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FEE  MERR PPN R T A2 W) 8k ( Above-ground biomass , AGB ) Xif B0 iy BE Y5t (1) TR R F RN 4P A 2 88 S0, RAH g o ST fF
FEIX, A 2019—2021 4E Sentinel-2 #1382 55 5 FNEF A S 3 A= 4 B30, 15 B GEE ( Google Earth Engine ) 3 3 FIBE S 1
TRV T 9 BB BN R JE R AGB WA SRS B2 R T e FE R b b [ A W SO (e B T3 AT T 2019—2021
AR M Y B S B A AR Ak, A5 R AR A R AR B0, U3 — AP % 46 £ ( Normalized difference phenology index,
NDPI) 5 5# AGB 1Y R*ME e (0.72) , Hk I — AL AEBFE 0 ( normalized difference vegetation index, NDVI) (R*=0.68) , {44
S5 2% (10 R H R TR AL 4% 45 51 ( enhanced vegetation index , EVI) ( R? = 0.37) 1 2% {H A8 4% 5 51 ( different vegetation index, DVI) ( R* =
0.40) ,NDPI X i JE it AGB B U ; 76 NDPI A Y 4 JSAFERRY v ST AR 1) FOIAG B2 5 /2 , B 1 NDPI i ] Y= A5 75 17
TR T EFER M AGB TUMRS BE ;2019—2021 45 H g v FE R b A 49 ik 2 ()40 A 22 S 0A B, R B P g A i , ZR B AL
AR AR RO SR 55, (L R AGB 22 AR PS4 (I 25 T o JE R ) RV 13 5 ok 25 3 4[] 2 ) 1 Ly i) - A 0y
LSRRI S U/ R A VR PR DN SRR R AR R B, BE T ARSI (1 45 S NDPT R S5 I IR Bl 1) v S8 1l A ) ke 11 2
ALFFE
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Dose the normalized difference phenology index have the potential to reflect the

changes of aboveground biomass of alpine grassland?
YU Hui"*, YANG Shijun', LI Jing', CAI Haizhen', LI Li?

1 Gansu Science Institute of Soil and Water Conservation, Lanzhou 730020, China

2 Gansu Hydrometric Station, Lanzhou 730030, China

Abstract: The accurate assessment of grassland above-ground bhiomass ( AGB) is crucial for the sustainable utilization and
protection of grassland resources. In this study, the Gannan prefecture was selected as a representative case study area. The
AGB estimation accuracies of 9 vegetation indices were evaluated and the final estimation model were established based on
the Sentinel-2 surface reflectance products and field measurements of AGB from 2019 to 2021. The Google Earth Engine
(GEE) platform and mathematical statistics method were employed for analysis. Then, the spatio-temporal dynamics of
grassland AGB were analyzed in Gannan Prefecture from 2019 to 2021. The results indicated that the R* value between the
normalized difference phenology index ( NDP1) and AGB was the highest (0.72), followed by normalized difference
vegetation index (NDVI) (0.68), and the R® values of the enhanced vegetation index ( EVI) (0.37) and different

vegetation index (DVI) (0.40) were the lowest, among all vegetation indices. The NDPI was more sensitive to grassland
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AGB than other vegetation indices. Among the four NDPI based estimation models, the power model showed the best
performance in grassland AGB prediction, and the prediction accuracy of AGB in alpine grassland was obviously improved.
From 2019 to 2021, the spatial distributions of AGB in alpine grassland were significantly different, and with higher values
in the southwestern and lower values in the eastern and northern. The average AGB of mountain meadow was slightly larger
than that of alpine meadow and swamp wetland. The AGB of alpine meadow and mountain meadow increased and then
decreased, while the swamp wetland continued a decreasing trend over the past three years. Our findings suggest that NDPI

can reflect the spatio-temporal dynamics of alpine grassland AGB on a large scale.

Key Words: alpine grassland; normalized difference phenology index; above-ground biomass; vegetation indices;

Sentinel-2

Hbu_F A b S R b A R BRI R b A 2 R GERRAE P 1) E B A, % B b A S R G RV T
Fro A A R X Uk, ER PR S AGB A BhAS ARk , i R i R A A IR B 1 )
FRE AR DT fife 5 bt S A AR A iy o o BT BB

Bt AGB T LA A8 TR S0 R 328 SRR B v AT N b T SIS B AR AR A /I R O A T M 1 AR
ARG B U A, (EL R 5 R AN SR s | 2% g T FLR S bl BT — 8 PR | e sF ) 0 23 ) AR B S R 2
SR AR 1) % Ay b b A g W RS T B ) RN s TR AR X S R LAk KR R A )
AN IR T LR ARAIE , AT AT T R A IR IR R T R S AGB 5 DRI B
[5G 3 1 e S0 B 05 — kRS 916 50 NDVIY 2 B R 35 )32 MR 5l AGB I 4 A5 4k 11 A ik 45
SR {H NDVI 5 % 5685 55 1 RIE o b e 2 5 DX A R S i 1 O T g ek S ) SR 56 2 2
FR T — Z IR KL, a0 3B B A6 K0 (Soil adjusted vegetation index, SAVI) ' | 3t R - 3 8 4 A B 4
# ( Modified soil adjusted vegetation index, MSAVI) """ | 41 1k + 3 1 4% & Ht 35 %X ( Optimized soil-adjusted
vegetation index, OSAVI) " FIH SR AV G AR 40 EVI'Y 88 45 Hsh i S 5 AGB B >0 Bk
FEECRIRIE AR (AR R I T IS ER Y, TR TR 328K i RURELRE 3 X R A [ 11 - 44
JIT LA T ) £ 3R I ANAEAE , PR 3T - SRR A AR S 50T R JC T2 08 38 WA 90 T A 1 e A 00 14
B 20T ] AR - T AR A K1 5 AT R 2 A B o A SRS A IR A 1 )

2017 4F Wang 55 A28 FFR T IH— (LY 46 50 (NDPL) |, LR o il 5 3t IX 3 2= 0 4 (0 WU B 7 . NDPT )
FH -SR0S 14 52 5T 238 MZT8,30) 3 33k 21 41 B B ( Shortwave infrared , SWIR ) 5 83 A48 Ak, | 1M 4 4% 76 5 21 40 B BE S
SRR AELT R NE 2T A B R AR A R SR A INAL) RED-SWIR 204108 NDVI i 21 % B, 3 3 i
PO BAEAFAS [RS8 4 eSS 1) RED-SWIR 414515 B A (3T 8L 28 T30 21 A0 sk BE A (R, AT il AS [] 2 78 + 358
AL ) NDPL{H#EE T, Ptk NDPI 75 5 25 9% fif 398 15 SCASFI 52 0 (39 [7] ef BLSE 7 X6l 4 g 1) s s
Xu ZE2706E NDPT R FH 2 N 52 A 522k T 52 X 5 b A 9 S 20 1) W e | 22 B0 NDPT X F 5 X 45 i
AGB (53 e HAU AR B 45 B T 5 T VR, 22 T NDPI (14 2 A5 50 7E 2 [) FT i 18] _F 34 HAT B n T 4 v
SR, 15 5 2 50 DX 5 e 5 e 7 7 L AR PR AR 2 0 T L (B % 25 5% NDPT X i JE s it | AR 4
It MR A g i — 2D BRI

YT, ANHFST LA H B 5 FE R VR B SE R4 34T GEE -5 , I Sentinel- 2 3 BB AT 4 M i 520
B, 708 NDVI L EVI SAVI NDPI 1 H (B A #3557 ( Ratio vegetation index, RVI) % 9 Fi i A 9 48 %505 v s
AGB G R R B = ZE 5 b AGB W I 1) S5 DA B 48 450, P S A e ) e b by b A= 0 B TR0 O 0 A RS 2 550
T, 5 7E S BT 11 e FE R b [ AR i W T . RS A BT 2019—2021 AT i FE B AR )RR S B A
FFAE , DA Ay 4 b 0 1t 0 V5 BRI P AN 2 2SR B2 10 Sl A5 W RN i o B2 (LRl
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1 #ES5FE

1.1 AR5

HEE R F I M M A T 8 R Bk Y M FRA B A T 100°46'—104°44'E, 33°06'—35°44'N
Z ] SRR T 3000m , S A VT HETA) 8 2 A K JRIR I FIAN 451X, 3% X @ T 3L 78 g g S K i PR A, 241
SERRIRACH 1.7°C, Toaa L, H BRI ARREZK 3R T 500mm , {H 2= 755 Fl 25 0] 430 A 25 5 b 3, R i) b 34
N BRIV A A R B AR R X, S TR MESS X, HR M IR w R H R BN E K
b I, B PO Y A PR R R, AN A B T AN 2,122 10 hm?, (5 4 M 4 H R T ALY
59.329%'%"  Eiyh FEA A AEEG B BT EL Aok iy ELRN R R ELBE PN A3 v FE ) | 1L b ) RV A i 2k
BI(ET) .
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1 HEMNRESMEMERSHE

Fig.1 Spatial distribution of sampling sites and grassland types of Gannan

1.2 Sentinel-2 R HL

Sentinel-2 45 & FH GEE “F- 53K HUHY , GEE -5 HoA 17 AL RS Ay b B %3 8] 43 1 8 7 , 5 JavaSeript 5
Python [ FFE 42 11 AT LA R BUCK: st 1] 5 81 A9 T2 TAL B . Sentinel-2 4045 2 WiAK /8 TLA (2A FiI
2B) , Hi EFEER ) 22 06 1 AR A AL S ] DG T AT A F I 4 ANAE N 13 i B B, AR IR AT TR Y
Sentinel-2 5 fy L2A G I 48 50k AR IE 19 1 328 B S 3 880 , 2508 25 [ 43 F8 % 0 10m, BF ] 43 %6 10d,
BFEF 510 2019 4F 5 H—2021 4 8 H , it GEE V-5 H 250 Sentinel-2 L2A ¥4, I 75F &5 52 BUAH G AE
R G
1.3 Hb g S Eiod

2019—2021 4F 5—8 H FiiA: K Z 1 [A], 76 H R o0 vk b 3430 A8 o A 24950 T ALK T 1kmx Tkm
AR SRR T RSV A A T AR, BB 3 4 0.5mx0.5m [FE T, PR P 25 G F6 A% b 2 R 2%
LhEE VR RS M A R DL TR 60°C HEAR HLHL T 48h 5 N & Y T B AR FR AR, 20192020 F
2021 53 PHAT AR HE 58 (18 11 4>, B Ap MR 3 AR B MEAE R 1| S5k, I 245 3] 87 J547 5k
ek, FHBNEE LR 1.50 J7 B IS A R £7 B0 X A AR B 1A
1.4 HEAEEOTA

AT MR BCT 4045 NDVI L EVI SAVI RVI NDPI . DVI MSAVI  OSAVI F1%% 3 48 4 45 %51 ( Transformed
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vegetation index , TVI) 7E PN [ 9 Fh F A0 5t b A= 9 S i R W38 80, #5276 GEE HiEH 2019—2021
4F 5—8 H B B e 5T X B Sentinel-2 L2A 77 5, 7 H g s JE g s (] R SIBAR SR 6 SR K R SR & &
i RIS, SRS i S 5 S (RN S R) AR X B A B2 B4 B8 AT B11 i BEAGTE(E, o T /M i J
b 5t R P R AR DC i 5t A 052 22, RU i e 48 5 i o A I FsF 1] % 32230 1) Senttinel- 2 SE AR A T A, 454
F 1 P RTEA ORI R R RE R, DL BRARTE GEE V5580,

£1 Eith AGB HEREEISH

Table 1 Vegetation indices for grassland AGB estimation

TR EL HHEAX 275 ik
Vegetation indices Formulas References
DVI Prir Pred Richardson and Wiegand[*")
Prir "Pred |
EVI 2.5x ' Huete!®
Prig FOXP = 7.5%py, +1
1
MSAVI 5[0 = (/23,1 P85 (py ) ) ] Qi T
Puie = (0.74%p,,,+0.26%p, ;. )
NDPI ' Wang 2281
Puiet (0.74%p,,,+0.26%p, ;. )
NDVI1 PuoicPrea) / (PriePrea) Tucker'”’
OSAVI PuivPrea) 7 (P10, +0.16) Rondeaux 2518
RVI Prir/ Pred Jordan!?!
SAVI 15X (P Prea ) / (Pris tPrea +0-5) Huete! ¢!
VI P Prea) / Pt ra) +0.5 Deering %1%/

DVI; 22{EAE B35 5 different vegetation index; EVI; 34 3 4 #% 15 %0 enhanced vegetation index; MSAVT; B KL + 58 4 % 4 B 15 3¢ modified soil
adjusted vegetation index ; NDPI; [7—{L# {548 %L normalized difference phenology index ; NDVI; JT—fb i 1% 45 %X normalized difference vegetation index;
OSAVI ik 3 HE T A B FEEL optimized soil —adjusted vegetation index; RVI: Ho{E 4 %% 76 4% ratio vegetation index; SAVI; 4= 38 1 4% At P F8 5L soil
adjusted vegetation index; TV FERAH PG EL transformed vegetation index ;py .. Pred Puic M P ST IIRFEWE (LT 3T LT RN I 21 S0 gk BE 114 3 38 S5
ARMFFTH Seninel- 2 BCHEXF B A 41 I LT AR BT AN BES A B2 B4 B8 Al Bl

1.5 BORUR HEFORS B2 o3 iy

83 fe /D 3 i 4 Al Z AR BRI E AW T E 2 R C R RGE O [ R B B SE TS AU A
AR Y e T EGE S . R —1:38 XHIE ( Leave one out cross validation, LOOCV ) Jyik % i -4
Wyt S AR (RS BE A T IEA AN Ak e FH ke i R AR R RN FIN A 34 77 A % 22 ( Root mean square error of
prediction, RMSEP ) SR 5HHIE
1.6 b AWy == (a4 Ry o B

FIFH B ST (0 T i b 2f 4 S AR AR LA S Sentinel- 2 M 36 55 R B, 454 0F9E IX FEHIZR AL A0 b
WFFEIX 2019—2021 424 K ZE R M b A= ) o 1) 25 () 53 A1 RN AR PR 3h 25 28 AL S RAAE

2 ZHREHS

21 BT IRAREA R RFE G YRS i

H R 2019—2021 452 5 st |- A= it H RS 0 A 4 R R W (3R 2) , we it b A e (g 0L 3 20
A F A e 2R i) R L ] g SR ) T Lt ) EKSRAE R0 D 53 D 34, AN [R]RE LS UM - A R
AT 281.47—4452.53kg/hm?® | H i FE F ] (14 22 A5 44 (ELM g T LL b ) L 1Ly e ) 9 B 2 A X A
155, N 944.98kg/hm® , Ui W 1L b R L A 49k 2 A MR E A5 v FE R dm) A AN [ A 073 14 L 45 SR S U o i)
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AL b R (4 3 A R AR AR AR AR, b b AR B 22 A 4 B (B 24 H BRAE 2020 4F fe/)ME H BLAE 2021
4 ANIRIRY S o FE ) 2021 4F bR 4 0 22 5% KR 1079. 63kg/hm? T L 1 55 f) 2019 4 A5 v i 22 i KN
1096.13kg/hm” , 15 B = F€ B4R 7E 2021 A8 AR 8 e A, T LU B ) 78 2019 4F38 sh i e de K, 2019 4E 34 {E AR
X /IN SRR SR 2019 4F AR A I 8] A7 5—9 H 73,2020 Fil 2021 A=A HHE 8 H 1y,

®2 20192021 FHESES i F £ BT EMNESITHTER

Table 2 Observed AGB of alpine grassland in Gannan during 2019—2021
Ho_E2E YR WM Observed AGB/ (kg/hm?)

B S A AR
Grassland types Years Samples F-HE S5 ON] e/ ME P B 22
Average Maximum Minimum Standard deviation

HIERA 2019 34 2257.38 4275.07 604.72 906.73

Alpine meadow 2020 12 2673.84 3953.20 1797.07 652.91
2021 7 2097.60 3652.40 775.20 1079.63
2019—2021 53 2330.57 4275.07 604.72 885.68

L A 2019 24 2147.71 4452.53 281.47 1096.13

Mountain meadow 2020 6 2274.29 2796.93 1605.47 420.93
2021 4 1694.60 1885.60 1532.80 145.04
2019—2021 34 2116.74 4452.53 281.47 944.98

2.2 Hb BARYEETRA E S A RV

ARG LSBT RER T 9 Pl AR DR B0 S b LAY TR ARG (R 3) o WFRTES SRR B Ay
H5 0 M W FE B 1Al Y pe il BB RPIE A 0.37—0.72, TN AE 4 5 MR 1% 2% RMSEP {4 T 577.83—
772.07kg/hm’ . Hor Hb A &S NDPL Z M F) RME AR, RMSEP {4235 fie/)y, ULEH NDPI X A= 9 i i
T T HoAh ] AR B H8 55, 0 D 21 AN B S b R 9t S O AR, NDVI AT TV b 1 A= ) 1 A4 B8RS i
ALY T NDPI, 1 # | A= #1 55 OSAVI SAVI I MSAVI (L4 RCR AR, S i RO R i 22 1945 8 EVI I
DVI, HEAIRIRGE AL A B, R RS A 1) Ak S50 88 de vy, LR O i RO RY | A2 ARG BSOR A 1) Aok S0 1)
A%, PRI, B E T NDPT 36 T b 8 0 e e il o b b A 9 BT R 78 (] 2) , 1) SPSS 4 [ 1 A 784
A TSE, S SHIE T BB R, R = ZE R 2B 4 1) WA ARy

AGB=5362.27xNDpP1"*""®

AP AGB g Eiih /= W) (kg/hm?) ,NDPI 0 — e da £,

®3 Eit EEMEMEFEREEITNER(n=87)

Table 3 Performance of the regression models of grassland AGB (n=87)

S PERD ] AP TR

TR Linear Exponential Logarithmic Power

Vegeiation indices R? RMSEP R? RMSEP R? RMSEP R? RMSEP
DVI 0.41 694.98 0.41 718.77 0.40 702.23 0.42 705.29
EVI 0.39 706.04 0.42 725.25 0.37 715.77 0.43 715.62
MSAVI 0.50 642.61 0.52 668.62 0.48 654.03 0.53 650.04
NDPI 0.59 577.83 0.69 596.25 0.57 594.95 0.72 579.61
NDVI 0.55 610.30 0.68 614.33 0.52 626.54 0.68 607.46
OSAVI 0.54 613.33 0.62 617.19 0.51 634.48 0.62 610.69
RVI 0.45 671.03 0.45 772.07 0.54 612.22 0.61 672.89
SAVI 0.49 643.92 0.53 662.01 0.47 657.44 0.54 649.30
VI 0.54 617.15 0.68 609.49 0.53 622.63 0.68 607.85

R [l AR ) e a2 2 %0 ; RMSEP : TN 434 iR 22 root mean square error of prediction ; 45 A5 Fil (15 S o L B4 2 5 AR A2 22 | L7 O
kg/hm?
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2.3 FICHHLHD 1A RS R R AT = s

A FH ST 04 b 1A 4y SRS RS R NDPT 8 48, £k Eg 1000 y= 5362275478 ° %
B 2019—2021 4Fislty EAMIRET V963 =2 e .S
20192021 4 H BB RIL AR FE ) zzg;iggs
2272.12kg/hm®  ZS (A0 A 22 A . P g s i By R 2 &g
B |- 49 S T ik 4245.68ke/hm? , 75 B B j 1000 Pt
b 3 B M | A W B/ IME AU 0.10kg/hm®, 24 < % 0.2 0.4 0.6 0.8 1.0
5% R B2 /N T 1000kg/hm® , 25253 Afi 734 Nomalizedu?irffg/r[feqﬁffjfe%)logy index
ittt B P R S 22 A A VT L AR Y v Ve AR kb X M _

1 21.2% , 253 A A6 35 il B a8 S =2 T B AR R
IV B 58 N 5 60% LA I 1) 5 b | A ) 4 F 2000—
3000 kg/hm’ Z [, 8. 6% 1) B Hiy 7™ H i j# #F 3000kg/
hm? A rf oA A2 il B AC R A ith 2 B b X, A
) B 2T (g 1l b AR et s SRR (R 4) 3 Pl
HIZEHY 2019—2021 4FF- 34 1 I A= W AH 25 A K, L b
F RIS T v FE R AR) FIVE R 5 3 AR (1] L1 b ) 1 5y FE /T
S AR B2 25 0L, TR B I AR AR R /N

ARRAE D B H M 12 0 0L % (P ) L
2019 5 2020 45 H 1 5 96 % 4o My |- 2 ) KW 47 4 |

2021 4EH FAEYE R R 2163.51kg/hm? 5 1L b 3 fa) £l
RIS AR S s e, B3 00 ERRR LR RTES £ AE2A0 %

\ e N o L
%%m%f}%iﬁn}a {}ﬁ//l\ E"J%% s i {%Eﬂﬂi’i&ii%ﬁﬁlﬂ & Fig.3 The spatial distribution pattern of annual average AGB
}y'l]jéj%gi 5%155 E@ﬂé?}‘ R during 2019 to 2021

R4 20192021 ERRFEMER S FEMBETESFFHE
Table 4 The annual average AGB of different grassland types during 2019 to 2021

TR M AR i e 22
Grassland types AGB/ (kg/hm?) Standard deviation/ ( kg/hm?)
111 #i %5 4] Mountain meadow 2363.48 651.60
i FEH A Alpine meadow 2218.59 652.26
A Swamp wetland 2276.06 481.48

3 itig

3.1 HE B SR NT Wa A AR 1) 5 i)

R T GBS IR A B S A b A ) S AR R B RS ASTIF S A3 BT T e R ) 1 Ly b ) b A
SRR B A (R 5) o S5, A S b R g b A= ik 55 AN [ e e 1 50 T e ke
AB RV R 0.26—0.82, FUN{E 4 7 R 1% 2% RMSEP {HA T 533.58—943.18kg/hm’ , NDPI 7E A 7] 1 1y 2 7Y
Hh ) R B A (RPME Bk, RMSEP {30 /N ) , NDPIL 75 A [6) 55 s 2 0 b A i A 3 v A T A R
Fe8 ., [RIn T R B L b ) A Ay e S TR TR R L T v FE R ) 3 BN (] e A TR W A R [ A 2
S A B b SR R A AR AL 14 Ry S A A | A, 3R WY Sfe B AR AE T e e FE b M, b A i RO B —
IZALRE T, (AN B TR (R B R AL T+ S A AN (L S)
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3.2 NDPI fi% AGB B3

NDPI BB TR e R A IR E oo D s
S NDPLRF L4 S B A B S2
HREFE, R RED-SWIR HYANABURIIUE NDVI A Y213 %E 20 | 7]
B M4 MODIS S R 5, 5007 TR £ 2%
AR R IR, RO T 0, &
SR R IR S S R R+ iy Nppr 2 oo LAt 1 e | L

(E 36 T2 AR B NDPT (5 00 % 55 3 3 X 26725 A Year

NDPLE/ME T ARSI LREZ 2258, AR ma 2010—200 g ren T EERELHE

ST R ITASUX Sy, NN ROV XI5 Figd  The inter-annual variability of grassland AGB during 2019
AV ) ], BB R VA M S A B R 2R T ], fdln e 2021

NDPT 75503 3y 1 A 4y i (0 £ 5 A5 3 iy e 377

AAHFE T & B, NDPI 7 (i FERT b b - A 4 1) W D rh 200 T At i FH B9 AR B 5 8%, 3X £ 2802 i T NDPI i
8 2 AR - S0 S o M R A R e, A9 S S 3R DAL 8 3 g 21 A B = B i 44, NDPT A
T — R AR SR T RED-SWIR P B B INAUS A %, i 13 RED-SWIR i BEMAL Sz S A F2 i o 21
S BAE, T+ 580 NDPI B4R T2 B 1 - 0T S s i 2 i

£S5 TREMM EEYEDOFREEEITNER

Table 5 Performance of the regression models for different grassland AGB

" M5 LRI TR X B R Fem il
}rﬁf)ﬁ;@bﬂ Vegetation Linear Exponential Logarithmic Power
Vegetation types .o

indices R? RMSEP R? RMSEP R? RMSEP R? RMSEP
1o FE A7) DVI 0.33 716.85 0.34 726.96 0.32 724.57 0.34 726.01
Alpine meadow(n=53) EVI 0.28 747.74 0.30 760.47 0.26 756.00 0.29 758.63
MSAVI 0.41 672.71 0.43 683.39 0.39 685.35 0.43 679.46
NDPI 0.50 618.17 0.56 629.92 0.49 626.97 0.57 621.65
NDVI 0.47 641.12 0.56 642.72 0.45 651.78 0.56 641.18
OSAVI 0.45 652.34 0.51 649.00 0.41 672.77 0.49 652.71
RVI 0.40 681.55 0.42 737.35 0.47 641.38 0.53 673.43
SAVI 0.41 675.54 0.42 681.28 0.38 689.83 0.43 681.02
TVI 0.46 645.73 0.56 641.16 0.45 649.33 0.56 640.97
Ll A DVI 0.45 693.87 0.43 774.16 0.44 699.67 0.46 708.34
Mountain meadow (n=34) EVI 0.51 650.31 0.53 710.84 0.51 655.63 0.58 662.27
MSAVI 0.56 618.96 0.57 699.48 0.54 629.59 0.62 629.92
NDPI 0.66 541.77 0.78 559.75 0.63 571.13 0.82 533.58
NDVI 0.60 591.83 0.76 593.99 0.56 621.33 0.76 576.89
OSAVI 0.62 572.99 0.73 597.10 0.58 605.71 0.74 562.56
RVI 0.44 699.86 0.42 943.18 0.59 595.18 0.67 723.84
SAVI 0.56 616.63 0.61 681.39 0.54 631.42 0.64 625.15
TVI 0.58 604.50 0.76 582.45 0.57 614.31 0.76 578.20

[FEE, NDPT A5 — & SRR . o J& NDPI ()22 R4, Bl )8 15 RED-SWIR A9 A S S 5 R B AR Y 5%
SHEWE S AR, BARTEARIZE P 2Y «=0.74 I}, NDPI WS T &Y 45 R (5 a=0.74 /241 % MODIS %%
i 7 bR SR 2] 14, AN ] g e SRR B Y T i 1 PR B LA — B 25 5, I = 0.74 B93X —BUE FT fE
IEATE F T B AT 8 BB . TRIA, 5 NDVI 2R b A W i 4 s i, NDPT B AFZE R R B4, DA b 4 )
JEHET NDPI st BA Yy WF 8 R D (B2 [ 8, 764 J5 IBIESR | F5 B2 4565 T 2 1 IR R PRI AN
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