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Background and Needs in Global C Management

[ Create Low Carbon Society ]

[Evaluate mitigation and adaptation policies in multi-scale]

[Global (multi-scale) Carbon Management System ]

with GEO Strategic Plan (20 Global Carbon Project (GCP), etc.

[ Reduce unkcertainties In future climate prediction]
\limited data :

e, uncertainties in models

[Monitor C-cycle changes globally and in the Asia-Pacific ]




Background and Needs in Global C Management

Background:

> High uncertainty still remains in global & regional C-budget
due to limited spatial coverage in the observation and
uncertainty in models

> Improved data analysis (assimilation) systems using multi-
platform (satellites, aircraft, ship, and ground-based)
observation data could lead better estimation of C
source/sink.

Needs:

» Accurate C source/sink estimates to evaluate mitigation and
adaptation policies, with higher resolution, more operationally

» Detection of near real-time changes in C-cycle globally and in
the Asia-Pacific
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Recent progress in studies of
Bottom-up approach



C-budget estimations based on network observation

FLUXNET (1996-)

World-wide network for monitoring
CO,, H,0, and energy exchanges
between terrestrial ecosystems

and the atmosphere (> 600 sites)

Archiving CH,, N,O flux data (started)
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Long-term monitoring of energy, water vapor, CO,
fluxes by eddy covariance method

Carbon budget components (NEP, GPP, RE)
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Monitoring CO, uptake after artificial distu';rbanc;i:e
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Monitoring CO, uptake after artificial distu'rbanc‘g

Teshio: CCsLaG Site z

Clear-eut & plantation in 2003

(Hokkaido Univ., NIES,; Hokkaido Electrlc
Power Co Inc) . °

How does the C-uptake rate change '_
with the years after disturbance?

Data: CARBOEUROPE
Magnani et al. (2007) Letters Nature
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Terrestrial model validation to improve disturbance impacts

Mixed Clear-cut
fore%? Plantation Young larch forest  Mature larch forest
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AsiaFlux: A Regional Network N FLUXNET

http://asiaflux.net

& asiaflux — Internet Explorer oy | il
@')' & | hitp/Sasiaflux.net” 9 S *7 J asiafiux X ﬁ:D \’JL‘, {8}
PAC s

UserLogin A

AsiaFlux
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Welcome to AsiaFlux website!

AsiaFlux is a regional research network bringing together scientists from university and institution in Asia to study the exchanges of carbon dioxide, water vapor, and

enargy between temrestrial ecosystems and the atmosphere across daily to inter-annual time scales.
For more details, please refer to the following article :About AsiaFlux

We welcome your site information, data submission, article submission for AsiaFlux newsletter as well as AsiaFlux related publication information.
Please contact secretary [at] asiaflux.net!

Please LOG IN to the Member's area from right above if you are member. If you are not currently a member and would like to join and gain access to the AsiaFlux
members area, enroll yourself at Joining AsiaFlux menu and begin receiving all of the valuable AsiaFlux membership benefits today

Number of sites
registered: 102

Number of
datasets in the
database: 125
(34 sites)

AsiaFlux training & seminar on methane flux and carbon cycle

& /%.,/

Promoting managed ecosystem monitoring (Rice paddy, etc.) }

LZTUT ASIGFTUX WOTKSNOp on

"Bridging Atmospheric Flux Monitoring to National and International Climate Change Initiatives”

23-27




ThaiFlux (2006~ )

ii ";4'.‘.(’
Teak plantation S VO

at Lampang

Casava Plantation
at Nakorn Ratchasima

Sugarcane plantation
at Nakonpatom Rubber plantation
at Chachengsao

International Workshop on Flux Estimation
over Diverse Terrestrial Ecosystems in Asia
-AsiaFlux Workshop 2006-

Welcome alr partlcman!s
AsiaFlux Wnrhshnpﬂt‘lﬂb
*Flux Estimation over Diverse Terrestrial
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Date:29 November -1 December 2006
Venue Chiang Mai, Thailand

http://www.jgsee.kmutt.ac. th/Apn/Dayl/CountryReports/ThalIandCountryReport pdf

ThaiFlux sites (AsiaFlux Site info: http://asiaflux.net/)

DFR:Dry Dipterocarp Forest Flux Ratchaburl

RFC: Rubber Flux Chachoengsao

«—Kasetsart University

| AIST Japan; Watershed Conservation
& Management Office National Park
. | |SKR: Sakaerat




Model — Data Integration for C-budget Estimations

Eight different terrestrial models were validated using CO,/H,O/energy flux
data obtained at 24 ecosystems (forests/grasslands/croplands) In Asia
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Detect Increasing Trends in NDVI & Productivity in Siberia

Trends in AVHRR-NDVI Trends In NDVI and GPP (total photosynthe3|s)

. Significant Increase I:l Insignificant Change
. Significant Decrease . Non Vegetation

Normalized Anomal
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Recent progress in studies of
Top-down approach
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Whole-atmosphere monthly mean CO, concentration

Monthly mean CO;
August 2015
CO, growth in the past one year (**)
August 2015 - August 2014
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—e— Monthly mean CO,
—+— CO, trend
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Whole —atmosphere mean CO, concentration (ppm)
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NIES GOSAT Project (http://www.gosat.nies.go.jp/en/recent-global-co2.html)



Spatial distribution of CO, concentration from GOSAT
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Spatial distribution of CO, concentration from GOSAT

Ground- & airplane-based data are required to improve spatial coverage.

Latitude (deg.)
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CONTRAIL: Atmospheric CO, and other trace gas

observation using commercial airlines
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Atmospheric CO, Inversion with Siberian Tall Towers

http://www.cger.nies.go.jp/en/climate/pj1l/tower/

l Emm Center for Global Environmental Research

National Institute for Environmetal Studies

Tower Network for
the Monitoring of Greenhouse Gases in Siberia °

Figure 1 Locations of the monitoring towers in the network (JR-STATION) (red circles). Gray
circles indicates former observation sites. The alphabet combination indicates the code of the
sites (Table 1). Main cities are marked with white circles.

Japan-Russia Siberian
Tall Tower Inland
Observation Network
(JR-STATION)

More high-quality
atmospheric CO, data

— More realistic C
sink/source distribution

Photo1 Monitoring tower in Berezorechka in the interior of West Siberian taiga



Atmospheric CO, Inversion with Siberian Tall Towers

Japan-Russia Siberian
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Saeki et al., JGR, 2013

Tall Tower Inland Observation Network (JR-STATION)

— more realistic C sink/source distribution
(d)

Estimated carbon flux: Case 1 [NOAAonly], JUL2008
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Case 1: NOAA flask data.
Case 2 used NOAA data and the Siberian aircraft over three sites
Case 3 used all data (i.e., case 2 + BRZ aircraft + all nine towers).
Case 4 used all data, as in case 3, and was solved by the
truncated SVD method

Slides presented at WG6 session; The 8th GEOSS Asia-Pacific Symposium, Beijing, China, Sep. 10, 2015 % i,



Inter-comparison between
Top-down & Bottom-up

Uncertainty assessment

Improved estimates of
surface fluxes




Data-Driven Top-down vs Bottom-up CO, Fluxes

Bottom-up: Empirical Upscaling Upscaling
_ _ GOSAT L4A
Observation (46 sites)  [Support Vector Regression] Boreal Eurasia, South West
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Slide provided by Dr. Ichii, Collaborative Research Group on Data-Model Fusion Planning Leader



Data-Driven Top-down vs Bottom-up CO, Fluxes
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Data-Driven Top-down vs Bottom-up CO, Fluxes
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Source of uncertainty:
v' Limited observation data (both methods) YRV
v' Space representativeness of tower sites? S

v' Emissions from LUC (plantation, cropland =%
expansion, etc.), e

v River export, Biomass burning, ...

Large differences in et b
tropical regions
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Next Challenge:

Detect Large C Emissions from
Land Use Change

- Plantation, Cropland expansion
- Bilomass burning

- River export...




Tropical peat forest
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Land Use Change
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Biomass & Canopy height estimated by LIDAR (ICESat /GLAS)

Background

The increased demand for large-scale monitoring of forest carbon stocks,
for clarifying the global carbon cycle and REDD+ implementation.

Measure ~N

Spaceborne LiDAR directly

measures vertical forest structure.

So, it is expected to measure
kforest resources accurately.

BN 10N 180
Return pulse

ICESat/GLAS

Objective .
To demonstrate the potential of spaceborne LIDAR to observe large-scale
forest resources (canopy height and aboveground biomass).

Hayashi et al., ISPRS journal of photogrammetry and remote sensing, 2013



Biomass & Canopy height estimated by LIDAR (ICESat /GLAS)

*»» GLAS data exclusion: cloud covered area, non-forested area
% Valid data: Hokkaido = 14,000 points, Borneo = 130,000 points

v T
Elevation N 110°E 115°E o
i a w#n

Elevation

0 30 60 90 120 ‘ :
e km 10°E 1S°E T e

Hayashi et al., Carbon Management, 2015



Forest biomass estimation in Borneo

1. AGB estimation Aboveground biomass

@ 110,743 points 0 300 “
N Mg ha!

2. Average AGB
@ 20 km mesh

\ g
V
g mevor [

3. Interpolated AGB
(Kriging method)

Aboveground biomass from GLAS (Mg ha')

150 4 2
100

'. i
50 ° /o =
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Hayashi et al., Carbon Management, 2015



Histograms of biomass in Borneo
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Estimated forest loss in Borneo

% [GLAS-estimated canopy height < 2 m] = [non-forested area]

% Forest loss rate = [Ratio of non-forested points in 2005-2009] —
[Ratio of non-forested points in 2003-2005]

% The forest loss rate was enhanced by forest fire related to El Nifio in 2006.

Forest loss rate :
(% y 1)

This study 1.6 2004-2007
- Malaysian Borneo 0.8 2004-2007
- Indonesian Borneo 2.1 2004-2007

" Langneretal,2007 17 20022005
Miettinen et al., 2011 1.3 2000-2010
Bontemps et al., 2012 1.3-2.7 2000-2008
Hansen et al., 2013 1.1 2000-2012

Hayashi et al., Carbon Management, 2015



GOSAT Air Pollution Watch

Indonesia September 11, 2015
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For accurate C source/sink estimates for Global C Management
to assess mitigation and adaptation policies, we urgently need:

» Multi-platform observations & integration into improved data
analysis/assimilation systems for C-fluxes particularly in Asia-
Pacific

» Changes in biomass to be used as an independent validation
of terrestrial C-flux estimation

To evaluate human impacts on the changes in C-fluxes and
stocks, we have to have:

» Improved estimates of emissions from land-use change,
fires, and other anthropogenic sources




