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1 5 5

A0 1 A ) 22 R 1 X R s A RN A 7 ) oA
WM EEHVER (Hector 1 Bagchi, 2007; Schaub
8, 2020), X TENAEBRGNM S, HMYZHEE
PRUE T8 285 RO WAL L . AR ARG . b R 58 LU
Jo X5 A8 W) W A K G PR B 9 T RE 1 (M A
2021) . EW RN 2 BN Z R AE YRR R R
B0, JEAESS [E] o0 A bSO — R, i
AR REET ZHEVERE 45 B B6 2 ARk 4% J, DA
Ko Jay RO 224 1 I e el B 72 A 1 A SRy 5
(Gillman 2, 2015). AR, BT KGR
72 F B MR e F AUk, IR Z e
M, NG HE AR B i
HRZ—.

im EHEE: 2021-03-11; FENAR: 2021-07-11

T AN ) 23 ] RUBE AR W) 2 REPE R Rl 2 2R )
ZREPER RS B FERE (Pressey 4, 2003). 4R
T IRAT 0 ) b 43 A 3% 35 20U T 7 A1 08 A B8
B 1 9 23 (8] 53 A1 ME A AR TR AE SE PR 40 AT o 32 Ja%
HORBEAEA L Bf ] N Jo 42 . TSR M b R TR
SEHTES B, TEA ARz 2 MOk MR AR 12
IR, AN A2 B A B 9328 (Hansen 5%,
2000) , FE B FEAE A Ak B HE 2 ) A ) ] 1]
(Hakkenberg, 2017; Zheng fll Moskal, 2009) %%,
SR AR H AR IOR RUBE 23 [ B dls 00 o S
EBRGE LN A T T B (Darvishzadeh 55,
2011), A DLEAERA R . OB | KmEdEHTT
JE AT, PRAIE TR ] AU RS S (Ustin
Hl Gamon, 2010). H #3201 i B © 4
BT N TR I, (B D 56 OGS X (R
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B, WAE R WA R T e Bt L i
ZLANUA K Hh LA B SRR, R T AR B 3
AR SRR AL, M LA 2 A2 A A 58 A
FHEYFR (Ollinger, 2011) . fR )Gt mifg 4 AR
Ry SR 2R B AR BRI T ) 3R
(M %, 2019).

1 61 i B HRS  (Hyperspectral Remote Sensing )
PR OGS PR OIS, A HARXT
G55 W RGO B 00 20 BE RO i AR RV S
FRGHCFIBIREAR (Goetz %, 1985) ., HRAEHF
FEA RN, VeI H AR 8Tt iy Ff i i B s e
B G T Rp R A B H W KN - R W
W55 B (Farrand A Harsanyi, 1995). H5 097
T SR T 20 HHE 22 80 4 AR A LA AT WL OB/LL Ak
Je 1% AVIRIS (Advanced Visible Infrared Imaging
Spectrometer) , 3% 43 HE KK 2] 10 nm, LAH
ANFEP P BE, F I T 400—2400 nm 16 X
], S R IR R T A T (Goetz,
2009) . ITAEAR, HORBEZREDCIEERTEYG
AT, LA AR 4 22 B P 1 2 [a] ] 14
IR AR (R 1)

1o G T AL SRS AR A6 1S S R RS S —
BIRCARAEH, JCHE 7 A S i o 17 XA
L Th BB R PR KT 4 Gl 22 S i R0 A TR )
(Asner, 1998; Goetz %5, 1985). 444 sCihidr,
e G BT LA R s ) RUBE T PR 42 B
AR | R R A RRIE SRR ) D R AR (Wang
1 Gamon, 2019; Houborg Zi| Boegh, 2008; Asner
45, 2015b), EE AT RIS R R LA
IR K AE (Fassnacht 28, 2016; Féret &%,
2011; Wessman 25, 1988; Schlemmer 2§, 2013);
i O 1 2 R A )T Iz W T AR B
(Thenkabail 2%, 2004; Asner 1 Heidebrecht, 2002;
Tk 45, 2020) . FEPTIEEMERTIEL (Skidmore
%%, 2010; Chan Fll Paelinckx, 2008). ‘L4 L i
M (Gholizadeh %, 2019) 445K, 2003 415 1K
LT A s O T Bl AT AR 2 R AR PR 4R IR
fIBFFE (Held 45, 2003), HJSM204F, EF Rt
T AR ) 2 REVERT Y 32 B BOR B2 195G TE, D E
AL TR Z AR AL TR R B

HAT, SotigEERe & 20T R R R
A SRR R T BE RN AR 2R R AE 2 R IR
RUAEY) ZREPEFSY (Wang F Gamon, 2019) . =16

T BOR ORI TN W AE, ARIIE
T ZREVE I A I RO, TR R R R R
5 SRS SR B S I A R

MR 22 B i R B[R], s o i S
ZAEVER S8 7 1k 0T LAy g R TOL IR Y B
At 0 0 T e T A TR A R
LG B S A SRR EHE R R Z
FEVEALI, RN TR . TIRETEIR I R S
RKEWIZREVEM I (Thenkabail 55, 2018); J&#
S 2o R G TS B ARG A D T A A A A
YIRS S R, oE— L R AR A,
1911 4 e S T R S TR 2 VAR I 455 AR N Y 22 R 1
$E bR S B e ZAEPE A4S I (Duran 55, 2019) ,
e AR B ) P (R FE R W R o3 A i SR (Turner 5,
2003) 4.

®1 BOENIESABERBIRASH
Table 1 An overview of operational hyperspectral

sensors’ technical parameters

pemmGamre) o0 gy TR
SPERm A3 PEE mm nm

FTHSI (MightySatll) 30 10—50 256 450—1050

Hyperion (EO—1) 30 10 220 400—2500

CHRIS (ESA PROBA) 25 125—11.0 19  400—1050

COIS (NEMO) 30 10 210 400—2500

ARIES (ARIES—1) 30 22 32 400—1100

16 32 2000—2500

31 32 1000—2000

EnMap 30 5—10 92 420—1030

10—20 108 950—2450

AHSI (GF—5) 30 5—10 330  400—2500

HSI (HJ—14A) 100 4.32 115 450—950
TS R

SN 10 10 64  400—1000

20 23 64 1000—2500

ARTEMIS (TacSat—3) 4 5 400 400—2500

PRISMA (PRISMA) 30 12 250 400—2500

OHS CMOS (OHS) 10 2.5 32 400—1000

VSWIR (HyspIRI) 60 10 210 380—2500

2 EETOETE AL R Ry A 2 R
LA

R IR 74 0 0 0 2 R T L 45
F A (LA RE G B R R, O 72 2 0T DX 5 B O %
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(RIT7 4, 2020) . moLisEBREURRE LI BT
A 2 B B WL AR S BRI AR, HOL
T 73 R 1 i B A LE T 220 1 1 R
HAT TR AR T, PRIt RT LA SRS 20 5 R
M T Z e 22 2 SRS 2 5, JFEIR R
JFE b RAE A% 58 38 8% T BOE DL 3 1 ) Fb 22 4 1
Ei= e
21 EFFEE

el G T R A B4 I T b 22 R A B ) 3
W 5Ll 2 O AR 5 B 15 SVH (Spectral Variation
Hypothesis) (Palmer %5, 2002), i%x—{RidIA N E
Yy 22 REVE SO0 S T R 22 S A TE — E K &R
T JE AR B 22 5 1B T R N Z R A

% (Townsend 5, 2007), i H.ixX Ff 22 55 REWE 4
TR TR 5 1, PR O 4 e ST T S R 2 S
SR 2R 22 S B R TR RS BRI
(Wang 5§, 2018a) . AEAEYI R E . fiEdl . B
B P RPHIE R 22 AL RS O R AL,
JETERE Y 22 57 0] DIAE — @ R JE b SR A )
ZREPERY EE (Lausch%¥, 2016). Asner £l Martin
(2009) FCEL T HAHE DR T 1) 24 5 2 A AR IR
HA R HOGTERE, KBS RS 2 0 A
AR, HRME G T LS YR ME— DGk 7EI
filt b, Wy bR ) Y Ta) L Ak S PR E B R
SVH 18 38 b B 4 1 7 63 S A 46 M e R AE 5 4
Yottis ZREEE YOG R, RSN FAE Y RETE D)
FhZ RN /N A A (1)

pixel "
20 ... %0
3
ESE £ o
=y 3 S| %
=] =%
§10
5 5
# (=4
i i 1 1 1 1
0
@ 446 546 646 746 846 946 — £l
] Wavelength/nm o
H i
25 3
<20 8 e
& 2 15 = -~
g 4
3 10
5
~ 5
0 1 1 1 1 1 >
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b EZ 3 Hih A
EMEREER TERHIE 2 7 B

BT e TOLRERRIE I AR s

Fig. 1 Schematic illustration of the extraction of biodiversity from spectral traits

15 DG T A7 5 0 A A AR A 25 S il 7 2 A= A 1
ARE S LR, X E S Bt i a1
JraCrT LIRS g Pise . — 2RISR, I
2L (optical types) I “HEiE#Fh " (optical
species) Jrik, Tl X G R AR R AT R
Je, 15 REYRE TR N A AL A AL NS5 H AR 1Y
A BRI FPROCTEE B AR, FEA HRAKRIFR N
g EAT B OB Y AT (Féret Al Asner,
2014; Asner il Martin, 2009; A< ¥FHE 25 2020;
Zhao %, 2018) . IR T il AS MR AL
i PE O Z FE M (spectral diversity)  (Asner Fl

Martin, 2009), B ks g —A> 24t a5,
H 07 28t B0 32 R B HM B IR SS R B BOR &
S bR, SEARAE 2 4 7S TR B A 28R RN
VER I ZREME RN (Schweiger 45, 2018) .
AN [R)RE Wy A 55 ARG T AR DG 1% 23 8] o 4 1) 9 LA
B R, AT T OB T W 22 A M Y A X
B (Rocchini %, 2010)

SVH B 6 AE ) Fh == 3 A e 1) AT AR I By
ARAMRHLIX RS2, R A AR R BN
MG (Asner Al Martin, 2009; Zhao %, 2016).
PRI 122 7 1278 R s ) RUBE T AL 22 R 1 U R



2470 National Remote Sensing Bulletin #2454k 2023,27(11)

FeBh BAT BRI
22 FEFE

T AR S Al U5 R ) 22 1 e A S D' i R
) S P T, RV ek 32 S [ R A v I
FiVEREEER L A I BTk — MRl 5T
FAR T ARIR T ok AL R e (R2),
I A B fm B PPA IS 2 1 08 5 R A OV
(Coefficient of Variations) , J&i% ff £ SAM (Spectral
Angle Mapper) {5 B & 8 & ¥ SID (Spectral
Information Divergence ), LIS 75 B AT Brf& 4 4k
PR AL 2513 CHV  (Convex Hull Volume) FIA ]
L CHA (Convex Hull Area) o 33X JLFP 5 74 #B & LA
WETEFE T A AL, il LA ME T 6IE S

V- 25 0 1 Y 22 S AR T OR B R AR DT DGR 2R
A S RAOETT TR O R IE S BN A S R
Beak pir A Rt 45 B R 8 S R A AR Jotig £
FEPESR IR, 78 5 R EGB R R T NBoDLIE 2
FEPEBE, o B RO B T RGE 2 AT e
#» (Lucas F1 Carter, 2008). Yk 2B % o0
A B D' 1 e 13 5 Al S ) A6 4 B O 1% 4 ) D1
T, A TR e R A OBk )
1B 22 5 i 4ehr (Kruse 55, 1993), JGikfi
BB, RERRBFE IS R, —ER
FE E UL R AR 2 AR . (R R B R
[F) A 0 3% 1] R AT AR, ) ) B U R
/IMERIEEZES R/ (Chang, 2000)

®2 ERXEZHMER

Table 2 Common spectral diversity indices

A7 UEik 25 ik
5 5 R e B sOCTERFIES RN R 55 R A (Hall %§,2010)
JEIE A PR PSS (Kruse %,1993)
i BB G SR S U (Chang,2000)

(e ENY N
WHSZHIFL(CHA)
JeREH
ST 5
IR Bk

SIS A2 18] N LA AR
W B 5 R0 2 2= Al Y o 45 TR
H TR AR T IR
JCTEAEAE SR M0 J5 2
A ARICRDEI L )P 2 1

(Dahlin,2016)
(Gholizadeh %,2018)
(Asner%,2014)

(Laliberte 4§, 2020)
(Rocchini %,2010)

AL PR B e Ul 32 B B A B B AT 34
TSy, FE3A FE R R A R TR
1870 b R AL A IR R R, A 45 PR AR R 3 A
76 S B e (Dahlin, 2016) o 4 1 #H 2 [A]
FEMS S T AL 5 IR SEARE, %7 3k R U T 4k AR A
Z3 0], DAREA U BT 35 B F UG T R R A
W, 5 NS RN NAS I B35 SR DL R
J7 5 359 S B 6 22 S5 i R A8 0T RS X g 1)
ARBRALE, N a5 A f 45 1T 17 TR K 26 B %
RO 6T S v sy, R AT, RWIFE
BRI FILTE T AW B RGRBME, £
Yk 23 [\ N LB B — 4% B 2k (Gholizadeh 5%
2018) . T4, BB LA MRz
N, A S Bt g 0 B R BV 2 R bE S0
TR UM B R AR b, B HL AR PR
TEEm AL, mTE AR RIS | A AR A

ANFZ R B FE P RE TR Z R RS UE S, i
ZHEEREE EDULHL R AE R VR N R Z4EPE (John

45 2008; Wang 4%, 2016) (#3). Gholizadeh
8 (2019) KM= GG 52 A5 52 U AN [7] 7L by
eV OIS Z M 5 SR A 1Y) o 2R 0 25 A G
HAERFRE SR | Rl s [ RO R $E 2T
HRA BRI . FEA R YA T AT I SE BRI
ik ZHEPEREXT MR F & BE . Rao’s Q85 HF 24
PEFE bR S PLAS I 10 S 3 (Khare 25, 2019; Polley
45, 2019; Gholizadeh %5, 2019), A I 7F 4 26 yf
DL AR 9 X0, w] DLE 3 OGS 2R R AR )
2R

AR, DIRe NG R 2R Y & R AT
A Z2 AR BT S I ] 2 22 4 FE ) 7 )
A W) 22 P T 2 S A N A B e R B A T ¥
FINFERLEE (KongE, 2019), @G R7em
Vst i MR S8 k& Ay T R e B A v Y 77 .
KA 0 6T FRAE AT UAE — o B LAY R &
REZS, SEMSEIx s L 2 a . 4ian,
Cavender—Bares 25 (2016) 47 THRJE Z 1 Fh g
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RO S R G T, RIDCEAPIE S 5% R A
AR 5 ARG, OBIE (R S RE A UM A X o [R] —

S DR Aok A S S5 T 7 A AN [RD AR

R3 WEBMIEREEY SRR LG
Table 3 Examples of two methods of plant diversity retrieval through hyperspectral remote sensing technology
S 5 = RV 2 i S RFHIE Z:7% 3Lk
i Rk fifie/— 3 1ml )9 (PLSR ) Pt i, AR i AR MR K LG (Duran 55,2019)
Fe/N—3fe [l ) W AR ] . .
e B = SRRIAPLSR) BALEEUT o npsze i 1 (Wang % .2019)

(GPR)

P IRAT AR PLERZE ST (SVM) s R (PROS-
MR ALTT RRAR PECT)

Fem R, SRROK R E I ok AR R P (Féret % .2019)

KAL)

[ EAGI SE L B2~ (BEPLERAR) Yt fh =R 5 AR AR I ) (Blonder %5 ,2020)
K, KEH F i A EH (GPR) 2R i, I BEE, E2 K S (Verrelst %,2016)
iﬁﬁgﬁ §59 T BiFE B2 (NDVI) BEAENE (Khare %,2019)
TEHH ARAR 2y sfe b/~ T ] (PLS-PRESS) )gfif : Sa/,liﬁfb,ﬂi)ﬁ?,éﬂ@%,%%k (Zhao % ,2016)
Wkt FEAARIIHT(PCO) , i Fre/ N S0 51 73 R 7 2 S (Cavender—Bares %,

Hr(PLS-DA)

JEAE R KSR it/ 3 1A (PLSR) , i S i 32 48

B FRE
ERIES:S
g T RS RAR S B, G A
" (SAM)
e e/ e FN 53 M (PLS-DA) , i
O

B AL SRR

2016)

y ZFEE B 2R (Polley %:,2019)

a ZFEE 2(001}190)1izadeh o
o ZHEE (Wang%,2018a)

3 FETE R ST A AE ) 2 RE A )
i

e G TS BOR SE I T R T ST M B
AN, REBROLIERARE R UL il
A% W ) 8 A% U PRI Tl 2 3% 0 . M SR 3R
B (5 5. (Dawson Fll Curran, 1998). AEH B 5
G E R B A D RE TR BT SR AL T T
i e B R B R JE IR TR D e 2 AR 2
B 2R A A I T B R A AR IR
T RE 2 BEPERS Ry B 3R BOR A B T IR AT i AHL B
RE A ERALE] . A 2 S AR R G INRER K
RGBSR (Cadotte 55, 2011) . BR T1E
T RE 2 REPE T T B AL, R O T RO TR ) o326
75 EA B RPN RE ), BRI RE A% 2 B RS 40
f ARSI, G R DB W O3 A A 23 (A SR . B
ST 1 A5 45 2 R R TR HnT LS BN AR
WAL 352 1 175 2 P 3 B AP BRI

3.1 ETFHRRIEI6E S E T

311 EYMEEREERE

FE 9 33 i M DR A A X B B 305 0 R W Y 25
Fik, FEE B AN REE A AN D se IR
) PR AR BT RIS X A FLERBE M B (Chave 45,
2009; Wright 55, 2004) . XA 4 2 Re PR R 4 1)
fEg R E I XU AN (FBKE F,
2018) . FRIMIX — I iLFERT 2% 7, AR 2 W)
PIXE LG — B R, I H AT B IR R
R DL R AR T (Schneider 58, 2017), 1% 2%
FeAR IR R 2 () 5508 1 Be ) 7 — 8 B bk
AN TSR A BB FE  TTRE I R 2 )E R A
PR BT E) T BEE 25 B2 (Duran 55, 2019)
RS E SR RIEAR . TY & RS
LAY D REEAR , ST 861 1 Bl 7 A= e
MEAFAE (Ollinger, 2011), FlHNM: & K S AE 20
HNFIE P LT AN AT B IR ISCRRE , SRR a b AE
W U BT I B W B S WOSCREAE o R G 1
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PR B A BB KRB R ESOLE M &, KRR
THT ISR Z MAE Y D RETEIR IR BE ST (£ 4),

I HLXE 2 18] E50HE 1 [) 25 3R BRGRIE T 0 0i H i 14
G —ME (Schweiger 5%, 2017).

F4 ETHAEERTRNEEMINEEER

Table 4 Detectable plant functional traits based on hyperspectral remote sensing

PRI LEEZ LGN SHRERE (R) EZ BTN
4% a,b 0.54—0.79 (Asner%#,2011), (Malenovsky 5%,2015), (Gitelson %,2003)
o, BT hE 0.55—0.71 (Blackburn,2007), (Hilker4,2011), (Féret5,2017)
A 0.45—0.85 (Balzotti 55 ,2016) , (Knyazikhin%#,2013), (Asner,2015h)
wh 0.47—0.81 (Pandey %%,2017), (Asner fl Martin,2016), (Mutanga Fl Kumar,2007)
PNGES 0.47—0.76 (McManus 2£,2016) , (AsnerZ#,2015a)
AR EE AR
gYiE 0.61—0.84 (McManus %,2016) , (Asner4§,2015a)
iy 2 0.44—0.73 (Asner%:,2015a), (Asner%s,2015b)
EKRE 0.49—0.77 (Asner®:,2015b), (Wang%:,2020)
BRI 0.25—0.59 (McManus 2,2016)
TER B 0.64—0.87 (Marvin Fl Asner,2016), (Wang%5,2020)
L TR 0.66—0.79 (Ali %,2016), (Wang%,2020)
ST L i o 0.61—0.88 (McManus %5,2016), (Singh%#,2015)
AR 0.71—0.83 (Danner4§,2017), (Darvishzadeh %,2011)

BT 18 IR AF B8 A RO A ) D RE AR A
PR B 5 95 A0 A 28 3 4 T R L R Ay B A Y
(Skidmore %, 2010) (%3). Hi LR EEHHIR
TE DR B RZ, I B AS R A PR
R TRLF A BINAES) (Singh 4%, 2015). 4N
Wang 55 (2019) iz £ 57 5 I AE b KdlE Fig/gO
15 Z A1 ) fi e /> e [l A5 PLSR ((Partial Least
Squares Regression) I #rid #45A GPR  (Gaussian
Processes Regression) , #2HU T Cedar Creek 4= 45 %
GeARAP XCREHDAE HL Y 15 PR . BLAR 7 D7k
BEHLAR KA AL (Zald 55, 2016) . Fi 28 %) 2% A5 1
(Skidmore 55, 2010) . ZHF[a AL (Chen Fl Hay,
2011) A 230 e TSR TE X (e 4E RCHE 0 b 2 rh HL
AWKAPEH . TR, 3 R T A S
FEA G DUORUERG BE , BB i 35 Jo it 1) 38 3 PR AL 5
B 2Ok AR R R B RS (Gholizadeh
8, 2018) 0 X TEOHHIBTARE YL, GRS
S5 R s M T AR T TR BTSN , BEAS
JE A A A A BT R B W oK (Verrelst 5%
2016), PILARE] T BN Z NI o

Yy PR 7 VR AL T AR S AL i P S 8 . FR 4
1% AL 2 0 25 7 BB A5 T A BOE 2 19 AN W) 21
3 6F B B B A WMSCRT RIS A ASEAL , 30 o A A
A iz PR S IR B i (1 2), P AR

i 7  (Robustness) Fl 4> J&y P4 5 5% (Wang %5,
2018b) o A 4 S A% i 455 0 a0 5 i S PR
) PROSPECT #% %! (Jacquemoud Fil Baret, 1990)
AR B 2 PR IR A SATL B A (Feret %, 2017;
Jacquemoud 5, 2009) 5. i THEAIR) S8k 2
FM g R DI RSFE R, R
WA KM (Yebra fil Chuvieco, 2009), - HA&%I
B TEURG B Bl th i A SRR GE DA S AR
PER PR, B2 5 S 8o (459 45 R I 25 AR
(Wang 55, 2019), EUREK A A, 7]
w, FEARTE LI SURDG IR, BRI AR
1 LS 20 LATL (Leaf Area Index) 1 g2 52 BLAH
[) D' 1% B S il AR AR, ELJE 2 BRE T 5 AR A
e LAL S K2 AN IS iy 45 1, DRt AT D ol 1
LAT B EARAR TR B AYRT A (Jurdao 2, 2013)
T JUAF B 4 3 b T TG AL o R AR ) i 3
J'&, oGk 5O ER I8 1 DI RN AL A AR
KM HOLH IR =4t 8 =4 RE g4
I ARGEATEAR, 255w LI BRI T 2 A4 3
PR, AT L4 T 22 1 AR AR Y 1 2 BE R 23 A B
o A TIRRION FED AR B, BTN
PERAEE AT DU SR OGRS R G YIRE, JF HAE
AR Ml S WS 09 50 B (Zheng %5, 2021
Chadwick F1 Gregory, 2016; Martin &5 2018),
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Fig. 2 Framework of remote sensed vegetation traits retrieval

with the example of chl (chlorophyll content )

312 IhEESHMEE

AR B AR TR G 25 i el ke
MY RS kF MBS E SR, My 7EtE
AR B AN FE R R, N, AR 2 e ad iR A
YA E IR (B0 S5 A Rp R I N A T 4E
M BT 0 v PR AL 2 BE P AR A e ] 1 25 ) L
A8k . BEFE o, DRE 2 R AR X0 BV N A
YD REVER 22 Y RAE , HAEBRGIGE HHAM
K (Cadotte 55, 2011), PHULHOR M Z KBTI U
KRR N HZ M 2 SRS &R
%4 U1 BEF (Biodiversity and Ecosystem Functioning )
KFZPHIEN (Diaz %, 2007).

R ZAEPE RN E F Rk n Jr AR Z, i SR
By OIS YT SVH B T Oy
TESEERBI AL R (Ustin A1 Gamon, 2010), T
V1) 22 Ak 00 325 D) SRe AN ] £ ) R 22 FF k46 B 1157 3
S AR EAR B Z RV . ol T AR
A4 R eI e R A FEEE B FD 4548 (Petchey F11
Gaston, 2002) . IHEEF & JE 8% FRic (functional
richness) (Villéger 5%, 2008; Mason %5, 2005)
TOPHE%L (trait onion peeling) (Fontana &5 2016),
W 3y 6 R R B A R BE ) ) 8 ¥ &) JE FEve
(functional evenness) DA M Jz BT 8 M AR 431k 2% 5+
BTN BE 4 #UEE FDiv (functional divergence) (Villéger
4%, 2008) . HIHEEHUE Fdis (functional dispersion)
(Laliberté £ Legendre, 2010) #1 Rao’ s Q 8% (Rao’ s
quadratic entropy) (Botta—Dukat, 2005) %5, DA I
Z2 FEVESR AR A0 11530 DAL RS 18 A B A7 g AN []
AT BT 2250, T 23 AR 3R GO0 RS R 801 1) T g
ZHEE. WLLFDv ), T TR T BN AR 1)
RETR T REMIR B PR

S 1 _
Ma_;?qu—w\ (1)
FDip = —d46 (2)
Ald|+dG

£, SREREENGT (MK BH, deift
K MEIT (BME) BT BIT (8MEK)
AR ECIE R, dGIREITA BT (HAEK) F
HLOHFRE R

AT AF R Ty BE IR A AE 5T B i 3 b A PR AR
S EEME (Cadotte 55, 2015), HKMIIAELFE
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Progress and trends of application of hyperspectral remote sensing in
plant diversity research

ZHANG Yiwei,GUO Yanpei, TANG Rong,TANG Zhiyao
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Abstract: Plant diversity is closely related to ecosystem productivity, stability, and resource use efficiency. The rate of plant biodiversity
loss due to human activities, extreme climate, and species invasions is accelerating annually, and an urgent need is recognized for rapid and
accurate collection of information of terrestrial plant diversity for biodiversity conservation.

Remote sensing techniques are important methods of earth observation from space. In recent years, image data from remote sensing
have been developing toward refinement and comprehensiveness, and high-quality data covering more ground information have been
gradually applied. The emergence of hyperspectral remote sensing technology enables sensors to collect continuous spectral curves of
ground targets in fine spectral resolution, which consequently provides massive information of ground objects and realizes the quantitative
inversion of ground object parameters. Hyperspectral remote sensing technology offers a technical basis for the large-scale observation of
plant diversity and functional traits. It further brings opportunities for the verification of theories of community assembly with the
continuous variation in spatial scales.

In this study, we review the development of hyperspectral remote sensing technology and its application in detecting plant diversity and
functional traits. Two types of inversion approaches for quantifying biodiversity through hyperspectral remote sensing, namely, direct
inversion and indirect inversion, are introduced. The direct inversion approach takes the spectral variation hypothesis (SVH) as its
theoretical basis, which posits that biodiversity is linked to the heterogeneity of spectral image. The SVH-based approaches, also known as
“spectral diversity metrics,’

i

are to directly establish the relationship between spectral information and plant diversity. Common spectral
diversity metrics include the coefficient of variation of spectral bands, the convex hull volume in spectral space, the spectral angle mapper,
the divergence of spectral information, and the convex hull area. Numerous studies have proven that these spectral diversity metrics can be
used to effectively track the variation in biodiversity indicators, such as species richness, Shannon index, and Rao’s Q index.

The indirect inversion approach correlates spectral information with plant diversity via quantitative remote sensing. Plant functional
traits can be retrieved from hyperspectral image data through empirical and physically-based models with convincing accuracy. With the
quantitative retrieved traits from image data, functional diversity indices, which can be closely linked to ecosystem functioning, such as FRic
(functional richness), FDiv (functional divergence), and FEve (functional evenness), can be characterized and spatially mapped. Studies also
confirmed that the indirect approach can be employed to assess taxonomic and even phylogenetic diversity through the quantification of
vegetation indices.

Combined with existing application examples, we then discuss the technical advantages of hyperspectral remote sensing technology in
the studies on species invasion, species mapping, biodiversity spatial patterns, and the large-scale biodiversity and ecosystem functioning
relationship. At the end of this review, limitations of the application of hyperspectral remote sensing technology in ecological studies are
analyzed. With the development of multisource remote sensing technology, hyperspectral remote sensing coordinated with other
technological means (e.g., ground flux monitoring, laser radar technique, and computer visualization) will be applied more extensively in
biodiversity-relevant studies.

Key words: hyperspectral remote sensing, biodiversity, spectral diversity, plant functional traits, biodiversity and ecosystem functioning
relationship
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