. HOKKAIDO UNIVERSITY

Title The Overviews of Ecosystem and Carbon Managements in Tropical Peatlands
Author (s) Osaki, Mitsuru
BRI EEERRE  2FSSLUNEFTERMEEDEY AEZTORESR AEBRDORENE TDEKE
Relation (International Workshop on Peatland Management: Future Aspect of Management in Tropical and
Cool Temperate Peatlands : Harmonious and Sustainable Relationship with Nature). 2013108108
(R). LBERZEFLEIIEIFBE. HLIRT.
Issue Date 2013-10-10
Doc URL https://hdl. handle. net/2115/53552
Type conference presentation

File Information

No.4 M. Osaki.pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




“Hokkaido University Sustainability Weeks 2013"

International Workshop on Peatland Management
“Future Aspects of Management in Tropical and Cool Temperate
Peatlands —Harmonious and Sustainable Relationship with Nature”

10:00-17:00 Thursday, 10th October, 2013 Centennial Hall, Hokkaido
University, Sapporo, Japan

Session 1.
The Overviews of Ecosystem and Carbon
Managements in Tropical Peatlands

Prof. Mitsuru Osaki. PhD
Research Faculty of Agriculture,
Hokkaido University



http://www.census.hokudai.ac.jp/jj/?category_name=news

High-zar

l
1

Photo from Erianto Indra Putra (UNPAR) |



Forest Cover Soil carbon content
and Soil Carbon

Content

Global Terrestrial Storage of Carbon
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under the peat-forestry
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*! emission” and

‘} “biodiversity loss”
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What’s GLP?

v'Global Land Project (GLP) \'mﬂétlonal research

project on Land system science that is designed to better
Integrate the understanding of the coupled human-environment
system.

v'GLP is joint project for International Geosphere-Biosphere Programme

(IGBP) and the International Human Dimensions Programme (IHDP)
under the umbrella of Earth System Science Partnership (ESSP).



Global Land Project conceptual
framework

The Earth System
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GLP International project office and nodal offices

Sapporo nodal office is based at Hokkaido
University, Japan

European nodal
office

= o office
g rfﬁ‘j ~ (Germany) : (apan)

Sapporo nodal
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Source: Esri, i-cubed, USDA, USGS, AEX, GeoEye, Getmapping, Aerogrid, IGN, IGP, UPR-EGP, and the GIS User
Community



LAND

Project

GLP Sapporo Nodal Office

Vuilnerability, Resilience and Sustainability
of Land Systems

Hokkaido University, Sapporo, JAPAN




GLP endorsed projects through Sapporo Nodal Office

Wild Fire and Carbon Management in

Peat Forest in Indonesia (PI:
Mitsuru Osaki)

Collapse and Restoration of
Ecosystem Networks with Human
Activity (Pl: Norio Yamamura)

Ecosystem Services Management in
Asia (ECOSMAG) (PI: Ademola
Braimoh)

Environmental Valuation Project (PI:
Tasuki Sekino)

Human activities in Northeastern
Asia and their impact on the
biological productivity in North
Pacific Ocean (Amur-Okhotsk
Project) (Pl: Takayuki Shiraiwa)

Wild Fire and
Carbon Management in
Peat-Forest in Indonesia

UNU-IAS Policy Report

Climate and Human-Related Drivers of
Biodiversity Decline in Southeast Asia

f

Virtual Environmantal
Madification |

Database

3. Reflection of results of analyses
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Land transformations: between global challenges and local realities
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Toward global sustainability research - Future Earth
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International Peat Society | IMTG MTO

Japan Peatland Society
Establish in 9 October 2013
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Integrated Research System for
Sustainability Science (IR3S)

- Transdisciplinary Approach
-Weak Interaction
- Integration
* Network



Sustainable Society

Human-nature

Low Carbon Harmonized
Society Society
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Journal & Book Publication

Sustainability
Science

vol. 1 no.1 ® July 2006

@ Springer

Designing-Quufuture:
Perspectives ph Bioproduction,
Ecosystems anc\ Humanlty

h itsury Osaki e '.*‘
Ademola Bralimolss.., 3
Ken'ichi Nakagami




Human Impact
on

High-Carbon Reservoir Ecosystem?
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Net primary production increased 6% (3.4 petagrams of carbon
over 18 years) globally during 1982 to 1999

Fig. 2. Spatial distribu-
tion of linear trends n
estimated NPP from
1982 to 1999 NPP
was caloulated with
mean FPAR and LAl
derived from GIMMS
ard PAL dats sets,

wwwsciencemag.org SCIENCE VOL 300 6 JUNE 2003

We present a global investigation of vegetation responses to climatic changes by analyzing 18 years (1982 to 1999) of both climatic data
and satellite observations of vegetation activity. Our results indicate that global changes in climate have eased several critical climatic
constraints to plant growth, such that net primary production increased 6% (3.4 petagrams of carbon over 18 years) globally. The largest
increase was in tropical ecosystems. Amazon rain forests accounted for 42% of the global increase in net primary production, owing
mainly to decreased cloud cover and the resulting increase in solar radiation.

Ramakrishna R. Nemani, et al - Climate-Driven Increases in Global Terrestrial Net Primary
Production from 1982 to 1999. Science 300, 1560 (2003);



Net primary production decreased 1% (0.55 petagrams of carbon
over 10 years) globally during 2000 to 2009
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NPP Trend (2000-2009) (gC/m¥yr)
Fig. 2. Spanial pattern of terrestrial NPP linear trends from 2000 through 2009 (SOM text S1) (8, 20).

The past decade (2000 to 2009) has been the warmest since instrumental measurements began, which could imply continued
increases in NPP; however, our estimates suggest a reduction in the global NPP of 0.55 petagrams of carbon. Large-scale

droughts have reduced regional NPP, and a drying trend in the Southern Hemisphere has decreased NPP in that area,
counteracting the increased NPP over the Northern Hemisphere.

Maosheng Zhao, et al.: Drought-Induced Reduction in Global Terrestrial
Net Primary Production from 2000 Through 2009 Science 329, 940 (2010)



t22 Great Impact of Climate Change in Indonesia

) [y

Diurnal
variation

Evening Dawn
Inland Offshore
Rain Rain

Land Breeze
Circulation

(El Niho guthern Oscillation)
Il ENSO

Sea Breeze

From M. Evri



Tropical Peatland and Wet/low-land in South East Asia and South Asia is
typically
1) Eco-System of Carbon-Water-Soil, and
2) Impacts of Climate Change and Human

Unigueness
- Asian Monson
-Water Tower at Himalaya & Tibetan

. Carbon Content Tree Canopy Height (m)
I
- Biodiversity 35 70

-High soil fertility: Sediment & Volcanic Ash

Impact
- Climate change

Human



A Volcano

D Upland
. Land

Shallow
Sea

Deep
Sea

Borneo: Jurassic to
Eocene

EARLY CRETACEOUS (120 Ma ]

de Bruyn, M et al in review. Borneo is a
major evolutionary hotspot for Southeast
Asian biodiversity. Science.




The role of
changing
Pleistocene
sea levels

Scenario 2: 12 ka as sea flooded Sunda shelf

Seasonally dry closed canopy forest
Lowland evergreen rain forest
Savanna / grasslands

Kerangas and Kerapah prominent
Riverine swamp

Montane evergreen rain forest
Seasonally cool mountains
Seasonally dry mountains

Pollen record through LGM

Scenario 3: present-day

AT

= ' Scenario 1
= I
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£ N2 | ’l | (\[ il i AA {h VAW
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. . . g o8 I v ] Median H Scenario 3
de Bruyn, M et al in review. Borneo is a = Min
major evolutionary hotspot for Southeast A-1.4°C 250 500 750 ka

Asian biodiversity. Science.



Regional diversity
patterns - Borneo
is the most
species rich

de Bruyn, M et al in review. Borneo is a
major evolutionary hotspot for Southeast
Asian biodiversity. Science.

Vascular plant species richness

23 Country boundaries
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2 Country boundaries
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SATREPS:
Science and Technology Research Partnership for Sustainable Development
funded by
1) the Japan Science and Technology Agency (JST) and
2) the Japan International Cooperation Agency (JICA).

SATREPS is a Japanese government program that promotes international joint research
targeting global issues, involving partnerships between researchers in Japan and
researchers in developing countries.

SATREPS projects are expected to lead to outcomes with potential for practical utilization,
and_to enhance research capacity in the developing country.

SAT R E P s For the Earth, For the Next Generation @Japansmenoe and Technology Agency

3 o Ay -
Vo . ey T

SATREPS is a JST and JICA program "
for research projects targeting global issues and
involving partnerships between researchers

in Japan and developing countries

© About SATREPS

http:/iwww.jst.go.j p/global/english/about_,.ﬁhgl



JST-JICA project on "Science and technology Research Partnership for Sustainable Development"

Wild Fire and
Carbon Management in
Peat-Forest in Indonesia

http://www.census.hokudai.ac.jp/ntml/JSTJICA/index.html






Others Total amount of
41.2% CO, emission
In the world
31.0 Gton
(2005)

USA
19.1 %

Indonesia
Jap?n Indo " Russia 6.6 %
4.0% 429 55o

Source: http://www.eia.doe.gov/iea/carbon.html



Cement
Petroleum & 1 204 Building

gas 4.6 1.2%
Agriculture 9\ / /

6.3% \

Transport
2.9%

Power
5.4%
Total amount of
CO2 emission
from Indonesia
2.1 Gton (2005)

LULUCF 40.9 %

Source: Indoneisa’s green house gas abatement cost curve (DNPI. 2010)



Main Project Sites
—Monitoring was started from 1997

Central Kalimantan, Indonesia
Peatland area in Mega Rice Project site

...................................
-

Palangkaraya
Kahayan River
Sebangau River

CO, observation towers
e
'\pfw at
UDF : (Un-drained Peat)
DF : (Drained Peat )

BC : (Burnet Peat)

LAUT JAWA /i

Forested area

Various Study Topics:

- GHG Flux (CO,, CH,, N,O) measuring

- Fire Detection and Protection

- Water Table Monitoring and Management
- Peatland Ecology

- Soluble Carbon Monitoring

- Peatland Subsidence Monitoring

- etc.
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I
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-
-
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Recent hotspots (fires) trends

700,000
600,000 - 48,352
i)
= 500,000 -
(@}
9 400,000 1
(@]
< 300,000
[ .
O 200,000 Kalimantan
= 314,457
100,000
48.8%
0
97-07

Recent fires in Indonesia

occurred mainly in Kalimantan
and Sumatra

October 2006

From Dr. Erianto Indra Putra and Dr. Hiroshi HAYASAKA
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Carbon Emission (GtC/Mha)

0.10

0.08

0.06

0.04

0.02

0.00

Carion Emission (GtC/Mha) by Wild (mainly peat) Fire from Mega
Rice Project area in Central Kalimantan

1997

Average Carbon
Emission

0.0305 GtC/Mha/year

C emission from
Japan based on
1990 (0.312 GtC)

v
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‘ By Hidenori Takahashi, 2013



COP15 Poster

Amount of carbon dioxide
emitted annually from the
tropical peatland per 1 million ha.
(Indonesia has 20 times the size of
this tropical peatland.)

About 13% of
the total emission
from Japan in 1990.

Amount of carbon
dioxide emitted by
microbial degradation
(About 3 % of the total
emission from Japan in
1990.)

Amount of carbon
dioxide emitted by
peat fire (About 10 %
of the total emission
from Japan in 1990.)




What Factors Regulate Carbon In
Tropical Peat?
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Forest Degradation
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Deforestation = Land Use, Land-Use

- Dryness of ground surface S Change and Forestr ﬁ - Decreasing water table by
s (LULUCF | Drainage

- Decrease water holding
capacity
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Terra & Aqua Landsat, SPOT, /ASTER, HisuN/ALSAR, AMSR-
MODIS (2) TerraSAR, (3). (4), (8) (4), (5), (6), (7)

AVNIR-2, VHR*?2
,,%’ Sensors 4)

o
Satellite

Airborne LIDAR (4), (6) 7)
* %k
Vertical CO,, Flux é)w'lé\f&ﬂj’c“on
2 _Hth_.b_o_ (3) Forest degradation
Gr - hmer(l) % & Species mapping \
(4) Deforestation & DGPS(7)

DGPS(7) & VG o %S FESC*l(l) Forest biomass

(5)Water level,
& Soil moisture &3

Water
*1:FES-C : Fiber Etalon Solar measurement of CO, (6)Peat dome detection (7)Peat subsidence Gauge(5)
*2:VHR : Very High Resolution Remote Sensing Data & Peat thickness (8)Water soluble
*3:UAV: Unmanned Aerial Vehicle -
*4:LCTF: Liquid Crystal Tunable Filter organic carbon

[Red: Instrument

Black: TargeJ Key Elements of Tropical Peatland MRV System



Takahashi Model
The lowest GWL in dray
season and Peat Fire

0 oS tpdex Summary
° 1. Peat boundary selection
2. GWT by Takeuchi model
> o) 3. CO2 emission by Hirano model
4. Fire occurrence by Takahashi model

y = -0.148x - 52

[y
o
o

R?=0.84

Lowest groundwater (cm)
Depth from ground surface

-150
-500 -250 0 250 500

Peat Fire Index

correlation

Fire occurrence

(Takahashi)




Hirano Model Takeuchi Model

Annual NEE vs. GWT estimation by
Annually Mean GWL Remote Sensing Data
—~ 600 GSMaP MTSAT In-situ

L. 500 ground water
c 400} — Land table
Precipitation
Q 300 1 i Surface
I 200 Temp.
w 100} e DF
< 0ol ® DB
-100 : : ' ' ' ' Drought
-0.7 -06 -05 -0.4 -03 -0.2 -0.1 0.0 Index
GWL (m)
AMSR
®UF NEE=-2376GWL-151
®DF NEE=-1609GWL-510 Ground
®DB NEE=-789GWL-378 Water Table

NEE: Net Ecosystem CO2 Exchange o o
Takeuchi, Hirano, Anggraini and

Hirano et al.(2012), GCB Roswintiarti (2010)



Precipitation {(mm)

| UDF (Un-drained forest) 2.325,]
| |

FF1: Diagram of Wild Fire Alert System (Step F) :

y y
Precipitation [N
GWT(model)

GWT(measured) —e— -

Davs of year

DC (Drained cropland)
2.34S, | 14.03E

& " N.i5m 075m  Om

Water Table Mapping

Water Table Mapping ..

ey e

Algorism

Coomss |
" Fles Datacti

By Wataru Takeuchi, University of Tokyo, Japan

Coefficiency between  Water
Table Level and

1) CO2 emission by Oxidation
2) CO2 emission by Fire Factors

Mapping of
1) CO2 emission by Oxidation
2) CO2 emission by Fire Factors




CO, Flux Simulator in Below Ground:

I Model of Water Tabe Level I
DC (Drained cropland)
|

-I Sm -0.75m Om

Water Table Level

{

I Simulator of Fire Expansion I

[ Permeter at 1600, June 26 Altitude(m) sn\ummwl

[ ot bomt 1460 [N toe (16:00, e 25)
=l - .
W sy o ss-.. soko-m

km

(examples)

GWT 250m (2007/ 10/10)

Tuesday, September 28, 2010

@ 02 rux simulators

IN Below Ground



Top-down

o satellite

e airplane

* inverse model

Bottom-up

« field survey

* flux obs.

* process model

Latitude (deg.)

30 2
e g
iiis P
04 "’,'
30 |
¢ - ~
c0 s ~  BJAXANIESMCE
60 e B L
I 350 360 _ 370 380 390 -,
e — XCO;(ppm) (-
-80 T 1 1 T T 1 1 1 T T 1
-180 -150 -120 -90 -60 -30 0 30 60 20 120 150 180

“| Satellite GOSAT “IBUKI” Senescmg CO2

Carbon-Water Simulator

Longitude (deg.) 20090901-0930
Column averaged dry air mole fraction distribution of carbon dioxide for the

month of September, 2009, obtained from IBUKI observation data
(unvalidated) By JAXA

Net Primary Productivity of Terrestrial Ecosystems in Monsoon Asia

Tuesday, September 28, 2010

* Tree Growth/Mortality
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DO NOT CITE OR QUOTE Overview

Second Order Draft

2013 SUPPLEMENT TO THE 2006
IPCC GUIDELINES FOR
NATIONAL GREENHOUSE GAS
INVENTORIES: WETLANDS

Methodological Guidance on Organic and Wet Soils
across IPCC Land-use Categories

DRAFT 2013 Wetlands Supplement 1
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SABSTA38 Research Dialog, Bonne June 2013 under UNFCCC
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Plenary Il1: Emerging scientific fmdmgs: Ecosystems and GHG
emissions and removals from sources, sinks and reservoirs,
Including from terrestrial ecosystems




4 C“ﬁa
( : ‘.,:,' United Nations
LN E_H Climate Change Secretariat

UNFCCC workshop on
“Technical and scientific aspects of ecosystems with
high-carbon reservoirs not covered by other agenda

items under the Convention”
24 to 25 October 2013, Bonn, Germany



High-Carbon Reservoir Ecosystem
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Photo from Erianto Indra Putra (UNPAR) |



Mutual Interacted Ecosystem on Carbon-Water-Soll
- vulnerability and resilience-

Water/ Carbon Stock Tower Ecosystem
ry (mineral soil)
if independent ecosystem

PRy D
< -\ b

V' A

Water/ Carbon Stock Dum Ecosystem
(peat soil)
if independent ecosystem

Resilience

: \
S ol . B Kalimantan Catastrophe**
: "' by Negative Feedback \Q
mmmm)  Positive Feedback .
mmmm)  Negative Feedback Vulnerability

* High Biodiversity & High Productivity/ Enrich of Water & Carbon Stock
** Low Biodiversity & Low Productivity/ Loss of Water & Carbon Stock




Project MRV Challenges for REDD+

« Baseline scenario and reference emission level
« National £
 Sub-national level

« Methodology development and verification
« Expensive and lengthy process in developing methodology £ g
« Complexity in interpreting the standards during verification [S88e
« Community capacity in supporting MRV work &
« Land tenure &t

» Competing claims between local and national governments o




Field Campaign using High-Precision Telescope

AMI (Airborne Multispectral Imager)
Called as LCTF (liguid crystal tunable filter-system)

AC adapter
AC power supply

Windows-based PC

USB cable

Multispectral Camera Camera controller
*  Wide FOV lens * 100-240 V AC input
* High-sensitive CCD * USB 2.0 interface
* Liquid Crystal Tunable Filter * 300 x200 x 60 mm Specifications
P Lo g FXI
+ 190 x 100 x 100 mm e Seaibon
« [13kg — Band width (FWHM) 8- 25 nm
" ,' Response time < 0.3 sec
8"
| Frame rate > 1 frame /sec
8\ Number of pixels 659 x 494
Field of view 92 degree
Courtesy: Junichi Kurihara, HU LCTF



. Advanced sensors
On-demand monitoring orovided by HU

using microsatellites with HU

telescopic

camera
RISING-2
- RISESA .

Regional measurement

\\i'

NIFORM

using UAV with HU
SENSors gy

U

Data downlink
and analysis in Dyl S e
Indonesia Wild Eire ~ bio CDOM




Smart Remote Sensing with Super-Constellation

Short Term (Dynamic): Fire, Tsunami,
Deforestation, Weather [20 micro-satellites]

Medium  Term: Forest Degradation,
Biodiversity Changing, Plant Growth, Water
Pollution, LULUCF, GHGs Flux, Water
Cycling [Modeling and Simulation][Several
micro-satellites]

Long Term (Stable): Mineral Exploration,
Biomass, Biodiversity, Village Mapping [Few
micro-satellites]

20 mlcro-satellltes In equatorial orbits enables
5-min interval monitoring

by Yukihiro Takahashi



Watershed pnd carbon managements using data
transfer network of mobile phone

(1) Grounchwarer,
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APN: Access Point Name Indonesla
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B Indonesia CTC (Climate Technology Center) at BPPT

SN Submitted proposals by countries and consortium organizations
Costa Rica

Norway

CTC-N

(Climate Technology
Center & Network) USA
COP 16/2010, Cancun — Mexico

.o L OO Kenya

Iran

Germany
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Thanks for your attention!



