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Table 1 The irrigation treatments of PSR . PSR
selected experimental areas 339, 20~2 501 89 nm. Hyperion 355, 59
Number Irrigation treatment ~2 577 08 nm. Hyperion
1 before sowing(60 kg) ) (2 501 89~
2 before sowing(30 kg) —+before freezing(30 kg) 2 577 08 nm) . Hyperion 234 .
3 before sowing(30 kg) + before freezing(30 kg) +at e~
recting stage(60 kg) +flowering stage(60 kg)
A before sowing (30 kg) + before freezing (30 kg) + 2

jointing stage(60 kg) +flowering stage(60 kg)
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Table 2 Spectral indices used in this study
Spectral index Formulation
NDVI NDVI= (Ryir —Rr)/(Rxig +Rg)
MCARI/OSAVI MCARI/OSAVI= [((Iffofﬁjf’gz}{;:i iif{jﬁ& éiflg:ffof%;) "
TVI TVI=0. 5X[120X (GR750 — Rs50) —200 X (Rg70 — R350 G) ]+
VIUPD VIUPD=(C,—0. 1C;—C;) /(Cy+Cy+CyH0:10]
Landsat—TM?7 Hyperion
. NDVI Rwr Rk . (Rus  Ruso)
T™™4  TM3 ; TVI Rsso« Reo Ruso s bl
TM2, TM3 TMA4 ;s MCARI/OSAVI Hyperion 550, 705 750 nm
Ris0 s Rsno Rsoo TM2, TM3 TM4 , TM , 548 559 nm
700 nm s Rss » 701 711 nm
TM3 TM4 Ry 3 VIUPD Ri;p5» 752 nm R0 . NDVI
, VIUPD ™ Rur R Riso Ryps3 TVI
VIUPD-TM. coe, 1.3 Rso Riso Hyperion
™ ™ VI- Rsz Rz Riso Rss Rsso ;
UPD Lo.10], matlab . MCARI Rss0 Ris Ruso
3, ; VIUPD . VIUPD
Table 3 The formulas of four spectral indices after resampling to TM
Spectral index Formulation
NDVIrum NDVIry = (TM, —TM;)/(TM, +TMj)
TVItum TVI=0. 5X[120 X (TM; —TM;)—200X (TM; —TM;) ]
MCARI/OSAVIpy MCARL OSAVI [ (7TM‘§§TML—TM3 )~ 2x MM, ) JCCTM TV 2TV,
: : - (140 16) (TM; —TM;) /(TM, +TM;3F-0. 16)
VIUPDum VIUPD=(C,—0. 1C,—C,) /(Cy+C,+Cy)

Table 4 The formulas of four spectral indices after resampling to Hyperion

Spectral index Formulation
NDVIHypmm NDVIHy.mmn = (R750 —R7os )/ (R7s0 +R7u3 )
T VTiiyperion TVInyperion=0. 5X[120 X (R752 — (R315 T Rs59) /2) — 200 X (Rg71 — (Rsus + Rs59) /2) ]
MCARI/OSA Vi, perion MCARI/OSA Vlityperion = [(R750 —R705) — 0. 2X (R750 — R350) J(R750 / R705)

(140 16) (R750 —R705) / (Rys0 +Raos +0. 16)
VIUPDyperion VIUPD=(C,—0. 1C;—Cy)/(Cy +C,+Cy)
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Hyperion Hyperion RMSE = «/M ; [Z*(S) — Z(S)H T (2)
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Table 5 The statistical characteristics of relative 1 2 ™™
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- ; VIUPD (R 0. 82,
Note: SD: standard deviation; SE: standard error; SN: sample num- RMSE = 0. 92SPAD), NDVI (R* =079, RMSE =
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Fig 1 The regression relationship between the four spectral

indices and cholorophyll based on simulated TM data
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Fig 2 The regression relationship between the four spectral indices
and cholorophyll based on simulated Hyperion data
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Research on Accuracy and Stability of Inversing Vegetation Chlorophyll
Content by Spectral Index Method
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Abstract Spectral index method was widely applied to the inversion of crop chlorophyll content. In the present study, PSR3500
spectrometer and SPAD-502 chlorophyll fluorometer were used to acquire the spectrum and relative chlorophyll content (SPAD
value) of winter wheat leaves on May 2nd 2013 when it was at the jointing stage of winter wheat. Then the measured spectra
were resampled to simulate TM multispectral data and Hyperion hyperspectral data respectively, using the Gaussian spectral re-
sponse function. We chose four typical spectral indices including normalized difference vegetation index (NDVI), triangle vegeta-
tion index (TVID), the ratio of modified transformed chlorophyll absorption ratio index(MCARID to optimized soil adjusted vege-
tation index(OSAVID) (MCARI/OSAVD and vegetation index based on universal pattern decomposition (VIUPD), which were
constructed with the feature bands sensitive to the vegetation chlorophyll. After calculating these spectral indices based on the
resampling TM and Hyperion data, the regression equation between spectral indices and chlorophyll content was established. For
TM, the result indicates that VIUPD has the best correlation with chlorophyll (R* = 0. 819 7) followed by NDVI (R* =
0. 791 8), while MCARI/OSAVTI and TVI also show a good correlation with R? higher than 0. 5. For the simulated Hyperion da-
ta, VIUPD again ranks first with R*=0. 817 1, followed by MCARI/OSAVI (R*=0. 658 6), while NDVI and TVI show very
low values with R? less than 0. 2. Tt was demonstrated that VIUPD has the best accuracy and stability to estimate chlorophyll of
winter wheat whether using simulated TM data or Hyperion data, which reaffirms that VIUPD is comparatively sensor inde-
pendent. The chlorophyll estimation accuracy and stability of MCARI/OSAVT also works well, partly because OSAVT could re-
duce the influence of backgrounds. Two broadband spectral indices NDVI and TVI are weak for the chlorophyll estimation of
simulated Hyperion data mainly because of their dependence on few bands and the strong influence of atmosphere, solar altitude,
viewing angle of sensor, background and so on. In conclusion, the stability and consistency of chlorophyll estimation is equally

important to the estimation accuracy by spectral index method. VIUPD introduced in the study has the best performance to esti-
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mate winter wheat chlorophyll, which illustrates its potential ability in the area of estimating vegetation biochemical parameters.

Keywords Spectral resampling; Spectral indices; Inversion of chlorophyll content; Regression analysis; Inversion accuracy and

stability
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