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PRIMULAS ver.11.12 ICB 112 EE =
1. phenological stage IZDWTDIADIEIE
PRIMULAS ver.11.09+ 11.10 Tl&. phenological stage D& %% GRASS Ti7HE. &4AEDH %,
FTART 2000 FEDLRRT —REF AL BEREIRIZUTUE L WIIAZIBL TN 2720, BB UZEDR
KT —ARI2FD< phenolodgical stage BWIELS XN TN o72, Ver.11.12 Tl 198240520024
FTOLRLET—XIZHD< phenoligical stage & H 3 ISIMEIEZIT /2,

2. vegetation type “Srubs and bare ground” (2B B H 1T —XDIADETIE

A%, “LSP_TKY_LF_2010_0802_Qc_sun.txt” D7 —X=H T RELIA% ver.11.09 BL
ver.11.10 TIXi#A->T“LSP_QHB_LF_2010_0802_Qc_sun.txt” ¥ L TLE>THY, T—2HH 1IN
WARBEIZR STV 220, TNEBIEL -,

3. I 1600-2500 nm DT —ZDEM( “deciduous broad leaf” and “crop” M)

PRIMULAS Dt S EIXFRIX N EHEED 53 SR TH D03, HIE I H U720 BRGIROMEE |,
1600 nm LV EWIFEIZODWTIRHIE TETOEMNS72, Ver.11.12 T, “deciduous broad leaf” and
“crop” DATIEH DM, HEED /3 EFFEET I PROSPECT D50 Yo I iR - E i R4 HE e U, EilfE
(350-1600 nm) & ETIVHEEME (1600-2500 nm) Z#l &8 72 350-2500 nm D W HT =R - FEE K%
HAEE U,

Algorithm Outline

PRIMULAS (Plant Reflectance/transmittance Induce ModUle for LAnd Surface observation) &,
BEROMEZEDREE - REIZBI) EEDE-DOY TO, 18 53 DR DT DD EAL D 5 ekt (5 &t
RELIFRE)Z2H N TEET IV THD, PRIMULAS ver. 11.10 Tl HIED D KR - B =% H
T5,

Year, DOY, $8FF, £X&F

|

BEDIICR S - EBE

RFHTR
BREkE

Vegetation map

Phenological stage

1. PRIMULAS IZEIFBMEZED 53 3R - E @R A g D70 —F ¥ —h

fEEED /Y ET R - B ERIL, ORI O functional type (Z& > TAREIL EARD, /-, —fIZEIXZD
phenological stage IZJGUT, &/KE, 70074 07 /A RARY D1 &8, LMA (leaf mass area) 2&
NEALT D (X 2), ZNHDEALZRIZREDENE, DK F KRB IOEERIIKEIGEETLIEIN
% (Jacquemoud and Baret 1990), B MEZED YK G K - B iR E KREISFH LA TDH(X2), £ZT
PRIMULAS ver.11.12 Tl&, £ROFEESFHI Y S HEDE ZTNTNORERA T IZBCTE LTV 55
DIZDWT HZEED phenological AZ8{bzZZ UM TED 73 R ME% 1 )13 5,



PRIMULAS ver.11.12 TOZE[E 53 ffREIFARERRELEAY Y 2 THY, IR 2 f#EEIE monthly THD,

100 — & 120 — :
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2. B (B EEREERAR) 1B I B LR O &Kk R (a), 7007 1)V & & (b), LMA (¢) D2
b, BR2 YV RIVE BB ED X T2 RUTVWS (O, IXF TG, @, IA) FRLE; A,
B IN) o TINTE NSO IEZ DO THIE U7 D Y e AR R 2% R T,
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Algorithm Description
1. T4V DR
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3. MILTAMNIBITEIXF FHED, 6
H (young leaf; a). 8 H (matured leaf;

b). 10 D&% (old leaf; ), 10 H D EEHE
(old leaf; d) D43 M 53R - Ei R, FH G
DRD G FRPEO KPR Y U9«
MOEDBEER, AL VY INENLRDIE I
RERT,

“PRIMULA” 2\ DFT 4L ZRNID RIZIE TR DY IV A2 T RE LT AL 7N EIN TS,

- PRIMULA.sh
- LSP
- vegetation



- leaf_phenology
ZD5bH, “PRIMULAS.sh” 37 )V TV AXLARKTHY, “LSP”, “vegetation” 5L “leaf_phenology”
IZZDT VTN ALTHDND T —ZDENINTNDT LI N)THD,

2. Algorithm IZ2DW\T
TIIVTV A LARKIE Bourne shell TEMNTHY, Unix ETELEDIENTES,
2-1. i f
UiiA BT RREDEDIT, 4, DOY. G (- #R ) 2 AND X mifE- IR DG &I~ 1 F A% 4117 5),
$./PRIMULA {4£} {DOY]} {#&F£]} (‘1)
#1:20004E, DOY 200 HIZH1F24b#E 60 &, Fii% 1002812 AED KT - ERRE2 T 54
$./PRIMULAS_02.sh 2000 200 60 -100
2-2. B
2-2-1. HHxnd 7 —84
O 1 f¥E®D functional type OFEAME 9554 (#i: Broadleaf deciduous forest)
TREDAFDTFANTTAINDHIIIND,
LSP_{4£} {(DOY}_{#/£} (f}.txt

#il:2-1 DFIO@E) ESE 72556, RO 77 1IVNTES (data DAEIKN2-2-2. i H1XNET—H2DA

B2,
LSP_2000_200_60_-100.txt

O 2fiHD 5725 functional type 23 154 (4 : Mixed dicuduous and evergreen forest)
TEEDEDIZHE H2DD functional type DIFZED 3RO 77V X5,

LSP_{#} {DOY]_{#&E}_{#E)_1.txt
LSP_{#£} {DOY)_{#&F&}_{#&)_2.txt

Bl NELDESIZ, 2000 4 DOY 180 H. ALi#36° B 3TIZHIFBMED D HT — R e RO/ 6.
./PRIMULAS sh 2000 180 36 137
AR DESBTF AN 7 AN I NS,

LSP_2000_180_36_137_1.txt
LSP_2000_180_36_137_2.txt

T fRREULZAbE36° Bt 37 Jb#EIE “Mixed deciduous and evergreen forest and woodland”
12721, evergreen needle leaf tree & deciduous broad leaf tree 238 5L T\ 5, 2D 7z,
evergreen needle leaf tree D7 —& LT “LSP_2000_90_36_137_1.txt” K&V deciduous broad
leaf tree DT —4 &L T“LSP_ 2000_90_36_137_2.txt” BN IXN T3,

7B, FEELZ DOY IZBWT, K O functional type (_EE DTl deciduous broadleaf tree) A3

3



BER RO 2 720 £S5 5 D functional type 2 EE% o TV 554, HA > T4 functional

type DFED T —XTHh2 “LSP_{4E)_{DOY)_{{&EFE)_[RE]_1.xt” DANH XD,

HAXNDENTND 771D, EFLO functional type WO DDA LA THD,

O $8EUZED DOY 23, ZDREAE R+ 7T 59 5 functional type DED N AMIZH 2255

IV RIAUIT “No-leaf period” E R IN FERDTF AN 7AIVITH IR0,

O UM SUITHEYIA “water” £ UL X “bare ground” 2> T35 H
FEIDE B LT 20, IV RI1U1Z “No vegetation.” L FK RS, SEERDTF AN 771V H )
IR,

2-2-2. H XN T —ZDHE
HHINDTFANT7AIVIEE 4 DHID LS, D547 T — R DFEEM D header & (771 VDI

B R e R, JE IR ) £ 2o TEY, 6 17 H BN T —R L B>TN D, 7T — &%, ADER
DIEIZT —2F A3 A TN,

- “wl” :wave length

“

R

(F)

(EEDRO KGR

- “T(B->F)” FEDRMNPORAD B HE-

@

—

- “R(B)”  :EORODKHHE
(B->F)" :HEDOENHHAD B R
(&

'SP/ 2000/ 200/ 60/ -100.txt (~/PRIMULAS/PRIMULAS verll 09/ betaZ2) - gedit

HEE

Fr{ILE) WEE) FRN) BIES) VL@ EFRaiAvED) ~LTFH)
B v e ® # #

[ ) LsP_2000_200_60_-100.txt 3 |

# This file made on 2011/09/14 by Hibiki Noda.

# FieldSpec Pro Full Range (ASD; SN#6386, Calibl) of JAXA/ChibalUniv. (Drs. Honda & Kajiwara).
# Integrating Sphere LI-1800 (LI-COR) of Univ. Tsukuba (Dr. Nasahara).
# Picea abies in UT. Original data was measuered on 2811 June.

#wl R(F) T(B-=F) R(B) T(F-=B)

350 0.0421971 0.0102832 0.0421971 0.0102832

351 0.040945 0.0128483 0. 040045 0. 0128483

352 0.0377101 0.0121973 0.0377101 0.0121873

353 0.0401346 0.0043435 0.0401346 0. 0043435

354 0.0393849 -0.00177473 0.0393849 -0.00177473

355 0.0@379916 -0.00436132 0.0379916 -0.00436132

356 0.0376043 -3.28233e-05 0.0376043 -3.28233e-05

357 D.0381068 0.007103 0.0381068 0.007103

358 00389011 0.0114347 0.0389011 0. 0114347

359 0. 0399709 0.0125771 0.0399709 0.0125771
360 0.03881 0.0149893 0. 03881 0.0149893

361 0. 0379502 0.0125302 0.0379502 0.0125302
362 0.0375503 0.00824007 0.0B375503 0. 00834007
363 0.0377684 0.00793283 0.0377684 0. 00793283
364 0.037753 0.00261438 0.037753 0.00261438
365 0. 0376988 -0.00153836 0. 0376988 -0.00153836
366 0.0379025 0.00219504 0.0379025 0.00219204
367 0.0379001 D_00310976 0.0379001 0. 00310976
368 0. 0374761 0.00505467 0.0374761 0. 00505467
580 N ABEACTS A ARGIAAGE B ABEAGTD A AADIAARS

4. W77V DH]

HAOXNET — RO RHFHIT T DLEDTHD,
- functional type »* grass D&
350.007nm 75 999.366 nm £T (1.6 nm Z&)
- functional type % deciduous broad leaf & crop DIGE&
350 nm 75 2500 nmFT (1 nmZ&)
- ZDAthd functional type D&
350 nm 5 1600 nm #T (1 nm Z%)

3. 7AL I

3-1. “LSp”

TEDT 1L ZMIIZ functional type Z & DIEHZEED 73 JehFME T — 2 A>T\ B,



- crop
- deciduous_broad
- dediduous_needle
- evergreen_broad

- evergreen_needle
- grass

EROBET AL ARAED SR T —Z (FF AT 7)) BLUT L2 “original_data” 2%
$»%,PRIMULA ver.11.12 Tl&, $5ESN55 - FERIZIE U T, 204 functional type L7 )5
TEANTITANVONEEH 1T 5,

3-1-1. HIIINBEZED 73 ke
HENd T —&I%, ZFEIUKRHY, species. leaf type DZE3KUZDOWT, A UEEH 2 AW TEERIZHIEL /-
TEDEYIETH B, /272U, deciduous_broad/LSP_TKY LF 2010_1006_Qc.txt 8L
deciduous_needle/LSP_FHK LF 2011 1030 _Lk.txt (Z#1Z 41, deciduous boradleaf tree L
deciduous needleleaf tree @ “old leaf” LU TH JIIZDWTIK, ik $ 2 L5012, HURHHD green
leaf & yellow leaf % 3 3 DHIELTEY, TNOEDEHEE 2>TNS,
HIINET —RIE FEHD HIETHERDILENTND,

LSP_{site name}_LF_{year}_{date}_{species]_{leaf type}.txt
(f]: LSP_TKY_LF_2010_0802_Qc_sun.txt)

ZZT, “site name” I original data #J{IE L7235 CTHY, “year” B LU “data” i original data %l
FEUAE - HAF, “species” 1FHIEL-MEYITE, “leaf type” IXIELE - PG HEDREA - WA RY DEED LA T %
R, T —RIZ&o TS leaf type BIENEDEH D, Site name & species DFEMIIZDNTIE, 3-1-2.
original data (ZDWTJZSD L,

3-1-2. original data {ZDW\WT
original data I FELD HETHEIMNDITEN TS,
LSP_{site name}_LF_{year}_{date]}_{leaf type]_{leaf number} {{#HL/zF& D ERZ1 7} txt

original data BUHIDOFEMIE FELDE) TH D,

Study site
All original data of leaf spectrum properties was measured at following sites and institutes.
FHK: Fuji Hokuroku Flux Observation Site
http://asiaflux.net/network/001FHK_1.html
MSE: Mase paddy flux site
http://asiaflux.net/network/007MSE_1.html
TKY: Takayama deciduous broadleaf forest site
http://asiaflux.net/network/015TKY_1.html
TBG: Tsukuba Botanical Garden (Greenhouse)

TGF: Terrestrial Environment Research Center, University of Tsukuba
http://asiaflux.net/network/060TGF_1.html
QHB: Qinghai Flux Research Site



http://asiaflux.net/network/052QHB_1.html
UT:  Tsukuba Experimental Forest, University of Tsukuba

Species and functional type
Pa: KRRk Picea abies (L.) H.Karst., evergreen needleleaf tree
Sg: Shorea giso (783773 %}), evergreen broadleaf tree
Lk: oY Larix kaempferi Sarg., deciduous needleleaf tree
Os: A% Oryza sativa L., crop

Qc: I A7) Quercus crispula Blume, deciduous broadleaf tree
Poaceae: 1 ABLEOK sp., grass
€ REHA

P. abies, S. giso, O. sativa, Poaceae sp. IZDWTIL, TNZ 4 “matured lef” ZEOHEEITo72, %
BRI CHD Q. crispulak L. kaempferi (IZDWTIE, “young leaf”, “matured leaf” &0 “old leaf”
? 320 phenological stage IZBWTENZNRITEETTo72, 1T “old leaf” DIFHIIZIE, 7 SEREAK
X< H45 green leaf (X2 ¢) & yellow leaf(I¥2 d) ANEFEL T\ 2728, TNZ 1 green leaf BED
yellow leaf D 5 IZDWTHIEZFT 072, £/212OW T, “young leaf” & “matured leaf” D2HFHAIZ
HIEZIT>77,

HE Bpt
TNERLD I AE R BRE W,
43¢EF - FieldSpec Pro Full Range (ASD, USA)
- FieldSpec Hand Held (ASD, USA) (3XLSP_QHB_LF_2011_0718_Poaceae D)

FErEk - Integrating Sphere RTS-3ZC (ASD, USA)
- Integrating Sphere LI-1800 (Li-cor, USA)

TNTNDYAMIBENTHRERDELFINL, € =V RICAN TR B IR>72E D& EERENTHIE L2,

3-1-3. PROSPECT DHEREIZLDT — &l 581Z DT
fEEED 53 YERFPEDRE N N /=B BRIE OBIROMEE E, RIFEDHEIZ A XK E W2, PRIMULAS
ver.11.11 £TiZ, 1600 nm KN EWEEDT—XIZHAWTIE8A >/, ZZ T ver.11.12 TlZ, .
decudous broad leaf tree 5 XU crop (22T PROSPECT (Jacquemoud and Baret 1990) (2&%
HeEZ2AT 272,
fEZED 3 FeFME 2 [ U2 BT DWW TR AR, B SED A B A RE 22 (R FF M & U C leaf mass area (LMA),
BKE ran 7 )V EPHIEINTOS, NS0 A FAERRZ LR E A J1E2 U T PROSPECT 2 E5
72, 2L T, 1500-1600 nm (ZHWTC, EfllfEEHE MOz L), Zhg 1601-2500 nm DR DOHEE MK
IZHNF7260D% 1601-2500 nm D53 e H - B R e U7z,

3-2. “vegetation”
“defries.raw” LWONNAFVF—REUT FGE - RE 1 EAYY 2O REROMEAE S ERPEINTND, Z
&, DeFries and Townshend (1994) D4 D FAK TH D, ZOT —RDFEMICONTIL, FRd Y b
e T C(ONRR
http://www.geog.umd.edu/landcover/1d-map/1d-doc.html

3-3. “leaf_phenology”


http://www.geog.umd.edu/landcover/1d-map/1d-doc.html

FAEZ LI, BED growing period D&MD H CEERIE ) Bt DH GEEH) DREROY TRt
AL F) 771 ELTADTNS, Growing period DEAID H i, “start_{year}.raw” ., &% D H &,
“end_{year}.raw” £ 2>TC\ %, PRIMULAS ver.11.12 Tl 1982 40 520024E £ TH T —ZDMH X
nTnd,

4. ¥ phenological stage DX 7 FHik
Leaf phenological stage I&. FadD HIETHEI LIZEHE XN, ZNHDEH X, T/XT GRASS 6.4.0 %
FWT bz, GHRICHE AL &MET — 2B KU FHREOBRIZ GRASS ETELSE Y I)VAZY TN,
“leaf_phenology” T4 7 NIND “GRASS” L\ 5F (L7 NINIZAREX TN,

4-1. AT —&
LT —21%, NCEP/NCAR DK, MK ET—2No TN T NH EH KRB IO HBKEELZED%
1982 N5 2002 FEE TV /-, PRIMULAS ver.11.12 Tl. 1982 £ AR 235 E L2385 E121%. 198
2HEDT—2% 20024E LA TH AU, 2002 DT —XZFFHL T\, filitk 7 — 413 DeFries and
Townshend (1994)% F\ /=,

4-2. Phenological change % A2 s Dl H
FRZHE BERT D %L phenological RZALWHMETHD Zen b B D DBV DL UTHE BRI
EHENDLLTOREERA TIZBEWTDH phenology # 5 B LU Cat Bz o7,
- High latitude deciduous forest and woodland
- Tundra
- Mixed deciduous and evergreen forest and woodland
- Wooded grassland
- Broadleaf deciduous forest and woodland

4-3. growing period D]

KIRDO B2 BEE B35 Tl KIEAEED phenological ZLDER EARS>TND, — 7, [IRDME
[fZ@E U TFE A EZURWIIR T, K EDZFHIZ NN L 25, 22T, PRIMULAS ver.11.12
Tl FTEICHAEBELIRT — 2% H\WT growing period Z¥[HI L, KIZ, KIETIE I 6NE 1 ->7285
A2 DWW, Bk 8D S growing period 2|5 U7z,

PRIMULAS ver.11.12 T, growing period Z¥59 %726 D H F¥ 5RO HIEZ . GRASS 6.4.0
ETREUEERNS, £o2E reasonable BfE R ER5/-6CL Uz, 72 D AT DTE LK
DEIZ, HHFEEBEKEEDNTY AZE>THREDLINSD (e.g., Budyko DOMETHZEERE), T T MEEZ
EDOHRBEDHELZZET D20, TNT DGO H K EDOBRMEILRDOANTEHEL -,

HABKBOBIME = HHEL 25 KE % cos (FHE)
FAEY 725K 1%, GRASS 6.4.0 ECTIRREL/ZEEEMS 80 mm & U7z,

VETERAINZAEHRIR WA B EBBME kL2572 H% growing period DEAID H | fxi4
IZHEY SRS DO T A BEKEDBME D L& 2 >7- H% growing period DiED HE U, &HIDHANS
%D H £ T% growing period ¥ U7z,

4-4. phenological stage DX 4 Ji ik
phenological stage &, ZEDRWHARITH S “no leaf” &, FEDH D growing period % 321243 EL 7~
“young leaf”, “matured leaf” €L T “old leaf” DEF4DIZ5301F 72,

O growing period 2337 H A EDEE



gorowing period D&MD H% “young leaf” . & D H% “old leaf” £ U, TN LS D growing period
IZh7-5 A% “matured leaf” £ U7z,

O growing period %327 H A D4
gorowing period 2V WEIRIZAEE 92 HEWIE, BREZFLHAL THS matured (12725 E TOARI A ENZ
EMb, growing period D2 AM% “matured leaf” &U7z,

O kD AHIET growing period & no-leaf period” 3T 6NN 723856
EMZELCT “matured leaf” &U7z,

R ESRDIIN

1. BT —ZDPEIZDNT

LSP_QHB_LF_2011_0718_Poaceae.txt (grass)® original data i&, Field Spec Hand Held % f\>
THIE L2728, T—X2 DO EHFAHHI 350 nm 555 1000 nm FTOPRELB-TND, 54, HAE
WIZAEE T 21 AREARIZDWT Field Spec Fr 2 FWT, SN RIEEETOHREZITO, T —XOHH7TEEMR
REES

F/2, INERST—41% 350 nm 25 1600 nm FTEARSTWS, 24, 1600nm &) £V ETIE LI-
1800 FEL ERDAEHNIRDORET /A AINKELHEHTE RN 2D THS (X 3 2I]), 5#I1% PROSPECT
(Jacquemoud and Baret 1990)2H\\\z¥Ial—raiidd), KN EWED S R Z Rk, EiHll
TAERAAGDEDIETT —ADRTEEITD L& MGTT 2,

. vegetation type DB EIZDWT
PRIMULAS ver.11.12 Tl $8E€ U= 5 - #E 5, DeFries and Townshend(1994) ® vegetation
type 2L T2, LU, SRIEA TV avilsoT, a—HF—WHEXA TEIEE RIS 2 T 0E
LT3, ZAUZEY A BB 2 ZBUZETIVRETHATR L2 R/EIZT 5,

. BELASNDERALD 73 ST — & DB NN
i1 AR E (FB- MR L) 2L i D ZELSNDIRAL D 73 YR ME R AR D 73 6 SR P IC K
<5, PRIMULAS ver.11.12 Tl AR ZED 73 6 3 - B R DA% HI ST LTS3, BAFED /S —
Var Tk, B B E O RS I RIS 2 28 2EHE L TV 5,

Reference

DeFries, R. S. and J. R. G. Townshend (1994) NDVI-derived land cover classification at a global
scale. International Journal of Remote Sensing, 15, pp 3567-3586

Jacquemoud, S., and F. Baret (1990) PROSPECT: A model of leaf optical properties spectra,
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