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0. Motivation to DA (Story taking me here today)



Drainage on peatlands in SE asia
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Target fields

Natural Forest Drained Forest
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evapotranspiration = @ KBDI index are used to compute

transpiration + evaporation the balance between
- evapotranspiration and
transpiration precipitation. [Keetch et. al, |965]

[ 800-Q][ .968 exp(.0486T) - 8,30 ldr -3
trees grass Q- 1 + 10.88 expl-. 0441R) x 10

@ Presently, this index is derived
from satellite observation:

®& land surface temperature

(LST) from MTSAT received
at |IS/U-Tokyo

@ rainfall from global satellite

mapping (GSMaP) provided by
JAXA EROC.

®& Ground water table (GWT) is
modeled as a function of KBDI

,’ groundwater
recharge

Takeuchi, 2013



Lower ground water table of peatland in Indonesia are
prone to fires and large carbon emission sources
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Cycle from Observation to Countermeasure

To target

To target To solution

Observ. Simulation  Solution optimi . manage Evalu

Survey--Modellmg» Forcast"eval. Edesign- zationg ment ation

b N 1
i F‘ S et .
il S5 3N . RO, TP e S
- P / -, ~ =
® > e I 'S s lgx:;'?"“". Y
"fi’».’;& s PP <. - -,XL’ 1
o r'ad 73 4}}'_*— 5 ot ¥
N ; / o I odl
BT # TR S P
W 8 Y ',
& it 2
- f /:2"1:‘--',
g LN
N ey
:n
=55,

Latituoe (deg. )
- > -

INIESMOE o x r Lo S
-~ — N aa— ] e i
GOSAT e
3OO Lpgem) N
T . <

0 0 @ 120 150 180
Longitude (deg.) 20080701-073 1{Ver.01.10)

Observation Of the EffECt Modified from Yasuoka 2015




Customization Commonized aspect
Solution Based

THE EH!E!‘DE SO
Our i 8 I
€«— current T = s
studies B
Local FE ?g. Global
Analysis Based
Customized Research Commonization

Modified from Yasuoka 2017



1. Background & Objective
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Characteristics of Agriculture
In Monsoon Asia

Yan et al.




Development economic assessment to realize scientific decision making

erification with the GOSA
and atmospheric simulatio

Unveiling
the potential of
CH, reduction
and the baseline

Future prediction
of CH, emission
in global scale

long-term changes of

Monitorin
9 rice cropping frequency,

present status of
water management



2. Ground observation of greenhouse gas emission
and statistical modeling
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'« Continuously flooded
nearly through a year

+
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- Anaerobic stress
for rice production
- High GHGs emission

'« High straw production T

AWD
(Alternate Wetting and Drying)

- Irrigation-water saving - Anaerobic-stress mitigation

- GHGs mitigation
=T .

Drainage period Flooded soil ~ Modifiedfrom
Yagi, 2010

Less CH, More CH,
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Water
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Obtained annual CH, emission data so far

Guif of
Thailand

alluvial soil
1.1 Mha, 28%
acid sulfate soil
1.1 Mha, 28%

potentially acid sulfate soil

0.5 Mha, 13%

Xuan and Matsui, 1998

EF baselines in
philippines
(GoP 2014, Basak 2016)

- Single crop (rainy season)
- Single crop (dry season)
- double crop

(n=3)
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Characteristics of the Mekong delta
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Characteristics of the Mekong delta
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Characteristics of the Mekong delta
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Flow chart
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CH, flux data & Soil map
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Hierarchical bayesian modelling

Field data CH, emission
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IPCC guideline (Tierl)

[Emission factor x Scaling factor in IPCC guideline]

Straw incorporation time Water regime prior to Water regime during
and amount rice cultivation rice cultivation
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Sowing days
(days after 2001/01/08)

Cropping calendar evaluation with

MODIS—NDVI (LMF-KF)
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Semi-empirical daily CH, flux (mg C m-2 day-!) Model

CH, emission on a specific date count
= y * carbon_management [ non-inundated_fallow / inundated_fallow * water_management *a*3 g
75
<
¢ 50
carbon_management a
O 25

=[exp(-DAS*0)-exp(-DAS*(0+w))+k]

N

Days after sowing

CH, flux

non-inundated fallow

= ; 0.01 1T 10100

f— =1 %k * — Lk .
[1+EXP(-1* T *(DAS — L* days of nonflooding days of the former fallow))] Esti ted

0 days non-flooding fallow

5 days non-flooding fallow
30 days non-flooding fallow
60 days non-flooding fallow

inundated_fallow 31-12-2000
= EXP(e * days of flooding days of the former fallow) 100 ’
>< 175
water_management ..5_’ 50 f 10
= EXP(n * inundated days during the last 10days) = S
(1) N
DAS<«days after sowing © o
a <straw incorporation coefficient 0

_ _ . 0 2040 60 80100
B <-acid sulfate - coastal sandy soil coefficient  pays after sowing

Y, N, 0, €, W, T, K<constant (>0)

300

400
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3. Satellite remote sensing of GHG emitters
- Cropping calendar & the adjacent fallow length
- Paddy soil/water covered by rice plants
- Top down verification with GOSAT
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Satellite remote sensing of soils

High transparency

ALOS-2/PALSAR-2
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Alluvial soils
1.1 Mha, 28%
Acid sulfate soils
1.1 Mha, 28%
* S5paddies X 4villages potential acid sulfate soils

ﬁ _ _ 0.5 Mha, 13%
30padd|es X 1V|”age Xuan and Matsui, 1998

PALSAR-2 Lv.1.1
(quad. CEQOS)
23 scenes

I

PALSAR-2 Lv.1.1
(SCANSAR CEQS)
105 scenes

e

| De Grandi |

Geocoding
&

Rice paddy maskin

Polarimetric decomposition

Freeman Cloud
-Durden -Pottier

Sampling (25-30pixel)

which is covered by rice plants

Classification of inundated paddies and non-inundated paddies ]

Modified from Avtar et al. 2012



-Freeman-Durden decomposition-

Inundated Non-inundated

O A 0-20 days after sowing
® 4 21-40 days after sowing

® A4 4160 days after sowing

‘ A 61-100 days after sowing

A Dry fallow (+rice stumps)

Fallow after plowing

or flooding fallow
Inundated Inundated
(cropping) (fallow)

- A dbl, 15 ‘..'.': . i

v A S N A A

100 ﬁﬁ&—é—ﬁ —L NN A AN 0 A A ma ¥
0 10 20 30 40 50 60 70 80 90 100

Non-inundated (cropping)
Non-inundated (fallow)

Single scattering(%)



Dominant scattering type

Single scattering Single (+ volume) Single + Volume
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SCANSAR (intensity - HHo9)

Dry season (2015 Apr. 10) Flooding season (2015 Oct. 23)

31



Double bounce detection by SCANSAR (intensity - HHoO)

Dry season (2015 Apr 10)
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MRV and available data

2002 | 2003 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 § 2012 § 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

MODIS (250-1000m, 1day, cloud-biased)

AIRS, OCO-2
NISAF

GCOM-C (250m)
AMSR-E, AMSR-2,3 (10km, 1day, cloud-free)

ALOS-2

. ALOS-4

GOSAT-1

< Reporting

< Monitoring & Verification

Sentinel-1A
Sentinel-1B
Sentinel-1C
SCIAMACHY Sentinel-5P



Daily ALOS2-LandSurfaceWaterCoverage estimation

= (ALOSZ2floodability*w+ 7 )* exp(AMSRNDFI*3-MODISLSVC*9)

20150601dailyALOS2LSWC

~ 100%

)

- 0.8

y=1.00x+0.31

80% RZ2=0.63

60% Downscale
to MODIS

40% spatial
resolution

20% & 0

W )

0% 20%  40% 60%  80% 100%

Observed ALOS2-LSWC (10km-res

Estimated daily ALOS2-LSWC (10km-res.)



MONITORING with ALOS2 (since 2014)

N2

REPORTING with AMSR, MODIS, GCOM-C/W (since 2002,daily)

Paddy distribution

Daily inundation
status

Estimate daily CH,
emission REPORT
(250m res., 2002-)

o}
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g

ol

8

200
175
0
5
a
=)
0

Da|Iy cropping
calendar

Need to be
VERIFIED !



NICAM-TM
# with different altitudes (2000/Jan.)

Direct comparison between GOSAT and emission data is meaningless...

—>Need transport model! But



Check spin-up status

2000/2/1 (1 month after) 2002/1/21 (2 years after) 2003/1/16 (3 years after)

Long years are needed for spin up

+ strong dependency on initial condition,,,
—>DA is essential
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A 4D-Var inversion system based on the icosahedral grid model (NICAM-TM 4D-Var v1.0) -
Part 2: Optimization scheme and identical twin experiment of atmospheric CO, inversion

Yosuke Niwa et al.

Model code and software

NICAM-TM 4D-Var
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JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 116, DO9110, doa:10.102920100D014673, 2011
“Variable localization”™ 1n an ensemble Kalman filter:
Application to the carbon cvcle data assimilation

1

Ji-Sun Kang,] Eugenia Halnﬂy._] Junjie Lin,” Inez Fung._: Takemasa Miymhi._]
and Kavo Ide'

(a) mult (b) L-mult
CF

CF

Flux estimation from
atmospheric concentration
by omitting multi-collinearity

(c) 1way (d) L-1way
CF C

CF
C

* No direct emission or
apriori info. is required! — yos

{e) C-univ

CF C
CF

Transparent MRV 5
with NICAM-LETKF!

Yes

Back ground covariance matrices



4. My next work with DA
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My next work with DA

Economic assessment of GHG mitigation under various uncertainties

Schematic of Earth System - Human System Feedbacks R ol
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= Kalnay et al. 2017

And if possible...

Soil moisture/Drought assessment/GHG emission estimation
with AHI-LST and its DA with atmospheric observation data

PM?2.5 emission status estimation with AHI & NICAM-LETKF




fory

hank you
our attention




