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GEO is the international program focused on the
use of Earth Observations for Societal Benefit

 GEO was initiated in 2005
* Agriculture is one of the GEO Societal Benefit Areas

e GEOGLAM is GEQO’s Agricultural initiative

THE GLOBAL EARTH OBSERVATION
SYSTEM OF SYSTEMS




What does the GEOGLAM Program provide ?

A mechanism for International coordination on the use
of Earth Observation ( satellite data, in -situ data,
weather forecasts) for agricultural monitoring with a
focus on crop production monitoring

— Recognizing that EO is just part of the puzzle

A forum for the ‘Community of Practice’ to exchange
experience — keep up on operational methods and
research

A mechanism for multi-lateral, bi lateral
cooperation/collaboration for activities that cannot be
done nationally

A means for elevating the importance of Crop
Production Forecasting and Monitoring within and
between national agencies



Initial GEOSS/IGOL Agricultural Monitoring
Workshop July 2007, UN-FAO

IGOL/GEO workshop to develop a strategy for global agricultural monitoring in
the framework of GEO

47 participants representing 25 national and international organizations attended and
established the ‘GEOSS/IGOL Agricultural Monitoring Community of Practice’

Developing a Strategy for Global Agricultural
Monitoring in the Framework of Group on Earth
Observations (GEO) Workshop Report
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m * Reviewed the current state of agricultural monitoring identified gaps and
'.' ; developed a set of priorities and recommendations
z * Recognized that international and national Frograms faced the same obstacles
o/ and challenges and that the full potential of EO had yet to be realized

Today the Community of Practice has over 300 members representing over 40
countries and organizations




Thematic Workshop Series to Identify “Community of
Practice” Priorities and Best Practices

* November 2009, Kananaskis, Canada: SAR data for Agricultural Monitoring
* May 2011, Curitiba, Brazil (SBSR): JECAM South America Workshop

* September 2011, Nairobi, Kenya: CRAM Agricultural Capacity Building Workshop

*  October 2012, Beijing, China: Workshop on Agricultural Water Availability

*  November 2012, Buenos Aires, Argentina: Regional Workshop on Agricultural Monitoring
*  October 2013, Moscow, Russia: Workshop on Agriculture in Northern Eurasia
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Within Season
Agricultural Production Monitoring

Integrating

Satellite Observations

Weather Data

Ground Information
Crop Models

Agricultural Land Use Change



Agricultural Monitoring : EO data and Applications products

Spatial resolution / Revisiting capacities
EO 5km - 1km 1km - 250m 250m - 60m 60m - 10m 10m - 1m

hourly images daily images 1-3images/ 15 days 1-2 images/ month  1-2 images / season
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GED srovron Major GEOGLAM Actors % GEOGLAM

EARTH OBSERVATIONS

GEOGLAM Community of Practice

Open Community made up of international and national agencies concerned with agricultural
monitoring including Ministries of Ag, Space agencies, Universities, & Industry

I* Agriculiure and
Agri-Food Canada
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Australian Government

helping to build a world without hunger
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http://www.csiro.au/
http://www.csiro.au/

Building a Community Agenda:

ldentifying and Addressing Common Issues
facing Agricultural Monitoring

Accessibility to international satellite data
Timeliness in obtaining EO data (satellite and in-situ)
Continuity of satellite data for operational monitoring

Quality and timeliness of global/national agricultural data and
statistics

Decline and privatization of in-situ weather data
Accuracy of seasonal forecast data

Robustness of methods for regional to global application — absence
of best practices for different cropping systems and regions

Transition of research methods into operational use

Need for capacity building and support to use EO data in many
operational monitoring institutions - including new sensors

In general a low investment in agricultural research and decline in
agricultural extension services
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Context For GEOGLAM
Monthly Wheat Prices 1960 2011($/Metr|c Ton)

2008 Price hikes
Droughts:
Australia & Ukraine

2010/11 Price hikes
Drought:
Russia USA

1971/2’s price hike

Landsat 1 Launched
(1972)
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Policy Framework for GEOGLAM

G20 Final Declaration

44. We commit to improve market information and transparency in order
to make international markets for agricultural commodities more
effective. To that end, we launched:

The "Agricultural Market Information System"” (AMIS) in Rome on
September 15, 2011, to improve information on markets ...;

The "Global Agricultural Geo-monitoring Initiative” (GEO-GLAM)
in Geneva on September 22-23, 2011. This initiative will coordinate
satellite monitoring observation systems in different regions of the
world in order to enhance crop production projections and weather
forecasting data.
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GEOGLAM: a GEO Initiative

* Vision: the use of coordinated, comprehensive and sustained
Earth Observations to inform decisions and actions in
agriculture... through a system of agricultural monitoring
systems

* Aim: Strengthen the international community’s capacity to
utilize Earth Observations to produce and disseminate timely,
relevant information on agricultural production at national,
regional and global scales

e Approach: Build on existing monitoring systems —
strengthening international and national capacity

 Emphasis on: producer countries (G20+), countries-at-risk
and national capacity building



http://www.earthobservations.org/geoglam.php

The GEOGLAM Components
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1. Global / Regional 2. National 3. Monitoring
Monitoring Systems Monitoring Systems Countries at Risk

International/Global National / Subnational Food Insecure and Most

Vulnerable

4. EO Data Acﬁquisiﬁon & Dissemination Coordination 59

5. Researc:h & Development toward Operations

¢. Capacity Development for EO
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FAO Global Information and %‘@)

Early Warning System (GIEWS)

Analysis

Monitoring

T
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3 Weather/Agro-climate Inputs & Prod. Prospects
2 EO Indicators (10 days) Input availability,
3 (ASI, VHI,NDVI, Rainfall); key problems,
o Unusual occurrences Production trends & forecasts
o (flood, hail storm, locust important policies
=} earthquake, livestock disease) \ J

e FAO /0 National statistics, \
‘On o USGS/NOAA e Govt., FAO, other
5 e Regional bulletins report?,
8 (FEWSNet, JRC) L Reglonal EW&FS

¢ National Met. Bulletins aulitedns,

k- News items j

Human Resources
* Knowledge workers (FAO HQ/DO/Project staff)

* Technical experts

Reporting

T

(Trade, markets & prices\
Import/exports,
cross-border trade
import requirements,
Prices (International & Domestic)

S )

( Food insecurity & \

vulnerability
Vulnerable population, IDPs
Geo-distribution
Food aid req., distribution,
Links to rehab/dev

S )

‘. )

e Trade bulletins,

¢ National, regional trade
data by source/destination
(Trade Atlas),

* GIEWS Price Tool
\_* INTERFAIS (Food Aid)

)

/- WFP N

¢ National Vulnerability
Assessments,

¢ Food Sec. bulletins
¢ Media & other reports

-

)

Institutional Resources
Databases, software and IT platform

Policies and procedures

Methods for collecting, analyzing, disseminating
information
Infrastructure and Financial resources

GEOGLAM

Global Agricultural Monitoring



Crop monitoringin Europe

* Main Focus to date has been on Europe with
special reports on areas of interest to the

monitoring

Weakly hardened winter cereals

A first cold spell is likely to have caused damages in eastern Europe

FROST KILL - WINTER CEﬂE.AIS

Simulated damages
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Commission e.g. Africa, Ukraine
Currently expanding scope to global
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- Int. Institutions (FAO,...)




USDA FAS Provides Crop Condition Assessment, *
Monitoring and Crop Estimates Each Month

« 17 Global Commodities

159 Countries

« 1020 Country-Crop Pairs (e.g. Australia-Wheat)
« 3 attributes: Area, Yield and Production

FAS IPAD Operational Approach of Global Crop Assessment and Monitoring
4
Resources => Analysis => Results

Satellite Imagery Official U.S. government
Global Weather Crop Production Estimate
Crop & Soil Models Monthly Foreign Crop Condition

Crop Travel/Ground Truth

Attaché Reports/GAIN
Regional and Provide early warning of
Commodity crop disasters

Official Data/Government

Analysis

|g.- News Reports/Private




USDA FAS Crop Explorer DS System

= Soil Moisture .::

Latest observation data integrted Into
new maps and charts on the: 1st, 11t
215t of each month

R. Tetrault FAS



Output: Reports and Production
Supply and Distribution (PSD)

ELCEDERS
Principal Federal Economic Indicators: WASDE, FAS & NASS

Part of Data.gov http://www.data.gov/

vt \WWorld Agricultural Suppl USDA
Wab J PPly =

s o . ANd Demand Estimates

United States Department of Agriculture

Office of the Agricultural Marketing Service Economic Research Service
Chief Economist Farm Service Agency Foreign Agricultural Service

VWA SDE - 484 July 8, 2010

World Agricultural
- Production

Approved by the World Agricultural Cutlook Board

NOTE: This repott adopts 7.3, area, yield, and production forecasts for winter wheat, durum, other spring wheat, barley,
atid oats released today by the Hational & gricultoral Statistics Service (WASE). For rice, corn, sorghum, soyheans, and
cotton, atea estimates reflect the June 30 N ABS Aereage report, and methods used to project wield are noted on each tahle.
The first surves-bhased 2010 production forecasts for those crops will be reported by HABS on August 12 and will be
included in that day’s issue of this report.

Russian Voige District. Wither ing Drought
Raduces Yield Prospects for Wheat

e

WHEAT: .S wheat supplies for 2010/11 are raised this month on higher area, yields, and carryin.
Beginning stocks are raised 43 million bushels based on the June 1 stocks estimate. Total wheat
production is forecast 149 million bushels higher with higher farecast area and a farecast record yield
of 45.8 hushels per acre. Winter wheat production isup 23 million bushels as higher Hard Red
Winter wheat yields more than offset lower vields for Soft Red Winter wheat. Durum and other
spring wheat production are forecast higher as abundant moisture and lack of heat stress in the
MNorthern Plains support abhove trend vields. Feed and residual use is projected 20 million bushels
lower as higher prices limit the competitiveness of wheat in livestock and poultry rations. Exports are
projected 100 million bushels higher with lower expected production in several major expaorting
countries and strong early season export sales. Despite increased foreign demand for U3, wheat,
ending stocks for 201011 are projected 102 million bushels higher and remain at an expected 23-
year high. The season-average farm price for all wheat is projected at $4.20 to $5.00 per bushel, up
20 cents on each end of the range as tighter world supplies and higher corn prices support wheat
values.

This month's 2009/10 changes reflect the latest expoart and seed use data and reported June 1
stocks. Projected exports are lowered 20 million bushels and estimated seed use is lowered 3
million bushels. Based on these changes, June 1 stocks indicate feed and residual use 21 million
bushels lower. The 200810 wheat farm price is estimated at $4.87 per bushel, up 2 cents from last
maonth's projection.

Nenemacs ved Bare

Vegetatve mlces NOVY derved Sue e WOOIT satefite seraur ol o ste D
(rOg CANBUSNE Aers BENNCINTly wirte NN Sverige DY ILghodt Te v ege

Global wheat supplies for 2010011 are reduced wath warld production projected 7.5 million tons lower Datrct The Veige Diatact @ one of Russ § boy Gram-greduction regons

as smaller crops in F3U-12, Canada, EU-27, India, and Turkey mare than offset higher production in
the United States and China. Production for Canada is lowered 4 million tons as persistent June
rains limited seeding in the Western Prairies. Production islowered 4.5 million tons and 3.0 million
tons, respectively, for Russia and Kazakhstan as continued drought and high temperatures reduce

Russia Wheat: Severe Drought Reduces Production Prospects



http://apps.fas.usda.gov/psdonline/psdhome.aspx
http://www.data.gov/

CropWatch Bulletin

___Wheat _§  Maize |  Rice J Soybean _

http://www.cropwatch.com.cn

China United States China United States
India China India Brazil _(2 @
Russia | Brazil . Indonesia Argentina =
United States - _ | Argentina, '| Bangladesh < cChina
France Ukraine Vietnam
Australia India -~ Thailand - &qdmé
Canada Mexico Myanmar
Pakistan Indonesia Philippines AR
Germany France Brazil
Kazakhstan Romania Cambodia
Ukraine Canada Pakistan
Turkey South Africa United States
Argentina Nigeria
United Kingdom | Ethiopia
Iran
Poland
Egypt
Uzbekistan
Brazil
CropWatch bulletfin
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"?\\'\'\\\\W Slightly above average crop condition in China in early March 2016

March 28, 2016
Wheat: During the monitoring period, winter wheat was at turning green to jointing stage. In general, crop condition
was at the recent S-year average level. Affected by strong cooling weather, below average winter wheat condition

occurred in southern Jiangsu and eastern and southern Henan. On the contrary, crop condition was above average in

eastern Sichuan, Chongging and northern Guizhou due to proper temperature and abundant rainfall.

Rapeseed: Rapeseed was at bolting to flowering stage. In Lower Yangtze region, sufficient precipitation was beneficial
for rapeseed growth and hence crop condition was just fair. However, rapeseed condition was slightly below average in
Yangtze-Huaihe region.

Maize: Spring maize was at seeding to three-leaf stage in Guangxi. Above average crop condition occurred in this area.
Rice: Early rice was at seeding stage in Southern China.

Soybean was out of the growing season.
NDVI MODIS AQUA departure from 5-year average
02/26/2016-03/12/2016

www.radi.cas.cn
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The need for improved forecasts & transparency

- Within season forecasts from different groups vary between

agencies & years
- Critical particularly in anomalous years Coordination is needed

Ukraine - Wheat
Yield
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Squares indicate reported

end of season estimates

o o

@ Circles indicate in-season forecasts

S0EE S 0 CAS CropWatch FORECAST B FAOREPORTED @ JRC MARS FORECAST & USDAFORECAST
B USDA REPORTED

Source: PAY Database

Important Note - This is a preliminary, unofficial version of the PAY website. All numbers published on this website are unofficial.
Itis requested that users read about the data sources before using the data.
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Australia (2013-2014)

Karen Scheseider, [xpcutive Dirsctor of ADARTS

E United States of America (2012-2013)

Joe Glauber, Chief Economist of the United States Department of Agriculture (LSO

I l France (2011-2012)
Eric Allain, General Director for Agricukune from the Miniary of Food, Agriculiune, Faheries, Rural Developmasnt
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inter-Agency Platform to enhance food market transparency and encourage coordination of
policy action in response to market uncertainty



http://www.amis-outlook.org/

GEOGLAM Crop Monitor for AMIS

In response to an AMIS request

Requested GEOGLAM generate a monthly international
consensus of crop conditions, from various
international/national monitoring systems

Summary information only

Four major crops: wheat, maize, soybean, rice (9 total
seasons)

Focus: stabilizing/calming markets, avoid unexpected
food price shocks


http://www.geoglam-crop-monitor.org

GEOGLAM Best Available Multi-Season Crop Masks

20 contributors and counting w. on-going improvements

Winter Wheat Spring Wheat

Where Are Crops Grown
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Best Available Multi-Season Crop Calendars

Winter & Spring Maize 1 & Maize 2

When Do Crops Grow

Crop Stages

Planting-Early Vegetative

Vegetative-Reproductive

Ripening Through Harvest
[_] Out of Season or N/A

Rice 1, Rice 2 & Rice 3

Calendars reflecting multiple
cycles of the same crop




Conditions:

Favourable
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Countries: Crops:
I:I AMIS Countries % § Ja :
"
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.. Non-AMIS Countries MaBe Whma Sovbedh  HIES = GEOGLAM

rop condition map synthesizing information crops. in
other than favorable conditions are displayed on the map with their crop symbol.

(Cropland area shown is an aggregation of all cropland areas) Becker-Reshef et al.



Wheat Production and Exports Pie Charts

As Share of total AMIS Exports As Share of total AMIS Production

Share of total AMIS Exports Share of total AMIS Production

Conditions: Ly — Conditions:

2= o s
B out-of-Sea European

-No Data

Drivers:

Crop Conditions as of October 28, 2015
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AMIS Crop Monitor March Assessment

Share of total AMIS Production

Share of total AMIS Production
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The GEOGLAM Components

1. Global / Regional 2. National 3. Monitoring
Monitoring Systems Monitoring Systems Countries at Risk

International/Global National / Subnational Food Insecure and Most

Vulnerable
4. EO Data Acquisition & Dissemination Coordination )
5. Research & Development toward _Operaﬁons

6. Capacity Development for EO
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Early Warning Crop Monitor
January 28t 2016

Conditions:
[ [

Conditions: Drivers:

Current main Partners: FEWS NET, WFP, JRC, UMD B xcepional = ® wet ooy (O oelayedonser
. ' - ) . Favourable BN Out-of-Season )
Objective is to expand to include regional v Eloows & Mt MK o socopoliica

networks and national partners

First bulletin released on February 5t, 2016

ﬁl Pests & Disease # Extreme Event



Global Agricultural Monitoring

Early Warning Crop Monitor Assessment

Africa: Synthesis

s
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Crops:
Conditi N 4
onditions:
- Exceptional Maize Sorghum
- Favourable % . {4
¥ Cd
Watch a Millet Beans
= [ g | ¢
-Fallure g % Wheat Rice
-Out-of-Season ~ 3
N4
o oo Y A E
- S Cassava Barley
Countries:
|:| EWCM African Countries é % ‘f &
Non-EWCM African Countries

Teff Groundnut

Conditions as of March 28th
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Global Agricultural Monitoring

Early Warning Crop Monitor April Assessment

ia Ri Southern Africa Maize
Ethiopia Maize South East Asia Rice

Conditions:
-Exceptional -Failure 3 Wet 5& Dry @ Delayed Onset
- Favourable - Out-of-Season
ﬁ Hot $ Cool {ﬁ“ Socio-Political .
WaLEh I ~o Data Conditions as of March 28th
-poor w Pests & Disease % Extreme Event

Drivers:



The GEOGLAM Components

1. Global / Regional 2. National 3. Monitoring
Monitoring Systems Monitoring Systems Countries at Risk

International/Global National / Subnational Food Insecure and Most

Vulnerable
4. EO Data Acquisition & Dissemination Cloordination )
5. Resealrch & Development toward Qperaﬁons

6.» Capacity Development for” 'EO




Globa!l Agriculiure Monitoring — 250-meter MODIS/NDVY Time Series

Transitioned e D
UMD/NASA/USDA MODIS
Global Agricultural Monitoring
(GLAM) System for Crop
Condition Monitoring System

to other countries e.g.
Australia, Mexico, Argentina,
Brazil, Colombia

(Supported by NASA Applied
Sciences Program — Doorn)
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Reported Production | 1000 MT)

[~

EARTH OBSERVATIONS <

Example : Pakistan Agricultural Information System
(Collaboratlon among CRS, USDA, FAO SUPARCO & UMD)
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Prototype National Food Security Bulletin-Tanzania

Bringing RS, tablets & online GIS tools together

THE UNITED REPUBLIC OF TANZANIA Wizara ya Kilima NATIONAL FOOD SECURITY BULLETIN TANZANIA MAY 2015 Wizara ya Kilimo NATIONAL FOOD SECURITY BULLETIN TANZANIA MAY 2015
MINISTRY OF AGRICULTURE FOOD SECURITY AND COOPERATIVES NDVI Summary: : Highlights by Major Food Crop

.
Kalimo Beuse |, Femels, P10 Baz 012, AR ES SALAAM, Tebephone: « 255 -020- H62064, Fax. +155 - 0221962077, E-mail: prliilions otz Malze conditions for Tanzanka as of 307 May

NDVI anomaly data for the country show above average

“A‘I‘IOHAL Foon SECUR“'Y BUI.I.ETIH conditions for the country with Simiyu, Shinynga, Ad tart of the 2015 Masika for maize has QEUEt ")
Tahora and some parts of Mbeya and Rukwa performing p ant rainfall  deficits in of N .. =
- e o 0ve Gverage conditi ; t a. A major the malze
wivw agriculiure, go. iz 3t May, 2015 5 I above Gverage con ompa he !nn? Njombe and Iringa. A major proy of the malze S,
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Lind Dodoma current vegetation conditions fall conditions. The three crop gr areas Singlda, -
slightly below average. Kilimajaro, and Tabora are currently In a watch 2= A
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Remaining regions portravs normal vagetative conditions oy
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remate sensing data and rainfall data provided by the Tanzania Meteorologicel Department. Areas that are
in other than favarable conditions are displayed on the map with their drivers
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NATIONAL HIGHLIGHTS

The maize crop growing areas of the southern highlands

lanzards Tocal Rainfall for 2131 May 2013

conditions are fair to favorable with the exception of
here conditions are poor. The reglon experience
rt to the ralny season, which has created earl)
maisture deficits in many areqs.

Strong interest from Ministry, Presidential Delivery Bureau, and
Permanent Secretary to develop operationally

Paor conditions peraist in Tabora, Lindi and parts of
Geita, Arusha, Kilimanjaro and Dodoma. There h
reports of pests and diseases in Simiyu, Dodom
and Mheya, The common crop pest is the
[Dussuzl) affecting makze crops ln
Morogoro. The Common pest and disease
Maize Leat Necrosiz (MLND), Cassava Masaic
Brown Streak

Seasonal rains have begun to intensify in the last two dekads,

is the peak month for the lo
positive two--- week forecast, some relief is expected

lkhhHHiMu“],jl] ]i“ih “Mi‘u“n

Region
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@D RCE  Agia-RiCE Regional Monitoring
%ﬂ .'ta Gisron IRRI '@\ i@\,
» A multi-national project led by Japan (JAXA), oy @ S2@ S,

with collaborations in ASEAN+3 countries and India ~ §7 € & sz ® (o

* A regional view using agro-meteorological data & o o mike
derived from low resolution optical satellite imagery e % 2 ®
(MODIS, GCOM-W, TRMM and others) 000 eceeteetvermemtees e

Satellite Based Information for Rice Condition Outlook

* A local view to estimate
rice crop area and production using

available radar and other satellite data
with ground observation data and

statistical information (test-sites in
Indonesia, Thailand and Vietnam)

Top lovage Time Seoes Gaph
WOH . Thadend 3 YoM 2000 ¢ mooth: As ¢ G2y Secssaner SSon aNs 2> o

Procipataton Dreought Index Solar Raduton

http://www.asia-rice.org

40/35



The GEOGLAM Components

1. Global / Regional 2. National 3. Monitoring
Monitoring Systems Monitoring Systems Countries at Risk

International/Global National / Subnational Food Insecure and Most

Vulnerable

4. EO Data Acquisition & Dissemination Coordination 2 B

5. Resedrcn & vevelopmenr towara vperations

6. Capacity Development fof EO




Developing the EO Data Requirements for GEOGLAM:
through a CEOS/GEOGLAM Ad Hoc Working Group

i ad e o P T e U L | o AL YIRS TR "’WM"&iV Y 31

i

"5 Goals of the EO Data Coordination Component.
| Articulate data requirements for agricultural monitoring
Coordinate international satellite acquisition over
agricultural areas during the growing season

Promote near-real time data availability

Increase the frequency of moderate resolution data

Standardize processing of data, facilitating data
interoperability

Promote easy data access for operational users
Advocate for continuity of critical data streams/products

W\ Bk \
. » i

Recognition that cropping systems are inherently diverse WhICh dlctates the
monitoring observations and methods

- No one system can meet agricultural monitoring needs
: W AR e R




@ GEOGLAM

CO¢ &

GEOGLAM CEOS: EO Data Requirements Table

developed taking into consideration the observation needs, the derived products they will

serve, and regional specificities; CEOS-GEOGLAM July 2012 Montreal)

OBSERVATION & SENSOR TYPE REGIONAL CHARACTERISTICS & GEOGRAPHICAL EXTENT DERIVED PRODUCTS & MONITORING APPLICATONS
SPATIAL RES.| SPECTRAL RES. | TEMPORAL RES. |WHERE? (+ cropland mask & sampling scheme) WHEN?
Erve.
Sarmple [1], variables Ag.
Lange, Calgndarf Lise Crap -
Sensor Mimbon | Spatisl resolution Spswctral e Effuctive obatrv, frequeey | coth fEntemt R0 Dl  COPIPEE | L binle  Clowd coutrags |[Primary of Sscondary TP TP ong  CroF Beph. (neenlr Practices [ Crop
|choud Tres) of Wall e diveeraity i Eimrioi 5 Ak type area e war. (water, Cropping  yickd
Wall [waw) o el i - sl wystems
molsture]

Fo - ) ——p T—— e AT et (5]

L Mo opikcal + FEAK 5 par ek okl AT pemham (5]
1-15km BT AT IwE 22 bl AT product: (F5]

14 AR dhaal ped. (L) *e0e P i W3 rosarms eiepowing  highcoud oo T products [T

% Hm BAR sl pad, LAY "ome P — rrakn croan BT roducts (254
etz BADAN Aty ik WY proshets (L
& 0 sl datw LI Wl a9

H-Tom optical + PR i ot et [ pumadible name oparedi L arveial products |F]

] (e T aus of wasan = Jin
wmaey | T T W

6 o Dot VA 1 jpur weuk [min. 1 por 2 wesin) LIRS WY prodrts (5]

FEm wprical |+ §WER b gt meaeth |# gomible s replard e p—— 1]

[REE T e e pa——— e
d Ly Ay | ErOW M D
im optical | = SWIR 1 par sees [rin. 1 par I seesi e w [T W7 procherts (9]
ronr
Em opaical 1963 g ammthy creplard 3 . a1 arresal products (5]
O & P
— LW

spatial & spectral

How
often ?

When?

For What?

GEOGLAM data plan submitted to the CEOS plenary in 2013




CE€S Data Policy Study and Portal

www.ceos-datapolicy.org

. -

Ve by ey ian

Access Summary - ==
2 Open (no registration) = 36% =

Open (simple registration) = 21%

Open (advanced approval) =5% g

Restricted = 33%

Unknown = 5%

-----

Comments

o This summary includes 205 missions
launched since 1990 and
615 mission-instrument combinations.

o 62% of CEOS mission data is OPEN
and accessible.

Are the data acquired for Ag areas during
the growing season ?

Are they easily accessible ?

—

B. Killough, CEOS SEO 44
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Coarse Resolution Anomaly Product
Continuity/Consistency

ey 2 : 0

” —
. T\ - 3| Ukrame ¢>— : -' N
A > . :.‘. ' : e 5 ¥
w ¥ A EOS MODIS
r\“’ 2012 Northern Hemisphere Drought & LS )
\ < . » ’ |
S . \ |

July 30 2012

l

Suomi-NPP

l

JPSS VIIRS

Vermote (GSFC)




Requirement for Near Real Time Data @& GEQCLAM

for Agricultural Monitoring
Timely data are critical for crop
R monitoring

NASA EOS near-real-time daily
observations are processed and
provided < 3 hours from
observation

» Current support to make this
happen for VIIRS 2016

W,
LANCE  gipem

AIRS AMSR-E MLS MODIS OMI

e Capability for EOS

Near-real-time data for applications, disaster

response and field campaigns o = ¢ © LANCE NASA Near Re. o Data and agesy © Near Real-Time VIIRS Products Now Available through LANCE
v Products within 3 hours of observation Data Near Real-Time VIIRS Products 0608
.
v Highly available processing and distribution system Discipiines: © @ Now Available through LANCE
v Products based on science algorithms
Related Content WS nearTeat-time prod vaiisbre through LANGE
lance.nasa.gov
- » s 4 3 News Date: 211072016
Visible Infrared imaging
Radiometer Suite (VIRS) Josh Blumenfelkd EOSDIS Science Writer
s Knowing where fires are occurring when they are occurring—especially In remote and hard to reach areas-—is one
of the many benefits provided by NASA's flect of Earth observing sateflites. Thr: bser em
Data and Information System (E0SDIS) Land, Atmasphere Near real-time Capa LANCE), thos
concerned with managing, forecasting, and coping with wikifires have a new ne nagement data

product 1o add to their tool bax: the Active Fire product from the Visible infrared Imaging Radiometer Sulte B
(VERS)




e Landsat-9 will rebuild Landsat-8, but with upgraded

TIRS
e (Capitalizes on design heritage and minimizes time to next
mission
* TIRS upgraded to Class B
e Stray light issue in TIRS Band 11 corrected

* Interagency Partnership between NASA & USGS with
same roles as Landsat-8
 Launch in 2020/21

* Current Status
* Ball Aerospace under contract to build OLI-2 sensor
* TIRS-2 to be built at GSFC
e Spacecraft draft RFO issued

2 USGS

Masek et al



While recognizing the scientific need for continuity with the
43-year Landsat record, we are seeing new trends &
opportunities in land remote sensing

- Evolving user needs for...
- Improved temporal revisit
- Additional spectral coverage & resolution
- Integration with other modalities (lidar, radar)

- Increasing use of “small sat” platforms and distributed
architectures

- Increasing number of commercial imaging systems

- Potential synergy with international systems (e.g. Sentinel-2)

- High-performance computing and increased emphasis on
information rather than images

Our challenge is to advance the measurement capability,

while preserving continuity and constraining program costs

2 USGS

Masek et al



2011 2014 2020 OQErNICUS 2030

S-1 A/B/C/D

S-x Next Generation
S-2 A/B/C/D

S-X Next Generation

S-3 A/B/C/D

S-x Next Generation

S-5.7

X
\,O“??(ee A -sG)

<

~

European Space Agency



*

Sentinel contribution todECAM & GEOGLAM

Primary missions for all targets Products

Target Products
Effective observ.
Spatial Spectral . . Crop Type i
Resolution Range frequency Sample Type Field Size Crop Area and Crop Crop . Crop_ Environ. he Pract!ces /
Req# (cloud free)* Mask | Growing Condition Yield Biophysical Variables Cropping
Indicators Variables Systems
Calendar
Coarse Resolution Sampling (>100m)
1 | 500- 2000 m | thermal IR+ Dail Wall-to-Wall All xSanti /J.3
optical Y E n I n e
2 | 100-500m °§$;: * 210 5 per week Cropland Extent All X X X L L L
3 5-50km | microwave Daily Cropland Extent All X X S I\/I @ S X
Moderate Resolution Sampling (10 to 100m)
Monthly (min 2 out of
optical + | season+ 3 in season).
4 1070m | \WR+TR | Requiredevery1.3 | Cropland Extent All
years.
optical + | Weekly (min. 1 per 16
5 10-70m | TR days) Sample All
Weekly Gmir. 1 per 2 Cropland Extent of
6 10-100m SAR ee ‘:J:;} per persistant cloudy All
areas/Rice




Depth of coverage in the archive of the globe for the mission

Sentinel-1A GRD (2016-04-04)

Granules

101 - 250
C 2514500

. ->500




g

innovators
georice

Monitoring of Crop

Stages

S .
26 e e % : T I
October i/ N - ‘? Winter-Spring Rice 2015/16
2015 & z‘f’ ok « March 2016: 1.4 Million ha rice
-" ;y"‘ Rs 9 [} + March 2015: 1.7 Million ha rice
& Cao I.anh ANS 0 . .
G e ;ngXuv n My Tho *16.5% loss in rice area due
‘,, ik . .
B Jinh tong - Ben Tre drought and salt water intrusion
‘ £ 1 caused by El Nino
Rach Ok CanTho . - 976.000 people affected, 67
| \ Mil. $ estimated damage
Vi Thanh "‘
e  Based on unprecedented S1
’ timeseries
DR et LT The Mekong Delta, Vietham
Ca Mau 300 km x 300 km, 20 m resolution
mmmm  Rice: seeding - emergence
{ 1 Rice: tillering ﬂ GEOGLAM ﬁ‘\ Asia-RiCE
Rice: panicle initiation Global Agricultural Monitoring v Crop Estimation and Monitoring
s S Rice: Eeading - flowering d "
Rice: grain filling
@h Rice: maturation European Space Agency

Non rice (forest, other LULC)
Land water; aquaculture; sea

V.A.S.T




9% - o % 7w (R
First S2-based profdtype product e

Toulouse area (France) - Sentinel-2 — 06 July 2015

’ “ ol \\’ - ’. \ \_ . R "
Vew red-edge color composite
orange versus yellow

S \41/ e =S
Contains Copernicus data (2015) Soen \ AR T aoma =t




NASA HLS Processing & Products €&

I

> MSI SR 10m

Spatial: 10m, 20m, 60m (Same as S2 L1C)
Spectral: MSI spectral response

Bands: All MSI

Temporal: All Sentinel-2 L1C granules
Nadir-adjustment: No

Landsat — 8 (L1T) S2 MSI (L1C)
USGSL8 SR Atmospheric Atmospheric
Product ~ || Correction Correction
| |
BRDF BRDF
Correction Correction
I
Bandpass
Adjustment
(to L8)
\ 4 \A
OLISR30m | < Regrid to MSI tiles (UTM) @ 30m
Spatial: S2 tiling @ 30m N\ | | P
Spectral: L8 spectral response \ /

Bands: All L8 (OLI + TIRS TOA)
Temporal: All Landsat-8 granules
Nadir-adjustment: Yes

Masek et al., GSFC

‘ Compositing ‘

|

> MSI SR 30m

Spatial: S2 tiling system @ 30m

Spectral: L8 spectral response + MSI red edge
Bands: All MSI

Temporal: All Sentinel-2 L1C granules
Nadir-adjustment: Yes

Spatial: S2 tiling system @ 30m

5-day composite SR Spectral: L8 spectral response, + MSI Red Edge + L8 TIR
Temporal: 5-day “best pixel” based on min AOT

Nadir-adjustment: Yes



In Development: Early Season Crop Identification

South Nation Watershed,
Ontario Canada

B ster

I Forest and other permanent vegetation

I ocveloped
[T Pasture-Forage

— ) Kilomelers
0 07515 3

End of season TerraSAR-X crop
classification: Ottawa 2012
Overall accuracy: 97.2%

Early season: Corn can be
identified at V6 or 6t leaf collar
stage (about 6 weeks after
planting)

McNairn, H., Kross, A., Lapen, D., Caves, R., and
Shang J. 2014. Early season monitoring of corn
and soybeans with TerraSAR-X and RADARSAT-2,
International Journal of Applied Earth
Observation and Geoinformation 28 (2014) 252—



Canada’s Annual Crop Inventory: Integration
of Optical and Synthetic Aperiure Radar Data

Image Data
2011 2012 2013 2014
B RSAT2
m DMC
 Landsat-5
M Landsat-8
f 764 Scenes 1448 Scenes 1228 Scenes 1295 Scenes

* Multispectral optical data can adequately classify crop if available
during critical time periods

* Accuracies decrease significantly when gaps in data collection occur

* Operational burden of cloud masking

e Accuracy increases with SAR; magnitude depends on crop, timing of

0 UISItIOI"IS and amount of optlcal,@tuallable |

?ny.r. . —— e S s
\‘.' . e . ™




RADARSAT Constellation Mission

http://www.asc-csa.gc.ca/eng/satellites/radarsat/default.asp

* Evolution of the RADARSAT Program —> 3 satellites — 600 km
orbit, 32 minutes separation

* Multi-pol and fully polarimetric, high-resolution

* 15 min/orbit imaging (avg) x 3 satellites

* Average daily global access; 4-day exact repeat

* Focus on Marine Surveillance, Disaster Management and
Ecosystem Monitoring (including Agriculture)

 Open data policy ?

THREE-SATELLITE CONSTELLATION DAILY COVERAGE OF CANADA

GREEMLAMD

: !mmlhﬁ-lulml'kumﬂmd


http://www.asc-csa.gc.ca/eng/satellites/radarsat/default.asp

GROUP ON ~ GEOGLAM

EARTH OBSER\/AT|ONS ( ‘ Global Agricultural Monitoring
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High Resolution Sampling Strategy for
Soybean Area in Argentina

* Some requirements (high temporal and/or spatial resolution) are for
entire cropland extent; others are on a sampled basis

* Sampling strategy in development;
* For Phase 1A (e.g. Argentina):

Derived Rapid Eye Sample Blocks

Argentina Sample Strata 40 km x 40 km ; n =75
@ (Matt Hansen, Carlos Di Bellqg, et al.)




Smallholder crop type (maize) mapping using RapidEye:
preliminary results
for Tanzania

Field site

Maximum NDVI composite > RGB 0 Red edge
B - Hansen et al.




O F \TIONS

W 1l s AN I\ ! ) -
:;:... s gJ i o { ] i | P
| e Sl :

- What is needed is a
public good,

well-calibrated,
fine resolution (3-5m),
sampling system
for Research and Education ?

planned and the fact that the R and E users
% will not be able to pay for data, this would
not compete with private industry

1 N

T |



1. Global / Regional 2. National 3. Monitoring
Monitoring Systems Monitoring Systems Countries at Risk

International/Global National / Subnational Food Insecure and Most

Vulnerable
4. EO Data Acauiicitinn 2 Niccaminatinn Coordination

5. Research & Development iowardr VOperaﬁons

6. Capaciy vevelopment ror EO
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Developing Methods for:

Research Foci at the Joint Experiment for Crop
Assessment and Monitoring (JECAM) Sites

S &

Crop Type mapping
Crop Condition monitoring
Yield Estimation modellng

"\ cac
Y
‘ -‘ s 3_': M
5
e L L n}
\. Fia h‘ L
o' et

Soil Moisture estimation [
Residue and Tillage monitoring JECAM.org

EC SIGMA Project, Sentinel 2 Agri and BMGF STARS are
strengthening the JECAM field data collection protocols
and intercomparison



AN
LN

h Be‘hc’hm'arking fOF--*-S-eTecting the 'Best .,

algorithms for each product

Literature Test Data Set

Scientific
review (EO + in-situ data)

analysis

Select Run the algorithms Compare results
5 suitable over 12 sites between
algorithms globally distributed algorithms and sites

[ =131414Y
the best
algorithms

12 test sites, relyingon &4
JECAM network, spread
over the world, which
represent more than 17
major crop types

JECAM

Joint Experiment for Crop Assessment and Monitoring JECAN sites

I Other sites 4
. A
e sentinel-2

-S/DA garo i’._%
+ AGRICULTURE |


http://www.jecam.org/
http://www.jecam.org/

JECAM oy s

Joint Experiment for Crop Assessment and Monitoring EARTH OBSERVATIONS

JECAM - SIGMA methods benchmarking results

—> Similar cropland mapping accuracy performances of all methods
for a site

-> Different performance according to site: ag.landscape impact
- Influence of the satellite data quality used as input

- ey - Ty o r
e AR

Cropland
agreement

Cropland
agreement

50.0

49.8

30.0 30.5

UKRAINE




MODIS strata and Landsat sample-based mapping
of Soybean Area

100%
95% , ——o—=° —° ©-Qverall Accuracy

90% ﬁ o +High User Accuracy

85% /"/#_/_k——ﬁ—q <=High Producer Accuracy
Sl 80% -+Medium User Accuracy
low indicated soybean cover 75% //“'M

medium indicated soybean cover - =Medium Producer Accuracy

MODIS-defined soybean strata

Accuracy

. . . 0,
high indicated soybean cover 0% +Low User Accuracy
[ ] probability-based samples 65%
60% <Low Producer Accuracy
0
1 2 3 4 5 6
Images
’(F 20000.00 °
=
S
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>
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% 15000.00
O
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>
o)
7]
X
QO 10000.00
8
7]
[}
o
®©
§ 5000.00
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c
© ¢ |ow soybean stratum
—l 0.00
0.00 5000.00 10000.00 15000.00 20000.00
CDL soybean area (ha)

Hansen et al.



Soybean Area estimation in 2015 growing season

70 sample blocks

with 10 pixels visited per
block to estimate soybean
cultivated area

Stratum  Area soy (km”2) SE
1 28,438 11,285
2 122,818 18,228
3 99,549 8,162
4 100,512 9,722
Total 351,317 24,915

n High soybean stratum
Medium soybean stratum
n Low soybean stratum

n Very low soybean stratum

USDA NASS 2015 Soybean estimate: 334, 000 km?

Hansen et al.



MODIS Empirical Regression Yield Forecasting
Franch et al. (2015) method (Becker-Reshef et al. (2010) improvement)

China winter wheat

40 T

| Reliable estimation (10% error) between 1-

S

= = 4 1.5month prior to the peak NDVI (meaning

Canada wint : inter wheat
o , 2-2.5 months prior to harvest) rerwheat
Product fon
3o} 30f 30}
5 w® 5
520:— EZO:—  20f
wo;_ 10- m:
ol P . . ol . | . I . ] 0 L I . ] .
-80 -60 40 -20 0 80 -60 —40 -20 0 -80 -60 -40 -20 0
Doys before the peak

Days before the peak Doys before the peak

Franch, B., E. F. Vermote, |. Becker-Reshef, M. Claverie, J. Huang, J. Zhang, C. Justice and J. A. Sobrino, 2015. Remote Sensing of Environment



Potential application Landsat Sentinel:
Yield Monitoring

NDVI aggregated at field level (Argentina, S2A tile 20HNH).

Sentinel-2A image acquired on 04-Dec-15, 10m, Landsat-8 image acquired on 04-Dec-15, MODO09GQ image acquired on 04-Dec-15,
true color B04-03-02 (SR, scaled 0-0.15) 30m, true color B4-3-2 (SR, scaled 0-0.15) 250m, false color B2-1-1, SR

Sentinel-2A image acquired on 23-Jan-16, 10m, Landsat-8 image acquired on 21-Jan-16,
true color B0O4-03-02 (SR, scaled 0-0.15) 30m, true color B4-3-2 (SR, scaled 0-0.15)

Franch/Skakun, UMD
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Potential application within HLS project: &
Yield Monitoring

30m Landsat-Sentinel2 product

Empirical model based on the strong correlation between NDVI peak and yield

Year Yield (tons/ha) of the
Department of
General Lopez (Santa Fe)
2010/2011 3.4
2011/2012 2.7
2012/2013 3.7
2013/2014 2.9
2014/2015 4.1

0.5 0.9 4.0

5

3

Becker-Reshef I, Vermote E, Lindeman M, Justice C. 2010. In Remote Sensing of Environment, 114, 1312-1323.



* Getting the data required for agricultural monitoring

- CEOS Moderate Resolution Acquisition Strategy ( Landsat,
Sentinel 1 and 2,

- Data Continuity (JPSS, Landsat 9, Sentinel 1, 2)

* Securing the funding for

- Test site satellite and field data sharing for method and
algorithm comparison and validation (EU Sigma, CEOS LPV)

(BMGF Stars.....)

* European and US Research Cooperation on Methods

— NASA/ESA MUSLI Go
— EARSelL Starting to go or stop



So in Summary
What is GEOGLAM doing?

Increasing communication and sharing experience amongst the
Ag Monitoring Community of Practice and with related
programs

Promoting EO-based approaches to agricultural monitoring and
raising the importance of agricultural remote sensing

Articulating and advocating the community EO requirements to
the international data providers

Helping improve national agricultural monitoring systems
Translating EO data into policy relevant information

Increasing the awareness of the utility of EO by the
econ/agricultural policy community

Method testing and inter-comparison, developing best
practices for agricultural monitoring

Promoting new monitoring capabilities and products



