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Abstract

Aims Plant diversity monitoring is the basis of biodiversity assessment and developing conservation policy.
Traditional forest plant diversity monitoring is mainly based on field surveys, which is difficult to quickly obtain
the spatial distribution and dynamic change of forest plant diversity. The development of remote sensing
technology provides an important tool for assessing forest plant diversity at the regional scale. In this study, we
explored two methods of forest plant diversity estimation based on Sentinel-2A satellite images and field data in
three selected national nature reserves (Liangshui, Fenglin, and Hunchun).

Methods We used two methods to estimate forest plant diversity: (1) Direct estimation based on spectral
diversity at the pixel and cluster scales, respectively; (2) Indirect estimation based on random forest regression.
The spectral diversity was calculated based on the coefficient of variation and convex hull area at the pixel scale,
respectively. K-means clustering method was used for cluster analysis to calculate the spectral diversity between
clusters. For the indirect estimation, we used 10-fold cross validation to select characteristic variables for later
diversity calculation.

Important findings Our results showed that: (1) At the pixel scale, the estimation accuracy of Shannon-Wiener
diversity index based on convex hull area (R*= 0.74) was better than that of coefficient of variation (R*= 0.60);
(2) The pixel-based estimation accuracy of Shannon-Wiener diversity index outperformed clustering basis (R>=
0.59); (3) Based on six feature variables, the Shannon-Wiener diversity index was best estimated using the random
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forest regression algorithm (R*= 0.79); (4) Both the Simpson diversity index and species richness could not be
accurately estimated by the above methods. Our findings indicate the capability of Sentinel-2A satellite images to
estimate the Shannon-Wiener diversity index, providing reference and basis for forest plant diversity estimation at

a large scale.
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Bl ARIEHEMIIRXMIEAE. A, BUKERXZBRRIX. B, FHRERFERMIX. C, HEEZHHBIX.
Fig. 1 Location of the northeast forest study area. A, Liangshui National Nature Reserve. B, Fenglin National Nature Reserve. C,

Hunchun National Nature Reserve.
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Tablel Sample plot survey information of northeast forest

ukurunduense)~ AW FEHMI(Ulmus davidiana var.
Japonica)% Z PPREM TR, 16-20"5 FF & LALLRA
RS EIME FK RNy 32 R A A e VR AS K

IR B R, tHEFET AT =5 cm
WA YA =S £ (S). Shannon-Wiener % FEPEFE L
(H)M1SimpsonZ HE VAR (D) - W Fh 5 BE AL 7
TR ARPF R R . TR AT

Y (1)
i=1

p-1-3p 2)
i=1

KA, AR RN, PONES iR AR
b7 BT P Fh S AR B A5 (Pielou, 1966).
122 EREERKIEMALE

A2 T Mo Th I 7, 1£H(20194F7-8 H K Sentinel-
2A T B BT MY Z PRI % P A
o 201 A A (MST), BLIE = 786 km, M@ 5E
49290 km, PEKEVHMA10 d, 5Sentinel-2B
oAb, EVFEMgEEES do MARE D T 1305818
B, HApasma T W e Br(iE ., g, @R

Pt HbHE AT E Li{zilEs YwhEE E Shannon-Wiener % ¥ V£ 45 %1 SimpsonZ F 1 F5 £k
Sample plot Geographical position Crown density Number of species Shannon-Wiener diversity index  Simpson diversity index
1 129.19°E, 48.12° N 0.85 6 1.56 0.76
2 129.19°E, 48.12° N 0.75 10 1.89 0.82
3 129.19°E, 48.12° N 0.80 7 1.67 0.79
4 129.18°E, 48.13° N 0.85 10 1.92 0.82
5 129.18°E, 48.13° N 0.75 10 1.96 0.83
6 131.11°E, 43.44° N 0.70 11 0.87 0.83
7 131.11°E, 43.44° N 0.60 10 0.88 0.85
8 131.11°E, 43.44° N 0.65 8 0.77 0.78
9 131.07°E, 43.47° N 0.60 6 0.65 0.74
10 131.07°E, 43.47° N 0.70 4 0.44 0.56
11 131.07°E, 43.47° N 0.60 8 0.73 0.74
12 128.90°E, 47.18° N 0.60 5 1.34 0.80
13 128.89°E, 47.18° N 0.70 7 1.27 0.66
14 128.89°E, 47.18° N 0.70 6 1.56 0.82
15 128.89°E, 47.18° N 0.65 7 1.01 0.73
16 128.89°E, 47.19° N 0.60 6 1.17 0.72
17 128.89°E, 47.18° N 0.60 4 0.96 0.67
18 128.86°E, 47.20° N 0.70 10 2.06 0.86
19 128.86° E, 47.20° N 0.70 11 2.17 0.84
20 128.86° E, 47.20° N 0.70 9 1.82 0.79
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K % SERE RO KEER% Vegetation index calculation || Feature band extraction r.g
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n K area of variation usters / \ / S
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.
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”| Shannon-wiener diversity index, Simpson diversity index, species richness
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Forest plant diversity mapping
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Fig. 2 Flow chart of the research methods for forest plant diversity in northeast China. NDVI, normalized difference vegetation
index.
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BEHLAR MR E Leo BreimanfE20014E 4% H g — i
BT AN EAR (R B ST B, mT DARRRE T
AN EAREST R A B IVER . AHE 70 B BEHLAR AR [E]
SRR T HE T GRS A R, 5
R FARRAEZ: (A Fbootstrap K AE, M 545
FEARn BN m AN FEA 2L, 15 28I, B
ARSI SR B A BN BL () CART [B AR, A
AR A U B SRR A A e 1) (10 A BT o ) SR8 A M e
(OOB); (2)FfEHLIMEUANFFAEAE SRR 25 1) 70 F4RE
TEAE, B AN REAE 3 B de A 16 0 2405 =Xy
MUEAT Y2, QYRR RN | T T AR, B
B BN, EIRIF I CART [B] 4 #R A
BRI R IR AR K ()2 A mAR B VAR % T
BEALARAR B VAAERY, 5 — R[] V2B A5 £ (10 ) & SR
SAZREAS 5 B I, B TR 4 SR
Fr A CART [0l AR Ak B 45 SR B 3504 . (R0 PR RS B2 T
K FHOOB T (5% 22 341 77 (MSE) R /- W R :

MSEqop =n"" Y (v, = 57%) (%)
1
MSE,
Rip =1-——3% (©)

b,y BRSNS T R AR B SERRE, 5 FoR
KA AN BRI B, &) F R 48 Sh s T8 1
%, Rep B A L.

BEATURFAIE (1) 08 B 5 T RAAR D6 1S B DA K AT
AERIEAEAR R AWFFCRA T AT E TR PTG
ZFEMERREL. Sentinel-2AFAAZ 1 124N B A5 B 130
A 5B PR A OC B R B B E R IR B B,
FAERE R THE A AR 2 PR o VH R 1)
AR S R A, DME AR 22 FEVE (1) 2 & (Torresani
et al., 2019; Mallinis et al., 2020).

4422 B0 K G BEALAR AR A AR, %)
XA B AT ARV . AR R R
“%IncMSE” i) K/NERIR, “%IncMSE”Ellincrease in
mean squared error, &2 TR R FEI HIEEHMEL
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PR, WX AT R YU, WREE
AN TR ZE R MR RROR, LB B ML 40 A T £ B
R ZE MR, WA B . (L
A E AT e 22 FEVE A SAE AR D, B A2 & (A 47

FESLERAE, ITsEn R Z5 R it — DR mbEnl
PR EOAG SEAE I, D e S ATC RS BT, A
WFFUIE T+ 22 IR UE N A BB AT i ik, s H 22
P ey HASE A SIS IE R 22 /R AR AR AR DAY

R2 HpREGHE AKX

Table2 Formula of calculating vegetation index

TR E Vegetation index

115230 Calculate formula

Z# Lk Reference

TCARI

3[(Re99.19 — Rees.98) — 0.2(Rs99.19 — Rs50.67)(Re99.19/Ress.98)]

OSAVI (1+0.16)(Roso — Roos)/(Raso+ Roos + 0.16)

OSAVI2 (1 +0.16)(Rs00 — Re70)/(Rsoo + Re70+ 0.16)

DATT (Rss0 — R710)/(Rss0 — Reso)

DATT2 Rsso/R710

Gitelson 1/R700

SR1 R50/R700

SR2 R700/Re70

SR3 R730/R706

SR4 Re75/Ra0o

MSI Ri600/Rs19

NDII (Rs19 — Ri649)/(Rs19+ Riao)

CRI1 1/Rs10 — 1/Rs50

CRI2 1/Rs10 — 1/R700

ARI 1/Rss50 — 1/R700

PSRI (Reso — Rso0)/R7s0

NDVI (R750.66 = R704.6)/(R750.66 T R704.6)

GNDVI (R783 — Rs60)/(R783 + Rs0)

TNDVI ((Rsaz — Regs)/(Rsar + Regs) +0.5)°0.5

WDVI Resr — Regs ¥ 0.5

NDI45 (R705 — Ress)/(R70s + Rees)

SAVI (1 + L) % (R799.00 — R680.045)/ (R799.00 + Res0.04s + L) (L = 0.5)

SAVI2 Roso00/(Resoouss™ bla) (a = 0.969 1, b= 0.084 726)

ARVI RB = Res0.045 — "(Raaas — Reso.045) (r=1)
ARVI = (R799.09 — RB)/(R799.00 + RB)

SARVI RB = Re30.045 — "(Raaa.5 — Regooas) (r=1,L=0.5)
SARVI = (1 + L)(R799.09 — RB)/(R799.00+ RB + L)

EVI G(R799.00 — Re80.045)/(R799.00 T C1Res0.045 — CoRasas + L)
(G=25,C1=6,C,=175,L=1)

IRECI (R783 = Reos)/(Raos/Rrao)

IPVI Rsao/(Rsa2 + Rees)

PSSRA Rag3/Ress

RVI Rsar/Re6s

Kim et al., 1994

Wu et al., 2008

Rondeaux et al., 1996
Datt, 1999

Datt, 1999

Gitelson et al., 1999
Gitelson & Merzlyak, 1997
McMurtrey 111 et al., 1994
Zarco-Tejada et al., 2003
Gitelson et al., 2003

Hunt & Rock, 1989
Hardisky et al., 1983
Gitelson et al., 2002
Gitelson et al., 2002

Sims & Gamon, 2002
Merzlyak et al., 1999
Gitelson & Merzlyak, 1994
Rozenstein et al., 2019
Rozenstein et al., 2019
Rozenstein et al., 2019
Delegido et al., 2011
Huete, 1988

Major et al., 1990
Kaufman & Tanre, 1992

Kaufman & Tanre, 1992

Huete et al., 1997

Frampton et al., 2013
Rozenstein et al., 2019
Rozenstein et al., 2019

Rozenstein et al., 2019

ARI, TEHFSAHREEG ARVI, MR UHIBHEEG CRI, 28512 b 3R RATHEEL DATT, DATTHISHEEG EVI, Mo R4 Gitelson, Gitelson LR 4L,
GNDVLAHE I — 6 2 S TR A IPVI, ZL4MHEAE E 2 AR 4L IRECI, BILLIAM SR T840 MSL, /K- WHEFREL; NDI45, 1H—162% 5464, NDII, JH—
A HMEEG NDVL H— AR EG OSAVI, LAY - HE R 1Rk #545; PSRI, W% SO FE4 PSSRA, RHAE (A 2 R L LLAE FR G RVI, Tl
T840 SARVI, T HPUHE SRS SAVI, TR TR S SR, HEMHEE S TCARI, ¥l SR # 64, TNDVI, #AL/arH—1L
TR EG WDV I RS A U R B T A B AR AL T2 KA i S S

ARI, anthocyanin reflectance index; ARVI, atmospherically resistant vegetation index; CRI, carotenoid reflectance index; DATT, DATT vegetation index; EVI,
enhanced vegetation index; Gitelson, Gitelson vegetation index; GNDVI, green normalizad difference vegetation index; IRECI, inverted red-edge chlorophyll
index; IPVI, infrared percentage vegetation index; MSI, moisture stress index; NDI45, normalized difference index 45; NDII, normalized difference infrared
index; NDVI, vormalizad difference vegetation index; OSAVI, optimization soil-adjusted vegetation index; PSRI, plant senescence reflectance index; PSSRa,
pigment specific simple ratio; RVI, ratio vegetation index; SARVI, soil atmospherically resistant vegetation index; SAVI, soil adjusted vegetation index; SR,
simple ratio index; TCARI, transformed chlorophyll-absorbing vegetation index; TNDVI, transformed normalized difference vegetation index; WDVI, weighted
difference vegetation index. R and the lower right number in the formula represent the reflection value at this wavelength.
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FREEe 4 JE T Sentinel-2 AR A AR AL ARMAE ) 2 FEAE RS D D7 00T 7E

i NAZ B (Genuer et al., 2010; Edwards ef al., 2018).
T P e 456 1) AR 5 ) At i 24 V1) B L AR A [ B
{EH B — LI UE AR B . N TR IEBAERTE S
1 “randomforest” & H1 S HL, B — R A X UG F FE
pythonH fjsklearn % H SEHL

2 #R

21 ETREZHUEEERMED S H14

B3R 12T 2 BB B it B cvn
CHA 5 523 ¥ Shannon-Wiener % ££ 14:#5 4¢ . Simpson
ZREEFR BRI RN E B O &R, IR 2 e
8 24 3% B8 18 4F {5 5 Shannon-Wiener % # £ 5 44,
CHAX} Shannon-Wiener %2 £ V4 18 B it RS B2 (R =

1259

0.74, RMSE = 0.07) % T CVXF H (#1545 1% (R® =
0.60, RMSE = 0.11). {HFFGIE 2 FEMEFRECA REAL
H Simpson % FEMEFRECFI A E & E, CVRICHA S
S ) Simpson £ FEPE TR LA SRS FE H0M0.12, 5
S P b S R BRS FE 23 ) 9 0.11410.05, 45 R
SOFNTE N
HEFAZ RS S AL, R TR
WA 2 FE 1 A S 45 ST PR (Bl4) . TR
1 AT LU 7 1 At 52 Shannon-Wiener 35 3 (R” = 0.59,
RMSE = 0.12, p < 0.01), {HSimpsonZ% 14 F850 5
FoE BSOS R R 22, 4 SRR B3 (Simpson £ KE T
S40: RP= 0.02, RMSE = 0.08; YIFh+ 52 RP=0.12,
RMSE =7.94).

257 09 127
] o ]
2.0t % o ° L) 10F ° e e o
08 r P ° °
@
H i D o7t o ¢ N 8 °° e °
1.0 r ' ® o 6 e @
%° =0.8577x +0.465 L »=0.0544x + 0.7153 L4 y=1.6014x + 6.1258
0.5} ° £2=0.60 . 06 ° R=0.12 4t ® R=0.11
0 p<0.01 p=01337 p=0.1434
. . ) . . 0.5 . . . . , 5 . . . . ,
0 0.5 1.0 1.5 20 25 0 0.5 1.0 1.5 20 25 0.5 1.0 1.5 20 25
cv cv cv
257 09 12 -
) o ° ° o e
L ° L
2.0 0.8} ’../‘}'/.‘ 10 ° ° .. °
1.5 [ ° ) 8 L :/./’///—
H 0.7 o e o
101 ° 6 ° e o
y=3.9751x +0.2129 | =0.2242x + 0.7072 iy
05t . T—oa 0.6 }vZZ=0412 4t ° ° y2=4.2156x+6.5601
p<001 ° 0.1404 e
) =0 p=0366 1
0 - - : : ] 0.5 - - : : g 2 . . c . :
0 01 02 03 04 05 0 01 02 03 04 05 01 02 03 04 05
CHA CHA CHA

B3 FETHEGEHERERRZE(CY)S AR (CHA) S SCAEY) 2 £ % (Shannon-Wiener 2 A£ 4 6 5 (H") . SimpsonZ #£ 1 F5

H(D)YF L F & () IR R

Fig. 3 Relationship between coefficient of variation (CV) and convex hull area (CHA) based on original bands and measured plant
diversity (Shannon-Wiener diversity index (H"), Simpson diversity index (D) and species richness (S)).

25; 0.9 12
° 0 ° °
20 - ° .:. 0.8 | .’"/:./”"""".x.. 10 | ° .. =
1.5} ° o ° gt °
H 0.7} ° e oo
1.0+ ® e 6r ® o o
° = | »=03512x+0.3053 i »=0268 1x +3.993
05— ;2 =%;94x +0.7278 0.6 2z= ) + . al . b
0 R A 05 p=05753 . . . ) . | p=01295 .
06 08 1.0 12 14 16 18 2.0 0 02 04 06 08 1.0 4 6 8 10
H (2% H (cluster) D (%25) D (cluster) S (&) S (cluster)

B4 ST RESEHEY) 2 FEETE R (Shannon-Wiener 2 AR $U(H")« Simpson 2 FEESEE(D) FIBE R4 (S)) 5 SHMME HI R A o
Fig. 4 Relationship between plant diversity index based on clustering (Shannon-Wiener diversity index (H'), Simpson diversity
index (D) and the number of spectral species (5)) and measured value.
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22 ETFRENARKE A ERMEY S 14

BT O 44N FRAEAR 54T B LAR AR 5],
BT %IncMSE X} iy N\ AR 5t 1) 55 ZEPE AR B HEAT HE T,
HEEHEF T30 AR W E SR, WTUURILCYS
CHAMEEMBEE T T HRALE, Ed X
B U 4 NAS B HEAT ORIk, SR UE R 22 Bl A R AL B
R I I o N RN, AR YR LGAE S, AT A R
B 68 S AT DASRAS 5 AR 0 R A 45 R o R 0 ik 1
(AR AR AR B 8 A 24 B BE AL AR AR B S Y, FH Y
—VFON R KRG AT RS, 45 SR K XS Shannon-
Wiener 22 K 1 16 30 BB BE 55 (R = 0.79, RMSE =
0.06, p < 0.01), XI¥F=E5 ZR = 023, RMSE =
3.75)F1SimpsonZAEMEFEEL(R® = 0.10, RMSE = 0.005)
FRIfRERE AR (&16)
23 FHRHEN S IR E

Ik PL R gs AT UK I, PR e b
fii . Shannon-Wiener Z FEVEFR 2L, ¥5°90.59-0.79,
TEHTHBL G, SR I BEALARR 51 U5 (34 7 VE X A 5
DX AR A 22 FE I AT X IR B (B 7). 7K E

CVr ©)
CHA | (@)

3
2
o

A5 H Variables
o
w2
g
(=4 T T T T T T T T T T T T T T T T T T T T T T T T T T T T

4 6 8 10 12
E 4 Importance

2]
=
w
(@)
ol OOOOOOOOOOOOOOOOOOOOOOOOO
(@)

BE5 BEHUARM A b E 2P R30I AR R . CY ARAR
#; CHA, "WIHAL; B4, B6. B8. B94)jjll# /xSentinel-2A
54, 6. 8. OB HARAR B NHEMIRE, AiAE XHE2.
Fig. 5 Top 30 variables of importance in random forest
regression. CV, coefficient of variation; CHA, convex hull area;
B4, B6, B8 and B9 represent the fourth, sixth, eighth and ninth
bands of Sentinel-2A, respectively; the other variables are
vegetation indexes, with specific meanings shown in Table 2.
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SRR X H ] A O X 20 1) 32 BEAR 43 R AN i
PRSI BE 2T AA#K, #% 0 [X 1Y Shannon-Wiener £ £
PEFRHOH B TR X R 2 1 5256 X PA K R X
BB Ry 22 o [X 8 43, IX AT g2 D A% 0 IX 22 IR AR Ak,
NATFIEA, RIEE, W ORH X VY & 22 i X
K2 IREMRNE . FREIP X BZLXAS
HCMH I R 25 11 X 45 340 ) Shannon-Wiener 22 £ 12448 #¢
51, SEIG X ) Shannon-Wiener £ A 14 $8 £ (H 1A,
FEA AN FH 1 5] [ 1) 2 FE R R AIG . SRR H R
P DX e £ I 56 DR T 3508 () 22 v X 3 A BE 22 1)
PR AT, NFEE B e 5 45 A
Shannon-Wiener 2 F£ VEFEEUE WK, 6% 0 X
MGrh X & ZFEME SR . BARCRE, FARFIBK
££37 X 1 Shannon-Wiener £ F£ VE F8 200 & T 5 H
SRORFF X, HUPA A AR RSS2 32 B LA A
JR A6 MR FRIR AT AR, AR DR X DA AR 3,
JEERAT DS BT AR ANE RE VR AT K

3 g

31 RiLZHMEERNEY S 1%
311 &TRE

AT TR I S F T BT AR S R
ML T R PR TE 2 RE R R, 45 R I AR L
P He AR U 4k 57 Shannon-Wiener Z FEHEFE £ (p <
0.01) X455 5 2 B 72 (Lucas & Carter, 2008;
Somers et al., 2015; Gholizadeh et al., 2018)—#, %
HCVHAICHA & R a2 FEE A FHAR bR . 2T
36 B 1 oY 0, T AR A 7 B FH T M AR ) 2 R
(Gholizadeh et al., 2018), {HTEFMAILE A E—D
WL . HeAh, RO TR T REE T HET
CHA X 223 ({1 Shannon-Wiener 22 £ 14 48 B kS &
B, 3P iESE T Gholizadeh BT L 45 18, 1%
TR IBEHE 0 P AR, CHAML T35 CVAE NI T
A HAFEbR . —BORUL, 2 R B IR 2 7 A
wBEH e, #H—2 OB R 54 (Rocchini, 2007;
Xi et al., 2019). £ HFZBE A T PR IGOLT,
CVITH 52 F AN i BT A 15 T A8 S R A AN
B DA BB, TTCHA R 563K Hh A U B IR A8 e B
DMGICHE. AT RS A B BAE R 2 AR 5, w]
A8 S L BT A 40 P BSO8R S 1) S SR, T SR
FERRANYE B (M) AR S T A, R RE I BT
BRI R 1 AR S 1 2 1) e B 1, B R AR A b
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1.8
g ° 0.9t 9t
S 16
w2l 0.8 % 8t
o2 ° ] °
o g 121 07t ® e ° 71
4 1.0r y=0.7177x+03758 y=0.1358x +0.6706 ®  y=02329x+59856
08t R2=0.79 0.6 R=0.10 6T ° R2=023
p<001 p=0.1839 p=0.06
0.6 * * ! * ' 0.5 : * * ! 5 : * ! ! '
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H D S

Bl6 BT BEALARMR A A FAE ) 2 £ M F5 5(Shannon-Wiener 2 FEVE SR AU (H') . SimpsonZ FEMETRE(D) I FH = 8 £ (S))-

Fig. 6 Estimation of plant diversity index (Shannon-Wiener diversity index (H'), Simpson diversity index (D) and species

richness(S)) based on random forest regression.
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Fig. 7 Spatial distribution of Shannon-Wiener diversity index in three national nature reserves.
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A EA

B2, BFFRILFIFIETE 2 A M Fe O A R Al
H Simpson Z FEVEFR BRI M+ 5 FE X FEEH T
MG E AR T ERE R, YRR S 0
A RIS b S i AL Sy NI E |7/ S SR (¢
Shannon-Wiener % ¥ P4 15 5075 18 1 W% i1 £ &= A1
ASYFR AR X 3 B DA 5 5 5 14 (Pielou, 1966),
FIT LAt SG B 5 v, 1T Simpson 22 RE 3 B0 2 S
WO TE DR R L5 B (Fauvel et al., 2020). ik
Ab, ZREHEFR B S LR R E R AU A S
AERf, TTREE RN & AL TR A7 7R sk Ok,
W B P B E 2y P 8 B, BfER G Bl
REME LRI o 75 AR B A Wb B e 8 o LA,
Sentinel-2A T2 (1) 5 #2566 PR, A% B3 1R e Ao ) 2]
YA BN PR AR, T 2 MR R R T AR A )
AR S5 K] 1 Shannon-Wiener 22 £ 1 45 %5 58 & & [X
RS AR AR ) 22 K 14 1118 845 5. (Oldeland et al.,
2010).
312 BERE

R M — PR A Ha AR R 23 2 2 T
W B 07, X5 S IR B SR AR &
ATEIR, T LA B 452 B S A4 22 A5 A T A e i A
Ffi(Féret & Asner, 2014; Féret & de Boissieu, 2020).
BRI TERZ, AT R KA TEE, 1
SR T3 x 30 5x 5. 7TxTHO x O IR EH NG, &
&k e T RIBORBUTIIS x SR E O B E
B ZRAR PR IGBRE], BN E O3 8RR
R, JTERRE, ¥ ORE D E A fe 5 i th
$F AN 2 BAE L /MAHITED, A58t R 22 oK.
YL S 15 x SN, MRIEEE ks Bt g
F| f¥) Shannon-Wiener % F¥ 14 48 £ 11 1l 57 45 S & 4f
(R°=0.58, p < 0.01), 7 x TIIREN T DA 5145 ke
(R*=0.33, p < 0.01), 9 x YIFEEN T A R (R =
0.26, p < 0.05). &L FEMTTEFR M HALTE S
SEMMEI TR E R R, A& i RBA W
VIO IS T IC i B s PR AL, IEAS 2 SEBR I
P, DU E R S S ER —E Z R

BT RETIE MG 4 RWAR T 2 T on ek
ZRPETT I, X RRRE B R IR . B
(1143 Fr 2l AR M) Z AR VR BRI R, 732K
K FE 32 A0 TP 1) (1 6 15 A2 57 1% (Zhang et al.,
2006). ILA 3 FIH I AHUAEOE TR ERE, Ko
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FERIR B PAOKT, WA B S T Y
HF B AE A2 3 DL R S5 R S B R A, KO T
Iy KE B (FE LTS, 2018; Zhao et al., 2018; A<
22020 7 TR AT AT 70t 2R A SR 2%
Dk, B SUBCRI CH {1 5 28 T AR ¥ SR 25 skt
A B SRR SR H, MR T E AR B R AR R
(I AEAR 16 . 1) 6] B (Zhao et al., 2018; ACHFHESE,
2020), B LB b i e 28 I8 A5 B AN 2 1 % 2
e, BRI FSE BALL, AHE T AE A %
ARG R AR, XA B A A A 4
RITBRE, A FE M EA N BEREAT R
32 MENFARMEVIEERFED S HEE

B 7T ORIE AR TR, AR AR T AL
PR S IS AR 2 BV AT T A, 4
IR IRFE T ik REAE 45 20 Bt AT LA AR [5] V%5 Shannon-
Wiener & ## M8 B B 0T 1 S 25 R (R* = 0.79, p <
0.01), it Hofth 22 P Fa E Al SRR BAK . B AL
AR B R e M E B2 A H R
Wi o — 75 THI & 52 BAAG A3 HER IO RE I, SAAR 0 HE R AN
XS AL GE R = e — e s . (EE RS RgH
() KRR RALUAIE 72 R B, o2 BRIk (A SRS T B
23 V8] 3 A A AR T IS B, o R P A RS B 2 8t
KANE AR K /N IS (RS BE (Wang et al.,
2018). XA R AR I MV T B (S 8, R 2
JEBE T H AR A ] 6 e AR 5, T A ARG
R 2 B BE VR 18] 1 )6 1% A0 S () B2 48 R 0 o T () A2 S
HASAE— R 2, T PRI 2 B R
ST S RE o 5 — 5 TH 32 N AR A2 = [ R,
AT FEAE A4 i NAR B i 738 IR IE R AR &
BEAT T 0k, SR e Pk T Al S A R BT 1 6
i, 7 AR B SRS BT
FEAR PR I R DU N I R 6T 2 RE MR R0 &
FVEHE I B T AR MR AE AR &, U I 7 Al
HURT LAYE B ML AR AR A SR 22 B 1 1 B AR AR,
IR B T 0 T R A R e AR AT A A 22 B
fEE R AT R S . (B, EEMEHFE R RCr
) B SRR RIS 5 T-CHA, XA e B NCHA 5 3
M AE 4 H B R A E — AR DS, 20 i Bk 4 L e
A — B R AL, FERRMR A RS R A, FRARI
2% [6) 43 AT R 45 #2550t 2 i ik 5 45 i (Marceau et
al., 1994; Gholizadeh et al., 2019), B % FHAH [ 4
PR A5, 10 A H X B 5] AR AR S A b 4 S T
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AEAFAE— € Z2 5 (Mallinis et al., 2020; Gyamfi-Ampadu
etal., 2021).
33 AEHIERMY

AW T E BT R AR AR IR, PR
IO 22 S, T SR I TV B AE AN R B IX ()
ANFEIRB AR, B TR B AT 8 ) B uE AT
fili o [EAMH G2 FE T Sentinel-2A 54145,  PLith Hpikf
i DX P P AR AN VR A RO SO SR, R
BENLARAR 21V 790 SRR AE ) 2 R IEAT VRAG, &5
R I Ak 551X Shannon-Wiener % A M 45 $UK J2 7£
0.29-0.312 [, Tfij Simpson 22 £ P4 & £ (1 1t 55 K5 FE
A]3£0.31-0.37 (Chrysafis et al., 2020; Mallinis et al.,
2020). AHFFTIILE R SR IRIEH 2 7. AT
B TR TWEBAR Y, I T S 2 FEVEAE SN
TREAE AP AR B M N &, 5 A5 H K
Shannon-Wiener 2 F£ V18 0K FE B, HAR KOG
W % FEVE 5 Simpson 2 FEMESRHUE B E KRR =
0.1), X AJ §EAE 52 IR T AR LRSS H A Fh o3 A
KR o 4 Ja B FUAE B ) HoAh X I8, ] DAAE B
NNV SE A A€ S it 2 SATI

IeAh, LERTI R A, BEHLARAR A
ST 2 R4 B 07 V2R BB e, AR T AN T
R BRI R B AR I YO R AT AL AR, T FLE R — MR
R, AR T ks sk, T3k
I FAERI A e PR, B aTpwt e R 2
BT SR OGS RRE S 2 464, 10 2088 1 HoAth PR
R A TSI SR R R B
ATV (1) 5 W DL K 358 e S 28 S5 (1) 52 ) (Wang. &
Gamon, 2019), 77k BidE— R BB, W
EAEVEHE NHET, 155 820 9T a7 2 R 5
HdE, e Wk BOKERSR R s, DL
— IR RITE R T 5, TR A [ I AR A R VAl
RAECARM TN T ES S % .

bR T H RS R R, MR 2
PR AR 22 R VR I B A R 4y, B R AR A
o BRI ASEMM ZEE, RBET B 5
W EZ KA RN DI Re MR AL ek, HoE T
A R SR T e AER € P (Tilman et al., 1997,
Ruiz-Benito et al., 2014). F|H TR IEEFAGFNE 41
S D RE PR B o0 R, SIEE Y D e 2 A PEXT
S AR AW 22 R 1 RO s B B X (Jetz
et al., 2016). {HH T EAEM IR S HEIERT X

HARD> HA E BN E, 50T EEY 2T
PR 7 EANTE & F TSR R RIS 0 o 3 J e
HIBE AR F B R B T RGUK & 72 7 A BE R R
il FE I AE A IR AN [F] (Schweiger et al., 2018), iX
SEMEIR T A RE I A BOREE . R BIRE L EU T
P TS BT ARSI PR, LR Ak
e W ek A A T AR R A SR R IR Ma et al,
2019), MR b 22 S T 5 e O B SR 2R (Wang
et al., 2018). CAHIRZHIFLIETHLE LG HRE
22 1) v 5 8] 3 #2321 R ) 1) RE 22 MR AR 2 18] AT ]
(Asner et al., 2017; Schneider et al., 2017; Zheng
et al., 2021), {HAEFE K1) X IR0 A B T3R8 BCE R
HMECASCHL LA & 5%, B FCIe 8/ . Sentinel-2'5 1
R 25 20 DYV % R RE SRR P R A M) o il v S 1) 2 7
AN WEINE B Y 7] L(Rossi et al., 2020; Hauser et al.,
2021). HHTAHR AT FLik > B2 AR 2 R R 5E A,
Eb 4n B &0 B8k A TR S i It [R) ANUL G, 407t 1) [X 4
Z o 5OTERE VRS, XA frt— b e
B, W LA EEAE D T R BRI FE T 1) o

4 ZEit

AW FAKFERE R ILPB MR ESRAEE R
WAR X, F T3 B s A AR S s, BT T
BTG IT AR I HT e 2 A 1 B Al AL T
BENLARR ]V B ARARAE ) 2 FE 10 S . 45 R I
Foh 712350 RE L b Ak B 9 [X N Shannon-Wienerfi
e (WG ITRE, T8 A5 el 2 5
VEFE UG LR 2 REVERE B (R = 0.74) 0 T3
TAFRZBIER = 0.60); QRETFILHEIEL
BEVERS 7300 T BB ITIER = 0.59); 3)FIFH
Bt L AR MK [0 U 595 ik 5 RS (RS = 0.79) Bt o
Sentinel-2'5 & §2 44 & H § AT LA 9% 3R B o5
IHRRIIAR, AR TONTE R RE FAT R 2
PEAG AR AL 7 RIAT BT VAR, X0 PR X AR AR
EEAE AR T IRORY A HE R .
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