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Agricultural DSS on Modeling and Scenario Simulation
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Comparison of Satellite LAl and Simulated LAl
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* Simulating for one cropping season.
— Ok, parameters fixed, then can predict the yield ?

e Weather ?

— Use normal ( average of weather variables of a day
for year)?
— Probability to have exact normal weather ?

— Climate Change Impact, use GCM output ? 100km
average weather variables ?

* Model and its parameters ?
— Can simulate 100% exact ?
— Are the.model parameters.exact.?........... 13
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How to Reduce Uncertainty in Prediction

* Big Uncertainty
in Weather Reducing uncertainty with updated information

¢ 100 of Weather
Scenarios

* Yield as a
Distribution

* Field Sensor
Network

¢ Climate
Forecasts

* Uncertainty in
Model

¢ Real-time Data
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model uncertainty
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Uncertainty
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CROP MODEL

Hansen et al. (2006) Clim. Res.

International Research Institute Seasonal Climate
for Climate and Society Forecasts
Seasonal Forecast

* Published as the
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Seasonal Climate Forecast
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The concept of probabilistic seasonal climate forecast (Courtesy of:
Michael Tippett, Columbia University, NY)

Courtesy: A novel approach for downscaling probabilistic seasonal climate forecasts: parametri%
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A Framework of DSS System

C

loud Sensor
Observation Service

Regional
Weather
Stations

UAV,Satellite

FieldServers
at each Farm

—

Integrated data ( RS, UAV, Field Sensor/Obs. ) for Assimilation
Reducing uncertainty as time passes through by weather and data

assimilation

Up-to-date prediction as probability distribution and filtering
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Tomorrow's Crop (TMC) is an on-line tool based on DSSAT crop simulation systerns. Users can see how planting date inlluences yield as
probability distributions that are based on 100 of possible weather scenarios generated from historical weather data. Currently, it has two
components, which are Tomorrow's Rice (TMR) and Tomorrow's Wheat (TMW).

« TMR callects the historical weather data from IRT, Columbia University ( daily minimum temperature, maximum temperatures and
rainfall) and NASA ( daily solar radiation ). TMR also estimate the impact of climate change by applying World Bank's climate
change data sct.

o TMW collects the historical weather data from CloudSense via OGC's SOS( Sensor Observation Service ). The original data source
is NIAES's agro-weather data derived by model calculation from AMeDAS data. Currently only Memuro and Obihiro data is
provided. The cultivar of Ki i variety was calibrated against yield and field observation by a research project
between Chubu University and IHI Corporation.

Visit (TMR 1 TMW ).
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Check the historical weather data
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Date ? Cultivar ? Soil Type ?

@ TMRV1.2

Mminimum temperatures Maximum temperatures Solar radiations Precipitations

&) Planting date ? = Cultivar ? & Soiltype 2 ¥ Climate change ? ! RUN
10 APR || 2014 (990003) JAPANESE [ (1530006004) GEFAULT-© | Apply : (m]
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3 Apr is the best, then gradually
reduces. In May 20% lower yield
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Interoperable Platform
with Web Services
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Isolated System to Interoperable Integrated
System

e "*-_ ‘,' AnaIysis)/
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| Trading

Standard Web API for Geospatial Data

* OGC’s standard Web Service
— WMS ( Web Map Service ), WCS ( Web Coverage Service )
— WFS ( Web Feature Service ), WPS ( Web Processing Service )
— SOS ( Sensor Observation Service )

* Providing sensor metadata and data
— Applications can find sensors, metadata, and data
— 3 major queries
* GetCapabilities -> platforms, observed properties...
* DescribeSensor ->SensorML
* GetObservation -> O&M doc
OGC
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Cloud Based Sensor Back-end Service
Data Collection with Sensor Plug&Play, Metadata Management, Publishing
C I|co’r|on Developmem‘

cloud

Sense Spinach Promotion from

Thailand to Japan.
“‘ The prolect is organized by Appllcatlon on the cloud
University of Tokyo, University
COOP in Japan and Fujitsu Design Service
Co., Ltd., AIT,

Asia Pacific ICT Alliance
Award 2010

OGC’s Standard Web Service: Sensor Winner
Observation Service(SOS) enables Tools and

Rapid, Low Cost and Flexible Infrastructure

Application Dlevelopment Applications
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Giving Interoperability to heterogeneous sensing data
via OGC Standard Web Service

1 Simulation System
PTMWVIL2
GetCapabilities e -
List of authorized =il |
o | SOS stations with e T L T e I
@ | its sensors
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2

GetObservation

Sensor Data with
Timestamp
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InterAct Project - Dynamic Cropping Calendar
8 types of platforms, with multiple sub systems and sensors,
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Observable Property Naming Rule

* SOS — have to describe observable property

* how to describe Observable Property is not defined

* MachineReadable - > Machine Understandable Semantic Web Service
*  TimeWindow+TimWindowUOM-+Agregration_Target_PhysicalProperty
e 10minutes_maximum_wind_speed [ UCUM UOM ]

* Going to be announced to as a guideline from a Ministry in Japan

SR BT IE X SRA BT BT X EREHE x EHAIR R GHAIX R HERR)
timewindow value timewindow uom aggregation observableProperty
JPN ENG JPN ENG JPN ENG JPN ENG
4 numeric » second R flx S8 air temperature
oS minute EE accumulated TiR:BE soil temperature
53] hour R cumulative HhRERE land_surface_temperature
=] day &t amount_of BERE sea_surface_temperature
piei] week RS |duration of b, &1 water_temperature
B month |F sum 2XBH solar_irradiance
&£ year Ty average BKE precipitation
14EM®  |annual* Ty mean mE rainfall
B/X maximum 1% ¥ to be filled by many others
B maximum
& minimum
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Published as a guideline
- naming rules, UOM, metadata format -

http://www.kantei.go.jp/jp/singi/it2/senmon_bunka/nougyou.html
* Ministry of Internal Affairs and Communication, Japan

+<H28-GL2> Guidelines on environment information data items in agricultural IT
System ( recommended for implementation ) (31 Mar 2016) (PDF) (Word)

Table 1 UOM as Reference (Excel ./~ CSV)

Table 2 Base names and UOM (Excel.” CSV)

Table 3 Examples of names with aggregation information (Excel ./ CSV)

Table 4 Metadata format on TOR for data use (Excel)

Table 5 Metadata format on sensor specification and observation conditions (Excel)
Table 6 Metadata format on data (Excel)

«<H28-GL2> idelir on i ion data items in i IT System ( fori )

BEITORTATAVIRFEROT—SHE BT 2ERH 1F5 1> (K& ERR) Partially
(FR28%E3A BRYEED) (PDFER) sported b
HAARSAVDAXOF—SEHRENDFEEEARL  (Wordfzt) supported by
Bl HALLDEMR (Excellb® ~ CSVRHR) InterAct Project
Bk2 EAEEL-BER (Excelfyst ~ CSViat) Ministry of

BI&R3 Heat-BMEREFMLUIAB LA (Excelfyzt ~ CSVREH) Agriculture
AFRS H—ERFBEHOAERREIA—T vk (Excelfyst) griculture,
BIRS Y —DILRRURHHREH O AMERER T — vk (Excellyz) Japan [ visit |
BR6 HABROAFHFRREI+ vk (Excelpzt)

45
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International Collaboration on
Standardization of Naming Rule

* Joint development of ALFAE and
agGateway/(PAIL)

— North America, Latin America

* To have common or interchangeable
namespaces

* agGateway Japan to be established
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Crop Modeling on Hierarchical
Web Services ( Web API )

Crop Simulation as All in One Application
GUI, Crop Model, Weather Generator, Access to Source Data

~

rid, Point, Loca Service

Soil Data Source Applicati
ications
WI, HC, JPN PP
Pest and Disease .
. . Pest and Disease
Warning History —— Gls
in PDF
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Grid Weather Data to SOS Service
NARO 1km Grid in Japan

* Weather data is becoming gridded by sophisticated interpolation techniques.
* Hiding specific data structure and access method by SOS to give interoperability
* Important to generate weather scenario in automatic model runs

Convert Specific Access method

to SOS Standard API
Partially NARO Agent API
supported by Returns NARO meta cata of SOS and observed data by converting NARO NetCOF to non-binary format in REST AP interface. Only 1P
Cross- registered clents can access this APL.
ministerial, 1km Mesh Manual (Japanese)
Strategic NARO OpenDAP
Innovation,
Promotion S0s Showllide  List Operations  Expand Operations
Program (SIP), fapilsosidescribesensoriprach Mata data Of SOS Station (for SuscaibeSensar)
Min of
Agriculture, m Iapiisosigetcapabilities Mot data Of SI weecwaiey | SOS Data Source
Japan IEEl /eiisosigerobservationioffering) Measires Data Of Speaiied Location, Period end Data Typee (1o- GetCpearvetion API)

82
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Soil Web API

* Soil physical property is important for running models.
* Web service to provide soil property from lat/lon O
*  World Soil DB WI.SOL ( point data )
* Fusing with Japanese soil database

* Directly generate soil parameter in DSSAT native, DSSAT json format or key
value in soil database of DSSAT

. Important Web Service to automate model runs

Curl =X GET ~-header ‘ACcept: fext/ATIL' ‘Rtts://dell.digitaiasta.chubu.ac. JB/S0LL/SearCNSLL. o7 Latads. 210610nm137. 02

Request URL

nitgis, 4 . oearzesoil.php? et

Response Body

AK_Ggn1T 1AL
e =

.
8.6 30.00 45,80 0.8 9,
UM SLS SLPA LD SLKE
LR -09.0 2.8 99,0 9.
b 58,0 29,0 -35.
4000 9.
9.8 5.0 53, b 59,0 53,0 -95, @ 5.0 -
g e B e e o s

Partially
supported by
InterAct Project
Ministry of

Response Code
X Y
Agriculture,
Japan | visit |

Response Heaters

26007 o
1055 WP/5. 4.6,

http://de11.digitalasia.chubu.ac.jp/soil/searchSoil.php?lat= 9&lon: .0218&format=dssat&db=jpsol
pd&dist=5 WG AGRICULTURE AND FOOD SECURITY GEOSS TOKYO 12 January 2017, HONDA, K., Chinnachodteeranun, R.
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CPS:
AgrO-C PS Cyber Physical System

DSS and Actuation on Interoperable Web Services

* Work Optimization based on Spatial Monitoring and Scenario
Evaluation

* Applications on Interoperable Web Service Platform

l Machine Control

Optimization

- " *
- "
ot Jc J
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