sun Y. High-resolution global contiguous SIF of OCO-2. Geophysical Research Letters, 2019, 46(3) .
1449-1458.

Chen X G, Huang Y F, Nie C, Zhang S, Wang G Q, Chen S L, Chen Z C. A long-term reconstructed TROPOMI solar-induced fluorescence
dataset using machine learning algorithms. Scientific Data, 2022, 9(1) . 427.

Ma Y, Liu L Y, Liu X J, Chen J D. An improved downscaled Sun-induced chlorophyll fluorescence ( DSIF) product of GOME-2 dataset. European
Journal of Remote Sensing, 2022, 55(1) . 168-180.

http ; //www.ecologica.cn



