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How to link multiple super sites for integration of How to link multiple super sites for integration of 
satellite and ground observations satellite and ground observations 
-from the view point of plant phenology--from the view point of plant phenology-



  

Plant phenology (e.g. timing of flowering, leaf-flush, and leaf-fall) is 
important to evaluate spatio-temporal variability of ecosystem 
functions and service under climate change.
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Advance

Advance

AdvanceAdvance

Carbon cycle

LMA
Precipitation

Leaf lifetime

[Wright et al. 2004 Nature]

Photosynthetic capacity−leaf trait
−plant phenology (leaf longevity)
−climate

Extend

Function of photosynthesis & Regulating services



  

Year

10th Apr. 2016

Cultural services

Timing of flowering

Gap

Flowering
Full-blooming
Scattering
Tree in leaf

Miharu, Fukushima

10th Apr. 2016

Risk of lossing biodiversity

Climate change

Phenological missmatch

[http://www.town.miharu.fukushima.jp/soshiki/7/01takizakura-01-0201kako.html] 
[http://www.town.miharu.fukushima.jp/soshiki/7/takizakura0417.html]



  

NPOESS
(NASA)

MODIS/Terra

Spectral Spectral 
radiometerradiometer

Digital cameraDigital camera

UAVUAV
（（dronedrone））

SatelliteSatelliteAircraftAircraft

To observe spatio-temporal variability of plant phenology, 
remote and non-destructive sensing is very useful!!

　　←Plot 　　　 Spatial scale　　　 Wide area→
  1-10m               100-1000m               1-100km                       global

Early 　　late

Timing of start of growing season

MODISMODIS
Terra Terra 　　　　AquaAqua



  

Spatio-temporal variability of the timing of start of growing season 
by analysing MODIS/Terra&Aqua-observed daily GRVI (500m res.)

Not yet analysed

Not yet analysed

Not yet analysed

Not yet analysed

DOY=90   　135 　　　180

DOY=90   　135 　　　180

DOY=90   　135 　　　180

DOY=90   　135 　　　180

2012

2013

2014

2015

MODISMODIS
Terra Terra 　　　　AquaAqua

Maybe errors

N70°

N50°



  

[Nagai et al., submitted]

Unavoidable important issue:
spatial and temporal gaps among multiple sensonrs 
mounted on multiple platforms. 



  ←https://phenocam.org.au/
→http://www.recod.ic.unicamp.br
/ephenology/client/index.html#/

https://phenocam.sr.unh.edu/
webcam/

http://www.sizenken.biodic.go.jp/index.php
http://www.pheno-eye.org

e-phenology

Australian Phenocam
Network

PhenoCam

Web Camera Images of National Parks 
and Wildlife in Japan

Phenological Eyes Network

Global phenology observation networks by using time-lapse cameras 



  

Deciduous broad-Deciduous broad-
leaved forestleaved forest

Deciduous coniferous Deciduous coniferous 
(larch) forest(larch) forest

PEN (Phenological Eyes Network) (http://www.pheno-eye.org)

[Nasahara & Nagai, 
2015; EcoRes]

Evergreen broad-Evergreen broad-
leaved forestleaved forest

Deciduous Deciduous 
coniferous coniferous 
(larch) fores(larch) forest

Evergreen Evergreen 
coniferous coniferous 
forestforest

Oil palm plantationOil palm plantation



  

Now, we are preparing data 
paper of phenology and sky 
images in 28 sites. 
Will be submitted to Ecorogical Research



  

Takayama site

Evergreen 
coniferous forest 

Desciduous 
coniferous forest 

Deciduous broad-
leaved forest

Evergreen broad-
leaved forest 



  

Year-to-year variability of the timing of leaf-flush and leaf-fall 
for various tree species 

Dominant species
　Overstorey: birch, oak
　Understorey: maple

[Inoue et al. 2014, 
Ecol Infor]

←Birch←Birch

←Maple←Maple

←Oak

←Oak

Takayama site

Maple
Birch

Cherry

Oak

Leaf longevity 
(leafy period) is 
important!!



  

[Nagai et al. 2016 Ecol Infor]

flowering

Detection of characteristics of tree phenology in a tropical rain forest, 
Borneo by using the red, green, and blue digital numbers 

Lambir Hills site

Whole canopy

Shorea beccariana

Shorea beccariana

Shorea beccariana

Dryobalanops aromatica

Dryobalanops aromatica

Shorea beccariana

Shorea beccariana

Swintonia acuta

flowering flowering

flowering

Characteristic of 
responsiveness of 
phenology to climate 
change among 
species is important!!

G/(R+G+B)

B/(R+G+B)
R/(R+G+B)

By Wikipedia



  

90  　135 　180　
DOY

Validation of satellite-based timing of start (SGS) and end of 
growing season (EGS) (res.: 500 m) in Eastern Siberia

Spasskaya Pad Spasskaya Pad 
larch forest sitelarch forest site

Lena river→Lena river→

N70°

N60°

N50°

r=0.32

r=0.32

r=0.51

Flux

MODISMODIS
Terra Terra 　　　　AquaAqua

Flux data: A. 
Kotani, T. Ohta
(Nagoya UNIV.)

MODISMODIS
Terra Terra 　　　　AquaAqua



  

Multiple time-lapse digital camera sites along 
latitudinal gradient for validation of 
satellite-based growing season

[Kobayashi et al. 2016, RSE]

Satellite: 
　Terra MODIS 8-day & 　
　SPOT-VEGETATION 
　10-day NDVI

GardenWatchCam 
(Brinno)

NorthernNorthern
sitesite

SouthernSouthern
sitesite

$200



  

PFA

Chokurdakh

SSP

Svalbard

AHS

TKY

YGT FHK
MTK

GDK

Examination of spatial characterisitc of the timing of leaf-flush 
along latitudinal gradient by using phenology images    

Anderson et al. 2016
Remote Snes Fig. 3



  

GDK (252m)

FHK
(1100m)

MTK 
(845m)

YGT (1281m)

AHS 
(88m)

SSP
(217m)

Chokurdakh
(7m)

Svalbard 
(88m)

TKY (1420m)

GDK

FHK

MTK YGT

AHS

PFA
SSP

ChokurdakhSvalbard

TKY

PFA
(211m)

Warmth index*−leaf-flush 
relationship

Latitude−altitude−
leaf-flush relationship

*Sum of over 5℃ in daily mean 
air temperature until leaf-flush

Leaf-flush (DOY)



  

Evaluation of spatial distribution of leaf traits by analysing 
satellite-observed functional growing period

Terra
Aqua/
MODIS

Detection of start 
and end of 
functional 
growing season

Examination of the 
relationship between 
in situ-observed leaf trait 
and satellite-based 
functional growing period

Toughness of 
a leaf

Nitrogen 
content 
in a leaf

Leaf size

Purple: strong
Green: weak

Blue: large
Green: small

Green&blue: big
Red: small

Scale 
up!

[Nagai et al., in preparation]



  

ALOS (JAXA)ALOS (JAXA)

AVHRR (NASA)

GCOM-CGCOM-C
(JAXA; (JAXA; 2017-2017-))

Landsat (NASA)Landsat (NASA)

Aqua/MODISAqua/MODIS
(NASA)(NASA)

We never simaltaneously observe high spatial, high temporal, 
and multi spectral data. 

Narrow (70 km)  Swath area  Broad (2330 km)

Low (46 days)  Temporal resolution High (everyday)

Terra/MODISTerra/MODIS
(NASA)(NASA)

High (10 m)  Spatial resolution  Low (250 m)

Aboveground biomass
Plant functional type (land cover change)

Growing season duration



  

“We should publicize Japanese language phenological data in 
the international research literature so that the data will be 
more accessible to the international research community.”
[Nagai et al. 2016; Int J Biometeorol]

[Amano et al. 2016]



  

Thank you for your attention and supports!

・・Global Change Observation Mission (GCOM; PI#117) of the JAXAGlobal Change Observation Mission (GCOM; PI#117) of the JAXA
・・Belmont Forum (COPERA)Belmont Forum (COPERA)
・・ArCS (MEXT)ArCS (MEXT)
・・RBRC, Gifu UniversityRBRC, Gifu University
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