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Goals

Targets

Indicators

Data Knowledge
Ecosystem goods 
and services

Biodiversity and 
Ecosystem obs.

Essential Variables?
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Chapin et al. (2002)

Principles of 

Terrestrial 

Ecosystem Ecology

 Ecosystem ecology in Earth system science Multi-disciplinary / Cross-scale

 Ecological knowledge for sustainable development Societal and User Needs

 Engagement of broad communities Networking / Advocacy

Biodiversity and 
Ecosystem observations 
in Earth System Science



Example..
GEO Carbon and GHG initiative

Task 3  Implementation plan outline
(Task 3 co-lead: H. Muraoka)

Task Objective
To develop and implement on an ongoing basis, a procedure
for designing and refining the observation system for
identified essential carbon cycle variables that meets user-
defined specifications at minimum total cost.

Participating institutions
(as on the proposal document: this is not a closed list)
• University of the Witwatersrand, South Africa  [bob.scholes@wits.ac.za]
• Gifu University, Japan  [Hiroyuki Muraoka,  muraoka@green.gifu-u.ac.jp]
• IG3IS
• Lund University, Sweden 
• Hawassa University, Ethiopia  [Dong-Gill Kim,  donggillkim@gmail.com]
• CAS, China
• Princeton University, USA 
• University of KwaZulu-Natal (UKZN)
• National Ecological Observatory Network (NEON) [David Durden, ddurden@battelleecology.org]



Essential 

Climate 

Variables



Column CO2 & CH4

Biophysical information

Phenology

CO2 flux
(NEE, GPP, Reco)

PhotosynthesisLAI

Chlorophyll fluorescence

SIF

Inversion

Ecosystem C cycle

Water/energy budget Soil respiration

BiomassNPP

Mechanistic interpretation 
of atmospheric CO2 change

Climate change impacts on 
terrestrial ecosystem and carbon 
cycle, and its feedback
(local – regional – global)
 Needs of cross-disciplinary 

observations

Validation of 
column CO2

Model input 
parameters

Land-use change

Seasonal change of 
vegetation surface

In-situ observations

Satellite remote sensing

Modeling

Land-use change



Challenges of ecosystem science under climate change

leaf

canopy

landscape

region

individual

globe

continent

canopy

 In-situ detailed, long-term obs. and experiments at research 

sites

 Satellite RS for ecosystem structure and functions

❖ Mechanisms of dynamic responses of terrestrial ecosystems 

to changing environment.

❖ Geographical patterns of biodiversity, ecosystem structure 

and functions, and their consequences with regional climate.

❖ In-situ raw data  Essential Variables – Indicators 

Evaluation

(Muraoka & Koizumi 2009, JPR)

1. Site networks along 
geographic/climatic 
gradients

2. “Super-site” for 
- interdisciplinary obs.
- linking in-situ and 

satellite obs. for up-
scaling, broad-spatial 
monitoring, etc.



ALOS (JAXA)

Satellite 
remote 
sensing

Ecological 
process research, 
tower flux obs. 
and ecosystem 
modeling

Species and 
genetic level 
research
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Ecosystem obs.

Biodiversity obs.

Biodiversity - Ecosystem - Earth observations

Ex.) Phenology and Photosynthesis (Carbon 

cycle) are fundamental and cross-cutting 

phenomena

Satellite Ecology concept (2009-) in APBON



ILTER-EAP East Asia and Pacific region  

44 member networks

9 member 
networks

LTER: 
Long-Term Ecological Research network

Map by Y. Trisurat (Thailand LTER, 
Science Committee of ILTER-EAP)

Australia - TERN / LTERN
China - CERN
Japan - JaLTER
Korea - KLTER
Malaysia  - Malaysia LTER

Mongolia - Mongolian LTER
Philippines - PhiLTERnet
Taiwan - TERN
Thailand  - Thailand LTER



From “Tokyo Statement” (Jan 2017, Tokyo):
“APBON will promote data sharing to increase access to biodiversity related information and the 
effective monitoring systems of biodiversity and ecosystems. Gaps in available information will be 
addressed by improving collaboration among researchers in observation sites, designing 
incentives for data publications and deriving solutions to relevant science questions. APBON sees 
the need to improve communication and collaboration among biodiversity and ecosystem 
observation networks, to identify more national, thematic and regional networks and to reach 
out to other parts of Asia and the Pacific...”

Objective items in this APBON WG include to

(1) share the current status of thematic and geographical 
coverage of biodiversity, phenology and ecosystem research 
sites (plots),

(2) plan mechanisms for data and knowledge delivery to Earth 
Observation community by inter-operable data system such 
as GEOSS portal and DIAS, and 

(3) build the practical networks for integrated biodiversity and 
ecosystem observations by in-situ and satellite systems


