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K&C Tnitiative

= An nternational science. collaboration led by JA XA

Project outline and objectives

To develop the Asian rice crop estimation and monitoring. It is a component of
the GEO Global Agricultural Monitoring (GEOGLAM) initiative to enhance
regional and global agricultural production estimates through the use of Earth
observations.

About 100 X 100 km/single province Technical Demonstration Sites (TDS) in
Asia-RICE members’ countries. There are currently 10 Asia-RICE TDS in 9
countries in Asia.

ALOS-2 ScanSAR and other data over all Phase 1 TDSs is a key to estimate of
rice crop area and production estimates at the provincial level.
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Thailand' U Vietnam

Phase 1A: Jun 2013 - Nov 2014

Indonesia

US Dept of State Ceographer
2013 Google
Data S10, NOAA, US. Navy, NGA, GEECO
2013 Mapabc.com
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= An nternational science. collaboration led by JA XA

Project outline and objectives

To develop the Asian rice crop estimation and monitoring. It is a component of
the GEO Global Agricultural Monitoring (GEOGLAM) initiative to enhance
regional and global agricultural production estimates through the use of Earth
observations.

About 100 X 100 km/single province Technical Demonstration Sites (TDS) in
Asia-RICE members’ countries. There are currently 10 Asia-RICE TDS in 9
countries in Asia.

ALOS-2 ScanSAR and other data over all Phase 1 TDSs is a key to estimate of
rice crop area and production estimates at the provincial level.

Supports Climate Change adaptation and Environmental Conservation with
sustainable development in K&C theme
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Asia-RiCE GEOGLAM

Crop Estimation and Monitoring

About

This work has been undenaken by an ad hoc team of stakehoiders with an interest in the development of an
Asia-Rice Crop Estimation & Monitoring (Asia-RiICE) component for the GEO Global Agricultural Monitoring
(GEOGLAM) inltiative.

GEOGLAM aims 10 enhance agricultural production estimates through the use of Earth observations. It was
developed in response 10 the G20 Agricultural Ministers’ concern about reducing market volatiity for the worid's
major crops. The initiative buiids on recent advances in Earth observation technologies. These lecnnolc:ﬁtes have
great potential 1o contribute to timely forecasts of crop production and early wamnings of potentially significant
harvest shonfalis.
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Importance of Rice Crop Monitoring

~ Y Rice s the staple 1ood for more man hailt of humanity - with 80% of the worid crop grown and consumed in Asia.
e I el A N oty Sane Mg et Ty Giobal rice p 1 has | d continuously in the last hall-century, since the Green Revolution. In the
. o ar same penod the use ol chemical inputs, the introduction of modem high-yieiding varieties with shor growing
f;::’ 1res :onu-cv:w B prone t:'(:m -.:‘:.:s ) Nxd mamets Mat w.o: a3 10 -o-;o e = cycles, and the Ifr:lcreasod awssus to machinery and |'mgahon systan"us have led 10 a Ignear ng'M;I of the crop
PAce ORmas. A% I 2008 afen P e T s doutied n Lven FOAE Y m conte
pace Mot AT Bes ' 008 0 207 500 CEON 7Y ol —~ oy 6%%%{;&23(2:1".9 n%g:monasszigoagr; Increase of the number of crops per year (Food and Agriculture
PrveTmanty Palen and
ALCUIIS NISARAICA B A96063 0N The ISANE! SRIT-N0A O ACE 1O, BAS! MWLM MANLIATEN! AR This higher cropping intensity (from singie 10 double
CLCUNIACE BNT MR PRSI 1 MOREVE MO AJACUIU Butrtyd Sl MARY 0N SLAISICS D318 or 1riple crop) 1ogether with 1he conversion of non
ey Loecs aampape ad messs w2 are e G S C AN V. SUTUPI I SN S5 gutaire arable land 10 arable land have resulled in a drastic
M ' e | ’ increase of rice harvested areas in the 60s and 70s
MOV, 08 BYACU s HOonyy W 10 SNVECAMENLE Biuel BOM wdle! MAASJETSI (+1.4Mha/year) which siowed down in the 80s and
e o1 Tees Bl SO IS SoAtg Chn Spen i i o Bt oot i oo 30s (+0.46Mhalyear) and has tended 1o stablize over
%3 QLON Wawy the last ten years as a result of approaching the limits
of land use and of cmppmgbmtensny. however there
Objectives is a large inter-annual variablity due 10 climatic
conditions and socio-economic factors. As both the
Ama FCE 00SCTDOT & WO DN 157 he JOINECA And MVEICOMant o1 he At MICE COMDOMNt 10r GEOGLAM increase in yield and in planted areas will be facing

Tra comitves are Iimitations in the next decades, it is unlikely that rice

production can keep increasing al the same rate.
e To ensure Mt Asan COUNISE RCaNe the il Domnta benefes of GEOGLAM ang mat
ey 2 stabY 000300 a7 DEDWD 10 30 80, Meanwhile, worikd population, and therefore demand
nsre FLALOR) ALY B QRN SATADN (AR AN ATESSCA wAR for food, has increased linearly over the last ity years
* !:.,.--3!.‘&';&,- “1-“\- ::- ] — (+80M/year), and is projected 10 keep growing until
QTR AT around 2050 up to 9 billon inhabitants (United
-l orme » e Nations Depariment of Economic and Social Aftairs,
Nwm - npped Population Division 2004). This conjuncture is prone Top rice producing countries by MT, 2010 (Source: FAOSTAT).
1o create 1ensions in food markets that coukt lead 10 Cick 10 enlarge.
worid 1o0d price crises - as in 2008 when the price of
Thg rQONN ACTWERY ed Ly he Asa fuCt mrunnmm@mmmuwnmm rice more than doubled in OH'YSGVOI'I maonths - and
mﬁ"m‘“ Work Fian and 1em Wil B0 & AUTDEr Of INRISHENGSNCIDS ANG NISKNANGES Detween Te eventually 10 famines. In this contexi of price instabiity and threatened food security, 100is 10 monitor rice
production in real-time are highly needed by governments, traders and decision makers.

Watate proyaded by w - —

Accurate information s needed on the spatial distribution of
rice fiekds, water resource management, risk occurrence and




Asia-RICE Components
Red color is related to K&C research

ID Target Agricultural Products

P1 |Rice Crop Area Estimates/Maps

P2 |Crop Calendars/Crop Growth Status

P3 |(Crop Damage Assessment

P4 |Agro-meteorological Information Products
P5 |Production Estimation and Forecasting
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Research Topic

1 Perform rice crop area and yield studies using ALOS-2 ScanSAR along
with other polarimetric SAR (e.g. RADARSAT-2) new wide fine mode,
European SAR (Sentinel-1), and DLR’s TerraSAR-X with ground based
observation systems (field routers) and rice crop models.

1 Derive phenological information from SAR data (rice crop calendar and
land use map) and perform a comparison with optical-based
phenological information.

1 Investigate the relation to rice crop growth stage; work on a correction
method for incidence angle variations; and investigate the
Interoperability of optical and SAR data.
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Asia-RICE team phasing

CY Target Task 2013 2014 2015 2016-
countries 2018

Phase
1A

Phase
1B

Phase 2

Indonesia,
Vietnam,
Thailand

1A + Japan,

Malaysia,
Chinese
Taipeil,
Philippine

Area E a

es'tlmatl&)lﬂ?SAF regional and bilateral cooperation with Japan and others
Cooperation with AFSIS and Japan

estimation

Outlook

(1A + € >

Philippine) Cooperation with AFSIS and Japan

-———>
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List ground truth data that will be shared with JAXA

Technical

Demonstration Field Photos
Site

Indonesia

Subang, West
Java Province
Batola, South

— Photo of

reference fields

Field Measurements

— Coordinates, rice season
(eg, timing of sowing and

harvest, crop growth stage

High-resolution
EO data

RES AT

Based on data Acquisition, in 2014 field data
are planned to be collected until Oct 2014.
Due to our fiscal year, for next ground survey
will be conducted in 2015.

el . when available (vegetative, reproductive, The number of reference fields will depend on
alimantan
] maturity) the available funding
Province
— Coordinates, rice season
Thailand — Daily photos (e.g. timing of sowing and ] ] ]
) o Need to coordinate with ADB project to share
Suphan Buri using field server harvest), crop growth dat
ata
Province with AWS stage (vegetative,
reproductive, maturity)
— Dates, coordinates, rice — Monthly rice
variety, growth  stage o monitoring reports
) ) ) - Limited . .
Vietnam — Photo of (vegetative/flowering), from Thai Binh ) i i
o ) ; number of o Need to coordinate with ADB project to share
Thai Binh reference fields crop age, crop vigor, plant Provincial
) ) ) ) i VNREDSat-1 data
(North) when available density, height, orientation, Department of
scenes
expected crop duration (in Agriculture and
excel file format). Rural Development
_ — Coordinates, rice season The number of reference fields will depend on
Vietnam - Photo of ) ) )
) ) (e.0. Autumn-Winter, the available funding.
An Giang reference fields i ] ]
) Winter-Spring, The ground data will be released after
(South) when available

Summer-Autumn), crop

analysis and reporting of the study team.
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List ground truth data that will be shared with JAXA

— Coordinates, rice season

Lao P.D.R. — Photo of (e.g. timing of sowing and ) ) )
} Need to coordinate with ADB project to share
Savannakhet reference fields harvest), crop growth o
ata
Province when available stage (vegetative,
reproductive, maturity)
Coordinates, rice season
Philippines - Photo of (e.g. timing of sowing and ) ]
. i Need to coordinate with IRRI/RIICE and ADB
Nueva Ecija reference fields harvest), crop growth )
) ) project to share data
(RICE) when available stage (vegetative,
reproductive, maturity)
India — Coordinates, rice season
) o ) Limited scenes
Bardhaman Field photos (e.g. timing of sowing and

District, West
Bengal State

where available

harvest), crop growth

stage (vegetative,

of high EO data
(TBD)

— Coordinates, rice season

Japan : - .
— Daily photos (e.g. timing of sowing and
Tsuruoka, L
using field server harvest), crop growth
Yamagata . i
with AWS stage (vegetative,
Prefecture . .
reproductive, maturity)
Malaysia .
- Photo of Coordinates of study )
Barat Laut ) Need to coordinate wth |ADA Barat-Laut
reference fields area. Crop calendar . i
Selangor . o ) Selangor Rice Project
) when available giving the various stages.
Province

Chinese Taipei
(Taiwan)
Chang Hua,

- Photo of
fields
when available

reference

- Coordinates, rice

season(First Crop and

Second Crop) ,timing of

Limited number
of Formsat-2
scenes (TBD)
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P1: Expected product (deliverables) - Paddy Field Area Detection by temporal series SAR

TextLabel TextLabel TextLabel

TextLabel
Image Selection Detecting rice crop area @ Noise reduction
Open images @ Erosion Detected area
Sensor RS2 Dilation & Difference image
Directionc D5C No Execute Growing stage image
Mode WF

B Planting stage image

Select / Change images
54 Noise reduction RUN
{10.193, 105.067 ) DI val( 1000.000000 ) , Min val( 9999.000000 ) , Max val( 9999.000000 )

Detected paddy field area

TextLabel

W rice crop area map looks good,
you can regiler it into a databese fof next step

Output File Name : RCM_Result_RS2-DSC-WF-20140718021634.0

RADARSAT2[HH|WIDE_FINEJDESCENDING|
29/08/2013-26/04/2014
Map name

Clear Register

Data : Descending images with JAXA’s software (INAHOR)
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Sentinel-1 and ALOS-2 data for Asia-RICE

Thuy Le Toan
CESBIO, France




RADARSAT-2
(CSA/MDA)

C-band SAR (5.405 GHZz)
24 days repeat cycle

Sentinel-1 (2014) C-BandSAR (5.405 GHz)

(ESA) 12 days
RISAT-1 C-Band SAR (5.350 GH2z)
(ISRO) 25 days
TerraSAR-X X-Band SAR
(DLR) (9.65 GH2z)
11 days
COSMO SkyMed X-Band SAR
(ASI) (9.6 GH2z)

4 satellites/ 16 days

L-band (1,270 GH2z)
14 days

ALOS-2 (2014)
(JAXA)

Wide Fine mode( 150 km, 20m), FOW2, Incidence
31-39°, VV and VH

Stripmap mode (80 km swath, 10 m resolution.
Incidence range 30-40°, VV and VH

MRS (115 km swath, 22-43 m), Incidence 23-49°
HH and VV

a) StripMap (SM), 15x50 km

1.2x 6.6 m resolution, HH&VV 20-40°

b) Tandem X: StripMap,
alternating bistatic, HH,

interferometric mode,

StripMap pingpong (20m, 30 km swath)
HH and VV, Incidence >40°

StripMap (10m, 70 km) 14 days
HH and VV

14
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SAR Data Reqwrements

1. Strong temporal variation of the radar backscatter of rice fields
2. Non uniform crop calendar of adjacent fields

- High temporal frequency data (Sentinel-1)

0 —

Simulation of the C-band backscatter of the 3 crops/year
1 In the Mekong Delta N

b & & D
I

Backscattering coefficient {dB)
o
“——._\_*H
"“'“H-..H_\_\
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J tion Sites for Asia-RiCE

Thailand' ' _Vietham

Phase 1A: Jun 2013 - Nov 2014

Indonesia

US Dept of State Ceographer
2013 Google
Data S10, NOAA, US. Navy, NGA, GEECO
2013 Mapabc.com




B EW (HH) ® EW (HH) W TW (HH) ® 1w (HH) | CALIBRATION SITE (UNTIL 12/2014)
B EW (HH-HV) & EW (HH-HV) TW (HH-HV) IW (HH-HV) - CALIBRATION SITE (UNTIL 12/2014)
Bl EW (VW) s EW (VW) B T (W) W (V)

EW (VV-H) EW (VV-\H) IW (WV-VH) S IW [VW-VH)




B EW (HH) ® EW (HH) B W (HH) & IW (HH) | CALIBRATION SITE (UNTIL 12/2014)
B EW (HH-HV) ®  EW (HH-HV) W [HH-HV) " Iw (HH-HY) - CALIBRATION SITE (UNTIL 12/2014)
B EwW (VW) & EW WV B 1w (W & I'w{\")

EW (Vv-H) EW (VV-VH) W (WW-WH) W (W-VH)




- SENTINEL-1A - OBSERVATION SCENARIO 24.10.2014 - 05.11.2014 (CYCLE 31)

LR |

Bl EW (HH) ® EW (HH) I 1w (HH) &  IW (HH) | CALIBRATION SITE (UNTIL 12/2014)
B EW (HH-HV) ® EW (HH-HV) IW (HH-HV] ® W (HH-HV) - CALIBRATION SITE (UNTIL 12/2014)
B EW (W) ® EW (W) B T (VW) & IW (W)

EW (VW) EW (VW-VH) W [(W-wH) o IW DAVHD




- SENTINEL-1A - OBSERVATION SCENARIO 05.11.2014 - 17.11.2014 (CYCLE 32)

LR |

Bl EW (HH) ® EW (HH) I 1w (HH) &  IW (HH) | CALIBRATION SITE (UNTIL 12/2014)
B EW (HH-HV) ® EW (HH-HV) IW (HH-HV] ® W (HH-HV) - CALIBRATION SITE (UNTIL 12/2014)
B EW (W) ® EW (W) B T (VW) & IW (W)

EW (VW) EW (VW-VH) W [(W-wH) o IW DAVHD
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The Sentinel-1 Reference Site
Agreed in consultation with the Asia Rice -GEOGLAM CEOS adhoc working group.

Phnom Pen h‘g

LHo\C hi Minh=Ville
&

R L

- * Can Tho

Soc Trang

Coordination of ground data collection for 3 sites
(Asia-Rice meeting, August 2014, Taiwan)
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Autumn-Winter Rice in An Giang province, 6 October 2014
Using Sentinel-1 data
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Data understandlng for rice field mapping and

monitoring rice growth
Using Radarsat 2, Wide fine 1 in 2013 (Asia-Rice-CEOS)
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Days after sowing

Increase of VH backscatter - Use temporal change for rice mapping

8-10 dB during the cycle
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Electromagnetic modelling I

scatter
Vbhun:\\\\
scattering

Ground
scattering

I
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Electromagnetics modeling - VH
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s—a Double bounce backscatter [dB)

]
=
=

1
—
o

-18

|
B
=]
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Days after sowing Days after sowing

- Use temporal change for rice mapping
Derivation of sowing date, rice biomass
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RMSE = 5.41 days | o
e R R e
1-7 Aug
814 Aug g 2Sep T
15-21 Aug B et s
22-28 Aug g g
28Aug - 4 Sep F L i S S
!AUQI-"’H .
J.-"

8Aug 20Aug 1Sep 145ep 28Sep 90ct
Retrieved sowina date

g@w Improvement expected with 12 day repeat cycle of S1A
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Sentinel-1A and ALOS-2

Sentinel-1A scheduled in 2015 on Asia Rice Technical
Demonstration Sites

JFor RS research at Asia-RICE demonstration sites
2> ALOS-2 stripmap data

For large scale rice and wetland mapping
- We expect to have ScanSAR ALOS-2 data

Towards an entire Asia Rice mapping?




From PALSAR mosaic

2007




From PALSAR mosaic

Rice area in green

Trees or built areas in black




