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TR D R W R TR SR T B, RN
Bl2p R A S bR A T H (Nagel, 1979).
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BRI R FREWME . KRBT 2 2B
FEAFEJT T (EPAE, 1994; fRoEHE 55, 19965 %
/N3C, 2005; Zhang %, 2022a), W#EREL £ kiR
PR REE . B, AR RSN, A
KRG RY, SO TEBENEFE A A
MRS G, FAE, JCIe IR R R e
P B A S WA A 07 3, 2 SR 2 i Al 1 )
RIS AT LAE 45 Sk 140y 1) o8 7 S 7 398 38 R A E SO
ZAFARAE SR ) 22 PRI AN Jr T, B ) i SR
3RAEMER S KRB, 43 Bl fm o etk o i e
PE AR DA RO . RN . AL
N BTN . AL . — T, T H S
fe2F RV B, M 7R PR R AR
05 T 5 8 22 5 1) AT R AE T U 45 Dy b 9 i
TRAAR ST . O . BEAH 3 KRR, X T E RS AL
FEE TN B b By O 9Y & O
By i, TG PR RAEME. W
M RE . M R s | s AR o AR A AN
S AR A i R [R) — M 11 3 SRR AR 25 R R I 2
P, BB RJE . KA. M. BT, L 5L
N, 50 2 TR SR AR IURD b A R, WA
B F AR T L E . B2, BT Y
SR EBURE R NPT SN2 .- A 0 -y 4
PE, SIE T 3ARRE L 5 AN Jy TR R 50 A
Ji)

TR BT 22 G0 P 8 R 2 1) D9 e 5 3
Bt 1 [ A EL A S SORMN AL, e ) o 4 B i
BREM RGeS b o il
JEBLERY 3 KRR S KRN, A SCIR R i
TR 2 SR ] A 25 R M A, RS B RMIT L B
FEFMEA, THEATHEEERT, RAFEA
BETPE RN S M o % . o, T B RO
N 3T G b L 4 e SR AR (1) 2 Ji ) R 9 B A
I Bl 38 B AR B A R T, B L R o 2 SR 4T
WO P AR ], $RE AT R R %, H



TREE A5 R BB A N R A ] 3

U, el B E R T T AT LS 4 2 R
PEAgRI . ALBEAINL T, A MBERBRA . BRBELRIT
GRS BEAF U B I MR . AT SRR ME B SR
BEAb, TRAARTRE SR 1 Sk 1 e AT B T 4
B BEOR 5 A SR R B 5 A8, BEE AT
BRE . KBRS ORI K, IR 7S X
L R ) 45 5 2 TR ) o ) 7 S
FLAUR, W NRAL Ry ] ra Kk AR L 2 ) BE
PEFIHLIE

A SCHIRIR TR, BT AT WL — R 215 B 5
R MR R BERSS . WOLR RS PR
CLANR ST R S i i O B R R S K
IO, DR 021X 1) A1 JEEHF AT 3 10045 5 0 ] L —JRet g
ZLANEGT

2 MRy 3 KR B

2.1 HhrsESTERTE

Py 8 S A A B e M ) A A ) e L D0 B
1IN U NI A NI R €41 NI S A N
KLLLAN . Ot BEAE) B4R I o 58 R A AR
e, 5P EAL R DIAR G

21.1 FIW—EiRLIMES

TS SR S 0 DI DX [ ek i T L ) e 41 A0 X
], ) 7E 32 DB S0 4 S 1) 255 8 R P SR P
RILIRA (Albedo) KA. SN T A [
Hu XTI BRI B AR S S s s, o A M)
J Sk i B 5 21 S W AR R T ) A SR R A LU
SR RARRCPA . Ak . AEBM e ENRE
G EESHONE BIE (Dickinson, 1995), #J
D, 28 0 Y 21 4 DX ] 5 15 B b 3R S IR 238 Sl ik i iR
RSO R E]

FMQMHWMM
A(f) = —=— (1)
annm

A, A0) R B, B TE T B R S R F R
KAIEZAS B R BAFE R L, BEAST A 0 Fnk K
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U I IR K29 0.4, FRARE I IR AR IS AR

[FI7E0.1—0.272 4k, W IRREAR, /NT0.1. £ 1
Jr7R T AL I W) A A R N B 2 1 b 3 S R A
(Coakley, 2003),
&1 MBI EBAMR R RER
Table 1 The surface albedo of typical ground types
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Hh A 5% pes
TRA AR /i o 0.16 0.18
o R H ST ACRR 0.20 0.21
I R i | F AR B AR 0.21 0.20
LSRN 0.12 0.13
TRAVEREBR R Gk 0.16 0.16
RN 0.17 0.18
AR H Sk e b 0.12 0.15
Vb 0.36 0.36
HIR 0.17 0.17
Et 0.66 0.66
3K 0.62 0.62
3353 0.07 0.07
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Fig. 1 Interaction between leaf and solar irradiance

at visible band
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Table 3 The chemical chromophores and absorption

wavelength for surface objects

o3k IR AT 8 4 /o
Fe?* 0.43, 0.45, 0.51, 0.55, 1.0—1.1, 1.8—1.9
Fe™* 0.40, 0.45, 0.49, 0.52, 0.70, 0.87
Ni** 0.40, 0.75, 1.25
Cu* 0.8
Mn?* 0.34, 0.37, 0.41, 0.45, 0.55
Cr** 0.40, 0.55, 0.70
Ti** 0.45, 0.55, 0.60, 0.64
La** 0.5, 0.6, 0.75, 0.8
S 0.43, 0.66
S 93 0.46, 0.64
BB 091, 1.02, 1.51,1.69, 1.94, 1.98, 2.06
KT 094,097, 1.02, 1.135, 1.38, 1.40, 1.45, 1.875, 1.94
_ 0.97, 0.99, 1.20, 1.45, 1.53, 1.54, 1.58, 1.69, 1.78,
1.90, 1.94, 1.96, 2.00, 2.08, 2.10
VNGES 1.12, 1.20, 1.42, 145, 1.69, 1.94
TR 1.20, 1.49, 1.54, 1.78, 1.82, 1.94, 2.10

bl 1.49, 1.58, 1.96, 2.08
1.40, 2.15-2.22 (Al1-OH), 2.30-2.39 (Mg-OH),

OH™

2.24—2.27(Fe-OH)
Co_3 1.90, 2.00, 2.16, 2.35, 2.55
NH* 2.0—2.13

MBS FRE S R B L Bk L
KZRMEDIM G, DGR N EMaRYRES
TAERE AT WO X R G TERAIE, ZRIEH 0.45 wm F11
0.65 pm B WAy 5 IELLAME B X H], mf A E
FRA MRS, HOGIERRIE 22 At ke e 9
ZUCHUGT R R R, RBLA R ST (45%—
50%); LI BT LA B (0.76 wm) AHPER
SPRMGE MR R C2ri”, OIS WA
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ZI 40 SIF, PSII[A] i & S 41 Y6 ML 2140 SIF . 5%
T, SIF P28 U450 B 1 T 4 5 k) =2 ol
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Fig. 12 Emissivity of soil under different moisture contents
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Fig. 14  Changes in biochemical parameters of lettuce and Chinese cabbage throughout the growing season
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Fig. 15 Diurnal variation of SIF spectra of winter wheat at

Xiaotangshan site, Beijing, on April 25, 2015
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Fig. 17 Three—year changes in soil temperature, humidity, air temperature, soil snow cover and frost depth at the

Sodankyl4 test site in Finland
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Fig. 18 Three—year time series of brightness temperature and polarization difference observations by the ELBARA-II

radiometer at the Sodankyli test site in Finland
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Fig. 19  Schematic diagram for upscaling and downscaling
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Fig. 27  Varying of the apparent reflectance in the red band of
MODIS with the AOD
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ﬂmﬁﬁmLTﬁ%%ﬁkﬁiSmmkﬁ$ﬁﬁ
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A THA R R . XK @IS, KRR
SRR IE T 2 — 2R B T AR5 T8 B S 40 1
55, BT A OK T R R I R G AR AR

Saleous,
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S 10F5 LA L, BTG R A RS R e AL E
(1) SIF T3 18 S AE DB BH IS IROR R s 2 A g
PREEUFR, INKT, Fe KPBHRIORTIELE, HF
%0.04 nm i F OGS HEEE (Liu A Liu, 20145 Zou
8, 2022), UL, T RRUE S ST S IR
TEAER R, JoinerZF (2013). GuanterZF (2015)
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T 28 3 AR MAC RIS 3 i 1) 3K 32 SRR 1) BT K
OO 2 S EE S e 0 B S P HL, S
TR AR B 4w S e T BB Bk HAE HARIX
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(Schmetz 55, 1993) . KPFHYG I B R —20 A X 1
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2 IO T ) E O M DA AR, D R — SRR i
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Fig. 28  Atmospheric transmittance in the microwave bands
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Fig. 29 Schematic diagram of parameters in BRDF
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Fig. 32 LiDAR scanning multipath effect
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Fig. 33 Forest canopy coverage and closure
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K RE oD 5 J3E R 2= 5l o et ) R ) o 3 e A
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MLgR2E > ik (AnpR 2 P25 s o SRR ) ol & TR
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N AL S X B AY AT AAE 2] A . B AR
B 25 AR 55 X PO B IR B s e, AT S X
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JEARAB T AR fb o T UL f) A S [0 A S 30 s B
W7, X AT DU A B kAR 5 1 P S A [
AT AR KA Z BHA S H . AL ik
By gy ) M SR E M e, TAE Th 20 AR
BOWA 27 8 KB B 52 mm . — o0 r, HhER
TR S 5 300 O o G RO AR /N L U 5 Bk
S IA) A BE RS R AR /N AR A A X T 2B
VRS, B2 BT 2817 5 1) AR S 38 R 0 L 42
(Cao%E, 2021),

S ECH ) PSR S A R RSO0 B i R T LA
S50 37 AN [ A EE I 45 5T N 45 243 1 B
BIARTE . 50 NG RE RN BA 52 38 4 A R 6] 9 24 53
WL L AR IT N 2 U VR FH 1 RS TR) A1 2 0L 1
LR R B RN 7EIRAT A B AR, T
HIES MR St S AN s b SR ) Y L
SR a3 RN KRR S R S SRR 4y, e
JZTRR RS AT LAZRIR A (Bian 5§, 2018):

L(6,.6,.¢) =
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o, 0,16, 43 2 R B R TOUA AL R TR 5 o
SEAG IR R Z [ (A 5 i ff s T FN e, 50 5
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(). B H 2 3 TSR BRSO BIAE R A I BTk 5 e,
SRR A RO ST A, A] LU i A
ARG R BIRR]; MJE, RIELRERER,
(1-e,) REBANEREMRGR; LIEkARINT
TTAERRST, B R I sE sRA, R A K
N FAER AT o AN TR) A9 K P RS A B8 RAS (] A<
ZET, BTN IR s

AR I T 1) P 1)) 5 T 22 o UL 4
228 S NI | IERS v oy W < D
AT AR Ay 5 A 0 0 e i 3 2 3R s ] 1) o) PR S5
R AFAE LI DX 3 /N g ) 255 3 36T AR 0K
71 1 AR S Ty e A O R SR PR T A 0
FEHb, QP R 8 B S 55 37 Rk A R B B 4
JeET LR Yy A AHLIE AT DL A K T 5T X
B, BRI A RE, JC RN Oy L A A2 R, —
P2 3 % A BH 32 7 1 A LA BH 3257 T %) X 25
T, T B ] 3 R SE 6 R v ) I B R ] 7 2% 1
ok DX 0 52 56 (Bian 5%, 2020; Lagouarde 55
2008) . &34 s T A AHL AT H TR 28 AEAT
ALk fs . TR IR BV 32 2538 5 ATSR &1 K
HJF 20 SLSTR R4 TR SLEL, HIEHAE T A
A ASE UL P9 A 5 1) AR AL, AT DA AR A5 9 S B 1)
D7 1] WL 45 5 (Coll %5, 2019) . KA ML . i
25 T3 L 3 S 5 A BT M ) BT A B A R
WL A BT AR AR B G, AU £ B RT L5 1 R
MARSHEIE 2 R EIA T K, RIEYEZRTZE S )KE
224 K, 0] S5 E0KF RN UL A4 A R0 S
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Fig. 34 Schematic diagram of crossing and parallel flights
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2019) . & 5 1% A R 2 RS 2 DY 1 B A 28 B4
FH, R A R 2 B S B B TR A T,
W)z T e B B A e A, AR AE T
REME B 11032 4 (Rl 0 2 WSS o 5T LG Y
ANFE, PRI ZRBOTRS, 8 R
T A AT R AR | AN T — IR g il 2 K 2
B 58 RN, FH T 20 TUAR] DY 27 A U D 5C 33 b ) 5ef
ER U254, T Hb 3R 00 JLAT R AF A% 5545 41 o
B AT AR EE A8, H T AT R AR RN B RO )2
1 T LA G 24 B Y R B 42 1155 6 IR B 52 il
RES A A R S IR P P RN . IR B RRTEE & T
58 S A% B AN TUART G 2 AR A P 34, Ay AL T
Hh AR S 00 7 el PR . TR B H AR B
RS R E AT, BT XA B 4 K S SR A 0 A
FLOM 2RI TAHRN S TAE (Bian %, 2022).
THEE AU DU T80 U] BB 0 S AR B 45 48 T RS 400 4 5
it A (Liu 28, 2002), &M TEI 5100
Br, AL =4 R R, ME LR T R
B R TEAT 55 o X Se Y BRAS AR A SE B iy Y, G LA
PR E R, A S A 23z 2 BRI
MR FH B M, A% K B A ) HORS 1 5 0
PEZ I SEI T RGP, 2 T i 22 0 A B
H— LA AT KBRS R T H . DI
WM R MR R, HATh T HheRAE
O A S A SRR R TR, AR 3 R R
Wl R & R R (Bian 5§, 2024; Fan
42024).

by 3R U B BV R R AE A, R
T IR G A RSN B XS [F b R R T
VK R B S LA ) K SRR AR
SR L R SRR AR Uk SR A R,
F LT ANE L F AR AL DL Conel (Conel, 1969) #H
Hapke (Hapke, 2012) BY#F58imcA RN, 0
T B OB E] Y 2 U o [ R SR A
UK R S L LS 3 B AR KA =2 Ak
Cheng % (2010) X ELA EHrAL (Hapke #5710
Conel #E7Y) | A MAAY (DISORT #EAL) Ff2t
IR EAT T LA, S5 RH, XLLRR AT IR
GF R0 LR 25 0 R S SR T RRD B AR, (AT
WA — ARG 2 AR J) o 3 JLAR R
562 RO I A — R ST s, s TR
AT 3 B 5l 2 2 B SRR AR ok B A AR 1 A {1 R A
BN SRR R WIMAA & S 3 A B Y AR 4K 2
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Yy b Ay 17— SR T AR, R R B AT
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Fig. 35 Schematic diagram of incident angle
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Fig. 36 Schematic diagram of relationship between

backscattering intensity and incident angle
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Jay b AGF £ (local incident angle) &85 A7 A
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Fig. 37 Schematic diagram of relationship between

backscattering intensity and slope

BCAb,  Hi W 3R TRDRLRS B RIS 1 22 18] 47 76 A
HAEH, AR 2R 0 200 B 1 5 5 (Peake il
Oliver, 1971):

IR EITTW]
A
FLRE 2 T
A
o (12)

AP, hONSRERRERE , 0 WAL, A AT,
HA 5 AT, i 4 2 TR JRE AN R 28 X Y
BE3Z MR Y BB INVERR R I, B ERIARGEA
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W), NS FR I mBON RS R U R . BN
A R T B I R, s R ) 1A R
B s MBI A MR S EOR R, i T
B ) B o R TORURE ST (A e IR UK Y
W), WAL Z R s CE R, S Al
el PRI [0 TR 88 88 o A S B 9 2 SR T v, B
IR R B MR 2 B v T TR R A PR FE ) S B
(2) ARARFE X A A A A A R o X T[]
W ARG, MG ABORE, RO RN %, it
I A B A B4 i 1o PR T A, T A A AR
KA DL R R B RS U o R A A
SR, LN 2 A R AL, LB R

SR O7 1) 32 B SR S, R i) T RELRE 3R T K AR
L KPR A R AR A Y PR AR 25 S BB
TEBUNASIAT (IEEE), EWREHRBLER
TR o> BE B AR T ARG, BALRREAIT R, K
ST A T R AR ) I 22 S AR N o

A8 SN A KIS 1Y I 0] HECE o 32 B S 18 28
f3EH BN, AR R iR (AN AR AR O R
M) o 38 S AL Y BRI R 22 H AR
8 JLART 45 K6 0N B8 22 B 2, AG A A2 AT
— B N S N o PR S SO AR 2
TAEA I A

(3) JUfarmes A2 55 B 52 8000 . & LA 7R ik
(SAR) v, ph 0 F S A R4S BT PN A AP AE B
AN 10 b T Y B RCP BE S, BEE A f 81k
W A SR B AR TE R IR R B S 2
JRREE L R I o R e 8 et B 0 oy oy )3 T
R RS . BB 3R A . XML
far i AZ FE SAR BUAR rh 2 B R Aip O 18152 A s Oy 152
(Van Zyl filKim, 2011).
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IR AR ORRAE (i) TOASET, TR
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looking direction) 55 ¥ A1 JRUIn] 1) 22 5525 52 Wi ¥ 1FLD Y
RS O R (8139)

Radar Image Plane
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Fig. 38  Geometric distortion in radar image
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Fig. 39  Variation of backscatter coefficient with the difference

between radar looking direction and wind direction
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Fig. 40 The adjacent effect due to atmospheric scattering in

the VIS-NIR bands
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i (Lyapustin Fl Kaufman, 2001), 31 H 4> #r Rk
R KAV
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Fig. 41 Comparison of surface reflectance in the airborne

hyperspectral remote sensing image before and after

adjacent effect correction
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TEMTF 510, LiangZF (2001) FJf SHDOM
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Fig. 42 Variation of MTF with AOD at Nyqyist

TERAMIETT I, R FE R e 2=
A S, e A 1—2 WS BLAR T 500 K IE
B TR) 3500 A 2 B IS W A 22 5 o LA 28 401 % L
FLAASH 1 ATCOR K UM TE 53 Ak B 418 30 24 17 14
AT M -

(1) FLAASH #F 3E47 RAARIE R 5
MODIS 4B it 14 5 A L i) 1 1E 2 72 (Perkins 55
2012; Vermote &%, 1997; Matthew £, 2000), &
e Fie B BAA R S5 A1 1155015 300 b 36 S 5 36 pe,
SRIG Fi B 21 AMBOT i B R/ IR T3S 3
WEER ST (p), HEMiFSE] BRGITR 4 %,
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(2) ATCOR K FH ik Sy Bk ER ik n S
HEr oo & r BRI EE e, @ W15
TR 0 9 B 5 E AE 0.5—1 Km::

A=pf+ﬂp?-§ERBWU) (16)
w(i) = W(i)/_'jvv(i) (17)

W)= [ (2r)edr (18)
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Fig. 43 Imaging flow inside the imager
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ToR (Wang 55, 2024) . ZRBEHI &% 38 i °F &5 19
BEBATHR R, G IR R, A T
BRI 25 D) L B 1 AR, VA AR I S 3
75, HAER IS A ok B DTESRN R R L Rk
LLAMNAR RGN E ot 20 B (A i Rk 2190 )
RGN, E—B3Ttasia) . BRI ARG B

AT I 2000 R G 5 52 B S AR S 5
W, (55255 Bk, 206N P AR S M 7 X A%
SR L A TR T SR el i R M A
SRR, e R R A i) R AR R
TAER . FEAS RN R G, BRI ERA H) 2%
R (40 K) o] LA BT K L0 R G210
PRIKS B FIBE2S (Rogalski, 2011; Sclar, 1984).

3.53 KRS S EEEE

TR IALAR T ik v, 8 A5 ad o B MO
ROLHYIE AT | 5T A PR DL SRR L A5
J7 L FEAE HIRIZE SR, IR 28 G030 24015 Ak
(I B2 RE ST, B AR GEXT =S (B BRI B RE T . B
i T SAR Z2 48X M 1 377 57 v AN ] JRLBE 440 1Y T
FAETT, R RN AT Y HK K PSF (Point
Spread Function) £k ¥ Hl & %L LSF (Line Spread
Function) 742 Hy Y BTRMa N #h 2Eo [R, dn
MTF 72 S50 e rp A S s TR, Al R 2 A
o iy JUART IR A5, 532 o) o UL 4 4 T AR R R /N Y
UL

5 FT A HABAR TSR R G 2R, TRk
PR A RS2 O E “#REh " e B A e



TREE A5 R BB A N R A ] 37

X R DA M 75 2 R AR SAR A FER BTN kAR
1) 22 U Tl 38 7= A ) B LA A T 00 5 1 i
Yo B AR PR 3 B BT NI 22 /N B R A R
RHEENE S W& N EESE0W (Ferretti 5,
2007). SAR EUZH A BE & 2 BEAREMR 7 B R 2
HIA R, (EEMR R EE R 24k . i T s iR M
A ER, FECRZSMIENE (Lee %, 1994a;
Rio %%, 2000) siZMALEE (LeeZF, 1994b, 1999)
Al e .

S A O A S 3 e R e WA R ) A U
St SR A SR e AR i A 0T 42 IS L A ) A
FAG T AT bR AR O FR e il . FEAS S R
Uity , BRI T A 2 R R X b BRI Y
P22 B R, 2 R & 80k
PR o3 00 b SRR S I 4G e Ah, SRTE R
FI - 4 G A U 2 A ) s R S o 422 MAC 1) b R 6 A5
. TEf5 SR R rp, B R Ak 4 S T e A
TR AN e PE s 5 i E bRl R ny iR 22, i, ¥
25 R4 2 T SO BR R 5 sk TR B AR ST iEA
T VA 38 g S o XL 1) 5 TR (K R 2 15 R w4
KEAFTPHHEE, MEHEEETENES T
YL R ARG BT T4, #0023 %) R 3R e i 6 S 1 2 A
5hbrr= g, o, DREFEREE. Fa
) T8t SR P4 25 22 o DR R Al 2 R AR B R
SRS ST I

4 REEEERNTI A E L H R

T SEOULIN A b e AL e L AR LA
LR . RA ML ARIT . AL 3B R0 25 HE At
Rl i, J2 @ &R LA R D A, X
W R T MR . ORACIREL L R R RE
WL - 15 S L R B0 P P o 0 R 2 )T ) %
BTN BT 388 SR 2 AR S FL R R 26, JF
A HES HAS SRR AL T R S e S

12 SR AT 57 10 2 7 TR 3 R AT 18 U A SR
tean, TR EGAEUT BRI R AT Ot
W PR L R R L R L 4RI, 1R
BN, AL SR B AR A AR I8 UE AT AL B BE Al T B
B T X R — R o SR A A o o A
B A B BRASADL A n T AR WL F) E PRRL
HE, IS BRI HTRE 1 PE e A R S B =
B AU A AL, LisE (2015b) LA
T JE Ay SNR O SCEEAZ AR AR, T IE TR AR R B4

A FEMEERL, 8 f5 B RIS R R PP AL 4
THEPUETT 2, YR B IBORT EE AR XS Hyperion
SEH R E 21.7% (Li %, 2015b). Landsat 8 TLEHF
il 90 390 58 R FH ERABSU4RF DIRSIG $E4T T #4141
RS TIRS FEHUS B iy O A 0L, 38 3 23 B &=
Ge 1k RE A8 AR S T A R & B, TIRS MTF ()
BT RES SIS 1.05 KRR 2, mHBsh&
S E Y HIAL % R B (MTF) PR 2%, T ixX
— MR T B AR R G R H AR L E T &
(Schott %, 2012).

T P AE BT R M SR IAEE BRI DA R
LI 508 T R S A LR P ER ARG, & A
5T 35 SR W) 7E AN TR R I 1 22 33 B S A% i
R, R B R A B [ R S A Y
PSR (MR ok 28, 2019), N, Higen] i—
L1 B i XU R R4 A (BRDF) FEAR, S
FIIRA | I IE FRAE B S RO Y SR
filt (MK 55, 2019) 0 FAZLAMR I RO R50% F 7
TR ST, PT LD SR R e B AT R AR
SHOMEEAEE (Hu%, 2023). TR
PUERAR AL (%) & J , mT L ede stk DA Sl 3 JER B30 a Hh s
T E T SR R | R A R AR R
ROsEE (Ji%F, 2024; MladenovaZy, 2014; Tanase
4, 2014), AEH RGN 4R SHE RS S
HL R 27 Maxwell J7 FRAGIE R, 1218 DA S Al 47 382
— R R X R CMESR” R (R AR S,
2023),

TG S . R R DL RGE R T
G A EAE R, R i R R SR
filio flan, HARSNIRIES . ER. =
J2 X5 F i 3032 %) 3 BRI RIS RSO0 LA B et T B o £
(RS2, AT LA S JIORS B b A E S BB B2 ), 4 v
WRSBULERE . L (2019) Wi kA
RS o 2 TSR H OGBS E Ok (SIF)
SIS AT R S A AT R S s e, AR T T
P2 SIF UM O,—A 1 B 1 R AL IEBAE T 56
W8 Y SRR F A S HE B T s R R R
FE40 T 5 22 0 AR, 80 0 P ki 3 TR A T
TRPRA B (Lee %5, 2018), [l AR VEH) () FhAl
T AL AN U 7= (Periasamy Fll Ravi, 2024) %%,

Bl LR AL S BRI E R, . 205
S AL R B R G, DU R (R B AR FE
IF 114 388 JER R B 3% T A 8 SR 2 5 B R & i



38 National Remote Sensing Bulletin  i# & 54k 2025,29(1)

Worm (GGkEe, 2017). AN T8 fES b AHRA L
A — A EEEH R TR AR, SR
T i B ER 5% A0 S AR G N0 i FE A L A
N AT AL . X R R IA I N T e R G A
NZ RS TG B ARSI (W R )
PEATARHE, TR NN ATE N A as ot R
FFAE, DA SO A 53030, DT B 4 b 80 fie 3
M kit 58, 2022), i 2 ENE IR EL
P oK Sl ARG N AR Re Ak B B AR R
W SGHEIAR R, 705042 1 8 I (8 T 4 7 3
NEHKE, AT LU A 5 i IR 55 1 R e oK (RE
Fife 2, 2023), FFxfim EoRl g 3 al ) B 55 T
DU B 9 5 vk i R, ARG RN T3 e
AR RT SN 78 40 A H e 50 AR, AT T AR A
LB AR S ik, R o 1 R 1 R
8 AR REERILAE O . i, EEXHRE T £ otk
YIGREAR IR E 2= 22 LRe 1, BIE AR 2
SARL, BT EIMILAT . KA. IR
w6 22 o R B R AR 4, itk Han 55
(2017) 351 FH 4y BLK 3y i) B4 40 £F DIRSIG JF Ji&
AR S A AR A R BRI 5
A R A R B B e B 1 2
S5yt B UIMSC, WERE S L ReE
B AL DL R S e R AH BEAEH, A5
ANRAETIRELR LML (CNN) HEZR, i
T BB SAIR g ik, ARG . 1AL
4R MR A0 A5 5 T 5 AR 8 0 T A L A 4
i Bt 1 W) Ak B A AR 7 A B B AT PR # (Zhang
S5, 2019b) . fEZREAEE T IE , RZVBMG
WOLE A . 26, A LA TR IR SR R B0 Y
FAUFIRR G, AT LA RO i T 2 RS R A
Maimaitijiang 55 (2020) FJHE 25 H . 20060 AR
LIANEE, TEREZOGIE . S5H . PR R SUHRAE
TE A GURAE RS« B SORRAE Rl A A L
SR FH VR B 1 22 IO 248 JR R AR B 7 e T

5 45 iE

YRR X — G B R SRR, B
8 A R X4 s i SR i) R G A L H A
TR S RPN E TR R R L
Mo R SRR DS R AR R R A O
Ao 38 BB LA SRy BHE Sl 4% 1 52
BRTBL, R BB R AL S BRI 9 T H.

FEVRIRFE ARG, A FpiEEREy . RS . Bl
AEPRRE R SRR F B R R, i) {2 i i R 2
FUNE 5T T Be A 507, AT S5 0T b 3R 2 1HT )
SO I AE I, A IREE O B KE
W AR S R (B i 4, 2016), J& S5 il Hpak
RIS W RO SR (ot te 4F, 2016). AT
W, 3@ Rl MR R AR BT oy . S F A
i AHEARA  EER AR I R R R 8 IR A 11 i
B T B SR, R B AR B AS WA
TR SR T A AR A T
TEE R S EOR Pk & R, SERATE oY
) T RN T WY o 3 76 DAASE 78 3K 2 21 50 3K )
BRu NS =T, B ERE I B
MR BN 4. ARSI ) 3 KFEE S 5 KA
(1) B HE S 3 BRI AR . A BN R R A T
Dy dE T B R R AW, AR
T TR N 3 BB (0 ) BB E SR, R
I S B T 5 AR S, R T AR SEPR
N IRLRE . AL, R A I T
AR, HE— > A R s 9K 3
HURG T W fe b B s B B L Ry S e
TRZ, BN T BRI R KT 9 G
HIRAE A — g AR, MRz,
W B IRAS TERE . KA H A A BOU
FEREEZANERAER ., FEESNEBHR T,
AR A M Y 20 TAE L T 5 = i HL R B
58, ABZRGHIEZ ARG 1Y R 5245 oA
B o FERRAEE BRI L R, ORFER R W
HIG R AW 2B . &R, 8.
RN Z R e Z2 7 W) 38 45 0 A IR R
MR AR IL N E . (REEAE 45, 2023),
TN Pk, RS R GEE
(1) 22 IR R0 1 8 A S AR A A A R R R . X
— R R AN AN T B A A 3 B ) P A TR R b 2 R
WTFEERAN TR BE T A AR, LI EE N
R A R 211 32 B B Ak B AN R U AE S
il 5 3 TR AT 2 K e Sy 2R 4 ) AS T 9
AR, 3 B2 0 FE R A 50 B 300 Sk B A AL
R AR o 3k S R o R e EL A O Y
YRR IEA B . T o B AR AR IR . TSR
RN e 0 R %) b 2 R 0 L2 % B i %) B0 St s Ak B
1, REME B s 3R A T i R R 4 1 Y R R .
SR, 3t B R e B s b RN 4B AR v, fiE



TREE A5 R BB A N R A ] 39

ST oM SEHE R L L BRI RS, R hE
i AT AR A B O A R N R 24 R ‘th"J%ZTE
. WM, EEEESG AN THEENSES, e
SR K K T 1 ) ﬁj\_ﬁﬁlﬂ&fﬂ .
HERGERL2A  EIRZ RS LA, NLREIE 4 =
Bl 0 ARG B, 0 BB A5 7 T St A v T
HOCHRAE B, DA Sy 25 g FH 37 S5 B (4L 0 Ao v
AR

WAL, Rk 1Y) 22 JE L il F 5 i e 5 O T 1 Uk
Bl e AR N sch i SE bR ko filan, 7E 3
BEWEIN . BRURAT R UCHE TUE AR, 18 IR
) IOE FH R L4 52 i) 1) R SR (R R 2 e R B i .
T LT b R 55 TR 5K RN T SR, AN W AR T R
Bl 00 K, K 3 RS O (78 A 2 4
He o XA LSRR B IS oY, BT EAEE
AR 5 T AT SR o A AR A R
TR B B B AR S | T 1 e Ak B B Ak
PRIRZR, BEAE 5L BT O ORIORS HE 1 38 B AR i 7
., RERAABE R BE IR BN 20 L $
B IS

R, I IR A ) B B 5T A B R 2 '??32
R Kb EAEE B REEMEH . KK,
TE TR N R 18 SR BB Y Al |, 4 nﬁ'ﬁﬁﬂﬁ

NI ReH A, ek BBl 2= W R I 58 R
P& T 3 JRA AR B B FHAKSF-, DS S b 2 A T 4
11 [ R AR 5 3K TKIEJ B R 38 X5 il
HAHAABBRANT ST, B S5EARWLK
ﬂ?lﬁfi%%ﬂ@ﬂ%ﬁ%ﬂ%Hﬂ%ﬁk%%ﬁ@%ﬁﬁ
PR S8

52 3k (References)

Ackerman S A, Smith W L, Revercomb H E and Spinhirne J D. 1990.
The 27—28 October 1986 FIRE IFO cirrus case study: spectral
properties of cirrus clouds in the 8—12 pm window. Monthly
Weather Review, 118(11): 2377-2388 [DOI: 10.1175/1520-0493
(1990)118<2377:Toficc>2.0.Co;2]

Agati G, Mazzinghi P, Fusi F and Ambrosini 1. 1995. The F685/F730
chlorophyll fluorescence ratio as a tool in plant physiology: re-
sponse to physiological and environmental factors. Journal of
Plant Physiology, 145(3): 228-238 [DOI: 10.1016/S0176-1617(11)
81882-1]

Awange J L and Kyalo Kiema J B. 2013. Microwave remote sensing//
Environmental Geoinformatics: Monitoring and Management.
Berlin, Heidelberg: Springer: 133-144 [DOI: 10.1007/978-3-642-

34085-7]

Ben-Dor E, Schldpfer D, Plaza A J and Malthus T. 2013. Hyperspectral
remote sensing//Wendisch M and Brenguier J L, eds. Airborne
Measurements for Environmental Research: Methods and Instru-
ments. Weinheim: Wiley-VCH Verlag GmbH and Co. KGaA: 413-
456 [DOI: 10.1002/9783527653218.ch8]

Berry J A, Frankenberg C, Wennberg P, Baker I, Bowman K W, Castro-
Contreas S, Cendrero-Mateo M P, Damm A, Drewry D and Ehl-
mann B. 2012. New methods for measurement of photosynthesis
from space. Geophysical Research Letters, 38(17): L17706[https:
//doi.org/10.26206/9NJP-CG56]

Bian Z J, Cao B, Li H, DuY M, Fan W J, Xiao Q and Liu Q H. 2021a.
The effects of tree trunks on the directional emissivity and bright-
ness temperatures of a leaf-off forest using a geometric optical
model. IEEE Transactions on Geoscience and Remote Sensing,
59(6): 5370-5386 [DOI: 10.1109/TGRS.2020.3011157]

Bian Z J, Cao B, Li H, Du' Y M, Lagouarde J P, Xiao Q and Liu Q H.
2018. An analytical four-component directional brightness temper-
ature model for crop and forest canopies. Remote Sensing of Envi-
ronment, 209: 731-746 [DOI: 10.1016/j.rse.2018.03.010]

Bian Z J, Du Y M, Li H, Cao B, Huang H G, Xiao Q and Liu Q H.
2017. Modeling the temporal variability of thermal emissions
from row-planted scenes using a radiosity and energy budget
method. IEEE Transactions on Geoscience and Remote Sensing,
55(10): 6010-6026 [DOI: 10.1109/TGRS.2017.2719098]

Bian Z J, Fan T 'Y, Roujean J L, Wang D D, Irvine M, Wu S B, Cao B,
Li H, DuY M, Xiao Q and Liu Q H. 2024. An analytical urban
temperature model with building heterogeneity using geometric
optical theory. Remote Sensing of Environment, 301: 113948
[DOI: 10.1016/j.rse.2023.113948]

Bian Z, Roujean J L, Lagouarde J P, Cao B, Li H, Du Y, Liu Qiang,
Xiao Q and Liu Qinhuo. 2020. A semi-empirical approach for
modeling the vegetation thermal infrared directional anisotropy of
canopies based on using vegetation indices. ISPRS Journal of
Photogrammetry and Remote Sensing, 160: 136-148 [DOI: 10.
1016/j.isprsjprs.2019.12.004]

Bian Z J, Roujean J L, Cao B, Du'Y M, Li H, Gamet P, Fang J Y, Xiao
Q and Liu Q H. 2021b. Modeling the directional anisotropy of
fine-scale TIR emissions over tree and crop canopies based on
UAV measurements. Remote Sensing of Environment, 252:
112150 [DOI: 10.1016/j.rse.2020.112150]

Bian Z J, Wu S B, Roujean J L, Cao B, Li H, Yin G F, DuY M, Xiao Q
and Liu Q H. 2022. A TIR forest reflectance and transmittance
(FRT) model for directional temperatures with structural and ther-
mal stratification. Remote Sensing of Environment, 268: 112749
[DOI: 10.1016/j.rse.2021.112749]

Bolten J D, Lakshmi V and Njoku E G. 2003. Soil moisture retrieval
using the passive/active L- and S-band radar/radiometer. IEEE
Transactions on Geoscience and Remote Sensing, 41(12): 2792-
2801 [DOI: 10.1109/TGRS.2003.815401]

Bright R M, Zhao K G, Jackson R B and Cherubini F. 2015. Quantify-

ing surface albedo and other direct biogeophysical climate forc-



40 National Remote Sensing Bulletin  i# & 54k 2025,29(1)

ings of forestry activities. Global Change Biology, 21(9): 3246-
3266 [DOI: 10.1111/gcb.12951]

Cao B,GuoM Z, Fan W J, Xu X R, Peng J J, Ren HZ, DuY M, Li H,
Bian Z J, Hu T, Xiao Q and Liu Q H. 2018. A new directional can-
opy emissivity model based on spectral invariants. IEEE Transac-
tions on Geoscience and Remote Sensing, 56(12): 6911-6926
[DOI: 10.1109/TGRS.2018.2845678]

Cao B, Liu Q H, Du Y M, Roujean J L, Gastellu-Etchegorry J P, Trigo
1 F, Zhan W F, Yu Y'Y, Cheng J, Jacob F, Lagouarde J P, Bian Z J,
Li H, Hu T and Xiao Q. 2019. A review of earth surface thermal
radiation directionality observing and modeling: historical devel-
opment, current status and perspectives. Remote Sensing of Envi-
ronment, 232: 111304 [DOI: 10.1016/j.rse.2019.111304]

Cao B, Roujean J L, Gastellu-Etchegorry J P, Liu Q H, Du Y M, Lag-
ouarde J P, Huang H G, Li H, Bian Z J, Hu T, Qin B X, Ran X T
and Xiao Q. 2021. A general framework of kernel-driven model-
ing in the thermal infrared domain. Remote Sensing of Environ-
ment, 252: 112157 [DOI: 10.1016/j.rs¢.2020.112157]

Che N, Choi T, Xiong X and Moyer D. 2008. MODIS along-scan di-
rection Line Spread Function (LSF) modeling and verification us-
ing the Integration and Alignment Collimator (IAC)//Proceedings
Volume 7081, Earth Observing Systems XIII. San Diego: SPIE:
64-72 [DOI: 10.1117/12.793388]

Chen C and Yang B S. 2016. Dynamic occlusion detection and inpaint-
ing of in situ captured terrestrial laser scanning point clouds se-
quence. ISPRS Journal of Photogrammetry and Remote Sensing,
119: 90-107 [DOI: 10.1016/j.isprsjprs.2016.05.007]

Chen S W, LiY Z, Wang X S, Xiao S P and Sato M. 2014. Modeling
and interpretation of scattering mechanisms in polarimetric syn-
thetic aperture radar: advances and perspectives. IEEE Signal Pro-
cessing Magazine, 31(4): 79-89 [DOI: 10.1109/MSP.2014.2312099]

Cheng J, Liang S L, Weng F Z, Wang J D and Li X W. 2010. Compari-
son of radiative transfer models for simulating snow surface ther-
mal infrared emissivity. IEEE Journal of Selected Topics in Ap-
plied Earth Observations and Remote Sensing, 3(3): 323-336
[DOTI: 10.1109/JSTARS.2010.2050300]

Cheng J, Liu Q H, Li X W, Xiao Q, Liu Q and Du'Y M. 2008. The cor-
relation based mid-infrared temperature and emissivity separation
algorithm. Science in China Series D: Earth Sciences, 38(2): 261-
272 (R, WK, Z8/IN3C, 75, XU, #Eak B . 2008, S TG
PERYIRELANELIE 5 R 50 s L . T ERL: D4R HBBRRRY,
38(2): 261-272) [DOI: 10.1360/zd2008-38-2-261]

Coakley J A. 2003. Reflectance and albedo, surface//Holton J R, ed.
Encyclopedia of Atmospheric Sciences. London: Academic Press:
1914-1923 [DOI: 10.1016/B0-12-227090-8/00069-5]

Cogliati S, Rossini M, Julitta T, Meroni M, Schickling A, Burkart A,
Pinto F, Rascher U and Colombo R. 2015. Continuous and long-
term measurements of reflectance and sun-induced chlorophyll
fluorescence by using novel automated field spectroscopy sys-
tems. Remote Sensing of Environment, 164: 270-281 [DOI: 10.
1016/j.rse.2015.03.027]

Coll C, Galve J M, Niclos R, Valor E and Barbera M J. 2019. Angular

variations of brightness surface temperatures derived from dual-
view measurements of the Advanced Along-Track Scanning Radi-
ometer using a new single band atmospheric correction method.
Remote Sensing of Environment, 223: 274-290 [DOI: 10.1016/].
rs¢.2019.01.021]

Conel J E. 1969. Infrared emissivities of silicates: experimental results
and a cloudy atmosphere model of Spectral emission from con-
densed particulate mediums. Journal of Geophysical Research,
74(6): 1614-1634 [DOL: 10.1029/JB074i006p01614]

Cui Z Z,Ma C, Zhang H, Hu Y H, Yan L, Dou C Y and Li X M. 2023.
Vicarious radiometric calibration of the multispectral imager on-
board SDGSAT-1 over the dunhuang calibration site, China. Re-
mote Sensing, 15(10): 2578 [DOI: 10.3390/rs15102578]

Dai LY, Che T, Ding Y J and Hao X H. 2017. Evaluation of snow cov-
er and snow depth on the Qinghai-Tibetan Plateau derived from
passive microwave remote sensing. The Cryosphere, 11(4): 1933-
1948 [DOI110.5194/tc-11-1933-2017]

Derrien M, Lavanant L and Le Gléau H. 1988. Retrieval of the cloud
top temperature of semi-transparent clouds with AVHRR//Pro-
ceedings of the IRS. Lille: [s.n.]: 199-202

Dickinson R E. 1995. Land processes in climate models. Remote Sensing
of Environment, 51(1): 27-38 [DOI: 10.1016/0034-4257(94)00062-R]

Du S S, Liu LY, Liu X J, Zhang X, Zhang X Y, Bi Y M and Zhang L
C. 2018. Retrieval of global terrestrial solar-induced chlorophyll
fluorescence from TanSat satellite. Science Bulletin, 63(22): 1502-
1512 [DOLI: 10.1016/j.5¢ib.2018.10.003]

Duan S B, Li Z L, Gao C X, Zhao W, Wu H, Qian Y G, Leng P and
Gao M F. 2020. Influence of adjacency effect on high-spatial-reso-
lution thermal infrared imagery: implication for radiative transfer
simulation and land surface temperature retrieval. Remote Sens-
ing of Environment, 245: 111852 [DOI: 10.1016/j.rse.2020.111852]

Escorihuela M J, Chanzy A, Wigneron J P and Kerr Y H. 2010. Effec-
tive soil moisture sampling depth of L-band radiometry: a case
study. Remote sensing of Environment, 114(5): 995-1001 [DOI:
10.1016/j.rs¢.2009.12.011]

Fan TY, Wen J G, Jiao Z H, Bian Z J, Zhong S Y, Zhu W Z, Cao B, Li
H, DuY M, Xiao Q and Liu Q H. 2024. Modeling the topograph-
ic effect on directional anisotropies of land surface temperature
from thermal remote sensing. Journal of Remote Sensing, 4: 0226
[DOLI: 10.34133/remotesensing.0226]

Ferretti A., Andrea M.G., Prati C., Rocca Fabio. 2007. InSAR Princi-
ples: Guidelines for SAR Interferometry Processing and Interpre-
tation, TM-19, European Space Agency, The Netherlands, 250 p.

Fournier A, Daumard F, Champagne S, Ounis A, Goulas Y and Moya
1. 2012. Effect of canopy structure on sun-induced chlorophyll flu-
orescence. ISPRS Journal of Photogrammetry and Remote Sens-
ing, 68: 112-120 [DOI: 10.1016/j.isprsjprs.2012.01.003]

Frankenberg C, Berry J, Guanter L and Joiner J. 2013. Remote sensing
of terrestrial chlorophyll fluorescence from space. SPIE News-
room, 2-5[DOI: 10.1117/2.1201302.004725]

Gao L R, Du Q, Zhang B, Yang W and Wu Y F. 2013. A comparative

study on linear regression-based noise estimation for hyperspec-



[ S

T SRR 272 14 A TR 5 i P ) Rt 41

tral imagery. IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 6(2): 488-498 [DOI: 10.1109/
JSTARS.2012.2227245]

Guanter L, Aben I, Tol P, Krijger ] M, Hollstein A, Kohler P, Damm A,
Joiner J, Frankenberg C and Landgraf J. 2015. Potential of the
TROPOspheric Monitoring Instrument (TROPOMI) onboard the
Sentinel-5 Precursor for the monitoring of terrestrial chlorophyll
fluorescence. Atmospheric Measurement Techniques, 8(3): 1337-
1352 [DOLI: 10.5194/amt-8-1337-2015]

Guanter L, Frankenberg C, Dudhia A, Lewis P E, Gémez-Dans J, Kuze
A, Suto H and Grainger R G. 2012. Retrieval and global assess-
ment of terrestrial chlorophyll fluorescence from GOSAT space
measurements. Remote Sensing of Environment, 121: 236-251
[DOTI: 10.1016/j.rs¢.2012.02.006]

Guanter L, Zhang Y G, Jung M, Joiner J, Voigt M, Berry J A, Franken-
berg C, Huete A R, Zarco-Tejada P, Lee J E, Moran M S, Ponce-
Campos G, Beer C, Camps-Valls G, Buchmann N, Gianelle D,
Klumpp K, Cescatti A, Baker ] M and Griffis T J. 2014. Global
and time-resolved monitoring of crop photosynthesis with chloro-
phyll fluorescence. Proceedings of the National Academy of Sci-
ences of the United States of America, 111(14): E1327-E1333
[DOTI: 10.1073/pnas.1320008111]

Guo LN, Zheng H X, Wu Y H, Fan L X, Wen M X, LiJ S, Zhang F F,
Zhu L P and Zhang B. 2022. An integrated dataset of daily lake
surface water temperature over the Tibetan Plateau. Earth System
Science Data, 14(7): 3411-3422 [DOI: 10.5194/essd-14-3411-2022]

Han S H, Fafard A, Kerekes J, Gartley M, Ientilucci E, Savakis A, Law
C, Parhan J, Turek M, Fieldhouse K and Rovito T. 2017. Efficient
generation of image chips for training deep learning algorithms//
Proceedings Volume 10202, Automatic Target Recognition XX VII.
Anaheim: SPIE: 15-23 [DOI: 10.1117/12.2261702]

Han'Y, Wen J G, Xiao Q, Bao Y F, Chen X, Liu Q and He M. 2023. Re-
view of the land surface BRDF inversion methods based on re-
motely sensed satellite data. National Remote Sensing Bulletin,
27(9): 2024-2040 (I, WA, B 55, 027, BRI, XI55, 2
. 2023. FliZk ] S (BRDF) S 7 I AF 50 34 i . 38 %4l
27(9): 2024-2040) [DOI: 10.11834/jrs.20231188]

Han Z, Gao L, Zhang B, Sun X and Li Q. 2020. Nonlinear hyperspec-
tral unmixing algorithm based on deep autoencoder networks.
Journal of Remote Sensing (in Chinese), 24(4): 388-400 (&7, &
N, TR, PV, ZEPEEE . 2020. m 4 HOS EDGIE IS A g
AR MM IR | 38 AR, 24(4): 388-400) [DOI: 10.11834/jrs.
20209188]

Hapke B. 2012. Bidirectional reflectance spectroscopy 7. Icarus, 221(2):
1079-1083 [DOI: 10.1016/j.icarus.2012.10.022]

Hofle B and Pfeifer N. 2007. Correction of laser scanning intensity da-
ta: data and model-driven approaches. ISPRS Journal of Photo-
grammetry and Remote Sensing, 62(6): 415-433 [DOI: 10.1016/].
isprsjprs.2007.05.008]

Hu F C. 2007. The Atmospheric Properties over Taihu Lake Jointly Re-
mote Sensed from MODIS and Sun Photometer Data. Beijing: In-

stitute of Remote Sensing Applications, Chinese Academy of Sci-

ences (W77 . 2007. 3T MODIS 5 K B BE I 4 8 A 1
DR AR ALt PR B 200 AT FE A

Hu T, Roujean J, Cao B, Mallick K, Boulet G, Li H, Xu ZH, DuY M
and Liu Q H. 2023. Correction for LST directionality impact on
the estimation of surface upwelling longwave radiation over vege-
tated surfaces at the satellite scale. Remote Sensing of Environ-
ment 295:113649,[DOI: 10.1016/j.rs¢.2023.113649]

JiW Z, Chen Y H, Gao H and Xia H P. 2024. A retrieval algorithm for
passive microwave-based land surface temperature considering
spatiotemporal soil moisture and land scenarios. IEEE Journal of
Selected Topics in Applied Earth Observations and Remote Sens-
ing, 17: 15651-15670 [DOI: 10.1109/JSTARS.2024.3432770]

Joiner J, Guanter L, Lindstrot R, Voigt M, Vasilkov A P, Middleton E
M, Huemmrich K F, Yoshida Y and Frankenberg C. 2013. Global
monitoring of terrestrial chlorophyll fluorescence from moderate-
spectral-resolution near-infrared satellite measurements: method-
ology, simulations, and application to GOME-2. Atmospheric
Measurement Techniques, 6(10): 2803-2823 [DOI: 10.5194/amt-
6-2803-2013]

Kaufman Y J. 1984. Atmospheric effect on spatial resolution of surface
imagery: errata. Applied Optics, 23(22): 4164-4172 [DOI: 10.
1364/A0.23.004164]

Kohler P, Frankenberg C, Magney T S, Guanter L, Joiner J and Land-
graf J. 2018. Global retrievals of solar-induced chlorophyll fluo-
rescence with TROPOMI: first results and intersensor comparison
to OCO-2. Geophysical Research Letters, 45(19): 10456-10463
[DOI: 10.1029/2018GL079031]

Konings A G, Rao K and Steele-Dunne S C. 2019. Macro to micro: micro-
wave remote sensing of plant water content for physiology and ecol-
ogy. New Phytologist, 223(3): 1166-1172 [DOI: 10.1111/nph.15808]

Korhonen L, Korpela I, Heiskanen J and Maltamo M. 2011. Airborne
discrete-return LIDAR data in the estimation of vertical canopy
cover, angular canopy closure and leaf area index. Remote Sens-
ing of Environment, 115(4): 1065-1080 [DOI: 10.1016/j.rse.2010.
12.011]

Krieger G, Moreira A, Fiedler H, Hajnsek I, Werner M, Younis M and
Zink M. 2007. TanDEM-X: a satellite formation for high-resolu-
tion SAR interferometry. IEEE Transactions on Geoscience and
Remote Sensing, 45(11): 3317-3341 [DOI: 10.1109/TGRS.2007.
900693]

Kustas W P, Norman J M, Anderson M C and French A N. 2003. Esti-
mating subpixel surface temperatures and energy fluxes from the
vegetation index-radiometric temperature relationship. Remote
Sensing of Environment, 85(4): 429-440 [DOI: 10.1016/S0034-
4257(03)00036-1]

Lagouarde J P and Irvine M. 2008. Directional anisotropy in thermal
infrared measurements over Toulouse city centre during the CAPI-
TOUL measurement campaigns: first results. Meteorology and At-
mospheric Physics, 102(3-4): 173-185 [DOI: 10.1007/s00703-
008-0325-4]LakhankarT, Krakauer N and KhanbilvardiR. 2009.
Applications of microwave remote sensing of soil moisture for ag-

ricultural applications. International Journal of Terraspace Science



42 National Remote Sensing Bulletin  i# & 54k 2025,29(1)

and Engineering, 2(1): 81-91

Lasko K, Vadrevu K P, Tran V T and Justice C. 2018. Mapping double
and single crop paddy rice with Sentinel-1A at varying spatial
scales and polarizations in Hanoi, Vietnam. IEEE Journal of Se-
lected Topics in Applied Earth Observations and Remote Sensing,
11(2): 498-512 [DOI: 10.1109/JSTARS.2017.2784784]

Lee J S, Grunes M R and De Grandi G. 1999. Polarimetric SAR speck-
le filtering and its implication for classification. IEEE Transac-
tions on Geoscience and Remote Sensing, 37(5): 2363-2373
[DOI10.1109/36.789635]

Lee J S, Jurkevich L, Dewaele P, Wambacq P and Oosterlinck A.
1994a. Speckle filtering of synthetic aperture radar images: a re-
view. Remote Sensing Reviews, 8(4): 313-340 [DOI: 10.1080/
02757259409532206]

Lee J S, Miller A R and Hoppel K W. 1994b. Statistics of phase differ-
ence and product magnitude of multi-look processed Gaussian sig-
nals. Waves in Random Media, 4(3): 307-319 [DOI: 10.1088/
0959-7174/4/3/006]

Lee J S and Pottier E. 2017. Polarimetric Radar Imaging: From Basics
to Applications. Boca Raton: CRC Press [DOI: 10.1201/
9781420054989]

Lee W J and Lee C W. 2018. Forest canopy height estimation using
multiplatform remote sensing dataset. Journal of Sensors, 2018:
1593129 [DOI: 10.1155/2018/1593129]

Letu H, Ma R, Nakajima TY, Shi C, Hashimoto M, Nagao T M, Baran
A J, Nakajima T, Xu J, Wang T X, Tana G, Bilige S, Shang H Z,
Chen LF,JiD B, Lei Y H, Wei L S, Zhang P, Li J, Li L, Zheng Y,
Khatri P and Shi J C. 2023. Surface solar radiation compositions
observed from Himawari-8/9 and Fengyun-4 series. Bulletin of
the American Meteorological Society, 104(10): E1772-E1789
[DOI: 10.1175/BAMS-D-22-0154.1]

Letu H, Nakajima T 'Y, Wang T X, Shang H Z, Ma R, Yang K, Baran A
J, Riedi J, Ishimoto H, Yoshida M, Shi C, Khatri P, Du' Y H, Chen
L F and Shi J C. 2022. A new benchmark for surface radiation
products over the East Asia-Pacific region retrieved from the Hi-
mawari-8/ AHI next-generation geostationary satellite. Bulletin of
the American Meteorological Society, 103(3): E873-E888 [DOI:
10.1175/BAMS-D-20-0148.1]

Li H, Liu Q H, Yang Y K, Li R B, Wang H S, Cao B, Bian Z J, Hu T,
Du Y M and Sun L. 2019. Comparison of the MuSyQ and MO-
DIS collection 6 land surface temperature products over barren
surfaces in the Heihe River Basin, China. IEEE Transactions on
Geoscience and Remote Sensing, 57(10): 8081-8094 [DOI: 10.
1109/TGRS.2019.2918259]

LiH,SunDL,YuYY,Wang HY, Liu Y L, Liu Q H, Du' Y M, Wang
H S and Cao B. 2014. Evaluation of the VIIRS and MODIS LST
products in an arid area of Northwest China. Remote Sensing of
Environment, 142: 111-121 [DOI: 10.1016/j.rse.2013.11.014]

Li H, Wang H, Yang Y, Du Y, Cao B, Bian Z and Liu Q. 2019. Evalua-
tion of Atmospheric Correction Methods for the ASTER Tempera-
ture and Emissivity Separation Algorithm Using Ground Observa-

tion Networks in the HIWATER Experiment. IEEE Transactions

on Geoscience and Remote Sensing, 57(5): 3001-3014 [DOI: 10.
1109/TGRS.2018.2879316]

Li HW, Zhang H, Chen Z C and Yuan J. 2015a. MTF computing meth-
od of remote sensing image after removing the effects of atmo-
spheric adjacency effect. Acta Optica Sinica, 35(3): 0328002 (2%
TRAR, K, BRIERE, JRUA . 2015a. 25 bR RS4RI 4508, 52 i 11 32
S MTF 1507 1% ot %4, 35(3): 0328002) [DOL: 10.
3788/A0S201535.0328002]

Li H W, Zhang H, Zhang B, Chen Z C, Yang M H and Zhang Y Q.
2015b. A method suitable for vicarious calibration of a UAV hy-
perspectral remote sensor. IEEE Journal of Selected Topics in Ap-
plied Earth Observations and Remote Sensing, 8(6): 3209-3223
[DOI: 10.1109/JSTARS.2015.2416213]

LiJ S, Hu C M, Shen Q, Barnes B B, Murch B, Feng L, Zhang M W
and Zhang B. 2017. Recovering low quality MODIS-Terra data
over highly turbid waters through noise reduction and regional vi-
carious calibration adjustment: a case study in Taihu Lake. Re-
mote Sensing of Environment, 197: 72-84 [DOI: 10.1016/j. rse.
2017.05.027]

Li Q T, Gao L R, Zhang W J and Zhang B. 2015b. Requirements and
optimization of sensor parameters for mineral extraction//2015
7th Workshop on Hyperspectral Image and Signal Processing:
Evolution in Remote Sensing (WHISPERS). Tokyo: IEEE: 1-4
[DOI: 10.1109/WHISPERS.2015.8075467]

Li X W. 2005. Retrospect, prospect and innovation in quantitative re-
mote sensing. Journal of Henan University (Natural Science),
35(4): 49-56 (Z=/N3C. 2005, 5 g IR & J 5 A . I g K2
SR (H R B 2E R, 35(4): 49-56) [DOI: 10.3969/j. issn. 1003-
4978.2005.04.012]

Li X W, Strahler A H and Friedl M A. 1999. A conceptual model for ef-
fective directional emissivity from nonisothermal surfaces. IEEE
Transactions on Geoscience and Remote Sensing, 37(5): 2508-
2517 [DOI: 10.1109/36.789646]

Li X W and Wang Y T. 2013. Prospects on future developments of
quantitative remote sensing. Acta Geographica Sinica, 68(9):
1163-1169 (Z=/N3C, LAl 2013, 2 B3 B RN 218 . i
H224R, 68(9): 1163-1169) [DOIL: 10.11821/d1xb201309001]

LiZ L, Tang B H, Wu H, Ren H Z, Yan G J, Wan Z M, Trigo I F and
Sobrino J A. 2013. Satellite-derived land surface temperature: cur-
rent status and perspectives. Remote Sensing of Environment,
131: 14-37 [DOI: 10.1016/j.rse.2012.12.008]

LiZ L, Wu H, Duan S B, Zhao W, Ren H Z, Liu X Y, Leng P, Tang R
L,Ye X, ZhuJ S, Sun Y W, Si M L, Liu M, Li J H, Zhang X,
Shang G F, Tang B H, Yan G J and Zhou C H. 2023. Satellite re-
mote sensing of global land surface temperature: definition, meth-
ods, products, and applications. Reviews of Geophysics, 61(1):
€2022RG000777 [DOI: 10.1029/2022RG000777]

Liang S. 2005. Quantitative Remote Sensing of Land Surfaces. New
York: John Wiley and Sons

Liang S, Fang H and Chen M. 2001. Atmospheric correction of Land-
sat ETM+ land surface imagery. I. Methods. IEEE Transactions
on Geoscience and Remote Sensing, 39(11): 2490-2498 [DOI: 10.



[ S

T SRR 272 14 A TR 5 i P ) Rt 43

1109/36.964986]

Lichtenthaler H K and Mieh¢ J A. 1997. Fluorescence imaging as a di-
agnostic tool for plant stress. Trends in Plant Science, 2(8): 316-
320 [DOTI: 10.1016/S1360-1385(97)89954-2]

Lichtenthaler H K and Rinderle U. 1988. The role of chlorophyll fluo-
rescence in the detection of stress conditions in plants. CRC Criti-
cal Reviews in Analytical Chemistry, 19(S1): S29-S85 [DOI: 10.
1080/15476510.1988.10401466]

Liu L Y. 2021. Hyperspectral Remote Sensing of Vegetation. Wuhan:
Hubei Science and Technology Press (Xl K v . 2021. A8 #% = G
TG DL WHERR = BOR H D)

Liu LY, Liu X J, Wang Z H and Zhang B. 2016. Measurement and
analysis of bidirectional SIF emissions in wheat canopies. IEEE
Transactions on Geoscience and Remote Sensing, 54(5): 2640-
2651 [DOI: 10.1109/tgrs.2015.2504089]

LiuQH,CAOB,Zeng YL, LiJ,DuY M, WenJ G, Fan W J, Zhao J
and Yang L. 2016. Recent progresses on the remote sensing radia-
tive transfer modeling over heterogeneous vegetation canopy. Na-
tional Remote Sensing Bulletin 20 (5): 933-945 [DOIL: 10.11834/
jrs.20166280.]

Liu Q H, Li X W and Chen L F. 2002. Field campaign for quantitative
remote sensing in Beijing. Paper presented at the IEEE Interna-
tional Geoscience and Remote Sensing Symposium [DOI: 10.
1109/IGARSS. 2002.1027109]LiuX J, GuanterL, LiuL Y, Dam-
mA, MalenovskyZ, RascherU, PengD L, DuS S and Gastellu-Et-
chegorry J P. 2019. Downscaling of solar-induced chlorophyll flu-
orescence from canopy level to photosystem level using a random
forest model. Remote Sensing of Environment, 231: 110772
[DOLI: 10.1016/j.rse.2018.05.035]

Liu X J, Guo J, HuJ C and Liu L Y. 2019. Atmospheric Correction for
Tower-Based Solar-Induced Chlorophyll Fluorescence Observa-
tions at O2-A Band. Remote Sensing, 11 (3): 355 [DOI: 10.3390/
rs11030355]

Liu X J and Liu L Y. 2014. Assessing band sensitivity to atmospheric
radiation transfer for space-based retrieval of solar-induced chlo-
rophyll fluorescence. Remote Sensing, 6(11): 10656-10675 [DOI:
10.3390/rs61110656]

Liu X J and Liu LY. 2015. Improving chlorophyll fluorescence retriev-
al using reflectance reconstruction based on principal components
analysis. IEEE Geoscience and Remote Sensing Letters, 12(8):
1645-1649 [DOI: 10.1109/LGRS.2015.2417857]

Liu X J,Liu LY, HuJ C, Guo J and Du S S. 2020. Improving the po-
tential of red SIF for estimating GPP by downscaling from the
canopy level to the photosystem level. Agricultural and Forest
Meteorology, 281: 107846 [DOI: 10.1016/j.agrformet.2019.107846]

Lyapustin A I and Kaufman Y J. 2001. Role of adjacency effect in the
remote sensing of aerosol. Journal of Geophysical Research: At-
mospheres, 106(D11): 11909-11916 [DOI: 10.1029/2000jd900647]

Ma J H, Zhang W J, Marinoni A, Gao L R and Zhang B. 2018. An im-
proved spatial and temporal reflectance unmixing model to syn-
thesize time series of landsat-like images. Remote Sensing, 10(9):
1388 [DOI: 10.3390/rs10091388]

Maimaitijiang M, Sagan V, Sidike P, Hartling S, Esposito F and Frits-
chi F B. 2020. Soybean yield prediction from UAV using multi-
modal data fusion and deep learning. Remote Sensing of Environ-
ment, 237: 111599 [DOI: 10.1016/j.rse.2019.111599]

Marceau D J and Hay G J. 1999. Remote sensing contributions to the
scale issue. Canadian Journal of Remote Sensing, 25(4): 357-366
[DOI: 10.1080/07038992.1999.10874735]

Markham K, Frazier A E, Singh K K and Madden M. 2023. A review
of methods for scaling remotely sensed data for spatial pattern
analysis. Landscape Ecology, 38(3): 619-635 [DOI: 10.1007/
$10980-022-01449-1]

Martyniuk P, Antoszewski J, Martyniuk M, Faraone L and Rogalski A.
2014. New concepts in infrared photodetector designs. Applied
Physics Reviews, 1(4): 041102 [DOI: 10.1063/1.4896193]

Matthew M W, Adler-Golden S M, Berk A, Richtsmeier S C, Levine R
Y, Bernstein L S, Acharya P K, Anderson G P, Felde G W, Hoke
M L, Ratkowski A J, Burke H H K, Kaiser R D and Miller D P.
2000. Status of atmospheric correction using a MODTRAN4-
based algorithm//Proceedings Volume 4049, Algorithms for Multi-
spectral, Hyperspectral, and Ultraspectral Imagery VI. Orlando:
SPIE: 199-207 [DOI: 10.1117/12.410341]

Miller J, Berger M, Goulas Y, Jacquemond S, Loius J, Mohammed G,
Moise N, Moreno J, Moya I, Pedrés R, Verhoef W and Zarco-Te-
jada P. 2005. Development of a vegetation fluorescence canopy
model. ESA Scientific and Technical Publications Branch, ESTEC

Mladenova I E, Jackson T J, Njoku E, Bindlish R, Chan S, Cosh M H,
Holmes T R H, de Jeu R A M, Jones L, Kimball J, Paloscia S and
Santi E. 2014. Remote monitoring of soil moisture using passive
microwave-based techniques — Theoretical basis and overview
of selected algorithms for AMSR-E. Remote Sensing of Environ-
ment, 144: 197-213 [DOI: 10.1016/j.rse.2014.01.013]

Nagel E. 1979. The Structure of Science: Problems in the Logic of Sci-
entific Explanation. 2nd ed. Indianapolis: Hackett Publishing
Company, Inc

Nakajima T Y, Ishida H, Nagao T M, Hori M, Letu H, Higuchi R,
Tamaru N, Imoto N and Yamazaki A. 2019. Theoretical basis of
the algorithms and early phase results of the GCOM-C (Shikisai)
SGLI cloud products. Progress in Earth and Planetary Science, 6:
52 [DOI: 10.1186/s40645-019-0295-9]

Nicodemus F E. 1965. Directional reflectance and emissivity of an
opaque surface. Applied Optics, 4(7): 767-775 [DOI: 10.1364/A0.
4.000767]

Nicodemus F E, Richmond J C, Hsia J J, Ginsberg I W and Limperis
T. 1977. Geometrical Considerations and Nomenclature for Re-
flectance. Washington: National Bureau of Standards

Noilhan J and Calvet J C. 1995. Mesoscale land-atmosphere models
and usefulness of microwave remote-sensing data//Choudhury B
J, Kerr Y H, Njoku E G and Pampaloni P, eds. Passive Microwave
Remote Sensing of Land-Atmosphere Interactions. [s. L.]: De
Gruyter: 17-54 [DOI: 10.1515/9783112319307-006]

Otterman J and Fraser R S. 1979. Adjacency effects on imaging by sur-

face reflection and atmospheric scattering: cross radiance to ze-



44 National Remote Sensing Bulletin i & 54k 2025, 29(1)

nith. Applied Optics, 18(16): 2852-2860 [DOI: 10.1364/A0. 18.
002852]

Ouyang Z T, Sciusco P, Jiao T, Feron S, Lei C, Li F, John R, Fan P L,
Li X, Williams C A, Chen G Z, Wang C H and Chen J Q. 2022.
Albedo changes caused by future urbanization contribute to glob-
al warming. Nature Communications, 13(1): 3800 [DOI: 10.1038/
541467-022-31558-z]

Peake W. H., and T. L. Oliver. 1971. The Response of Terrestrial Sur-
faces at Microwave Frequencies. Ohio State University Technical
Report AFAL-TR-70-301 [DOI: 10.21236/ad0884106]PedrosR,
GoulasY, JacquemoudS, Louis] and Moyal. 2010. FluorMODleaf:
a new leaf fluorescence emission model based on the PROSPECT
model. Remote Sensing of Environment, 114(1): 155-167 [DOI:
10.1016/j.rs¢.2009.08.019]

Periasamy S and Ravi K P. 2024. An integrated approach to investigate
surface and root zone salinity from multispectral and microwave
remote sensing techniques. International Journal of Environmen-
tal Science and Technology, 21(11): 7565-7580 [DOI: 10.1007/
s13762-024-05513-y]

Perkins T, Adler-Golden S M, Matthew M W, Berk A, Bernstein L S,
Lee J and Fox M. 2012. Speed and accuracy improvements in
FLAASH atmospheric correction of hyperspectral imagery. Opti-
cal Engineering, 51(11): 111707 [DOIL: 10.1117/1. OE. 51.11.
111707]

Porcar-Castell A, Tyystjérvi E, Atherton J, Van Der Tol C, Flexas J,
Pfiindel E E, Moreno J, Frankenberg C and Berry J A. 2014. Link-
ing chlorophyll @ fluorescence to photosynthesis for remote sens-
ing applications: mechanisms and challenges. Journal of Experi-
mental Botany, 65(15): 4065-4095 [DOI: 10.1093/jxb/erul91]

QiMJ,LiuXJ,DuSS, Guan L L, Chen R N and Liu L Y. 2023. Im-
proving the estimation of canopy fluorescence escape probability
in the near-infrared band by accounting for soil reflectance. Re-
mote Sensing, 15(18): 4361 [DOI: 10.3390/rs15184361]

Qin B X, Cao B, Roujean J L, Gastellu-Etchegorry J P, Ermida S L, Bi-
an Z J, DuY M, Hu T, Li H, Xiao Q, Chen S S and Liu Q H.
2023. A thermal radiation directionality correction method for the
surface upward longwave radiation of geostationary satellite
based on a time-evolving kernel-driven model. Remote Sensing
of Environment, 294: 113599 [DOI: 10.1016/j.rse.2023.113599]

Rautiainen K, Lemmetyinen J, Schwank M, Kontu A, Ménard C B,
Mitzler C, Drusch M, Wiesmann A, Ikonen J and Pulliainen J.
2014. Detection of soil freezing from L-band passive microwave
observations. Remote sensing of Environment, 147: 206-218
[DOI: 10.1016/j.rs¢.2014.03.007]

Reichstein M, Camps-Valls G, Stevens B, Jung M, Denzler J, Carval-
hais N and Prabhat. 2019. Deep learning and process understand-
ing for data-driven Earth system science. Nature, 566(7743): 195-
204 [DOI: 10.1038/s41586-019-0912-1]

Reynolds D W and Vonder Haar T H. 1977. A bispectral method for
cloud parameter determination. Monthly Weather Review, 105(4):
446-457 [DOI: 10.1175/1520-0493(1977)105<0446: ABMFCP>2.
0.CO:2]

Richter R. 1997. Correction of atmospheric and topographic effects for
high spatial resolution satellite imagery. International Journal of
Remote Sensing, 18(5), 1099-1111. [DOI: https://doi.org/10.1080/
014311697218593]

Rio J N R and Lozano-Garcia D F. 2000. Spatial filtering of radar data
(RADARSAT) for wetlands (brackish marshes) classification. Re-
mote sensing of Environment, 73(2): 143-151 [DOI: 10.1016/
S0034-4257(00)00089-4]

Rogalski A. 2011. Recent progress in infrared detector technologies.
Infrared Physics and Technology, 54(3): 136-154 [DOI: 10.1016/j.
infrared.2010.12.003]

Rossow W B and Schiffer R A. 1999. Advances in understanding
clouds from ISCCP. Bulletin of the American Meteorological So-
ciety, 80(11): 2261-2288 [DOI: 10.1175/1520-0477(1999)080<
2261:AIUCFI>2.0.CO;2]

Sanders L C, Schott J R and Raquefio R. 2001. A VNIR/SWIR atmo-
spheric correction algorithm for hyperspectral imagery with adja-
cency effect. Remote Sensing of Environment, 78(3): 252-263
[DOLI: 10.1016/S0034-4257(01)00219-X]

Sandven S and Johannessen O M. 1993. The use of microwave remote
sensing for sea ice studies in the Barents Sea. ISPRS Journal of
Photogrammetry and Remote Sensing, 48(1): 2-18 [DOI: 10.1016/
0924-2716(93)90002-5]

Savtchenko A, Ouzounov D, Ahmad S, Acker J, Leptoukh G, Koziana
J and Nickless D. 2004. Terra and Aqua MODIS products avail-
able from NASA GES DAAC. Advances in Space Research,
34(4): 710-714 [DOI: 10.1016/j.as1.2004.03.012]

Schmetz J, Holmlund K, Hoffman J, Strauss B, Mason B, Gaertner V,
Koch A and Van de Berg L. 1993. Operational cloud-motion
winds from meteosat infrared images. Journal of Applied Meteo-
rology, 32(7): 1206-1225 [DOI: 10.1175/1520-0450(1993)032<
1206:0CMWFM>2.0.CO;2]

Schott J, Gerace A, Brown S, Gartley M, Montanaro M and Reuter D
C. 2012. Simulation of image performance characteristics of the
landsat data continuity mission (LDCM) thermal infrared sensor
(TIRS). Remote Sensing, 4(8): 2477-2491 [DOI: 10.3390/rs4082477]

Sclar N. 1984. Properties of doped silicon and Germanium infrared de-
tectors. Progress in Quantum Electronics, 9(3): 149-257 [DOI: 10.
1016/0079-6727(84)90001-6]

Sei A. 2015. Efficient correction of adjacency effects for high-resolu-
tion imagery: integral equations, analytic continuation, and Padé
approximants. Applied Optics, 54(12): 3748-3758 [DOI: 10.1364/
A0.54.003748]

Seto K C, Giineralp B and Hutyra L R. 2012. Global forecasts of urban
expansion to 2030 and direct impacts on biodiversity and carbon
pools. Proceedings of the National Academy of Sciences of the
United States of America, 109(40): 16083-16088 [DOI: 10.1073/
pnas.1211658109]

Shang H Z, Letu H, Xu R, Wei L S, Wu L X, Shao J Q, Nagao T M,
Nakajima T Y, Riedi J, He J and Chen L F. 2024. A hybrid cloud
detection and cloud phase classification algorithm using classic

threshold-based tests and extra randomized tree model. Remote



[ S

T SRR 272 14 A TR 5 i P ) Rt 45

Sensing of Environment, 302: 113957 [DOI: 10.1016/j.rse.2023.
113957]

Shao J Q, Letu H, Ri X, Tana G, Wang T X and Shang H Z. 2023. Esti-
mation of surface downward longwave radiation and cloud base
height based on infrared multichannel data of Himawari-8. Atmo-
sphere, 14(3): 493 [DOI: 10.3390/atmos14030493]

ShiJ C,DuY, DulY, Jiang L M, Chai L N, Mao K B, Xu P, Ni W J,
Xiong C, Liu Q, Liu C Z, Guo P, Cui Q, Li Y Q, Chen J, Wang A
Q, Luo H J and Wang Y H. 2012. Progresses on microwave re-
mote sensing of land surface parameters. Science China Earth Sci-
ences, 55(7): 1052-1078 [DOI: 10.1007/s11430-012-4444-x]

Shi S, Song S L, Gong W, Du L, Zhu B and Huang X. 2015. Improv-
ing backscatter intensity calibration for multispectral LiDAR.
IEEE Geoscience and Remote Sensing Letters, 12(7): 1421-1425
[DOI: 10.1109/LGRS.2015.2405573]

Smith W L and Frey R. 1990. On cloud altitude determinations from
high resolution interferometer sounder (HIS) observations. Jour-
nal of Applied Meteorology, 29(7): 658-662 [DOI: 10.1175/1520-
0450(1990)029<0658:0CADFH>2.0.CO;2]

Smorenburg K, Courreges-Lacoste G B, Berger M, Buschman C,
Court A J, Del Bello U, Langsdorf G, Lichtenthaler H K, Sioris C,
Stoll M P and Visser H. 2002. Remote sensing of solar-induced
fluorescence of vegetation//Proceedings Volume 4542, Remote
Sensing for Agriculture, Ecosystems, and Hydrology III. Tou-
louse: SPIE: 178-190 [DOI: 10.1117/12.454193]

Soenen S A, Peddle D R and Coburn C A. 2005. SCS+C: a modified
sun-canopy-sensor topographic correction in forested terrain.
IEEE Transactions on Geoscience and Remote Sensing, 43(9):
2148-2159 [DOL: 10.1109/TGRS.2005.852480]

Su Y, Xu R, Gao L, Han Z and Sun X. 2024. Development of deep
learning-based hyperspectral remote sensing image unmixing. Na-
tional Remote Sensing Bulletin, 28(1): 1-19 (Jrim#, 450, B
HEN, FHAT, PVIE . 2024, T T IREE 2 ) By G E EIE R S
1R ITCI R TE L33 . TR, 28(1): 1-19) [DOI: 10.11834/jrs.
20243165]

Szejwach G. 1982. Determination of semi-transparent cirrus cloud tem-
perature from infrared radiances: application to METEOSAT.
Journal of Applied Meteorology, 21(3): 384-393 [DOI: 10.1175/
1520-0450(1982)021<0384:DOSTCC>2.0.CO;2]

Tanase M A, Panciera R, Lowell K, Tian S Y, Hacker J M and Walker J
P. 2014. Airborne multi-temporal L-band polarimetric SAR data
for biomass estimation in semi-arid forests. Remote Sensing of
Environment, 145: 93-104 [DOI: 10.1016/j.rse.2014.01.024]

Tian G L. 2006. Thermal Remote Sensing. Beijing: Publishing House
of Electronics Industry (FH [E K . 2006. #AZL 4@k . Jbat: BT
Tooll Hh L)

Tong Q X. 1994. Advance in remote sensing science and technology.
Acta Geographica Sinica, 49(S1): 616-624 (3 P . 1994, 1 Ji
BloFH R R . MU 2247, 49(S1): 616-624) [DOI: 10.11821/
xb1994S1005]

Tong Q X, Zhang B and Zhang L F. 2006. Hyperspectral Remote Sens-
ing: Principles, Techniques, and Applications. Beijing: Higher Ed-

ucation Press (F JRAE, 5Kk 5=, AR 275F . 2006. &Gk i — R
HLHAR SN UG B D)

Van Der Tol C, Verhoef W, Timmermans J, Verhoef A and Su Z. 2009.
An integrated model of soil-canopy spectral radiances, photosyn-
thesis, fluorescence, temperature and energy balance. Biogeosci-
ences, 6(12): 3109-3129 [DOI: 10.5194/bg-6-3109-2009]

Van Zyl J and Kim Y. 2011. Synthetic Aperture Radar Polarimetry.
New York: John Wiley and Sons [DOI: 10.1002/9781118116104]

Vermote E, Justice C, Claverie M and Franch B. 2016. Preliminary
analysis of the performance of the Landsat 8/OLI land surface re-
flectance product. Remote Sensing of Environment, 185: 46-56
[DOLI: 10.1016/j.rs.2016.04.008]

Vermote E F, El Saleous N, Justice C O, Kaufman Y J, Privette J L, Re-
mer L, Roger J C and Tanré D. 1997. Atmospheric correction of
visible to middle-infrared EOS-MODIS data over land surfaces:
background, operational algorithm and validation. Journal of Geo-
physical Research: Atmospheres, 102(D14): 17131-17141 [DOI:
10.1029/97JD00201]

Vermote E F and Saleous N. 2006. Operational atmospheric correction
of MODIS visible to middle infrared land surface data in the case
of an infinite lambertian target//Qu J J, Gao W, Kafatos M, Mur-
phy R E and Salomonson V V, eds. Earth Science Satellite Re-
mote Sensing: Vol. 1: Science and Instruments. Berlin: Springer:
123-153 [DOI: 10.1007/978-3-540-37293-6_8]

Wang H S, Xiao Q, Li H, Du Y M and Liu Q H. 2015. Investigating
the impact of soil moisture on thermal infrared emissivity using
ASTER data. IEEE Geoscience and Remote Sensing Letters, 12(2):
294-298 [DOI: 10.1109/LGRS.2014.2336912]

Wang HS, Yu Y Y, Yu P and Liu Y L. 2020. Land surface emissivity
product for NOAA JPSS and GOES-R missions: methodology
and evaluation. IEEE Transactions on Geoscience and Remote
Sensing, 58(1): 307-318 [DOI: 10.1109/TGRS.2019.2936297]

Wang S L, Li J S, Zhang B, Shen Q, Zhang F F and Lu Z Y. 2016. A
simple correction method for the MODIS surface reflectance
product over typical inland waters in China. International Journal
of Remote Sensing, 37(24): 6076-6096 [DOI: 10.1080/01431161.
2016.1256508]

Wang Y Y, Li J D, Sun H Z and Li X. 2024. A review on the develop-
ments and space applications of mid- and long-wavelength infra-
red detection technologies. Frontiers of Information Technology
and Electronic Engineering, 25(8): 1031-1056 [DOI: 10.1631/FI-
TEE.2300218]

Wen J G, Liu Q, Xiao Q, Liu Q H, You D Q, Hao D L, Wu S B and Lin
X W. 2018. Characterizing land surface anisotropic reflectance
over rugged terrain: a review of concepts and recent develop-
ments. Remote Sensing, 10(3): 370 [DOI: 10.3390/rs10030370]

Wieneke S, Ahrends H, Damm A, Pinto F, Stadler A, Rossini M and
Rascher U. 2016. Airborne based spectroscopy of red and far-red
sun-induced chlorophyll fluorescence: implications for improved
estimates of gross primary productivity. Remote Sensing of Envi-
ronment, 184: 654-667 [DOI: 10.1016/j.rse.2016.07.025]

Woodcock C E and Strahler A H. 1987. The factor of scale in remote



46 National Remote Sensing Bulletin  i# & 54k 2025,29(1)

sensing. Remote sensing of Environment, 21(3): 311-332 [DOI:
10.1016/0034-4257(87)90015-0]

Wu L S, Zhang Y G, Zhang Z Y, Zhang X K, Wu Y F and Chen J M.
2024. Deriving photosystem-level red chlorophyll fluorescence
emission by combining leaf chlorophyll content and canopy far-
red solar-induced fluorescence: possibilities and challenges. Re-
mote Sensing of Environment, 304: 114043 [DOI: 10.1016/j.rse.
2024.114043]

Wu R, Zhang C J, Zhu Y H, Liu N Y, Shen Y Q, Xu B B, Shi X R,
Li D C and Zhou B. 1992. Research on Distinguishing indices
of Stress Plants Using Characteristics of Fluorescence Spectra.
Journal of Remote Sensing (in Chinese), 1992, (S1):68-73 (%3¢,
RS, AUKEE, XU, Ph L, R, ATbe B, 2R TE L, J4
. 1992, B PG IE RRAEVE 52 F R FU R bR IR . &
JEEAAR, (S1): 68-73)

Wu X D, Xiao Q, Wen J G, You D Q and Hueni A. 2019. Advances in
quantitative remote sensing product validation: overview and cur-
rent status. Earth-Science Reviews, 196: 102875 [DOI: 10.1016/j.
earscirev.2019.102875]

Wu Y H, Guo L N, Fan L X, Wen M X, Chi H J and Zhang B. 2022.
Lake ice phenology of the Nam Co at Tibetan Plateau: remote
sensing and modelling. National Remote Sensing Bulletin, 26(1):
193-200 (LT, $BSr 55, i 2208, SCEF e, RIS, TKI% . 2022.
T 6 125 J5L 90 A ) U 1 L Al R 5 AL T R A AR
26(1): 193-200) [DOI: 10.11834/jrs.20221288]

Wu Z H and Qin Q M. 2023. Radiative transfer: From phenomenology
to first principles. National Remote Sensing Bulletin, 27(7): 1628-
1641 (R H M, %8 H] 2023, @514 MES B8 — ML
TEIREAR L, 27(7): 1628-1641) [DOT:10.11834/jrs.20222062]

Xiang L B, Yuan Y and Lii Q B. 2009. Spectral transfer function of the
Fourier transform spectral imager. Acta Physica Sinica, 58(8):
5399-5405 (FH HLAK, &L, BHFDL . 2009. (4 B AR HOLIE AR
{0t 1% 3 s B 9T . P42, 58(8): 5399-5405) [DOL: 10.
7498/aps.58.5399]

Xiong J H, Wu H, Gao Y, Cai S, Liang D and Yu W P. 2023. Ten years
of remote sensing science: NSFC program fundings, progress and
challenges. National Remote Sensing Bulletin, 27(4): 821-830 (&
Fifie, S, PR, 0, Y, T 3CAE . 2023, i@ SRk AR A
SRFLA LG T H O BB TR S R PR . IR,
27(4): 821-830) [DOI: 10.11834/jrs.20232644]

Xu G H, Tian G L, Wang C, Niu Z, Hao P W, Huang B and Liu Z.
1996. Remote sensing information science: progress and prospect.
Acta Geographica Sinica, 51(5): 385-397 (%%, HE K, Ti#,
2R, M R, BOUE, KRS . 1996. A BBk 0 1k JE AR A
HFH2EA, 51(5): 385-397) [DOI: 10.11821/xb199605001]

Xu G H, Liu Q H, Chen L F and Liu L Y. 2016. Remote sensing for
China’s sustainable development: Opportunities and challenges.
Journal of Remote Sensing (in Chinese), 20(5):679-688 (1 i1,
IR K, AR R 0 R 2 . 2021, 3 I 5 v [ ] P R T - LI A
Pl . EEEA . 20 (5): 679-688) [DOT: 10.11834/jrs.20166308]

Yamaguchi Y, Kahle A B, Tsu H, Kawakami T and Pniel M. 1998.

Overview of advanced spaceborne thermal emission and reflec-

tion radiometer (ASTER). IEEE Transactions on Geoscience and
Remote Sensing, 36(4): 1062-1071 [DOI: 10.1109/36.700991]

Yamaguchi Y, Moriyama T, Ishido M and Yamada H. 2005. Four-com-
ponent scattering model for polarimetric SAR image decomposi-
tion. IEEE Transactions on Geoscience and Remote Sensing, 43(8):
1699-1706 [DOI: 10.1109/TGRS.2005.852084]

Yang G J, Liu Q H, Liu Q, Huang W J and Wang J H. 2009. Simula-
tion of high-resolution mid-infrared (3—5 pwm) images using an
atmosphere radiative transfer analytic model. International Jour-
nal of Remote Sensing 30 (22): 6003-6022[DOI: 10.1080/
01431160902798403]

Yang P, Zhang S Q, Xia J, Zhang Y Y, Wang W Y and Yao T C. 2022.
Occurrence of drought events at the land-atmosphere interface in
Central Asia assessed via advanced microwave scanning radiome-
ter data. International Journal of Climatology, 42(14): 7408-7425
[DOI: 10.1002/joc.7655]

Yang P Q and Van Der Tol C. 2018. Linking canopy scattering of far-
red sun-induced chlorophyll fluorescence with reflectance. Re-
mote Sensing of Environment, 209: 456-457 [DOI: 10.1016/j.rse.
2018.02.029]

Yang P Q, Liu X J, Liu Z G, Van Der Tol C and Liu L Y. 2023. The
roles of radiative, structural and physiological information of sun-
induced chlorophyll fluorescence in predicting gross primary pro-
duction of a corn crop at various temporal scales. Agricultural and
Forest Meteorology, 342: 109720 [DOI: 10.1016/j. agrformet.
2023.109720]

Yang X, Tang J W, Mustard J F, Lee J E, Rossini M, Joiner J, Munger J
W, Kornfeld A and Richardson A D. 2015. Solar-induced chloro-
phyll fluorescence that correlates with canopy photosynthesis on
diurnal and seasonal scales in a temperate deciduous forest. Geo-
physical Research Letters, 42(8): 2977-2987 [DOI: 10.1002/
2015GL063201]

Zarco-Tejada P J, Berni J A J, Suarez L, Sepulcre-Canté G, Morales F
and Miller J R 2009. Imaging chlorophyll fluorescence with an
airborne narrow-band multispectral camera for vegetation stress
detection. Remote Sensing of Environment, 113 (6): 1262-1275.
[DOI: 10.1016/j.rs¢.2009.02.016]

Zeng Y L, Badgley G, Dechant B, Ryu Y, Chen M and Berry J A.
2019. A practical approach for estimating the escape ratio of near-
infrared solar-induced chlorophyll fluorescence. Remote Sensing
of Environment, 232: 111209 [DOI: 10.1016/j.rse.2019.05.028]

Zhang A Z and Jia G S. 2013. Monitoring meteorological drought in
semiarid regions using multi-sensor microwave remote sensing
data. Remote Sensing of Environment, 134: 12-23 [DOI: 10.1016/
j.rse.2013.02.023]

Zhang B. 2017. Current status and future prospects of remote sensing.
Bulletin of Chinese Academy of Sciences, 32(7): 774-784 (3K I& .
2017. 2R BRHE & e n B S A S B . o R 27 B Bt T,
32(7): 774-784) [DOI: 10.16418/j.issn.1000-3045.2017.07.012]

Zhang B, Chen Z C, Peng D L, Benediktsson J A, Liu B, Zou L, Li J
and Plaza A. 2019a. Remotely sensed big data: evolution in model

development for information extraction [point of view]. Proceed-



[ S

T SRR 272 14 A TR 5 i P ) Rt 47

ings of the IEEE, 107(12): 2294-2301 [DOI: 10.1109/JPROC.
2019.2948454]

Zhang B, Huang WJ, Zhang H and Ni L. 2016. The current and future
situation of dynamic monitoring technology for the earth resource
and environment. Journal of Remote Sensing (in Chinese), 20(6):
1470-1478. (3RES BT BRNE, (TN . R BT IR PR 5 sl A5 i 0 452
AR EEAR 5 R . BIEAIR, 2016, 20(06): 1470-1478) [DOI: 10.
11834/jrs.20166369]

Zhang B, Li Q T and Zhang X. 2020a. Hyperspectral Remote Sensing of
Rocks and Minerals. Hubei Science and Technology Press (7K £, 2 p
5, BREL . 2020a. E AT EDEHRRE . SO0 BIAERRAROR )

Zhang B, Liu Y, Zhang W J, Gao L R, Li J, Wang J and Li X. 2014.
Analysis of the proportion of surface reflected radiance in mid-in-
frared absorption bands. IEEE Journal of Selected Topics in Ap-
plied Earth Observations and Remote Sensing, 7(6): 2639-2646
[DOTI: 10.1109/JSTARS.2013.2272633]

Zhang B, Wu Y F, Zhao B Y, Chanussot J, Hong D F, Yao J and Gao L
R. 2022a. Progress and challenges in intelligent remote sensing
satellite systems. IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 15: 1814-1822 [DOI: 10.1109/
JSTARS.2022.3148139]

Zhang B, Yang X M, Gao L R, Meng Y, Sun X, Xiao C C and Ni L.
2022. Geo-cognitive models and methods for intelligent interpre-
tation of remotely sensed big data. Acta Geodaetica et Cartograph-
ica Sinica, 51(7): 1398-1415 (JkE%, W WeM, 3% an, F¥Hi, Ph G,
SR, AR . 2022, 38 ORI RE AR IR A H B PN R 5 7
e M2 244, 51(7): 1398-1415) [DOI: 10.11947/j. AGCS.2022.
20220279]

Zhang B, Zhang H and Chen Z C. 2020b. Radiometric Calibration of
Optical Remote Sensing. Beijing: Science Press (5K £, 53k, B IE
. 2020b. St i ARG E AR . LAt Blea )

Zhang H, Yan D C, Zhang B, Fu Z W, Li B P and Zhang S N. 2022b.
An operational atmospheric correction framework for multi-
source medium-high-resolution remote sensing data of China. Re-
mote Sensing, 14(21): 5590 [DOI: 10.3390/rs14215590]

Zhang H, Zhang B, Chen D M, Li J S and Zhao G N. 2013. Influence
of filter band function on retrieval of aerosol optical depth from
sunphotometer data. Journal of Atmospheric and Oceanic Technol-
ogy, 30(5): 929-941 [DOI: 10.1175/JTECH-D-12-00104.1]

Zhang H, Zhang B, Chen Z C and Huang Z H. 2018. Vicarious radio-
metric calibration of the hyperspectral imaging microsatellites
SPARK-01 and -02 over Dunhuang, China. Remote Sensing,
10(1): 120 [DOI: 10.3390/rs10010120]

Zhang H, Liu T, Yan D C, Yan Y G and Cui Z Z. 2023. Cross calibra-
tion of GF-4/PMS based on MODIS over Badain Jaran Desert.
National Remote Sensing Bulletin, 27(5): 1205-1215 (5K ¥ , Xl
% EAR LB, #2 2023, 25+ MODIS 1) GF-4/PMS i
AR A SUEAR— LS SR BO 225 A s, 5B, 27(5)

1205-1215) [DOI: 10.11834/jrs.20221774]

Zhang Y J, Liu L 'Y, Wang J H, Zhao C J and Wang R C. 2007. Detec-
tion of leaf fluorescence from reflectance using hyper-spectrome-
ter. Optical Technique, 33(1): 119-121, 123 (3K KT, XI R =, £
e BARTT, . 2007, B G (ORI T e St
PP R, 33(1): 119-121, 123) [DOIL: 10.3321/j.issn:
1002-1582.2007.01.011]

Zhang Y L, Ren Y, Miao W, Lin Z H, Gao H and Shi S C. 2019b. Mi-
crowave SAIR imaging approach based on deep convolutional
neural network. IEEE Transactions on Geoscience and Remote
Sensing, 57(12): 10376-10389 [DOI: 10.1109/TGRS.2019.2934154]

Zhang Z'Y, Wang S H, Qiu B, Song L and Zhang Y G. 2019. Retrieval
of sun-induced chlorophyll fluorescence and advancements in car-
bon cycle application. Journal of Remote Sensing (in Chinese), 23
(1): 37-52 (FHIBL, ERAIE, BRI, SRR, 5K 2019, HOGIE S
5 2R DG B SR ST SR R U8 i . 3 SRR, 23(1): 37-
52) [DOI: 10.11834/jrs.20197485]

Zhang Z'Y, Zhang Y G, Zhang Q, Chen J M, Porcar-Castell A, Guanter
L, WuY F, Zhang X K, Wang H Z, Ding D W and Li Z Y. 2020.
Assessing bi-directional effects on the diurnal cycle of measured
solar-induced chlorophyll fluorescence in crop canopies. Agricul-
tural and Forest Meteorology, 295: 108147 [DOI: 10.1016/].
agrformet.2020.108147]

Zhang Z'Y, Zhang Y and Zhang Y G. 2023. Generating high-resolution
total canopy SIF emission from TROPOMI data: algorithm and
application. Remote Sensing of Environment, 295: 113699 [DOI:
10.1016/j.rse.2023.113699]

Zhao F, Guo Y Q, Verhoef W, Gu X F, Liu L Y and Yang G J. 2014. A
method to reconstruct the solar-induced canopy fluorescence spec-
trum from hyperspectral measurements. Remote Sensing, 6(10):
10171-10192 [DOI: 10.3390/rs61010171]

Zhao Y S. 2003. The Principle and Method of Analysis of Remote
Sensing Principle and Application. Beijing: Science Press (ifX %
IR} 2003, JBEN /AT B S T vk Jbat: B L)

Zhou Q, Zhao F S and Gao W H. 2010. Retrieval of cloud radiative
properties from FY-2C satellite data. Chinese Journal of Atmo-
spheric Sciences, 34(4): 827-842 (J& 7, X X A=, i 3C4E . 2010.
AU FY-2C TLR B0 2 3 25 i S 3 1 . OB, 34(4): 827-
842) [DOI: 10.3878/;.issn.1006-9895.2010.04.14]

ZiN N, Li X M, Gade M, Fu H and Min S S. 2024. Ocean eddy detec-
tion based on YOLO deep learning algorithm by synthetic aper-
ture radar data. Remote sensing of Environment, 307: 114139
[DOI: 10.1016/j.rse.2024.114139]

Zou C, Liu LY, Du S S and Liu X J. 2022. Investigating the potential
accuracy of spaceborne solar-induced chlorophyll fluorescence re-
trieval for 12 capable satellites based on simulation data. IEEE
Transactions on Geoscience and Remote Sensing, 60: 1002913

[DOL: 10.1109/TGRS.2022.3210185]



48 National Remote Sensing Bulletin  i# & 54k 2025,29(1)

The core concepts and fundamental issues of remote sensing science

ZHANG Bing"*?,LIU Qinhuo"*?,LI Xiaoming',LIU Liangyun', YANG Bisheng*', HUSI Letu'"*,
GAO Lianru',ZHANG Wenjuan',ZHANG Hao',BIAN Zunjian'*,QI Mengjia',
CHEN Chi*,SHANG Huazhe'*

1. Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China;
2. College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China;
3. State Key Laboratory of Remote Sensing Science, Aerospace Information Research Institute, Chinese Academy of Sciences,
Beijing 100094, China;
4. Wuhan University State Key Laboratory of Information Engineering in Surveying Mapping and Remote Sensing,
Wuhan 430072, China

Abstract: Since the 1960s, remote sensing science and technology has emerged as a competitive high-tech field, with major countries
striving to advance their capabilities. It has become a fundamental tool for human research in the earth system science and the
comprehensive application of aerospace information across multiple domains. Recently, two significant developments warrant attention:
First, in 2022, the Ministry of Education of China officially recognized Remote Sensing Science and Technology as a first-level
interdisciplinary discipline within the graduate education framework, thereby strengthening foundational research in remote sensing and
broadening its application areas. Second, the rise of artificial intelligence technologies, particularly deep learning, has ushered in a new
paradigm for data-driven analysis and application of remote sensing data. While remote sensing fundamentally belongs to the domain of
electromagnetic radiation physics, the associated physical models have been indispensable for the development of quantitative remote
sensing. Nevertheless, the data-driven deep learning paradigm has introduced transformative ideas and methodologies to the field. Moving
forward, the synergy between physical models and artificial intelligence will undoubtedly shape the future trajectory of remote sensing
research and applications. In this context, a deeper exploration of the core concepts and fundamental issues in remote sensing science is
crucial for achieving significant technological breakthroughs and scientific discoveries within this discipline.

This article begins by examining the physical origins of remote sensing science, focusing on the interaction between ground objects and
electromagnetic waves, which produces spectral radiation images under specific conditions. It explores the characteristics of various remote
sensing methods across the electromagnetic spectrum, including solar reflected radiation in the visible to shortwave infrared remote sensing,
daylight-induced chlorophyll fluorescence (SIF) remote sensing, laser remote sensing, both medium and longwave infrared remote sensing,
and microwave remote sensing. The fundamental theoretical issues in remote sensing science are categorized into three primary characteristics:
radiative, spectral, and temporal characteristics, along with five major effects: scale, atmospheric, angular, adjacent, and transfer effects. The
former pertains to the intrinsic physical and chemical properties of ground objects within the electromagnetic spectrum, while the latter
relates to factors such as imaging scale, atmospheric conditions, observation angle, and background environment. This discussion includes
the expression and variation patterns of remote sensing features of land objects formed under diverse observation modes and conditions.

The radiative characteristics reflect overall difference in term of radiation across different electromagnetic bands for various land
covers, closely tied to geophysical and chemical properties. The spectral characteristics of land cover manifest as variations in the intensity
of reflected and emitted signals with wavelength, highlighting significant differences in absorption, reflection, and emission behaviors
among different materials, known as spectral characteristics. Temporal characteristics pertain to the systematic changes in spectral reflection
or emission over time, aiding in remote sensing identification or feature inversion of land cover. The scale effect refers to the changes in
remote sensing observation characteristics due to variations in pixel area size, influenced by spatial resolution or point scanning density
(e.g., laser scanning spot density). The atmospheric effect describes how electromagnetic waves are impacted by the absorption, scattering,
and emission from atmospheric particles during remote sensing imaging, leading to radiation distortion in image data. The angular effect
highlights the directional nature of the interaction between land cover and electromagnetic waves, resulting in significant anisotropic
characteristics and variations in radiation values based on the angles of incident radiation, remote sensing observation, and electromagnetic
wave wavelength. The adjacent effect refers to the influence of spatial structure heterogeneity among land features, which can create cross-
radiation contributions from non-target pixels to target pixels, dependent on spatial distribution and remote sensing observation mode.
Finally, the transfer effect encompasses the changes in imaging quality after the electromagnetic signal of the ground objects entering the
remote sensing system, including the processes such as photoelectric conversion, signal transmission, and digital recording.

The review and discussion presented in this article on the fundamental issues of remote sensing science aim to deepen theoretical
research in the field, particularly in the context of artificial intelligence. This exploration is intended to foster innovative methods in remote
sensing technology and applications, promote the collaborative evolution of Al for Science and Science for Al in remote sensing, and
encourage profound cross-disciplinary integration between remote sensing and other fields.
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