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¢ Background of Asia rice crop team (AsiaRiCE)

¢ AsiaRiCE products —rice crop area estimation

** Phase 1 activity with early results of phase 1A using R2
¢ Overview of ADB project

¢ AsiaRiCE products — outlook

** Way forward



Importance of Rice in Asia

¢ Asian countries are responsible for approximately 90% of the world
rice production and consumptions.

** Rice is not just a food, but closely related to culture.
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Rice related statics or information are imperative for decision making.




Special Characteristics of Asian Rice Crop Growing Regions

** Multi-season crops

¢ Variable crop calendars within a
season

+* Diverse growing practices

** Water resource dependency (Water
stress — irrigated, rain-fed)

¢ Rainy season growth (cloud) / oy

Rice Area: By Type of Culture

Irrigated Wet
37%

Irrigated Dry
18%

Rainfed Shallow (0-30)
26%

Rainfed Intermediate(30-
100)
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Multiple source data integration for agriculture

* Only one sensor / satellite can not solve application requirements
- Multi-satellite observation including international constellation is
definitely needed.

Satellites/Sensors

SAR Mic.rowave Precipitation Optical Sensor Optical Sensor
Radiometer Radar (Global Imager) (HighRes.)
Products from satellite data )
Agro-meteorological Topography

Paddy Field Mapping FIood Monltormg Crop Growth

Monitoring

Agricultural Applications

Agricultural Stat Early Warning Damage Assessment
Management




Asia-RiCE products — rice corp area estimation

Target Agricultural Products

P1 |Rice Crop Area Estimates/Maps

P2 |Crop Calendars/Crop Growth Status

P3 |Crop Damage Assessment

Agro-meteorological Information

P4
Products

Production Estimation (and

P> Forecasting)




Framework for Crop Yield Estimation

Asmmllatlun

Biophysical Model

A Land cover
: in put
Local Mapping :
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High resolution (< 30m )
- Optical sensor
- SAR (Fine mode)

Object-based Classification

s

- Crop phenology Tnlput
- LAl, Biomass, Plant Height

Agro-meteorological
Data
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- ScanSAR i based model
Pixel-based Classification Validation © YPA = f(xi)
< i xi ={meteorological indices,

e Climate Model
Simulation Results

Crop Yield Forecasting ,
Area x YPA




Seasonal Backscatter Characteristics of Paddy Field

¢ Seasonal changes in microwave backscatter is useful information
to detect paddy field area.

specular reflection  weak backscatter strong backscatter

Phenological \ /' \"'7, \\ A—
Stages A W
Open Water Growing Maturing et

A
strong

Microwave
Backscatter
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Comparison with in-situ Measurement
Khon Kaen, Thailand, 2011

vy

in-situ measurements

: Planfc'ing date was during 20th Jun to 7th Aug. .

] gakhoniKaen i (DOY: 171_219 )

IMQMD_Q % g:‘:rl;\(s:f Lzr:;?gg %:l:ne S)addy B pond
7-Aug

e —
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Procedure of rice crop yield estimation
by acreage and yield per unit by

JAXA and GISTDA&OAE, Thailand
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Asia-RiCE

Crop Estimation and Monitoring

S

Proof of concept and promote the usefulness of EO, especially SAR to rice
crop monitoring in provincial level to expand national / regional level

 Phase 1A of Asia-RiCE will consist of four technical demonstration sites in
three countries from 6/2013

* Each of these will focus on the development of developing provincial-
level rice crop area estimations.

* Phase 1B, and/or Phase 2, additional technical demonstrators will be
added, and/or the scope may be increased to produce whole country
estimates.

— Thailand will likely be used as a demonstration of whole-country “wall-to-wall”
rice crop area estimation capability, using ScanSAR (100m res.) and other data.

e



Asia-RiCE Technical Demonstration Sites

oA WON
Thailand ' _-VMietnam

Phase 1A:Jun 2013 - Nov 2014

Indonesia

US Dept of State Geographer
203 >
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www.litbang.deptan.go.id

Spres Agpilieetions tr Bndweameat

SAR Technology Application for Paddy
Crop Monitoring in Center of Paddy
Area, in Indonesia

® xu W

LAPAN

Indonesian Agency for Agricultural Research and Development
Indonesian Center for Agricultural Land Resources
Research and Development



Crop Estimation and Monitoring

%’Asia-RiCE Ph-

Indonesia — Subang, West Java Island

Aim: To develop and use the rice crop yield estimation "

model (with a focus on WesternJava Island) to o,
provide comprehensive and accurate informationto " " indrd
the BPS and Ministry of Agriculture. S %

wakarta
‘ Subang

Responsible Agency: Indonesian National Institute
of Aeronautics and Space (LAPAN).

‘
n

Subang Region, West Java Island.

Technical/Implementation Agency:

LAPAN, Indonesian Center for Agricultural Land Resources
Research and Development (ICALRD), Indonesian Agency of
Agricultural Research and Development (IAARD), Ministry of
Agriculture (MoA) of RepublicofIndonesia, Bogor Agricultural
Institute (IPB)

Bounding Box Coordinates

Top-left -6.22,107.56
LI T Ol -6.45,108.21

Links to Existing Agricultural Authorities: Ministry of
Agriculture (MoA).

e



Crop Estimation and Monitoring

,%)Asia-RiCE

Rice
Cultivationin
Indonesis
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Indonesia TDS - framework of operational use after this

prototyping
Engagement between space organization, Ministry of Agriculture, university
and statistic office with successful prototyping to proof of concept

Framework of operational use after this prototyping

Satellite data processing :

+ digital analysis of satellite imagery,
LAPAN * identifying paddy growing stage
JAXA * estimating paddy harvested area

SHieiie 'data. and production of paddy
prograration: ICALRD — IAARD — MoA

Inventory and 3 LAPAN
selection of basic I
analytical methods V /

U

Data Provider:

/ Preparation of information
,_..-—-’ (spatial & tabular):
] paddy planted area, harvested
“ area, and estimates of paddy
\‘ production.
_ 4
IAARD, LAPAN, BPS, e
PUSDATIN of MoA vy
Data & Information

Updating

Web-GIS based
Information

# User:
BPS, PUSDATIN of MoA,
Agric. Local Office for

—————— Food Crop

18




Indonesia TDS - Methodology and Data Used

|
—

Time series
Satellite Optic Data
(Monthly)

|
—

Time series
Satellite SAR Data
(Monthly)

Remote Sensing EVI based
Data Analysis empirical model by

LAPAN Field observatlon
» Actual time onrice
I Result of Paddy Productivity planting date,
RS Data Analysis Empirical Data 1 * Crop cutting

experiment for rice
crop ready to harvest
— productivity

Model
Paddy Yield Estimation

Validation

-
( Map of N
\Paddy Yield Estimatiod

19



Subang-Indoramayu, Indonesia

Googlesarth
%

RADARSAT-2 Datal List

Descending

Ascending

23-Aug-13

3-Nov-13

27-Nov-13

1-Dec-13

21-Dec-13

25-Dec-13

14-Jan-14

18-Jan-14

7-Feb-14

11-Feb-14

27-Mar-14

31-Mar-14

20-Apr-14

24-Apr-14

14-May-14

18-May-14

7-Jun-14

11-Jun-14

1-Jul-14

27-Jun-14




Time series images (VV,Descending)

by B T B

2013-AUG-23 2013-NOV-3 2013-NOV-27 2013-DES-21
2014-JAN-14 2014-FEB-7 2014-MAR-27 2014-APR-20

o Be P

2014-MAY-14 2014-JUN-7 2014-JUL-1



Time series images (VH,Descending)

2013-Aug-23




Time series variation of Backscatter
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Phase IATDS in Indonesia (Observation Area) °© / - - - -

1
(9]

e

. Descending

[

=

(%21
I

Ascehding

Backscattering - Sigma0 [dB]

[

23-Aug-13
03-Nov-13
27-Nov-13
21-Dec-13
14-Jan-14
07-Feb-14

Backscattering change during rice growthing



Rice mapping using Radarsat-2 data
First result

Thuy Toan, Lam Dao Nguyen, Kei Oyoshi and
Shin-ichi Sobue



# Hanoi

The Mekong Delta, Vietham

An Giang Province

Asia-Ricetechnical Demonstrator Site

13 provinces and
city;

Population:17.3 M
(20% or 1/5 of VN);

Area: 40,500 Km?
(12% or 1/8 of VN)

Rice production:
23.2 Mton
50% or % of VN)

(>

Source: GSO, 2011
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RADARSAT data over An Giang

(] General objective: to assess the use of C-band SAR data for

o Mapping and statistics of rice grown area of the 3
rice seasons

o Retrieval of rice parameters for rice yield models

J Methodological objective
o To determine the optimum number and dates of SAR data
o To assess the joint use of ascending and descending mode
o To assess inter-operability of RASARSAT and Sentinel-1

d Radarsat-2 data required
o Beam Mode: FOW?2 (Fine Wide, 150 km x 150 km)

Incidence angle : 30.6° -39.5°
o Polarisation: VV VH

(Close to Sentinel-1 Interferometric Wide Swath 1W1)




Technical Demonstrator Site — An Giang
Growing Seasons

Rice crop season Sowing Harvest
Rainy season Jul-Sep Nov-Jan
Winter-Spring Nov-Dec Mar-Apr
Summer-Autumn Apr-May Jul-Aug
Autumn-Winter Jul-Sep Oct-Dec

Crop season | Nov. | Dec. | Jan. | Feb. [ Mar. | Apr. | May [ June | July | Aug. | Sep. | Oct. | Nov. | Dec.

Winter-Spring
crop

Summer-
Autumn crop

Autumn-
Wintercrop




An Giang, Vietham

Selected area near “An Giang”

from full scene range

[

" 4
Googlefarth

RADARSAT-2 Data List

Descending

Ascending

29-Aug-13

22-Sep-13

16-Oct-13

9-Nov-13

3-Dec-13

8-Dec-13

27-Dec-13

1-Jan-14

20-Jan-14

25-Jan-14

13-Feb-14

7-Apr-14

26-Apr-14

1-May-14

20-May-14

25-May-14

13-Jun-14

18-Jun-14




Time series images (VV,Descending)

2013-AUG-29 2013-SEP-22 2013-0CT-16 2013-NOV-09

2013-DES-03 2013-DES-27 2014-JAN-20 2014-FEB-13

2014-APR-6 2014-MAY-20 2014-JUN-13



Time series variation of Backscatter
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2013 Autumn-Winter rice map

From Radarsat-2, 2 dates From Cosmo-Skymed, 10 dates

On going:
Improvement of RS2 map and accuracy assessment with ground data



Paddy Field Area Detection

Beg

Plantingstageimage i ¢ Glowing stageimage i
(Minimum-value image) (Maximum-valueimage)

Difference image
between two stages

Detected paddy field area



Paddy Field Area Detection by INAHOR

Rice Crap Mappes [ver_1.0.5]

TextLabel Testiaoe!

mage Selection Detecting rice crop area
Cpen lmages

Sens0r RS2

Dioction; DSC

Mode Wy

Seloct / Change images

Textiabel

Textiabel

B Nokwe reduction

® Erosior Detected ares
Dilation Diference image
No LaeCte

Crowng stage Image

& Plnting stege image

Molse ceducion RUN

TostLanel

If 15k Crop ares map looks good

you can register It into a databese for next step.

Output e Name | RCM_Result_RS2-DSC-WI-201407 180210 34.UF

DAHSAT 2| WIDE_FIRE|DESCENDING|
013-26/04/2014

R,

23/

Mag nafne

Clear Hegstel

Planting stage image (Minimum-value image)



Paddy Field Area Detection by INAHOR

oQa

TextLabel TestiLaoe! Textiabel Textiabel ToxtLabel
image Selection Detecting rice crop area 8 Nolse reduction

Open images ' ® Erosion Detected ares
Sensor RS2 Dilation DMference image
Ditoction; DSC No EveCute rowng stage im

x o P Siage Image If 1%k crop ares map looks good,

Mode wr & Plnting stege image you can rogister It into a databese for next step.
Seloct [ Change images

Output Mie Name | RCM_Result_RS2-DSC-WI-20140718021034.UF
RADAHSAT 2| |WIDE_FINE|DESCENDING|

29/08/2013-26/04/2014
Man nafme
! z J Molse reducion RUN

Clear Aegstel
|( 10,126 , 105.079 ) Diff val{-————-] , M val{—_—} , Max val{— ~—)

Glowing stageimage (Maximum-value image)



Paddy Field Area Detection by INAHOR

TextLabel TestLaoel Textiabel Textiabel ToxtLanel
image Sekection Detecting rice crop area 8 Nolse reduction

Open images A ® Erosion Detected ores
Sensor RS2 Dilation W DTerence image
Dioction:. DSC No ExeCute

Crowing stage maga If 1%k crop ares map looks good,

Mode wr & PLnting stege image you can register It into a databese for next step
“elect / Change images

Output Mile Name | RCM_Result_RS2-DSC-WI-20140718021634.UF

RADAHSAT 2|H[WIDE_FIRE|DESCENDING|
Ma nafne

29/08/2013-26/04/2014
wtoctin Wun Molse reducian RUN

Clear | Register
|( 10165, 105.072 ) Diff val( 1000.000000 }, Min vai{ 5599.000000 ) , Max val( 3393.000000 )

Difference image between two stages



Paddy Field Area Detection by INAHOR

Rice Crap Mappes [ver_1.0.5]

TextLabel TestiLaoel Textiabel Textiabel
mage Selection Detecting rice crop area 8 Noke reduction

Open images @ Erosior N Detected ares
Sensor RS2 Dlation B Offecence image

Diroction DsC NO EveCutte Growing stage Image

Mox wr .
fode A & Plnting stege image

Selock / Change images

Molse reducon RUN

( 10.193,105.067 ) Duff val( 1000.000000 } , Min vai{ 9593000000 ) , Max val( $395 000000 )

Detected paddy field area

Data : Descending images

ToxtLanel

If 15k Crop ares map looks good
¢r it into a databese for next step.

Qutput e Name | RS

{IWIDE_FIRE|DESCENDING|
013-26/04/2014

Mag nafme

Clear

Resull_RS2-0SC-WI-201407 1802 1634.UF

Hegsiel



Overview of Ongoing ADB Projects
Applying Earth Observation Technology

Presentation by
Yusuke Muraki
Space Technology Specialist
Asian Development Bank

December 4 2013
38




Satellite Radar Application

for Rice Statistics

TA-8369 REG “Innovative Data Collection
Methods for Agricultural and Rural Statistics”

JFPR funded, 2 million US$
Lao PDR, Philippines, Thailand and Viet Nam
For 2 years (2014/6 to 2016/6)

Impact: More evidence-based policies and programs
on food security

Outcome: The improved quality and timeliness of rice
crop area and production estimates and forecasts.

Technical advisor: JAXA
39
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/

Radar Optical Satellite
satellite Data data(MODIS)
/s —— \
J PrQ : Softwarel:
paddy field
cultivated

-~ ~

T d

N\
\
|
Optical :
Satellites Data I
le
L
|
|
|
Field Survey :
(GPS) I'
S 0 0 = 0 5 = — — - /

area mapping

-
N e e e e e o=
o e e o D e D Em Em Em -

: with crop model
'
Yield Estimation .
Users Calculation

Statistics
Data

40

Field Survey
Sample Plot (Crop Cutting)

Software2: rice yield estimate \

National Agricultural
Statistics

Yield by KKU
model and/or
database




Asia-RiCE products - outlook

Target Agricultural Products

P1 |Rice Crop Area Estimates/Maps

P2 |[Crop Calendars/Crop Growth Status

P3 |Crop Damage Assessment

Agro-meteorological Information

P4
Products

Production Estimation (and

P> Forecasting)

41



To Enhance Food Market Outlook

Information
 AMIS is a G20 initiative and is a global

agricultural market information system that
concerns itself with matters relating to wheat,
maize (corn), rice and soybeans.

Agricultural Market
Information System

http://www.amis-outlook.org/
home/en/
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JASMIN - Data-distribution System tor
Rice Outlook

* Each data will be updated twice a month (15th, 31th day of month).
e Users can access and get latest data any time.

Satellite Based Information for Ric
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Precipitation

* This system provide “Precipitation”
accumulated 15-day precipitation.

* Few precipitation can causes drought and too

much precipitation can causes flooding.
Current Condition
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Anomaly

2012/09/01 - 2012/09/15

VN

GSMaP -~
Precipitaion ? ‘ ’
(mm) T \

300 Much % & po.

-
250 s .
Ll
200

150 ; .

I 25 Less

GSMaP

Precipitaion
Anomaly (%)

300 Much
200

150
120
100

90

| %
0 Less



Soil Moisture

Available water in the soil is a significant factor for
rice growth.

High soil moisture means available water in the soil
is enough.

Low soil moisture means at the risk of drought.

Current Condition Anomaly
2012/09/01 - 2012/09/15 2012/09/01 - 2012/09/15
¥
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Outlook information for AMIS

Crop Monitor (As of 28 August)

This is the first GEOGLAM Crop Monitor developed for AMIS*®, It summarizes lotest crop conditions for AMIS
crops based on regional expertise and analysis of satellite data, ground observations, and meteorological data,
and was conducted by experts from glebal, national and regional manitoring systems. For each of the four
crops, o porograph summarizing current conditions is provided, occompanied by a satellite-bosed indicotor

Mo. 11 =September 2013 | 2

(

A&
AMIS

Market Monitor

No.11- September 2013

www.amis-outlook.org|

The Market Monitor is a product of the
Agricultural Market Information System (AMIS), o

Contents

map. Each map depicts crop veg ive growth lies from August 28th (relotive to o 12 year overage),
over the main crop growing regions within AMIS countries.

Wheat: Prospects are favourable in the Northern Hemisghere. Winter wheat harvest is complete and spring wheat is
in late-maturity to harvest stages. In the U5, Canada, Russia and Kazakhstan spring wheat conditions are good

G20 initiative to provide information, analysis and YWard SugreyDemans GlHack . dowdlices ! thaugh final yields will depend on fawourable weather in the coming month. Crops in the Southern Hemisphere are in
short-term supply and demand forecasts. It covers Crop Monitor NEW & early-vegetative to reproductive stages and conditions are mastly fawourable. In Australia overall conditions are

the international markets for wheot, maize, rice International Prices. 4 average to abowe-average but rainfall in the next month will be critical as there is some concern over dry conditions
ond soybeans, giving a synopsis of major market Fiitubes Markats & in parts of the country. In Argentina conditions are good although additional moisture is needed. In Brazil frosts
developments and the policy and other market caused some significant crop damage and there is somie concerm over excessive wetness. In South Africa winter
drivers behind them. The analysis is a collective Policy Developments 7 wheat conditions have improved since July, following widespread precipitation.

assessment of the market situation ond outiock Market Indicators 8

by the ten international organizations that form Exph 1y Noteé 10 Maize: General conditions are good. In the US approximately half of the maize is in good to excellent condition and

the AMIS Secretoriot. Ultimately, the report aims
at improving market transparency and detecting
emerging problems that might warrant the
attention of policy makers.

in spite of dry weather and rising temperatures in August, a bumper production is expected largely due to increasaed
planted area. In Canada, conditions are favourable and yields are expected to be average to abowe average. In the
EU, prospects are good except in northern Italy, Hungary, Austria, Slovenia and Croatia where there is concern due to
late sowing and dry and hot conditions. In Russia, current yield prospects are favourable despite low sail moisture in
the south. In China, India, Mexico and Ukraine conditions are generally good. |n Brazil the second maize crop
harvest is almost complete and it is expected to be favourable.

Rice: Growing conditions are favourable. The monsoon season in South and Snutheast Asm has malntalned good
moisture across most of the region. In India, conditions are favourable as monsoon rains have been well distributed. |>™
In Thailand, precipitation has been widespread, though there is some concern over localized dryness. Mostly
favourable conditions were maintained in Vietnam and the Philippines with some concern over excess moisture and
flooding. In China, good moisture conditions were maintained in the North China Plain though there is some concern
over flooding in the northeast and excess moisture in the southwest. Meanwhile, south of the Yangtze River, dry
conditions and above normal temperatures raise concern. In Japan, conditions are mostly favourable in the south for

early developing rice.

CErn

n for

Started provision of outlook with satellite data in September 2013




Way forward




EO and in-situ observation

1. EO satellites coordination

(1) ALOS/ALOS-2:complete data delivery to phase 1ATDSs, and preparation of K&C phase 4 project
proposal for wall-to-wall (7 times per year with ScanSar mode (100mres.)

(2) Radarsat-2: data delivery from last August to phase 1A/1B with Wide fine mode (5m res.) under CEOS
contribution

(83) TerraSar-X: for 3 countries (Indonesia, Vietnam and Japan) with strip / scansar mode

(4) Sentinel-1: for phase 1A/1B country under CEOS contribution from the end of June? with a reference site
(south Vietnam) biweekly observation

(5) CosmoSkymed: only for south Vietham and T hailand

-> Cross validationand integrated usage of various SARs with opticals

-> Sharing results /knowledge of our team activity with other GEO GLAM activities such as JECAM

-> Promoteavalue /usefulness of EO data to rice crop monitoring in practical use

[ 2013 2014 2015
: 8: 9 10: 11 12 1 2 3 4 5: 6: 7 8 9 10 11 12| 1

Indonesia : 23! : 3,27 1,21,25 [14,18 7,11 13,7,27,31 120, 24, 14,18, 7,11, 11,5,25,29, 18,22, 11,15, 5,9,29, :

An Giang 29: 22:16,23 9:3,8,27 [1,20,25 13,18 9,14 2,7,26, 1,20,25, 13,18, 7,12, 31 '5,24,29, 22, 11,16, 4,9, 28, :3,22,27 [15,20

Thailand : : 22 : 24{2,21,26 14,19 10,15 3,8,27, 2,21,26, 14,19, 8,13, 1,6,25,30 18,23, 17, : :

Phillipines : : : : : 2917,22 ¢ 10:6,11,30  i4,23,28, 22, 10,15, 4,9, 28, 2,21,26, 14,19, 8,13, 1,6,25,30 |

Japan : : : : : : 16, 23, 17, 3,27, 4,21,28, 14,21, 7,14, 1,8,25,  1,18,25,

Malaysia  : : : : : 147,16 i3,12,27  15,20,29, 14,17,23, :7,10,16,1,10, 25, i3,18,27, 11,20, '5,14,29, (7,22, i1,16,25, (9,16

Laos : : : : : : : : : : : : : : : :

Taiwan 4,17,25 13,21 6,14,19,30 8,24, 32;5‘5'17'311,19, 412,28, 5,21,29 15,23, 8,16,

Thai Binh : : : : 13,22 6,15 2,11, 26 4,28, 13,22, 6,30, 9,24, 2,17,26, 10,17,19, 4,13,28,

China : : : : : : : : : : : : : :

India

2 Ground observation data coordination

(1) Needto have ground observation data to validate rice crop area and production estimation using EO
satellites with crop calendar (how, when)

(2) Need to have statistical information of rice crop area and production by countries in provincial level

-> Needto standardize a method to collect ground observation dataand promote sharingthose datain
our team and hopely other GEO GLAM activities such as JECAM 49




Technical and Institutional Challenge

Global - Regional scale  National - Sub-nat. Local - Parcel
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Technical and Institutional Challenge
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Technical and Institutional Challenge

\CponBLEGH  Nationa - SuhN Temporal / spatial resolution

Spatial§esolution .. .
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Technical and Institutional Challenge

\CponBLEGH  Nationa - SuhN Temporal / spatial resolution
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Technical and Institutional Challenge

\CponBLEGH  Nationa - SuhN Temporal / spatial resolution

250m - 20m m for provincial / national scale

ages per 10 days 1 to 2 images per 10 days 1 to 2 images per month

1km - 250m

hourly images daily image
Revisiting capabilities

— “ fe | X-SAR
Zf"f " L-SAR | .k

Crop Eari ultur Crop specific Monthly
Growth ed. stat conditions bulletin
Anomalies Early

Needs cost effective method to estimate monthly / seasonally
rice crop production in provincial / national scale at first priority
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— Yield
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Food every estimate
security e 1 . =N s dngrab.
Drt
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Way Forward — coming events

** Sentinel-1 reference site coordination meeting of low Mekong
area of Vietnam in Taichung, Chinese Taipei in August

¢ Asia rice crop team meeting and outlook coordination meeting at
ASEAN+3 food security information system (AFSIS) conference
room in Bangkok on October 29t - 30t just before remote
sensing session of IRC2014 on October 31th hosted by IRRI

** To summarize phase 1A outcome / accomplishment to submit
CEOS / GEO plenary

¢ To implement phase 1B TDSs using SAR fleets including radarsat-
2, TerraSAR-X, CSK, RISAT, Sentinel-1 and ALOS-2

¢ To implement Asia rice crop monitoring under CEOS SDMS for
Indonesian TDS
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