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REFEBEOBRNT — 2 OB EITH, RE LT, ETVOMRIZBNT —% O A (L FH L E B
Bheh—HT52 083 0ho7, SHIC, SRR LEET VIIEROET VL IR L TH BE O %=
MHEAEND, LL, FRESCHEORH 2 EXEMEINMERNEEZ SN DRI L TIXZERNK
WD, NIA—FORHEILBZESLRDIETNVOWREDLETH D,

[¥—DU—F]

VEeE—hBro o7, AR, BILEHET IV, IREMREER. KM

RSt

H)

A

1. iIL®IZ

P AERE R IT AR LD IBEDREATATH HC0.2 KENOLWIN L TRV, & ORFZE /M /040 & EHE
WHIET S 2 L, FROMEROKBELE L E TRT S ECHEFICEETH L, AR THHI N ) -
T x A FX—0—HE, e T e LTSNS, RIETIIEBRORE A —VICE
WTC, M EZ U — BT 2B (GOSAT, GOME-2) ([2Xk 0., KEGICHERSN -7 on 7 4 Lt
(Solar—-Induced Fluorescence :SIF) CARERNAKEE DHENEHICE NI ENDNL-TETWVD
GO UL —FT, ZOBRASNESIFICL 2 AERBREERBEOHMS, 7 —F RALTER EIC
HAEREREEREBOHEREEON LE2X L7 OEEEN L I a2 —a VETLVORBRLEL SN
T3,

2. FRBEAFRED

EFEL L TOENMEEOHETEITIT., MINEERLEII LRV X —INELHAETLET VR
WHND, ZAVE TOMFI T, FAACEREN CTREZEICKH L TCPAMEZ W CTHILINEZFET 5729
DNRTA—=HEEPETDHZE THEOEWVIHAEZToTERLY, L, ZOFEITHRICHEL L
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REETOBBEI L TEX W DIT, BV 2 7 — Lo W22/ 2 A — L2 38 1T B IR0 E IR D254k
ST D INE IR TE 220, BV R 7 — L RIENZER A 7 — L COBRBEEIC L5 /8F X — 2l
OEEBEBUT L LnHETHL, 2F0, HESCHEXY Y -2 IC L EMNARBNT —% 2 A0
AR ESBIC R E2HET I HAICIIEENMIS D B2 N5, £ 2T, AW CIXEE
HHAET MBI DT A =2 l%k, BHACHBIAI R AREL N THRET D, £2. B TO
BUANZ B W T, R ORECHEE N CORN R L, I RERIC L > THEM TR & 7%
BT bd, TRV X—INKXDOHLEEZEZMEETNALE T TEA+»THD, 22T, HMEET LVE
7T =~ (2) TR ST 3R ITC IR T T VAT A3A A | B U2 ) 1L T O 5 SESHEERT AR (TKY S 4 )
BT ABEMEEZ AW THERE LTS VORERIEEZTT- T2,

3. WS
. 1AEET NV OBE
fEIE L~V TOSIFAMHEZ RO HERCIE, ROSHERZ LI LT £ (1)-1 EF A THWA DR
THANF NI EEZDETANEMIND, EIZLoTRIREN
TERBEH D KIS T v a7 4 MZBWTEE K OHEF) AW S o5 | EEk
NDE~EHRIND, ZLT, Y O LF— TR &~ ¢ | UNE
EEBEN KKK ESND, 2FD, WIRENT-Z R LF =% K | RiSEEEH
p
f
d

TEREIC A HA S 2 e () D MITIZBA F O L 9 e BIR 3 & 5, FALZ LA RR)

sAO07 4 LS
VIR

n | Z0EHOREE

bp + P+ Pg+ P =1 1-1)

22T, WATFOpII AL, fITEt. A, niZZ LSO EE
ZREWRLTWD, SIFOBHEITIWRIEE A RS & (aPAR: absorbed PAR) & HEILR G, % VN TLL
Tokrricksns,

SIF = ¢, - aPAR (1-2)

RO SR ERBKE WD L@t ARICFIHEN D =RV F—DIEITLL T D X 5 1T
%ﬁf%éo

K¢ Ky

KK +Kat Ky TR AK + Kt K,

¢r = (1-3)

SFV, BIREBOISEERE A RO DL Z L THEOINELZHET LI ENARETHD, 22T, HEE
MO SNBSIFOBEEZHETE T IS BB EREOEIZLITHENPSUTOLIICRKRD B Z ENT
x5,

3.1-1 S ITEH S h b EEMREKK,
ETRWIN SN R F =N E N D RIS EE R AT T ORNLROOEN D,

K = — (1-4)

To

ZIT. dEAHFEATHY . —RIICK20sTH D LHMBNTVD (DFE VK, ~0.05),
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3.1-2 B BUT AR S h 5 HEREK,
B I BE 9 2 W EEfRERK, 13 Van der tol et al. 2014ICBITAENERICEVUTOLIICKRD S
ns,

K; = Max(0.0301 T 4+ 0.0773,0.8738) 1-5)

3.1-3 HALZFEITER S h 5 ERHK,
HALFOREEHK,L, KA ELEET LI EICEVUTOLICREND,
()

@:_ﬁ(&+@+m) (1-6)
1-¢,

T, HERDOIETH D ¢piEFarquhar D HARET A" NHLUTFO X HITKRD D Z ENTE D,

]v(ci + Zr)

]e(Ci_r) (1_7)

¢p=

T 2T, CUEEEREIRCO 3 E, TILCOAMME AL, J X E TBZEE, J I3 RA MR 5RO 5 b8 E
BOEETH D,

3.1-4 ZDMDOFBREICEM SN 5 HREREK,
Van der tol et al. 2014128\ T, MEMREK, DEIX, PAMEE & FEITN D #OE OBIE J71E 2 v 7ok
BB IHACFI R (py) & E DB KA () & FNT

= 7Knoél++x€)x“’ where x=1— (%i) 1-98)

EVIHIKTEROOLND, ZZTLaBEFERT —HICESHTROOEND T4 T 4 T RTA—=H T,
&W:A$mmf%éo:@ﬁ@@T@%%%E@%kﬁﬁ?éi%ﬂ%@%k%*@é:kMT%

D0, 7 an 7 4 VREOELL EOREO LR R ZAEIZ X DO EOLALICHIGT 2 Z LR TE 2
W, FOD, FEHIOELEZRD DEEIZIIRDONRT A =220 EROLEEZLND, I TAR
WP CiX. PRI(Photochemical Reflectance Index) & MEIXIL D0 WehEAEfE 2 A WD Z & T, EDRAE
BACNCK G LTe/RT A =2 ODBRREEIT

3.2 SRS EEET /L (FLIES-SIF) I L A ¥ I =2 b—va v

HEL XL TOBENMNEITE RN F—INXOMEEZHREL ZLICLV RO ENTE, L, B
SR T 2B BN TR, BEOAEIZ X D KRBT R F—RINEIE OENRL, BHEN T o Bl
IRTHMOIEIZ L HHRIN EOBSHMEZRREEZBET HILERHV  EEICBHN SN D SIFITENS
mméﬂt%®®*%f%éooib\@%vﬂwmmmﬁ6$%%vAw@mﬁ_x7—w7y7¢6
DITiE, EMNRBEZEOEANARAARTHLEEZEXOND, £Z T, HEETMICL-oTRD LN
ﬁtﬂi%‘ﬁ77yﬁﬂmfﬂﬁfF?%%éﬂﬁﬁ&ﬁﬁﬁﬁé%?WT%6Hﬂ$$ﬁﬁﬁﬁﬁ$\
TEZED & S A SIFO RN T O SR EBEZE AT 5 2 & TEIEN D M SN 7=SIF» b AERE R
VAL T ENASIFZFTRE T 272D OIRRAE1T 5 2 L3 T& 5, FLIES-SIFTIX, ek % HifL &
L 7zRay-tracing simulation > 7 H L aikic L% 7V 7V CSIFMHEOHEEZITT> TV D, &
DR FDRFEHRICBNT, ZOMETOZ R A —ORINEITEOAEICL>TRES, 2V, SIF
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DHBNIMERNRNTA—Z THDHaPAROEEBE LI TV o 752 ENAREL RS, ZDaPAR
DEZFAWTHEETT L EZHE L G EE T I X o TREBED & FH S 7072 STFAS R 5 PN C o L
TR0 R U RIS E B S I S A SIFOMELZHFE T2 N T& 5%, £ LT, TKYY A T
Bl TZLAL, PAR, [URe EA2 ZDOMEBEET VAN T HZ LT, BEOBIRIT — X IZH L 72 SIFAH
BEOHEMRSFH LA HET 5,

3.3 FLiES-SIFZ Wz ARER L~V DGPPEDFHE

FLiES-SIFTIL, {RARMSY & 3R IeHs TR D ZEMIC KUY | FEERAL CONXAERFELFHAET L L
MNTED, ZORMAED L. FLIES & FarquharEF L CL MEEN A AR EHEET LV AL EGDED
L CKEIETIZBIS ACPPEEZFITET LI ENAREL R  ZTNEEFTH LI o TAERERL L
TOCPPEMEFET 2 Z LN TE %D, AWFFETIE, Farquhar®F /Lt LT, MM EIERE 2K E 2 — oD
ERGE LB LT D Big-leal BT /L & FEIZI D FIE & & 3RITH 7o Z2 A% & % B J§ L 7-FLIESO i 5 O F
BICXDHAEMEZ IR L, FLIESOA M2 #EEND 5, X 512, Farquhar® 7 VO EER /T A —X D
— DO TH HERERE ZSIFS &4 AWV TELMIZRD 5, T2 XV | BEIRARER TOREHE D
HEEIZH T HSIFBLIEDOF AMEZH D,

4. BRERUVELE
4.1 NG A—ZDOERE

AREFETIE, BABHET — X IR L TRT A= HEHEFHETEDL LT DHDITPRIEFEIEN D
A FEEZ A WD, PRIES3InmES70mDFERZHAWVWCTUTD L IIZRDDZENTE D,

pRI = s~ Rso o v a0 ) 1-9)

R531 R570

ZC. KEERE L IENILF s = F 7 (NPQ : Non Photochemical Quenching) ®EICIXLL TFD L 5
ﬁ%%ﬂ%é_k#ﬂBﬂTwéo

K, = (K; + K,,) - NPQ (1-10)
IHIT, ZONPQIFPRIEFHBRAR A H D L HZ 2 6N THBY | RIC

NPQ:=a - PRI+ (1-11)
au&gﬁm:wmkx<k\%Wf@@ﬁo&&ét@”$ﬁﬂm=okﬁéooi@\%ﬁf®m1
Dffi% lim PRI=:PRIy & [ < & NPQIE

NPQ = a (PRI — PRI,) (1-12)

LRFZEBTED, 2T, Lim PRI=IPRL;, & 35< & Merier et al. 2015050,

PRI — PRI, - erf

PRI, =
0 1—erf

(1-13a)
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aPAR(L)

aPAR(t) 2 (@R _ 2
erf :== Erf )= _nf e ¥ dx (1-13b)
sat 0

L%, LEORAZF L DD ENPQOEIZLL T O X S IZ RO B D,

erf
NPQ = a (PRI — PRI,;;,) T—erf

po— (1-14)

Z I T, aPAR /PRI EIFIT 2 aPARDIETH ¥ . PRIgN°PRLy,;. aPARg, DEIZEEDIREEITIKAF L TE
T2 (BEMIILRW), £, KORKIEZK, T 5 &

o= KnO
K + K4

(PRI, — PRIy) (1-15)

L2  PRIODMENHK,DEAZKD D Z LN TE
Al

M (D) -1, fEkDET NV THWSN DK, DfE
EPRIZHWTRO bKD& i L7z b T e
DThHD, ZOMLARIFETHIZITRDIZK, PAR (ol photons m=2 s~1)
DfEIZaPARDZEAIZH LT, ERDET /L TH
NWHND LD LEFREOEEEZR SO>I EN b0 D,
ZDT, ZOK,E W TRD ¢, DOE b AT
RO G DL REROMEEZ R LN 6, B E
WTH/LNTZT —ZITHIE L TRT A= 2 fi%
FSEHZENAREBTH LD, L —RIC
FNRLTVWETLIZRoTVND EEZ BN D, T BTy
UL EDFERD B T X TORRE~ D E LR 5L O PAR (ol photons m~2 s=1)
ZRODZENTE SIFONEDFHHE A A HE (1) - 1 JJ 58 FEAR LK, & U B D L
2% B, FCAEOET L HHARET L

K, (dimension less)

0.0000,
0.0085 |-

0.0080f «

¢s (dimension less)

4.2 FLiES-SIFIZ X 2 AR L A DSIFEHEY I 21 —Y 3 v

ZHVE TITRO I AEHEE T /L ZFLIESIZHE &
T 5 2 L TRIED S & i STE BRI B PAR (umol photons m™? s™1)
THELE MV IR L, BIE B b & b % = = rr —5
SIFOBHIEZHE TS LN TED, 2T,
{HIEE T L ZFLIESICHL AT H 2 T, K, Dl
ZPRIOCET — 2 0 bHEET DML ER D D,
ARBFFE CTIEE DO 72 DICH A Z & OPRIOE
T — 4 5 aPAR-PRID [EIF R & R DX T A —
ZOEEREL TS (K(1)-2) . £,
FLiES-SIFD AS)/NT A —H D—D>ThHH4H .
= & OREBER IAD @ART Y& (1)~ 2 PRI 01 4o 5 (2006 4 6 1)
AWTHEIRZEE A NS (X(1)-3) .

(1) -4 (a) 1%, 2006412345 1F HSIFAUH EOBIIE, ERD/NTF A — 2R E L LIEHEET /LA FLIESIZH
FIAATEET IV (FE)  ARFFETRI% L7 BZE € T L ZFLiESICHLAA A T2 BH R € 7 L (FLiES-SIF) (#)

[
-

1 1
(=] (=]
(=] [=3
[=1 (=1
-

. / .

A"
.

~0.006f

-0.008F .

-0.010f

PRI (dimension less)

-0.012f
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DOFEREZZEAICBITH YA EZHBEL T vy

FLTWD, F72, [ -4-(b-e) IZiE, & BT ] e, .
HEERN (RERE) oFfkEx7aey LTV r
%, fEH & LT, FLiES-SIF O #f 5 & BLHIES 521315
RO 2R LTV D, SIFHED Bz ke L
TiE, §IHPLRBICNT CTRHEAM 25T LT
Do TSIFRU EAEINT %, £72. PRIOEDZE '
LIXSTFO BT — & DAL & HERIHTVBE L g / s
THY ., PRIZ M7= STFBLE R o H & 1513 965 L~
CHELETFETHDLEZDRD, SbIT, itk T 20 mo W
DET VORGSR & i3 % & FLIES-SIFIZ XL 0 #l
HHERIEVMEZ R LT WD, Zhid, A#FZET

B LIZET VIR D S D X 0 & SIFfH & D
HEIZBWTHEEomERNR NI EE2ERLT

W5, X (1) 41220064 D5 A 2 H10 1281 5 HED IFHEEO 1T-14R EE O A2 i L T\ b, 20
MEv, ENLECHT TENRNEN LRI L0835, ZhiZEOREICE--TrZrr T LR
R EREMT 5 L TRERENER L, ZRICHESTHIHESNDIEHREN LR THZOTHD LE
ZbNb, TOEIC, WRKOETAEZICHTHZETT I v I AXU—IZBWTH ST — %)
5, BEEIZHIG LIEEWER A 7 — B BSIFOE LR/ N TE 5, £72, 5AX6H,
LOHIZBWTET VORER EBHEGEROZRNKRE 25 (K (1) -5)  Fek-CrBEDO R IT % < OFEN
FELTWANR, ZRNETNOEONREREINEVWEEZ NS, LrL, BEDOYI2L—2 9T
AW TWALAT CEmERRH) Offii%, EOREOLEILEKMT HZ LN TE TR, TDH, ED

o

%

'S
T
-

LAI (dimension less)
’

.
k4

DOY
X (1)- 3 LAI 2, LALIZE S BIoh
JTEWEZ D, KA TR T LTV,

T o | u ':'_| -l I AT T .';"_| : g Tl’-l
2% - Wil i e [ . NG L
E | vl | iy kg - 1THY o, .
S R RN, L F i L
R emem—mae e — prr—— — - — S — - =
= [{%]} |
= £ _ a
i . |
i Y | B SES—— LI | I i I — | E— | E—
_ _,-'"h" -"'-a‘"' 5 Ty Py = " S ™
P - -
= -
¥
| —— i — § I S i I | S— B PR S i b —— | I—
a —————— r—— D ] fmeee s .l—._ PR — EE—
< i
E =
g -
E [
= =
— 1 I 11 .l.' 1 1 .
Em - il 1 o |
BT = 1aTas & ' ~ i a7
"’a 4 - 11 ] T i 3
g4 | 1 ! | » ao 4 W
i e -~ ™
R —— L ——— — ———— s s e ————
B

E(1)- 4 @7 —# LeFalc L dHAEER, £5056 6/6, 7/14, 8/15, 9/16. 10/15 DA —
H & T B, (a). SIF ORI —# L257vic L 2 HEERE o i, (b) (PAR. (¢) : 4G, (d) :PRI.
(e) :GPP mBHIFT—F O AELETILEFRL e v FLTHA,
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WL TE B KO REaPAREEEDOE LY BEZ AL TV LESTNEEEZXLND, ZORFEL LT
TTFIVOHEENBIT —F L0 b REREEEDZLICORN > TS, 5H%IE, ZOLAIZRED /T
A—REEBH L ICKEETH LT, EFLVOWERELN LS ELILERD S,

-1y

SIF ;60 (umol photons m=2 s

B(1)-5 EFNERWFEER BT — 2 Ok (SIF OFHIZ) . 2006 45 A5 10 A
WZMT T 1 HEOBHT —& LEHEERO 11N 4 FOBOESEs s Yy NLTWA,

10F.°

N5 B

SIF ;50 (E 7 /L) (umol photons m=2 s~ 1)

SIF 750 (#L81)(umol photons m=2 s~ 1)

X (1)-6 SIF 0BT —% LT VOFHERMKREOLE, HFA:7-9 A, #HA:5 H,6 4,10 HORR%
RLTWD,
4.3 FLiES-SIFZ AW AR L~ )L DGPPEDFHE

B4 (1)-71EBig-leafE 7 /L & FLIESIZ KX HGPPEDFER A e L T 5, Big-leaf €7 /L Tld, #if &
Sl NS 3 HPARZ Farquhar® 7 MIC AT 5 2 & TEPPOMEEZFHR L TWD, D7 DMy OFEESX
ZELTELT, R LTBHT—¥toEnEEndEEx 0615, —J T, FLiESZ AV 72GPP&
OHEE TIX, M AWK FIRICKE Y | KJEEICB T HPARELAIOLAMEA G HE T 52 L T—HOA
NIRRT A—=HEORELEITD) ZENTED, TORD, Bigleaf ET V& B L THERENEL 72
LHEZBND, LML, TOMDEL ONRTA—=F I ILEZH N TW A 7D FERBEIXIZNIZES
<IEfgvy, 22T, MR LERGHRINEDOICIZP, = K¢ /K& VO BRRH Y . S Hiz, K(1-7)
EERTHIETHREMEEITUTOLIICRKRDLZENTE S,
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_ Kp¢p ]a(ci - F)
Jo ="K ac, +2n) (1-16)

% LT, FLiES-SIFZ H W CSIFHEDOHEE 21T H Z & T, Farquhar® T VDT A —Z % Fiwllb 3
HIENTE, ZORREL LCGPPOHEERZ M LD R TELLEEZLND, 2F D, OFLIES-SIF
EROCHE LIESEEDaPARDIEZ RO D, @RD7-aPAREHIEET L EZH W THERNEDFHE
1T9, QKDOEHABRNEEZX(-16)ICRAT DL ETEFBEEEEZRDD LWV FIETFHEZIT
ZETHAERLNLVDOPPEEZWHET HIENTEDL, ZOXIESIFEHANWT/NT A — X HOFFEELT
LT, FERELCPPEOHAERKEZM ESES 2 RN TE (X (1)-7), X(1)-81%20064E5H 7 5
10H £ TOPPEDE(Z T H Yy FLIZHDTH D, GPPIZEB W T HSIFOSA & [AARIC, F L KICHEIT T
HEEREE MR L 72 o TV D, ZHUTRA BGEE OFHEICSIFOEEZ W T W5 72 IRk O 23 Bl <
WHDIEEEZOND, £ T, AHOBEL Lk, FBIRSCRIERY 2 ©OSeA e MRV RIS
RS LTeR T A= EORELZITOMENDHDH, S HIZ, HEETTNVICLDSIFEERICHAL T E 6
LWENMLELEZZIOND, FEBRICBEITBIMN S AUZPRIOMHED HHIE Z & OPRIOEZHEE L THME L
THEZIT>TWVDIDN, TOHERETHEV IR, £I T, TOLIRNANTA—LEET T

FLIES-SIFN TCHHATEX 2 L HICKRTHZ & T, SHRHIMEBEOR EAKNDL LB X TS,

GPP (umol CO, m~% s71)
GPP (umol CO, m~% s71)

[X (1)-7 FLiES # M\ 7= GPP H AL DO HEERE B oo i, i« BT — %, 7 : Big-leaf EF /L, fik
FLiES, /K4 : FLiES-SIF (2 X A5 E R, (a)2006 4-7 A 14 H. (b)2006 49 H 16 H

GPP (umol €O, m™2% s71)

B (1)- 8 GPP OBIHIEDOEEH AL ETFT NMIC L DR OEE, 2006 4E5 Hv5 10 Az To 1
HEOBRT —% LEEKBED 1L END 4 BOEOTHEEZ 7 ey L TW5D,
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5. AFRICE VB ONTEHRE

(1) BIFEHNER

PEROEFE 7 vr 7 4 VENXOET AT, FHEZLOBHEN N OHESIN DL RRT A—FHEEZHWT
RIEEZTo TV, BABMOT — 2 2 EHEL I D EHEEENMETT5 52605, L
L, AT 72E T VOB R THEREE O M L2 RIAE L, GOSATCGOSAT-20 8Ll 7 — % % L 0 FAEhic
HEHTELL)ICWEST L2 LN TE,

(2) REBR~DOHBR
<ATEDBEICTEM L 7ok >
FrICRLET ~ & TR,

<{TEBRERATAIZLARAENSRE>
BIFE L7727 ik, BEA R ENEET D IREDRE T XBREINE ZGOSAT-20SIFF v X7 DT —
BN T —HEUL OV T 2 — L LTIEAESNAZENRIAEN S,

6. EERERFREDORLR
FRICREET ~ & HIHT R0,

7. BIREBRROBRRIL

(1) BERE

<#@wX (BE#EbHL) >
BRICELH T & FTIT R0,

<ZDfEE EFEER (EFHLL) >
FplCRE#T ~ & FHT R,

(2) REBR (E2%)

1) Tomomichi Kato, Yuma Sakai, Katsuto Tsujimoto, Kenlo Nishida Nasahara, Tomoko Akitsu, Hideki
Kobayashi, Shin Nagai, Keisuke Ono, Taku M. Saitoh, Hiroyuki Muraoka, Hibiki M Noda, Yoshiyuki
Takahashi, Shohei Murayama, American Geophysical Union Fall Meeting, Washington D.C, USA,
2018

“Bottom—up and top—down approach investigations on solar induced fluorescence for
estimating the photosynthesis at ecosystem scale by both ground-based measurement and
modeling”

2)  Yuma Sakai, Tomomichi Kato, Katsuto Tsujimoto, Hideki Kobayashi, Kenlo Nasahara, Tomoko
Akitsu, Shohei Murayama, Hibiki M Noda, Hiroyuki Muraoka, American Geophysical Union Fall
Meeting, Washington D.C, USA, 2018

“Constructing the simulation model to estimate the SIF using remote sensing data”

3)  BESALTE. NEEENE ., AT KB, SETRBAR, B AL ESE, BPEER, AR E
HAHIER R B2 5 20184F K= (2018)

[The simulation model of energy partition in leaf scale to estimate GPP from SIF |

4) Yuma Sakai, Tomomichi Kato, Katsuto Tsujimoto, Hideki Kobayashi, Kenlo Nasahara, Tomoko
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Akitsu, Shohei Murayama, Hibiki M Noda, Hiroyuki Muraoka : 2nd International symposium of
river basin studies —towards the interdisciplinary study of the sustainable utilization and
management of river basin systems—, Gifu, Japan (2018)

“Structuring of the simulation model to estimate the GPP from SIF”

5) MG, INERENE . dATT . NRTER RPEJRBARS, BKEAA . AL B B R ATRA RS
Japan Flux (2018)

[V Ialb—va v ET MK DEBRNE R EDOHE

6) IESIARE, DNEEENE ., EATE R ANRTS I SRR BKE - AL B B M
nH AREIRAEY 2 (2017)

[REENFHEFHK 7 v 7 4 VNI LD AEBRIEEGHKEDHEE]

7) Tomomichi Kato, Yuma Sakai, Katsuto Tsujimoto, Kenlo Nishida Nasahara, Tomoko Akitsu, Hideki
Kobayashi, Shin Nagai, Keisuke Ono, Taku M. Saitoh, Hiroyuki Muraoka, Hibiki M Noda, Yoshiyuki
Takahashi, Shohei Murayama : Potsdam Greenhouse Gas Workshop From Photosystems to Ecosystems,
Potsdam Institute for Climatology, Potsdam, Germany, 2017

“Ground network of SIF based on eddy flux and spectral measurement tower in Japan’

8) Yuma Sakai, Tomomichi Kato, Katsuto Tsujimoto, Hideki Kobayashi, Kenlo Nasahara, Tomoko
Akitsu, Shohei Murayama, Hibiki M Noda, Hiroyuki Muraoka : Potsdam Greenhouse Gas Workshop
From Photosystems to Ecosystems, Potsdam Institute for Climatology, Potsdam, Germany, 2017

“Estimation of GPP with SIF based on flux tower measurement data using a theoretical model”

9) Tomomichi Kato, Yuma Sakai, Katsuto Tsujimoto, Kenlo N. Nasahara, Tomoko Akitsu, Shohei
Murayama, Hibiki Noda, Hiroyuki Muraoka : Joint conference of AsiaFlux Workshop 2017 and the
15th Anniversary Celebration of ChinaFLUX, Beijing International Convention Center, Beijin,
China, 2017

“Directional partitioning of vertical Solar-Induced Fluorescence emissions for estimating
ecosystem photosynthesis in a deciduous broad-leaf forest in Japan”

10) JNERENE ., AT WA, ARH R, RS, REM A AILEE, B, MR H
HAHER R R B 2E A 201 T4 K2 (2017)

MR VR R BEARIC B 1T 2 KRIGOLREEE 7 m o 7 ¢ v EE O JE il R 75 1 o LY

11) JEHAGRE, INAEENE , AR AR, SERBRAS, B AILESE, B, MR H
HAHER R R A 2H A 201 T4 R 2= (2017)

[Analysis of the relationship between the GPP and SIF from remote sensing data using
theoretical model |

12) JNfEEE « 5 1Rl E ket < — (2017)

AR ARSI 2 KB 7 vm 7 ¢ )LdOt 2 U 72t & B REHE 1€
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2. HIEBARAR
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SIF(QS' Qo) = SIFsun(Qs: Qo) + SIFshade(Qs: Qo) (2-2)
SIFgun (Qs, Qo) 2 USIF gage (Qsy QI LEED B B H S 72BN THOBERE~ORELZ BV IR L 7=
BT B DI SN R (ZEBELLS) bEL 0T 5, MWHEN TOINEELUI OB

BEERDOEREBOREN/NSNE L, EHITTXTOREDOAPARBFE LW ERET D L, SIF, LD
SIFghagelTs A TOXLDICRT ZENTE S,

SIFgn(Qs, Q) = Z {qbi_f *PAR - w - cosa; + Z W; ;i (Qs, QO)} (2-3a)
j
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[Abstract]

Key Words: Remote sensing, Photosynthesis Biochemical model, Radiative Transfer model,
Climate change

Since the GOSAT detected from space firstly in 2009, the solar-induced fluorescence
(SIF) has been recognized as a desirable proxy for ecosystem-level photosynthesis in large
scale, leading to more accurate detection of carbon uptake by land ecosystem. As both satellite
and ground-based measurement of SIF have been conducted at finer spatio-temporal scales
recently, the computer simulation model of SIF and photosynthesis is demanded to make the
most of them.

Here we developed the combined model of both single-leaf scale SIF/photosynthesis and
3 dimensional radiative transfer processes, named as Forest Light Environmental Simulator
(FLIES)-SIF, which represents the 3 dimensional structures of SIF and photosynthesis in forest
stand. FLIiES-SIF can fill the scale gap in parameterization where the conventional 1D
ecosystem-level model uses single leaf level parameter despite the diversity of leaf traits.
Single leaf process estimates the energy balance between incoming absorbed light photons and
outgoing 4 pathways: photosynthesis (photochemical quenching), chlorophyll fluorescence
(equals to SIF), heat dissipation (similarly equals to non photochemical quenching) and other.
3D radiative transfer process treats with emission, re-absorption, transmission and scattering of
SIF under the complex foliage distribution in canopy with the application of Monte Carlo Ray
Tracing algorithm, which is able to represent the multiple scattering among foliage without the
bias.

The validation was conducted in broad leaf deciduous forest in Takayama city in central
Japan with considering the observed individual tree distribution for 200m x 100m sampling plot.
The FLIES-SIF showed the reasonable diurnal and seasonal trends in SIF and Gross Primary
Production (GPP) as similar as observed at an eddy flux tower in 2006. Relatively large
difference between model and observation in Spring and Autumn minds us to introduce the
seasonality in photosynthetic capacity per unit leaf area, which is not considered now. Finally
the FLIES-SIF demonstrates the SIF emission in virtually altered solar zenith angle, and
reminds us its expectation on potential use for elucidating the SIF products from both GOSAT
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and GOSAT-2 for better estimating the terrestrial ecosystem uptake of atmospheric carbon
dioxide via photosynthesis, which could lead to accurate estimation on future climate change.
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