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Mixed pixel analysis to detect the tender green and autumn colour

using GCOM-C1
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Abstract

In recent years, issues such as sea level rise, heavy rainfall and flooding, and the loss of
terrestrial ecosystems, caused by global warming and deforestation, have been of increasing
concern. Plant phenology is highly sensitive to climate and environmental changes, and it is
believed that by observing its progression along with temperature trends, it is possible to
make highly accurate predictions of the impacts of global warming. Understanding the
current state of climate change and predicting its future impacts are crucial for discussing
international environmental policies. Satellite observation is generally considered the most
effective method for globally monitoring vegetation phenology. Observations have been
continuously conducted across national borders, beginning with the United States'
NOAA/AVHRR satellite.

At the Laboratory of Geomatics Information Processing Engineering at Kochi University of
Technology, we have utilized data from the SGLI sensor on the Earth observation satellite
GCOM-C1, launched by JAXA , to create tender green and autumn colour progression maps
for vegetation analysis in Shikoku. GCOM-C1 is capable of uniformly acquiring global
observation data with wide observation swaths and high-frequency observations from the
same orbital path.

Although many satellites provide higher-resolution observation data than GCOM-C1,
there is a trade-off between resolution and observation width. The data transfer speed
becomes a bottleneck when transferring observed data to ground stations, meaning that
acquiring high-resolution data results in a narrower observation width. Currently, it is not
feasible to acquire high-resolution, high-frequency, and uniform data simultaneously.

Therefore, at present, GCOM-C1’s observation data, which is extensive, frequent, and
uniform, is superior for vegetation phenology observation. However, since GCOM-C1 has a
spatial resolution of 250 m, observations are conducted at the community level. As a result,
at the boundaries between different plant communities or between forests and flatlands,
multiple land cover types are included within a single pixel, leading to a mixed-pixel state.

The reflectance coefficient of a land cover can be expressed as a linear combination of the
reflectance coefficients of its land cover components and their respective areas within the
pixel. The calculated reflectance coefficient of a land cover corresponds to the reflectance of
a pure pixel. To determine this reflectance coefficient, at least n bands of reflectance
coefficients are required when classifying n types of land cover. However, tender green and
autumn colour maps are created using NDVI values derived from only two bands: the red
band in the visible spectrum and the near-infrared band. In both previous studies that

established NDVI thresholds representing the leafing status of deciduous trees and new
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analytical methods, two bands were consistently used for simplicity. Therefore, this study
aims to develop a mixed pixel analysis method that uses multiple pixels instead of n bands
per pixel to determine land cover reflectance coefficients.

Using multiple pixels in mixed pixel analysis, the NDVI value was derived from the
reflectance of pure pixels containing only deciduous trees. By comparing these values with
the NDVI values of pixels that were closest to pure deciduous pixels, having at least 80%
deciduous tree coverage, derived from GCOM-C1’s 8-day statistical data, it was
demonstrated that the mixed pixel analysis method using multiple pixels is effective in
extracting pure surface reflectance from GCOM-C1’s mixed-pixel state pixels. However,
mixed pixel analysis allows for tender green and autumn colour determination across entire
training areas but does not enable determination at the single-pixel level.

To address this limitation and determine tender green and autumn colour timing for each
pixel, we attempted a method that corrects NDVI based on the deciduous tree ratio per
GCOM-C1 pixel, derived during mixed pixel analysis, to estimate the NDVI of pure
deciduous pixels. This approach eliminated clear misclassifications in the tender green and
autumn colour maps by accounting for pixels mistakenly classified as defoliated in the final
week, where evergreen trees influenced NDVI, preventing it from fully declining during the
defoliation period. The validity of the classification results obtained by correcting NDVI
using the deciduous tree ratio per GCOM-C1 pixel indicates that further improvement in
tender green and autumn colour map accuracy can be achieved by utilizing high-resolution
land cover data.

In this study, we established the relationship between the deciduous tree ratio and NDVI,
estimating the NDVI of purely deciduous pixels for individual pixels. This relationship also
allows for the estimation of the deciduous tree ratio from NDVI. However, the relationship
between the deciduous tree ratio and NDVI is significantly influenced by elevation. As leaf
shedding patterns vary with elevation, the training areas used in this study were limited and
cannot be assumed to represent the entire study area. Determining when deciduous trees
shed their leaves requires new threshold settings, making it currently difficult to develop a
method that does not require deciduous tree ratio information. The accuracy of the tender
green and autumn colour maps is still insufficient, and to further validate them, high-

accuracy land cover data creation is necessary.
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SGLI channels
Al M ] L | Lo [SRatlsd|  FOV

: VN,P,SW: | WP,
CH [ vn.p, sw.am Wim2/sripm | SW:SNR

Tpm T Kehin | TNEAT
VN1 | 380] 10 | 60 | 210 | 250 | 2501000
VN2 | 412] 10 | 75 | 250 | 400 | 2501000
VN3 | 443| 10 | 64 | 400 | 300 | 2501000
VN4 | 490| 10 | 53 | 120 | 400 | 2501000
VN5 | 530] 20 | 41 | 350 | 250 | 2501000
VN6 | 565| 20 | 33 | 90 | 400 | 25011000
UN7 | 6735] 20 | 23 | 62| 400 | 2501000
VN8 | 6735] 20 | 25 | 210 | 250 | 2501000
VN9 | 763| 12 | 40 | 350 | 1200 | 2501000

VN10 | 8685 | 20 8 30 400 25011000
VN11| 8685 | 20 30 300 200 2501000
P1 | 6735] 20 25 250 250 1000
P2 | 8685 20 30 300 250 1000

SW1| 1050 | 20 57 248 500 1000
Sw2 | 1380 20 8 103 150 1000
SW3 | 1630 | 200 3 50 57 25011000
SW4 | 2210 | 50 19 20 211 1000

™ 108 | 07 300 340 02 [250/500/1000
T2 120 07 300 340 02 [250/500/1000

A: Wavelength L_std: Standardradiance SNR: Signal to Noiseratio
AA: Wavelengthwidth  L_max: maxradiance IFOV: Instantaneous Field Of View
NEAT: Noise Equivalent Temperature Difference
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WEZ %R Y 7 & LT, AT O D OFHE « ALIERE~ v 72 ER L T& 1=,

AT & VR IERT O A5 BEHIVEEH O B )~ O W IERT O E TEREOBIEARE L, WEOHE
Rt U 7 2. 1HEMO NDVI OZ(LEBV, SEMEES O v N FEEFELEZ
Z L CHBEALTOFRAIED X A I v 72 HEE FRRIC L2 [EA, 2021]. Lo, R
\ZX 0 NDVLIZ ) A AD3EAET D EREENMET T 5 70 EifER k- 7.

ZITC, BEMEEZRNE LT, BlZLd /A XemE 7 — Y =B A2 VTR L7z,
ZHICED, BT L OFRAEOX A I T ERHTED L1, BZEOEfbDKZE
WEIARDFIREALIED ¥ A I v 7 %3 L3 <, BER Rico>7end o 72 R, 2022].

L L7 b, BUR, Bk - fLEERGE~ » 7 OWREN R EERRENST 2 TRV, FEEERGE
DEGCHEE 2 WFIAE LTt GCOM-C1 & [F Utttz o o 28 L, B
FIEAFUC, EHMICAAR EZE4miE L, ZEM0MEED GCOM-Cl L0 @V 2N T
LW EndbFons.

F72, GCOM-C1 OZERI43REEIL 250 m 72 DT, B Z & OB >TLEW, R
LEEE OB, UK & EHIE OB RAUIC BN T I 7B kEEE 2> T LE WK 1.3),
a7 7BV TORPEEZRDODZENRETHDL Z ERFT oD, ZOMBEIZED,
BUR DL « FLE~ » 72T, HEBTHD LHESNZICHBEL LT 12 HOKKEE T
FEE/HIE LWL HESNIZE 7 BAVRETELNI-E 7 BV BRIEL TRZIT OND.
BLR o0 U [E 48 T Ok - ALEE~ > 7(2018 ) DB # K 1.4 12, BUROFHRE - flE~ >~
ICTHRWE 7 BANRE R IND, AR RERHIAER LZKEZR 1.5 12777, Zh
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— IS, OB 7B X BEIE, AN AT ML CYEICE D, £
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2R D, BHEFEHEICR LT, 27 B VIT 2T WIS O Y 2 7 B B L TO R
EHEE L, BT ISRk - ALEREIOFEAAT S 2 & TRILT 5 2 LA HIEE 35, Lol
— AR X T B VRITIZ LB R BLI N . RECR IR T E Ao\ ARBIFSE TR {8 7 FIEBH
ZEEL L, ZNETOMEMELE L TET LN EERED NDVI BEE2EHAT S &0
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LIRS RO 2 ROBLT, 27K LTI 7 BT FEEZRY A2
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=2 EHAWT, BORBERDIRL DR LEEBREEK LI LOTH D, AR TIL S
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OOfETHRELND. Flz, L-yL 2 a7 MIBRZT VA A N v 7 #IEN Tz
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va— RK&E{To72.7—4%1% HDF B TT7—h A4 78 TEY, XU RIEICHETSZ
EMNTE D, (2024 4 12 ABI(E, G-Portal AV —E R &fZIELTEY, [ L& ZWEEFFFTP
T4~ TRABEZETRSoTND)

2.2 JEREZS

G-Portal /n 640 v — B UTHERL L 72 BHG TR 1ED EQA RIEICHE > TH A L T &1
XE T ST D, REFFREORIGT Y 7 CTh 5 MEMEE D % 4 VFEFIX 05629 & 72> T
L. T, EEEMRETO LRV, AHETHEDIL D EER & EA HE CRHA
MNTE DL LT EEEBRAILZ GCOM-CT—4FIH N> R7 v Z[1ICRE#H I N TV D
EAX AT U CEARAEE A 1T\ geotiff FEAUCERAT L7z, JEAEZSHAAT O EQA KIIE TR I
72 VN10 DR 2 X 2. 11T, JEIEEZSHEE 0O - E 4 IR R 4 52 TR S 472 WN10 DG 2 X
2.2 |[ZRT.
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2.3 MY FHAL & FEElTo NDVI 21L& otz

NTHERO T 0350 LT 5 G EITOERSSHITE, KREDFEL T TV D A
HTIEENGDORBEZ /NS T 572K (a) Z WV CTIEBYE ST RICEH T 5 0B 21T
2o AR OERKIZIZ VN2, VN3, VN6, VN7, VN8, VN10, VN11 OF 7 /N R4 ff
AL, R0 BONT) ERgh N R (INLO) OIER LA 1T - 7.
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Re: IEHAERCS R Ie! TR
NAfERANN R i FEF
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FEHULEIT o T KO F — % % FC NDVIGEBULRAERSE) 28 L, Ao
Bk ML~y I Uiz, —RICHRTREIG 2 AV 7o AEMAT 21X, NDVI, EVI (JEER
AFERE) | REHEEZR RV S AD, NDVI A3 bk AE <, PEIERT O 5 SERRE 4 E
FTHOIZHE L TWD EHE L7z, NDVI OEFEREZRX(bIRT. E7o, BEBOELE - %
TR EOBROBEIL NDVI = 0.75 L% E L TRV, ZhiX 2021 4 ma TR BRL
DOHF%E T, GCOM-C1 LY 5 REED E W Sentinel2 OEE 2 BoRT — X 122 AW THRESHS
n7=[9]. X 2.3 1SRRI HE kS & TEEER O NDVI OFZD 7 T 7 %R,

Re(VN10)—Re(VN7) (b)

NDVI = Re(VN10)+Re(VN7)
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ZITCREER EEZHNE LT/ A RAREEIT o7 IR, 2022]. /A XBREIZIE
Python @ NumPy 7 A 77 U i H L CEE 7 — VU =284 (FFT) %34T L. Fr€ O JEFEL
NEI Y R LTz, ZOBE, REEZR EXE5720C, 3 FERO NDVI 7 —Z 2B\ T, JHH
DI E /A AL LTRRE Lz, BERMIZIE, EREFIZL TR 122 H L TOE %o
Ry E ) ARERR L, TNERETDHZ LT, AMOENT —XORMOREER LZ, =
ZC, BAHENIERRIM e T — 2 oL AR L, NDVI OZGIZE D EOFWIR N EET
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LA R 7 RN ORISR U TIIEE AR Ok 2R, 7R £, mREESIROE
BICALET S 25, Thehno BN Zx# e LZ(K 3.2). [WEOESIZEnTh, =
FED 1900m, BB AR 1500m, #5703 1200m & 72> TWD . k5= ) 7 O EH
ML, 26 OUTEEZICAIFROM R TH HEEBMMN S R Tl &, £z, FRE
(BN R ZTEY, 040 L OV DB T HI 8 2 BRI HIR T 5 2 LR TEX 5720 T
H5.

Bl 7 — %1% QGIS T, Google Earth DR A 5l B TR Y T 2{F L7z, R Y
TUEAERRT DITH T - T, BIMUTAT o 7ofRBRIFIEF KIS o 72, RY T ZERk L 74
FHIX, =U 7 Z&IZ, GCOM-C1 @ pixel(250m 77 fi#fE) % 6 X6 O 36pixel 73 CTH VD, ZDEE
OFEE AL, TSR - Wit - 5 - K- T AT 7L MEK - i =7 U—h
ANTHoFt 8 FiL L7=(3 3.1). 33,3435 IZEBMER LAY Sz L B HEhT —
AT,

3.2 X 7RIV OEEGT — 2 ek ) T
(5 #:1% Google Earth 1 v i)
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32 V=T 3IJAFx¥x—FT I

AL TIE, I 7 BAHTICY =7 X7 AF ¥ ET VM L7Z. GCOM-C1 ZhEh D
BEEEAEIE, ANV T OmEEEZ HWIHEREROEMEIGE b LI FaIcip A iAER
(E)TRTZENTED., KAMREITE 3.2 THREERELOXLERLTND., —DD/R Y
RCHERRBEZEIT S LT, 72 SADE 7 BV EFIH L= 2 & T EIT 36 B 27 E(X 3.6)),
K ZHWTHEEBHEO MR EHET 2 2 LN TE 5. — KIS, 7 BABHTIZEWY
TGRS Z RO BRI, N2 R OMEENE WIS SIIMR AL E & 7o 0 #N FRAT
KRODHZEICHENEL D, 2054, FHEOmEREZD LT 22 bsERn s, kb
FREHEOMIES bOEET, 4720 OFERHCLNDE ZENRZW. LNLBRRLAR
FIED T2k Th HHEWIE, IO IR S RORST &GEIR S RO REHITF BN
EAERLNR. 2D, ARFFECE W IR EHREOHEE ORI SR E V5
L THERDDZEINTED.

Fo, AT 17 AT EOKSFEEA OEEFHEOHEEIZ, QGIS ETIER LAY
T Im> DT AZITEHL, QGIS LD Y — Uit &Y — L& W TR R A E S &
7o R SNEEB OEBEEA KV ER L, i) 7ICR A% EME~ Y 7 E X
3.7,3.8,3.9 \ZT. LLEOFIEICK Y, 7 BMHTIZTERI N> R NIR, VR 2R 5
VN10, VN7 DR E A HEE L7z

Re(VN10)= aq x;+a; x, + -+ +ag Xg
Re(VN7) - b1 x1+b2 x2+“'+b8 x8 (C)
R, : EHILHR a,b: REMRE x: BREZROEE
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33 V=7 3I27RAF ¥ —FTNDENHEE
331 V=7 I7AF ¥ —ETNVDREHER

ST RENTIC L > THEE SNTMEDORENERN TH D0 E MR T L7201, V=713
I AF ¥ BT IVOREEWREIT o7, HRIZIE, HAEOHEI=) 7TE2TOE 7 /L 36
V7B TOMERE, BT ) 7 ORLHE T 145 46 B TOMER, 280 OFIETIT-
7.

FTHDOIC, HIEOHAIT Y TETOE 7L 36 B /L TOWRRTH DN, R
B 202344 A 15 A5 22 A, WOY T1512472%5& L7=. [ 3.10 ([ NIR 3 R
(2R L TAT o T8 R & R N RIS L CIT o 7B R 2R T, 77 73R Y =
VAR UTe U TR D =4E, SRR, RART, 77 7 ok GCOMC-1 %
B (RCFR), fitllE 2 7 B VBTG & 72 NIR X R E R X ROHEEE (RO =R)
Lo TWD ., K ROIEFIITEY Z AN Tn5 729, NIR X2 ROfEIL 0.0 25 4.0 &
o TN,

75 7 DROEIZHOWTHAT S &, NIR S RTO, $k03F, BAFRD T T 712N T
kB - ATHIOEENDE 7 B ThHoTz, THITE R E OB L » T Htigls ok
kR oTzBEZE 25D, RAY RTIE, $$BF0o= ) 7T E)Iao e 7 'y, 1223
HROTYTICANTIHOE 7 RV THEND T, 2K LTH Lm0 Eic L 55
BThHHEEZOND.

W, A=) 7 OfL ST 145 46 B TOMGRTH 5. K 3.11 12 NIR /S RISk
L TCAT o T2 EsBAE R & R NV RICR L THT » 7o B R 2 m .

ZHLBERC, 77 7 ORMEIZOW T T %, NIR SR, RAV RBETO, (1
BMOFODORA Y MIXAFEOMBZIZLD2bDOTHSL Z EWRSNT. £72, R RV FT
X, SRS, BELETHEEARVWKERKOEERNLLNT.

VoA 7 vy MK 3.10,3.11 28 x=y ORI KT #i-> T\ D720, 4 EEH L=
V=T I AF XY ET VIR RIHEHATELRETHL LMLz, LoT, 27 LE
B & 0 HEE SN EER O EN ORIE~ » T E2ERT 5.
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