$32%H4H
2020 4512 H

E o+ % OE #E K Vol. 32 No. 4
REMOTE SENSING FOR LAND & RESOURCES Dec. 2020

doi: 10. 6046/ gzyyg. 2020. 04. 02

UM B BRSSOt 5. 8 IR TRIVE A MR [ 1], B PE 2R, 2020,32(4) :8 — 15. (Qin Q M, Chen J,

Zhang Y G et al. A discussion on some frontier directions of quantitative remote sensing [ J ]. Remote Sensing for Land and Resources ,

2020,32(4):8-15.)

€ 1 s R O R

AR OB RAoR, ek 2aal kAT, 2EA, AU
(1. b A¥HEk 5 REAF¥%E L 100871; 2. H AR I HIE £ & 2 SR A6
e db T 100871; 3. T E A FMERBEERFEAAEREL LD F,

b 100875; 4. B AFE MR Z AR FHRA, B 210023;
5. P ERF R AMIERF G IRA R AT, L 100101)

FE. A ERIHRE MR S EAA L OTERH o 0 T H R 8 B R SR R BT R A A, 2020 4E LT
REEG L E R Z PR FRPELE 5 W PR DUOCTE A8 S i AT (R R, 28 0 TWFIRAE R 2R bhig, #R
THBHX S IE R e ik EAR AN T 2 QAR R, 2690 T 4 7RS40 e T 58 S &bl
RIS IBIR S ROT i MO CIE BATE AHLE 538 20 1145 I 55 55 4 A5 I BRI gk, Horh R 5
AERRAILER” A AR W 2N s F Ir B R A, WG 1 T GOV L7 e e A S A i B 174 2 R R 0 A K H i A
TERRIRRYE; “EDtEE BRSBTS R AR TR S ERFFEN 2 A7, BPET X [R)— 3w oc 2 M
AR S E AR Rl T Z DGR AR M RIS IR T im0 & IR A R T A B TR 3R 22 1 e
558k “PHPDOCIRRR FARTIS FEHS T HIGIESM 4 E D2t (solar — induced chlorophyll fluorescence ,SIF) A
AR RS, STF I PRI B S HE S P A S HEAE HTPL R, B sl B X b 5 A AT T IR AR
“TNBUE 138 SN ] 5 55 " 2 AR S8 I0 AALE B AN IR 55 S5 SR TIRAGHE |, El il APLE
IR SRS TEAREA T WIS . B ARTNE I — AW A BRSSO S R R F,

JEITE 5 BTRE AR OCHE R AN AL B SEAR C PR (5 B, B AME RS R F . RTINS bilibili
WIUETELR LA 5| T AR IEOGRIBT T EFTHABA ST i T S AR ERE AL 1T XTHERIER AR,
KR L L ARThE AL, IREGOTMR; SO CER, TCANUE IR

HEESES. TP79 LEAERER. A

0 5%

FE R B R AT U K TR A AR I 2 —
2020 4F7 H 25—30 H,dbmi ket T bm e
HBRC BT AL, [T 16 R B R, 7
IRETAEI L R AR e PN A T O TR 2B | 24 LR
BE ] SRR ARTHE, 2020 47, i T 32 R el R #E il
RPENGR  IRFEPE 2 55 P e IR B S I BT #F
i PR PR TS L e md e B g A R
FEPE TSSO WEBEX $H1 748 b B s
E2ERE, RBSINZRRERIFF A AR K
HAFEZUTET 2 200 A, 2450182 ok H 2 E &
R S RHIGE AT 384G Bk F EA NS

N T IEBREEA AR SRl ARG R W PR
TR R BAH BT 05 R NIBR R WS, 1

W EER. 2020 -09 -03; f&ITHHA: 2020 - 09 -23

STEHE. 1001 - 070X (2020)04 — 0008 — 08

A TRITET IR, dad) Iz kR e R e AR
WU, 7ENT R 5 4RSS B OGBS | R 1
JERIE JTIE S BRI TR, 7Bl i - BE Sk il
4 A~ BT 7 10 B ~# AR I8 32, 7R HLIEK )
ERHE ERUSARTHEZE I R R AT R . AR
PHEBE T 7 R SR L R, R B H 55
BRI SIS ZE G St T, B AR B4,
ARG SLOLIE T bilibili W3 7ELR I

1 REERETHOET MRt &R
11 RSHERERNEILR

ML (radiative transfer ) BRES EWF5Y B 448
SO BETEAR I ST RBEA LA BT U Wl A% 475 1 B

E2WE. BHF AR ETH (5. 41771371 F142071314) LRI ),
F—1EE . ZHW (1955 -) B, #8z, TENFHEBER S HEE B RLEHIE, Email; qmginpku@ 163. com,,



a4 ZHW], 45

SE IR TR T T AR .+ 9.

W e AR S 5 2 AR AR T R 45
PGB RGN, B R RIS A, 4
Sk , B 5E BRI R ITR A R, ST Re T
T RS E P B R N B IR L . S ERE
HEAPEIEAL b o M R B 32 S T R
FERSHESAR L LMD Y R B, S B0 St
AL ERYEAE 5257 107 P o (1 Jo) B4 T 1 1 3 4 FER it
B, AR T X R S RIS L R IR RISE 3
U, — R AT N el i & 4 T
SRR 1 A B R R T
LRI I BIA 5T | EHAE S B T 2 1
S D1 A Y e ok sy N 1) 11y O o
BRI 0 R T FLR R A 10 R R T ), 5 T3
JEPFAE T 25 HI 12647 T 1080k SRt L e
FRAR BBF ST A2 B2 RV e, B0« 5 18 SRR
BRI (03402 BB L RS T A
W, R RFRE AR S TERY .,

FEI LS AU S5 AR YD T 10 5 L, b 5 i 5T
RSP T BRI S B O UHR R S
P2 M5V RSB RIF 7E 386 J2 Sk T B k23 A
TE, KSR B (A 2 1 2, X B 3o 2 £ 3
W GRS LR RS | SO By v B S B
SRR )T T N BT T A28, I R AL B
(AR & SRR L T OO 38 I B AU
PST AR RS MBS I b T — %

X i ) A i R A R GEMER B RE, SR 1 AR AE
REPENE THERBEHINE S MES PR L
TR - WA - ks e, IR — ok A TXR
IR A BERE SRR, TR B SR 1 W)
=B A AR I MEGUE Y T — T I, MEG
RS 25 IS A G D A AR 1 TR e TGV R i 1) 1
SYIESRAEINGE . TS AN ) 5 2 i LI ) B
WL B B RS, AN BT JEAG 19 O 77 &, T
JE A U T R AL K, 7E Twersky 3T b 55 HiT £
FAFN BB R R R R R RS
Fbp AR S AR, PAIE T B AT, 5T
Fa e SRR, E P — A U R Y
PEPRIAIHABIN 1% BLIE RE A P PLALHE 2% J& 5
) U ISR A IR, Fa 7 1 S i 1 R P A
AR AL, A b e i 75 R A 52 B L ] P A 1
IESRAE T I71

TR EZIE, S5 E R R4S
2 A B RS A BT P AR, 4T E
DLIFRET e . 22 se i3 75 R 20 h D 5 B4 5
kT R RO T (R ARIE I T I R A B ) , A

FRAR - U8 S iy P 1 22 ML 2 BEAS 1E  1 e
K, XA AN A AT BERE— Lo R R 2 1 T vk
LS EE AR A, T ST A — A4 L I B
HFB (1) 43 BE (BL4E mT WO G2 oh e s #ar
AN ) FR S A A AR AL T AT B, A 2R E T
R T R R B I 25 A  WAEAE
FESTIE AN 7 A 22 57, REF—8 A AL
SHASK UL, A 7 RETE A I B RE ST i 4k, H
TP DRIE I B TGl 2 22 330 AL A, ik th 23 o
BEOHR LR, A2 il MG LR TR
s R T RRROR (ECRT R ) M DU I 1 1
B, TR LR T S W B () AR — ik
B, W EE 2T R O 5, 1T L Y B 1)
LA BEARAT — S AT A, LR TTe, R IF IR
b T R SHE R FS AR

EXE PN IV a=F = haulW = O ackiipas e Yl
B R BT A O T R G A i
YRR | B T 1 B0 5 M TR 378 I FLME JE K A0 5
SR,
1.2 BXEEBRESGRTHE

PRGN Z AR A G TT I, X
) R AN S U L T B R APk AR, 7E b T
SEIR X, IR A AR TTAE i B 2 i 35 RN S B0 i
)R 22 R PR WL Tt Rz
R — [ VR A 15 TC A AR T (spectral mix—
ture analysis , SMA ) N iz [ A=, HoH 28 P4 SMA (linear
SMA , LSMA ) ph T HLABE 7Y a7 B RS B 488 /a0 () R s T
ZFEXE T LSMA BIETR A4 IT 1 i
T A R A (RIS TT) B EIEE S R EAT]
S RE A A5 (B SEE) AGR AnAS 2
Ui TG LA SR A ROTHGE(E AT LA S e 215
SR, H T s Mmoo Gy TAFAE AN 2
P, DA AE R A AN 5835 |, SMA TS 211
UG B AR EEATT AT REJCVA N I I FH 2R, PRI AR G
BORIAPRE EEAT A b .

il Ze mpt ik AR G 2o i vhie 8,7
H 26 Hig b, @ i imlE SRR YEE L S Tt
IR AR BB ERE 22 RS . A5k AR 1L
SEERMBAS TR B T ELF, fbdE R
G RICI i AR b AR e I A R B AR R R
T AT A AR T A AR T 3
JCAR S PEE AR — A SR A S CTEAN ] 25 ) A
[ R IO S 25 5, 1 XA A — s oe
AR 5728 S A9 i R — 3 A3 2 6 BRI R AR 2R A4 ek
AT B R R SR R AE T — s N e B
AICBZFEE 2425, BN, R w5 sl A



. 10e EH £ %

WoE K 2020 4

RVE IR, JF LSRR 2 T B 7% o
ORI 143 0 A 0 48 T 5610 2
R TTAESYEE R S 2 A, (DR
ST 2 Sk (SR SRE ) ; @RI
K2 A R )

S L A5 1, B T R FTIRE S A
LIS £ 9758, BFE T LSMA s 678
SHFRERIRE SR ETHES M RiRE
TBARAAL .

Af = 6D = G(-ARf) (1)

Ko AFCRFEEAMTI P2 N ESLEE; AR
i LSMA Hffi 6% 548 R 0 1) B e i
Z IR 2E(H R 3R T uc G2 ek ¢ s
K, D NHRERES I ENRERE, -5
P T AR ST SMA BN FEEE (1) 4 A~
LA T OGRS @it G
TCRSP RN BE 5 @ oT FE AR B2, - fiff AR
PS4 Jr O AT T I

e, sk AR LSS AT BRI R, 5 i T
— ANV B T kR GE— 0 BRIS HE AL RN =5 Z A5
S5 . DU TTAS ST LSMA TR 15 22 1 5 0 B e
FRZE(E S S Z AN BAEH ; @H PR
2RI TR 2215, H 32 R oe R A 6T AR S
PERIZE AR S ) Ao 3 BE P2 | I3 25 ) 12 2
BLAZ A F ot S A i B AR [R] oo E] e
AR, LS R 8 4 /MR 2215 555 @ P
Uit TR SR R () AR AN T DL AR 22 05
5 T ELRT LASE MG 25 i, MR 7E— e FE 4Ry
T LSMA HyPERE.

FLF ok Se s I M e R 2800 H 2
Ui TCICTE AR T 1 | DR B 7 2 A it T A8 S 1Y)
s A R EE . B The T e AR R 2
RGN FH AT 5

FEAR R ZEARGHE BTHE R o, S A G
[ AT T IRABITTE »

1) BB FH A IR H AR ARG O,
DO ML S T ZR . LR S
o B B A S A BB v AR AR
LR TCASBIAMT AR, RFIGRS H 45 AR FE LR
BB R B R ik T RAS R HE R 20
FIRZEAERE RS, (LA P IR R4y, (i FH 1T A4
SR EO AR R AR AT T AT A S UERT T
xR AR RS H

2) ZHLEHEF Y AR RS I, W
AZWE, 25 RS 2 R EUE s ANCh .

Z ST RTRZEI( S) W] LA BN GZ 1R 25 14 F A
TR ZE (R (D) K 22 055 28 0 SR 1) O 22
H o N Z2 B,

D= (-ARf) +S (2)

[Fi] iof 22 HBCSRS L J2E A TE AL, JHE mT RE 55 03 22
SR BRI . AR DL T IR ZE AR 22 IR
CiyESniE

3) BRI L g T 3 AT, PO TS
SRR AN B K 2 00T, HARIE =247 i
NP T RS T 1 2 VIS (R 8 — AN ifk
2 - 1:38) 3 sy AR )z R A
IKJZ R NI H ) AR AP E S BOLAE S DU h 2%
FPAESUR 3R 22 SR B O o PRI T )ik S e ¢
BRI S ) R SN

4) I RES S M B MR AR S )
ot NV it i e i TR o 2 Tl I A 5 1 O o606
AR WL B A R i S 5 Ak 3345 3 14 i oT
JEIEAE R AT REIS GG AL St i Rl iE m] B 22 ik
B e ) AT AR s 08 S PR PR s (E HC A 38 1Y)
Ui T B SCAT BEBRR ISR T b2

eV A R T, R L R e K
A YN PON=iini: sed AN wwiy. il LRI
AN 2 I I S A e X 5 PN P
REVHERY IR T 455 ST,

1.3 1EEHLER

H %15 5 125 % 7¢ 6 (solar — induced chloro—
phyll fluorescence , SIF ) 1% 82 A8 9 't 5 18 18 1 A1
W, I 20 a o, SRV 15 B BIFFE 8 Bk B2 1) ¢
TEo SIFAER B %" MR B AR | I A 1 2 [0 4
FHRZR B0, SIF {55 I RN SIF 5661EH]
AUPLIFN SIF )i FAE ), BT X F R )R, o i
JRPETET H 28 HM E284T T R0 “ MOt 2%
WIFEHERE” BBF AR 4 B R1HE , B 7Rl i 1Hie
FETER] SIF FRAIA RS Hriy 7 [ AR . B stk
FIRAOEEIN ERE TR DS, M a K AE il AR R
FIHMEFERF

RBHIHEEMR F b, G ass 1
SIF B/ A HERERE 45 1 SIF SR PL e T 2Bk
L XD GEAE IR, Sl A4 SIF )i 28
ZIEAR T SIF w0 TR 1 a0, SR gA ™ )
(gross primary productivity , GPP) i R [ (L7
FERAEEE T PRI AER AT M
PG IR I W R R R
2 iR T SIF RIHLERTSE R . SIF M
R PO B A S i 7R, 2332 B R 464 |



a4 ZHW], 45

SE IR TR T T AR . 11-

LI £ B S O BH AR B 45 DR s ), ] g S U
REMERR SO A Y LD G AR . AT BRIk 2652
Wi, ARIBOG R GE R 14 5 & 5 SIF, % T SIF FBFSY
HAEEE L, LY (far — red SIF) 7E I
ki el 2 BRI AS AT, FEEL T )2 N
R NIRv Fil PAR Y FCE AT L fo Bt AR 3k i
HER (fesc) 2 AT fese BRI A5 2 0F 1 /) 6L
RBIIELT D (far — red SlFtotal ) , Ff 7 i FH T 4Bk
GPP MBS0 T ™ ) SR (56 (red SIF)
TEM 7 NSRS 2 NIRRT 2 R e A AR ™
BRI, 2K red SIF BORFRBERY“ R, H Al
T BEAILARARI T 1 el S22 R IXURE 1D 3R 58 M il 1
PR SRR 5 AT LIS BILL A SR B9 (red SIF-
total ) BCRERIFSEE AR AFRIE LAY T SIF
AR B [ — B[R] RE ST A MR AES G SRR AEAT
T ST 229 T A A R STF el B AR IR S

W, RIS NIRRT SIF KKK
JEITIa), JFHR I T SIF BT ) DA K SIF 275 REfS
WU S SR DR A 5 AN AR, 2R TR IR
BE TR A REEXHIAN LA 1 SIF - GPP ¢
RNMHFZWH RPN W FBE T, — LT
SIF HL3H,

FHEFEZE, S50 ki i a
5 NAEE R 5 18 I8 i RN A5 v i 22 35, XoF
5 ANAEE T e . OSIF AR W HFFE 5 [ & AT
247 (SIF 2T RERE U S R AR E? BNIRv

FRUE 200 SIF 35 AR KL ? Dfar - red SIFto-

tal AL TI7 W HELIN? Gred SIF #5855 4% G it
TR NG 4 | far — red SlFtotal #5825 3% FH T red
SIFtotal ?

%8 BRI, 2 AR BHE S S E TGS, ik
— PN T O AH DG A R AR, 40, NIRy JFA2x
XJ SIF 38 AR KPR, th T SIF HA7 RAEAE Py 28 22
REI AR CE AN PTIBAR r 22 Rl e R O
T AL 32 T REER AR T R R ),
M R A PR, T e LS, AT LU NIRv 80
FCVI 345 SIF (9 K 805, R4l 28 B b, I HLAfE
T FCVI, [RII$ J 22 1 a HE S A 407, AN AR &
AR KR 22, EFXFRE@, A & K5I, far - red
SIFtotal £ far — red SIFobs FJFLA FFEA—FE, X T4
YERI WM B HE | far — red SIFtotal FFA—5E b far — red
SIFobs % {FHZ X T KA BE AR il A T2 5080 )
R Tr, 2 5EWINE T SIF BIERTEREY) LAY
B 2 s W 25 R O STl A AT A 70 SR
TENE A F R Rk 2 R BE X B 2= B0 45
NI T AT AR B € )88 S A S B ik 1 ity 3]

AR LA .

B EARGTE LR T i NASMIESEH X SIF A
FERTRITIT R L RCRH 5 [l RUE) LA, 35 BE 1 = 54T
Xt SIF (AR, ek T FFE 3 I B Sh S8 KA B T
[l P SIF 2 ST 4 S R
1.4 TANEEERNASRS

7 29 Hif b, FIZEIC AHLE 18 BN HI 45 IR
55 W RS I T2 ARhE . JERURH AR
B AT, B R 2 g i PR 2 5 B R 5
PO AL AR L, ha a2 SEAMK
THR RCHEE JC A 2 e DX 2 0 2 S 45
A7 I H RIS, A H RS AL B [ P A
FIRFTE S R BRAT " r 344 T ML
SRR ZHLE R AR B R R R £
CIEZ: Ao bR IR NGRS 775 S WV EZ N
FIZH Pl FH 5 R o5 A5 N BEXT RS, 2
ST TS,

BRSO AN LB A SR B P Bt b 2 L
A SO LSRR E SF AT S G ) TR S as s i 22
S, HETA IR I, T ANV 7 HEA T F AR
G-, EANE S IOV B = v I 5 BRI A )
A 5L 8 1 BER A ) D5 1 IR B R T 25 R
SRR RS [ AS [R) AR e 23 B R A 2R
BAT—E B 2258, AT LR 9 B 75 5RO B dha 2
AN HER AT I, FE TR 2 S LR HER . B
ANFEH . R T AP R RCR, i
RS RN AR TC AN VBE 5 B PRI BE i 2
ARSI E L, ML IHTEE R R 72 0.1 ~
1.5 m ZeA i Bl 2 () 3 3 R 00 R, SRU0AR 2 T
w; TERZY 1.5 m RBIRAE A, AR5 TR, RT 0
NHUVHEAE B A A$57 H, TE AL 2 BEA L T
SRR, AN U2 ER A 2%, TN
B SE /IS | PRI I e 80 RBE S8R 3 JEE 2550 4 1) 7t
()R F T AN RIS U 18] AN ] 3 5 B R4 T I
[EIH—1k

B TC MRS SR 1 52 b, S22
PHERYRRE L S 745 Hh H AT 2R B2 Fho7 ik
— o A A A B A TR AR, 7 E B AL
e BE RN R A TR | Tm) A% B A TR i 1
PNAR ST RE -5 3E TE WA Y, PR AR E 5 53— Pl [F] 2D
S5k | A AN L 25 R B M e AR | T
Su= o 1S B B2 1 SO o = A N o s e | SR 8
1R o) 3 B PN SF I BE IR | A1 JRE 800, AR 17 %
IHZNE , F R B RGERTT IR AR, 1
MR, B I8 R AT A& R —Fh 5k
JE R BGHR E 2E R g U IR A 8 %) i ) , 3 o g B 1Y



. 120 EH £ %

2020 4F

LML DA TAIE ;) — PR IBURSHE A B A 7
5 AT TN AT 8 AR T s | 1)
It ZEX AL A HEA 7RG B B8 5 7€ b, 5 DN (RLA%
SRR SR 58 B AR AT 1 T 7 HATMERE

e R, IO AR A 5 T
F TN UL S MR ) B B 5 i
PR IR ER A58 TA% . bilibili B3 9 A 2 5100k
PHEPIEIR G FE L SThEe R I T 2, 3R
We ERF NG SUIASE R . KD Eiie T
HOGERATIR IR JC AL B3 SV 5 I 55 R
KRR AT RS

RIGHEAREHIT USSR AT LR SRR
LI WG b ASEZ AT AL WAL AN € <D
ARI AL B J AR A 455 P B 88 BT AR A AROK
AANIR], T EAEAAILF S R P IRl

2 KRXHRIT M

FF Bk 4 A AR TS SUOR, B0R
AT U RR S50H9E

1) 5 SR AL 00 AR RO A B 2 B A RE AR H, 1 2
PG K R T AR DR O E A T T R 43
i e —E BT A O I T, 5T — R 1A B
UERL, R AR 2 T R R Ao R, 5%
GERMES IS L, TR0 Bl S P A T A I S
A P A () ) 0 A b i B T R AR
i R S T B I S AR AR A B, (HE
AT, X — BRI SR FRAERG B A T B A 37 TE 1
T, MAESEPRIE LT, BOE A B A Z [ A
BAFTEE M EAE T, 30K T B0 3 AR AT
[l B % AR R N S B S X
SE AT R [ B A R R SR — 2B T

2) i AR vk R e T T R 4 v ot
GIEAR Sk 2w T Ak s, Bk, E T
ARO[ 46 61 AR SR A A
35 R S R HA I ), BRA, i AR
PSR S BRI 1 328 BB | ik — Ab oe iR 2%
AR HS , IR % 30 5 22 i A 21 At i FH
W, K PR A G pE R At e B M B EL AR
RIJrI,

3) MR AN W £ 7 i i — R
558, 7E SIF WLl 77 1, 78 2022 4F 2 )5, = R
W S AR AR TR, I A A K RIRE R S
FLEX TEFI GeoCARB X i 1 L2 | B A 1H# 413t
BT A 3R A SIF 77 5, (H BB BEAT) T K B
KMAE T W 2R RG R IE U, DL Z L0

I, LASRAD TR SIF BRI 25 3 R A I ]y
AR T SIF FHi Mo 4 RS0 AIE T4 ; Bh4b,
TE SIF S556A1E FALER 75 J7 1a] , Q0 fa] T o 1 M fige
P SIF (55 Frel & (R BE 8, LS 4 R A A )
FLHDEAIRAS I RRIR ABRST ; [FIEE, 7 SIF L
FJ 1T, E A SIF 8300358 2 A AR 7= g ik 534 v
BRI RET 1z N BT 75 AR ABFSE, SIF 7EAE
W ) R 7K A 2 A A AT 7 FH Vs T (A
ZINER SR,

4) TE NIRRT % e | 1 038 G 17 fo0n A
KARACRE T, Te ABLiE B A AL &, 2L
FEALI & J a3, HAT BB B8 i o, FH AT 5%
RIS RN i 2], T AL R R i rh A 1R 2 )
TR P AA DR . ANTE A HLALIN + 32 SRR 1) S A% i
W I SR AR s MG 2 8] 40 R 5 5% Y -
TC ML o328 B R 10 LA T v 5 5 S R Aok
(A s o AL R B A 5 b R A S AR &
W R ESEA BRI R 5 5510 R
MR EFRIRER,

ZEIPIIRZE 2 RS, 0t T — e i 2

B EAREE T WTERAF ST A 2 R AS A R T
PREME T R IR IR R B2 2 AR e R <
MR, ATl e SRR AL B A S B T Ak
WFgE A R A H AR B A A 7 R ok R i
BRI AR R R R T, 2R EE AR R
FE IR ATV 00 ) P BGOSR
(IR, X6 TR IT A 25 RT3 | 452 A A8 7 7]
HAREEL,

2R AR THE WG T B 78 e R B A 8
T2 T 2R S B AR B KBS, vT LA #50Ft:
YR EETE R S AR AR 5 IR, 2020 F4EH)
SN 0 L S R A% s , (i A BR 24U K
RZ2ERC ARG, BT ST T R
FHLE oA SRS i S M AR S5 R
THRBkER, LA, £k R E AR,
ARV —IR L, EX TIRREL AT
S RS B SN

S22 3k ( References ) .

[1] 58, WA, BEHLA BT AR R A B [T ] W B
HEJE,1990( 1) :57 - 99.
Zeng L,Jin Y Q. Vector radiative transfer theory in random media
[J]. Progress in Physics,1990(1) :57 —99.

[2]  AWRk. HmE R AR SR G A9 8 SO [ M. Je g B2 i iR
#,1993.
Jin Y Q. Remote sensing theory of electromagnetic scattering and

thermal radiation[ M ]. Beijing:Science Press,1993.



a4

ZHW], 45

ERTE

KA TR T [T .

13-

[3]

[10]

[11]

[12]

[13]

[14]

[17]

Wendisch M, Yang P. Theory of atmospheric radiative transfer: A
comprehensive introduction [ J]. Contemporary Physics, 2012, 53
(6) :506.

Mishchenko M 1. Vector radiative transfer equation for arbitrarily shaped
and arbitrarily oriented particles ;: A microphysical derivation from
statistical electromagnetics [ J]. Applied Optics,2002,41 (33) .
7114 -7134.

Mishchenko M I. Microphysical approach to polarized radiative trans —
fer : Extension to the case of an external observation points[ J]. Ap—
plied Optics,2003,42(24) :4963 —4967.

Mishchenko M 1. Maxwell’ s equations, radiative transfer, and co—
herent backscattering ; A general perspective[ J]. Journal of Quanti-
tative Spectroscopy and Radiative Transfer,2006,101(3) :540 —
555.

Tsang L,Kong J A. Scattering of electromagnetic waves : Advanced
topics[ M]. New York: John Wiley and Sons,Inc. ,2001.

Doicu A, Mishchenko M I. Overview of methods for deriving the ra—
diative transfer theory from the Maxwell equations. I: Approach
based on the far — field Foldy equations[ J]. Journal of Quantitative
Spectroscopy and Radiative Transfer,2018,220:123 - 139.

Doicu A, Mishchenko M I. An overview of methods for deriving the
radiative transfer theory from the Maxwell equations. II; Approach
based on the Dyson and Bethe — Salpeter equations|[ J]. Journal of
Quantitative Spectroscopy and Radiative Transfer ,2019,224 .25 -
36.

Doicu A, Mishchenko M 1. Electromagnetic scattering by discrete
random media. III: The vector radiative transfer equation[ J]. Jour—
nal of Quantitative Spectroscopy and Radiative Transfer, 2019,
236:106564.

Somers B, Asner G P, Tits L, et al. Endmember variability in spec—
tral mixture analysis: A review [ ] ]. Remote Sensing of Environ—
ment,2011,115(7) :1603 - 1616.

Bioucas — Dias ] M, Plaza A, Dobigeon N, et al. Hyperspectral un—
mixing overview ; Geometrical , statistical , and sparse regression —
based approaches[ J]. IEEE Journal of Selected Topics in Applied
Earth Observations and Remote Sensing,2012,5(2) :354 -379.
Boardman ] W, Kruse F A, Green R O. Mapping target signatures
via partial unmixing of aviris data[ C]//JPL Airborne Geoscience
Workshop,1995:23 —26.

Ridd M K. Exploring a V — I - S (vegetation — impervious surface —
soil) model for urban ecosystem analysis through remote sensing:
Comparative anatomy for cities? [ J] International Journal of Re—
mote Sensing,1995,16(12) :2165 -2185.

Keshava N, Mustard J F. Spectral unmixing[ J]. IEEE Signal Pro-
cessing Magazine ,2002,19(1) :44 - 57.

Adams J B,Smith M O, Johnson P E. Spectral mixture modeling : A
new analysis of rock and soil types at the Viking Lander — 1 site
[J]. Journal of Geophysical Research, 1986,91 (b8) ;8098 -
8112.

Zare A ,Ho K C. Endmember variability in hyperspectral analysis ;
Addressing spectral variability during spectral unmixing[ J]. [EEE
Signal Processing Magazine ,2014,31(1) :95 —104.

Dennison P E,Roberts D A. Endmember selection for multiple end -
member spectral mixture analysis using endmember average RMSE

[J]. Remote Sensing of Environment,2003,87 (2 -3).123 -

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

135.

Zhang J,Rivard B,Sanchez — Azofeifa A ,et al. Intra — and inter —
class spectral variability of tropical tree species at La Selva, Costa
Rica: Implications for species identification using HYDICE imagery
[J]. Remote Sensing of Environment,2006,105(2) :129 - 141.
Zhang C S,Ma L,Chen J, et al. Assessing the impact of endmember
variability on linear spectral mixture analysis (LSMA) : A theoreti—
cal and simulation analysis [ J]. Remote Sensing of Environment,
2019,235:111471.

Frankenberg C, Fisher J] B, Worden J, et al. New global observa—
tions of the terrestrial carbon cycle from GOSAT : Patterns of plant
fluorescence with gross primary productivity [ J ]. Geophysical Re—
search Letters,2011,38.1.17706.

Guanter L.,Zhang Y, Jung M, et al. Global and time — resolved mo—
nitoring of crop photosynthesis with chlorophyll fluorescence [ J].
Proceedings of the National Academy of Sciences of the United
States of America,2014,111:E1327 - E1333.

Guan K, Berry J A, Zhang Y, et al. Improving the monitoring of
crop productivity using spaceborne solar — induced fluorescence
[J]. Global Change Biology,2016,22:716 —726.

Peng B, Guan K,Zhou W et al. Assessing the benefit of satellite —
based solar — induced chlorophyll fluorescence in crop yield predic—
tion[ J ]. International Journal of Applied Earth Observation and
Geoinformation ,2020,90:102126.

Daumard F, Champagne S, Fournier A, et al. A field platform for
continuous measurement of canopy fluorescence[ J]. IEEE Trans-
actions on Geoscience and Remote Sensing,2010,48(9) :3358 -
3368.

Song L, Guanter L, Guan K Y , et al. Satellite sun — induced chloro—
phyll fluorescence detects early response of winter wheat to heat
stress in the Indian Indo — Gangetic Plains[ J]. Global Change Bio—
logy,2018,24(9) :4023 -4037.

Shan N, Ju W, Migliavacca M, et al. Modeling canopy conductance
and transpiration from solar — induced chlorophyll fluorescence
[J]. Agricultural and Forest Meteorology ,2019,268 :189 —201.
Wang S, Ju W, Penuelas J, et al. Urban — rural gradients reveal
joint control of elevated CO, and temperature on extended pho—
tosynthetic seasons [ J |. Nature Ecology and Evolution ,2019,3:1076 -
1085.

Zhang Y ,Commane R,Zhou S, et al. Light limitation regulates the
response of autumn terrestrial carbon uptake to warming[ J]. Na—
ture Climate Change,2020,10.739 —-743.

Zhang Y, Parazoo N C, Williams A P, et al. Large and projected
strengthening moisture limitation on end - of — season photosynthe—
sis[ J]. Proceedings of the National Academy of Sciences of the
United States of America,2020,117(17) :9216 -9222.

Yang P Q,van der Tol C. Linking canopy scattering of far —red sun —
induced chlorophyll fluorescence with reflectance [ J ]. Remote
Sensing of Environment,2018,209 :456 - 467.

Zeng Y ,Badgley G,Dechant B, et al. A practical approach for esti—
mating the escape ratio of near — infrared solar — induced chloro-
phyll fluorescence [ J ]. Remote Sensing of Environment, 2019,
232:111209.

Zhang Z ,Chen J M, Guanter L, et al. From canopy — leaving to total

canopy far — red fluorescence emission for remote sensing of photo—



. 14 ot %R E R 2020 4
synthesis ; First results from TROPOMI [ J ]. Geophysical Research manned aerial vehicle remote sensing system [ J]. Geomatics and
Letters,2019,46(21) :12030 - 12040. Information Science of Wuhan University, 2014,39 (5) 505 -

[34] Zhang Z,Zhang Y ,Porcar — Castell A ,et al. Reduction of structural 513,540.
impacts and distinction of photosynthetic pathways in a global esti— [38] B/, FBUE, a5 TANLEBAREIBAR[)]. hIR1E
mation of GPP from space — borne solar — induced chlorophyll fluo— BRLEAR 2016,18 (11) 11439 — 1447,
rescence| J . Remote Sensing of Environment,2020,240;111722. Liao X H, Zhou C H,Su F Z, et al. The mass innovation era of
[35] Liu X, Guanter L, Liu L, et al. Downscaling of solar — induced UAV remote sensing [ J]. Journal of Geo — Information Science,
chlorophyll fluorescence from canopy level to photosystem level 2016,18(11) :1439 —1447.
using a random forest model[ J]. Remote Sensing of Environment, [39] BE/NE L H TF,5K 8 CAMLER, KA 540 RN & Rt
2019,231:110772. T, BIEEER 2019 ,23(6) ;1046 - 1052.
[36] Liu X,Liu L,Hu J,et al. Improving the potential of red SIF for es— Liao X H, Xiao Q,Zhang H. UAV remote sensing: Popularization
timating GPP by downscaling from the canopy level to the photosys— and expand application development trend [ J]. Journal of Remote
tem level [ J ]. Agricultural and Forest Meteorology , 2020, 281 . Sensing,2019,23(6) :1046 — 1052.
107846. [40] BE/NEE. Mo B} 2 e 55 R BT (0], M B o e
[37] ZRf8(° 78 W1 B AMLIE R G o8 2k e 5 B AT R[] 2020,39(5) :709 -715.
B2 (5 BRI ,2014,39(5) 1505 - 513,540. Liao X H. Advance of geographic sciences and new technology ap—
Li D R, Li M. Research advance and application prospect of un— plications[ J ]. Progress in Geography,2020,39(5) :709 - 715.

A discussion on some frontier directions of quantitative remote sensing

QIN Qiming' ™, CHEN Jin", ZHANG Yongguang' , REN Huazhong',
WU Zihua', ZHANG Chishan’, WU Linsheng”, LIU Jianli’

(1. School of Earth and Space Science, Peking University, Beijing 100871, China; 2. Technology Innovation Center for Geographic
Information System Technology, Ministry of Natural Resources, Beijing 100871, China; 3. State Key Laboratory of Earth
Surface Processes and Resource Ecology, Beijing Normal University, Beijing 100875, China; 4. International
Institute for Earth System Science, Nanjing University, Nanjing 210023, China; 5. Institute
of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China)

Abstract: The key to improving the ability of independent innovation lies in talents and education . In order to
cultivate high — quality innovative talents in the field of “quantitative remote sensing” , this summer course held an
academic salon for graduate students in combination with the frontier issues of quantitative remote sensing that the
trainees were concerned about. The academic salon held four academic salons aiming at the academic problems in
the theory, method, technology and application of quantitative remote sensing. The mechanism of radiation
transfer, the decomposition of hyperspectral remote sensing mixed pixels , the application and service of UAV
quantitative remote sensing were discussed . Among them, the academic salon of “radiation transfer mechanism”
mainly discussed the progress and limitations of radiation transfer theory from Maxwell * s equations to microcosmic
physics. “Hyperspectral remote sensing mixed pixel decomposition ” academic salon mainly focused on two aspects
of endmember variability research , namely, the discussion of spectral variability within the same endmember
category and the spectral similarity between different endmember categories . Participants deeply discussed the
theory and method of how to eliminate the unmixing error of hyperspectral remote sensing mixed pixel . The
“vegetation fluorescence remote sensing” academic salon mainly discussed the application progress of solar —
induced chlorophyll fluorescence (SIF) remote sensing, the process and mechanism of SIF excitation from leaf to
sensor and its mechanism. Participants discussed five main issues in depth. “UAV quantitative remote sensing
application and service” academic salon focused on UAV quantitative remote sensing and multi aircraft cooperative
networking earth observation and remote sensing application service in complex scenes . Participants believed that
UAV quantitative remote sensing application and service has broad prospects in the future . In each academic salon,
a graduate student made a keynote speech . The participants would apply for a speech around the topic , discuss and

question , and elaborate personal views or supplement relevant research progress information on relevant progress .
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The host would make a summary speech. The online academic salon provided a new academic platform for graduate

students to exchange and discuss the frontier progress of quantitative remote sensing . The academic salon attracted
many interested graduate students and other personnel to participate through live broadcast of bilibili station , and
expanded the dissemination of quantitative remote sensing knowledge .

Keywords: online academic salon ; radiation transmission mechanism ; mixed pixel decomposition ; vegetation fluo—

rescence remote sensing ; UAV quantitative remote sensing
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